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The effect of magnesium supplementation and 
weight loss on liver enzymes in patients with 
nonalcoholic fatty liver disease
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Background: There have been few studies to examine the effect of magnesium (Mg) supplementation on liver enzymes. The aim of 
this study was to evaluate the effect of Mg supplementation and weight loss on liver enzymes, lipid profile, and fasting blood sugar in 
patients with nonalcoholic fatty liver disease (NAFLD). Materials and Methods: This study was a double‑blind, placebo‑controlled, 
randomized clinical trial. Ultrasonography was used to diagnose fatty liver in patients with alanine aminotransferase (ALT) ≥ 40 
U/L and without other hepatic diseases. A  total of 68 participants  (18‑59 years) with NAFLD were randomly divided into two 
groups to receive either Mg supplement (350 mg elemental Mg per day) or placebo for 90 days. At baseline and at the end of the 
intervention serum ALT, aspartate aminotransferase (AST), alkaline phosphatase (ALP), total cholesterol (TCHO), high‑density 
lipoprotein cholesterol (HDL‑C), triglyceride (TG), blood sugar and serum insulin, and Mg levels were measured in fasting state. 
Low‑density lipoprotein cholesterol (LDL‑C) and insulin resistance (IR) were calculated using Friedewald formula and homeostasis 
model assessment of insulin resistance  (HOMA‑IR), respectively. All participants received lifestyle recommendations including 
low calorie diet and physical activity. Results: Significant decreases within the intervention and placebo groups were observed in 
ALT (57.00 (25) to 41.82 ± 19.40 U/L, P = 0.000; 68.50 ± 26.96 to 40.17 ± 19.40 U/L, P = 0.000 in Mg and placebo groups, respectively). 
Similar significant decreases were observed in AST and fasting serum insulin within the study groups. The decrease in weight was 
also significant in both groups (91.05 ± 13.77 to 87.60 ± 14.37 kg and 94.59 ± 16.85 to 91.45 ± 16.39 kg in Mg and placebo groups, 
respectively). LDL‑C and TCHO were decreased significantly in placebo group but not in the intervention group. Serum Mg was 
increased significantly in the intervention group. No statistically significant differences were observed between the two study groups 
at baseline and after intervention. Conclusion: According to the findings of this study, Mg supplement does not affect liver enzymes 
but weight loss may have an important role in improving fatty liver disease.
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between decreased serum magnesium  (Mg) levels 
and NASH.[4]

Mg is a cofactor for more than 300 metabolic reactions in 
the body.[5] Mg plays a major role in overall cell functions, 
including DNA and protein synthesis, glucose and fat 
metabolism, and oxidative phosphorylation.[6] Mg 
deficiency is related to the triggering of inflammatory 
response, mitochondrial dysfunction, profibrogenic 
response, and decrease of the antioxidant system 
activity; which stimulates lipid peroxidation and 
cytokine induction, and well‑known pathways for the 
development of steatohepatitis and hepatic fibrosis.[7]

It has been reported in a few studies that Mg 
supplementation is associated with improved 
inflammatory factors,[7] glucose metabolism, and 

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is defined as 
a spectrum of disorders characterized predominantly 
by macrovesicular hepatic steatosis. The clinical 
relevance of NAFLD arises from the fact that a 
considerable proportion of these patients  (20‑30%) 
develop nonalcoholic steatohepatitis  (NASH), and 
this condition, as opposed to simple fatty liver, is 
a potentially progressive hepatic disorder that can 
lead to end‑stage liver disease and hepatocellular 
carcinoma.[1] Although the exact mechanism for 
development of NASH is not known, recent studies 
have shown that patients with NASH have a higher 
prevalence of insulin resistance.[2,3] Obesity is also 
strongly associated with hepatic steatosis.[3] In 
addition, some studies have reported a relationship 
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insulin resistance. Such an association was not shown in 
other studies.[8‑11] The benefits of Mg supplementation in 
patients with NAFLD have not been established. Therefore, 
the effect of Mg supplementation and weight loss on 
serum liver enzymes, lipid profile, and insulin resistance 
were investigated in this double‑blind, placebo‑controlled, 
randomized trial.

MATERIALS AND METHODS

Participants
This study was a double‑blind, placebo‑controlled, 
randomized clinical trial. Participants were recruited from 
Ahvaz, located in southwest of Iran. Written informed 
consent was obtained from all patients. The inclusion 
criteria were: Age between 18‑59  years, abnormal liver 
function with alanine aminotransferase (ALT) ≥40 U/L, and 
fatty liver diagnosed by ultrasonography. The exclusion 
criteria were: Chronic diarrhea, alcohol intake (equal to or 
more than 30 g/day), consumption of diuretics or previous 
oral Mg supplement, hepatic disease, hemochromatosis, 
Wilson’s disease, cirrhosis, history of any other hepatic, 
renal, or lung disorders.

Sample size was estimated based on a statistical power of 
90%, a < 0.05, and 28% reduction in ALT levels, on the basis 
of a study conducted by Rodriguez‑Hernandez et al.[7] Flow 
diagram of the participants’ enrolment and follow up is 
shown in Figure 1.

Seventy patients with NAFLD were randomly divided 
into two groups: The intervention group (n = 35) received 
350 mg of elemental Mg per day in the form of magnesium 
oxide for 90 days, and the control group (n = 35) received 
placebo  (lactose). The supplement and placebo capsules 
looked identical and were specially prepared for this 
study by Darou‑Pakhsh Company  (Tehran, Iran) and 
stored at 20‑25°C. This dose of Mg was chosen according 
to tolerable upper intake levels (UL) of Mg and the report 
of Heriberto Rodriguez‑Hernandez regarding the effect of 
Mg supplementation on ALT.[7]

Dietary habits, demographic, and anthropometric data were 
obtained by personal interview or measurement.

The daily nutrient intake including energy and Mg were 
estimated by three 24‑h dietary recalls during the first 

Figure 1: Flowchart of recruitment for the double‑blind, placebo‑controlled, randomized controlled trial of Mg supplementation in NAFLD
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month of the study by a trained dietitian. Dietary data 
were analyzed by Nutritionist IV software. Physical activity 
was assessed using the general practice physical activity 
questionnaire (GPPAQ) at baseline.[12]

A low calorie diet was calculated and the participants 
were asked to go under this diet. Energy requirement 
was calculated by the World Health Organization (WHO) 
formula and, then was reduced to 500 kcal/day 
(≥ 55% carbohydrate, 15‑20% protein, and ≤30% fat). All 
participants were advised to perform at least 30  min 
of physical activity per day. Compliance and lifestyle 
intervention were assessed every 2 week by phone contact. 
Remaining capsules were received at the end of the study 
for calculating the compliance rate.

Measurements
Biochemical variables were measured at baseline and at the 
end of the study.

Height and weight were measured by using standard 
protocols with participants in light clothes and without 
shoes. Body mass index (BMI) was calculated as weight (kg) 
divided by height squared (m2), and body fat percentage 
was estimated with Omron body fat monitor (HBF‑306) at 
baseline and at the end of the study. Blood samples were 
taken after 12‑14 h of overnight fasting at baseline and after 
the intervention period. Serum samples were transferred 
into microtubes and were stored at  ‑70ºC until analysis. 
ALT and aspartate aminotransferase (AST) were determined 
by the method developed by International Federation of 
Clinical Chemistry (IFCC).[13,14] Alkaline phosphatase (ALP) 
was determined by Deutschen Gesellschaft für Klinische 
Chemie (DGKC);[15] total cholesterol (TCHO), high‑density 
lipoprotein cholesterol  (HDL‑C), triglyceride  (TG), and 
Serum Mg was measured by enzymatic  colorimetric method. 
Fasting blood sugar (FBS) was measured by colorimetric 
method. Low‑density lipoprotein cholesterol  (LDL‑C) 
was calculated by the Friedewald formula.[16] Insulin 
concentration was determined by immunoenzymometric 
method and insulin sensitivity was estimated by homeostasis 
model assessment of insulin resistance (HOMA‑IR) by the 
following formula: Fasting insulin  (mIU/mL) × fasting 
glycemia (mg/dl)/405.[17]

Statistical analysis
In order to compensate for the possible dropouts, 
almost 20% was added to the calculated sample size. 
Efficacy analyses were based on the intent‑to‑treat  (ITT) 
number of participants who received at least one dose of 
prescribed Mg or placebo and had at least one assessment 
post baseline. Statistical analyses were conducted using 
SPSS software  (version  15, SPSS Inc., Chicago, IL). The 
Kolmogorov‑Smirnov test was used to test the normality of 

variable distribution. Results are shown as mean ± standard 
deviation  (SD) when the data were normally distributed 
and as median  (IQR; interquartile range) when the data 
had a non‑normal distribution. χ2‑test was used for analysis 
of nominal or ordinal variables between subgroups. The 
between‑group comparisons for baseline characteristics 
and their changes after 90  days of intervention period 
were done by the two‑sample t‑test or Mann‑Whitney, as 
appropriate. The within‑group comparisons were done 
with paired t‑test or Wilcoxon signed‑rank test when 
appropriate. The P values less than 0.05 were considered 
as statistically significant. This study was approved by 
the Ethics Committee of Ahvaz Jundishapur University 
of Medical Sciences, Ahvaz, Iran,  (No. NRC‑9011) and 
registered in Iranian Registry of Clinical Trials  (IRCT 
number: IRCT201203128753N1) on March 12, 2012.

RESULTS

A total of 68 participants completed the trial. Two 
participants were lost to follow up  (1  patient from each 
group). Because of personal reason they did not like to 
continue their participations. Equal numbers of lost to 
follow up in the study groups made the groups comparable 
regarding this variable. No adverse or side effects were 
reported by participants. Compliance rate were 85.2 and 
84% in the Mg supplement and placebo groups, respectively. 
At the baseline, there were no significant differences in 
demographic characteristics and nutritional status between 
the intervention and placebo groups [Table 1]. The mean 
age of participants was 36 ± 7 years. Six participants from 
supplement and two participants from placebo groups were 
prescribed one tablet of Metformin (500 mg) per day during 
the study. However, there was no statistically significant 
difference between groups regarding this medication 
intake (P = 0.25). Mean ± SD of total Mg intake, including 
supplement, were 553.83 ± 54.38 and 188.25 ± 70.16 in the 
supplement and placebo groups, respectively.

The anthropometric and biochemical characteristics of 
the 68 patients at baseline and at the end of the study are 
shown in Table  2 and 3, respectively. At baseline, there 
were no significant differences in all the measured variables 
between the two groups. After intervention, weight and 
BMI (P = 0.004 and P = 0.000 in Mg and placebo groups, 
respectively), percentage of body fat, insulin and insulin 
resistance  (IR), ALT  (P  =  0.000 in both groups) and AST 
decreased significantly in intervention and placebo groups. 
At the end of intervention period, serum ALT levels were 
below 40 U/L in Mg (n = 19) and placebo groups (n = 22), 
respectively. FBS and TG decreased in both groups but 
not significantly (P > 0.05). A nonsignificant increase was 
observed in HDL‑C in both groups. On the other hand 
TCHO and LDL‑C decreased significantly in placebo 
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Table 1: Baseline demographic and nutritional data of 68 
patients with NAFLD
Index Mg group 

n=34
Placebo 

group n=34
P value

Age  (year)a 36±7 36±7 0.94
Sexb

Male 94.1 94.1 1
Female 5.9 5.9

Physical activityb

Inactive 44.1 35.3 0.22
Moderate inactive 38.2 35.3
Moderate active 8.8 26.5
Active 8.8 2.9

Smokerb 11.8 8.8 1
Family history of 
diabetesb

50 32.4 0.21

Family history of fatty 
liverb

17.6 8.8 0.47

Energy intake (kcal/day)a 2474.32±715.13 2346.47±816.44 0.49
Mg intake (mg/day)a 203.83±54.38 188.25±70.16 0.31
NAFLD=Nonalcoholic fatty liver disease; Mg=Magnesium, aData is expressed as 
mean±SD and tested by two‑sample t‑test, bData is expressed in percentage and 
tested by χ2‑test or Fisher’s test

Table 2: Comparison of anthropometric characteristics 
at baseline and 90 days after intervention in 68 patients 
with NAFLD (Mean±SD)
Variablesa Mg group 

n=34
P valueb Placebo 

group n=34
P valueb

Weight  (kg)
At baseline 91.05±13.77 0.004 94.59±16.85 0.000
After 90 days 87.60±14.37 91.45±16.39
Changes −3.44±6.48 −3.14±2.92

BMI  (kg/m2)
At baseline 30.69±4.36 0.004 31.74±5.65 0.000
After 90 days 29.54±4.65 30.68±5.49
Changes −1.15±2.16 −1.06±1.00

Body fat  (%)
At baseline 31.20±5.54 0.000 31.87±6.85 0.000
After 90 days 29.31±5.87 29.40±6.54
Changes −1.89±1.82 −2.46±2.34

BMI=Body mass index; NAFLD=Nonalcoholic fatty liver disease; Mg=Magnesium, 
aThere were no significant differences between groups at baseline and after 
90 days (two‑sample t‑test), bP values refers to comparison within groups (paired t‑test)

Table 3: Comparison of biochemical characteristics at 
baseline and 90 days after intervention in 68 patients 
with NAFLD
Variablesa Mg group 

n=34
P valueb Placebo 

group n=34
P valueb

FBS  (mg/dl)
At baseline 91.78±15.31 0.082 86.66±15.84 0.766
After 90 days 88.78±13.58 85.90±11.84
Changesc −3.00±9.59 −0.76±13.95

Insulin  (mIU/mL)
At baseline 32.25±26.29 0.002 14.90  (41.83)d 0.017
After 90 days 17.33±11.23 16.87±15.21
Changes −15.92±26.80 −12.74±26.45

HOMA‑IR
At baseline 7.47±5.75 0.001 6.25±5.76 0.010
After 90 days 3.86±2.47 3.16±2.57
Changes −3.61±5.80 −3.08±6.05

TCHO  (mg/dl)
At baseline 190.29±22.11 0.091 198.55±32.42 0.003
After 90 days 184.29±26.25 185.79±32.00
Changes −6.00±20.10 −12.76±22.90

TG  (mg/dl)
At baseline 190.38±82.51 0.071 175.32±76.14 0.671
After 90 days 161.52±62.47 170.44±77.76
Changes −28.85±90.04 −4.88±66.35

HDL‑C  (mg/dl)
At baseline 40.81±7.00 0.630 41.52±8.36 0.460
After 90 days 41.32±8.58 42.61±7.82
Changes 0.511±6.13 1.08±8.49

LDL‑C  (mg/dl)
At baseline 111.40±24.33 0.838 121.96±27.54 0.000
After 90 days 110.66±25.65 109.08±28.46
Changes −0.74±20.95 −12.87±19.14

ALT  (U/L)
At baseline 57.00  (25)d 0.000 68.50±26.96 0.000
After 90 days 41.82±19.40 40.17±19.40
Changes −20.00  (25)d −28.32±25.06

AST  (U/L)
At baseline 35.00  (9.5)d 0.000 39.14±13.32 0.000
After 90 days 26.00  (4.25)d 26.64±8.98
Changes −15.73±19.82 −12.50±13.16

ALP  (U/L)
At baseline 206.09±57.04 0.470 206.88±50.82 0.370
After 90 days 210.15±59.02 200.55±45.28
Changes 4.06±31.90 −6.32±40.57

Serum Mg (mg/dl)
At baseline 2.06±0.13 0.005 2.01±0.16 0.511
After 90 days 2.16±0.12 2.06±0.37
Changes 0.09±0.18 0.04±0.38

NAFLD=Nonalcoholic fatty liver disease; FBS=Fasting blood sugar; 
HOMA‑IR=Homeostasis model assessment of insulin resistance (fasting insulin 
(mIU/mL)×fasting glycemia (mg/dl)/405); TCHO=Total cholesterol; TG=Triglyceride; 
HDL‑C=High‑density lipoprotein cholesterol; LDL‑C=Low‑density lipoprotein cholesterol; 
ALT=Alanine aminotransferase; AST=Aspartate aminotransferase; ALP=Alkaline 
phosphatase; Mg=Magnesium; aThere were no significant differences between groups 
at baseline and after 90 days of intervention (two‑sample t test or Mann‑Whitney, 
as appropriate), All values are mean±SD unless otherwise stated, bPaired t‑test or 
Wilcoxon signed‑rank test when appropriate for within group, cChanges reflect 90 days 
minus baseline values, dData were not normally distributed and are expressed as 
median (IQR=Interquartile range)

group but not in the intervention group. ALP decreased 
in placebo group and increased in intervention group but 
not significantly. At the end of the study, no statistically 
significant differences were observed between the 
intervention and placebo groups.

DISCUSSION

This study showed that Mg supplementation does not 
affect liver enzymes in NAFLD. The benefits of Mg 
supplementation in patients with NAFLD have not been 
established yet.
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Barbagallo et al.,[18] suggested that Mg deficiency may be 
involved in the pathogenesis of diabetes mellitus  (DM). 
Some studies have showed the relationship between Mg 
depletion in serum and mononuclear cells in obese people 
with metabolic syndrome.[19,20] In addition, some studies 
have reported the relation between decreased serum Mg 
levels and NASH.[4] Data regarding the effects of Mg 
supplementation on the metabolic profile are inconsistent. 
Although, some clinical trials have showed the impact of 
Mg supplementation on improving fasting and postprandial 
glucose levels and insulin sensitivity in patients with type 2 
DM with hypomagnesemia,[8,21] however some studies have 
reported no such association.[10] There is also evidence 
that Mg supplementation has a relatively small beneficial 
effect on reduction of insulin resistance in nondiabetic 
participants with hypomagnesemia.[9] Mg supplementation 
did not reduce blood pressure or enhance insulin sensitivity 
in normomagnesemic nondiabetic overweight people.[11] 
However, in this study Mg supplementation did not have 
significant effect on liver enzymes, lipid profile, and 
fasting glucose levels. Some of the differences among 
published studies may result from differences in the study 
designs. Song et al.,[22] carried out a meta‑analysis of nine 
well‑designed, randomized, controlled trials related to the 
effects of oral Mg supplementation and glycemic control 
in type 2 DM and found out such differences among the 
studies. For example, the doses of Mg supplements were 
240‑960 mg/day and also follow up durations were from 4 
to 16 weeks. Type of Mg supplement (pidolate, chloride, 
citrate, aspartate, oxide) may be an additional reason for 
differences in the study results.

To our knowledge, till date only one control trial has 
been published about the effect of Mg supplement on 
ALT levels.[7] The significant effect of Mg supplement 
on ALT levels in that study was contrary to the finding 
of our study. There is a large difference between two 
studies. They classified the participants according to the 
hypomagnesemia and used a dose of Mg upper than 
tolerable UL (450 mg/day elemental Mg). Duration of that 
study was 4 month, which is a little longer than this study. 
Although Mg supplementation may be most beneficial 
for individuals with Mg deficiency,[7‑9,21] but in our study 
participants were normomagnesemic.

In this study a significant reduction in ALT, AST, insulin, and 
IR in the intervention and placebo groups were observed and 
are thought to result from significant reductions of weight and 
BMI in both groups. Decrease of ALT, AST, TCHO, and TG 
levels in obese women who had received low carbohydrate 
diet (LCD) or low fat diet (LFD) for 6 month, led Heriberto 
Rodriguez‑Hernandez et  al.,[23] to suggest that irrespective 
of dietary pattern, the metabolic changes depend on weight 
reduction. Wang et  al.,[24] showed that simple lifestyle 

interventions including dietary changes and increasing 
physical activity in obese children with NAFLD can lead 
to a significant improvement of liver function and insulin 
resistance. Wong et al.,[25] suggested that weight reduction is 
associated with reduced risk in progression of NAFLD and 
these patients should undergo lifestyle modifications.

In our study the patients of intervention and placebo groups 
reduced 3.78 and 3.31% of initial body weight, respectively. 
These reductions resulted from lifestyles modifications. 
Published literature shows that different degrees of 
weight loss, ranging from 1 to 10%, are associated with 
improvement of IR and liver enzymes.[26‑30]

In our study significant reductions in TCHO and LDL‑C 
were observed in the placebo group. These results were 
unexpected and there is no clear explanation for this. Since 
the average of changes was not large, it seems that there 
was statistical significance without any clinical importance 
and the mean of levels of LDL‑C and TCHO were under 
130 mg/dl and 200 mg/dl, respectively in both groups.

In two previous studies the effect of Mg supplementation 
on liver enzymes were shown but these studies had been 
carried out on alcoholic participants[31,32] and it is not similar 
to this study because as per our knowledge the pathogenesis 
of disordered liver enzymes in alcoholics is different from 
NAFLD. This study is the first randomized clinical trial that 
investigated the effect of Mg supplementation on NAFLD.

A few limitations existed in this study: Ultrasonography 
was used for determination of fatty liver but we did not 
repeat it at the end of the study. However, changes in 
grade of NAFLD were not the defined primary outcome 
of this study. The short duration of this study is another 
limitation, so it is not clear that changes in body weight as 
well as in the liver enzymes and insulin levels are sustained 
for long time. Other limitations of this study are lack of 
direct measurement of insulin homeostasis, potassium, and 
calcium. However, it has been established that the HOMA‑IR 
is a useful method in determining insulin sensitivity in 
diabetic and nondiabetic participants and it can be reliably 
used in studies that only a fasting blood samples of glucose 
and insulin are measured.[17,33] Mg homeostasis is related to 
calcium and potassium status, and should be evaluated in 
combination with these two minerals.[5]

An important point is that, the results of this study are 
related to participants with normal serum Mg levels and 
these findings cannot be extrapolated to hypomagnesemic 
patients.

In conclusion, results of this randomized clinical trial 
show that Mg supplementation does not affect serum 
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liver enzymes levels, lipid profile, and glycemic control 
in normomagnesemic patients with NAFLD. Lifestyles 
modifications, particularly weight reduction may improve 
the condition of this disease.
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