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Introduction: Non-alcoholic fatty liver disease (NAFLD) is a global health concern with the prevalence 
rate of 10-35%. Several factors are involved in the pathogenesis of NAFLD. This study aimed to evaluate 
the effects of Ramadan fasting on plasma free fatty acids in patients with NAFLD.
Methods: This cross-sectional study was conducted on 50 NAFLD patients in the holy month of 
Ramadan during June-July 2014 (Islamic year: 1435) in Mashhad, Iran. Patients were classified into two 
groups with body mass index (BMI) of <29.9 (n=23) and >30 kg/m2 (n=27). Participants were within 
the age range of 18-65 years. Inclusion criteria were NAFLD patients with fatty liver diagnosis in 
ultrasound and minimum fasting duration of 23 days in Ramadan. Levels of plasma free fatty acids 
(palmitic, elaidic, and oleic fatty acid) were assessed in the blood samples of all patients using gas
chromatography with flame ionization detection (GC-FID).
Results: No significant changes were observed in the plasma levels of palmitic, elaidic and oleic fatty 
acids in overweight patients (BMI: 25-30 kg/m2). However, plasma levels of elaidic acid significantly 
increased in obese patients (P<0.001).
Conclusion: According to the results of this study, adherence to the principles of Ramadan fasting could 
enhance the health status of NAFLD patients. However, it is recommended that future studies be 
conducted in this regard. 
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is 

a common chronic disorder, which occurs due 
to the accumulation of triacylglycerol in the 
cytoplasm of liver cells when the fat deposit in 
these cells reaches more than 5% in proportion 
to the weight of hepatocytes (1). NAFLD may 
start with a simple steatosis and advance to 
other disorders, such as steatohepatitis (simple 
steatosis with inflammation), fibrosis, cirr-
hosis, liver failure, and even carcinoma (2). 

Many predisposing factors are involved in 
the development of fatty liver, including 
unhealthy dietary habits, modern lifestyle and 
obesity. Patients with NAFLD may manifest 
several symptoms of metabolic syndrome and 
insulin resistance. Prevalence of NAFLD is 
higher among men compared to women, while 
the incidence rate has been reported to 

increase in postmenopausal women (3-9). 
Global prevalence rate of NAFLD in adults is 

estimated at 10-35%, while it has been 
reported that 7% of children and 35% of adults 
suffer from NAFLD in Iran (10, 11). Several 
parameters are involved in the pathogenesis of 
this disease, including genetic factors, 
metabolic syndrome, increased liver fatty 
acids, decreased fatty acid oxidation, and 
prolonged fasting (12, 13).

Plasma free fatty acids (FFAs) accumulate in 
the liver of severely obese individuals (14). 
Mechanism of NAFLD mainly involves the 
increased flow of FFAs from dietary triglycerides 
(TGs) to the liver or excess FFAs from the 
adipocyte tissue to the liver in prolonged fasting, 
reduced beta-oxidation of FFAs in hepatocyte 
mitochondria, and decreased release of very low 
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density lipoprotein from the liver (12, 13).
Ramadan fasting is a type of starvation 

associated with no significant changes in 
energy intake, while altering the mealtime 
only. During Ramadan, Muslims have two main 
meals per day: at the sunrise (Sahur) and 
sunset (Iftar). Ramadan fasting might lead to 
problems such as dehydration and starvation, 
which adversely affect metabolic functions. 
Moreover, prolonged fasting is associated with 
the changes of sleep-wake cycle, which are 
likely to transform metabolism and endocrine 
system (15, 16). 

Since fasting is a form of starvation, it has 
been shown to be involved in the pathogenesis 
of NAFLD. To the extent of our knowledge, no 
former studies have investigated the association 
between plasma FFAs and Ramadan fasting. 
This study aimed to evaluate the effect of 
Ramadan fasting on plasma FFAs in patients 
with NAFLD.

Material and methods
This cross-sectional study was conducted on 

50 patients with NAFLD (age range: 18-65 years) 
during June-July 2014 (Islamic calendar: 25 
Shaban-8 Dhul Al-Qi’dah 1435) in Mashhad, Iran. 

Inclusion criteria were NAFLD patients with 
diagnosis of fatty liver based on ultrasound and 
minimum fasting duration of 10 h. Exclusion 
criteria of the study were as follows: 1) history 
of alcohol consumption; 2) consumption of more 
than 10 g/day of alcohol in women and more 
than 20 g/day in men; 3) presence of acute 
inflammation (hs-CRP>5); 4) pregnancy or 
lactation; 5) BMI of <25 kg/m2; 6) use of 
medications; 7) weight loss within the past 
three months; 8) presence of endocrine and 
metabolic disorders (e.g., other hepatic 
disorders, malignancies, and kidney, respiratory 
and cardiovascular disorders) and 9) fasting 
duration of less than 23 days in Ramadan. 

Study protocol was approved by the 
Research Ethics Committee of Mashhad 
University of Medical Sciences (code: 930229). 
Participation in the research was voluntary, and 
written informed consent was obtained from all 
the subjects prior to the study.

Anthropometric measurements 
Weight and height of the participants were 

measured by a trained individual using 

standard methods. Body weight was measured 
with minimum clothing and no shoes using a 
digital scale with accuracy of 100 g. Height was 
measured using a tape, while the participants 
were standing in a normal position without 
shoes, and recorded to the nearest 0.1 cm. In 
addition, BMI of the subjects was calculated as 
weight (kg)/height2 (m2) (15).

Measurement of plasma free fatty acids
Plasma FFAs were detected as previously

described. In this process, plasma lipids were 
extracted using a mixture of chloroform and 
methanol (17). To carry out potassium 
hydroxide (KOH) derivatization, the extracted 
lipid from the samples was added to a mixture 
composed of 100 ml of methanolic KOH (2 
mol/l) and 200 ml of n-hexane. 

Afterwards, the mixture was incubated at 
room temperature for 5 min before the addition 
of sodium bisulfate (40 mg), and the 
supernatant was collected (18). Finally, the 
supernatant was analyzed via gas
chromatography with flame ionization detection 
(GC-FID) (Varian 450-GC, USA) in order to 
determine the plasma levels of FFAs (palmitic, 
elaidic and oleic fatty acids).

Data analysis
Study results were presented as mean ± 

standard deviation, and data analysis was 
performed in SPSS version 11.5 (SPSS Inc., 
Chicago, IL). Kolmogorov-Smirnov test was used 
to assess the normal distribution of data, and 
comparison of the mean values with a 
significant difference was performed using 
paired samples t-test (normally distributed 
variables) before and after Ramadan. In all 
statistical analyses, P value of less than 0.05 was 
considered significant.

Results
In total, 50 NAFLD patients were enrolled in 

this study, including 33 men and 17 women 
within the age range of 18-65 years (mean age: 
40.52±10.90 years). Mean duration of fasting in 
the participants was 27.3±5 days (range: 25-30 
days). 

According to the information in Table 1, BMI 
patients were not significantly reduced during 
Ramadan, while the difference. Results of the 
assessment of plasma FFAs based on the BMI of
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Table 1. Effect of fasting on body mass index (BMI) before and after Ramadan 
Variable Before fasting (Mean±SD) After fasting (Mean±SD) P-value
BMI (kg/m2) 31.38±4.9 31.0768±4.7 0.113

Table 2. Effects of fasting on plasma palmitic, elaidic, and oleic fatty acid levels (ppm) before and after Ramadan based on BMI 
Before fasting (Mean±SD) After fasting (Mean±SD) P-value

BMI<29.9 kg/m2

Palmitic acid (ppm) 77.68±17.91 80.65±18.61 0.45
Oleic acid (ppm) 42.8±8.9 46.4±7.5 0.38

Elaidic acid (ppm) 20.94±1.06 28.96±8.20 0.26

BMI>30 kg/m2

Palmitic acid(ppm) 79.23±18.52 83.61±19.2 0.63
Oleic acid (ppm) 45±9 46.4±15.1 0.65

Elaidic acid (ppm) 24.83±2.07 35.86±9.8 0.001*

participants during Ramadan are presented in 
Table 2. According to the information in this table, 
no significant changes were observed in the 
plasma levels of palmitic, elaidic, and oleic fatty 
acids in overweight patients (BMI: 25-30 kg/m2). 
However, plasma levels of elaidic acid significantly 
increased in obese patients (P<0.001).

Discussion
In the present study, no significant increase 

was observed in the plasma levels of FFAs 
(palmitic, elaidic, and oleic fatty acids) in 
overweight NAFLD patients before and after 
Ramadan. However, plasma level of elaidic acid 
significantly increased in obese patients at the 
end of Ramadan. 

As mentioned earlier no studies have been 
performed before on the plasma levels of FFAs in 
fasting NAFLD patients during Ramadan. In a 
study in this regard, plasma levels of FFAs were 
compared between two groups of obese and 
overweight NAFLD patients, and the saturated 
fatty acids were reported to have the most 
significant association with NAFLD compared to 
other unsaturated fatty acids Furthermore, 
palmitic acid was identified as the most important 
plasma FFA associated with the progression of 
fatty liver disease (14) also plasma level of elaidic 
acid in obese patients was significantly higher 
compared to the overweight group, while the 
differences in other plasma FFAs were not 
considered significant between these groups. This 
is in congruence with the results of the current 
study. Therefore, it could be concluded that high 
plasma levels of palmitic acid and elaidic acid
might be associated with increased risk of NAFLD. 

Another study was conducted on four patients 
with fatty liver disease to determine the origin of 
liver fat. According to the findings, level of 
palmitic acid in liver cells increased after five 
days of fasting (18-20), which is similar to the 

results of the present study. In the mentioned 
research, the adipose tissue was reported as the 
main origin of liver fat due to denovo- lipogenesis 
in hepatocytes. 

In this regard, Muller et al. (1975) 
investigated the effect of fasting on the amount 
of liver fat and reported no increase in this index 
after fasting for 12 h. However, fasting for 36 h 
was found to enhance the release of fatty acids 
from the tissue, as well as their transfer to 
hepatocytes (21). On the same note, findings of 
Yasuhara et al. (1991) indicated that fasting for 
24 h increased fatty acid flow from the adipose 
tissue to hepatocytes in rats, leading to mild 
steatosis (22). In the present study, plasma FFAs 
showed no increase during Ramadan fasting, 
which could be attributed to the shorter fasting 
duration (14 h). 

Based on the results of the aforementioned 
studies, it could be inferred that patterns of plasma 
fatty acid changes vary in patients with fatty liver 
disease while fasting in Ramadan. This is due to 
the fact that in fasting individuals, lake of food 
intake might lower plasma insulin levels, thereby 
leading to the release and flow of FFAs from the 
adipose tissue to the plasma (23-25). 

Prolonged starvation is associated with 
increased production of ketone bodies, which 
mostly accumulate in the blood. Eventually, beta 
oxidation of FFAs reduces in the liver in order to 
decrease the production of ketones, which leads 
to the storage of fatty acids in the liver, 
predisposing individuals to NAFLD (26-28). 

Ramadan fasting begins at sunrise, and the 
Sahur meal provides the required energy for the 
early hours of fasting. Continuous fasting is 
associated with blood glucose drop and increased 
level of stress hormones; after that, the body needs 
higher energy supply from gluconeogenesis and 
lipolysis. 

Gluconeogenesis and lipolysis discontinue after 
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fast break at Iftar, and adequate proteins and 
phospholipids are supplied by the diet; therefore, 
construction of lipoproteins and their secretion 
into the blood increase in the liver (29-31). 

One of the limitations of the present study 
was lack of a control group. Moreover, we did 
not measure total plasma FFAs of NAFLD 
patients, as well as some influential factors in 
FFA plasma levels, including dietary patterns 
and physical activity. 

Conclusion
This was the first study to investigate the 

effect of Ramadan fasting on the plasma levels of 
FFAs. According to the results, level of elaidic
acid increased in Ramadan in NAFLD patients, 
which could be due to the consumption of high-
fat foods or altered body metabolism during 
starvation. However, these findings must be 
confirmed in larger sample sizes and patients 
with different disease stages. Therefore, it is 
recommended that future studies in this regard 
evaluate the impact of fasting, and physical 
activity on the total plasma levels of FFAs in 
overweight and obese individuals. 
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