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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of the metabolic syndrome. Recent evidence has suggested the protective
effects of honey consumption against the metabolic syndrome, but the association between honey intake and NAFLD is still unclear. We inves-
tigated how the consumption frequency of honey was associated with NAFLD in the general population. This was a cross-sectional study of
21 979 adults aged 20–90 years. NAFLDwas diagnosed based on the ultrasound-diagnosed fatty liver without significant alcohol intake and other
liver diseases. Diet information, including consumption frequency of honey, was assessed by a validated 100-item FFQ. OR with 95 % CI were
calculated by the binary logistic regressionmodel, adjusting for confounding factors identified by the directed acyclic graph. Overall, 6513 adults
(29·6 %) had NAFLD. Compared with participants consuming ≤1 time/week of honey, the multivariable OR of NAFLD were 0·86 (95 % CI 0·77,
0·97) for 2–6 times/week and 1·10 (95 %CI 0·95, 1·27) for≥1 times/d (Pfor trend= 0·90). The results were generally similar in subgroups of BMI at a
cut-point of 24·0 kg/m2 (Pfor interaction= 0·10). In this large-scale study, consuming honey 2–6 times/week was inversely associated with NAFLD,
whereas consuming honey ≥1 times/d had no association with NAFLD. These results need replication in other large-scale prospective studies.
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Non-alcoholic fatty liver disease (NAFLD) is an emerging public
health problem and affects approximately 30 % of the global
adult population(1,2). Individuals with NAFLD have an increased
risk of progression to non-alcoholic steatohepatitis, cirrhosis and
hepatocellular carcinoma(2,3). Moreover, NAFLD is a major risk
factor for CVD, type 2 diabetes and chronic kidney disease(4).
Therefore, it is necessary to identify potentially modifiable
factors to curb the increasing prevalence of NAFLD.

Honey is a natural sweet substance produced by honeybees
from nectars of flowers, living plant secretions or excretions of
plant-sucking insects on the living plants(5). In China, honey is
widely consumed as a food not only due to its unique taste
and flavour but also due to a general understanding that it is a
healthy food(6). Honey contains polyphenol compounds, miner-
als, numerous vitamins, antioxidant enzymes and proteins(5,7).
Previous literature has documented that honey intake could

Abbreviations: DAG, directed acyclic graph; NAFLD, non-alcoholic fatty liver disease; TCLSIH, Tianjin Chronic Low-grade Systemic Inflammation and Health.
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protect against the metabolic syndrome by exerting anti-obesity,
antidiabetic, hypolipidaemic and hypotensive activities(8).
A growing body of evidence also has shown that honey owns
antioxidative and anti-inflammatory effects(9,10), both of which
play an important role in the development of NAFLD(11,12). In
addition, several randomised clinical trials suggest that honey
intake could ameliorate insulin resistance, thereby preventing
NAFLD(13,14). Moreover, animal studies demonstrated that
honey supplementation might reverse the formation of hepatic
steatosis(15). Despite these potential health benefits, honey is
rich in fructose and glucose(16); high fructose intake has
been suggested to be a key factor that induces NAFLD(17,18).
Therefore, we hypothesised that honey intake might have a dual
role in the development of NAFLD.

To our knowledge, studies have not examined the associa-
tion between consumption frequency of honey and NAFLD in
the general population. Therefore, we designed this large-scale
study to investigate how the consumption frequency of honey is
associated with NAFLD in the Tianjin Chronic Low-grade
Systemic Inflammation and Health (TCLSIH) study.

Methods

Study population

The present study is a cross-sectional analysis of baseline data
from the TCLSIH dataset, which is a large prospective dynamic
cohort study evaluating the association between inflammation
and chronic diseases among general Chinese adults living in
Tianjin, China. The TCLSIH study design has been described
in detail previously(19,20). In brief, the study was established in
2007. All participants attended annual comprehensive health
examinations. Liver ultrasound has been a part of our study pro-
tocol since 2010. Moreover, since May 2013, participants have
been administered a questionnaire survey to assess diet and
lifestyle factors. The survey response rate is above 93·7 %. The
TCLSIH study has been approved by the Institution Review
Board of Tianjin Medical University, and all participants pro-
vided written informed consent.

In the present study, all participants who underwent abdomi-
nal ultrasound between January 2015 (when honey consump-
tion collection information began) and December 2017 were
included. During this study period, a total of 24 756 participants
were included. We excluded participants with missing dietary
data (n 969), participants with other liver diseases (chronic virus
hepatitis, operations on the liver, autoimmune liver diseases, cir-
rhotic or alcoholic fatty liver disease) (n 928) and participants
who had CVD (n 744) or cancer (n 136). Finally, 21 979 partic-
ipants were included in the cross-sectional analysis (Fig. 1).
Based on the prevalence of NAFLD in the Chinese population
and on the principle of ten outcome events per variable, the
sample size was calculated(21). The sample size of 21 979 is large
enough to provide adequate statistical power.

Diagnosis of non-alcoholic fatty liver disease

Abdominal ultrasound was performed by trained and certified
technicians using a TOSHIBA SSA-660A ultrasound machine

(Toshiba), with a 2–5 MHz curved array probe. Participants were
considered to have fatty liver disease if at least two of the follow-
ing abnormal findings of abdominal ultrasound existed: liver
brightness, deep attenuation and vascular blurring(22). NAFLD
was determined as the presence of fatty liver disease without sig-
nificant alcohol intake (>210 g/week for men and >140 g/week
for women) or any other causes (e.g. chronic hepatitis or
autoimmune liver diseases)(22). Inter-observer variations for
ultrasound NAFLD status (yes or no) were evaluated in 200 par-
ticipants, and the kappa coefficient was 0·90 (P< 0·0001)(19).

Assessment of dietary intake

Dietary information was collected using a validated 100-item
semi-quantitative FFQ. Participants were asked to report their
usual consumption frequency over the last month using seven
frequency categories for foods ranging from ‘never or hardly
ever’ to ‘≥2 times/d’ and eight frequency categories for bever-
ages ranging from ‘almost never drink’ to ‘≥4 cups/d’. The intake
of energy and nutrients was calculated using the FFQ data
and the 2009 Chinese Food Composition Table(23). The repro-
ducibility and validity of the FFQ were assessed in a random
sample of 150 participants by comparing the data from two
FFQ collected approximately 3 months apart and four 4-d
weighed diet records (covering three non-consecutive week-
days and one weekend day). For the validation study, a random
subsample of 150 TCLSIH study participants who had previously
completed the first FFQ (FFQ1) were invited to participate. The
participants for the validation study were randomly selected
from different subgroups (age 20–30, 30–40, 40–50, 50–60,
60–70 and >70 years) of the TCLSIH study participants, and at
least ten men and ten women were included in each of these sub-
groups. Participantswere asked to complete four 4-dweighed diet
records, approximately 3months apart. The records began

Fig. 1. Flow diagram showing the process for the selection of eligible
participants.
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3months after completing the FFQ1. The four 4-d diet records
documented all foods consumed covering three non-consecutive
weekdays and one weekend day and excluded non-typical days
(e.g. attending a wedding, banquets or temporary business trip).
While they recorded their diet in this manner, we also adminis-
tered four FFQ (3months apart, FFQ2–FFQ5) to all consenting
participants (n 150). Daily intake of the sixteen (four 4-d) dietary
records was averaged and used as the representative weighed
diet; FFQ1 was used as the reference to evaluate the FFQ validity.
Although the reference period differed between FFQ1 (previous
month) and 4-d diet records conducted in each season (represen-
tative of habitual intake during the year), we intended to assess
whether a single FFQ during the previous month can represent
habitual dietary intakes over a longer period (e.g. 1 year or more).
This approach is similar to methods performed in a previous
Japanese study(24). Reproducibility of the FFQ was assessed by
comparing FFQ1 and FFQ2, collected approximately 3months
apart. Although it is possible that the process of recording diet
might alter awareness of food intake and thus improve accuracy
in completing the FFQ(25), it is unlikely that the diet records could
have affected the completion of FFQ2. This is because FFQ2 was
only completed after the first diet records started. Additionally,
correlations between FFQ1 and FFQ5 were similar to correlations
between FFQ1 and FFQ2. Spearman correlation coefficients
between the FFQ1 and weighed diet records were energy intake
= 0·49, nutrients= 0·35–0·54 and honey= 0·69. The energy-
adjusted correlation coefficients between the FFQ1 and weighed
diet records ranged from 0·39 to 0·72 for nutrients and 0·71 for
honey. Spearman’s rank correlation coefficients between the
FFQ1 and FFQ2 were total energy= 0·68, food group (fruits,
vegetables and beverages)= 0·62–0·79 and honey= 0·75. In this
validation study, honey intake was expressed as g/d. For seasonal
food intake, such as orange, hawthorn and watermelon, we
inquired participants’ intake in the previous month and in the
natural mature season. Therefore, despite the FFQ only referring
to the lastmonth, long-termdietary intake of the participants could
be inferred.

The FFQ included seven predefined frequency categories for
honey consumption: almost never, <1 time/week, 1 time/week,
2–3 times/week, 4–6 times/week, 1 time/d and ≥2 times/d.
In our study, a standard portion size (represented the 50th per-
centile of the weighed diet records) of honey was 18 g for men
and 15 g for women(26). Based on the similar prevalence of
NAFLD across categories of honey consumption frequency(27),
we categorised the consumption frequency of honey as
≤1time/week, 2–6 times/week and ≥1 times/d. Because most
of the variation in intake of any food is explained by the fre-
quency of its use(25), honey consumption frequency (rather than
amount) was used as the main exposure variable in this study.

Tomeasure overall diet quality, dietary patterns were derived
by factor analysis with principal component based on the origi-
nal ninety-nine foods/food groups listed in the FFQ (honey was
excluded in the calculation). Varimax rotation was used to
enhance the interpretability of factors. Three factors were
retained according to the Scree plot, eigenvalues >1·0 and inter-
pretability. Factors were named descriptively based on food
items with high factor loading as follows: sweet food pattern
(factor 1), healthy pattern (factor 2) and animal food pattern

(factor 3), similar to our previous findings(20). A higher factor
score represents a higher food intake of that dietary pattern.

Assessment of covariates

Information on age, sex, smoking status, alcohol intake, educa-
tion level, employment status, household income per month,
family history of diseases (CVD, hypertension, hyperlipaemia
and diabetes), self-reported history of diseases (hypertension,
hyperlipaemia and diabetes) was assessed during annual health
examinations through a self-administered questionnaire. Height
and weight were measured with participants wearing light
clothes and no shoes. BMI was calculated as weight (kg) divided
by height squared (m2). Waist circumference was measured
using plastic tape at the level of umbilicus in standing position
at the end of a gentle expiration. Physical activity was assessed
using the short version of the International Physical Activity
Questionnaire and was expressed as metabolic equivalents
per week(28).

Blood pressure was measured at least two times using a
validated semiautomatic oscillometer (A&D TM-2655). Themea-
surement average was calculated to determine the final blood
pressure value. Hypertensionwas defined as systolic blood pres-
sure≥140mmHg and/or diastolic blood pressure≥90 mmHg, or
self-reported hypertension(29). Plasma total cholesterol, TAG,
LDL-cholesterol and HDL-cholesterol were measured in fasting
blood samples using enzymatic methods. Hyperlipidaemia was
defined as total cholesterol≥ 5·17 mmol/l or TAG≥ 1·7 mmol/l
or LDL-cholesterol≥ 3·37 mmol/l or taking antilipemic drugs(30).
Fasting blood glucose was measured using the glucose oxidase
method. Diabetes was defined according to the American
Diabetes Association criteria(31).

Statistical analysis

Normal distribution of continuous variables was assessed using
quantile–quantile plots. Due to nonnormality, all the continuous
variableswere naturally log transformed. Baseline characteristics
of the participants were presented as geometric means and 95 %
CI for continuous variables and as percentages for categorical
variables. Continuous variables were compared using
ANCOVA, and categorical variables were compared using logis-
tic regression analysis.

Binary logistic regression modes were used to estimate
the OR and 95 % CI for the association of honey consumption
frequency with NAFLD. We determined potential confounders
using a directed acyclic graph (DAG; Fig. 2)(32,33). To select
the minimally sufficient adjustment set, we used DAGitty, which
is a popular web application for constructing DAG(34). Minimal
sufficient adjustment sets for estimating the effect of honey on
NAFLD included age, sex, BMI, smoking status, alcohol intake,
socio-economic status, family history of disease, individual dis-
ease history, physical activity, total energy and diet pattern. We
fitted three models. Model 1 was adjusted for age, sex and BMI.
Model 2 was adjusted for age, sex, BMI, smoking status, alcohol
intake, socio-economic status (including education level,
employment status and household income per month), family
history of disease (CVD, hypertension, hyperlipaemia and diabe-
tes), individual disease history (hypertension, hyperlipaemia
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and diabetes), physical activity and total energy intake. Model 3
(full model) was additionally adjusted for sweet food pattern
score, healthy pattern score and animal food pattern score.
Interactions between honey consumption frequency and con-
founding factors were tested by including cross-product terms
in model 3. Moreover, we assessed multicollinearity in the final
model using the variance inflation factor.

Due to importance of obesity in the development of NAFLD,
we performed a subgroup analysis according to BMI (<24·0 or
≥24·0 kg/m2). The cut-point of 24·0 kg/m2 was selected based
on definitions of the Chinese Working Group on Obesity(35).
In addition, a sensitivity analysis excluding all participants with
significant alcohol intake (>210 g/week formen or>140 g/week
for women) was conducted. We also assessed the association
between honey consumption frequency and NAFLD based on
different categorisations. Furthermore, we performed a sensitiv-
ity analysis with energy-adjusted honey intake (g/1000 kcal per d)
instead of consumption frequency of honey. To assess the dose–
response association between honey intake (g/1000 kcal per d)
and NAFLD, we used restricted cubic spline functions with four
knots (at the 10th, 50th, 90th and 95th percentiles of the honey
intake distribution)(36).

All statistical analyses were performed using SAS software,
version 9.4 (SAS Institute Inc.). A two-tailed P value <0·05 was
considered to be statistically significant.

Results

Table 1 presents age- and sex-adjusted baseline characteristics of
participants according to consumption frequency of honey.
Participants who consumed more honey had higher age, were

more likely to be women and had lower BMI (Pfor trend< 0·05).
Moreover, they had higher levels of physical activity, total energy
intake, dietary pattern scores and alcohol intake (P

for trend
< 0·05).

They were also more likely to have a lower education level and
tended to have hypertension, hyperlipidaemia, diabetes and
family history of diabetes (Pfor trend< 0·05).

Table 2 displays age- and sex-adjusted baseline characteris-
tics of participants by NAFLD status. Participants with NAFLD
had higher age, tended to be men and had higher BMI
(P< 0·0001). In addition, they were more physically inactive,
had lower total energy intake, were weaker adherence to the
healthy dietary pattern and consumed less alcohol (P< 0·01).
Participants with NAFLDweremore likely to be current smokers,
had a lower education level and were less likely to be managers
(P< 0·01). Furthermore, they had more comorbidities and more
likely to have a family history of hypertension and diabetes
(P< 0·0001).

Table 3 shows adjusted OR and 95 % CI for the association of
honey consumption frequency with NAFLD. In the age, sex and
BMI adjustedmodel, honey consumption of 2–6 times/weekwas
significantly associated with a lower prevalence of NAFLD (OR
0·80, 95 % CI 0·72, 0·90), while honey consumption of ≥1 times/
d was not significantly associated with the prevalence of NAFLD
(OR 1·01, 95 % CI 0·88, 1·17). After further adjustment for poten-
tial confounders, we observed similar results. In the fully
adjusted model, the OR were 0·86 (95 % CI 0·77, 0·97) for 2–6
times/week and 1·10 (95 % CI 0·95, 1·27) for ≥1 times/d, as com-
pared with those consuming honey ≤1 time/week.

No significant interactions between consumption frequency
of honey and covariates were found (all Pfor interaction ≥ 0·10).
Furthermore, the multicollinearity test showed that all variance

Age

Sex

Smoking Total energy

Diet pattern

Physical activity

Alcohol drinking

NAFLD

BMI

Honey

Family history of disease
Individual disease history

SES

Fig. 2. Direct acyclic graph (DAG) derived from previous literature and expert knowledge. Nodes represent variables and arrows represent causal associations. Honey is
exposure, and non-alcoholic fatty liver disease (NAFLD) is outcome. SES, socio-economic status (including education level, employment status and household income
per month).
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inflation factors were <2·0, suggesting that no collinearity was
accepted.

The strength of the associations between consumption fre-
quency of honey and NAFLD was largely consistent across
BMI subgroups (Fig. 3). In addition, excluding participants with
significant alcohol intake did not substantially modify the
observed association (online Supplementary Table S1). In a
series of additional analyses based on different categorisations,
the results were comparable with those of the main analyses
(Fig. 4). The association between energy-adjusted honey intake
and NAFLD is shown in online Supplementary Table S2. The
shape of the association of honey intake with NAFLD is shown
in Fig. 5. In the cubic spline model adjusted for the same

covariates in model 3, we found a non-linear association
between honey intake and NAFLD (Pfor non-linearity< 0·001), with
an inverse association for light to moderate intake, but no asso-
ciation at heavy intake.

Discussion

In this large-scale population-based study, we found that
light to moderate honey consumption was inversely asso-
ciated with NAFLD, whereas heavy honey consumption
was not statistically significantly associated with NAFLD.
To our knowledge, this is the first report that has examined

Table 1. Age- and sex-adjusted characteristics of the participants according to consumption frequency of honey (n 21 979)
(Least square mean values and 95% confidence intervals and percentages)

Characteristics

Consumption frequency of honey

Pfor trend*

≤1 time/week 2–6 times/week ≥1 times/d

% % %

No. of participants 17 369 3037 1573 –
Age (years)
Mean 37·8 38·3 42·3 <0·0001
95% CI 37·6, 37·9 37·9, 38·6 41·7, 42·9

Sex (men) 54·5 37·9 34·0 <0·0001
BMI (kg/m2)
Mean 24·0 23·8 23·7 <0·0001
95% CI 24·0, 24·1 23·7, 23·9 23·5, 23·8

PA (MET × h/week)
Mean 10·2 12·0 11·5 <0·001
95% CI 10·0, 10·4 11·5, 12·6 10·8, 12·3

Total energy intake (kcal/d)†
Mean 1972·9 2153·2 2212·3 <0·0001
95% CI 1964·5, 1981·3 2131·4, 2175·2 2181·1, 2243·9

Healthy dietary pattern score
Mean −0·04 0·11 0·24 <0·0001
95% CI −0·06, −0·03 0·07, 0·14 0·19, 0·29

Sweet dietary pattern score
Mean −0·07 0·25 0·27 <0·0001
95% CI −0·08, −0·05 0·22, 0·29 0·22, 0·32

Animal food dietary pattern score
Mean −0·04 0·11 0·15 <0·0001
95% CI −0·05, −0·02 0·07, 0·14 0·10, 0·20

Alcohol intake (g/d)
Mean 1·96 2·15 2·09 0·03
95% CI 1·93, 2·00 2·07, 2·24 1·99, 2·21

Smoking status (%)
Smoker 18·7 12·8 13·0 0·93
Ex-smoker 5·04 3·51 3·61 0·17
Non-smoker 76·3 83·7 83·4 0·53
Education level (≥college) 66·2 68·3 61·0 0·02

Occupation
Managers 41·2 44·3 38·8 0·34
Professionals 14·7 13·3 13·1 0·80
Other 44·1 42·4 48·1 0·33

Household income (⩾10 000 Yuan) 31·7 33·2 32·6 0·0
Hypertension 20·8 17·4 20·5 <0·01
Hyperlipidaemia 42·3 37·6 42·4 0·03
Diabetes 4·38 2·04 1·84 <0·0001
Family history of disease
CVD 27·2 27·9 31·2 0·81
Hypertension 49·2 50·3 50·0 0·28
Hyperlipidaemia 0·42 0·32 0·27 0·15
Diabetes 26·5 23·9 23·6 <0·0001

MET, metabolic equivalent; PA, physical activity.
* ANCOVA or logistic regression analysis adjusted for age and sex where appropriate.
† To convert kcal to kJ, multiply by 4·184.
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Table 2. Age- and sex-adjusted characteristics of the participants according to non-alcoholic fatty liver disease (NAFLD) status (n 21 979)
(Least square mean values and 95% confidence intervals and percentages)

Characteristics

NAFLD status

P *

No Yes

% %

No. of participants 15 466 6513 –
Age (years)
Mean 37·1 40·9 <0·0001
95% CI 36·9, 37·2 40·6, 41·2

Sex (men) 40·8 74·3 <0·0001
BMI (kg/m2)
Mean 22·9 26·6 <0·0001
95% CI 22·9, 23·0 26·5, 26·7

PA (MET × h/week)
Mean 10·8 9·86 <0·0001
95% CI 10·6, 11·0 9·55, 10·2

Total energy intake (kcal/d)†
Mean 2022·4 1992·2 <0·001
95% CI 2013·1, 2031·7 1977·7, 2006·8

Healthy dietary pattern score
Mean 0·01 −0·04 <0·01
95% CI 0·00, 0·03 −0·06, −0·01

Sweet dietary pattern score
Mean 0·01 −0·02 0·07
95% CI −0·01, 0·03 −0·04, 0·01

Animal food dietary pattern score
Mean 0·00 −0·01 0·54
95% CI −0·02, 0·02 −0·03, 0·02

Alcohol intake (g/d) <0·0001
Mean 2·13 1·72
95% CI 2·09, 2·16 1·68, 1·77

Smoking status
Smoker 13·6 26·7 <0·001
Ex-smoker 3·73 7·12 0·41
Non-smoker 82·7 66·2 <0·001
Education level (≥college) 68·0 61·6 <0·001

Occupation
Managers 42·0 40·2 <0·01
Professionals 14·0 15·3 0·42
Other 44·0 44·5 0·02

Household income (⩾10 000 Yuan) 32·3 31·1 0·09
Hypertension 12·9 37·9 <0·0001
Hyperlipidaemia 31·4 65·8 <0·0001
Diabetes 1·84 8·71 <0·0001
Family history of disease
CVD 26·6 30·1 0·14
Hypertension 47·5 54·1 <0·0001
Hyperlipidaemia 0·36 0·48 0·36
Diabetes 24·0 30·6 <0·0001

MET, metabolic equivalent; PA, physical activity.
* ANCOVA or logistic regression analysis adjusted for age and sex where appropriate.
† To convert kcal to kJ, multiply by 4·184.

Table 3. Association of honey consumption frequencywith non-alcoholic fatty liver disease (NAFLD) in the Tianjin Chronic Low-grade Systemic Inflammation
and Health (TCLSIH) study (n 21 979)
(Odds ratios and 95% confidence intervals)

Logistic regression models

Consumption frequency of honey

Pfor trend*

≤1 time/week 2–6 times/week ≥1 times/d

OR OR 95% CI OR 95% CI

No. of participants 17 369 3037 1573 –
No. of NAFLD 5416 691 406 –
Model 1 1·00 (reference) 0·80 0·72, 0·90 1·01 0·88, 1·17 0·09
Model 2 1·00 (reference) 0·86 0·76, 0·96 1·09 0·94, 1·26 0·78
Model 3 1·00 (reference) 0·86 0·77, 0·97 1·10 0·95, 1·27 0·90

* Obtained by using logistic regression analysis. Model 1 was adjusted for age, sex and BMI. Model 2 was adjusted for age, sex, BMI, smoking status, alcohol intake, education level,
occupation, household income, physical activity, family history of disease (includingCVD, hypertension, hyperlipidaemia and diabetes), hypertension, hyperlipidaemia, diabetes and
total energy intake. Model 3 was adjusted for the same variables as in model 2 and further for three main dietary pattern scores (honey intake was not included in the calculation).
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the association of habitual honey consumption frequency
and NAFLD.

In the present study, we used a DAG to determine covariate
adjustment sets for minimising confounding bias(33). The DAG
approach can offer systematic representations of causal associ-
ations, thereby making robust inferences in a causal frame-
work(37). In addition, the DAG approach helps to avoid
collider bias and overadjustment bias(33,38). After adjusting for
confounding factors identified by the DAG (model 3), the results
were similar to model 1 andmodel 2 (Table 3). Moreover, similar
associations were observed among lean (BMI< 24·0 kg/m2) and
overweight (BMI≥ 24·0 kg/m2) participants. Therefore, the
observed association between honey consumption frequency
and NAFLD was not confounded by covariates.

Previous animal studies have reported that honey intake
could reverse the formation of hepatic steatosis(15). However,

no studies assessed the effects of dietary honey intake on
NAFLD in humans. In this study, we observed an inverse asso-
ciation between honey consumption of 2–6 times/week and
NAFLD in the general population. This inverse association par-
tially confirms previous findings from animal studies. However,
we observed no significant association between honey con-
sumption of≥1 times/d andNAFLD. Future studies should inves-
tigate whether similar results can be found in other populations.

The significant inverse association between light to moderate
honey consumption and NAFLD is biologically plausible.
First, honey is rich in phenolic acids, flavonoids and phenol
contents(39,40). Studies have shown that phenolic acids and flavo-
noids could ameliorate NAFLD by activating the adiponectin/
AMPK pathway and suppressing the nuclear factor-kappaB
pathway(41,42). Moreover, cross-sectional studies found that
higher phenolic acid and flavonoid consumption was associated
with a lower likelihood of NAFLD(43,44). Second, animal experi-
ments suggest that honey could inhibit the toll-like receptor 4
pathway via suppression of phosphorylated nuclear factor of
kappa light polypeptide gene enhancer in B-cells inhibitor
alpha(45). Emerging evidence has shown that the toll-like recep-
tor 4 signalling pathway is involved in the development and
progression of NAFLD(46). Third, honey contains a number of
vitamins, minerals and antioxidant enzymes. Therefore, honey
intake might prevent NAFLD by its antioxidant properties(47).
Epidemiological evidence also suggested that daily intake of
vitamins and minerals was inversely associated with the preva-
lence of NAFLD(48,49).

Interestingly, no significant association between heavy
honey consumption, defined as ≥1 times/d, and NAFLD was
found. Studies have suggested that fructose promotes liver
lipogenesis, which can lower insulin sensitivity and lead to
NAFLD(17). Therefore, the possible harmful effect of fructose
in honey onNAFLDmay have been offset the possible protective
effect of honey on NAFLD.

To our knowledge, this is the first observational study that has
investigated the association between honey consumption fre-
quency and NAFLD in the general population. The strengths
of this study are the large sample size, comprehensive capture
of baseline dietary and lifestyle variables and adjusting for a
number of confounders identified by the DAG. In addition,
honey was widely consumed in our study population(6), which
gave us a unique opportunity to examine the independent effect
of honey on NAFLD.

The study also has limitations. First, self-reported honey
information is subject to measurement errors. However, this
misclassification would be expected to bias the estimates
towards the null(25). Second, different types or brands of honey
were not assessed in this study, and therefore, we may have
missed the effect of specific honeys on NAFLD. Third, NAFLD
was diagnosed using abdominal ultrasound rather than
liver biopsy (the gold standard). However, previous studies
showed that ultrasonography had high sensitivity and specificity
for NAFLD diagnosis compared with the gold standard(50).
Moreover, ultrasonography is widely used in large-scale
epidemiological studies due to its non-invasiveness and
accessibility. Fourth, as with any epidemiological study, we can-
not completely rule out the possibility of residual or unmeasured

Fig. 3. Association of honey consumption frequency with non-alcoholic fatty
liver disease (NAFLD) according to BMI (<24·0 or ≥24·0 kg/m2). Adjusted for
age, sex, BMI, smoking status, alcohol intake, education level, occupation,
household income, physical activity, family history of disease (including CVD,
hypertension, hyperlipidaemia and diabetes), hypertension, hyperlipidaemia,
diabetes, total energy intake and threemain dietary pattern scores (honey intake
was not included in the calculation).

Fig. 4. Association of honey consumption frequency with non-alcoholic fatty
liver disease (NAFLD) in. Adjusted for age, sex, BMI, smoking status, alcohol
intake, education level, occupation, household income, physical activity, family
history of disease (including CVD, hypertension, hyperlipidaemia and diabetes),
hypertension, hyperlipidaemia, diabetes, total energy intake and three main dif-
ferent categorisation analysis dietary pattern scores (honey intake was not
included in the calculation).
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confounding. Finally, because of the cross-sectional nature of
this study design, we could not make the causal inference.
Prospective cohort studies are therefore necessary to evaluate
the longitudinal association between honey consumption
and NAFLD.

Conclusion

In conclusion, our data show a U-shaped association between
consumption frequency of honey and NAFLD in the general
adult population. Future study is needed to replicate our findings
and disentangle the underlying mechanisms.
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