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Abstract
Evidence has suggested that honey intake has a beneficial impact on glycaemic control in patients with type 2 diabetes. Whether these findings
apply to adults with prediabetes is yet unclear. The aim of the present study was to examine whether honey intake is associated with a lower
prevalence of prediabetes. A cross-sectional study was performed in 18 281 participants (mean age 39·6 (SD 11·1) years; men, 51·5 %). Dietary
intake was assessed through a validated 100-item FFQ. Prediabetes was defined according to the American Diabetes Association criteria:
impaired fasting glucose, impaired glucose tolerance or raised glycosylated Hb. Multivariable logistic regression models were used to estimate
the association between honey consumption and prediabetes. As compared with those who almost never consumed honey, the multivariable
OR of prediabetes were 0·94 (95 % CI 0·86, 1·02) for ≤3 times/week, 0·77 (95 % CI 0·63, 0·94) for 4–6 times/week and 0·85 (95 % CI 0·73, 0·99) for
≥1 time/d (Pfor trend < 0·01). These associations did not differ substantially in sensitivity analysis. Higher honey consumption was associated with
a decreased prevalence of prediabetes. More large prospective cohort studies are needed to investigate this association.
Key words: Honey: Prediabetes: Blood glucose: Cross-sectional studies

Prediabetes is a state of neither normoglycaemia nor bona fide
diabetes. It was defined as having an impaired fasting glucose,
impaired glucose tolerance and/or raised HbA1c levels between
5·7 and 6·4 %(1). This condition has become an important public
health concern, affecting one in three US adults and more than
one billion people worldwide(2). Among the Chinese adult
population, the estimated overall prevalence of prediabetes
was 35·7 %(3). In addition to the high-risk state for developing
type 2 diabetes(4), prediabetes is associated with an increased
risk of CVD and mortality(5). Therefore, it is imperative to prevent
this condition from onset and progression.

Dietary changes have attracted great attention as one of the
most important alternative options to combat prediabetes(6).
Honey is a food substance produced naturally by honeybees
from the nectar of blossoms, from secretions of living parts
of plants or from excretions of plant-sucking aphids(7). In
China, there are hundreds of thousands of honey brands
with a variety of quality. Despite their diversity, honey
varieties share many common nutrition characteristics(8).
They contain carbohydrates (mainly fructose and glucose),
proteins, antioxidant enzymes, amino acids, minerals, trace
elements, vitamins and phytochemicals such as phenolics
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and flavonoids(7,9). Ongoing and accumulating evidence
has suggested beneficial effects of honey on improving insulin
resistance, oxidative stress and inflammation(8,10). Moreover,
honey has been shown to scavenge reactive oxygen species(11).
Increased reactive oxygen species caused by metabolism
of excessive glucose and/or NEFA has been identified as a contributor to β-cell dysfunction(12). Therefore, we hypothesised
that dietary honey intake may lower the onset of prediabetes.
Several reviews with preclinical trials as well as randomised
clinical trials have reported the hypoglycaemic effect of honey in
animal models of diabetes or diabetic patients(13–15). However,
no study has focused on the association between honey intake
and prediabetes in the general population. On the other hand,
compared with diabetes, prediabetes is an early and reversible
condition of glucose metabolism disorders, so it can be managed
by nutritional interventions(6). However, it is unclear how honey
intake is associated with early glucose metabolism disorders.
Therefore, in the present study, based on data from the Tianjin
Chronic Low-Grade Systemic Inflammation and Health Cohort
Study, we investigated the association between dietary honey
intake and the prevalence of prediabetes among Chinese adults.
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Participants who had received health examinations
from 2015 to 2016 (n 21 740)

Participants who had missing questionnaire
data (n 1479)

Participants who had a history of CVD
(n 755)

Participants who had a history of cancer
(n 130)

Participants who had a history of diabetes
(n 1095)

Participants included in the final analysis
(n 18 281)

Fig. 1. Flow chart of participant selection.

Methods
Study population
The Tianjin Chronic Low-Grade Systemic Inflammation and
Health Cohort Study has been previously described in
detail(16,17). The protocol of this study was approved by the
Institutional Review Board of Tianjin Medical University
(reference number: TMUhMEC 201430). Written informed
consent was obtained from all participants.
This cross-sectional analysis used the baseline data of the
Tianjin Chronic Low-Grade Systemic Inflammation and Health
study between January 2015 and December 2016, when a diet
questionnaire including honey intake was included in the study.
During the study period, a total of 21 740 participants aged
20–90 years were recruited. We excluded those with missing
questionnaire data (n 1479). Since CVD and cancer could result
in important dietary changes(18), participants with CVD (n 755)
and cancer (n 130) were also excluded in the present study.
Additionally, participants with diabetes (n 1095) were excluded
from the analysis. The final study sample consisted of 18 281
participants (Fig. 1).

Definition of prediabetes
Fasting plasma glucose (FPG) was measured using the
glucose oxidase method. The standard 2-h postprandial plasma
glucose test was performed using oral administration of 75 g
anhydrous glucose solution. HbA1c was determined using the
HPLC (HLC-723 GB; Tosoh). Prediabetes was defined as
impaired fasting glucose (FPG concentration: 5·6–6·9 mmol/l),
impaired glucose tolerance (2-h plasma glucose concentration:
7·8–11·0 mmol/l) or 5·7–6·4 % HbA1c levels(1).

Dietary assessment
Dietary intake was evaluated using a validated 100-item FFQ
with a common unit or portion size for each food consumed

in this study population(19). The FFQ included seven possible
categories ranged from ‘almost never’ to ‘≥2 times/d’ for foods
(including honey) and eight possible categories ranged from
‘almost never’ to ‘≥4 cups/d’ for beverages. Total energy and
nutrient intakes per day were calculated by multiplying the
consumption frequency of each food item by specified portion
size and energy or nutrient content per g as indicated in the
Chinese Food Composition Table(20). The validity and reliability
of the FFQ were assessed by comparing 4-d (three weekdays
and one weekend day) weighted dietary records with data from
two FFQ collected approximately 3 months apart in a subsample
of 150 Tianjin Chronic Low-Grade Systemic Inflammation and
Health participants. Spearman's correlation coefficients between
the weighted diet records and FFQ were 0·49 for total energy,
0·35–0·54 for nutrients (n-3 fatty acids, fat and carbohydrate)
and 0·69 for honey. Spearman's rank correlation coefficients
between two FFQ were 0·68 for total energy, 0·62–0·79 for food
group (fruits, vegetables and beverages) and 0·75 for honey. To
account for potential confounding effect of overall diet, we used
the FFQ data to derive a posteriori dietary patterns. Briefly,
participants’ dietary patterns were identified by using factor
analysis with varimax rotation. Three factors were retained
based on the eigenvalues, scree plot test and factor interpretability. Factors were named descriptively as follows: sweet
food pattern (factor 1), healthy pattern (factor 2) and animal
food pattern (factor 3). Similar dietary patterns were observed
in our previous study(19). For each of the dietary patterns, a
higher score indicates stricter adherence to that dietary pattern.
Participants were asked how often, on average, they had
consumed honey over the previous month: almost never,
<1 time/week, 1 time/week, 2–3 times/week, 4–6 times/week,
1 time/d and ≥2 times/d. Then, a common portion size derived
from the latest validation study of the FFQ was specified.
The common portion size (18 g for men and 15 g for women,
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respectively) roughly represented the 50th percentiles of the
validation study data(21,22). Namely, the amount of honey each
time consumed was 18 g for men and 15 g for women. Based
on the frequency distribution of responses, the categories of
honey consumption were divided into four groups: almost
never, ≤3 times/week, 4–6 times/week and ≥1 time/d. In addition, data on the intake of health care products were obtained
through a structured questionnaire survey.

Assessment of covariates
Data on the following covariates were collected through
well-trained investigators: age (birthdate), sex, household
income, occupation, education level, smoking status, alcohol
drinking status and family and personal medical history.
Physical activity (PA) was assessed using the Chinese version
of the International Physical Activity Questionnaire(23). The total
amount of weekly PA was expressed in metabolic equivalent ×
h/week. Anthropometric measurements (height, weight and
waist circumference) were obtained by trained staff using standard protocols. BMI was calculated by dividing weight (kg) by
the square of height (m).
Venous blood samples were collected in siliconised vacuum
plastic tubes between 08.00 and 10.00 hours. Total cholesterol
and TAG were measured by an enzymatic method, LDLcholesterol was measured by the polyvinyl sulphuric acid precipitation method and HDL-cholesterol was measured by the
chemical precipitation method using appropriate kits on a
Cobas 8000 analyzer (Roche). Blood pressure (BP) was
measured twice after a rest of 5 min in a seated position using
the TM-2655 oscillometric device (A&D). The average of two
readings of BP was recorded as the BP value. Hypertension
was defined as systolic BP ≥ 140 mmHg and/or diastolic BP
≥ 90 mmHg or having a history of hypertension(24). Diabetes
was defined as FPG ≥ 7·0 mmol/l or having a self-reported
history of diabetes. Hyperlipidaemia was defined as total cholesterol ≥ 5·17 mmol/l, or TAG ≥ 1·7 mmol/l, or LDL-cholesterol
≥ 3·37 mmol/l, or the use of antilipaemic medication(25).

Statistical analysis
The normality of distribution of continuous variables was
assessed with the one-sample Kolmogorov–Smirnov test. To
improve the normality of the data, we used natural log transformation for all the continuous variables in analyses. Continuous
variables were expressed as geometric means and 95 % CI and
categorical variables as percentages. Comparisons between
groups were performed using ANCOVA for continuous
variables and logistic regression analysis for categorical
variables by adjusting for age and sex. Adjustment for multiple
comparisons was conducted using Bonferroni's correction. The
OR and 95 % CI were estimated using logistic regression model,
with the lowest category (almost never) as the reference. We
ran three models that included an increasing number of covariates. Model 1 was adjusted for age (continuous: years) and sex
(men or women). Model 2 was additionally adjusted for BMI
(continuous: kg/m2). Model 3 (fully adjusted) was adjusted
for the same variables as in model 2 and further for smoking
status (categorical: current smoker, ex-smoker or non-smoker),

alcohol drinking status (categorical: everyday drinker, sometime drinker, ex-drinker or non-drinker), education level
(categorical: < or ≥ college graduate), occupation (categorical:
managers, professionals and other), household income
(categorical: ≤ or >10 000 Yuan), PA (continuous: metabolic
equivalent × h/week), family history of disease (including
CVD, hypertension, hyperlipidaemia and diabetes (each yes
or no)), hypertension (yes or no), hyperlipidaemia (yes or
no), total energy intake (continuous: kJ/d), sweet food pattern
score (continuous), healthy pattern score (continuous)
and animal food pattern score (continuous). To calculate the
Pfor linear trend values, we assigned the categories of honey consumption (almost never: 1; ≤3 times/week: 2; 4–6 times/week:
3; ≥1 time/d: 4) as an ordinal variable. Possible interactions
between honey consumption and age, sex, BMI, sweet food
pattern score, vegetable pattern score, animal food
pattern score and PA were examined using the likelihood
ratio test.
In sensitivity analysis, because people with honey intake
usually take some health care products which may affect blood
glucose, we repeated the analyses by excluding individuals with
the intake of health care products. Moreover, we performed sexspecific analyses. All statistical analyses were performed with
SAS 9.3 version for Windows (SAS Institute Inc.). All tests were
two-tailed and P < 0·05 was considered as statistically significant.

Results
Table 1 shows participant characteristics across honey consumption categories. Participants with higher honey consumption
were older, were more likely to be women and had a lower
BMI, waist circumference, TAG, systolic BP, diastolic BP, FPG
and a higher HDL-cholesterol. They were also more likely to
engage in PA, consumed more total energy, protein, carbohydrate, fat, vegetables and fruits and had higher sweet food
pattern score, healthy pattern score and animal food pattern
score. In addition, participants in higher honey intake categories
were more likely to be non-smokers and non-drinkers but were
less likely to be everyday drinkers, sometime drinkers, and to
have a family history of diabetes. The proportion of higher
education, managers and higher income had reverse U-shaped
association across honey intake categories. The prevalence of
hypertension and hyperlipidaemia was U-shaped association
across honey intake categories.
Table 2 presents participant characteristics by prediabetes
status. Compared with participants without prediabetes, those
with prediabetes tended to be older, were more likely to be
men and had higher BMI, waist circumference, total cholesterol,
TAG, LDL-cholesterol, systolic BP, diastolic BP, FPG and lower
HDL-cholesterol. Those with prediabetes were more likely to be
current smokers, everyday drinkers and sometime drinkers but
were less likely to be non-drinkers. Furthermore, those with
prediabetes were to be less educated, were less likely to be
employed as managers and professionals and had a higher
prevalence of hypertension, hyperlipidaemia and family history
of diabetes. No statistical differences were observed in other variables between the two groups.
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Table 1. Age- and sex-adjusted characteristics of the participants according to categories of honey consumption (n 18 281)*
(Mean values and 95% confidence intervals; numbers; percentages)
Categories of honey consumption
≤3 times/week

Almost never
Characteristics

n

%

95 % CI

Mean

37·9, 38·3

37·4

8200

n

%

Mean

37·1, 37·6

38·9

7906

38·1
59·3
24·1
81·3
4·67
1·11
2·67
1·34
118·3
74·8
4·86
9·85
2149·5
81·6
336·6
43·5
215·2
223·6
−0·07
−0·17
−0·09

≥1 time/d

4–6 times/week
95 % CI

n

%

95 % CI

Mean

38·2, 39·6

42·5

800
47·4

24·0, 24·1
23·8
81·1, 81·5
80·4
4·65, 4·69
4·65
1·09, 1·12
1·06
2·65, 2·68
2·66
1·33, 1·35
1·35
118·0, 118·6
117·1
74·6, 75·0
74·0
4·85, 4·87
4·83
9·58, 10·1
10·4
2130·8, 2168·3 2365·6
80·9, 82·3
88·5
333·5, 339·6
371·1
43·1, 44·0
48·4
211·9, 218·5
243·1
218·1, 229·2
284·3
−0·09, −0·05
0·01
0·10
−0·19, −0·15
−0·12, −0·07
0·05

n

%

95 % CI

1375
39·5

23·7, 23·9
23·7
80·2, 80·6
80·2
4·63, 4·67
4·64
1·05, 1·08
1·05
2·65, 2·68
2·63
1·35, 1·36
1·37
116·8, 117·4
117·2
73·8, 74·2
73·8
4·82, 4·84
4·80
10·1, 10·6
12·0
2344·8, 2386·6 2596·4
87·7, 89·3
96·3
367·8, 374·6
407·8
47·9, 48·9
52·8
239·4, 246·9
270·9
277·2, 291·5
322·0
−0·02, 0·03
0·20
0·08, 0·12
0·32
0·03, 0·07
0·07

41·9, 43·1
35·6

23·5,
79·6,
4·58,
1·02,
2·58,
1·35,
116·3,
73·1,
4·76,
11·0,
2525·2,
93·6,
396·2,
51·2,
258·1,
297·5,
0·13,
0·25,
0·00,

24·0
23·6
80·8
80·1
4·69
4·67
1·09
1·04
2·68
2·69
1·40
1·37
118·1
117·5
74·4
73·9
4·83
4·83
13·1
11·4
2669·5 2684·7
99·1
98·4
419·7
423·3
54·5
54·6
284·3
267·9
348·6
309·1
0·27
0·22
0·39
0·29
0·14
0·14

23·5, 23·8
79·7, 80·6
4·63, 4·72
1·01, 1·07
2·65, 2·73
1·35, 1·39
116·8, 118·2
73·4, 74·4
4·80, 4·86
10·6, 12·2
2628·0, 2742·7
96·3, 100·6
414·0, 432·8
53·3, 55·9
258·1, 278·0
290·9, 328·5
0·17, 0·28
0·23, 0·34
0·08, 0·19

Pfor

trend†

–
0·04
<0·0001
<0·01
<0·001
0·32
0·01
0·22
<0·01
0·03
<0·01
<0·001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001

22·4
5·41
72·2

15·4
4·14
80·4

13·1
3·75
83·1

13·5
4·07
82·5

<0·001
0·50
0·0001

5·48
56·1
10·6
27·8
69·3

2·90
57·1
10·5
29·5
76·0

3·14
54·7
11·0
31·1
74·8

3·75
50·7
9·40
36·2
65·5

0·0001
<0·0001
0·59
0·01
<0·0001

43·7
16·7
39·6
34·3
21·3
43·6

46·9
15·8
37·3
35·7
15·5
37·1

48·4
14·8
36·8
39·6
17·0
38·4

42·3
14·3
43·4
35·2
20·2
42·3

0·03
0·85
0·04
0·02
<0·001
<0·01

27·2
49·1
0·39
25·3

27·5
49·6
0·30
24·7

30·0
50·5
0·75
24·6

31·8
50·3
0·29
23·9

Honey consumption and prediabetes

No. of subjects
Age (years)
Sex (men)
BMI (kg/m2)
WC (cm)
TC (mmol/l)
TAG (mmol/l)
LDL-cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/l)
PA (MET × h/week)
Total energy intake (kcal‡/d)
Protein intake (g/d)
Carbohydrate intake (g/d)
Total fat intake (g/d)
Total vegetable intake (g/d)
Total fruit intake (g/d)
Sweet dietary pattern score
Healthy dietary pattern score
Animal food dietary pattern score
Smoking status
Current smoker
Ex-smoker
Non-smoker
Alcohol drinking status
Everyday drinker
Sometime drinker
Ex-drinker
Non-drinker
Education level (≥college)
Occupation
Managers
Professionals
Other
Household income (≥10 000 Yuan)
Hypertension
Hyperlipidaemia
Family history of disease
CVD
Hypertension
Hyperlipidaemia
Diabetes

Mean

0·41
0·57
0·74
0·047

WC, waist circumference; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PA, physical activity; MET, metabolic equivalent.
* Continuous variables are expressed as least square geometric mean values and 95 % CI, and categorical variables are expressed as percentages.
† 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 by prediabetes status (n 18 281)*
(Mean values and 95% confidence intervals; numbers; percentages)
Prediabetes status
No
Characteristics
No. of subjects
Age (years)
Sex (men)
BMI (kg/m2)
WC (cm)
TC (mmol/l)
TAG (mmol/l)
LDL-cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/l)
PA (MET × h/week)
Total energy intake (kcal‡/d)
Protein intake (g/d)
Carbohydrate intake (g/d)
Total fat intake (g/d)
Total vegetable intake (g/d)
Total fruit intake (g/d)
Sweet dietary pattern score
Healthy dietary pattern score
Animal food dietary pattern score
Smoking status
Current smoker
Ex-smoker
Non-smoker
Alcohol drinking status
Everyday drinker
Sometime drinker
Ex-drinker
Non-drinker
Education level (≥college)
Occupation
Managers
Professionals
Other
Household income (≥10 000 Yuan)
Hypertension
Hyperlipidaemia
Family history of disease
CVD
Hypertension
Hyperlipidaemia
Diabetes

Mean

n

%

Yes
95 % CI

Mean

36·0, 36·3

45·7

23·6, 23·7
79·9, 80·2
4·60, 4·62
1·03, 1·04
2·62, 2·64
1·36, 1·37
116·4, 116·9
73·6, 73·9
4·74, 4·76
10·0, 10·4
2285·3, 2316·6
85·9, 87·1
359·0, 364·1
46·4, 47·2
231·6, 237·1
254·1, 264·1
−0·02, 0·02
−0·02, 0·02
−0·03, 0·00

24·9
83·4
4·83
1·25
2·79
1·30
121·4
76·4
5·18
10·6
2287·6
85·8
356·3
46·6
228·7
256·2
−0·02
0·01
0·02

14 139

n

%

95 % CI

4142

36·2
48·2
23·6
80·1
4·61
1·03
2·63
1·36
116·6
73·7
4·75
10·2
2300·9
86·5
361·6
46·8
234·3
259·1
0·00
0·00
−0·01

45·4, 46·1
62·8
24·8, 25·0
83·1, 83·7
4·80, 4·85
1·23, 1·27
2·76, 2·81
1·29, 1·31
120·9, 121·8
76·1, 76·7
5·17, 5·20
10·2, 11·0
2257·7, 2317·9
84·7, 87·0
351·4, 361·2
45·9, 47·4
223·6, 234·0
246·8, 265·9
−0·05, 0·02
−0·03, 0·04
−0·01, 0·05

P†
–
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
0·11
0·46
0·32
0·07
0·71
0·07
0·60
0·34
0·74
0·09

16·5
3·95
79·6

24·6
7·19
68·2

<0·01
0·71
<0·01

3·09
55·9
10·8
30·2
76·1

7·69
56·9
9·35
26·1
58·8

<0·01
<0·001
0·59
<0·01
<0·0001

46·3
16·9
36·8
35·5
13·5
34·4

41·3
13·4
45·3
34·3
35·7
61·1

<0·0001
<0·0001
<0·0001
0·66
<0·0001
<0·0001

25·9
48·1
0·36
23·4

34·0
48·1
0·36
29·9

0·88
0·85
0·45
<0·0001

WC, waist circumference; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PA, physical activity; MET, metabolic
equivalent.
* Continuous variables are expressed as least square geometric mean values and 95 % CI, and categorical variables are expressed as percentages.
† ANCOVA or logistic regression analysis adjusted for age and sex where appropriate.
‡ To convert kcal to kJ, multiply by 4·184.

Adjusted associations between honey consumption and
prediabetes are showed in Table 3. Age- and sex-adjusted OR
of prediabetes across the categories of honey consumption were
1·00 (95 % CI reference) for almost never, 0·88 (95 % CI 0·81,
0·96) for ≤3 times/week, 0·72 (95 % CI 0·59, 0·88) for
4–6 times/week and 0·79 (95 % CI 0·68, 0·92) for ≥1 time/d
(Pfor trend <0·0001). Age-, sex- and BMI-adjusted OR of prediabetes across the increasing categories of honey consumption
were 1·00 (95 % CI reference), 0·91 (95 % CI 0·84, 0·99), 0·76
(95 % CI 0·62, 0·92) and 0·84 (95 % CI 0·72, 0·97) (Pfor trend
= 0·001). After fully adjusting for covariates, the OR of

prediabetes across the increasing categories of honey consumption were 1·00 (95 % CI reference), 0·94 (95 % CI 0·86, 1·02), 0·77
(95 % CI 0·63, 0·94) and 0·85 (95 % CI 0·73, 0·99) (Pfor trend <0·01).
Furthermore, interactions between honey consumption and age
(<40 and ≥40 years), sex, BMI (<24 and ≥24 kg/m2), sweet food
pattern score, healthy pattern score, animal food pattern score
and PA were not statistically significant (all Pfor interaction >0·10).
In sensitivity analysis, similar results were observed when we
excluded participants with the intake of health care products
(data not shown). Moreover, the inverse association was consistent in subgroup defined by sex (Fig. 2).
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Table 3. Adjusted association between honey consumption and prediabetes (n 18 281)
(Odds ratios and 95 % confidence intervals; numbers)
Categories of honey consumption
≤3 times/week

Almost never
Logistic regression models
No. of subjects
No. of prediabetes
Model 1†
Model 2‡
Model 3§

OR

n

95 % CI

OR

8200
2031
1·00
1·00
1·00

n

OR

7906
1604
Reference
Reference
Reference

0·88
0·91
0·94

≥1 time/d

4–6 times/week

95 % CI

n

95 % CI

OR

800
157
0·81, 0·96
0·84, 0·99
0·86, 1·02

0·72
0·76
0·77

n

95 % CI

Pfor trend*

0·68, 0·92
0·72, 0·97
0·73, 0·99

–
–
<0·0001
0·001
<0·01

1375
350
0·59, 0·88
0·62, 0·92
0·63, 0·94

0·79
0·84
0·85

* Obtained by using logistic regression model. The Pfor trend values were calculated by using the categories of honey consumption (almost never: 1; ≤3 times/week: 2; 4–6 times/week: 3;
≥1 time/d: 4) as an ordinal variable.
† Model 1, adjusted for age (continuous: years) and sex (men or women).
‡ Model 2, adjusted for age (continuous: years), sex (men or women) and BMI (continuous: kg/m2).
§ Model 3, further adjusted for smoking status (categorical: current smoker, ex-smoker or non-smoker), alcohol drinking status (categorical: everyday drinker, sometime drinker,
ex-drinker or non-drinker), educational level (categorical: < or ≥ college graduate), occupation (categorical: managers, professionals and other), household income
(categorical: ≤ or >10 000 Yuan), physical activity (continuous: metabolic equivalent × h/week), family history of disease (including CVD, hypertension, hyperlipidaemia and
diabetes (each yes or no)), hypertension (yes or no), hyperlipidaemia (yes or no)), total energy intake (continuous: kJ/d), sweet food pattern score (continuous), healthy pattern
score (continuous) and animal food pattern score (continuous). Sugar consumption was mainly included in the sweet food pattern.

Fig. 2. Association of honey consumption with prediabetes stratified by sex.
Adjusted for age, BMI, smoking status, alcohol drinking status, educational
level, occupation, household income, physical activity, family history of disease
(including CVD, hypertension, hyperlipidaemia and diabetes), hypertension,
hyperlipidaemia, total energy intake, sweet food pattern score, healthy pattern
score and animal food pattern score.

Discussion
In this large-scale study of adults, we found that honey consumption was inversely associated with the prevalence of prediabetes.
The inverse association was persisted after extensive adjustments for confounding factors. Moreover, the results of the
sensitivity analysis showed the robustness of these associations.
To the best of our knowledge, it is the first population-based
study to examine the association between honey consumption
and prediabetes.
Two 8-week clinical trials among type 2 diabetes patients
showed consumption of honey could increase HbA1c of patients,
suggesting that honey should be consumed with caution in
individuals with diabetes(26,27). Another 4-week randomised controlled trial in seventy young healthy adults showed that 70 g
honey intake raised FPG levels(28). However, an experimental
study showed that a low dose of honey (30 g) could be a valuable

sugar substitute for type 2 diabetic patients(29). These inconsistent
results might be due to different doses of honey intake in human
studies. Furthermore, since type 2 diabetes is a severe progression
of a disorder of glucose metabolism, the effect of honey intake on
prediabetes is unclear. Our present study found the significant
inverse association of honey intake with prediabetes. The findings
are consistent with the results of animal studies suggesting
the beneficial effect of honey on glycaemic control(30,31).
Future prospective studies or randomised control trials are
needed to confirm the association between honey intake and
prediabetes.
Honey is a mixture of many constituents, making it difficult to
ascertain which component contributes to its hypoglycaemic
effect. However, there were several possible mechanisms
that could partly explain the inverse association between honey
consumption and prediabetes. First, honey is a natural substance
rich in fructose (21·0–43·5 %) and glucose(32). There is compelling evidence suggesting that fructose in honey might contribute
to the hypoglycaemic effect of honey(32). The biological mechanisms might be that fructose and glucose could increase intestinal fructose absorption and stimulate insulin secretion via
their synergistic effect in the gastrointestinal tract and pancreas.
Second, honey is rich in various bioactive compounds including
phenolics, flavonoids, vitamins and organic acids(10). These
compounds have been known as effective antioxidants. Antioxidative properties of honey may reduce oxidative stress(13),
which is one of the main mechanisms for developing
prediabetes(33). Moreover, animal studies suggested that the
hypoglycaemic effect of honey might be attributed to its antioxidative effect on the pancreas(34). Therefore, honey might
have a protective role in prediabetes development via its antioxidative properties. Third, inflammation has been shown to
play an important role in the pathogenesis of prediabetes(35).
Several animal studies showed that honey possesses a potent
anti-inflammatory effect(36,37). Finally, honey may increase insulin sensitivity, thereby improving insulin resistance(13). Studies
have shown that insulin resistance is the main determinant of
developing prediabetes(38).
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The major strengths of this study include the large sample size
and detailed data on potential confounders. Moreover, to our
knowledge, this is the first report of an association between
honey consumption and prediabetes in the general population.
This study has some limitations. First, the cross-sectional nature
of the present study cannot speak to a temporal association
between honey and prediabetes. Therefore, a prospective study
is needed to confirm the association. Second, in this study, we
did not collect data on different types of honey. However, honey
has varying components according to the environmental
conditions and geographical location of the floral sources(10).
Furthermore, there are hundreds of thousands of honey brands
with totally different quality in China. However, information on
honey brands was not available in the present study. Therefore,
whether any types or brands of honey were more beneficial
than others is not clear. Third, although FFQ has been widely
used in nutritional epidemiological studies, this method has
limitations, especially its reliance on participant self-report and
memory. However, in this study, honey intake assessed by the
FFQ has high correlation with 4-d weighted dietary records
(Spearman's correlation coefficient equals 0·69). Nevertheless,
FFQ cannot accurately assess individual intake(21). Therefore,
physiological research or study based on weighted diet records
is more suitable for determining a cut-off point concerning the
beneficial effect of honey on prediabetes. Finally, as with any
observational study, we cannot address residual confounding
in the present study(39). Therefore, further randomised controlled
trials are required to confirm these findings.

Conclusions
In conclusion, this study was the first to show an inverse association between honey consumption and prediabetes in the general population. These results suggested that honey intake may
be beneficial for the prevention and treatment of prediabetes.
Further prospective studies are needed to confirm this finding.
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