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Abstract
Objective: To assess the prevalence of metabolic syndrome (MetS) in Chinese
adults living in Ningbo and to examine the association between alcohol consump-
tion and MetS and its medical components.
Design: A representative survey in Ningbo was conducted in 2015 covering socio-
demography. A FFQ together with additional questionnaires was used to collect
information on alcohol consumption, diet, demography, lifestyle and medical
information. Multivariable logistic regression and generalised linear models were
used to examine the association between alcohol consumption and both MetS and
its medical components, respectively.
Setting: Ningbo, China.
Participants: A total of 2853 adults ≥ 20 years (44 % men) in this final analysis.
Results: The prevalence of frequent alcohol drinkers and MetS was 29·9 % and
28·0 %, respectively. Significantly higher prevalence of MetS and mean values of
medical components were found in the group of frequent alcohol drinkers with
an exception for HDL-cholesterol, compared with less or non-alcohol drinkers.
Frequent alcohol consumption was associated with higher odds of developing
MetS and positively associated with medical components excepting waist circum-
ference.
Conclusions: Frequent alcohol consumption contributed to a higher prevalence of
MetS and unfavourable influence on MetS and its medical components among
Chinese adults. A public health intervention on alcohol restriction is necessary
for the prevention and control of the ongoing epidemic MetS.

Keywords
Alcohol consumption

Nutrition survey
Metabolic syndrome

Obesity
Diabetes

Hypertension
Chinese

Metabolic syndrome (MetS) is a cluster of conditions that
occur together, leading to increased risk of CVD, heart dis-
eases, stroke and type 2 diabetes(1). MetS involves at least
three out of five metabolic conditions including hyperten-
sion, glucose intolerance, central obesity, decreased HDL-
cholesterol or increased TAG levels(2). The estimated
prevalence of MetS among adults in most countries world-
wide is around 20–30 %(3). With economic development
and urbanisation, the prevalence of MetS in adults
increased from 10·5 % in 2009 to 14·4 % in 2014 in
China(4,5) based on the definition of China guideline for
type 2 diabetes (2017)(2). Therefore, MetS has been consid-
ered as one of critical public health concerns in China.

Dietary intake, along with lifestyle, has been one of the
major modifiable determinants in the development of

chronic diseases(6,7). Alcohol consumption, one of the most
common human cultures and lifestyles, is associated with
an increased risk of MetS(8). However, some studies show
that alcohol consumption has a favourable impact onmedi-
cal components of MetS, contributing to a lower risk of
developing MetS(9,10). Recent systematic review and
meta-analysis studies suggest that moderate red wine con-
sumption is beneficial to CVD(11) and diabetes(12).

To our best knowledge, the association between alcohol
consumption and MetS in Zhejiang province has not been
well investigated and reported. The objectives of our study
are to investigate the prevalence of MetS among adults in
Ningbo, Zhejiang province and explore the association
between frequency of alcohol consumption status and
MetS and its components.
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Methods

Study design and population
The current study was a baseline study of the Ningbo Adult
Chronic Diseases and Risk Factors cohort survey, con-
ducted in Ningbo, the economic center of Zhejiang prov-
ince in 2015 by the Ningbo Center for Disease Control
and Prevention (CDC). The baseline survey monitored
the prevalence of non-communicable chronic diseases
and associated risk factors in a representative sample of
adults in Ningbo. A multistage, random cluster sampling
procedure was utilised to draw the target samples, which
covered socio-economic status (SES), demography and
health aspects in both urban and rural areas. Urban and
rural areas were based on the definition proposed by the
Ningbo government. The eleven cities/counties of Cixi,
Yuyao, Ninghai and Xiangshan are categorised into rural
areas and the remaining regions (Beilun, Fenghua,
Jiangbei, Jiangdong, Haishu, Yinzhou and Zhenhai) are
urban areas. City, town and county were stratified by
income (low, middle and high) in Ningbo. Three street
blocks or counties were selected at each city/town level
as the primary sampling unit. Two administrative commun-
ities/villages were selected as the secondary sampling unit
at each city, town and county levels. One residency region
was randomly selected as the third sampling unit. Around
105 household families were randomly selected as the
fourth sampling unit. Around 630 participants, including
480 interviewees and 150 backup candidates, were ran-
domly selected in each monitoring site. Ideally, 5280 par-
ticipants would have been recruited in the survey with
1650 backup candidates. In the end, 5160 individuals, aged
15-74 years, who had been living in Ningbo for at least
5 years participated in this survey.

In this current study, participants who were at least
20 years old, not pregnant or lactating during data
collection and not suffering from mental and physical dis-
eases, were included in the final data analysis.

Dietary intake assessment
A validated FFQ was used to collect dietary information.
This questionnaire is widely used across the whole of
China, which was designed and validated by experts from
the Chinese Center for Disease Control and Prevention.

This validated FFQ consisted of a 16-item dietary ques-
tionnaire. Items included seasoning [salt, MSG (a common
condiment in China), edible oil and soya sauce], vegetables
and fruit (dark and light), drinks (water, tea, coffee and
alcohol), dietary behaviour (home-prepared meals, eating
out, Western meal and traditional Chinese meals). Details
of the questionnaire were reported somewhere(13).

Participants were asked to report on their dietary intakes
for the past month, including the average consumption of
salt, MSG, edible oil and soya sauce for eachmeal and daily
frequency and average consumption of dark vegetables

(e.g. spinach, tomatoes and purple cabbage), light vegeta-
bles (e.g. wax gourds and white radish), dark fruit (e.g.
oranges, mangoes and kiwi fruit) and light fruit (e.g. apples,
pears and bananas). Dietary intakes for the last year
included the monthly intake of tea and coffee and daily
drink of water (about 200 ml per cup/glass). Participants
were also asked about dietary behaviours for the past week
activities such as the frequency of eating out including
breakfast, lunch, dinner and snacks.

The quality of data collection was checked by compar-
ing reasonable daily dietary intake. The individual was
asked about their food consumption to resolve these dis-
crepancies, where significant discrepancies were found.
Regarding all the missing reports, individuals were visited
up to a maximum of three times for filling in all the missing
parts. Those who could not be reached for those missing
reports were excluded from the participant list in the study.

All of the participants were asked to report on their alco-
hol consumption per month for the past year with four
choices provided: (1) non-drinking or less than 1–2
times/month, (2) 1–2 times/week, (3) more than 3 times/
week and (4) everyday. Because of the low numbers of par-
ticipants reporting non-drinking or drinking less than 1–2
times/month and drinking every day, alcohol consumption
was divided into two groups: less or non-drinkers and fre-
quent alcohol drinkers. Alcohol consumption more than
12 drinks/month was categorised as frequent alcohol
consumption, which was defined based on the standard
alcohol consumption proposed by Ningbo Center for
Disease Control and Prevention.

Anthropometric measurement
Participants were measured in their underwear and barefoot
twice by a registered nurse based on the standard China
national human health monitoring – health measurement
(WS/T424-2013) during randomly selected fieldwork visits.
Body weight was measured using an electronic scale to the
nearest 0·1 kg, and height was measured using a metal col-
umn heightmetre to the nearest 0·1 cm.Waist circumference
(WC) was measured at midpoint between the costal margin
and iliac crest in themid-axillary linewhile participants were
standing upright (upper clothes were raised to enable mea-
surement of WC on the skin or underwear). Mean weight,
height and WC were calculated based on two measure-
ments. Thereafter, BMI was calculated as mean weight
(kg)/mean height (m2). Participants were classified into four
BMI categories according to China Obesity Task Force as
follows: underweight (< 18·5 kg/m2), normal weight
(18·5–23·9 kg/m2), overweight (24·0–27·9 kg/m2) and
obesity (≥ 28·0 kg/m2) (14).

Biomarker measurement
Blood pressure (BP) was measured, following the standard
China national human health monitoring – health measure-
ment (WS/T424-2013), both at the right upper limb brachial
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artery and in a seated posture by an electronic BP metre.
Before the measurement, participants were asked to rest
for 5–10 min. Each participant needed to have their BP
measured three times at 30 s intervals. The average BP
was calculated based on these three measurements.

Participants who were involved in the blood sampling
were asked to fast after 20.00 the previous day. Fasting
blood glucose was measured by the modified hexokinase
enzymatic method. Total cholesterol, TAG and HDL-
cholesterol were measured enzymatically using commer-
cial reagents, and LDL-cholesterol was calculated by the
Fried Ewald equation(15).

Definition of metabolic syndrome
MetS is defined based on the China guideline for type 2 dia-
betes – 2017 version(2), as three or more of the following
five medical components: (a) abdominal obesity: WC,
men≥ 90 cm; women≥ 85 cm; (b) fasting blood glucose
≥ 6·1 mmol/l and/or diagnosed with diabetes; (c) BP: sys-
tolic BP (SBP) ≥ 130 mmHg and/or diastolic BP
(DBP) ≥ 85 mmHg and/or and/or diagnosed with hyper-
tension; (d) fasting TAG≥ 1·70 mmol/l and (e) fasting
HDL-cholesterol < 1·04 mmol/l.

Socio-economic status and lifestyle-related factors
Participants were asked to fill out a validated questionnaire
about their SES, designed and validated by the Chinese
Center for Disease Control and Prevention. SES includes
education [lower secondary education; vocational, techni-
cal or high school; higher education (bachelor, master or
above)]; employment (unemployed, employed, student
and retired), geography (urban and rural) and monthly
household income per capita (< $295, $295–370, $370–
440, $440–515 and > $515).

Additionally, lifestyle factors such as smoking and physi-
cal activity (PA) were reported by participants. Smokers
were defined as having smoked at least twenty packs of
cigarettes per month for more than 6 months.
Participants provided their PA level (frequency and time
of moderate-intensity PA) and sedentary lifestyle. Total
moderate-intensity PA throughout the week was categor-
ised based on the daily adult PA recommendation pro-
posed by China Nutrition Society(16).

Statistical analysis
Descriptive analysis was presented as prevalence, mean
and SE. The participants’MetS components and prevalence
of MetS were compared between monthly less or non-
alcohol drinkers and frequent alcohol drinkers. The preva-
lence of MetS and the mean of the individuals’ MetS
components were compared between less or non-alcohol
drinkers and frequent alcohol drinkers by χ2 test and z-test,
respectively. Multivariable logistic regression and general-
ised linear models (linear model) were used to assess

associations between frequency of alcohol consumption
status (independent variable) and MetS (categorical
variable; dependent variable) and MetS components
(continuous variables; dependent variables), respectively.
Associations were investigated via three models: (1) model 1:
adjusting for confounding factors (age, gender, geography,
education and employment); (2) model 2: adjusting for
confounding factors and lifestyle (PA and smoking
status) and (3) model 3: further adjusting for BMI, salt,
edible oil and interactions. Interactions were examined
between independent variables and confounding factors.
Interactions were only retained in model 3 if they was
statistically significant.

Results were considered statistically significant at a two-
tailed level of 0.05. Statistical analysis were conducted
using the STATA statistical software package version
15 (2017).

Results

In total, 2853 recruited individuals (44 % men) participated
in this study completing a FFQ together with valid demog-
raphy, lifestyle and medical information. Approximately
13·7 % of participants were senior generation (≥ 65 years)
and 48·4 % of participants were living in rural areas
(Table 1). The majority of participants (59·7 %) were in
the group with lower secondary education or no education
and 23·1 % of individuals had higher education. In this
study, 66·8 % of individuals were employed. In relation
to lifestyle, only around 23·0 % of individuals were defined
as smokers and 29·9 % of individuals were frequent alcohol
drinkers. About 51·1 % of individuals had sufficient moder-
ate-intensity PA. Regarding health outcomes, 32·9 and
9·3 % individuals were defined as overweight and obesity,
respectively. Moreover, for the medical components,
around 24·6, 40·3, 14·3, 43·0 and 37·0 % of participants
were categorised as having abdominal obesity, hyperten-
sion, hyperglycaemia, hypertriglyceridaemia and low
HDL-cholesterol value, respectively. About 28·0 % of par-
ticipants were defined as MetS.

Table 2 shows the prevalence of MetS and its compo-
nents among less or non-alcohol drinkers and frequent
alcohol drinkers. Compared with less or non-alcohol drink-
ers, frequent alcohol drinkers showed a significantly higher
prevalence of MetS. Conversely, individuals in the group of
less or non-alcohol drinkers showed a significantly higher
prevalence of medical components with less than three
medical conditions. Regarding mean values of MetS com-
ponents, frequent alcohol drinkers had significantly higher
mean values of MetS components with an exception for
HDL-cholesterol compared with their counterparts
(Table 3).

The association between MetS and alcohol consumption
was examined bymultivariable logistic regression (Table 4).
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The results show that significances were found in model 1
and model 3. In model 3, participants with frequent alcohol
consumption had 1·6 times higher odds of developing MetS
after adjusting for confounding factors, lifestyle factors,
BMI, salt, edible oil and interaction in contrast to participants
with less or non-alcohol consumption. Additionally, associ-
ations of medical components of MetS were further exam-
ined by generalised linear models (Table 5). Frequent

alcohol consumptionwas significantly associatedwithmedi-
cal components ofMetS in themodel 1with an exception for
HDL-cholesterol level. After further adjusting for lifestyle
factors, HDL-cholesterol came to be significant, and SBP
and TAG became non-significant in model 2. Only WC
was statistically non-significant. Therefore, frequent alcohol
consumption was positively associated with all the medical
components with an exception for WC.

Table 1 Socio-demographic characteristics of Chinese adults living in Ningbo city (n 2853)

Men Women

Total n† n %† n %†

n 2853 1253 43·9 1600 56·1
Age
20–44 1158 546 43·6 612 38·3
45–64 1303 524 41·8 779 48·7
≥ 65 392 183 14·6 209 13·1

Geography
Urban 1473 640 51·1 833 52·1
Rural 1380 613 48·9 767 47·9

Education
Lower secondary education 1703 710 56·7 993 62·1
Vocational, technical or high school 491 231 18·4 260 16·3
Higher education 659 312 24·9 347 21·7

Employment
Unemployed 545 113 9·0 432 27·0
Employed 1907 1009 80·5 898 56·1
Retired 401 131 10·5 270 16·9

Smoker
Yes 655 644 51·4 11 0·688

Monthly frequent alcohol drinker
Yes 854 658 52·5 196 12·3

Physical activity
≥ 150min/week 1457 631 50·4 826 51·6

BMI
Underweight and normal weight 1648 627 50·0 1021 63·8
Overweight 939 497 39·7 442 27·6
Obesity 266 129 10·3 137 8·6

Abdominal obesity 703 343 27·4 360 22·5
Hypertension (SBP≥ 130mmHg and/or DBP≥ 85mmHg) 1151 556 44·4 595 37·2
Hyperglycaemia (≥ 6·1mmol/l) 408 198 15·8 210 13·1
Hypertriglyceridaemia (TAG≥ 1·70mmol/l) 1228 615 49·1 613 38·3
Low HDL-cholesterol (< 1·04mmol/l) 1057 532 42·5 525 32·8
Metabolic syndrome 798 399 31·8 399 24·9

SBP, systolic blood pressure; DBP, diastolic blood pressure.
†Data was presented as number and percentage.

Table 2 Prevalence of metabolic syndrome and medical components of metabolic syndrome based on alcohol consumption
status

Less or non-alcohol
drinkers (n 1999)

Frequent alcohol drinkers
(n 854)

n % n % P*

MetS 514 25·7 284 33·3 < 0·001
MetS score†
0 1485 74·3 570 66·7 < 0·001
1 289 14·5 150 17·6
2 164 8·2 107 12·5
3 61 3·1 27 3·2

MetS, metabolic syndrome.
*Statistical value was obtained from χ2 test.
†MetS score: 0, less than 3 medical components; 1, 3 medical components; 2, 4 medical components; 3, 5 medical components.
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Discussion

In this large population-based study, associations of MetS
and medical components of MetS were examined with
alcohol consumption among Chinese adults living in
Ningbo, Zhejiang province. About 31 % of participants
were defined as having MetS. With regard to the category
of alcohol consumption, frequent alcohol drinkers had
higher odds of developing MetS. In addition, frequent

alcohol consumption was significantly associated with
medical components of MetS, excepting WC.

MetS is highly prevalent in Ningbo due to its rapid eco-
nomic growth, industrialisation and influence of western-
isation. High prevalence of MetS among Chinese adults is
consistent with the results of observational studies(17,18,19).
In addition, a high prevalence in the current study has
reached a similar prevalence level of MetS in adults world-
wide (20–30 %) (20), is higher than that among European

Table 3 Mean levels of metabolic syndrome components† according to alcohol consumption

Total (n 2853)
Less or non-alcohol
drinkers (n 1999)

Frequent drinkers
(n 854)

Mean SE Mean SE Mean SE P*

MetS
n 798 514 284
% 30·0 25·7 33·3

BMI 23·7 0·060 23·5 0·072 24·0 0·109 < 0·001
WC (cm) 81·5 0·171 80·4 0·201 83·9 0·309 < 0·001
FBG (mmol/l) 5·2 0·023 5·1 0·026 5·3 0·046 < 0·001
SBP (mmHg) 129·5 0·321 128·2 0·371 132·5 0·618 < 0·001
DBP (mmHg) 79·6 0·185 78·6 0·210 82·1 0·362 < 0·001
TAG (mmol/l) 1·5 0·021 1·4 0·022 1·6 0·046 < 0·001
HDL-cholesterol (mmol/l) 1·3 0·006 1·3 0·007 1·3 0·011 0·630

MetS, metabolic syndrome; WC, waist circumference; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*Statistical value was obtained from z-test.
†Adjusted for gender, age, geography, education, employment, physical activity, smoking status, daily salt intake and daily oil intake.

Table 4 Odds ratios (95% confidence intervals) of MetS according to alcohol consumption

MetS†

Model 1* Model 2* Model 3*

OR CI P OR CI P OR CI P

Frequent alcohol drinkers 1·2 1·0, 1·5 0·044 1·1 0·92, 1·4 0·228 1·6 1·1,2·3 0·017

MetS, metabolic syndrome.
*All the models were examined by multivariable logistic regression. Model 1, confounding factors adjusted; model 2, confounding factorsþ lifestyle adjusted; model 3, further
adjusted for BMI, salt, oil and interaction.
†Less or non-alcohol consumption is reference in the models.

Table 5 Association of medical components of metabolic syndrome with alcohol consumption

Model 1*,† Model 2*,† Model 3*,†

ß CI P ß CI P ß CI P

WC (cm) 3·5 2·8, 4·2 < 0·001 0·776 0·011, 1·5 0·047 0·370 –0·136, 0·877 0·152
SBP (mmHg) 3·5 2·2, 4·8 < 0·001 1·3 –0·020, 2·6 0·054 2·4 0·779, 4·1 0·004
DBP (mmHg) 3·3 2·6, 4·1 < 0·001 1·4 0·574, 2·3 0·001 1·3 0·453, 2·1 0·002
FBG (mmol/l) 0·163 0·068, 0·259 0·001 0·109 0·001, 0·217 0·048 0·214 0·073, 0·355 0·003
TAG (mmol/l) 0·226 0·138, 0·313 < 0·001 0·065 –0·030, 0·159 0·179 0·166 0·029, 0·303 0·017
HDL-cholesterol (mmol/l) –0·018 –0·043, 0·008 0·168 0·056 0·028, 0·084 < 0·001 0·092 0·032, 0·152 0·003

MetS, metabolic syndrome; WC, waist circumference; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*All the models were examined by generalised linear models. Model 1, confounding factors adjusted; model 2, confounding factors þ lifestyle adjusted; model 3, further
adjusted for BMI, salt, oil and interaction.
†Less or non-alcohol consumption is reference in the models.
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adults (24·3 %)(21) but is relatively lower compared with
American adults (34·7 %)(22).

Epidemiological studies indicate that increased alcohol
consumption is associated with elevated risk of MetS(8,23). A
recent result from the Korea National Health and
Nutritional Examination Survey carried out with a large
study population reported that frequent alcohol consump-
tion was associated with higher prevalence of MetS and its
components in men compared with non-alcohol
drinkers(24), which supports our findings. However, some
studies suggest that light to moderate alcohol consumption
is associated with lower prevalence of MetS(8,10,23),
although alcohol consumption is strongly suggested to
have negative effects on morbidity and mortality of liver
diseases and cancers(25,26). One result of this meta-analysis
study indicated that light alcohol consumption may be
associated with a reduced risk of MetS(27). Sun and his col-
leagues reported that heavy drinking (> 35 g/d) increased
the risk of MetS, while light drinking (0·1–5 g/d) decreased
the risk of MetS(27). Likewise, a cross-sectional study from
the Third National Health and Nutrition Examination
Survey conducted in the USA indicated that mild to moder-
ate alcohol consumption is associated with a lower preva-
lence of MetS(28). Light and moderate red wine
consumption has been found to have beneficial effects
on CVD due to a bioactive polyphenol acting as antiar-
rhythmic properties and an inhibitor of both intracellular
Ca release and pathological signalling cascades(29).
Therefore, alcohol patterns and dose of alcohol consump-
tion may play a significant role in health impacts.

Alcohol consumption is suggested to result in a high risk
of MetS via increasing WC, BP, fasting blood glucose and
blood lipids(30-,32). Our study shows that mean values of
medical components were significantly higher among fre-
quent alcohol drinkers. In additional, frequent alcohol con-
sumption was positively associated with medical
components, excepting WC, compared with non-alcohol
drinkers. A 3-year follow-up study conducted on Korean
men showed that higher frequent alcohol consumption
was positively associated with increasing risk of MetS via
abdominal obesity, impaired fasting glucose and hypertri-
glyceridaemia(33), which is partially supporting our
findings.

Based on the fact that alcohol provides energy intake
increasing appetite, stimulating food intake and affecting
satiety, alcoholmay promoteweight gain and body compo-
sition with unbalanced energy intake and energy expendi-
ture(34). One cross-sectional population study showed that
total alcohol intake was positively associated with BMI and
WC in both Danish men and women, but not frequent alco-
hol consumption(32). In the current study, we found that fre-
quent alcohol consumption was positively associated with
WC in comparison with less or non-alcohol consumption,
after adjusting for confounding and lifestyle factors.
However, significance disappeared after further adjusting
for BMI, salt, oil and interaction. Similarly, Wakabayashi

observed weaker or no associations between frequency
of alcohol consumption and BMI/ WC in Japanese men
(45–70 years)(35). Interestingly, the previous Danish study
indicated that the most frequent drinkers with light con-
sumption had the lowest odds ratios for being obese(32).
Likewise, the result of the European Prospective
Investigation into Cancer and Nutrition (EPIC) – Potsdam
study showed that light to moderate beer consumption
leads to smaller WC and body weight gain in men(36).
Therefore, obesity can be dependent on dose of alcohol
consumption and alcohol pattern.

Evidence shows that high frequency of alcohol con-
sumption is positively associated with an increased risk
of hypertension(24,37). Frequent alcohol consumption was
associated with an increased 2·4 mmHg SBP and
1·4 mmHg DBP in model 3. Our findings are in line with
one recent study from the Korea National Health and
Nutritional Examination Survey from 2007 to 2013(24).
The Korea national survey conducted on Korean adults
also examined the association between MetS and fre-
quency of alcohol consumption, indicating that higher fre-
quent alcohol consumption was associated with odds of
high BP(24). The potential mechanisms can be elevated
sympathetic nervous system activity(38) and involving nitric
oxide as an important endogenous vasodilator regulating
blood pressure(39).

Alcohol consumption may play a key role in the regula-
tion of lipid profile and plasma lipoprotein metabolism(40).
Frequent alcohol consumption was positively associated
with both TAG and HDL-cholesterol level compared with
less or non-alcohol consumption in our study. A commu-
nity-based cohort study conducted on Korean adults
showed that frequent alcohol consumption was associated
with higher TAG and lower HDL-cholesterol in men com-
pared with non-alcohol drinking in men(24). This Korean
study is partially in linewith our findings. Despite the differ-
ent timing of alcohol consumption, this Korean study indi-
cated that gender as a confounding factor may be an
important influential factor, which can explain the effect
of sex hormone on chronic diseases(41). A recent
Mendelian randomisation analysis including 8364 general
Japanese participants suggested that alcohol may increase
HDL-cholesterol level and decrease LDL-cholesterol
level(42). The possible mechanism is that apolipoprotein
(Apo) A-I synthesis is achieved in the liver as a major site
and alcohol can increase ApoA-I production in transformed
human hepatocytes(43-45). Therefore, the increased circulat-
ing levels of ApoA-I and ApoA-II can better explain an
increase in HDL-cholesterol as ApoA-I and ApoA-II are
the two major proteins in HDL(45,46). However, the mecha-
nism is still unclear.

Furthermore, in terms of glucose homoeostasis, alcohol
consumption may destroy glycaemic control and elevated
fasting serum glucose concentration due to β-cell dysfunc-
tion and alcoholic steatohepatitis(33). Several previous stud-
ies support the hypothesis that higher frequent alcohol
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consumption is associated with greater insulin sensitivity
and decreased insulin concentration(24,47). Nevertheless,
the mechanism of the associations between alcohol con-
sumption and glucose metabolism and insulin sensitivity
are yet complex and unclear. Frequent alcohol consump-
tion was positively associated with fasting blood glucose.
A previous cross-sectional study including healthy
Shanghai adults, in agreement with our findings, showed
a positive association between alcohol consumption and
fasting plasma glucose compared with non-alcohol
drinking(9).

The Chinese dietary guideline in 2016 for alcohol con-
sumption recommends not to exceed 25 g/d and 15 g/d
for men and women, respectively, and the exact dose of
alcohol consumption based on alcohol patterns(16).
Although our study did not examine the quantity of alcohol
consumed per day, highly frequent alcohol consumption
may be responsible for hypertension, hyperglycaemia
and hypertriglyceridaemia, eventually causing MetS and
related chronic diseases due to drinking behaviour and
extra energy intake from other food sources. Alcohol con-
sumption has been proven to enhance appetite and
increase food intake(34), thus can affect long-term energy
storage and inhibit fat oxidation(48). Appropriate strategy
and policy are necessarily applied for reducing alcohol pro-
duction in industries, alcohol consumption in public and
alcohol-related problems. Public information campaigns
and school-based education should get more attention to
educate local adults and children as to the importance
and consequences of alcohol dose and patterns and their
effects on the related health and social problems.

Strength and limitation
The current studywas the baseline study of a cohort survey.
It presented the local dietary behaviour and culture among
Ningbo citizens. Information of anthropometric and bio-
markers were measured by a well-experienced registered
nurse using standardised procedures.

Nonetheless, some limitations of this study need to be
considered. First, causality cannot be inferred according
to the nature of cross-sectional study design. Second,
2853 out of 5160 participants were included in the current
study due to selection criteria. This may not be perfectly
representative of local dietary intakes, although partici-
pants were recruited from all eleven cities/counties cover-
ing demography and SES. Then, alcohol consumption was
determined using a standardised FFQ. Self-reported con-
sumption via FFQmay differ from actual alcohol consump-
tion, especially in our study, when dietary information was
gained via interviews. Thus, participants might misreport
their information due to socio-economics status and might
therefore be biased towards misreporting. In addition, pat-
terns and amounts of alcohol consumption were not
assessed in this current study, which may result in evaluat-
ing imprecise alcohol consumption and misleading

associations between MetS and its components.
Moreover, total energy intake was not adjusted in the multi-
variable logistic regression and generalised linear models
for investigation of association between MetS and its medi-
cal components and alcohol consumption. Therefore, it
may affect the accurate result of associations.

Conclusion

Around 31 % individuals were defined to have MetS in the
current study. A higher prevalence of MetS was observed in
the group of frequent alcohol drinkers in comparison with
less or non-alcohol drinkers. Frequent alcohol consump-
tion was associated with high odds of developing MetS
and positively associated with medical components with
an exception for WC. Since alcohol consumption may
increase higher the risk of MetS, hypertension, diabetes
and cancers, leading to all-cause mortality, an alcohol
restriction initiative needs to be executed for public health
promotion and its clinical importance. Moreover, future
studies need to investigate causality of alcohol patterns
and dose of alcohol consumption using a prospective
cohort design.
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