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ABSTRACT

Data on the association between dietary red meat intake and non-alcoholic fatty liver disease 
(NAFLD) are limited. We designed this case-control study to determine the association 
between red and processed meat consumption and risk of NAFLD in Iranian adults. A total 
of 999 eligible subjects, including 196 NAFLD patients and 803 non-NAFLD controls were 
recruited from hepatology clinics in Tehran, Iran. A reliable and validated food frequency 
questionnaire was used to evaluate the red and processed meat intakes. The analyzes 
performed showed that in an age- and gender-adjusted model, patients with the highest 
quartile of red meat intake had an approximately three-fold higher risk of NAFLD than 
those with the lowest quartile of intake (odds ratio [OR], 3.42; 95% confidence interval 
[CI], 2.16–5.43; p value < 0.001). Moreover, patients in the highest quartile of processed 
meat intake had a 3.28 times higher risk of NAFLD, compared to the lowest quartile(OR, 
3.28; 95% CI, 1.97–5.46; p value < 0.001).Both these associations remained significant by 
implementing additional adjustments for body mass index, energy intake, dietary factors, 
diabetes, smoking, and physical activity (OR, 3.65; 95% CI, 1.85–7.18; p value < 0.001 and OR, 
3.25; 95% CI, 1.57–6.73; p value = 0.002, respectively).Our findings indicate that both red and 
processed meat intakes are related to the increased odds of NAFLD; however, prospective 
studies are needed to confirm these results.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is considered as a prevalent health concern among 
subjects with no significant alcohol intake. It manifests itself in the accumulation of fat in the 
liver, which can progress from simple steatosis to steatohepatitis, eventually cirrhosis [1,2]. 
Because of changes in lifestyle, the number of obese or diabetic patients at risk of NAFLD is 
growing rapidly [3,4]. Estimates in Iran show that about 33.9% of Iranian adults have NAFLD 
[5]. Diabetes, hyperlipidemia, central obesity, sedentary lifestyle are known as main NAFLD 
risk factors [6-8].

Clin Nutr Res. 2022 Jan;11(1):42-49
https://doi.org/10.7762/cnr.2022.11.1.42
pISSN 2287-3732·eISSN 2287-3740

42

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://crossmark.crossref.org/dialog/?doi=10.7762/cnr.2022.11.1.42&domain=pdf&date_stamp=2022-01-26
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-9529-9476
https://orcid.org/0000-0002-9529-9476
https://orcid.org/0000-0001-8303-4422
https://orcid.org/0000-0001-8303-4422
https://orcid.org/0000-0002-8562-9136
https://orcid.org/0000-0002-8562-9136
https://orcid.org/0000-0002-1944-0052
https://orcid.org/0000-0002-1944-0052
https://orcid.org/0000-0002-9529-9476
https://orcid.org/0000-0001-8303-4422
https://orcid.org/0000-0002-8562-9136
https://orcid.org/0000-0002-1944-0052
https://e-cnr.org


Shahid Beheshti University of Medical 
Sciences, Tehran, Iran.

Conflict of Interest
The authors declare that they have no 
competing interests.

Author Contributions
Conceptualization: Hekmatdoost A, Rahimi-
Sakak F; Data curation: Hekmatdoost A; 
Formal analysis: Hekmatdoost A, Emamat 
H; Funding acquisition: Rahimi-Sakak F; 
Investigation: Rahimi-Sakak F, Maroofi M; 
Methodology: Hekmatdoost A, Emamat H; 
Supervision: Hekmatdoost A; Writing - original 
draft: Rahimi-Sakak F, Maroofi M; Writing - 
review & editing: Emamat H, Hekmatdoost A.

Meat and NAFLD

https://doi.org/10.7762/cnr.2022.11.1.42

So far, some dietary factors have been demonstrated to be associated with NAFLD risk [9-14]. 
Recent reports suggest that higher meat intake is associated with an increased risk of obesity 
[15,16], diabetes mellitus [17], cancer and other chronic diseases [18]. On the other hand, 
red and processed meats are rich in saturated fatty acids (SFA), cholesterol, and sodium 
[18]. Animal studies suggested that diet rich in trans fatty acids (TFA) and cholesterol may 
induce NAFLD [19]. In addition, evidences revealed that NAFLD patients consume less 
dietary fiber [20], fish, mono unsaturated fatty acid (MUFA) in comparison to healthy people 
[21]. However, the association of dietary red meat and processed meat with NAFLD risk has 
not been studied extensively. The cross-sectional studies have shown a positive association 
between meat intake and the odds of NAFLD [22,23]. Also recently, Hashemian et al. [24] 
found in the Golestan Cohort Study that subjects who ate more red meat were more likely 
to develop NAFLD. Therefore, we hypothesized that there may be a link between the risk of 
NAFLD and dietary intake of red and processed meats. Therefore, we designed this case-
control study to evaluate this possible association.

MATERIALS AND METHODS

Study design and patients
The full details of the current survey have been previously described [11,25]. The study 
protocol was approved by Shahid Beheshti University of Medical Sciences ethics committee 
(ethical code: IR.SBMU.REC.1397.101). A total of 196 recently identified NAFLD patients 
and 803 healthy subjects have participated in our case-control study. A gastroenterologist 
was responsible for the diagnosis of NAFLD in patients. Identification of NAFLD was based 
on the presence of hepatic steatosis via ultrasound and Fibroscan procedures. Controls did 
not have any evidence of hepatic steatosis. The inclusion criteria for cases were diagnosis of 
NAFLD by a gastroenterologist, CAP score > 263 in Fibroscan exam, age older than 18 years 
and consumption of alcohol less than 20 g/day in women and less than 30 g/day in men. The 
inclusion criteria for controls were older than 18 years and no evidence of steatosis in hepatic 
ultrasound examination. Participants who were on a special diet or completed less than 90% 
of the food frequency questionnaire (FFQ), or subjects with a daily energy intake greater than 
or equal to 4,500 kcal/day or less than 500 kcal/day were excluded. Convenience sampling 
was used as a way of selecting participants. The rate of participation in our study for cases 
and controls were about 94% and 98%, respectively. Groups were matched by age range of 
5 years and all participants were enrolled in the study at the same clinic. Written informed 
consent was obtained from all subjects at the beginning of the study.

Assessment of dietary data
Dietary intake was assessed based on the FFQ by a trained healthcare professional. A validated 
and reliable FFQ questionnaire was used and included 168 commonly consumed foods in Iran 
with standard serving sizes [26]. We used daily, weekly, or monthly criteria to rate the frequency 
of consumption of each food item. Then, we converted all of them to daily consumption. In the 
case of red meat (beef or lamb or ground red meat) and processed meat (sausages or burgers), 
we classified the participants to quartiles according to the amount of red and processed meat 
intakes. NUTRITIONIST V was used to assess the dietary nutrients intakes.

Assessment of other data
The metabolic equivalent task was used to assess the individual’s physical activity [27]. Age, 
sex, drug history, medical status, smoking behavior, and alcohol consumption were evaluated 
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using the questionnaires. Participant’s weight and height were measured without shoes or 
any heavy clothes. Body mass index (BMI) was calculated.

Statistical analysis
The Statistical Package for Social Sciences (version 20.0; SPSS, Chicago, IL, USA) was used 
for the analysis. We assessed the normality of the variables using histogram charts and 
Kolmogorov–Smirnov analysis, indicating that all of the variables had a normal distribution. 
The χ2 test was used to check differences in the distribution of categorical variables, and 
independent t-test was used to assess differences in the distribution of continuous variables. 
Participants were categorized according to quartiles of red and processed meat intakes. 
First quartile was considered as the reference category for all logistic regression analyses. To 
estimate the risk of NAFLD across quartiles of red and processed meat intakes, multivariable 
logistic regression models were used with NAFLD as the dependent variable and red or 
processed meat as an independent variable; the odds ratios (ORs) and 95% confidence 
intervals (CIs) were reported. Logistic regression models were adjusted for gender, age, BMI, 
daily intakes of energy, dietary factors (including vegetables, fruits, dairy, nuts and legumes, 
cereals, soft drinks and sweets, total dietary fiber, MUFA/SFA and sodium), diabetes, 
smoking, and physical activity. p values < 0.05 were considered to be statistically significant.

RESULTS

Table 1 shows baseline characteristics of case and control groups. In our study, the 
distribution of age and sex was similar; the mean age of the participants was 43.54 ± 14.13 
years and 41.5% (395) of subjects were male. As shown in Table 1, diabetes rates were higher 
among those with NAFLD (p < 0.001). These patients had also significantly higher BMI and 
less physical activity than controls (p < 0.001).

Table 2 shows the dietary intakes of participants with NAFLD and control group. Patients 
with NAFLD consumed more red meats, processed meats, vegetables, fruits, fish, dairy, 
low-fat dairy, soft drinks and sweets, protein, total dietary fiber, MUFA/SFA and sodium, 
but lower nuts and legumes, cereals and fats (p < 0.005). There were not any significant 
differences in other dietary intakes between two groups.

Table 3 shows the association between red meat consumption and the risk of NAFLD. In age 
and gender-adjusted model, the risk of NAFLD in quartile 4 was about three times higher 
than quartile 1 (OR, 3.42; 95% CI, 2.16–5.43; p value < 0.001). After adjusting for BMI, energy 
intake, dietary factors, diabetes, smoking, and physical activity, this association was stronger 
and significant (OR, 3.65; 95% CI, 1.85–7.18; p value < 0.001).
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Table 1. Baseline characteristics of non-alcoholic fatty liver disease patients and control subjects
Variables Case (n = 196) Control (n = 803) p value
Age (yr) 42.3 ± 11.9 43.5 ± 14.5 0.214
Male (%) 51.5 41 0.007
Body mass index (kg/m2) 35.7 ± 10.6 27.7 ± 4.5 < 0.001
Physical activity (MET [hr/day]) 31.0 ± 3.2 34.2 ± 3.1 < 0.001
Diabetes (%) 16.6 6.8 < 0.001
Data are presented as mean ± SD for continuous variables and percent for categorically distributed variables.
MET, metabolic equivalent task.
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The association between processed meats intake and the risk of NAFLD is shown in Table 4. 
In the first model, after controlling for age and sex, there was an increased risk of NAFLD in 
the third quartile, and patients in the highest quartile had a 3.28-fold higher risk of NAFLD 
compared to the other quartiles (OR, 3.28; 95% CI, 1.97–5.46; p value < 0.001). In the final 
model, a significant association was also found in both third and fourth quartiles (OR, 2.36; 
95% CI, 1.19–4.65; p value < 0.05 and OR, 3.25; 95% CI, 1.57–6.73; p value = 0.002).

DISCUSSION

The results of the current study have shown that higher red or processed meat consumption 
can notably increase the risk of NAFLD. To our knowledge, there are only three observational 
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Table 2. Dietary intake of non-alcoholic fatty liver disease patients and controls
Dietary intakes Cases (n = 196) Controls (n = 803) p value
Red meats (g/1,000 kcal) 20.76 ± 19.17 10.71 ± 7.47 < 0.001
Processed meats (g/1,000 kcal) 3.0 ± 3.88 1.81 ± 3.08 < 0.001
Visceral meats (g/1,000 kcal) 1.43 ± 6.07 1.70 ± 4.49 0.480
Vegetables (g/1,000 kcal) 162.9 ± 102.4 123.6 ± 67.9 < 0.001
Fruits (g/1,000 kcal) 222.3 ± 118.3 147.3 ± 75.4 < 0.001
MUFA/SAFA (g/1,000 kcal) 0.4 ± 0.2 0.3 ± 0.2 < 0.001
Nuts and legumes (g/1,000 kcal) 16.8 ± 10.0 25.7 ± 16.5 < 0.001
Cereals (g/1,000 kcal) 161.1 ± 62.3 176.1 ± 58.7 0.003
Whole grain (g/1,000 kcal) 24.9 ± 29.4 24.9 ± 30.2 0.115
Fish (g/1,000 kcal) 7.4 ± 8.8 3.3 ± 4.4 < 0.001
Dairy (g/1,000 kcal) 160.6 ± 91.0 109.2 ± 63.5 < 0.001
Low-fat dairy (g/1,000 kcal) 88.5 ± 84.3 48.8 ± 57.9 < 0.001
Soft drinks and sweets (g/1,000 kcal) 36.7 ± 34.4 18.7 ± 18.1 < 0.001
Total energy intake (kcal) 2,757.9 ± 961.1 2,804.6 ± 840.7 0.499
Protein (% of energy) 15.8 ± 2.9 14.1 ± 2.3 < 0.001
Carbohydrate (% of energy) 58.2 ± 6.3 59.8 ± 13.3 0.014
Fat (% of energy) 29.2 ± 5.3 33.8 ± 5.7 < 0.001
Sodium (mg/1,000 kcal) 1,558.3 ± 747.5 1,436.4 ± 314.6 0.026
Total dietary fiber (g/1,000 kcal) 19.2 ± 7.9 16.7 ± 5.4 < 0.001
Simple sugar (g/day) 150.6 ± 77.3 133.3 ± 50.0 0.003
Data are presented as mean ± SD.
MUFA, mono unsaturated fatty acid; SAFA, saturated fatty acids.

Table 3. Odds ratio (95% confidence interval) of non-alcoholic fatty liver disease across quartiles of red meat 
intake
Models Dietary red meats intake

Quartile 1  
(< 15.2 g/day)

Quartile 2  
(15.2–28 g/day)

Quartile 3  
(28–43.7 g/day)

Quartile 4  
(> 43.7 g/day)

Cases/control (total) 33/217 (250) 31/219 (250) 46/203 (249) 85/164 (249)
Model 1* 1.00 (Ref) 0.95 (0.56–1.61) 1.49 (0.91–2.45) 3.42 (2.16–5.43)‡

Model 2† 1.00 (Ref) 1.04 (0.49–2.20) 1.41 (0.69–2.91) 3.65 (1.85–7.18)‡

*Adjusted for age and gender; †Additionally adjusted for body mass index, energy intake, dietary factors, 
diabetes, smoking, and physical activity (metabolic equivalent task); ‡p value < 0.05.

Table 4. Odds ratio (95% confidence interval) of non-alcoholic fatty liver disease across quartiles of processed 
meat intake
Models Dietary processed meats intake

Quartile 1  
(< 0.36 g/day)

Quartile 2  
(0.38–2.38 g/day)

Quartile 3  
(2.38–6.58 g/day)

Quartile > 4  
(> 6.58 g/day)

Cases/control (total) 30/219 (249) 42/209 (251) 50/203 (253) 74/172 (246)
Model 1* 1.00 (Ref) 1.56 (0.93–2.63) 1.90 (1.14–3.17)‡ 3.28 (1.97–5.46)‡

Model 2† 1.00 (Ref) 1.72 (0.84–3.52) 2.36 (1.19–4.65)‡ 3.25 (1.57–6.73)‡

*Adjusted for age and gender; †Additionally adjusted for body mass index, energy intake, dietary factors, 
diabetes, smoking, and physical activity (metabolic equivalent task); ‡p value < 0.05.
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studies, which had reported similar results. Peng et al. [23], in a cross-sectional study 
of Chinese participants over the age of 45, examined the association between meat 
consumption and odds of NAFLD and they found a positive association. Also, in this study, 
red meat consumption was correlated with serum levels of liver enzymes. Another cross-
sectional study looked at meat preparation methods and intake of heterocyclic amines 
(HCA), and found that unhealthy cooking methods and intake of HCA were positively 
associated with insulin resistance, a major underlying cause of NAFLD [22]. Recently, a large 
cohort study of 50,045 Iranian participants in the age range of 40 to 75 years had similar 
results to our results [24]. Average intake of red/processed meats were higher in studies that 
performed in non-Iranian population [22,23]. It is recommended to limit the consumption 
of red meat to less than 100 g/day for cardio-metabolic health [28], and the average 
consumption of red meat in our study and another study conducted in Iran [24] is less than 
the recommended values. This finding shows that even in communities with a low average 
red meat intake, people in the upper consumption categories are at risk for NAFLD. There are 
some other related studies, which are also in line with our results. A cross-sectional study on 
Brazilian subjects showed that intake of meats, fats, sugars, beans, and vegetables in NAFLD 
patients are higher than the recommended amounts [29]. Moreover, it has been shown that a 
diet rich in red meats and TFA or a western diet, which is full of animal-derived products can 
simply worsen the progression of NAFLD [21,30].

Our study showed that the association between dietary red/processed meats with NAFLD risk 
is independent of other known risk factors because the association remained significant after 
adjusting for BMI, energy intake, dietary factors, diabetes, smoking, and physical activity. 
Interestingly, the association between red meats consumption and NAFLD became stronger 
when we adjusted for known confounders. Another interesting finding of this study was that 
NAFLD risk increased significantly when the consumption of red and processed meats was 
more than 43.7, and 6.58 g/day, respectively. There was no significant association with low red 
meat/processed meat intake. This finding suggests that a threshold exists for the risk of red 
meat/processed meat for NAFLD, whereas the risk is low when consumed in small amounts. 
Zelber-Sagi et al. [22] have suggested that the association between red/processed meats and 
risk of NAFLD is due to production of HCAs during cooking of them. They found a positive 
relationship between HCAs and insulin resistance, but not NAFLD risk. An association 
between NAFLD and meat consumption has been suggested due to the high heme iron 
content of meat [17], which causes cellular oxidative stress which decreases insulin action. 
A meta-analysis has reported that heme-iron intake was associated with 30% higher risk 
of diabetes [31]. Another mechanism for this association could be high amount of nitrates 
in processed meats [32]. Nitrites and nitrates used for the preservation of processed meat 
can be converted into nitrosamines, which promote insulin resistance and diabetes [33]. 
Furthermore, it has been shown that higher SFA intake may increase liver fat accumulation, 
which may be due to increased TG levels through suppressing the TWEAK gene, a member 
of the TNF superfamily expression leading to liver injury [34]. On the other hand, higher 
sodium content of processed meats may aggravate the risk of NAFLD via obesity and fatness 
mediation. Also, previous evidence showed that higher sodium intake may exacerbate 
abnormal metabolic profiles, which are potential elements in NAFLD development [35,36].

This study has some limitations. First, we have done a case-control study, which is not able 
to define a cause-effect association of red and processed meat intake with NAFLD. Second, 
FFQ was used as a measurement tool to examine the dietary intakes of individuals, which has 
some unpreventable errors such as recall bias and measurement bias. However, this study is 
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of great significance in the sense that it has a large sample size, was conducted in patients 
with recently diagnosed NAFLD who had not yet received diet or other treatment, and the 
study was applicable to populations in developing countries with a wide range of dietary 
intakes and special diets.

CONCLUSION

Our data demonstrate that both red and processed meat intakes are related to the risk of 
NAFLD. This study was performed on a middle-aged Iranian population and the results may 
not be generalized to other populations. Therefore, further investigations are required to 
confirm these findings in other populations, while elucidating the potential mechanisms.

ACKNOWLEDGEMENTS

We appreciate the “Student Research Committee” and “Research & Technology Chancellor” 
in Shahid Beheshti University of Medical Sciences for their financial support of this study.

REFERENCES

 1. Le MH, Devaki P, Ha NB, Jun DW, Te HS, Cheung RC, Nguyen MH. Prevalence of non-alcoholic fatty 
liver disease and risk factors for advanced fibrosis and mortality in the United States. PLoS One 
2017;12:e0173499. 
PUBMED | CROSSREF

 2. Temple JL, Cordero P, Li J, Nguyen V, Oben JA. A guide to non-alcoholic fatty liver disease in childhood 
and adolescence. Int J Mol Sci 2016;17:947. 
PUBMED | CROSSREF

 3. Zelber-Sagi S, Ratziu V, Oren R. Nutrition and physical activity in NAFLD: an overview of the 
epidemiological evidence. World J Gastroenterol 2011;17:3377-89. 
PUBMED | CROSSREF

 4. Safari Z, Gérard P. The links between the gut microbiome and non-alcoholic fatty liver disease (NAFLD). 
Cell Mol Life Sci 2019;76:1541-58. 
PUBMED | CROSSREF

 5. Rabiee B, Roozafzai F, Hemasi GR, Poustchi H, Keyvani H, Khonsari MR, Ajdarkosh H, Maadi M, Sima 
Saeedian F, Zamani F. The prevalence of non-alcoholic fatty liver disease and diabetes mellitus in an 
Iranian population. Middle East J Dig Dis 2017;9:86-93. 
PUBMED | CROSSREF

 6. Hartley A, Santos Ferreira DL, Anderson EL, Lawlor DA. Metabolic profiling of adolescent non-alcoholic 
fatty liver disease. Wellcome Open Res 2019;3:166. 
PUBMED | CROSSREF

 7. Peng L, Wang J, Li F. Weight reduction for non-alcoholic fatty liver disease. Cochrane Database Syst Rev 
2011:CD003619. 
PUBMED | CROSSREF

 8. Wong SW, Ting YW, Chan WK. Epidemiology of non-alcoholic fatty liver disease-related hepatocellular 
carcinoma and its implications. JGH Open 2018;2:235-41. 
PUBMED | CROSSREF

 9. Emamat H, Foroughi F, Eini-Zinab H, Taghizadeh M, Rismanchi M, Hekmatdoost A. The effects of onion 
consumption on treatment of metabolic, histologic, and inflammatory features of nonalcoholic fatty liver 
disease. J Diabetes Metab Disord 2016;15:25. 
PUBMED | CROSSREF

 10. Hekmatdoost A, Shamsipour A, Meibodi M, Gheibizadeh N, Eslamparast T, Poustchi H. Adherence to the 
dietary approaches to stop hypertension (DASH) and risk of nonalcoholic fatty liver disease. Int J Food Sci 
Nutr 2016;67:1024-9. 
PUBMED | CROSSREF

47

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/28346543
https://doi.org/10.1371/journal.pone.0173499
http://www.ncbi.nlm.nih.gov/pubmed/27314342
https://doi.org/10.3390/ijms17060947
http://www.ncbi.nlm.nih.gov/pubmed/21876630
https://doi.org/10.3748/wjg.v17.i29.3377
http://www.ncbi.nlm.nih.gov/pubmed/30683985
https://doi.org/10.1007/s00018-019-03011-w
http://www.ncbi.nlm.nih.gov/pubmed/28638584
https://doi.org/10.15171/mejdd.2017.56
http://www.ncbi.nlm.nih.gov/pubmed/30687796
https://doi.org/10.12688/wellcomeopenres.14974.2
http://www.ncbi.nlm.nih.gov/pubmed/21678341
https://doi.org/10.1002/14651858.CD003619.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30483595
https://doi.org/10.1002/jgh3.12070
http://www.ncbi.nlm.nih.gov/pubmed/27453880
https://doi.org/10.1186/s40200-016-0248-4
http://www.ncbi.nlm.nih.gov/pubmed/27436528
https://doi.org/10.1080/09637486.2016.1210101
https://e-cnr.org


Meat and NAFLD

https://doi.org/10.7762/cnr.2022.11.1.42

 11. Mokhtari Z, Poustchi H, Eslamparast T, Hekmatdoost A. Egg consumption and risk of non-alcoholic fatty 
liver disease. World J Hepatol 2017;9:503-9. 
PUBMED | CROSSREF

 12. Noori M, Jafari B, Hekmatdoost A. Pomegranate juice prevents development of non-alcoholic fatty liver 
disease in rats by attenuating oxidative stress and inflammation. J Sci Food Agric 2017;97:2327-32. 
PUBMED | CROSSREF

 13. Rahimlou M, Ahmadnia H, Hekmatdoost A. Dietary supplements and pediatric non-alcoholic fatty liver 
disease: present and the future. World J Hepatol 2015;7:2597-602. 
PUBMED | CROSSREF

 14. Rahimlou M, Yari Z, Hekmatdoost A, Alavian SM, Keshavarz SA. Ginger supplementation in 
nonalcoholic fatty liver disease: a randomized, double-blind, placebo-controlled pilot study. Hepat Mon 
2016;16:e34897. 
PUBMED | CROSSREF

 15. Dabbagh-Moghadam A, Mozaffari-Khosravi H, Nasiri M, Miri A, Rahdar M, Sadeghi O. Association of 
white and red meat consumption with general and abdominal obesity: a cross-sectional study among a 
population of Iranian military families in 2016. Eat Weight Disord 2017;22:717-24. 
PUBMED | CROSSREF

 16. Rouhani MH, Salehi-Abargouei A, Surkan PJ, Azadbakht L. Is there a relationship between red or 
processed meat intake and obesity? A systematic review and meta-analysis of observational studies. Obes 
Rev 2014;15:740-8. 
PUBMED | CROSSREF

 17. Talaei M, Wang YL, Yuan JM, Pan A, Koh WP. Meat, dietary heme iron, and risk of type 2 diabetes 
mellitus: the Singapore Chinese health study. Am J Epidemiol 2017;186:824-33. 
PUBMED | CROSSREF

 18. Boada LD, Henríquez-Hernández LA, Luzardo OP. The impact of red and processed meat consumption 
on cancer and other health outcomes: epidemiological evidences. Food Chem Toxicol 2016;92:236-44. 
PUBMED | CROSSREF

 19. Obara N, Fukushima K, Ueno Y, Wakui Y, Kimura O, Tamai K, Kakazu E, Inoue J, Kondo Y, Ogawa N, Sato 
K, Tsuduki T, Ishida K, Shimosegawa T. Possible involvement and the mechanisms of excess trans-fatty 
acid consumption in severe NAFLD in mice. J Hepatol 2010;53:326-34. 
PUBMED | CROSSREF

 20. Shi L, Liu ZW, Li Y, Gong C, Zhang H, Song LJ, Huang CY, Li M. The prevalence of nonalcoholic fatty liver 
disease and its association with lifestyle/dietary habits among university faculty and staff in Chengdu. 
Biomed Environ Sci 2012;25:383-91.
PUBMED | CROSSREF

 21. Freidoony L, Kong ID. Practical approaches to the nutritional management of nonalcoholic fatty liver 
disease. Integr Med Res 2014;3:192-7. 
PUBMED | CROSSREF

 22. Zelber-Sagi S, Ivancovsky-Wajcman D, Fliss Isakov N, Webb M, Orenstein D, Shibolet O, Kariv R. High 
red and processed meat consumption is associated with non-alcoholic fatty liver disease and insulin 
resistance. J Hepatol 2018;68:1239-46. 
PUBMED | CROSSREF

 23. Peng H, Xie X, Pan X, Zheng J, Zeng Y, Cai X, Hu Z, Peng XE. Association of meat consumption with 
NAFLD risk and liver-related biochemical indexes in older Chinese: a cross-sectional study. BMC 
Gastroenterol 2021;21:221. 
PUBMED | CROSSREF

 24. Hashemian M, Merat S, Poustchi H, Jafari E, Radmard AR, Kamangar F, Freedman N, Hekmatdoost A, 
Sheikh M, Boffetta P, Sinha R, Dawsey SM, Abnet CC, Malekzadeh R, Etemadi A. Red meat consumption 
and risk of nonalcoholic fatty liver disease in a population with low meat consumption: the Golestan 
Cohort Study. Am J Gastroenterol 2021;116:1667-75. 
PUBMED | CROSSREF

 25. Emamat H, Farhadnejad H, Tangestani H, Saneei Totmaj A, Poustchi H, Hekmatdoost A. Association of 
allium vegetables intake and non-alcoholic fatty liver disease risk. Nutr Food Sci 2020;50:1075-83. 
CROSSREF

 26. Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and relative validity of an FFQ for 
nutrients in the Tehran lipid and glucose study. Public Health Nutr 2010;13:654-62. 
PUBMED | CROSSREF

 27. Aadahl M, Jørgensen T. Validation of a new self-report instrument for measuring physical activity. Med Sci 
Sports Exerc 2003;35:1196-202. 
PUBMED | CROSSREF

48

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/28443155
https://doi.org/10.4254/wjh.v9.i10.503
http://www.ncbi.nlm.nih.gov/pubmed/27717115
https://doi.org/10.1002/jsfa.8042
http://www.ncbi.nlm.nih.gov/pubmed/26557952
https://doi.org/10.4254/wjh.v7.i25.2597
http://www.ncbi.nlm.nih.gov/pubmed/27110262
https://doi.org/10.5812/hepatmon.34897
http://www.ncbi.nlm.nih.gov/pubmed/28421475
https://doi.org/10.1007/s40519-017-0385-x
http://www.ncbi.nlm.nih.gov/pubmed/24815945
https://doi.org/10.1111/obr.12172
http://www.ncbi.nlm.nih.gov/pubmed/28535164
https://doi.org/10.1093/aje/kwx156
http://www.ncbi.nlm.nih.gov/pubmed/27106137
https://doi.org/10.1016/j.fct.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/20462650
https://doi.org/10.1016/j.jhep.2010.02.029
http://www.ncbi.nlm.nih.gov/pubmed/23026517
https://doi.org/10.3967/0895-3988.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28664097
https://doi.org/10.1016/j.imr.2014.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29571924
https://doi.org/10.1016/j.jhep.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/34001005
https://doi.org/10.1186/s12876-021-01688-7
http://www.ncbi.nlm.nih.gov/pubmed/33767101
https://doi.org/10.14309/ajg.0000000000001229
https://doi.org/10.1108/NFS-11-2019-0334
http://www.ncbi.nlm.nih.gov/pubmed/19807937
https://doi.org/10.1017/S1368980009991698
http://www.ncbi.nlm.nih.gov/pubmed/12840642
https://doi.org/10.1249/01.MSS.0000074446.02192.14
https://e-cnr.org


Meat and NAFLD

https://doi.org/10.7762/cnr.2022.11.1.42

 28. Mozaffarian D. Dietary and policy priorities for cardiovascular disease, diabetes, and obesity: a 
comprehensive review. Circulation 2016;133:187-225. 
PUBMED | CROSSREF

 29. Ferolla SM, Ferrari TC, Lima ML, Reis TO, Tavares WC Jr, Couto OF, Vidigal PV, Fausto MA, Couto CA. 
Dietary patterns in Brazilian patients with nonalcoholic fatty liver disease: a cross-sectional study. Clinics 
(Sao Paulo) 2013;68:11-7. 
PUBMED | CROSSREF

 30. Oddy WH, Herbison CE, Jacoby P, Ambrosini GL, O’Sullivan TA, Ayonrinde OT, Olynyk JK, Black LJ, 
Beilin LJ, Mori TA, Hands BP, Adams LA. The Western dietary pattern is prospectively associated with 
nonalcoholic fatty liver disease in adolescence. Am J Gastroenterol 2013;108:778-85. 
PUBMED | CROSSREF

 31. Zhao Z, Li S, Liu G, Yan F, Ma X, Huang Z, Tian H. Body iron stores and heme-iron intake in relation to 
risk of type 2 diabetes: a systematic review and meta-analysis. PLoS One 2012;7:e41641. 
PUBMED | CROSSREF

 32. Micha R, Wallace SK, Mozaffarian D. Red and processed meat consumption and risk of incident 
coronary heart disease, stroke, and diabetes mellitus: a systematic review and meta-analysis. Circulation 
2010;121:2271-83. 
PUBMED | CROSSREF

 33. Kim Y, Keogh J, Clifton P. A review of potential metabolic etiologies of the observed association between 
red meat consumption and development of type 2 diabetes mellitus. Metabolism 2015;64:768-79. 
PUBMED | CROSSREF

 34. Hernández EA, Kahl S, Seelig A, Begovatz P, Irmler M, Kupriyanova Y, Nowotny B, Nowotny P, Herder C, 
Barosa C, Carvalho F, Rozman J, Neschen S, Jones JG, Beckers J, de Angelis MH, Roden M. Acute dietary 
fat intake initiates alterations in energy metabolism and insulin resistance. J Clin Invest 2017;127:695-708. 
PUBMED | CROSSREF

 35. Choi Y, Lee JE, Chang Y, Kim MK, Sung E, Shin H, Ryu S. Dietary sodium and potassium intake in 
relation to non-alcoholic fatty liver disease. Br J Nutr 2016;116:1447-56. 
PUBMED | CROSSREF

 36. Emamat H, Farhadnejad H, Movahedian M, Tangestani H, Mirmiran P, Hekmatdoost A. Dietary sodium 
intake in relation to non-alcoholic fatty liver disease risk: a case-control study. Nutr Food Sci 2021;51:541-50. 
CROSSREF

49

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/26746178
https://doi.org/10.1161/CIRCULATIONAHA.115.018585
http://www.ncbi.nlm.nih.gov/pubmed/23420151
https://doi.org/10.6061/clinics/2013(01)OA03
http://www.ncbi.nlm.nih.gov/pubmed/23545714
https://doi.org/10.1038/ajg.2013.95
http://www.ncbi.nlm.nih.gov/pubmed/22848554
https://doi.org/10.1371/journal.pone.0041641
http://www.ncbi.nlm.nih.gov/pubmed/20479151
https://doi.org/10.1161/CIRCULATIONAHA.109.924977
http://www.ncbi.nlm.nih.gov/pubmed/25838035
https://doi.org/10.1016/j.metabol.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/28112681
https://doi.org/10.1172/JCI89444
http://www.ncbi.nlm.nih.gov/pubmed/27725000
https://doi.org/10.1017/S0007114516003391
https://doi.org/10.1108/NFS-05-2020-0183
https://e-cnr.org

