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ABSTRACT

Previous studies have frequently reviewed how different macronutrients affect liver health.
Still, no study centered around protein intake and the non-alcoholic fatty liver disease
(NAFLD) risk relationship. This study aimed to examine the association between the
consumption of total and different sources of protein and NAFLD risk. We allocated 243
eligible subjects to the case and control groups, including 121 incidence cases of NAFLD,
and 122 healthy controls. Two groups were matched in age, body mass index, and sex. We
evaluated the usual food intake of participants using FFQ. Binary logistic regression was
conducted to estimate the risk of NAFLD in relation to different sources of protein intake.
The age of participants was 42.7 years on average, and 53.1% were male. We found Higher
intake of protein in total (odds ratio [OR], 0.24; 95% confidence interval [CI], 0.11-0.52)
was significantly associated with a lower risk of NAFLD, despite adjusting for multiple
confounders. in detail, higher tendency to the vegetables (OR, 0.28; 95% CI, 0.13-0.59),
grains (OR, 0.24; 95% CI, 0.11-0.52), and nuts (OR, 0.25; 95% CI, 0.12-0.52) as the main
sources of protein, were remarkably correlated with lower NAFLD risk. In contrary, increased
intake of meat protein (OR, 3.15; 95% CI, 1.46-6.81) was positively associated with a higher
risk. Totally, more calorie intake from proteins was inversely associated with lower NAFLD
risk. This was more likely when the protein sources were selected less from meats and more
from plants. Accordingly, increasing the consumption of proteins, particularly from plants,
may be a good recommendation to manage and prevent NAFLD.

Keywords: NAFLD; Non alcoholic fatty liver disease; Protein intake; Plant protein;
Animal protein
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Non-alcoholic fatty liver disease (NAFLD), as the most common liver disease in the world,

is considered a pathological condition in which accumulated hepatic fat exceeds 5% of liver
weight [1]. This condition covers a range of liver diseases, starting with simple steatosis as
the first stage, that may eventually lead to non-alcoholic steatohepatitis (NASH) cirrhosis

or hepatocellular carcinoma [2,3]. Over the past decades, NAFLD has become increasingly
common with an estimation of 25% global prevalence and even more in South America and
Asia [4]. It is important to consider the possibility of NAFLD in any patient with liver enzymes
(alanine aminotransferase and/or aspartate transaminase) higher than normal ranges [5].

NAFLD is characterized by a strong associated with metabolic syndrome features like obesity,
dyslipidemia, type 2 diabetes mellitus (T2DM), hypertension, and other cardiovascular
diseases [6]. Insulin resistance, which is common in T2DM, and higher fasting insulin levels
lead to increased hepatic fat accumulation and developing NAFLD [3]. Therefore, there is

no pharmacological therapy for NAFLD. It is obvious that lifestyle modification including
diet and exercise are golden keys to fatty liver managements [710]. Regardless of calorie-
related aspects of diet and its correlation with weight control, studies have less addressed

the effects of dietary composition on liver health [11]. Most existing articles have focused

on the relationship of different dietary patterns like Western, DASH, Mediterranean, and
etc., with NAFLD incidence. They mostly address to calorie contend, alcohol usage, food
groups choices, food processing, and sedentary status [12] as possible factors on NAFLD
pathogenesis. The majority of research on macronutrients component of diet and fatty liver
outcomes mentioned that lowering carbohydrates and modifying lipid content of dietary
intake are positively effective on weight management, liver enzymes, and fat accumulation of
liver [13]. But we missed finding a clear data about the exact association of protein intake and
its different sources with the risk of NAFLD.

Therefore, in this case-control study, we evaluated the association between intake of total
protein, and separately different sources of animal and plant proteins, in an Iranian adult
population, and their NAFLD incidence.

Study population
This study registered a total of 243 eligible clients who had been referred to a gastroenterology
outpatient health center in Ahvaz, Iran, between November 2018 to May 2019.

One hundred twenty-two incidence cases of NAFLD and 121 controls were allocated to our
study groups based on convenience sampling method, relying on inclusion criteria. Subjected
entered to our study if they were between 19-70 years of age, and underwent to an abdominal
ultrasonography check-up. Also, they were excluded if: 1) they had a history of alcohol

abuse (more than 20 grams/d for men and 10 grams/d for women), 2) physical or mental
abnormalities, 3) alcoholic fatty liver, 4) viral hepatitis, 5) hepatic cancer, 6) diabetes or other
chronic conditions or malignancies, 7) immunodeficiency viruses, and 8) contraceptive or
hepatotoxic drugs intake. The consent forms were signed by all participants after explaining
the details of the study to them.
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NAFLD assessment

A registered gastroenterologist confirmed the diagnosed NAFLD cases based on a chronic
rise in liver enzymes in lab tests and evidence of steatosis using NAFLD-compliant liver
ultrasound sonography as a high sensitivity method, if all other causes of liver abnormalities
were rejected. We defined the control group as individuals with no history of hepatic
steatosis. Both group members underwent an ultrasound examination. matching individuals
to selecting the case and control groups members were based on age (5-year groups), body
mass index (BMI; 18-24.9, 25-29.9, > 30 kg/m?), and sex (male/female). The bioethics
committee of Isfahan University of Medical Sciences confirmed the protocol of this study.

Dietary intake and exposure assessment

In addition to the demographic characteristics questionnaire-including information on
gender, age, marriage, education, job, medical history, and smoking status, a validated

and reliable semi-quantitative 147-item food frequency questionnaire (FFQ) [14,15] were
completed by our interviewer after asking all items from participants one by one. This
willet-format-designed questionnaire was following the usual dietary habits of Iranians. to
determine the annual intake of total protein we estimated the amount of protein intake from
primary plant and animal sources according to the frequency of participants' food intake
during the past year considering their household activities.

We made a Korea National Health and Nutrition Examination Survey (KNHANES)-
classification of 19 food groups from all consumed foods by people [16]. According to the 19
food groups, we considered meats, poultry, fish, dairies, and eggs as primary animal sources,
and vegetables, fruit, grains, legumes, nuts, and seeds as primary plant sources [17]. To
estimate the exact grams of protein in each source, we used U.S. Department of Agriculture
food composition databases. Total protein was considered as the sum of grams of all the
above sources (animal protein and plant protein) [18].

Assessment of other covariates

Weight and height of participants were measured by the digital Seca scale with an accuracy of
0.5 kg with least clothes and without shoes, and a tape-meter with 0.1 cm accuracy while they
were standing to the wall, looking ahead, respectively. We used International Physical Activity
Questionnaire (IPAQ) to check the physical activity status, based on metabolic equivalent-h/d
(MET-h/d), which was also completed by the interviewer [19]. BMI was estimated by dividing
weight (kg) by the square of the height (m?). Waist circumference [20] was measured while
persons were upright with usual breathing by putting a tape-meter on the middle point of the
lower rib and the iliac crest. Waist-to-height ratio (WHtR) and waist-to-hip ratio (WHR) also
were estimated [21,22]. The blood pressure was measured twice with a 10-minute rest time,
while they were sitting on a chair calmly, using a standard sphygmomanometer. The average
value of two measurements was considered as the right blood pressure of the person.

Statistical analysis

Categorizing of participants was performed based on all tertiles of total protein, animal,
dairy, meat, vegetable, fruit, grain, legumes, and nuts protein. We used an independent t-test
to compare the case and the control groups for continuous variables and ? for stratified
variables, respectively. The comparisons among tertiles of all protein sources were performed
using one-way analysis of variance and y? test. To evaluate the differences in dietary intakes
of cases and controls, as well as across tertiles of each protein source, we applied analysis

of covariance (ANCOVA) with adjusting total energy, sex, and age. A multivariable logistic
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regression test was performed to estimate the odds ratio of NAFLD and mentioned different
sources of protein intake and their details in the crude and adjusted models. The first model
was adjusted for sex (male/female), age (continuous), and energy intakes (continuous). about
the second model, additional adjustments were considered for physical activity (continuous),
smoking (smoker/nonsmoker), marital status (married/single), education (university
graduated/non-university education), supplement use (yes/no), drug use (yes/no) fat intakes,
and carbohydrate intakes. Eventually, in the third model, adjustments for BMI were done.
The first tertiles of each protein source were marked as the reference category. All analyses
were applied using Statistical Package for Social Sciences (version 23; SPSS Corp, Chicago,
IL, USA). The p values < 0.05 were considered as statistically significant.

Ethics approval and consent to participates

All individuals were informed about the study procedure and goals. They were also required
to sign informed consent forms to enter the study. The study protocol was confirmed by the
Ethics Committee of Jundishapur University of Ahvaz based on the ethical guidelines of the
1975 declaration of Helsinki (IR.AJUMS.REC.1397.939).

The main characteristics of study participants by cases and controls are shown in Table 1.
Cases were more likely to be smokers and have higher educational levels and physical activity
than control subjects. NAFLD patients had greater height, waist circumference [20], WHtR
and WHR. Other variables (including age [p = 0.76], sex [p = 0.84], weight [p = 0.31], BMI

[p =0.05], hip circumference [p = 0.89], marital status [p = 0.48], drug use [p = 0.48], and
supplement use [p = 0.19]) were not significantly different between case and control groups.

Dietary intakes of nutrients and food groups of participants by case and control groups are
summarized in Table 2. Compared with controls, cases had higher consumption of plant
protein (p = 0.002), total fiber (p = 0.03), vegetables (p = 0.001), fruits (p < 0.001), meats (p
<0.001), and grains (p = 0.001). Consumption of other nutrients and food groups were not
significantly different between the two groups. Multivariable-adjusted odds ratios (ORs) and

General characteristics of study participants separately by case and control groups

Baseline characteristics Cases (n = 121) Controls (n = 122) p*

Age (yr) 49.95+11.46 49,52 +11.52 0.769
Male (%) 46.3 47.5 0.840
Weight (kg) 83.17 + 14.72 81.28 + 14.66 0.316
Hight (cm) 167.05 = 9.75 164.45 = 9.44 0.035
BMI (kg/m?) 30.53 + 5.04 29.392 + 4.49 0.050
Hip circumference (cm) 106.25 + 7.84 106.10 + 9.41 0.893
Waist circumference (cm) 102.86 = 10.78 98.12 + 10.51 0.001
WHR 0.96 + 0.07 0.92 £ 0.07 <0.001
WHtR 0.62 = 0.07 0.59 + 0.06 <0.001
Married (%) 86.8 83.6 0.480
University graduated (%) 48.4 30.6 0.005
Smoker (%) 9.9 3.3 0.037
Drug use (%) 46.3 21.3 <0.001
Supplement use (%) 17.4 11.5 0.192
Physical activity (MET hours/week) 34,11+ 5.87 35.94+7.87 0.040

Data are expressed as mean = standard deviation.
BMI, body mass index; WHtR, waist/height ratio; WHR, waist/hip ratio; MET, metabolic equivalents.
*p values were obtained from independent Student’s t-test.
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Dietary and nutrient intakes of study participants separately by case and control groups

Dietary and nutrient intakes Cases (n=121) Controls (n =122) p*
Energy intake (kcal) 3,052.71 + 590.71 2,901.79 + 626.49 0.89
Carbohydrate (g/d) 498.39 + 99.35 404.44 + 94.29 0.91
Protein (g/d) 111.94 + 28.63 105.38 + 26.06 0.64
Animal protein (g/d) 50.60 + 23.60 49.84 +19.87 0.08
Plant protein (g/d) 117.48 = 55.48 91.85 = 40.24 0.002
Dairy protein (g/d) 15.44 + 7.90 15.18 + 10.03 0.33
Fat (g/d) 109.08 + 9.75 105.38 + 32.41 0.70
Total fiber (g/d) 69.49 + 28.69 63.06 + 22.77 0.03
Cholesterol (mg/d) 258.56 + 102.82 257.41+130.74 0.20
Food groups 106.25 + 7.84 106.10 = 9.41 0.893
Vegetables (g/d) 151.51 + 92.64 149.71 + 78.37 0.001
Fruits (g/d) 0.96 + 0.07 0.92 + 0.07 <0.001
Meats (g/d) 131.19 = 87.07 103.28 + 53.98 <0.001
Nuts and seeds(g/d) 21.71 + 24.17 15.28 + 17.58 0.06
legumes (g/d) 86.45 + 52.31 99.44 + 58.01 0.79
Dairies (g/d) 284.68 + 153.42 277.94 +179.83 0.35
Grains (g/d) 712.18 + 384.81 639.89 + 2992.51 0.01

Data are expressed as mean = standard deviation. All values were adjusted for age, sex and energy, except for
dietary energy intake, which was only adjusted for age and sex using ANCOVA.
ANCOVA, analysis of covariance.

95% confidence intervals (CIs) for NAFLD by tertiles of dietary protein intake are presented
in Table 3. For total protein intake, the association was significant both in crude and adjusted
models. In the crude model, participants in the highest tertiles of total protein intake had
decreased chance of having NAFLD compared with those in the lowest tertile (OR, 0.29; 95%
CI, 0.15-0.56; p-trend < 0.001). After adjustment for several potential confounders, the same
association was found (OR, 0.23; 95% CI, 0.11-0.51; p-trend < 0.001). In the last model, by
further adjustment for BMI, the findings remained unchanged (OR, 0.24; 95% CI, 0.11-0.52;
p-trend < 0.001). A significant positive association was reported between animal protein
intake and NAFLD risk in both crude and adjusted models. participants in the highest tertiles
of animal protein intake reported higher risk of NAFLD compared with those in the lowest
tertile (OR, 2.48; 95% CI, 1.31-4.69, p-trend = 0.004). after adjustment of confounders
findings remained unchanged (OR, 2.92; 95% CI, 1.36-6.27; p-trend = 0.007). additional
adjustment for BMI did not differ the results (OR, 2.80; 95% CI, 1.29-6.04; p-trend = 0.005).
the association between plants protein and NAFLD risk was not significant. In crude model,
individuals of the highest tertile comparing lowest tertile of plant protein had no significant
associated with NAFLD risk (OR, 3.58; 95% CI, 0.87-7.86; p-trend = 0.732). by adjustment

of potential confounders still the findings were unchanged (OR, 3.26; 95% CI, 0.83-5.98;
p-trend = 0.081) further adjustment of BMI in the third model, didn’t change the results

(OR, 3.24; 95% CI, 0.81-5.96; p-trend = 0.080). The non-significant association between
protein intake from dairy and the chance of NAFLD was identified both in crude and adjusted
models. In the crude model, individuals in the highest tertile compared to lowest tertile of
dairy protein had not been associated with NAFLD (OR, 1.56; 95% CI, 0.84-2.9; p-trend =
0.15). After adjusting for several potential confounders, the same non-significant association
was seen (OR, 1.44; 95% CI, 0.72-2.90; p-trend = 0.29). In the third model by additional
adjustment for BMI, the findings remained non-significant (OR, 1.39; 95% CI, 0.69-1.80;
p-trend = 0.35). For protein intake from meat, there was a significant association with a
chance of NAFLD in crude models and controlled models. In the crude model, individuals in
the top tertile of protein intake from meat had 2.78 times higher odds of NAFLD than those
in the bottom tertile (OR, 2.78; 95% CI, 1.46-5.27; p-trend = 0.002). After controlling for
potential confounders, this association remained significant but slightly strengthened (OR,
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Table 3. Multivariable-adjusted ratios for NAFLD across tertiles of dietary protein intake (odds ratios and 95%

confidence intervals)

Variables Tertiles of protein intake
T1 T2 T3 p-trend
Total protein (g/day)
Crude 1.00 0.28 (0.15, 0.59) 0.29 (0.15, 0.56) <0.001
Model 1 1.00 0.25 (0.12, 0.49) 0.26 (0.13, 0.52) <0.001
Model 2 1.00 0.18 (0.08, 0.40) 0.23(0.11, 0.51) <0.001
Model 3 1.00 0.18 (0.08, 0.40) 0.24 (0.11, 0.592) <0.001
Animal protein (g/day)
Crude 1.00 2.61 (1.38, 4.94) 9.48 (1.31, 4.69) 0.004
Model 1 1.00 9.40 (1.25, 4.61) 2.39 (1.24, 4.59) 0.004
Model 2 1.00 2.94 (1.40, 6.15) 2.92 (1.36, 6.27) 0.007
Model 3 1.00 2.88 (1.37, 6.04) 2.80 (1.29, 6.04) 0.005
Plant protein (g/day)
Crude 1.00 1.58(0.84, 2.97) 3.58(0.87,7.86) 0.732
Model 1 1.00 1.56 (0.77, 3.13) 4.07 (0.99, 8.69) 0.733
Model 2 1.00 1.16 (0.52, 2.70) 3.96 (0.83, 5.98) 0.081
Model 3 1.00 1.16 (0.51, 2.60) 3.24(0.81, 5.96) 0.080
Dairy protein (g/day)
Crude 1.00 1.91 (1.02, 3.56) 1.56 (0.84, 2.91) 0.158
Model 1 1.00 1.70 (0.91, 3.27) 1.48 (0.78, 2.80) 0.227
Model 2 1.00 1.71 (0.85, 3.41) 1.44 (0.72, 2.90) 0.299
Model 3 1.00 1.70 (0.85, 3.41) 1.39 (0.69, 2.80) 0.354
Meat protein (g/day)
Crude 1.00 3.93(1.69, 6.17) 2.78 (1.46, 5.27) 0.002
Model 1 1.00 3.01(1.56, 5.82) 2.70(1.39, 5.23) 0.004
Model 2 1.00 3.78(1.79, 7.97) 3.32(1.55, 7.13) 0.002
Model 3 1.00 3.83(1.81, 8.10) 3.15 (1.46, 6.81) 0.003
Fruit protein (g/day)
Crude 1.00 1.22 (0.65, 2.26) 1.81(0.97, 3.38) 0.060
Model 1 1.00 1.14 (0.60, 2.16) 1.75 (0.91, 3.39) 0.092
Model 2 1.00 1.00 (0.50, 2.01) 1.54(0.75, 3.17) 0.238
Model 3 1.00 1.01 (0.50, 2.04) 1.52 (0.73, 3.14) 0.257
Vegetable protein (g/day)
Crude 1.00 0.30(0.15, 0.58) 0.24 (0.12, 0.47) <0.001
Model 1 1.00 0.28 (0.14, 0.54) 0.24(0.12, 0.47) <0.001
Model 2 1.00 0.34(0.16, 0.71) 0.27 (0.13, 0.56) 0.001
Model 3 1.00 0.34(0.16, 0.72) 0.28(0.13, 0.59) 0.001
Nuts and seeds protein (g/day)
Crude 1.00 0.32(0.16, 0.61) 0.23(0.11, 0.45) <0.001
Model 1 1.00 0.31 (0.16, 0.60) 0.22(0.11, 0.43) <0.001
Model 2 1.00 0.41 (0.20, 0.83) 0.24 (0.12, 0.51) <0.001
Model 3 1.00 0.42 (0.20, 0.86) 0.25 (0.12, 0.52) <0.001
Grain protein (g/day)
Crude 1.00 0.28 (0.15, 0.54) 0.29 (0.15, 0.56) <0.001
Model 1 1.00 0.25 (0.12, 0.49) 0.26 (0.13, 0.52) <0.001
Model 2 1.00 0.18 (0.09, 0.40) 0.23(0.11, 0.51) <0.001
Model 3 1.00 0.19 (0.08, 0.40) 0.24(0.11, 0.52) <0.001
Legumes protein (g/day)
Crude 1.00 1.05 (0.56, 1.94) 1.16 (0.62, 2.14) 0.637
Model 1 1.00 1.05 (0.56, 1.98) 1.11 (0.59, 2.08) 0.738
Model 2 1.00 1.05(0.52, 2.13) 1.28 (0.63, 2.61) 0.477
Model 3 1.00 1.02 (0.50, 2.07) 1.30 (0.64, 2.65) 0.451

Model 1: Adjusted for age (continuous), sex (male/female) and energy intake (kcal/d).
Model 2: Additional adjusted for physical activity, marital status (married/single), education (university
graduated/non-university education), supplement use (yes/no), drug use (yes/no), smoking status (smoker/

nonsmoker), fat intakes (continuous), and carbohydrate intakes (continuous).

Model 3: Further adjustments were conducted for BMI.

NAFLD, non-alcoholic fatty liver disease; BMI, body mass index.
*The analysis of binary logistic regression was used to determine the odds ratio and 95% confidence interval.
Considering the mean differences among the quartiles of dietary vitamin C intakes determined p for trends.
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3.32; 95% CI, 1.55-7.13; p-trend = 0.002). When BMI was taken into account, this association
remained significant (OR, 3.15; 95% CI, 1.46-6.81; p-trend = 0.003). For protein intake from
vegetables, we found a negative significant association with NAFLD in crude model and
adjusted models (OR, 0.24; 95% CI, 0.12-0.48; p-trend < 0.001). In the fully adjusted model,
this association remained significant (OR, 0.28; 95% CI, 0.13-0.59; p-trend = 0.001). A
significant inverse association was seen between protein intake from nuts and NAFLD in all
models. Subjects in the highest tertile of nut protein had a 75% decreased chance of NAFLD
than those in the lowest tertile (OR, 0.23; 95% CI, 0.11-0.45; p-trend < 0.001). When potential
confounders were considered in the second model, the effect measure was attenuated (OR,
0.24; 95% CI, 0.12-0.51; p-trend < 0.001). Additional adjustment for BMI had no effect on
the observed association (OR, 0.25; 95% CI, 0.12-0.52; p-trend < 0.001). The significant
association between protein intake from grain and the risk of NAFLD was identified both in
the crude model and all models. In the crude and fully adjusted model, a negative significant
association was observed between protein intake from grain and risk of NAFLD (OR for crude
model, 0.29; 95% CI, 0.15-0.56; p-trend < 0.001, and OR for fully adjusted model, 0.24; 95%
CI, 0.11-0.52; p-trend < 0.001). For protein intake from legumes, the association was not
significant either in crude or all models. The full-adjusted OR of NAFLD was 1.30 (95% CI,
0-64-2.65) for the highest versus the lowest tertile of protein intake from legumes.

In this present case-control study, we aimed to investigate a possible association between
dietary protein intake and the risk of developing NAFLD. With regards to our investigation, we
found an inverse association between total protein and other sources like vegetable protein,
nut protein, and grain protein with the odds of NAFLD. Our findings also indicated that higher
consumption of meat protein increased the probability of hepatic fat accumulation.

Healthy eating habits, weight loss, and increased physical activity are the foundation of NAFLD
management [23]. Studies have shown that diet therapy and weight loss could be beneficial in
case of managing fatty liver disease progression. In such a scenario, some studies suggested a
possible role of macronutrients in the early stages of NAFLD and their preventive characteristics
on progression to severe levels [7]. In this regard, evidence collected from both animal and
human studies has demonstrated that diets with low protein led to hepatic fat accumulation
[2,24]. Whereas a high-protein diet showed a reduction in liver fat content compared to diets
with the same calorie intake but high in carbohydrates in healthy human adults. Dietary protein
intake has been indicated to be worth considering with insulin resistance [25]. Therefore, there
might be an advantage to increase dietary protein intake by targeting different protein sources
in terms of preventing hepatic lipid accumulation [24].

The effects of protein intake on hepatic fat accumulation have not been clear yet; since
mechanistic studies are interested in the role of fat and carbohydrates, predominantly, rather
than dietary protein [7]. Therefore, it is difficult to propose an underlying mechanism on
how dietary proteins act in terms of developing NAFLD [26]. Nevertheless, increasing protein
consumption has shown to be beneficial during weight loss and weight maintenance, and
could be helpful in hepatic fat reduction [27]. This may happen due to the downregulation

of lipogenesis along with liver lipid oxidation and utilization [3]. Confirmation of our

results, a prospective study conducted by Markova et al. showed that adherence to a higher
protein diet, regardless its source, animal or plant, had a remarkable reduction of hepatic
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fat independent of one’s anthropometric changes [28]. On the other hand, some previous
studies declared that a higher dietary protein intake, in particular specific amino acids, was
associated with increased liver fat accumulation, disease prevalence, and severity [20].

In recent years, many studies investigated the possible influence of different dietary protein
sources on the development of cancer and cardiovascular disease [29]. Alferink et al.’s study
[30] revealed that adherence to dietary patterns high in vegetable protein, dietary fiber, nuts,
and grains like the Mediterranean diet had an inverse association with the risk of NAFLD and
insulin resistance. It would be more helpful if studies address the source, type, and quality
of ingested protein. Based on previous observations, a vegetable protein-rich diet with an
abundant amount of branched-chain amino acids (BCAA) content, but low in methionine
and aromatic amino acids (AAA) has been shown to enhance the health of cirrhotic patients
[31,32]. Plant proteins also seemed to reduce the risk of mortality, improve the plasma
glucose level, and enhance hormonal responses to the meal in diabetic patients who suffer
from cirrhosis [24,31]. Animal data suggest that soy protein may decrease liver fat synthesis
and enhance insulin sensitivity [33]. Meanwhile, based on these research findings, higher
intake of proteins originated from nuts and grains showed to be associated with a lower risk
of hepatic fat accumulation.

Certain dietary amino acids may alter some critical biological processes [23]. There are
studies proposing that specific dietary amino acids consumption may affect liver status in
the case of the pathogenesis of NAFLD and glucose metabolism. Therefore, a healthy dietary
pattern characterized by balanced dietary amino acids might be on some level helpful for
the management of NAFLD [34]. Emerging evidence suggests that meat protein contains a
high level of methionine, homocysteine, and cysteine. Since the liver is the ultimate place
of metabolism of this amino acid, dysregulation of their metabolic pathway may cause
accumulation of them in the liver and plasma, which are a significant risk factor for NAFLD
[31]. A study conducted in the Brazilian population revealed that higher consumption of

red meat is associated with plenty of unhealthy conditions like the occurrence of metabolic
syndrome, obesity, insulin resistance, and especially NAFLD [35]. In particular, higher
consumption of red meat and saturated fat containing red meat had a significant association
with hepatic fat [36].

A case-control study on dietary patterns among Lebanese NAFLD patients revealed that all
types of meat were significantly associated with an increase in insulin resistance and liver fat
storage [37]. The data are consistent with our finding of a significant association between
high consumption of meat protein and increased risk of developing NAFLD.

This study had multiple strengths. First, this was the first investigation to examined the
association between protein intake from different animal and plant origins and NAFLD.
Second, we controlled major confounders that could possibly affect the associations.
However, our study has some limitations. Although we adjusted our assessments to a wide
range of potentially confounding variables, uncontrolled confounder variables including
diet and other factors could not be ruled out. Furthermore, like all epidemiological studies,
misclassification of study subjects owing to the use of FFQ is inevitable.

In conclusion, these findings replicating some of the previous studies suggest that the

reduction of meat consumption along with higher intake of foods rich in vegetable, nut, and
grain protein may decrease the risk of developing NAFLD.
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