Alcohol and DM 
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"U-shaped Relation" between Alcohol Consumption and Mortality 

Epidemiological studies suggest that there is a beneficial effect of moderate ethanol consumption on the incidence of cardiovascular disease. Studies in men suggest that light-to-moderate alcohol intake is associated with a reduction in overall mortality, due primarily to a reduced risk of coronary heart disease.(U-shaped Curve). Among women with similar levels of alcohol consumption, an increased risk of breast cancer and cirrhosis has been noted that complicates the balance of risks and benefits. 

The Nurses' Health Study (A prospective study establish in 1976) among 85,709 women, 34 to 59 years of age and without a history of myocardial infarction, angina, stroke, or cancer, who completed a dietary questionnaire in 1980. During the 12-year follow-up period, 2658 deaths were documented.  (N Engl J Med 1995;332:1245-50.)
Relative Risk of Death According to Causes and Alcohol Consumption


Average alcohol Intake (g/day)

Multivariate RR (95% CI)
0
0.1-1.4
1.5-4.9
5.0-14.9
15.0-29.9
>30

All causes
1.0
0.91 (0.80-1.03)
0.83 (0.74-0.93)
0.88 (0.77-1.02)
0.89 (0.77-1.02)
1.19 (1.02-1.38)

CVD
1.0
0.79 (0.59-1.05)
0.57 (0.43-0.76)
0.73 (0.56-0.95)
0.66 (0.47-0.93)
0.74 (0.51-1.08)

CAD
1.0
0.82 (0.59-1.150
0.51 (0.36-0.73)
0.64 (0.46-0.89)
0.65 (0.43-0.99)
0.59 (0.35-0.99)

Breast Cancer
1.0
0.67 (0.45-1.01)
0.85 (0.61-1.16)
0.96 (0.71-1.32)
1.37 (0.96-1.96)
1.67 (1.10-2.51)

Cirrhosis
1.0
0.21 (0.27-1.59)
0.69 (0.24-1.98)
1.27 (0.54-3.01)
1.86 (0.76-4.59)
2.55 (1.06-6.11)

Relative Risk of Death According to Age and Alcohol Consumption


Average alcohol Intake (g/day)

Multivariate RR (95% CI)
0
0.1-1.4
1.5-29.9＃
>30

34-39yr
1.0
1.89 (0.68-5.19)
2.08 (0.92-4.71)
2.46 (0.50-12.4)

40-49yr
1.0
1.02 (0.73-1.41)
0.95 (0.74-1.20)
1.47 (0.95-2.27)

50-59yr
1.0
0.88 (0.72-1.06)
0.88 (0.77-0.99)
1.26 (1.01-1.57)

>=60yr
1.0
0.88 (0.72-1.08)
0.79 (0.68-0.91)
1.02 (0.80-1.30)

＃P=0.05 for the interaction between age and the consumption of 1.5-29.9g/d

Light-to-moderate drinking (1.5 to 29.9 g per day) was associated with a decreased risk of death from cardiovascular disease; heavier drinking was associated with an increased risk of death from other causes, particularly breast cancer and cirrhosis. 

The benefit associated with light-to-moderate(1.5 to 29.9 g per day) drinking was most apparent among women with risk factors for coronary heart disease and those 50 years of age or older. Strong evidence of "U-shaped relation" between alcohol intake and mortality in women
Alcohol and carbohydrate metabolism

Mechanisms mediating the association between alcohol intake and glucose tolerance 
Studies have suggested that moderate consumption of alcohol may increase insulin sensitivity and lower fasting insulin resistance. Increased insulin secretory responses and enhanced glucose disposal rates have been observed after moderate alcohol ingestion in subjects without diabetes as well as in subjects with type 2 diabetes. This increased secretory response could be a result of the alcohol-induced stimulation of insulin secretion by gastrointestinal secretogogues or an insulinogenic effect of corticotropin peptides present in cells of the gastroentero-pancreatic systems.

Several plausible biological mechanisms have been proposed to explain the inverse association between alcohol and CHD among general populations. 

1. increasing the levels of HDL cholesterol and its subfractions

2. to decrease platelet aggregation 

3. increase fibrinolytic activity.

References

1. Mayer EJ et l. Alcohol consumption and insulin concentrations: role of insulin in associations of alcohol intake with high-density lipoprotein cholesterol and triglycerides. Circulation 1993;88:2190-7.

2. Facchini F, Chen YDI, Reaven GM.Light-to-moderate alcohol intake is associated with enhanced insulin sensitivity. Diabetes Care 1994;17:115-9.

3. Lazarus R, Sparrow D, Weiss ST. Alcohol intake and insulin levels: the Normative Aging Study. Am J Epidemiol 1997;145:909-16.

Conflicting Reports:

· Using the euglycemic-hyperinsulinemic clamp, no acute significant changes in insulin sensitivity in subjects with type 2 diabetes can be detected . ( Christiansen C et al. Br J Nutr 1996;76:669-75.)

· Alcohol-related diols , 2,3-butanediol and 1,2-propanediol, have the capacity to impair insulin action acutely in vivo in the rat. Using the euglycemic-hyperinsulinemic clamp and Tracer methodologies using [U-14C]glucose and 2-deoxy[1-(3)H]glucose, it is shown that the two diols reduce whole-body glucose utilization (by approximately 30%), which is accompanied by a reduction in glucose uptake and glycogen synthesis in the skeletal muscle and heart. (Xu D, Metabolism 1998;47:1180-6.)

Effects of red wine, tannic acid, or ethanol on glucose tolerance in non-insulin-dependent diabetic patients and on starch digestibility in vitro.  (Metabolism 1999;48:1179-83. )

· This study examines the effect of moderate intake of red wine, tannic acid, or ethanol during a meal in type 2 diabetic patients and the influence of tannic acid on the digestibility of starch by alpha-amylase. 

· 30 NIDDM patients aged 53 ( 6 years were studied (in vivo study) 10 of whom received red wine (200 mL), 10 tannic acid (150 mg), and 10 ethanol (16 g) with their midday meal (600 calories, 65 g carbohydrate, 20 g lipid, and 34 g protein). All patients were tested on two occasions (water or placebo v wine, alcohol, or tannic acid). 

· The influence of tannic acid (0.25, 0.5, and 1 mg) on the digestibility of starch (100 mg) by alpha-amylase (100 U) was tested in vitro by sequential incubation at 37 (C (in vitro study). The maximum glucose excursion after lunch was 2.6 ( 0.8 mmol/L at 90 minutes (T90) for water and 1.8 ( 0.9 mmol/L at T90 for red wine taken with the meal. 

· The values at T60 and T90 were significant (P < .01). Comparable results were obtained with tannic acid alone (nonalcoholic component of wine): the maximum glucose excursion after lunch was 2.76 ( 0.9 mmol/L at T120 for placebo and 1.97 ( 0.9 mmol/L at T90 for tannic acid (P < .01); no difference in glucose and insulin excursion was observed between water and ethanol.

· No interaction between tannic acid and starch was observed in the in vitro experiments, although after preincubation of alpha-amylase with tannic acid, digestion was slowed in a dose-dependent manner (6.1 ( 1.1 minutes for 0.25 mg tannic acid and 13.1 ( 1.59 minutes for 1 mg tannic acid). 

· Drinking red wine with a meal did not increase blood glucose in NIDDM patients, and led to a slight decrease in some instances. The effect appeared to be mediated by the nonalcoholic compounds in wine such as tannic acid. Ethanol itself had no effect on plasma glucose or insulin levels.

Alcohol consumption and risk of type 2 diabetes mellitus
The Nurses' Health Study, (A prospective study ) evaluating 85,000 women aged 34 to 59 years for 4 years with 526 incident cases of type 2 DM, suggested that there was a reduced risk of diabetes among women who consumed moderate amounts of alcohol compared with nondrinkers. (Stampfer MJ, Am J Epidemiol 1988;128:549-58.)

Alcohol consumption and risk of type 2 diabetes mellitus among US male physicians. (Arch Intern Med 2000;160:1025-30.)The Physicians' Health Study This report includes 20,951 participants who provided complete information on alcohol consumption at baseline; had no diabetes, cardiovascular disease, or cancer at study entry; and were followed up through October 1995.

· To examine the association between low to moderate alcohol consumption and the incidence of type 2 diabetes mellitus in men. Over an average period of 12.1 years, we evaluated 20 951 participants in the Physicians' Health Study between ages 40 and 84 years who were free of cardiovascular disease, cancer, and diabetes and provided data on alcohol consumption at baseline. 

· RESULTS: Among 20 951 physicians, 766 cases of incident DM were reported over an average follow-up period of 12.1 years. After adjustment for age, randomized treatment assignment, smoking, physical activity, and body mass index, the relative risk estimates and 95% confidence intervals 


Alcohol Consumption, No of Drinks


Rarely/never
1-3/mon
1/wk
2-4/wk
5-6/wk
>=1/d

Multivariate RR(95%CI)
1
1.03(0.80-1.33)
0.89(0.70-1.14)
0.73(0.59-0.93)
0.67(0.51-0.88)
0.57(0.45-0.73)

(linear trend, P<.001). 

· Additional adjustment for baseline history of hypertension, high cholesterol level, or parental history of myocardial infarction or family history of diabetes (data collected at 9 years) did not materially alter the results. These associations persisted in analyses stratified by age, smoking status, body mass index, physical activity, and family history of DM.

· CONCLUSION: These data indicate that apparently healthy men who self-select for light to moderate alcohol consumption have a decreased subsequent risk of type 2 DM.

Conflicting results:

· The Paris Prospective Study found a 2.5-fold increased risk of diabetes among subjects with "very abnormal livers" during clinical examination, and an increased risk of diabetes among men with an alcohol consumption level of more than 20 g/d compared with abstainers.  (Balkau B, et al. A prospective study of alcohol use and non-insulin-dependent diabetes mellitus. Am J Epidemiol. 1991;134:1469-70.)
Equivocal findings 

· In over 8700 subjects from Micronesian and Mauritian populations, alcohol intake had no association with prevalence of impaired glucose tolerance or type 2 DM. In a small prospective substudy conducted in 1982 among 287 Nauruans with normal glucose tolerance, the odds ratio for developing type 2 DM was 0.65 (95% CI, 0.33-1.31) among alcohol users. 

· In a small survey among male self-defense officials in Japan, no statistically significant association was observed between alcohol consumption and type 2 DM. 

· Among 221 men and 303 women observed for 14 years in a Rancho Bernardo, Calif, cohort, high levels of alcohol consumption in the past 24 hours and high intake in the past week were associated with a 50% increased risk of non-insulin-dependent DM among men only. No association was observed among women in this cohort

Paradoxical Results：
Daily alcohol consumption and the risk of type 2 diabetes in Japanese men: the Osaka Health Survey   (Diabetes Care 1999;22:1432-7 ) 

The relationship between daily alcohol consumption and the risk of type 2 diabetes among lean men and among men with a higher BMI was paradoxical. Among men with a BMI > or =22.1 kg/m2, moderate alcohol consumption was associated with a reduced risk of type 2 diabetes, but among lean men (BMI < or =22.0 kg/m2), heavy alcohol consumption was associated with an increased risk of type 2 diabetes. 

Alcohol and Prognosis of Diabetes Mellitus

Alcohol intake and the risk of coronary heart disease mortality in persons with older-onset diabetes mellitus. (JAMA 1999;282:239-46. )

· A population-based, prospective cohort study in southern Wisconsin (The Wisconsin Epidemiological Study of Diabetic Retinopathy) was conducted from 1984 through 1996, with a follow-up of up to 12.3 years. A total of 983 older-onset diabetic individuals (mean [SD] age, 68.6 [11.0] years; 45.2% male; 98.5% white) were interviewed about their past-year intake of alcoholic beverages during the 1984-1986 follow-up examination. 

※Controlling for age, sex, cigarette smoking, glycosylated hemoglobin level, insulin use, plasma C-peptide level, history of angina or myocardial infarction, digoxin use, and the presence and severity of diabetic retinopathy

※Further adjustments for blood pressure, body mass index, education, physical activity, diabetes duration, hypertension history, overt nephropathy, peripheral neuropathy, lipid measures, or intake of medications such as aspirin and antihypertensive agents did not change the associations observed. 

Relative risk (RR) for death due to CHD (WESDR)

RR (95%CI)
Never
Former
<2 g/day
2-13 g/day
>=14 g/day 

CHD mortality per 1000 person-yr (n=983)
43.9
38.5
25.3
20.8
10.0

Mutivariate model※
1.0
0.69 

(0.43-1.12)
0.54

(0.33-0.90)
0.44

(0.23-0.84)
0.21

(0.09-0.48)

Without Hx of  CHD(n=704)
1.0
0.75

(0.39-1.45)
0.65

(0.33-1.28)
0.51

(0.22-1.21)
0.20

(0.06-0.77)

With Hx of CHD(n=226)
1.0
0.71

(0.34-1.49)
0.51

(0.24-1.12)
0.43

(0.15-1.22)
0.26

(0.08-0.81)

· The results suggest an overall beneficial effect of alcohol consumption in decreasing the risk of death due to CHD in people with older-onset diabetes. 

Alcohol consumption and risk of coronary heart disease by diabetes status.  (Ajani UA et al; Circulation 2000;102:500-5 )
In this prospective cohort study (the Physicians' Health Study), a total of 87 938 US physicians (2790 with diagnosed diabetes mellitus) who were free of myocardial infarction, stroke, cancer, or liver disease at baseline, were followed for an average of 5.5 years for death with CHD as the underlying cause. During 480 876 person-years of follow-up, 850 deaths caused by CHD were documented: 717 deaths among nondiabetic men and 133 deaths among diabetic men.

Relative risk (RR) for CHD Mortality by level of alcohol 

RR (95%CI)
Rarely/

Never
Monthly
Weekly
Daily 

All (n=87938)

＊ 
1.0
1.04

(0.81-1.34)
0.80

(0.65-0.97)
0.59

(0.48-0.73)

Without DM  (n=85148)＊
1.0
1.02

(0.77-1.36)
0.82

(0.66-1.02)
0.61

(0.49-0.78)

With DM (n=2790)＃
1.0
1.11

(0.66-1.89)
0.67

(0.42-1.07)
0.42

(0.23-0.77)

P Trend ＊<0.0001; ＃=0.0019, after adjustment for age, aspirin use, smoking, physical activity, body mass index, and history of angina, hypertension, and high cholesterol.

· CONCLUSIONS: Light to moderate alcohol consumption is associated with similar risk reductions in CHD among diabetic and nondiabetic men.
Inhibition of AGEs formation by acetaldehyde: Cardioprotective effect of ethanol. (Proc Natl Acad Sci U S A 1999;96:2385-90) 

· Ethanol is metabolized to acetaldehyde, a two-carbon carbonyl compound that can react with nucleophiles to form covalent addition products. A biochemical modification produced by the reaction of acetaldehyde with protein-bound Amadori products was identified. 

· Amadori products typically arise from the nonenzymatic addition of reducing sugars (such as glucose) to protein amino groups and are the precursors to irreversibly bound, crosslinking moieties called advanced glycation endproducts (AGEs). AGEs accumulate over time on plasma lipoproteins and vascular wall components and play an important role in the development of diabetes- and age-related cardiovascular disease.

· The attachment of acetaldehyde to a model Amadori product produces a chemically stabilized complex that cannot rearrange and progress to AGE formation. (Fig and Table)

· Preventing AGE formation in vivo by administering ethanol to diabetic rats： In this model study, diabetic rats fed an ethanol diet for 4 weeks showed a 52% decrease in Hb-AGE when compared with diabetic controls (P < 0.001). Circulating levels of HbA1c were unaffected by ethanol, pointing to the specificity of the acetaldehyde reaction for the post-Amadori, advanced glycation process. 

· A possible mechanism for the cardioprotection conferred by moderate ethanol ingestion may be by inhibiting advanced glycation. 

ALCOHOL： Recommendations for People with Diabetes Mellitus By The American Diabetes Association

· The same precautions regarding the use of alcohol that apply to the general public also apply to people with diabetes. Dietary Guidelines for Americans recommends no more than two drinks per day for men and no more than one drink per day for women. 

· The effect of alcohol on blood glucose levels is dependent not only on the amount of alcohol ingested but also on the relationship to food intake. 

· Alcohol is not metabolized to glucose and inhibits gluconeogenesis; therefore, if alcohol is consumed without food by people treated with insulin or oral glucose lowering agents, hypoglycemia can result. Hypoglycemia can occur at blood alcohol levels which do not exceed mild intoxication. 

· If used in moderation and with food, however, blood glucose levels are not affected by the ingestion of alcohol when diabetes is well controlled. For individuals using insulin, two or less alcoholic beverages (1 alcoholic beverage = 12 oz beer, 5 oz wine, or 1 1/2 oz distilled spirits) can be ingested with and in addition to the regular meal plan. No food should be omitted because of the possibility o alcohol-induced hypoglycemia. 

· When calories from alcohol need to be calculated as part of the total caloric intake, alcohol is best substituted for fat exchanges (1 alcoholic beverage = 2 fat exchanges) or fat calories

· Abstention from alcohol should be advised for people with a history of alcohol abuse or during pregnancy. Reduction of or abstention from alcohol intake is advisable for diabetic individuals with other medical problems such as pancreatitis, dyslipidemia, especially elevated triglycerides, or neuropathy.
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