
ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease. 
Nuts are nutrient- and calorie-dense foods with several health-promoting compounds. In 
this case-control study, we investigated the association between nut intake and NAFLD risk. 
Hundred ninety-six subjects with NAFLD and eight hundred three controls were recruited. 
The participants' dietary intakes were assessed by a valid and reliable semi-quantitative food 
frequency questionnaire (FFQ). Participants were categorized according to deciles of daily 
nuts intake. Multivariable logistic regression models were used with NAFLD as the dependent 
and deciles of daily nuts intake as an independent variables. Range of age was 18 to 75 years. 
Forty three percent of participants were male. Range of nuts intake was between 0 to 90.90 g/
day. In model 3, after adjusting for potential confounding variables including, age, sex, BMI, 
alcohol consumption, smoking, diabetes and physical activity, the relation between daily nuts 
intake and risk of NAFLD was positive and significant in the deciles 9 and 10 compared to 
the lowest decile (odds ratio [OR], 3.22; 95% confidence interval [CI], 1.04–7.49; p = 0.039 
and OR, 3.03; 95% CI, 1.03–8.90; p = 0.046, respectively). However, in the final model after 
additional adjusting for energy intake, no significant association was found. According to the 
findings, there is not any significant relationship between nuts intake and NAFLD risk; while 
higher intake of nuts is related to the higher risk of NAFLD mediated by energy intake.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease 
[1,2]. NAFLD is described by excessive fat accumulation in the liver or presence of ≥ 5% of 
hepatic steatosis in the absence of factors for secondary liver fat deposition,such as alcohol 
abuse, taking drugs or parenteral nutrition [3]. NAFLD is associated with metabolic diseases 
such as obesity, insulin resistance, type 2 diabetes mellitus (T2DM), hypertension, and 
hyperlipidaemia [4]. The global prevalence of NAFLD is estimated to be about 25% [5]. Its 
prevalence in the United States, Europe, and Asia is similarly reported to be between 10% 
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and 30% [6,7], and it is more common in men than women [8]. NAFLD is now recognized 
as a global health challenge. In recent years, with the increasing changes in lifestyle such as 
poor eating habits and sedentary lifestyle, the prevalence of NAFLD is increasing worldwide, 
especially in Asia [9,10]. To date, there is no confirmed medication for NAFLD, and the most 
important recommendations are lifestyle changes including adherence to a low calorie, 
healthy diet [11-14].

Nuts are nutrient-dense foods with several health-promoting compounds such as 
macronutrients (especially unsaturated fatty acids and high-quality protein), micronutrients 
(minerals, water-soluble vitamins such as folate, and fat-soluble bioactives), and fiber and 
on the other hand, it is also considered a calorie-dense food item [15,16]. It seems some of 
the beneficial effects of nut consumption on the health is due to the fat-soluble bioactive 
compounds (tocopherols, tocotrienols, phytosterols, sphingolipids, carotenoids and 
chlorophylls) and essential fatty acids such as monounsaturated fatty acids (MUFA) and 
polyunsaturated fatty acids (PUFA) [17,18].

Some epidemiological studies have shown a direct link between continuous consumption of 
nuts and reduced levels of inflammation, insulin resistance, oxidative stress and metabolic 
syndrome, which all of the above are involved in the NAFLD pathogenesis [19-24]. In this 
regard, some other studies have reported that the consumption of nuts relates inversely to the 
incidence of cardiovascular disease (CVD) and coronary heart disease (CHD), total cancer, 
and all-cause mortality [25,26]. In addition, nuts have antioxidant properties,thus reducing 
lipid peroxidation and protecting against oxidative DNA damage [27]. According to our 
literature review, only 2 studies have been conducted regarding to the association between 
nuts intake and NAFLD risk in China. Zhang et al. [28] have shown an inverse association 
between them and Chen et al. [29] concluded that nut consumption was not associated with 
NAFLD risk in the overall sample.

Considering the results of previous studies and reports on the beneficial impacts of nuts on 
improving insulin resistance, glycemic control, lipid profile levels and reducing the level of 
inflammation, it seems that consuming nuts might be effective in reducing the incidence of 
NAFLD [27,30,31]. Therefore, due to the rare and inconsistent evidence in this regard, we 
decided to investigate the association of nuts consumption with the incidence of NAFLD 
using a case-control study.

MATERIALS AND METHODS

The details of procedure described in our previous studies [32,33]. Hundred ninety-six subjects 
diagnosed with NAFLD and 803 controls were registered from a gastrointestinal therapy clinic. 
Participants were obtained through convenience sampling. For cases, the inclusion criteria were 
NAFLD diagnosis by a relevant specialist, according to the controlled attenuated parameter 
(CAP) score of more than 263 in Fibroscan examination, age > 18 year-old, and alcohol use < 20 
g/day in women, and < 30 g/day in men. Controls were age and sex-matched from that clinic 
among subjects with pancreatobiliary disorders who had been undertaken an ultrasound (US) 
with no evidence of NAFLD. The inclusion criteria for controls included age more than 18 years, 
and failure to detection of steatosis in hepatic US. The subjects on a particular diet or those who 
did not completed more than 10% of food frequency questionnaire (FFQ), or their calculated 
energy intakes were < 500 or > 4,500 kcal/day were excluded. The participation rate for cases 
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and controls was 98% and 94%, respectively. The study protocol was approved by the ethics 
committee of Tehran University of Medical Sciences. Written informed consent was obtained 
from all included subjects. The authors adhered to STROBE guidelines. All experiments were 
performed in accordance with relevant guidelines and regulations.

Dietary intake assessment
The participants' dietary intake was assessed by a valid and reliable semi-quantitative 
FFQ [34], which included 168 food items with standard serving sizes, as commonly 
used by Iranians. Frequency of each food item was asked on daily, weekly, or monthly 
basis consumptions and calculated as daily intakes. The collected data were analyzed by 
Nutritionist IV software.

The amount of daily nuts intake was calculated using the sum of main consumed nuts 
including almonds, peanuts, walnuts, hazelnuts, and pistachios for each participant. Then, 
we categorized all participants according to the deciles of nuts intake cutoff points.

Biochemical assessments
Venous blood sample after 10–12 h fasting state was taken and centrifuged for plasma 
separation. Fasting plasma glucose (FPG) assessed by an enzymatic method (Inter- and 
intra-assay coefficient variations (CV): 2.2%, Pars Azmoon, Tehran, Iran). Plasma triglyceride 
(TG) measured by an enzymatic calorimetric method (Inter- and intra-assay CV: 0.6% and 
1.6%, respectively). Total cholesterol (TC) measured by enzymatic method. High-density 
lipoprotein cholesterol (HDL-C) was measured using precipitation method (Inter- and intra-
assay CV for both TC and HDL-C were 0.5% and 2%, respectively). Low-density lipoprotein 
cholesterol (LDL-C) was calculated using Friedewald formula.

Assessment of other variables
Demographic data of participants were obtained using standard questionnaires. Physical activity 
was assessed by the metabolic equivalent task (MET) questionnaire [35,36]. Anthropometric 
assessments were done by the expert dietitians according to the standard methods. Body mass 
index (BMI) was calculated as weight in kilograms divided by height square in meters. Diabetes 
Diagnosis was based on the participants' recent medical records and examinations.

Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) (version 20.0; 
SPSS, Chicago, IL, USA). The normality of the variables was evaluated using histogram charts 
and a Kolmogorov-Smirnov analysis, which indicated that all of the variables had normal 
distribution. Chi-square test and independent t-test were used to check differences in the 
distribution of categorical variables and continuous variables, respectively. Participants were 
categorized according to deciles of daily nuts intake cutoff points (D1: 0 to 0.99, D2: 1 to 
2.09, D3: 2.09 to 3.17, D4: 3.17 to 4.39, D5: 4.41 to 5.77, D6: 5.82 to 8.06, D7: 8.08 to 10.37, 
D8: 10.40 to 14.15, D9: 14.15 to 21.84 and D10: 21.89 to 90.90). First decile was considered 
as the reference category for all logistic regression analyses. To estimate the risk of NAFLD 
across deciles of daily nuts intake, multivariable logistic regression models were used with 
NAFLD as the dependent variable and deciles of daily nuts intake as an independent variable; 
the odds ratios (ORs) and 95% confidence intervals (CIs) were reported. Logistic regression 
models were adjusted for age, sex, and BMI in model 1. Additionally, adjustments for alcohol 
consumption, smoking, diabetes and physical activity were done in model 2. In final model 
we adjusted energy intake. The p values < 0.05 were considered as statistically significant.
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RESULTS

Baseline subject's characteristics according to deciles of daily nuts intake are shown in Table 1. The 
range of age in this study population was 18 to 75 years. The mean ± standard deviation (SD) of BMI 
was 29.31 ± 6.99 kg/m2, and 43% of participants were male. Range of nuts intake was between 0 to 
90.90 g/day. Also, the mean ± SD of daily energy intake was 2,795 ± 865 kcal for all subjects.

The association between daily nuts intake and risk of NAFLD is given in Table 2. A positive 
association was seen between daily nuts intake and risk of NAFLD in the deciles 9 and 10 
compared to the lowest decile, in crude model (OR, 2.54; 95% CI, 1.27–5.09; p = 0.008 and 
OR, 2.41; 95% CI, 1.15–4.30; p = 0.036, respectively). In model 3 after adjusting for potential 
confounding variables including age, sex, BMI, alcohol consumption, smoking, diabetes 
and physical activity, the association between daily nuts intake and NAFLD risk in the deciles 
9 and 10 compared to the lowest decile remained positive and significant (OR, 3.22; 95% 
CI, 1.04–7.49; p = 0.039 and OR, 3.03; 95% CI, 1.03–8.90; p = 0.046, respectively). In final 
model, after additional adjusting for energy intake, no significant relationship was found 
between deciles of daily nuts intake and NAFLD risk in participants.

To explore the relationship between the amount of nuts and energy intake, Pearson correlation 
was applied. Daily nuts intake was positively correlated with energy intake (r = 0.55; p < 0.001).
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Table 1. Baseline characteristics of subjects across deciles of daily nuts intake
Characteristics Deciles of daily nuts intake

D1 (n = 100) D2 (n = 100) D3 (n = 100) D4 (n = 100) D5 (n = 99) D6 (n = 101) D7 (n = 100) D8 (n = 100) D9 (n = 100) D10 (n = 99)
Age (yr) 46.90 ± 14.24 45.36 ± 13.94 42.96 ± 12.86 43.83 ± 15.34 43.32 ± 14.12 40.36 ± 13.57 43.23 ± 12.88 42.79 ± 14.93 42.71 ± 14.51 41.07 ± 12.73
Male (%) 34 32 41 50 46.5 45.5 45 45 48 34.4
BMI (kg/m2) 31.15 ± 8.12 29.01 ± 5.66 29.05 ± 6.40 29.89 ± 8.46 27.95 ± 6.60 29.00 ± 6.44 29.60 ± 6.25 28.74 ± 7.13 29.91 ± 7.73 29.04 ± 6.75
PA (MET) 35.09 ± 4.44 34.11 ± 5.33 34.06 ± 6.76 33.26 ± 4.90 33.11 ± 5.57 34.12 ± 4.71 33.22 ± 4.89 32.78 ± 6.44 33.05 ± 4.34 31.87 ± 5.27
Alcohol (%) 6 5 9 5 8.1 11.9 10.1 15 17 11.1
Smoking (%) 25 32 25 35 25.3 37.6 32.3 33 42 39.4
Diabetes (%) 9 11.1 8 7 4.1 6.9 8.1 14 8 11.1
FPG (mg/dL) 96.18 ± 34.93 90.32 ± 28.15 95.05 ± 40.81 89.86 ± 20.32 88.76 ± 17.74 90.48 ± 27.30 90.67 ± 29.71 94.66 ± 39.87 91.02 ± 25.11 96.31 ± 40.70
TG (mg/dL) 135.18 ± 62.42 132.39 ± 72.50 130.02 ± 64.18 144.61 ± 46.99 135.73 ± 88.70 131.92 ± 67.92 137.89 ± 84.26 136.04 ± 66.46 147.90 ± 120.53 134.71 ± 69.27
TC (mg/dL) 189.43 ± 36.13 179.51 ± 38.42 173.34 ± 37.50 179.12 ± 43.95 180.13 ± 41.49 181.35 ± 34.60 178.12 ± 40.47 173.07 ± 36.90 183.06 ± 39.39 176.29 ± 36.15
LDL-C (mg/dL) 113.78 ± 29.06 105.10 ± 33.24 100.98 ± 30.53 103.26 ± 33.99 104.90 ± 33.19 108.51 ± 27.87 102.61 ± 31.68 97.96 ± 33.27 107.35 ± 33.22 102.41 ± 31.90
HDL-C (mg/dL) 48.61 ± 11.23 47.93 ± 10.13 46.35 ± 8.98 46.94 ± 10.34 48.09 ± 11.44 46.46 ± 12.89 47.93 ± 10.02 47.90 ± 11.10 46.13 ± 11.49 46.94 ± 10.75
Energy intake 
(kcal)

2,387.04 ± 
929.36

2,385.60 ± 
627.63

2,487.51 ± 
672.80

2,651.73 ± 
756.28

2,860.97 ± 
904.21

2,842.84 ± 
697.54

2,790.88 ± 
849.87

2,886.84 ± 
788.52

3,119.31 ± 
885.02

3,448.49 ± 
903.36

Nuts intake (g) 0.55 ± 0.28 1.49 ± 0.32 2.62 ± 0.31 3.80 ± 0.36 5.09 ± 0.39 6.96 ± 0.69 9.05 ± 0.63 12.03 ± 1.15 17.75 ± 2.12 38.09 ± 7.08

Quantitative data are presented as mean ± standard deviation and qualitative dada showed as percent.
BMI, body mass index; PA, physical activity; MET, metabolic equivalent task; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 2. The odds ratio (95% confidence interval) of non-alcoholic fatty liver risk in subjects across deciles of daily nuts intake
Characteristics Deciles of daily nuts intake

D1 (n = 100) D2 (n = 100) D3 (n = 100) D4 (n = 100) D5 (n = 99) D6 (n = 101) D7 (n = 100) D8 (n = 100) D9 (n = 100) D10 (n = 99)
Cases/control 15/85 16/84 16/84 20/80 17/82 18/83 17/83 17/83 31/69 29/70
Model 1* 1.00  

(Ref)
1.07  

(0.50–2.32)
1.07  

(0.50–2.32)
1.69  

(0.82–3.47)
1.09  

(0.50–2.35)
1.22  

(0.58–2.59)
1.16  

(0.54–2.47)
1.16  

(0.54–2.47)
2.54  

(1.27–5.09)
2.41  

(1.15–4.30)
Model 2† 1.00  

(Ref)
1.73  

(0.72–4.16)
1.66  

(0.68–4.04)
2.38  

(0.91–4.63)
1.97  

(0.81–4.77)
1.80  

(0.75–4.33)
1.55  

(0.65–3.73)
1.79  

(0.74–4.35)
3.72  

(1.81–6.38)
3.52  

(1.52–6.11)
Model 3‡ 1.00  

(Ref)
1.67  

(0.54–5.13)
2.41  

(0.71–8.07)
2.53  

(0.83–7.72)
2.85  

(0.91–7.68)
1.22  

(0.40–3.73)
1.28  

(0.41–3.91)
1.60  

(0.52–4.94)
3.22  

(1.04–7.49)
3.03  

(1.03–8.90)
Model 4δ 1.00  

(Ref)
1.58  

(0.51–4.94)
2.28  

(0.66–7.78)
2.78  

(0.89–8.69)
2.95  

(0.92–8.10)
1.31  

(0.42–4.13)
1.49  

(0.47–4.69)
1.75  

(0.55–5.54)
2.91  

(0.98–6.83)
2.52  

(0.94–6.03)

Bold-faced values presented as significant association.
*Crude model; †Adjusted for age, sex, and BMI; ‡Additionally adjusted for alcohol consumption, smoking, diabetes and physical activity; δAdditionally adjusted 
for energy intake.
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DISCUSSION

The present study investigated the association of daily nuts intake with NAFLD risk in adult 
population. According to the findings, there is not any significant relationship between nuts 
consumption and NAFLD risk; while higher intake of nuts is related to the higher risk of 
NAFLD mediated by calorie intake. In addition, this association seemed to be independent 
of other predictors including age, sex, BMI, alcohol consumption, smoking, diabetes and 
physical activity. The association of nuts intake with NAFLD risk was disappeared after 
controlling for daily energy intake.

Some previous epidemiological and interventional studies showed that diets high in nuts 
are associated with a lower risk of developing NAFLD [28,37]. For example, Katsagoni et 
al. showed that consumption of nuts are associated with a lower NAFLD likelihood. The 
association disappeared after adjusting for age, sex, waist circumference, homeostatic model 
assessment for insulin resistance, adiponectin, and tumor necrosis factor-α [38]. However, 
our findings are consistent with the results of a study by Chen et al. [29], which failed to find 
a significant inverse relationship between high nut consumption and NAFLD risk among 
the overall samples. Interestingly, the current study indicated that compared to the first 
decile, higher consumption of nuts (in the deciles 9 and 10) was significantly associated 
with a higher risk of NAFLD. The mean ± SD values of nuts consumed in the ninth and tenth 
deciles in this study were 17.75 ± 2.12 g/day and 38.09 ± 7.08 g/day, respectively. However, 
nuts consumption levels appeared to be lower in the other two previous studies. The median 
intake of the highest frequency of nut consumption class in the Zhang et al. study was 21.88 
g/day [28]. Also, in Chen et al.' study [29] the median of nut intake was 3.15 g/day in cases 
and 2.86 g/day in control group. Though most case-control studies showed protective effects 
on nut consumption on risk of NAFLD, high intake of nuts should be able to increase the 
prevalence of NFLD in other ways.

We assume several reasons for the null relation between high nut consumption and the 
prevalence of NAFLD in our study. Firstly, most of previous studies did not consider 
manufacturing methods (e.g., raw, roasted or boiled) or extra ingredients (e.g., raw or 
salted). It has been mentioned that preparation methods can affect the nutrient composition 
and ingredients in the nuts [39,40]. The common types of nuts, typically consumed in 
Iran, are salted and roasted [41]. In Iran, nuts are usually consumed as salted products, 
except for walnuts. Low moisture content of salted and roasted pistachio which is in the 
range of single layer water prevents mold and pest growth [42]. A study by Kouchakzadeh 
and Tavakoli [43] reported that more than 90% of the pistachios sold in Iran are roasted 
and salted. High intake of salted nuts contain significant amounts of sodium. Large-scale 
evidence from epidemiological studies showed that high sodium intake has an adverse effect 
on pathogenesis of chronic metabolic disorders such as NAFLD [44-47]. However, the higher 
prevalence of NAFLD associated with a greater sodium intake is not completely understood 
[47]. Further studies are needed to reveal the potential association of salted vs. raw nuts on 
NAFLD and their possible mechanisms.

Secondly, some studies reported the possibility of contamination of nut products by a form 
of mycotoxins, called aflatoxin [48]. According to the Food and Agriculture Organization, 
globally, up to 25% of the foodstuffs are contaminated with mycotoxins [49]. It is estimated 
that four billion people are at the risk of exposure to aflatoxins globally [50]. The main source 
of risk of aflatoxins for human and also animals is due to chronic dietary exposure [51]. In 
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Iran, among the nut products, pistachios are extremely contaminated with aflatoxins [52]. 
There are some evidences that chronic aflatoxin intoxication induces hepatic injury [53]. 
Animal and human studies showed that acute liver damage due to aflatoxin causes a rise in 
circulating level of enzymes including aspartate aminotransferase, lactate dehydrogenase, 
glutamate dehydrogenase, gamma-glutamyltransferase and alkaline phosphatase and 
bilirubin that reflect liver damage [54,55]. Therefore, the increased risk of NAFLD may be 
due to aflatoxin contamination of consumed nuts. Further studies are needed to draw deep 
conclusions from the association of aflatoxin contaminated nuts and NAFLD. Moreover, our 
results showed that the amount of nuts consumption and subsequent received energy intake 
are the most important factors in relation to the consumption of nuts and the incidence 
of NAFLD so that adjusting for energy intake in the 4th model, diminished the significant 
associations. This might be explained by the high-density energy content of nuts. In line 
with our study, Wehmeyer et al. [56] indicated that NAFLD risk is relation to the excessive 
energy intake rather than a specific dietary pattern and concluded that NAFLD patients have 
a significantly higher daily average energy intake while the general dietary components lead 
to only moderate effects. Energy intake has been known as a key regulator of liver steatosis 
through changes in body weight and/or substrate availability [57]. Generally, hypercaloric 
diets, especially rich in trans/saturated fat and cholesterol, high intake of red and processed 
meat, and fructose-sweetened beverages seem to raise NAFLD risk, whereas decrease in 
energy intake, eating low glycemic index foods, high intake of monounsaturated fatty acids, 
omega-3 fatty acids, fibers, and fish and poultry have protective effects [58].

The strengths of our study include relatively large sample size, sampling of cases and controls 
from the same clinics, which matches the socio-economic status of them, and Fibroscan 
examination for NAFLD patients detection that is the best clinical tool after liver biopsy 
(the gold standard in diagnosing NAFLD) [59]. However, there are some limitations in this 
study that could be addressed in future researches. First, we did not consider any subgroup 
for manufacturing processing nuts (e.g., raw, salted or roasted). Second, although FFQ is 
widely used in the nutrition/dietetics field as a valid and reliable method [60], it has some 
limitations. Because of a difficult cognitive task for the respondents, it does not quantify 
foods very precisely, and aggregate foods in groups and closed lists limiting the usual 
diversity of dietary intakes. Moreover, FFQ does not provide the full picture of dietary intake, 
and recall bias, and measurement error are inevitable errors [61].

CONCLUSION

In conclusion, our findings suggested that nuts intake was not relation to the risk of NAFLD. 
However, nut consumption in the higher deciles (i.e., decile 9 and 10) was related to a 
higher NAFLD likelihood. The association was independent of lifestyle and dietary factors 
including, age, sex, BMI, alcohol consumption, smoking, diabetes and physical activity. 
Further studies are warranted for confirmation of our results.

REFERENCES

 1. Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic fatty liver disease (NAFLD). 
Ann Hepatol 2009;8 Suppl 1:S4-8. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.195

Nuts Intake and NAFLD

200

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/19381118
https://doi.org/10.1016/S1665-2681(19)31820-4
https://e-cnr.org


 2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of nonalcoholic 
fatty liver disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 
2016;64:73-84. 
PUBMED | CROSSREF

 3. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, Brunt EM, Sanyal AJ. 
The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American 
Association for the Study of Liver Diseases. Hepatology 2018;67:328-57. 
PUBMED | CROSSREF

 4. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, George J, Bugianesi E. Global burden 
of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol 
2018;15:11-20. 
PUBMED | CROSSREF

 5. Maurice J, Manousou P. Non-alcoholic fatty liver disease. Clin Med (Lond) 2018;18:245-50. 
PUBMED | CROSSREF

 6. 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;34:274-85. 
PUBMED | CROSSREF

 7. Farrell GC, Wong VW, Chitturi S. NAFLD in Asia--as common and important as in the West. Nat Rev 
Gastroenterol Hepatol 2013;10:307-18. 
PUBMED | CROSSREF

 8. Rietman A, Sluik D, Feskens EJ, Kok FJ, Mensink M. Associations between dietary factors and markers of 
NAFLD in a general Dutch adult population. Eur J Clin Nutr 2018;72:117-23. 
PUBMED | CROSSREF

 9. Wesolowski SR, Kasmi KC, Jonscher KR, Friedman JE. Developmental origins of NAFLD: a womb with a 
clue. Nat Rev Gastroenterol Hepatol 2017;14:81-96. 
PUBMED | CROSSREF

 10. Mahady SE, George J. Predicting the future burden of NAFLD and NASH. J Hepatol 2018;69:774-5. 
PUBMED | CROSSREF

 11. Dongiovanni P, Valenti L. A nutrigenomic approach to non-alcoholic fatty liver disease. Int J Mol Sci 
2017;18:1534. 
PUBMED | CROSSREF

 12. Emamat H, Foroughi F, Eini-Zinab H, Hekmatdoost A. The effects of onion consumption on prevention 
of nonalcoholic fatty liver disease. Indian J Clin Biochem 2018;33:75-80. 
PUBMED | CROSSREF

 13. 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: a case-control study. Nutr Food Sci. 
Forthcoming 2020. 
CROSSREF

 14. George ES, Forsyth A, Itsiopoulos C, Nicoll AJ, Ryan M, Sood S, Roberts SK, Tierney AC. Practical dietary 
recommendations for the prevention and management of nonalcoholic fatty liver disease in adults. Adv 
Nutr 2018;9:30-40. 
PUBMED | CROSSREF

 15. Bao Y, Han J, Hu FB, Giovannucci EL, Stampfer MJ, Willett WC, Fuchs CS. Association of nut 
consumption with total and cause-specific mortality. N Engl J Med 2013;369:2001-11. 
PUBMED | CROSSREF

 16. Liu G, Guasch-Ferré M, Hu Y, Li Y, Hu FB, Rimm EB, Manson JE, Rexrode KM, Sun Q. Nut consumption 
in relation to cardiovascular disease incidence and mortality among patients with diabetes mellitus. Circ 
Res 2019;124:920-9. 
PUBMED | CROSSREF

 17. Alasalvar C, Bolling BW. Review of nut phytochemicals, fat-soluble bioactives, antioxidant components 
and health effects. Br J Nutr 2015;113 Suppl 2:S68-78. 
PUBMED | CROSSREF

 18. Alasalvar C, Salas-Salvado J, Ros E, Sabate J. Health benefits of nuts and dried fruits. Boca Raton (FL): 
CRC Press; 2020.

 19. Jiang R, Jacobs DR Jr, Mayer-Davis E, Szklo M, Herrington D, Jenny NS, Kronmal R, Barr RG. Nut 
and seed consumption and inflammatory markers in the multi-ethnic study of atherosclerosis. Am J 
Epidemiol 2006;163:222-31. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.195

Nuts Intake and NAFLD

201

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/26707365
https://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/28714183
https://doi.org/10.1002/hep.29367
http://www.ncbi.nlm.nih.gov/pubmed/28930295
https://doi.org/10.1038/nrgastro.2017.109
http://www.ncbi.nlm.nih.gov/pubmed/29858436
https://doi.org/10.7861/clinmedicine.18-3-245
http://www.ncbi.nlm.nih.gov/pubmed/21623852
https://doi.org/10.1111/j.1365-2036.2011.04724.x
http://www.ncbi.nlm.nih.gov/pubmed/23458891
https://doi.org/10.1038/nrgastro.2013.34
http://www.ncbi.nlm.nih.gov/pubmed/28901337
https://doi.org/10.1038/ejcn.2017.148
http://www.ncbi.nlm.nih.gov/pubmed/27780972
https://doi.org/10.1038/nrgastro.2016.160
http://www.ncbi.nlm.nih.gov/pubmed/30025620
https://doi.org/10.1016/j.jhep.2018.06.025
http://www.ncbi.nlm.nih.gov/pubmed/28714900
https://doi.org/10.3390/ijms18071534
http://www.ncbi.nlm.nih.gov/pubmed/29371773
https://doi.org/10.1007/s12291-017-0636-7
https://doi.org/10.1108/NFS-11-2019-0334
http://www.ncbi.nlm.nih.gov/pubmed/29438460
https://doi.org/10.1093/advances/nmx007
http://www.ncbi.nlm.nih.gov/pubmed/24256379
https://doi.org/10.1056/NEJMoa1307352
http://www.ncbi.nlm.nih.gov/pubmed/30776978
https://doi.org/10.1161/CIRCRESAHA.118.314316
http://www.ncbi.nlm.nih.gov/pubmed/26148924
https://doi.org/10.1017/S0007114514003729
http://www.ncbi.nlm.nih.gov/pubmed/16357111
https://doi.org/10.1093/aje/kwj033
https://e-cnr.org


 20. Yu Z, Malik VS, Keum N, Hu FB, Giovannucci EL, Stampfer MJ, Willett WC, Fuchs CS, Bao Y. Associations 
between nut consumption and inflammatory biomarkers. Am J Clin Nutr 2016;104:722-8. 
PUBMED | CROSSREF

 21. Kim Y, Keogh JB, Clifton PM. Benefits of nut consumption on insulin resistance and cardiovascular risk 
factors: multiple potential mechanisms of actions. Nutrients 2017;9:1271. 
PUBMED | CROSSREF

 22. Gulati S, Misra A, Pandey RM, Bhatt SP, Saluja S. Effects of pistachio nuts on body composition, 
metabolic, inflammatory and oxidative stress parameters in Asian Indians with metabolic syndrome: a 
24-wk, randomized control trial. Nutrition 2014;30:192-7. 
PUBMED | CROSSREF

 23. Gao B, Tsukamoto H. Inflammation in alcoholic and nonalcoholic fatty liver disease: friend or foe? 
Gastroenterology 2016;150:1704-9. 
PUBMED | CROSSREF

 24. Polimeni L, Del Ben M, Baratta F, Perri L, Albanese F, Pastori D, Violi F, Angelico F. Oxidative stress: 
New insights on the association of non-alcoholic fatty liver disease and atherosclerosis. World J Hepatol 
2015;7:1325-36. 
PUBMED | CROSSREF

 25. Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad S, Vatten LJ, Riboli E, 
Norat T. Nut consumption and risk of cardiovascular disease, total cancer, all-cause and cause-specific 
mortality: a systematic review and dose-response meta-analysis of prospective studies. BMC Med 
2016;14:207. 
PUBMED | CROSSREF

 26. Becerra-Tomás N, Paz-Graniel I, W C Kendall C, Kahleova H, Rahelić D, Sievenpiper JL, Salas-Salvadó J. 
Nut consumption and incidence of cardiovascular diseases and cardiovascular disease mortality: a meta-
analysis of prospective cohort studies. Nutr Rev 2019;77:691-709. 
PUBMED | CROSSREF

 27. Grosso G, Yang J, Marventano S, Micek A, Galvano F, Kales SN. Nut consumption on all-cause, 
cardiovascular, and cancer mortality risk: a systematic review and meta-analysis of epidemiologic studies. 
Am J Clin Nutr 2015;101:783-93. 
PUBMED | CROSSREF

 28. Zhang S, Fu J, Zhang Q, Liu L, Meng G, Yao Z, Wu H, Bao X, Gu Y, Lu M, Sun S, Wang X, Zhou M, Jia 
Q, Song K, Xiang H, Wu Y, Niu K. Association between nut consumption and non-alcoholic fatty liver 
disease in adults. Liver Int 2019;39:1732-41. 
PUBMED | CROSSREF

 29. Chen BB, Han Y, Pan X, Yan J, Liu W, Li Y, Lin X, Xu S, Peng XE. Association between nut intake and non-
alcoholic fatty liver disease risk: a retrospective case-control study in a sample of Chinese Han adults. BMJ 
Open 2019;9:e028961. 
PUBMED | CROSSREF

 30. Tindall AM, Johnston EA, Kris-Etherton PM, Petersen KS. The effect of nuts on markers of glycemic 
control: a systematic review and meta-analysis of randomized controlled trials. Am J Clin Nutr 
2019;109:297-314. 
PUBMED | CROSSREF

 31. Del Gobbo LC, Falk MC, Feldman R, Lewis K, Mozaffarian D. Effects of tree nuts on blood lipids, 
apolipoproteins, and blood pressure: systematic review, meta-analysis, and dose-response of 61 
controlled intervention trials. Am J Clin Nutr 2015;102:1347-56. 
PUBMED | CROSSREF

 32. 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

 33. Emamat H, Farhadnejad H, Poustchi H, Hekmatdoost A. Galactose intake is related to nonalcoholic fatty 
liver disease. Nutr Food Sci 2019;49:359-67. 
CROSSREF

 34. Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative validity of food group intake 
in a food frequency questionnaire developed for the Tehran Lipid and Glucose Study. J Epidemiol 
2010;20:150-8. 
PUBMED | CROSSREF

 35. 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

https://doi.org/10.7762/cnr.2020.9.3.195

Nuts Intake and NAFLD

202

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/27465378
https://doi.org/10.3945/ajcn.116.134205
http://www.ncbi.nlm.nih.gov/pubmed/29165404
https://doi.org/10.3390/nu9111271
http://www.ncbi.nlm.nih.gov/pubmed/24377454
https://doi.org/10.1016/j.nut.2013.08.005
http://www.ncbi.nlm.nih.gov/pubmed/26826669
https://doi.org/10.1053/j.gastro.2016.01.025
http://www.ncbi.nlm.nih.gov/pubmed/26052378
https://doi.org/10.4254/wjh.v7.i10.1325
http://www.ncbi.nlm.nih.gov/pubmed/27916000
https://doi.org/10.1186/s12916-016-0730-3
http://www.ncbi.nlm.nih.gov/pubmed/31361320
https://doi.org/10.1093/nutrit/nuz042
http://www.ncbi.nlm.nih.gov/pubmed/25833976
https://doi.org/10.3945/ajcn.114.099515
http://www.ncbi.nlm.nih.gov/pubmed/31162803
https://doi.org/10.1111/liv.14164
http://www.ncbi.nlm.nih.gov/pubmed/31488477
https://doi.org/10.1136/bmjopen-2019-028961
http://www.ncbi.nlm.nih.gov/pubmed/30722007
https://doi.org/10.1093/ajcn/nqy236
http://www.ncbi.nlm.nih.gov/pubmed/26561616
https://doi.org/10.3945/ajcn.115.110965
http://www.ncbi.nlm.nih.gov/pubmed/27436528
https://doi.org/10.1080/09637486.2016.1210101
https://doi.org/10.1108/NFS-06-2018-0174
http://www.ncbi.nlm.nih.gov/pubmed/20154450
https://doi.org/10.2188/jea.JE20090083
http://www.ncbi.nlm.nih.gov/pubmed/12840642
https://doi.org/10.1249/01.MSS.0000074446.02192.14
https://e-cnr.org


 36. Kelishadi R, Rabiei K, Khosravi A, Famouri F, Sadeghi M, Rouhafza H, Shirani S. Assessment of physical 
activity of adolescents in Isfahan. Shahrekord Univ Med Sci J 2001;3:27-33.

 37. Asbaghi O, Choghakhori R, Ashtary-Larky D, Abbasnezhad A. Effects of the Mediterranean diet on 
cardiovascular risk factors in non-alcoholic fatty liver disease patients: a systematic review and meta-
analysis. Clin Nutr ESPEN 2020;37:148-56. 
PUBMED | CROSSREF

 38. Katsagoni CN, Georgoulis M, Papatheodoridis GV, Fragopoulou E, Ioannidou P, Papageorgiou M, 
Alexopoulou A, Papadopoulos N, Deutsch M, Kontogianni MD. Associations between lifestyle 
characteristics and the presence of nonalcoholic fatty liver disease: a case-control study. Metab Syndr 
Relat Disord 2017;15:72-9. 
PUBMED | CROSSREF

 39. Schlörmann W, Birringer M, Böhm V, Löber K, Jahreis G, Lorkowski S, Müller AK, Schöne F, Glei M. 
Influence of roasting conditions on health-related compounds in different nuts. Food Chem 2015;180:77-85. 
PUBMED | CROSSREF

 40. Hosseini Bai S, Darby I, Nevenimo T, Hannet G, Hannet D, Poienou M, Grant E, Brooks P, Walton 
D, Randall B, Wallace HM. Effects of roasting on kernel peroxide value, free fatty acid, fatty acid 
composition and crude protein content. PLoS One 2017;12:e0184279. 
PUBMED | CROSSREF

 41. Yazdekhasti N, Mohammadifard N, Sarrafzadegan N, Mozaffarian D, Nazem M, Taheri M. The 
relationship between nut consumption and blood pressure in an Iranian adult population: Isfahan 
Healthy Heart Program. Nutr Metab Cardiovasc Dis 2013;23:929-36. 
PUBMED | CROSSREF

 42. Raei M, Mortazavi A, Pourazarang HJ. Effects of packaging materials, modified atmospheric conditions, 
and storage temperature on physicochemical properties of roasted pistachio nut. Food Anal Methods 
2010;3:129-32. 
CROSSREF

 43. Kouchakzadeh A, Tavakoli T. The effect of moisture and temperature on thermophysical properties of 
Iranian pistachios. Am J Food Technol 2010;5:195-206. 
CROSSREF

 44. Strazzullo P, D’Elia L, Kandala NB, Cappuccio FP. Salt intake, stroke, and cardiovascular disease: meta-
analysis of prospective studies. BMJ 2009;339:b4567. 
PUBMED | CROSSREF

 45. Ekinci EI, Clarke S, Thomas MC, Moran JL, Cheong K, MacIsaac RJ, Jerums G. Dietary salt intake and 
mortality in patients with type 2 diabetes. Diabetes Care 2011;34:703-9. 
PUBMED | CROSSREF

 46. Huh JH, Lee KJ, Lim JS, Lee MY, Park HJ, Kim MY, Kim JW, Chung CH, Shin JY, Kim HS, Kwon SO, Baik 
SK. High dietary sodium intake assessed by estimated 24-h urinary sodium excretion is associated with 
NAFLD and hepatic fibrosis. PLoS One 2015;10:e0143222. 
PUBMED | CROSSREF

 47. 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

 48. Ostadrahimi A, Ashrafnejad F, Kazemi A, Sargheini N, Mahdavi R, Farshchian M, Mahluji S. Aflatoxin in 
raw and salt-roasted nuts (pistachios, peanuts and walnuts) sold in markets of Tabriz, Iran. Jundishapur J 
Microbiol 2014;7:e8674. 
PUBMED | CROSSREF

 49. Food Outlook. Basic facts of the world cereal situation. Rome: Food and Agriculture Organization; 1996.

 50. Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM, Aggarwal D. Human aflatoxicosis in developing 
countries: a review of toxicology, exposure, potential health consequences, and interventions. Am J Clin 
Nutr 2004;80:1106-22. 
PUBMED | CROSSREF

 51. Gürses M; Gürses MJIJoFP. Mycoflora and aflatoxin content of hazelnuts, walnuts, peanuts, almonds and 
roasted chickpeas (LEBLEBI) sold in Turkey. Int J Food Prop 2006;9:395-9. 
CROSSREF

 52. Cheraghali AM, Yazdanpanah H, Doraki N, Abouhossain G, Hassibi M, Ali-abadi S, Aliakbarpoor M, 
Amirahmadi M, Askarian A, Fallah N, Hashemi T, Jalali M, Kalantari N, Khodadadi E, Maddah B, Mohit 
R, Mohseny M, Phaghihy Z, Rahmani A, Setoodeh L, Soleimany E, Zamanian F. Incidence of aflatoxins in 
Iran pistachio nuts. Food Chem Toxicol 2007;45:812-6. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.195

Nuts Intake and NAFLD

203

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/32359737
https://doi.org/10.1016/j.clnesp.2020.03.003
http://www.ncbi.nlm.nih.gov/pubmed/27869531
https://doi.org/10.1089/met.2016.0105
http://www.ncbi.nlm.nih.gov/pubmed/25766804
https://doi.org/10.1016/j.foodchem.2015.02.017
http://www.ncbi.nlm.nih.gov/pubmed/28902859
https://doi.org/10.1371/journal.pone.0184279
http://www.ncbi.nlm.nih.gov/pubmed/24099725
https://doi.org/10.1016/j.numecd.2013.04.014
https://doi.org/10.1007/s12161-009-9076-1
https://doi.org/10.3923/ajft.2010.195.206
http://www.ncbi.nlm.nih.gov/pubmed/19934192
https://doi.org/10.1136/bmj.b4567
http://www.ncbi.nlm.nih.gov/pubmed/21289228
https://doi.org/10.2337/dc10-1723
http://www.ncbi.nlm.nih.gov/pubmed/26571018
https://doi.org/10.1371/journal.pone.0143222
http://www.ncbi.nlm.nih.gov/pubmed/27725000
https://doi.org/10.1017/S0007114516003391
http://www.ncbi.nlm.nih.gov/pubmed/25147653
https://doi.org/10.5812/jjm.8674
http://www.ncbi.nlm.nih.gov/pubmed/15531656
https://doi.org/10.1093/ajcn/80.5.1106
https://doi.org/10.1080/10942910600596597
http://www.ncbi.nlm.nih.gov/pubmed/17161513
https://doi.org/10.1016/j.fct.2006.10.026
https://e-cnr.org


 53. Chu YJ, Yang HI, Wu HC, Liu J, Wang LY, Lu SN, Lee MH, Jen CL, You SL, Santella RM, Chen CJ. Aflatoxin 
B1 exposure increases the risk of cirrhosis and hepatocellular carcinoma in chronic hepatitis B virus 
carriers. Int J Cancer 2017;141:711-20. 
PUBMED | CROSSREF

 54. Bbosa GS, Kitya D, Lubega A, Ogwal-Okeng J, Anokbonggo WW, Kyegombe DB. Chapter 12. Review of 
the biological and health effects of aflatoxins on body organs and body systems. In: Razzaghi-Abyaneh M, 
editor. Aflatoxins - Recent Advances and Future Prospects. London: IntechOpen; 2013. p. 239-65.

 55. Robens JF, Richard JL. Aflatoxins in animal and human health. In: Ware GW, editor. Reviews of 
environmental contamination and toxicology. New York (NY): Springer; 1992. p. 69-94.

 56. Wehmeyer MH, Zyriax BC, Jagemann B, Roth E, Windler E, Schulze Zur Wiesch J, Lohse AW, Kluwe J. 
Nonalcoholic fatty liver disease is associated with excessive calorie intake rather than a distinctive dietary 
pattern. Medicine (Baltimore) 2016;95:e3887. 
PUBMED | CROSSREF

 57. Parry SA, Hodson L. Influence of dietary macronutrients on liver fat accumulation and metabolism. J 
Investig Med 2017;65:1102-15. 
PUBMED | CROSSREF

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

 59. Khov N, Sharma A, Riley TR. Bedside ultrasound in the diagnosis of nonalcoholic fatty liver disease. 
World J Gastroenterol 2014;20:6821-5. 
PUBMED | CROSSREF

 60. Cade J, Thompson R, Burley V, Warm D. Development, validation and utilisation of food-frequency 
questionnaires - a review. Public Health Nutr 2002;5:567-87. 
PUBMED | CROSSREF

 61. Kristal AR, Kolar AS, Fisher JL, Plascak JJ, Stumbo PJ, Weiss R, Paskett ED. Evaluation of web-based, self-
administered, graphical food frequency questionnaire. J Acad Nutr Diet 2014;114:613-21. 
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.3.195

Nuts Intake and NAFLD

204

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/28509392
https://doi.org/10.1002/ijc.30782
http://www.ncbi.nlm.nih.gov/pubmed/27281105
https://doi.org/10.1097/MD.0000000000003887
http://www.ncbi.nlm.nih.gov/pubmed/28947639
https://doi.org/10.1136/jim-2017-000524
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/24944472
https://doi.org/10.3748/wjg.v20.i22.6821
http://www.ncbi.nlm.nih.gov/pubmed/12186666
https://doi.org/10.1079/PHN2001318
http://www.ncbi.nlm.nih.gov/pubmed/24462267
https://doi.org/10.1016/j.jand.2013.11.017
https://e-cnr.org

	The Association between Nuts Intake and Non-Alcoholic Fatty Liver Disease (NAFLD) Risk: a Case-Control Study
	INTRODUCTION
	MATERIALS AND METHODS
	Dietary intake assessment
	Biochemical assessments
	Assessment of other variables
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES


