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Introduction
Heavy alcohol intake increases the risk of hypertension and 

cardiovascular disease [1-4], but the relationship between alcohol 
consumption and type 2 diabetes remains controversial. The inverse 
association between light to moderate alcohol consumption and type 2 
diabetes has been observed by several studies [5-7]. While some studies 
suggested no association between alcohol intakes and type 2 diabetes 
[8,9]; other studies have shown that heavy drinking can increase blood 
glucose level or risk of type 2 diabetes [10,11]. 

In China, type 2 diabetes has become a major public health problem, 
and there were marked geographical and rural-urban difference in the 
prevalence of diabetes [12,13]. Mongolian is a minority living in the 
north of China. Most of them live as farmers and herders and maintain 
their traditional manner and custom of Mongolian ethnicity, which 
differ from Chinese Han people. Our previous study showed that the 
Mongolian population had higher prevalence of alcohol drinking 
and hypertension and there was a significant association between 
alcohol drinking and hypertension [14]. However, there are no reports 
on relationship between alcohol drinking and type 2 diabetes in the 
population. In the present study, we examined the association between 
alcohol drinking and type 2 diabetes among the Mongolian population, 
China.

Methods

Study participants

A cross-sectional survey was performed in a rural population of 
32 villages in two townships, Kezuohou Banner (county) and Naiman 
Banner, Inner Mongolia, China, from July 2002 to September 2003. The 
two adjacent townships are 100 km from Tongliao, a prefecture level 
city in eastern Inner Mongolia, China. Most of the residents in the 
investigation field are Mongolian who had lived there for a long time 

from generation to generation. There were a total of 3475 Mongolian 
people aged 20 and older in the 32 villages. Among them, 2589 people 
signed informed consent, and their blood samples were collected and 
investigated in the field. A total of 886 did not sign informed consent 
and were not investigated because they were out of the field or refused 
to respond at the time of investigation. This study was approved by 
Sochoow University School of Radiation Medicine and Public Health 
Ethics Committee.

Data collection and examination
Data on demographic characteristics, lifestyle risk factors including 

cigarette smoking and alcohol drinking, family history of hypertension 
and histories of hypertension, cardiovascular and diabetes were 
obtained using a standard questionnaire administered by trained 
staffs. Cigarette smoking was defined as having smoked at least one 
cigarette per day for 1 year or more. The data on whether drinking or 
not, average quantity of drinking distillate spirit per day and number 
of years of drinking were collected according to study protocol ( the 
distillate spirit contain about 50% alcohol , namely 1 g distillate spirit is 
approximately 0.5 g alcohol ).

 Three blood pressure (BP) measurements were performed by four 
trained doctors using a standard mercury sphygmomanometer and the 
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Abstract
Aim: To investigate the association between alcohol consumption and risk of type 2 diabetes in the Mongolian 

population, China

Methods: Data on demographic, lifestyle factors, family history of hypertension, blood pressure and fasting blood 
glucose for 2563 Mongolians aged 20 years or older were collected, and associations between drinking and risk of 
impaired fasting glucose and type 2 diabetes were analyzed by multinomial logistic regression.

Results: Age-gender-adjusted Proportions of type 2 diabetes were significantly lower in subjects drinking ≤25 g and 
26-50 g alcohol per day than those in both non-drinkers and >50 g alcohol per day (1.21%, 0.31%, 4.31% and 6.23%,
respectively), and multivariate adjusted odds ratio of type 2 diabetes associated with drinking 26-50 g alcohol per day
was 0.11(95% confidence interval: 0.01-0.84) compared to non-drinkers, but odds ratio for drinking >50 g alcohol per
day was not significant.

Conclusions: Drinking 26-50 g alcohol per day was associated with reduced risk of type 2 diabetes among the 
Mongolian population. 
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mean of three BP measurements was used in the analysis. Hypertension 
was defined as systolic BP (SBP) ≥140 and/or diastolic BP (DBP) ≥90 
mmHg and/or use of antihypertensive medication in recent 2 weeks. 
Body weight and height were measured with subjects wearing light 
clothing and without shoes by trained staff. The body mass index (BMI) 
was calculated as weight in kilograms divided by the square of the 
height in meters. The waist circumference (WC) was measured at the 
level of 1 cm above the umbilicus. The overweight was defined as BMI 
≥25 kg/m2, and central obesity was defined as WC ≥85 cm for male and 
≥80 cm for female [15]. 

Fasting blood samples were collected in the morning after at least 8 
h of fasting for all participants. Serum was subsequently isolated from 
the whole blood, and all serum samples were frozen at -80 °C until 
testing. Fasting plasma glucose(FPG) was measured using a modified 
hexokinase enzymatic method. Cases of type 2 diabetes were identified 
by self-report and diagnostic laboratory test results, and diabetes 
treatment. The diagnosis was confirmed if participants reported at least 
one of the following on the questionnaire: treatment with either insulin 
or an oral hypoglycemic agent, or FPG ≥126 mg/dl(7.0 mmol/L). 
Futhermore, impaired fasting glucose (IFG)was defined as 126 mg/
dl> FPG ≥110 mg/dl (6.1 mmol/L), according to China Guideline 
for type 2 diabetes and impaired fasting glucose (2007 Edition) [16]. 
Concentrations of total cholesterol(TC), high-density lipoprotein-
cholesterol(HDL-C), and triglycerides(TG) were assessed enzymatically 
on a Beckman Synchrony CX5 Delta Clinical System (Beckman 
Coulter, Fullerton, CA, USA) using commercial reagents, and low-
density liporotein-cholesterol (LDL-C)concentration was calculated by 
means of the Friedewald equation for participants who had less than 

400 mg/dL triglycerides [17]. High triglycerides was defined as TG 
≥1.70 mmol/L, and high total cholesterol as TC≥5.18 mmol/L, high 
low-density liporotein-cholesterol as LDL-C ≥3.37mmol/L, low high-
density lipoprotein-cholesterol as HDL-C<1.04 mmol/L. C-reactive 
protein (CRP) was determined with immunoturbidimetry (ITM) on 
a Beckman Synchron CX5 Delta Clinical System using commercial 
reagents, high CRP was defined as CRP≥11.36 mg/L (the highest 
quartile). 

Statistical analysis

The subjects were categorized into four groups based upon amount 
of alcohol consumption: non-drinkers, the subjects drinking ≤25 
g, 26-50 g, >50 g alcohol per day. The means (standard deviations) 
or medians (quartile intervals range) of continuous variables were 
calculated for the four groups, respectively. Comparisons of means 
and medians among groups were conducted using analysis of variance 
(ANOVA) or Kruskal-Wallis rank test, and Student–Newman–Keuls 
(SNK) or Nemenyi rank tests were used for comparison between each 
two groups. Proportions and 95% confidence intervals (95%CI) for 
categorical variables were calculated and χ2 tests were performed to 
compare between/among groups. 

Age and gender-adjusted proportions of diabetes and IFG were 
computed using a direct standardized method and compared using 
weighted χ2 tests. Associations between alcohol drinking and diabetes 
and IFG were analyzed using a logistic regression model. Quadratic 
trend test was conducted for relationship between alcohol and odds 
ratio(OR) of diabetes and IFG. All P-values were based on two-sides 

Table 1: Baseline characteristics of participants and comparisons according to different alcohol drinking status.

variables alcohol drinking status
Non-drinking (n=1707) ≤25g/day (n=84) 26-50g/day (n=176) >50g/day (n=596)

Age(year) 45.1± 12.4 50.0±14.3† 49.8±12.3† 49.2±11.3†

Male,%(95%CI) 21.7(19.8-23.8) 48.8(37.9-60.0)† 56.3(48.6-63.7)† 90.4(87.8-92.7)†‡∆

Smoking,% (95%CI) 31.3(29.1-33.5) 48.8(37.9-60.0)† 68.8(61.3-75.5)†‡ 74.7(71.0-78.1) †‡∆

Body mass index (kg/m2)* 21.9(19.9-24.5) 21.8(19.9-25.0) 21.5(19.4-23.9) 21.2(19.6-23.6) †

Overweight(BMI≥25kg/m2), % (95%CI) 22.0(20.0-24.0) 25.0(16.2-35.6) 17.6(12.3-24.1) 15.4(12.7-18.6) †

Waist circumference(cm)* 79(73-86) 81(75-89) 80(75-88) 80(76-88)
Central obesity,% (95%CI) 43.2(40.8-45.6) 47.6(36.6-58.8) 38.6(31.4-46.3) 36.6 (32.7-40.6)†

Triglycerides (mmol/L) * 0.9(0.6-1.3) 0.9(0.7-1.5) 1.0(0.7-1.5)† 1.1(0.7-2.0) †‡

Total cholesterol (mmol/L) * 3.5(2.9-4.3) 3.7(3.0-4.8) 3.8(3.2-4.5)† 3.7(3.1-4.6)†

LDL-cholesterol (mmol/L) 2.2(1.6-2.8) 2.3(1.7-3.1) 2.2(1.7-2.9) 2.2(1.6-2.9)
HDL-cholesterol (mmol/L) 1.2±0.3 1.20.3 1.2±0.4 1.2±0.3
High triglycerides, % (95%CI) 12.3(10.8-14.0) 20.5(12.4-30.8) 20.1(14.4-26.8)† 31.1(27.4-35.0) †∆

High total cholesterol, % (95%CI) 8.3(7.1-9.7) 14.6(7.8-24.2) 12.1(7.6-17.9) 14.4(11.6-17.5) †

High LDL-cholesterol, % (95%CI) 12.6(11.1-14.3) 21.9(13.6-32.5) 14.5(9.6-20.6) 16.3(13.4-19.5)
Low LDL-cholesterol,% (95%CI) 38.4(36.1-40.8) 40.2(29.6-51.7) 35.3(28.2-42.9) 34.1(30.2-38.0)
Systolic BP(mmHg)* 120(110-137) 130(114-141)† 127(119-144)† 130(120-148) †

Diastolic BP(mmHg)* 80(74-90) 82(79-91) 85(80-95)† 88(80-99) †‡

Hypertension,% (95%CI) 31.3(29.1-33.5) 34.5(24.5-45.7) 46.6(39.1-54.2)† 52.3(48.3-56.4) †‡

Family history of Hypertension, % (95%CI) 10.5(9.0-11.9) 13.1(6.7-22.2) 10.8(6.6-16.3) 21.1(17.8-24.4) †‡∆

Heart rate(beats/min) 76(64-84) 75(68-84) 72(68-80)† 72(68-80) †

C-reactive protein(mg/L)* 5.5(3.7-10.5) 7.4(4.3-15.1)† 6.8(4.1-11.4)† 7.0(4.6-13.7) †

High C- reactive protein,% 23.6(21.5-25.6) 34.5(24.5-45.7) 26.2(19.8-33.4) 27.1(23.5-30.7)
Fasting insulin(µIU/mL) * 12.1(8.9-14.9) 12.5(10.3-16.1) 11.6(8.3-15.1) 11.9(8.4-15.3)
BMI: body mass index;
*: variables were described as median and quartile range;
†: Compared to non drinking group, P<0.05;
‡: Compared to drinkers with ≤25g/day, P<0.05;
∆: Compared to drinkers with 26-50g/day, P<0.05.

Table 2: Un-adjusted and age-gender-adjusted proportions of impaired fasting plasma glucose and diabetes according to alcohol drinking status.

†: Compared to non drinking group, P<0.05;
‡: Compared to drinkers with ≤25g/day, P<0.05;
∆: Compared to drinkers with 26-50g/day, P<0.05.

alcohol drinking status Impaired fasting glucose(n=149), % Diabetes(n=94),%
Un-adjusted Age-gender-adjusted Un-adjusted Age-gender-adjusted

Non-drinking(n=1707) 5.98(4.90-7.21) 5.94(4.77-7.12) 3.75(2.90-4.76) 4.31(3.19-5.42)
≤ 25g/day(n=84) 7.14(2.67-14.90) 5.59(3.98-7.34) 2.38(0.29-8.34) 1.21(0.78-1.64) †

26-50g/day(n=176) 4.55(1.98-8.76) 3.56(1.51-5.61) 0.57(0.01-3.12) 0.31(0.00-0.74) †‡

>50g/day(n=596) 5.54(3.84-7.69) 3.61(2.19-5.04) 4.53(3.01-6.52) 6.23(4.42-8.04) ‡∆
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test and significance level was 0.05. Statistical analyses were conducted 
using SAS statistical software (version 9.1).

Results
Among 2589 participants, 26 subjects were excluded because of 

lack of FPG information, and 2563 subjects were finally included in the 
analysis. There were 94 subjects with diabetes and 149 subjects with IFG, 
and the prevalence of the diabetes and IFG were 3.7% (3.9% in males 
and 3.5% in females) and 5.8% (5.6% in males and 6.0% in females), 
respectively, among 2563 subjects. There were 1707 non-drinkers, 84 
subjects drinking ≤25 g alcohol per day, 176 subjects drinking 26-50 g 
alcohol per day and 596 subjects drinking >50 g alcohol per day among 
2563 subjects.

(Table 1) presents the baseline characteristics according to alcohol 
drinking status. Compared to non-drinkers, subjects drinking ≤25 
g alcohol per day more likely to be older and smokers, had higher 
proportion of males and levels of SBP and CRP; subjects drinking 26-
50 g alcohol per day were more likely to be older, males and smokers, 
had higher TG, SBP and DBP levels, higher rates of high TG and 
hypertension. Subjects drinking >50 g alcohol per day also had older 
age, higher proportions of males and smokers, lower BMI level, lower 
rates of overweight and central obesity, higher TG and TC levels, higher 
rates of high TG and hypertension and family history of hypertension, 
higher SBP, DBP and CRP levels than non-drinkers. Moreover, subjects 
who drank more than 50 g alcohol per day had higher proportions 
of males and smokers, were more likey have a family history of 
hypertension, had higher TG level than subjects drinking ≤25 g alcohol 
per day. Moreover, compared to those drinking 26-50 g alcohol per day, 
they were more likely to have higher rates of males and smokers, higher 
TG level, higher rates of high TG and hypertension, higher rates of 
persons with family history of hypertension.  

Un-adjusted and age-gender-adjusted rates of IFG and diabetes 
according to drinking status are listed in (Table 2) Although age-
gender-adjusted rates of IFG in drinkers were lower than that in 
non-drinkers, the differences among four groups were not significant 
(p=0.58). After adjusting for age and gender, the rates of diabetes were 
significantly lower in subjects drinking ≤25 g alcohol per day and 26-50 
g alcohol per day than that in both non-drinker and subjects drinking 
>50 g alcohol per day.

Associations between alcohol drinking and IFG and diabetes are 
presented in (Table 3). Compared to non-drinker, those drinking 26-
50 g alcohol per day had significantly lower risk of diabetes adjusted 
for age and gender(OR=0.12, 95%CI, 0.02-0.88), it remained significant 
after multivariate adjustment, however, alcohol consumption >50 g 
alcohol per day was not significantly associated with diabetes no matter 
adjusting for age and gender or multivariate. There was not significant 
association between alcohol consumption and IFG after adjusting for 
age and gender or multivariate.

Discussion
Our study found there was a quadratic curve (U- shaped) 

relationship between alcohol drinking and diabetes, and alcohol 
consumption of 26-50 g per day was inversely associated with risk 
of type 2 diabetes, compared to non-drinking group, while drinking 
>50 g alcohol per day was not associated with type 2 diabetes, which 
appeared to indicate that proper quantities of alcohol consumption may 
be a protective factor for type 2 diabetes. This finding was consistent 
with other studies [18,19] showing that proper quantities of alcohol 
consumption was associated with decreased risk of type 2 diabetes. 
A study [18] showed that there was a U-shaped relationship between 
alcohol consumption and the incidence of IFG or type 2 diabetes in 
middle-aged Japanese men, with the lowest incidence at alcohol intake 
of 23.0-45.9 g alcohol per day. The finding was much similar to our 
study, in which drinking 26-50 g alcohol per day appeared to be the 
most suitable quantities for prevention of type 2 diabetes. Djousse et al. 
[19] studied prospectively 4655 participants who were free of diabetes 
at baseline, they found that light to moderate alcohol consumption 
(<7 drinks/week, 1 drink=12.5 g alcohol) was associated with a lower 
incidence of type 2 diabetes among elderly people, irrespective of the 
type of beverage consumed. Some meta-analysis [20-22] also found a 
U-shaped relationship between alcohol consumption per day and type 2 
diabetes. Carlsson and colleagues [20] conducted a meta-analysis for the 
findings of 13 studies, they found that moderate alcohol consumption 
(approximately 5-30 g of alcohol per day) has protective effect on type 
2 diabetes (relative risk(RR)meta=0.72, 95%CI, 0.67-0.77). Baliunas`s 
meta-analysis [21] including 20 cohort studies revealed that the risk of 
type 2 diabetes was lowest among men who drank 22 g alcohol per day 
(RR=0.87, 95%CI, 0.76-1.00), among women who drank 24 g alcohol 
per day (RR=0.60, 95%CI, 0.52-0.69). A meta-analysis [22] including 
15 cohort study was undertaken by Koppes et al. [22] which found that 
the RRs for type 2 diabetes in those who consumed ≤6, 6-12, 12-24, 
24-48, ≥48 g acohol per day were 0.87(95%CI, 0.79-0.95), 0.70(0.61-
0.79), 0.69(0.58-0.81), 0.72(0.62-0.84) and 1.04(0.84-1.29), respectively, 
compared with nondrinkers.

Conigrave `s study showed that [7] consumption of 15-29 g alcohol 
per day was associated with a lower risk of diabetes (RR 0.64; 95% CI, 
0.53-0.77), compared with non alcohol consumption; and there was a 
significant inverse association between heavy drinkers (drinking ≥50 g 
alcohol per day) and type 2 diabetes (RR=0.60, 95%CI 0.43-0.8) among 
health professional males in United States. However, Holbrook et al. 
[11] followed 524 American adults for 12 years in a general community, 
their findings showed that drinking 25 g alcohol per day significantly 
increase incidence of type 2 diabetes among men but not among 
women. In the present study, drinking 26-50 g alcohol per day decreased 
the risk of type 2 diabetes, we did not find a significant association of 
drinking>50 g alcohol per day with type 2 diabetes. The differences in 
rate of IFG among four groups were not statistically significant, though 
the rate of IFG in drinkers were lower than that in non-drinkers. 

Table 3: ORs and 95% CIs of impaired fasting plasma glucose and diabetes associated with alcohol consumption status.

*: Adjustment factors include age, gender, smoking, hypertension, family history of hypertension, body mass index, waist circumference, heart rate, total cholesterol, 
triglycerides, HDL-cholesterol, LDL-cholesterol, c-reactive protein and fasting insulin.
†: Compared to non-drinking group, P<0.05.
OR: Odds ratio; CI: Confidence interval.

alcohol drinking status Impaired fasting glucose Diabetes
Un-adjusted Age-gender- adjusted Multivariate- adjusted* Un-adjusted Age-gender-adjusted Multivariate- adjusted*

Non-drinking (n=1707) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref) 1.00(ref)
≤ 25g/day (n=84) 1.19 (0.51-2.80) 1.07 (0.45-2.56) 1.07 (0.44-2.59) 0.63 (0.15-2.64) 0.52 (0.12-2.19) 0.47 (0.11-2.11)
26-50g/day (n=176) 0.72 (0.35-1.51) 0.66 (0.31-1.40) 0.68 (0.31-1.47) 0.14 (0.02-1.05) 0.12 (0.02-0.88)† 0.11 (0.01-0.84)†

>50g/day (n=596) 0.93 (0.62-1.39) 0.87 (0.53-1.43) 0.78 (0.46-1.33) 1.21 (0.77-1.92) 1.04 (0.58-1.85) 0.81 (0.42-1.57)
P value for quadratic trend test 0.756 0.614 0.803 0.027 0.018 0.026
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Some epidemiologic studies [23-25] have showed that proper 
quantities of alcohol consumption was a protective factor for coronary 
heart disease. Mechanisms of protective effect of proper quantities of 
alcohol consumption on type 2 diabetes may be the same as on coronary 
heart disease. This protective effect on type 2 diabetes or coronary 
heart disease may be explained by a viewpoint that moderate alcohol 
consumption can increase insulin sensitivity and high HDL-C [26-31]. 
For example, Rimm et al. [26] reported that an experimental dose of 30 
g of ethanol a day increased concentrations of HDL-C by 3.99 mg/dl. 
Davies et al. [28] conducted a randomized controlled trial of 63 healthy 
postmenopausal women between 1998 and 1999, participants were 
randomly assigned to consume 0, 15, or 30 g alcohol per day for 8 weeks 
each as part of a controlled diet, their findings showed that consumption 
of 30 g alcohol per day reduced fasting insulin concentration by 19.2% 
(P=0.004) and triglyceride concentration by 10.3% (P=0.001), and 
increased insulin sensitivity by 7.2% (P=0.002) compared with non 
drinkers. In discussing relationship between alcohol drinking and 
diabetes, we need to discuss relationship between alcohol drinking and 
hypertension and cardiovascular disease. Hypertension is a confirmed 
cardiovascular disease associated with alcohol drinking. Klatsky [32] 
did a review for 70 studies from various countries, the studies solidly 
established an empiric relationship between heavy alcohol drinking 
(>/= 3 standard drinks/day) and hypertension. In another review, 
Lip et al. [33] concluded that there was probably a causal relationship 
between heavy alcohol drinking and hypertension, moderate alcohol 
drinking had a protective effect on cardiovascular system. Our findings 
also indicated that moderate alcohol drinking had a protective effect on 
type 2 diabetes. However, it needs to be elucidated that definite quantity 
of moderate alcohol drinking for protective effects on diabetes may be 
different from that for protective effects on hypertension.

There are some limitations in the present study. Firstly, in the 
cross-sectional study, alcohol information was self-reported. Secondly, 
we only examined FPG, and did not examine 2h plasma glucose after 
meal which may lead to underestimate the rates of diabetes among the 
Mongolian people, and we did not investigate the diet and status of 
physical activity that could confound the results in the present study. 
Thirdly, approximately 25% of the eligible population from these villages 
chose not participate which may have introduced some selection bias. 
However, we believe that this bias is minimal because participants who 
chose not participate did not know their blood glucose levels. There were 
several important strengths of our study that also deserve mention. The 
study participants, the Mongolians, were homogeneous regarding their 
genetic background, environmental exposures and lifestyles. The study 
data were collected with rigid quality control and important covariables 
were measured and controlled in the analysis.

In summary, the inverse association between proper quantities 
of alcohol consumption and type 2 iabetes was found in our study. 
However, the relationship between alcohol consumption and diabetes is 
more complex, and mechanism of how light or moderate alcohol intake 
decrease the risk of diabetes remains to be further studied in the future.
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