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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD), as the most common liver disease in
the world, can range from simple steatosis to steatohepatitis. We evaluated the association between
meat consumption and risk of NAFLD in the Golestan Cohort Study (GCS).

Methods: The GCS enrolled 50,045 participants, aged 40 to 75 years in Iran. Dietary information
was collected using a 116-item semi-quantitative FFQ at baseline (2004-2008). A random sample
of 1612 cohort members participated in a liver focused study in 2011. NAFLD was ascertained

via ultrasound. Total red meat and total white meat consumption were categorized into quartiles
based on the GCS population, with the first quartile as the referent group. Multivariable logistic
regression models were used to estimate odds ratios (OR) and 95% confidence intervals (ClI).

Results: The median intake of total red meat was 17 and total white meat was 53 grams/day.
During follow-up, 505 individuals (37.7%) were diagnosed with NAFLD, and 124 of them

(9.2%) had elevated ALT. High total red meat consumption (OR g4 vs o1 =1.59, 95% CI=1.06

to 2.38, p trend=0.03) and organ meat consumption (OR q4vs g1 =1.70, 95% Cl=1.19t0 2.44, p
trend=0.003) were associated with NAFLD. Total white meat, chicken or fish consumption did not
show significant associations with NAFLD.

Conclusions: In this population with low consumption of red meat, individuals in the highest
group of red meat intake were at increased odds of NAFLD. Furthermore, this is the first study to
show an association between organ meat consumption and NAFLD.

Keywords
Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; red meat; fish; diet
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Introduction

Non-alcoholic fatty liver disease (NAFLD) occurs when fat is deposited in more than 5%

of hepatocytes [1]. NAFLD is the most common liver disease in the world [2], affecting up
to 17-46% of people in different countries [3]. The spectrum of abnormalities in NAFLD
can range from simple steatosis called non-alcoholic fatty liver (NAFL), to hepatocellular
inflammation and fibrosis called non-alcoholic steatohepatitis (NASH), which may progress
to cirrhosis and hepatocellular carcinoma [1]. Cirrhosis caused by NASH is the second most
common indication for liver transplantation in the United States [4], and between 1990 and
2017, the prevalence of cirrhosis due to NASH increased more than any other cause of
cirrhosis [5]. This high prevalence of NAFLD and its severe consequences underline the
importance of identifying its risk factors and advocating appropriate preventive strategies.

As obesity and metabolic syndrome are closely linked to NAFLD, weight loss remains

the key component in the prevention and management of this disease [6]. Previous studies
concluded that in addition to weight loss, the composition of the diet is important in
managing NAFLD [7-9]. High fructose, carbohydrate, and red meat intake and low
consumption of fish has been associated with high risk of NAFLD [10]. Consumption of
total meat more than 1.1 portions per day and red meat and/or processed meat more than
0.33 portions per day has been associated with higher risk of NAFLD [11]. In a recent
study, consumption of red meat more than 34 grams/day and processed meat more than 10
grams/day has been associated with NAFLD [12], although there have been relatively few
studies.

While alcohol-related liver disease is not a major cause of liver failure in the Middle

East and North Africa (due to low alcohol consumption in many countries), NAFLD is an
important cause of liver damage in this region [5]. During the follow-up of the Golestan
Cohort Study (GCS), one of the largest cohort studies in the Middle East, a random sample
of participants underwent ultrasonographic assessment of NAFLD and liver function tests
[13]. The availability of these data, along with extensive dietary information (including
questions about consumption of organ meat) and anthropometric measurements at baseline
provided the opportunity to investigate the association between meat intake and NAFLD
(with or without abnormal liver function tests) in a population with low intake of red meat.

Materials and Methods

Study design and Participants

The GCS was launched in 2004 and enrolled 50,045 participants, aged 40 to 75 years, in
Golestan Province, Northeastern Iran, to study major chronic disease and cause-specific
mortality [14, 15]. At baseline, each participant completed a general questionnaire inquiring
demographic and major risk factors of chronic disease and a food frequency questionnaire
(FFQ). The design of the GCS has been described elsewhere [14].

A random sample of 1862 participant from Gonbad city were enrolled in a pragmatic
trial for liver disease in 2011 [13]. The aim of the trial was to evaluate the effects of
a combination pill (PolyPill) on cardiovascular diseases and liver-related outcomes [16],
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but we used baseline trial assessments before the intervention started. After excluding
participants with viral or autoimmune hepatitis, hepatitis caused by drugs, iron overload
or alpha_1_antitrypsin deficiency, a total of 1612 participants consented and underwent
ultrasonographic assessment of NAFLD in addition to liver function tests [13].

The GCS was approved by the ethical review board of the Digestive Disease Research
Institute, the Institutional Review Boards of the U.S. National Cancer Institute (NCI), the
International Agency for Research on Cancer (IARC). All participants provided a written
informed consent at baseline and for the liver study.

Regular alcohol use is not common in this population, but we still excluded participants with
significant alcohol drinking at baseline, more than 30 g/day for men and 20 g/day for women
(n=10) [1]. We also excluded participants who left more than 30 food items (26% of the
total) blank in the FFQ or had an energy intake that was more than two interquartile ranges
either above the 75th percentile (3690 kcal/day for women and 4145 kcal/day for men) or
below the 25th percentile of energy intake (300 kcal/day for women and 525 kcal/day for
men) (n=27) [17], and participants with a self-reported history of conditions that may have
caused them to change their diets, such as cancer (other than non-melanoma skin cancer),
diabetes, heart disease, or stroke (n=235). As a result, the analytic set for the present study
included 1340 participants.

Exposure Assessment

Dietary information was collected using a 116-item semi-quantitative FFQ, validated against
24-hour dietary recall at baseline [18]. Participants were asked about their frequency of
consumption of a given serving size of each food item daily, weekly, or monthly during

the year leading up to their recruitment (Supplemental Table 1). Daily intake of each food
item was calculated by multiplying the frequency of consumption by the typical portion

size and the number of servings per day. Then daily intake of food items was converted to
grams [19]. We created total red meat intake including unprocessed meat (lamb, beef, and
hamburger), organ meat (liver, kidney, gizzard, and heart), and processed meat (sausage and
deli meat). Total white meat intake included chicken and fish (Supplemental Table 2)

Anthropometrics were measured in the upright position with light clothes and without shoes
by trained nutritionists at baseline. Waist circumferences were measured at the umbilical
level. Body mass index was calculated as weight (kg) divided by height (m) squared.
Physical activity was determined using a baseline questionnaire. All physical activities
including physical activity at work and at leisure time were calculated to create metabolic
equivalent of task (MET) and then categorized to tertiles. Ever users of tobacco or opium
were defined as those who had used opium or tobacco at least once a week for more than
six months. Smoking status was categorized to never tobacco users, former cigarette users,
and current cigarette users. Opium status and alcohol consumption were categorized to
ever and never users. The former cigarette users were defined as users who quit more than
one year before enrollment [20, 21]. Wealth scores were calculated based on ownership of
household appliances, vehicles, and other variables associated with wealth, using multiples
correspondence analyses [22]. The tertiles of this composite score were used to create low,
medium, and high wealth status.
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Outcome Ascertainment

We used the ultrasonographic assessment conducted in 2011 (a median of 6 years after
baseline) to ascertain NAFLD. Ultrasonography was performed using an Accuvix XQ
ultrasound unit (Medison, Seoul, Korea), with high sensitivity (91.7%) and specificity
(100%) for the histological diagnosis [23]. Hepatorenal echo contrast and/or liver brightness
(0 to 3), deep attenuation (0 to 2), and vascular blurring (0 to 1) were used for scoring.

A total score of at least 2, which includes the hepatorenal echo contrast and/or bright liver
score of at least 1 was defined as NAFLD [13]. Since serum alanine transaminase (ALT)

is often used in the clinic as a marker of liver injury, [24] we defined another outcome as
NAFLD plus elevated ALT (levels above 45 and 30 IU/L for men and women, respectively).
We also conducted a sensitivity analysis using ALT cutoffs of 30 1U/L for men and 20 IU/L
for women.

Statistical Analysis

Results

Descriptive values of variables were expressed as means + standard deviations or
percentages. Multivariable logistic regression models were used to estimate odds ratios
(OR) and 95% confidence intervals (CI). Meat consumption variables were categorized into
quartiles based on the whole Golestan Cohort Study population and the first quartiles were
used as the referent group.

In multivariable models, we adjusted for age (years), sex (male, female), waist
circumference (<88, =288 cm for females and <102, 2102 cm for males), formal education
(yes, no), smoking status (never, former, current), opium use (never, ever), physical activity
(MET tertiles), ethnicity (Turkman, non-Turkman), wealth score (tertiles), alcohol drinking
(ever, never), and total energy intake (quintile, kcal/d). In red meat models we also adjusted
for white meat consumption (and vice versa), and in each meat subtype model (e.g. organ
meat), we adjusted for other subtypes (e.g. processed and unprocessed meat). Since the
correlation between BMI and waist circumferences was 85%, we only adjusted for waist
circumference. Adding other obesity-associated conditions such as hypertriglyceridemia had
little (<10%) impact on the estimates, so they were not included in the final models. Linear
trends were evaluated using the median intake of each category.

We stratified the participants by potential effect modifiers including smoking status, opiate
use, waist circumferences, and BMI then tested the interaction between these variables and
meat consumption.

The levels of significance are indicated by P values. An alpha level of less than 0.05 was
considered to indicate statistical significance. All statistical analyses were performed with
SAS software, version 9.4 (SAS Institute, Inc., Cary, NC).

In our study sample 51.6 % were men, with a mean age of 52.5+6.6 years and a mean BMI
of 28.3+3 kg/m2. The median intake was 17 grams/day for total red meat and 53 grams/day
for total white meat. About 45% of the population reported no consumption of processed
meat. The characteristics of participants by quartiles of total red meat consumption are
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summarized in Table 1. The first quartile includes two participants that their total red meat
consumption was zero grams/day. The participants with higher red meat consumption had
larger waist circumferences and higher energy intake. They were more likely to be men,
Turkmen, current smokers, ever alcohol drinkers, and have a high wealth score.

The prevalence of NAFLD was 37.7% (n=505), and 9.2% (124) of the participants had
elevated ALT in addition to NAFLD. The characteristic of participants with NAFLD (with
and without elevated ALT) were compared with individuals without fatty liver changes

in Table 2. The participants with NAFLD were younger and had higher BMIs and waist
circumferences. They were also more likely to be women, and not to smoke or use opium.

The two highest categories of total red meat consumption were significantly associated with
NAFLD in multivariable adjusted models (OR g3 ys g1=1.70 (95%Cl: 1.15-2.53) and OR
Q4 vs Q1=1.59 (95% CI: 1.06-2.38) with a significant trend across the categories (Table 3).
Among different types of red meat, consumption of unprocessed red meat was significantly
associated with NAFLD (OR g4 vs 91=1.73, 95% CI: 1.13-2.66). All three quartiles of
unprocessed red meat consumption showed some degree of association compared with the
reference (lowest) category, albeit the trend in ORs was not statistically significant. The
highest category of organ meat consumption (>3.6 g/day) was significantly associated with
NAFLD, and there was a significant trend across quartiles (OR g4 vs 1=1.70, 95% CI:
1.19-2.44, p trend=0.0025). Consumption of processed meat, total white meat, chicken or
fish were not significantly associated with NAFLD (Table 3).

Although none of the quartiles of total red meat consumption showed a significant
association with elevated ALT in the presence of NAFLD (Table 4), a trend in increasing
odds of this outcome was suggested with higher consumption of total red meat (OR

Q4 vs Q1=1.64, 95% CI1=0.86-3.12, p trend=0.055). The highest category of unprocessed

red meat consumption was significantly associated with the OR for elevated ALT in the
presence of NAFLD (OR g4 vs 1=2.29; 95% CI=1.09-2.66). None of the other associations
between meat intake and elevated ALT reached statistical significance, except for an inverse
association with the third quartile of fish intake (Table 4). Using cut-off values of 20 and 30
IU/L for elevated ALT in women and men, respectively, led to small changes in the strengths
of the observed associations and the NAFLD associations with the highest categories of
total red meat (OR g4 vs 91=1.93; 95% CI=1.17-3.17), and organ meat consumption (OR
04 vs Q1=1.73; 95% Cl=1.11-2.71) became statistically significant (Supplemental Table 3).

We found no evidence that the associations between meat intake and NAFLD varied by
smoking status (P for heterogeneity=0.94), opium status (P for heterogeneity=0.55), waist
circumferences (P for heterogeneity=0.55), or BMI (P for interaction=0.98). Supplemental
Table 4 shows the consumption of potential protective food groups in quartiles of total red
meat intake. The table shows that the participants who consumed more red meat, also ate
more fruits, vegetables, and less refine grains.
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Discussion

We observed a high prevalence (37.7%) of fatty liver disease, with or without impaired
ALT test in this population. Only 25% of these patients had elevated ALT, which is similar
to previous reports showing that 75% of NAFLD patients have normal-range ALT [24].
Such high prevalence of fatty liver disease occurred in a background of obesity and high
waist circumference. Although the intake of red and processed meat in this population
was low, there was still a significant association between red meat intake and NAFLD.
The median consumption of total red meat in our study was 17 grams/day. In the US, the
mean consumption of red meat is 86 grams/day, and in Europe, it is 35 grams/day, ranging
between 10 grams/day in Sweden and 110 grams/day in Austria [25]. Even in the Middle
East and North Africa, mean red meat intake ranges between 29 grams/day in Afghanistan
and 100 grams/day in United Arab Emirates [25]. Since many of the study participants used
organ meat (liver, gizzard, and heart) regularly, we were also able to show an association
between high intake of this kind of meat and NAFLD.

Our study is one of the large studies of meat intake and NAFLD using a FFQ collected in
the context of a prospective cohort study before the disease diagnosis. Previously, the results
of the Rotterdam cohort showed an association between high animal protein intake and
NAFLD in an overweight, predominantly elderly European population [26]. The results of
the Multiethnic study showed, consumption of red meat and processed meat were associated
with NAFLD [12]. Two cross-sectional studies have also shown associations between red

or processed meat and NAFLD [11, 27]. In the NIH-AARP cohort study, which followed
about half a million people for over a median of 15 years, among different causes of death,
the risk of death due to chronic liver disease had the strongest association with red meat
consumption, and this association was present for both unprocessed and processed red meat
[28]. We also observed associations between meat consumption and NAFLD plus elevated
ALT, but some of these associations were not statistically significant due to the relatively
small number of cases. A recent meta-analysis showed a significant association between
“western” diet (i.e. heavily loaded with processed foods, red meat, refined grains, and
high-fat dairy) and NAFLD [29]. The authors reported some degree of heterogeneity and
publication bias, but the number of studies was too small to allow further exploration of the
potential contributing factors such as ethnicity. These findings underscore the need for more
studies of diet and NAFLD in populations with dietary and ethnic diversity.

Red meat consumption has been associated with insulin resistance [11] and the incidence
of metabolic syndrome [30], and many researchers consider NAFLD is a characteristic of
metabolic syndrome in the liver [31]. In addition to saturated fat and cholesterol, red meat
contains L- carnitine, which is metabolized by gut microbiota to produce Trimethylamine
(TMA) [32]. High TMA has been shown to be associated with NAFLD in insulin-resistant
mice [33]. Trimethylamine-N-oxide (TMAO), derived from TMA in the liver, promotes
atherosclerosis and is found in lower quantities in vegan and vegetarian people than in
omnivores with the same intake of L-carnitine [32]. Red meat consumption may modify
microbiota [34, 35] and the role of the microbiome and prebiotics in NAFLD and NASH has
been shown in previous studies [36, 37]. The gut microbiota can affect hepatic carbohydrate
and lipid metabolism and affect pro-inflammatory and anti-inflammatory balance in the
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liver, and consequently affect the progression of NAFLD to NASH [36]. In our study,
although the participants who consumed more red meat, ate more fruits, vegetables, and less
refine grains, these did not seem to nullify the observed association between red meat intake
and NAFLD.

Besides total red meat, the intake of organ meat was associated with NAFLD in our study.
Because the consumption of organ meat is not common in all populations, there is only
one previous study exploring its association with NAFLD. Shi et al. showed that subjects
with NAFLD consume more offal than subjects without NAFLD (9.7 vs. 3.4g/day, P<0.05)
[27], which is consistent with our results. Organ meat is high in N-glycolylneuraminic
acid, a chemical that may increase the risk of inflammation [38]. We did not observe any
associations between processed meat and NAFLD, but it is important to note that using
processed meat was not common in our study and the intake difference between the highest
and lowest quartiles was very small.

Unlike red meat, white meat intake was not associated with the risk of NAFLD in our

study, and there was even some evidence for a reduced risk of NAFLD plus elevated ALT
associated with fish intake. Only one previous study has reported on the association between
fish intake and NAFLD; this population-based cross-sectional study showed lower intake

of fish rich in omega-3 among NAFLD patients, although this difference did not reach
statistical significance [39]. Argo et al. showed that omega-3 fatty acid as much as 3000
mg/day for one year reduced liver fat measured by MRI, although it did not improve the
histopathology or markers of hepatocyte injury in NASH patients [40]. Previous studies
have shown that the Mediterranean diet, which includes abundant fish intake, moderate
consumption of poultry and low consumption of red meat among others [19], is associated
with decreased risk of NAFLD [41]. Our results are different from those of the Multiethnic
Cohort study which showed that the consumption of poultry was positively associated with
NAFLD [12]. On the other hand, white meat intake has been associated with lower risk of
mortality due to liver disease [28]. These findings may reflect the lower level of components
which contribute to insulin resistance and oxidative stress [42], such as saturated fat and
heme iron, in white meat compared to red meat [43]. Further studies in other populations are
needed to clarify the effect of poultry intake on the liver.

This study conducted in the context of a population-based cohort study after FFQ data were
collected at baseline. This approach precludes concerns over recall bias as patients were
not diagnosed with fatty liver when the nutritional data were collected. The GCS provided
us extensive information on other risk factors of NAFLD. We successfully used ultrasound
for a relatively large group. Although ultrasound has limited accuracy in the diagnosis of
NAFLD, conducting liver biopsy in the general population is not feasible, so we could

not determine the level of liver injury. We did report our findings in a group of NAFLD
patients with abnormal ALT since it is commonly used in clinical practice, but abnormal
ALT has not been shown to correlate with the clinical or histologic spectrum of NAFLD
[44]. The ultrasound assessments were done 6 years after the dietary data collection, and
the participants may have changed their diet during this period. Such changes could have
potentially led to non-differential misclassification and bias towards null, meaning that the
actual associations may be stronger than those observed in the study.
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In conclusion, we found that even low consumption of red meat and organ meat, but not
white meat, is associated with increase odds of NAFLD. This underlines the importance

of dietary composition, in addition to calorie restriction and weight loss, in preventing
fatty liver disease. We think that the results of our study can inform different dietary
recommendations, such as American Dietary Guidelines, since in the absence of data on
less studied conditions such as NAFLD, most of these recommendations are based on
more extensively studied diet-related chronic diseases including cardiovascular disease and
diabetes. We also believe that due to the high and increasing prevalence of NAFLD across
the globe, more research on the role of diet on NAFLD prevention is needed in other
ethnically diverse populations with different dietary patterns.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Financial support:

Tehran University of Medical Sciences, The Intramural Program of the US National Cancer Institute (NIH), and
Cancer Research UK

References

1.

European Association for the Study of the L, European Association for the Study of D,
European Association for the Study of O. EASL-EASD-EASO Clinical Practice Guidelines for
the management of non-alcoholic fatty liver disease. J Hepatol. 2016;64(6):1388—-402. Epub
2016/04/12. doi: 10.1016/j.jhep.2015.11.004. [PubMed: 27062661]

. Li B, Zhang C, Zhan YT. Nonalcoholic Fatty Liver Disease Cirrhosis: A Review of Its

Epidemiology, Risk Factors, Clinical Presentation, Diagnosis, Management, and Prognosis. Can
J Gastroenterol Hepatol. 2018;2018:2784537. Epub 2018/08/02. doi: 10.1155/2018/2784537.
[PubMed: 30065915]

. Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of

non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol
Ther. 2011;34(3):274-85. Epub 2011/06/01. doi: 10.1111/j.1365-2036.2011.04724.x. [PubMed:
21623852]

. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi ZM, et al.Nonalcoholic

steatohepatitis is the second leading etiology of liver disease among adults awaiting liver
transplantation in the United States. Gastroenterology. 2015;148(3):547-55. Epub 2014/12/03. doi:
10.1053/j.gastro.2014.11.039. [PubMed: 25461851]

. Collaborators GBDC. The global, regional, and national burden of cirrhosis by cause in 195

countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet Gastroenterol Hepatol. 2020;5(3):245-66. Epub 2020/01/26. doi: 10.1016/
S2468-1253(19)30349-8. [PubMed: 31981519]

. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al.Global burden of

NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol.
2018;15(1):11-20. Epub 2017/09/21. doi: 10.1038/nrgastro.2017.109. [PubMed: 28930295]

. Zelber-Sagi S, Salomone F, Mlynarsky L. The Mediterranean dietary pattern as the diet of choice

for non-alcoholic fatty liver disease: Evidence and plausible mechanisms. Liver international :
official journal of the International Association for the Study of the Liver. 2017;37(7):936-49. Epub
2017/04/04. doi: 10.1111/1iv.13435. [PubMed: 28371239]

. Della Pepa G, Vetrani C, Lombardi G, Bozzetto L, Annuzzi G, Rivellese AA. Isocaloric Dietary

Changes and Non-Alcoholic Fatty Liver Disease in High Cardiometabolic Risk Individuals.
Nutrients. 2017;9(10). Epub 2017/09/29. doi: 10.3390/nu9101065.

Am J Gastroenterol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hashemian et al.

Page 10

9. Eslamparast T, Tandon P, Raman M. Dietary Composition Independent of Weight Loss in the

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Management of Non-Alcoholic Fatty Liver Disease. Nutrients. 2017;9(8). Epub 2017/09/22. doi:
10.3390/nu9080800.

10.

Miele L, Dall’armi V, Cefalo C, Nedovic B, Arzani D, Amore R, et al.A case-control study

on the effect of metabolic gene polymorphisms, nutrition, and their interaction on the risk of
non-alcoholic fatty liver disease. Genes Nutr. 2014;9(2):383. Epub 2014/01/10. doi: 10.1007/
§12263-013-0383-1. [PubMed: 24402518]

Zelber-Sagi S, Ivancovsky-Wajcman D, Fliss Isakov N, Webb M, Orenstein D, Shibolet O, et
al.High red and processed meat consumption is associated with non-alcoholic fatty liver disease
and insulin resistance. J Hepatol. 2018;68(6):1239-46. doi: 10.1016/j.jhep.2018.01.015. [PubMed:
29571924]

Noureddin M, Zelber-Sagi S, Wilkens LR, Porcel J, Boushey CJ, Le Marchand L, et al.Diet
Associations With Nonalcoholic Fatty Liver Disease in an Ethnically Diverse Population: The
Multiethnic Cohort. Hepatology (Baltimore, Md). 2020;71(6):1940-52. Epub 2019/09/26. doi:
10.1002/hep.30967.

Merat S, Poustchi H, Hemming K, Jafari E, Radmard AR, Nateghi A, et al.PolyPill for Prevention
of Cardiovascular Disease in an Urban Iranian Population with Special Focus on Nonalcoholic
Steatohepatitis: A Pragmatic Randomized Controlled Trial within a Cohort (Polylran - Liver)

- Study Protocol. Arch Iran Med. 2015;18(8):515-23. Epub 2015/08/13. doi: 015188/AIM.009.
[PubMed: 26265520]

Pourshams A, Khademi H, Malekshah AF, Islami F, Nouraei M, Sadjadi AR, et al.Cohort Profile:
The Golestan Cohort Study--a prospective study of oesophageal cancer in northern Iran. Int J
Epidemiol. 2010;39(1):52-9. doi: 10.1093/ije/dyp161. [PubMed: 19332502]

Sheikh M, Poustchi H, Pourshams A, Etemadi A, Islami F, Khoshnia M, et al.Individual

and Combined Effects of Environmental Risk Factors for Esophageal Cancer Based on

Results From the Golestan Cohort Study. Gastroenterology. 2019;156(5):1416-27. doi: 10.1053/
j.gastro.2018.12.024. [PubMed: 30611753]

Roshandel G, Khoshnia M, Poustchi H, Hemming K, Kamangar F, Gharavi A, et

al.Effectiveness of polypill for primary and secondary prevention of cardiovascular diseases
(Polylran): a pragmatic, cluster-randomised trial. Lancet. 2019;394(10199):672-83. doi: 10.1016/
S0140-6736(19)31791-X. [PubMed: 31448738]

Freedman LS, Midthune D, Carroll RJ, Krebs-Smith S, Subar AF, Troiano RP, et al. Adjustments
to improve the estimation of usual dietary intake distributions in the population. J Nutr.
2004;134(7):1836-43. Epub 2004/07/01. doi: 10.1093/jn/134.7.1836. [PubMed: 15226478]
Malekshah AF, Kimiagar M, Saadatian-Elahi M, Pourshams A, Nouraie M, Goglani G, et
al.Validity and reliability of a new food frequency questionnaire compared to 24 h recalls and
biochemical measurements: pilot phase of Golestan cohort study of esophageal cancer. Eur J Clin
Nutr. 2006;60(8):971-7. 10.1038/sj.ejcn.1602407. [PubMed: 16465196]

Hashemian M, Farvid MS, Poustchi H, Murphy G, Etemadi A, Hekmatdoost A, et al.The
application of six dietary scores to a Middle Eastern population: a comparative analysis of
mortality in a prospective study. Eur J Epidemiol. 2019;34(4):371-82. Epub 2019/03/20. doi:
10.1007/s10654-019-00508-3. [PubMed: 30887377]

Etemadi A, Khademi H, Kamangar F, Freedman ND, Abnet CC, Brennan P, et al. Hazards

of cigarettes, smokeless tobacco and waterpipe in a Middle Eastern Population: a Cohort

Study of 50 000 individuals from Iran. Tob Control. 2017;26(6):674-82. doi: 10.1136/
tobaccocontrol-2016-053245. [PubMed: 27872345]

Sheikh M, Shakeri R, Poustchi H, Pourshams A, Etemadi A, Islami F, et al.Opium use

and subsequent incidence of cancer: results from the Golestan Cohort Study. Lancet Glob

Health. 2020;8(5):e649-e60. Epub 2020/05/01. doi: 10.1016/S2214-109X(20)30059-0. [PubMed:
32353313]

Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, Sotoudeh M, Abedi-Ardekani B, et al.Socio-
economic status and oesophageal cancer: results from a population-based case-control study in a
high-risk area. Int J Epidemiol. 2009;38(4):978-88. doi: 10.1093/ije/dyp195. [PubMed: 19416955]
Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, et al.The severity of
ultrasonographic findings in nonalcoholic fatty liver disease reflects the metabolic syndrome

Am J Gastroenterol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hashemian et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 11

and visceral fat accumulation. The American journal of gastroenterology. 2007;102(12):2708-15.
Epub 2007/09/27. doi: 10.1111/j.1572-0241.2007.01526.x. [PubMed: 17894848]

Dyson JK, Anstee QM, McPherson S. Non-alcoholic fatty liver disease: a practical
approach to diagnosis and staging. Frontline Gastroenterol. 2014;5(3):211-8. doi: 10.1136/
flgastro-2013-100403. [PubMed: 25018867]

Red Meat and Processed Meat. IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans. Lyon (FR)2018.

Alferink LJ, Kiefte-de Jong JC, Erler NS, Veldt BJ, Schoufour JD, de Knegt RJ, et al. Association
of dietary macronutrient composition and non-alcoholic fatty liver disease in an ageing
population: the Rotterdam Study. Gut. 2019;68(6):1088-98. Epub 2018/08/02. doi: 10.1136/
gutjnl-2017-315940. [PubMed: 30064987]

Shi L, Liu ZW, Li Y, Gong C, Zhang H, Song LJ, et al.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(4):383-91. Epub 2012/10/03. doi:
10.3967/0895-3988.2012.04.002. [PubMed: 23026517]

Etemadi A, Sinha R, Ward MH, Graubard BI, Inoue-Choi M, Dawsey SM, et al.Mortality from
different causes associated with meat, heme iron, nitrates, and nitrites in the NIH-AARP Diet

and Health Study: population based cohort study. BMJ. 2017;357:j1957. doi: 10.1136/bmj.j1957.at
http://www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and
declare: no support from any organization for the submitted work other than those described
above; no financial relationships with any organizations that might have an interest in the
submitted work in the previous three years; no other relationships or activities that could appear to
have influenced the submitted work. [PubMed: 28487287]

Hassani Zadeh S, Mansoori A, Hosseinzadeh M. Relationship between dietary patterns and non-
alcoholic fatty liver disease: A systematic review and meta-analysis. J Gastroenterol Hepatol.
2020. doi: 10.1111/jgh.15363.

Babio N, Sorli M, Bullo M, Basora J, Ibarrola-Jurado N, Fernandez-Ballart J, et al. Association
between red meat consumption and metabolic syndrome in a Mediterranean population at high
cardiovascular risk: cross-sectional and 1-year follow-up assessment. Nutr Metab Cardiovasc Dis.
2012;22(3):200-7. Epub 2010/09/30. doi: 10.1016/j.numecd.2010.06.011. [PubMed: 20875949]

Moore JB. Non-alcoholic fatty liver disease: the hepatic consequence of obesity and the metabolic
syndrome. Proc Nutr Soc. 2010;69(2):211-20. doi: 10.1017/S0029665110000030. [PubMed:
20158939]

Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, et al.Intestinal microbiota
metabolism of L-carnitine, a nutrient in red meat, promotes atherosclerosis. Nat Med.
2013;19(5):576-85. Epub 2013/04/09. doi: 10.1038/nm.3145. [PubMed: 23563705]

Dumas ME, Barton RH, Toye A, Cloarec O, Blancher C, Rothwell A, et al.Metabolic profiling
reveals a contribution of gut microbiota to fatty liver phenotype in insulin-resistant mice. Proc
Natl Acad Sci U S A. 2006;103(33):12511-6. Epub 2006/08/10. doi: 10.1073/pnas.0601056103.
[PubMed: 16895997]

Foerster J, Maskarinec G, Reichardt N, Tett A, Narbad A, Blaut M, et al.The influence of whole
grain products and red meat on intestinal microbiota composition in normal weight adults: a
randomized crossover intervention trial. PLoS One. 2014;9(10):e109606. Epub 2014/10/10. doi:
10.1371/journal.pone.0109606. [PubMed: 25299601]

Kugelberg ERed meat consumption leads to a microbiota-dependent risk of cardiovascular disease.
Nature Reviews Endocrinology. 2013;9:378. doi: 10.1038/nrend0.2013.90.

Kolodziejczyk AA, Zheng D, Shibolet O, Elinav E. The role of the microbiome in NAFLD and
NASH. EMBO Mol Med. 2019;11(2). Epub 2018/12/29. doi: 10.15252/emmm.201809302.
Bakhshimoghaddam F, Shateri K, Sina M, Hashemian M, Alizadeh M. Daily Consumption of
Synbiotic Yogurt Decreases Liver Steatosis in Patients with Nonalcoholic Fatty Liver Disease:
A Randomized Controlled Clinical Trial. J Nutr. 2018;148(8):1276-84. Epub 2018/06/23. doi:
10.1093/jn/nxy088. [PubMed: 29931231]

Ji S, Wang F, Chen Y, Yang C, Zhang P, Zhang X, et al.Developmental changes in the level

of free and conjugated sialic acids, NeusAc, Neu5Gc and KDN in different organs of pig: a

Am J Gastroenterol. Author manuscript; available in PMC 2022 August 01.


http://www.icmje.org/coi_disclosure.pdf

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hashemian et al.

39.

40.

41.

42.

43.

44,

Page 12

LC-MS/MS quantitative analyses. Glycoconj J. 2017;34(1):21-30. Epub 2016/09/11. doi: 10.1007/
$10719-016-9724-9. [PubMed: 27613535]

Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L, Halpern Z, et al.Long term
nutritional intake and the risk for non-alcoholic fatty liver disease (NAFLD): a population based
study. J Hepatol. 2007;47(5):711-7. doi: 10.1016/j.jhep.2007.06.020. [PubMed: 17850914]

Argo CK, Patrie JT, Lackner C, Henry TD, de Lange EE, Weltman AL, et al.Effects of n-3

fish oil on metabolic and histological parameters in NASH: a double-blind, randomized, placebo-
controlled trial. J Hepatol. 2015;62(1):190-7. Epub 2014/09/10. doi: 10.1016/j.jhep.2014.08.036.
[PubMed: 25195547]

Suarez M, Boque N, Del Bas JM, Mayneris-Perxachs J, Arola L, Caimari A. Mediterranean

Diet and Multi-Ingredient-Based Interventions for the Management of Non-Alcoholic Fatty Liver
Disease. Nutrients. 2017;9(10). Epub 2017/09/25. doi: 10.3390/nu9101052.

Cocate PG, Natali AJ, de Oliveira A, Alfenas Rde C, Peluzio Mdo C, Longo GZ, et al.Red

but not white meat consumption is associated with metabolic syndrome, insulin resistance and
lipid peroxidation in Brazilian middle-aged men. European journal of preventive cardiology.
2015;22(2):223-30. doi: 10.1177/2047487313507684. [PubMed: 24104887]

Feskens EJ, Sluik D, van Woudenbergh GJ. Meat consumption, diabetes, and its complications.
Curr Diab Rep. 2013;13(2):298-306. doi: 10.1007/s11892-013-0365-0. [PubMed: 23354681]

Mofrad P, Contos MJ, Haque M, Sargeant C, Fisher RA, Luketic VA, et al.Clinical and histologic
spectrum of nonalcoholic fatty liver disease associated with normal ALT values. Hepatology.
2003;37(6):1286-92. doi: 10.1053/jhep.2003.50229. [PubMed: 12774006]

Am J Gastroenterol. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hashemian et al.

Page 13

WHAT IS KNOWN

. Obesity and metabolic syndrome are closely linked to NAFLD.

. Weight loss remains the key component in the prevention and management of
this disease.
. In addition to weight loss, the composition of the diet is important in

managing NAFLD.

. High fructose, carbohydrate, and red meat intake and low consumption of fish
has been associated with high risk of NAFLD in cross-sectional studies.

WHAT IS NEW HERE

. Even low consumption of red meat is associated with increased risk of
NAFLD.

. Organ meat consumption is associated with increased risk of NAFLD.

. Total white meat, chicken or fish consumption did not show significant

associations with NAFLD.
TRANSLATIONAL IMPACT.

. This study underlines the importance of dietary composition, in addition to
calorie restriction and weight loss, in preventing fatty liver disease.

. Limiting red meat and organ meat consumption may prevent and manage
NAFLD.
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