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AbstrACt
Objectives Nut consumption has been associated with 
a lower risk of type 2 diabetes, metabolic syndrome and 
insulin resistance. However, its effect on the risk of non-
alcoholic fatty liver disease (NAFLD) is unknown. Therefore, 
we investigated the relationship between nut consumption 
and NAFLD risk.
setting and participants We conducted a retrospective 
case-control study including 534 patients diagnosed with 
NAFLD and 534 controls matched by sex and age (±5 
years) from the Affiliated Nanping First Hospital of Fujian 
Medical University in China.
Main outcome measures Information on dietary intake 
was collected using a semiquantitative food frequency 
questionnaire and nut consumption was calculated. Nut 
consumption was categorised using quartiles based on 
the distribution of daily nut intake of the controls. Binary 
logistic regression models were used to estimate ORs and 
the 95% CIs for the association between nut consumption 
and NAFLD risk.
results After adjusting for potential confounding 
variables, nut consumption was not associated with NAFLD 
risk in the overall sample. When the fully adjusted model 
was stratified by sex, a significant inverse association was 
found between high nut consumption and NAFLD only 
among the men in the highest quartile (OR=0.43; 95% CI 
0.26 to 0.71; P

trend = 0.01). The inverse association of nut 
consumption with NAFLD risk in men remained significant 
after controlling for other known or suspected risk factors 
for NAFLD.
Conclusions Diets with a higher intake of nuts may be 
associated with a decreased risk of NAFLD, particularly in 
men.

IntrOduCtIOn
Non-alcoholic fatty liver disease (NAFLD) is 
defined as macrovesicular steatosis in ≥5% of 
hepatocytes, in the absence of a secondary 
cause, such as alcohol or drug use. NAFLD 
has become a leading cause of chronic liver 
disease, with a 25% prevalence worldwide.1 
Furthermore, a fatty liver is more prevalent 
in men compared with women.2 The preva-
lence of NAFLD among the adults in China’s 

general population is approximately 15% 
(6.3%–27.0%), depending on the population 
studied.3 Many studies suggest that diet and 
lifestyle may significantly influence the risk of 
NAFLD.4 5 These studies indicate that type 2 
diabetes (T2D),6 metabolic syndrome (MetS), 
obesity,7 physical activity and a high-fat diet4 
are associated with an increased risk for the 
development of NAFLD.

Nuts are nutrient-dense foods with complex 
matrices rich in unsaturated fatty and other 
bioactive compounds (eg, high-quality vege-
table protein, fibre, minerals, tocopherols, 
phytosterols and phenolic compounds).8 
The global intake of nuts has increased by 
59% over the past decade.9 China’s per capita 
intake of nuts was 2.2 g/day in 1982, and it 
increased to 3.8 g/day in 2012.10 Although 
they are energy-dense and high in fat, a high 
intake of nuts has been associated with several 
health benefits, including reduced risk of 
cardiovascular disease,11 T2D,12 MetS,13 and 
insulin resistance.14 15Moreover, nuts have 
antioxidative effects by decreasing lipid 
peroxidation and protecting against oxida-
tive DNA damage.16 Beneficial health effects 

strengths and limitations of this study

 ► In this study, several potential confounding variables 
such as energy intake and physical activity, were 
taken into account.

 ► The study had tried to investigate interactions be-
tween nut intake and other risk factors, for which a 
biologically plausible mechanism may exist.

 ► This study was a case-control design, thus the caus-
al association between nut intake and non-alcoholic 
fatty liver disease could not be precisely identified.

 ► This study was a case-control study, recall bias was 
inevitable and randomised controlled trial studies 
are therefore required for more accurate results.
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have been attributed to the macronutrient and micronu-
trient profiles of nuts.17

NAFLD is regarded as the ‘hepatic manifestation of 
MetS’. Few studies have assessed the effects of nut intake 
on NAFLD, despite previous findings of an inverse 
correlation between high nut consumption and the risk 
of T2D and cardiovascular disease. In this study, we anal-
ysed the association between nut intake and NAFLD risk 
and the interactions between nut intake and other estab-
lished NAFLD risk factors in a large case-control study 
with a sample of Han adults in China.

MethOds
Patient and public involvement statement
Patients and public will not be involved in the develop-
ment of the research question or in the design of the 
study. Subjects will receive oral and written information 
about this study, however, they will not be involved in 
the recruitment and conduct of the study. After signing 
informed consent, the participants will be assessed for 
eligibility and data collection will begin. Eligible subjects 
will be interviewed face to face by investigators to collect 
data. In addition, all methods were performed in accor-
dance with the relevant guidelines and regulations.

study design
We conducted the retrospective case-control study in 
a health examination centre at the Affiliated Nanping 
First Hospital of Fujian Medical University from April 
2015 to August 2017. Data were obtained from subjects 
who underwent routine health examination in the exam-
ination centre. Patients newly diagnosed with NAFLD 
using abdominal ultrasonography in accordance with 
the ‘Guidelines for the diagnosis and management 
of nonalcoholic fatty liver disease: update 2010’ were 
included in the study. Hepatic ultrasonography examina-
tion was performed by trained ultrasonographists who 
were blinded to the clinical and laboratory data. Hepatic 
steatosis was diagnosed by characteristic echo patterns 
according to conventional criteria, such as the evidence 
of diffuse hyperechogenicity of the liver relative to the 
kidneys, ultrasound beam attenuation and poor visualisa-
tion of intrahepatic structures.

sample size calculation
This study is a case-control design, thus we estimate the 
sample size based on the case-control study formula:18

 

n = 2 p̄q̄(zα + zβ)2/(p1 − p0)2, p1 = p0RR
1+p0(RR−1) ,

p̄ = 0.5 × (p1 + p0), q̄ = 1 − p̄.   

n: sample size; α: probability of type Ⅰ error; β: proba-
bility of type Ⅱ error; p0: exposure rate of control popula-
tion; RR: risk ratio of exposure factors. By consulting the 
literature,18 we estimate ORnut intake = 0.72, ρ0=0.50, α=0.05, 
β=0.20, the calculated sample size was Ncase=Ncontrol = 609. 
Finally 1068 subjects (534 cases and 534 controls) were 
recruited in this study.

Outcome eligibility of nAFLd cases and controls
All participants were of Chinese Han ethnicity.The cases 
were newly diagnosed with NAFLD. The exclusion criteria 
were as follows: (A) Daily alcohol intake of >40 g (men) 
and >20 g (women). (B) A history of other liver diseases 
including drug-induced liver disease, viral hepatitis, auto-
immune hepatitis, total parenteral nutrition and hepato-
lenticular degeneration. (C) Taking hypolipidaemic or 
weight reduction drugs. (D) Age <18 years or>70 years. 
(E) Non-resident of Nanping. (f) Not of Han ethnicity. 
Adults who reported extremely abnormal levels of energy 
intake (2 511.60 kJ (600 kcal) or 17 581.20 kJ (4200kcal) 
per day for men; 2093 kJ (500 kcal) or 14 651.00 kJ (3500 
kcal) per day for women), and those who did not answer 
25 or more food-related items or questions about nut 
intake on the questionnaire, were excluded from the 
study.

The controls were randomly selected from the same 
centre during the study period. Their eligibility criteria 
were identical to those of the cases, except for the require-
ment of a diagnosis of liver steatosis; they were frequen-
cy-matched with cases by age (within 5-year intervals), 
gender, ethnicity and region of origin.

ethical considerations
All subjects who participated in this study provided 
written informed consent. In addition, all methods were 
performed in accordance with the relevant guidelines 
and regulations of the university.

Potential confounders: data measurements and data 
collection
Trained interviewers performed a comprehensive 
medical history on each participant that included elic-
iting information about their demographic and socio-
economic characteristics (eg, age, gender, education, 
income, marriage status and history of diabetes, hyper-
tension, hyperlipidaemia), lifestyle habits (eg, smoking, 
drinking (alcohol), tea drinking and physical activity) 
and anthropometric assessment (eg, height, body weight 
and blood pressure). The data were obtained from partic-
ipants using structured questionnaires during face-to-face 
interviews.

exposure: nut consumption
Information about participants’ typical food consump-
tion was collected using a semiquantitative food frequency 
questionnaire that included 110 food items, which was 
developed and validated in a sample from southern 
China.19 Participants were asked to estimate the average 
frequency of consumption of selected foods using the 
following response options: rarely, <once/month, 1–3 
times/month, 1–2 times/week, 3–4 times/week, 5–6 
times/week, once/day, twice/day and >twice/day. Nut 
intake was defined as the consumption of ‘peanuts, 
walnuts, seeds, or other nuts’. Data from a semiquanti-
tative food frequency questionnaire were used to calcu-
late daily nut and energy intake. Nut consumption was 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-028961 on 4 S

eptem
ber 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


3Chen Bbing, et al. BMJ Open 2019;9:e028961. doi:10.1136/bmjopen-2019-028961

Open access

converted to grams/day by multiplying the food intake 
frequency by fixed portion sizes. Nutrient intake, such as 
monounsaturated fatty acids (MUFAs) and polyunsatu-
rated fatty acids (PUFAs) were calculated by multiplying 
the intake frequency of each food by the nutrient content 
of the specified portion, and summing the products of all 
the food items.

statistical analyses
Participants’ characteristics were analysed using Pearson’s 
χ2 test for categorical variables, and Wilcoxon’s rank-sum 
test and analysis of variance for continuous variables. Nut 
consumption was categorised by quartiles based on the 
distribution of daily nut intake by the controls (Q1–Q4). 
Binary logistic regression models were used to estimate 
the ORs and their 95% CIs for the associations between 
nut consumption and NAFLD risk. To account for the 
energy content of the nut, our initial model adjusted 
for total energy intake by using the residuals method. 
The final model adjusted for potential confounders, 
including age, income, smoking status, education level 
and tea-drinking status, occupational status, marital 
status, body mass index (BMI), physical activity and 
history of diabetes, hypertension and hyperlipidaemia. In 
order to reflect the matching protocol, when adjust for 
age, we entered a term for residual age into the regres-
sion analysis.20 The final model also adjusted for MUFA 
and PUFA intake to control for their effects. The selec-
tion of covariates for the final model was based on clinical 
significance and results of previous studies. We tested for 
linear trends across categories of nut intake by assigning 
each participant the median value for each category and 
modelling this value as a continuous variable, consistent 
with prior studies.21–23

We evaluated the influence of nut consumption across 
strata of other potential confounders, comparing partic-
ipants in the highest nut consumption category to the 
lowest nut consumption category (reference). We also 
analysed the interactions of nut consumption with age, 
sex, BMI, smoking status, education level, tea drinking 
status and other factors. We used the medians of the 
continuous variables to categorise them and evaluate the 
interactions. The criteria for statistical significance of 
the likelihood ratio test of interaction effects was p<0.05. 
Statistical analyses were performed using SPSS V.22 (IBM, 
Armonk, New York, USA). All p values were two-tailed, 
and p<0.05 was considered statistically significant.

resuLts
baseline characteristics
Table 1 presents health-related and demographic char-
acteristics of the NAFLD cases and matched controls. 
Compared with the controls, the NAFLD cases tended to 
have a higher BMI, higher total intake of energy, higher 
MUFA and PUFA consumption, and a higher number 
of participants with a history of hyperlipidaemia among 
both men and women. Patients with NAFLD had a lower 

education level and the men engaged in less physical 
activity than the controls. No statistically significant asso-
ciations were found for age, occupational status, income, 
marital status, smoking status, history of diabetes or 
hypertension between the cases and the controls.

the associations of dietary nut intake with nAFLd
The participants’ nut consumption is summarised in 
table 2. Among the women, those in the NAFLD group 
consumed a significantly higher amount of nuts (6.80 g/
day vs 2.50 g/day; p=0.02) than those in the control 
group. No statistically significant differences were found 
between the cases and controls in the sample or among 
the male participants. In order to adjust for potential 
confounding factors, quartile distributions of dietary nut 
consumption among the controls were used to categorise 
the nut intake of all the participants; the results are shown 
in table 3. After adjusting for potential confounders, nut 
consumption was not associated with NAFLD risk among 
the participants in the sample. When the fully adjusted 
model was stratified by sex, a significant inverse associa-
tion was found between nut consumption and NAFLD, 
but only among the men in the highest quartile (OR=0.43; 
95% CI 0.26 to 0.71; Ptrend = 0.01).

stratified analyses
In the stratified analysis, the inverse association between 
total nut consumption and NAFLD risk was consistent 
across strata of age, sex, BMI, education level, income, 
physical activity, smoking, tea drinking and history of 
diabetes, hypertension and hyperlipidaemia. In addition 
to the association between nut consumption and NAFLD 
in men, we also found the highest nut consumption 
category was associated with a lower risk of developing 
NAFLD than the reference (OR=0.53; 95% CI 0.31 to 
0.93) among the participants who engaged in light and 
moderate physical activity. No significant interactions of 
total nut consumption and the potentially confounding 
effects of NAFLD risk factors were identified (figure 1).

dIsCussIOn
In this case-control study, we found a significant inverse 
relationship between high nut consumption and NAFLD 
risk among the men, but found either no or unclear 
associations among the women and the overall sample. 
Moreover, the associations seemed to be independent of 
other predictors, including diet and lifestyle factors. The 
effect of nut consumption remained among men, after 
controlling for other known or suspected risk factors, for 
developing NAFLD. Furthermore, no significant interac-
tions between nut consumption and the potential modi-
fying effects of NAFLD risk factors were identified. To the 
best of our knowledge, this was the first study to assess 
the association between nut consumption and the risk of 
NAFLD in a Chinese sample.

Our results are consistent with a previous study 
conducted in Korea, which found that a low intake of 
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Table 1 General characteristics of cases and controls stratified by sex, n (%)

Variables

Men (n=728) Women (n=340)

Cases (n=364) Controls (n=364) P values* Cases (n=170) Controls (n=170) P values*

Age (years) 0.66 0.99

  <40 118 (32.42) 116 (31.87) 25 (14.71) 22 (12.94)

  40~60 217 (59.61) 212 (58.24) 123 (72.35) 122 (71.76)

  ≥60 29 (7.97) 36 (9.89) 22 (12.94) 26 (15.30)

Education level 0.04 0.75

  primary school 
and less than

10 (2.75) 23 (6.32) 30 (17.65) 26 (15.29)

  junior middle 
and high 
school

147 (40.38) 128 (35.16) 76 (44.70) 74 (43.53)

  junior college 
or above

207 (56.87) 213 (58.52) 64 (37.65) 70 (41.18)

Occupational 
status

0.39 0.43

  mental labour 108 (29.67) 104 (28.57) 50 (29.41) 48 (28.24)

  physical labour 86 (23.63) 102 (28.02) 25 (14.71) 34 (20.00)

  other 170 (46.70) 158 (43.41) 95 (55.88) 88 (51.76)

Income (yuan/
month)

0.35 0.85

  <2000 17 (4.67) 17 (4.67) 15 (8.82) 18 (10.59)

  2000~3000 87 (23.90) 104 (28.57) 70 (41.18) 70 (41.18)

  ≥3000 260 (71.43) 243 (66.76) 85 (50.00) 82 (48.23)

Marital status 0.24 0.52

  single 45 (12.36) 56 (15.38) 4 (2.35) 6 (3.53)

  married or 
other

319 (87.64) 308 (84.62) 166 (97.65) 164 (96.47)

Smoking status 0.30 0.16

  never smoker 199 (54.67) 213 (58.52) 168 (98.82) 170(100)

  smoker 165 (45.33) 151 (41.48) 2 (1.18) 0 (0.00)

Tea drinking 
status

0.30 0.01

  yes 258 (70.88) 245 (63.31) 77 (45.29) 55 (32.35)

  no 106 (29.12) 119 (32.69) 93 (54.71) 115 (67.55)

Physical activity 0.02 0.88

  light 175 (48.08) 137 (37.64) 19 (11.18) 19 (11.18)

  moderate 100 (27.47) 121 (33.24) 47 (27.64) 43 (25.29)

  severe 89 (24.45) 106 (29.12) 104 (61.18) 108 (63.53)

BMI (kg/m2) <0.001 <0.001

  <18.5 2 (0.55) 11 (3.02) 1 (0.59) 9 (5.29)

  18.5~24.0 107 (29.40) 257 (70.61) 72 (42.35) 125 (73.53)

  ≥24.0 255 (70.05) 96 (26.37) 97 (57.06) 36 (21.18)

History of 
diabetes

0.67 0.18

  yes 12 (3.30) 10 (2.75) 10 (5.88) 5 (2.94)

  no 352 (96.70) 354 (97.25) 160 (94.12) 165 (94.06)

Continued
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Variables

Men (n=728) Women (n=340)

Cases (n=364) Controls (n=364) P values* Cases (n=170) Controls (n=170) P values*

History of 
hypertension

0.85 0.63

  yes 15 (4.12) 16 (4.40) 8 (4.71) 10 (5.88)

  no 349 (95.88) 348 (95.60) 162 (95.29) 160 (94.12)

History of 
hyperlipidaemia

0.01 <0.001

  yes 108 (29.67) 77 (21.15) 51 (30.00) 21 (12.35)

  no 256 (70.33) 287 (78.85) 119 (70.00) 149 (87.65)

MUFA intake, g/
day†

34.10 (28.49–39.65) 31.39 (26.55–
36.79)

<0.001 29.99 (26.37–
36.37)

28.05 (22.40–31.39) <0.001

PUFA intake, g/
day†

26.25 (24.04–29.16) 23.90 (22.01–
26.02)

<0.001 24.52 (22.11–
27.12)

21.21 (18.83–24.53) <0.001

Energy intake, kJ/
day‡

10395.64±2425.37 9890.97±2348.76 0.01 7509.73±1650.71 7323.78±1852.97 0.04

*P values were calculated by using the χ2 test for categorical variables and Wilcoxon rank-sum test and analysis of variance (ANOVA) tests for 
continues variables.
†Medians (IQRs).
‡Mean (SD).
BMI, body mass index; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

Table 1 Continued

Table 2 Comparison of daily nut intake between the case and the control

Nut intake Case Control

P values*
P 
values†(g/day) Median Quartile Median Quartile

Total population 3.15 1.46–8.80 2.86 1.22–8.98 0.35 0.18

Men 2.68 1.15–8.43 2.86 1.22–8.98 0.36 0.94

Women 6.80 1.75–8.86 2.50 1.07–7.84 0.01 0.02

*P values calculated by using Wilcoxon rank-sum test before adjusting for energy.
†P values calculated by using Wilcoxon rank-sum test after adjusting for energy by using the residual’s methods.

nuts and seeds (OR=3.66; Ptrend=0.007) was associated 
with a significantly higher risk of developing NAFLD 
among male participants, but not among female.24 
Although another case-control study found an associa-
tion between a high intake of nuts with a lower likelihood 
of NAFLD after adjusting for the confounders age, sex, 
waist circumference and the values of the homoeostasis 
model assessment of insulin resistance (OR=0.61; 95% CI 
0.38 to 0.98), the association disappeared after further 
adjustment for adiponectin and tumor necrosis factor-α 
(TNF-α) (OR=0.72; 95% CI 0.41 to 1.25).18 However, 
the study did not examine nut intake separately; there-
fore, the results cannot be directly compared with those 
of our study. Although the results of our study suggest 
nuts may play a protective role in the development of 
NAFLD in men, a significant association between nut 
intake and the risk of NAFLD was not found in women. 
NAFLD has been regarded as the ‘hepatic manifestation 
of MetS’; therefore, our findings are indirectly supported 
by several studies showing an inverse correlation between 

high nut intake and the risk of T2D and cardiovascular 
disease, which share common metabolic parameters with 
NAFLD.25–27 Nevertheless, the relationship between nut 
intake and NAFLD warrants further exploration, and 
additional studies are needed to examine gender differ-
ences in the association between nut consumption and 
NAFLD, and its possible mechanisms should be explored.

Several biological pathways have been proposed to 
explain the association between nut intake and NAFLD 
risk. Ellagic acid, a natural antioxidant polyphenol found 
in nuts, can suppress oxidative stress and inflammation28 
and improve hepatic insulin sensitivity and lipid metabo-
lism.29 Vitamin E and selenium in almonds and walnuts, 
as well as folic acid and resveratrol in pine nuts, have been 
reported to have beneficial effects on NAFLD. Numerous 
trials testing the therapeutic value of vitamin E in NAFLD 
prevention found that vitamin E significantly improved 
liver function and histological changes by significantly 
reducing aspartate aminotransferase, alanine amino-
transferase, steatosis and inflammation in patients with 
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Table 3 ORs and 95% Cls for NAFLD in relation to nut intake

Nut intake Case n Control n Crude OR (95% CI) Model 1* OR (95% CI) Model 2* OR (95% CI)

Total population† 534 534

  Q1 125 133 1 1 1

  Q2 112 134 1.30 (0.93 to 1.81) 0.89 (0.63 to 1.26) 0.85 (0.56 to 1.29)

  Q3 159 134 1.77 (1.29 to 2.44) 1.26 (0.90 to 1.77) 1.01 (0.68 to 1.50)

  Q4 138 133 1.17 (0.81 to 1.68) 1.10 (0.78 to 1.55) 0.67 (0.44 to 1.02)

  P for trend‡ 0.46 0.45 0.07

Men 364 364

  Q1 106 102 1 1 1

  Q2 91 79 1.31 (0.88 to 1.94) 0.90 (0.60 to 1.35) 0.88 (0.54 to 1.43)

  Q3 74 123 1.81 (1.24 to 2.65) 1.73 (1.16 to 2.57) 1.34 (0.84 to 2.16)

  Q4 93 60 1.04 (0.66 to 1.63) 0.67 (0.44 to 1.02) 0.43 (0.26 to 0.71)

  P for trend‡ 0.81 0.04 0.01

Women 170 170

  Q1 23 27 1 1 1

  Q2 33 43 1.28 (0.69 to 2.37) 0.90 (0.44 to 1.85) 0.84 (0.36 to 1.97)

  Q3 36 60 1.71 (0.95 to 3.08) 0.70 (0.35 to 1.41) 0.55 (0.24 to 1.25)

  Q4 78 40 1.41 (0.76 to 2.64) 2.29 (1.17 to 4.49) 1.30 (0.57 to 2.95)

  P for trend‡ 0.36 <0.001 0.12

For the total population: Q1, <1.46 g/day; Q2, 1.46–3.15 g/day; Q3, 3.15–8.80 g/day; Q4, ≥8.80 g/day. For men: Q1, <1.15 g/
day; Q2, 1.15–2.68 g/day; Q3, 2.68–8.43 g/day; Q4, ≥8.43 g/day. For women: Q1, <1.75 g/day; Q2, 1.75–6.80 g/day; Q3, 6.80–
8.86 g/day; Q4, ≥8.86 g/day.

*Model 1: Adjusted for total energy intake. Model 2: Adjusted further for age, income, smoking status, educational level, tea-drinking status, 
occupationanl status, marital status, body mass index, physical activity, the history of diabetes, hypertension and hyperlipidaemia, MUFA and 
PUFA intake.
†Further adiusted for sex.
‡P for trend: Trend across intake levels with the categorical median.
MUFA, monounsaturated fatty acid; NAFLD, non-alcoholic fatty liver disease; PUFA, polyunsaturated fatty acid.

NAFLD/non-alcoholic steatohepatitis (NASH).30 Sele-
nium is an antioxidant agent, and selenium deficiency is 
associated with insulin resistance in patients with chronic 
liver disease.31 Folate plays an essential role in lipid 
metabolism and folic acid supplementation can attenuate 
steatosis and improve oxidative stress in rodent models of 
NAFLD. Folate can also blunt the increase of inflamma-
tory cytokines secreted by immune cells.32 Resveratrol has 
antioxidant, antiapoptotic and anti-inflammatory proper-
ties in patients with NAFLD.33 Nuts, which are known to 
be rich in unsaturated fatty acids, are especially rich in 
n-3 PUFAs, a source of α-linolenic acid, which lowers low 
density lipoprotein (LDL) cholesterol,34 and has been 
found to have beneficial effects on NAFLD.35 Each type 
of nut has many nutrients and phytochemicals that may 
be beneficial to health, and it is likely that unknown salu-
brious effects of nuts may be related to NAFLD preven-
tion. Moreover, many studies have shown a beneficial 
association between high nut intake and decreased risk 
of obesity,36 T2D37 and MetS,38 which are risk factors for 
NAFLD.

Our study has both strengths and limitations. The first 
strength is the large sample size, which may have reduced 
type II errors. Second, the collection of data using face-
to-face interviews and a semiquantitative food frequency 
questionnaire, which elicited extensive information 
on anthropometrics and lifestyle factors, allowed us to 
adjust for confounding factors. Finally, the study tried 
to investigate interactions between nut intake and other 
risk factors, for which a biologically plausible mechanism 
may exist. Nonetheless, several limitations should be 
considered when interpreting the study’s findings. First, 
although we accounted for a wide range of socioeconomic 
characteristics and lifestyle factors, we cannot exclude 
the effects of unknown or poorly measured confounding 
variables or residual confounding attributable to other 
dietary/lifestyle factors, which might have influenced 
the observed associations. However, the associations 
persisted even after controlling for known and suspected 
predictors of NAFLD. Second, the intake of nuts was 
assessed by asking one question; therefore, we could not 
investigate the effects of different types of nuts, such as 
peanuts and walnuts, which contain different amounts 
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Figure 1 ORs and 95% CIs for non-alcoholic fatty liver 
disease (NAFLD) across the strata of various factors. The 
forest plot represents the ORs of the comparison of the 
lowest nut intake category versus the highest nut-intake 
category, adjusting for age, income, smoking status, 
educational level, tea-drinking status, occupational status, 
marital status, body mass index (BMI), physical activity, 
history of diabetes, hypertension and hyperlipidaemia, total 
energy intake, and monounsaturated fatty acid (MUFA) and 
polyunsaturated fatty acid (PUFA) intake. P values are two-
tailed; Pinter indicates P for the interaction between strata and 
nut intake; Ptrend indicates P for the trend across levels of nut 
intake.

of energy, fat content and other nutrients.39 Third, cate-
gorisation of the intake of nuts in quartiles may lead to 
bias and inefficiency. Fourth, we did not consider manu-
facturing methods (eg, raw, roasted or boiled) or extra 
ingredients (eg, sugar, salt, seasoning). Different prepa-
ration methods before and after roasting, the amount 
of time roasted and the temperature used can affect the 
nutrient composition and ingredients in the nuts.40 41 
What’s more, the item ‘nuts’ in the food frequency ques-
tionnaire (FFQ) used in this study cannot represent all 
nuts, because it only included peanuts, walnuts, seeds. 
For this reason, direct comparisons with the results of 
other studies may be difficult. Fifth, because we used a 
case-control study design, recall bias is an inherent limita-
tion. People who are health-conscious may over-report 
or under-report some food items. However, the protec-
tive effect of nuts on NAFLD was not generally known 
at the time of the survey, and thus, should be unrelated 
to recall bias. In addition, the stratified analyses was not 
corrected for multiple testing, which may inflate the risk 
for type I error. Sixth, NAFLD is a spectrum of diseases 
ranging from essentially benign simple steatosis (fatty 

infiltration of the liver) to the more severe form NASH 
(fat with inflammation and/or fibrosis). In the present 
study, the data about the severity of NAFLD were absent, 
therefore we did not analysis the association between nut 
intake and the the severity of NAFLD. Seventh, lack of 
interactions association between nut intake and other risk 
factors may be due to lack of power, and a small interac-
tive effect on NAFLD cannot be ruled out. Finally, due to 
the small number of participants in the highest nut intake 
category, we cannot rule out the possibility that some of 
our results are due to chance. However, the associations 
were consistent in the analyses stratified by some of the 
other factors, which reduces the likelihood of chance 
findings. In these stratified analyses, the statistical power 
needed to detect differences was limited by the sample 
size, and such analyses should be considered exploratory.

Our study had a retrospective design, which is lower 
on the evidence hierarchy than prospective studies. 
Nevertheless, case-control studies can provide evidence 
supporting the general relationship between diet and 
NAFLD, as there currently are no available prospective 
studies.

In conclusion, this case-control study indicated that high 
nut intake was associated with a significantly reduced risk 
of NAFLD among Han men in China. However, no rela-
tionship was found between total nut intake and NAFLD 
risk among the Han women. Our data contribute to the 
growing evidence showing that a relatively simple preven-
tion strategy of incorporating a modest amount of nuts 
in the diet may contribute to maintaining good health at 
both the individual and population levels.
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