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4. Rationale:  
The incidence of type 2 diabetes has increased substantially over the past two decades. Both 
genetic factors and environmental factors contribute to the risk of type 2 diabetes. As a 
modifiable behavior, alcohol consumption has been shown to be relevant to diabetes risk. There 



is suggestive evidence for a protective effect of moderate alcohol consumption on risk of type 2 
diabetes, but this association remains controversial. Investigating how alcohol consumption is 
associated with incident diabetes can add to our understanding of the development of diabetes, 
and might be helpful to inform interventions. For example, whether it is reasonable to 
recommend for or against alcohol consumption of certain alcoholic types of alcoholic beverages, 
and if so, what is the dose and target subgroup. 
 
Some cohort studies, cross-sectional studies and meta-analyses have shown a U- or J- shaped 
associations between alcohol consumption and diabetes1-4. A previous study of alcohol 
consumption and diabetes risk in ARIC found no association between moderate alcohol 
consumption with diabetes risk, while high consumption was associated with elevated diabetes 
risk, but only in men, and with the harm mainly related to consumption of spirits5. This prior 
study, however, had a short follow-up (maximum 6 years). We now have a much longer follow-
up period (over 25 years) and many more events. The additional events will allow us to address 
long-term risk and allow for more precise comparisons across subtypes of alcohol consumption 
(frequency, type), and to assess potential risk associations with changes in alcohol consumption 
patterns over time.  
 
Prior studies suggest that the association of alcohol consumption with diabetes risk may differ by 
gender, race and/or obesity status. A systematic review of 38 prospective cohort studies found a 
protective effect of moderate alcohol consumption but this was confined to women, and there is 
no risk reduction in studies sampled an Asian population region6. A nested case-cohort study 
found that moderate drinking was associated with decreased diabetes risk in women but not men7. 
A cohort study found that the protective effect only exists in men8. A meta-analysis, in contrast, 
has shown a U-shaped association in both sexes1. Some studies indicated that the protective 
effect might also differ by body mass index. A cross-sectional study found that the protective 
effect only existed in individuals who were classified as being normal weight or overweight, but 
not among individuals classified as being obese9. A cohort study also showed that the protective 
effect of moderate drinking only exists in normal-weight people4. Another study found stronger 
association among overweight people than normal-weight people7. Different alcoholic types of 
alcoholic beverage may also have different effect. A cohort study showed that the protective 
effect is particularly of wine and beer2. Other cohort studies found that the protective effect is 
primarily linked to wine8,10. The protective effect does not differ by types of alcoholic beverage 
in another study11. The literature is also inconsistent for associations of binge drinking with 
diabetes8,12. 
 
The purpose of our study is to prospectively explore the association between alcohol 
consumption and incident diabetes in the ARIC population – we will examine types of alcoholic 
beverage, episodic drinking, and changes in drinking status. We will also examine potential 
differences by sex, race and body mass index.  
 
 
5. Main Hypothesis/Study Questions:  
This study will prospectively assess the association between alcohol consumption and the risk of 
type 2 diabetes in the ARIC cohort. The key study questions are as follows: 



Question1: What are the associations between alcohol consumption status (never, former, and 
current) and amount of weekly alcohol consumption among current drinkers with the risk of 
diabetes?  
Question 2: Does the association between alcohol consumption with risk of type 2 diabetes differ 
by the type of beverage consumed? Are there differences by sex or body mass index? 
Question 3: What is the association between heavy episodic drinking and risk of type 2 diabetes? 
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
Study design:  
A prospective cohort study, with ARIC visit 1 as baseline. 
 
Exclusion:  
We will exclude individuals with diabetes at baseline (see definition below), individuals with 
ethnicity other than black or white, and those with missing information on baseline diabetes 
status, baseline alcohol consumption or adjustment variables mentioned below. Baseline diabetes 
will be defined by any of the following: (1) baseline fasting glucose more than 126 mg/dL; (2) 
baseline non-fasting glucose more than 200 mg/dL; (3) self-reported diabetes or use of diabetes 
medication. 
 
Exposure:  
The main exposure of interest will be alcohol consumption. Information on alcohol consumption 
status and average quantity of alcohol consumption (by type) among current drinkers was 
obtained during the ARIC visits. We will categorize baseline alcohol consumption into 5 groups 
according to the following questions: “Do you presently drink alcoholic beverages?” and “Have 
you ever consumed alcoholic beverages?” We will define never-drinkers as people answering no 
to both questions, former-drinkers as people answering no to the first question and yes to the 
second, and current drinkers as people answering yes to the first question. The following 
questions are asked among current drinkers. “How many glasses of wine do you usually have per 
week (4-ounce glasses)?”, “How many bottles or cans of beer do you usually have per week (12-
ounce bottles or cans)?” and “How many drinks of hard liquor do you usually have per week 
(1.5-ounce shots)?”. We will further categorize current drinkers into 3 groups (light, moderate or 
heavy-drinkers) according to these three questions, by the weekly ethanol consumption, where 4 
ounces of wine = 10.8 g of ethanol, 12 ounces of beer = 13.2 g of ethanol, and 1.5 ounces of 
spirits = 15.1 g of ethanol. Heavy drinking is typically defined differently in males and females, 
with a cut point of 15 drinks per week for males and 8 drinks per week for females by CDC13. 
Moderate drinking is defined as up to one drink per day for women and up to two drinks per day 
for men, according to the U.S. Dietary Guidelines for Americans13. Therefore, different cut 
points are applied in males and females. The 5 categories will include never-drinkers, former-
drinkers, and three categories of current-drinkers (for males, < 7 drinks/week, 7 – 14 drinks/week, 
and ≥ 14 drinks/week; for females, < 1 drinks/week, 1 – 7 drinks/week, and ≥ 7 drinks/week). 
Different cut points might be applied to better assess the association. Another exposure is 
episodic drinking, which is only measured at visit 3, which is defined as ever drinking 5 or more 
drinks per day. Additionally, we will assess continuous alcohol consumption among current 



drinkers as grams per week. We will also consider type of alcoholic beverage consumed, which 
is assessed at every visit. 
 
The table below shows the alcohol related variables available at each visit in ARIC data: 
 
Variable Visit 1  Visit 2 Visit 3 Visit 4 Visit 5 
Ethanol intake (g/week) X X X X X 
Type and amount X X X X X 
Episodic drinking   X   
 
Outcome: 
The outcome of interest will be incident type 2 diabetes. For the primary analysis, incident type 2 
diabetes will be defined as meeting any one of the following criteria: (1) fasting glucose more 
than 126 mg/dL; (2) non-fasting glucose more than 200 mg/dL; (3) current use of diabetic 
medication or self-reported diagnosis of type 2 diabetes. The time of incident diabetes will be 
assigned to the corresponding visit or AFU (annual follow-up) time.  
For the sensitivity analysis, we will compare visit-based diabetes definition to the self-reported 
diabetes definition, since there are no glucose measurements between visit 4 and visit 5. At each 
visit, the visit-based diabetes definition will be fasting glucose more than 126 mg/dL or non-
fasting glucose more than 200 mg/dL. Self-reported diabetes will be doctor diagnosis or 
medication use at visits or AFU. 
 
 
Adjustment variables: 
Baseline variables: age, sex, race-center, total energy intake (potential confounder, since people 
with high total energy intake may drink more, and meanwhile may at a higher risk of diabetes), 
baseline fasting-glucose, family history of diabetes (binary: yes or no), education (three 
categories), physical activity, hypertension (binary), HDL, total cholesterol, smoking status 
(packing years), and baseline body mass index which will have three categories: normal-weight 
(< 25 kg/m2), overweight (between 25 kg/m2 to 30 kg/m2), and obese (≥ 30 kg/m2). 
Time-varying variable: body mass index (three categories as above) at each visit. 
 
Statistical analysis:  

We will examine associations overall and stratified by sex. Two-sided values of p > 0.05 will 
be considered significant. 

(1) To assess the associations between alcohol consumption (current/former/never) and amount 
of alcohol consumption in current drinkers (three categories of doses) with the risk of type 2 
diabetes, we will use person-years and time-to-event approaches. We will use multivariable 
Poisson regression to compare incidence rates of diabetes among different alcohol 
consumption groups, and multivariable Cox proportional hazard model to compare the 
hazard of diabetes among the groups (if the proportional hazard assumption holds), adjusting 
for potential confounders. Never-drinkers will be the reference group. The first model will 
only adjust for age, race, education, family history of diabetes, smoking, and total energy 
intake, which are not thought to be in the causal pathway. The second model will further 
adjust for physical activity, body mass index (time-varying), hypertension history, HDL, and 
total cholesterol. The third model will further adjust for baseline fasting glucose. In all the 



above regression models, the 5 alcohol consumption groups will be analyzed as indicator 
variables. 

(2) We will assess whether body mass index is an effect modifier on the association between 
alcohol consumption and risk of diabetes, by stratification analysis and regression, and to 
assess whether body mass index is a potential mediator. Firstly, we will compare hazard of 
diabetes among different alcohol consumption groups as in (1), stratify by sex and baseline 
body mass index (three categories), and test whether hazard ratios differ by body mass index 
groups, in males and females respectively. Secondly, for Cox regression analysis, we will 
add interaction terms of alcohol consumption groups and time-varying body mass index 
(three categories) in each of the models in (1), and examine whether the coefficients of the 
interaction terms are significantly different from 0.  In this regression, missing body mass 
index values will be carried forward from the last visit. To assess whether body mass index is 
a possible mediator, we will control for BMI in the Cox models as a time-varying variable to 
see if it attenuates hazard ratios between alcohol and incident diabetes. Since body mass 
index is a risk factor of diabetes, to assess mediation we will also examine whether change in 
body mass index during follow-up is associated with alcohol consumption. 

(3) To compare the associations between different types of alcoholic beverage at baseline visit 
with later incident diabetes, we will assess hazard of diabetes among never-drinkers and 
people predominantly drinking one type of alcoholic beverage, with never-drinkers as 
reference. People predominantly drinking one type of beverage are defined when a certain 
type of beverage accounts for more than two thirds of total alcohol consumption of that 
person, calculating from the three questions they answered, as mentioned before. Since the 
sample size might be small for people predominantly drinking one type of beverage, we will 
classify them as two categories (light to moderate drinkers and heavy drinkers) for each types 
of alcoholic beverage, using a cut point of 80 g/week. We will compare hazard ratios of 
“light to moderate to never” and “heavy to never” for the three types of beverage, 
respectively, to see whether the association between alcohol amount and incident diabetes 
differ by types of alcoholic beverage. 

(4) To assess the dose effect of alcohol as a continuous variable among current drinkers, we will 
use restricted cubic splines in the Cox proportional hazard models to more flexibly model the 
association between baseline weekly alcohol consumption (as a continuous variable, gram 
per week) and incident diabetes, adjusting for three different sets of potential confounders as 
above. 

(5) We will explore the association between episodic drinking and incident diabetes by Cox 
proportional hazard model (if proportional hazard assumption holds), adjusting for the same 
sets of variables above. We will classify participants into 4 groups (never-drinkers, former-
drinkers, current drinkers with episodic drinking, and current drinkers without episodic 
drinking) at visit 3, and compare the hazard of incident diabetes from visit 3. If we find a 
narrow range of weekly ethanol intake among episodic drinkers, we will further compare the 
hazard between episodic drinkers versus non-episodic current drinkers with a similar range of 
weekly ethanol consumption. 

 
Secondary analysis:  
(1) If there are enough participants changing drinking patterns, we will assess the association 

between drinking pattern and future diabetes risk. We will categorize participants into three 



categories (decreasing drinking, constant drinking and increasing drinking) by the first two 
visits, and compare the future hazard with visit 2 as the baseline.  

(2) We will also investigate the association between average cumulative amount of alcohol 
consumption with risk of diabetes. Average cumulative amount of alcohol consumption will 
be defined as the average weekly alcohol intake from visit 1 to the last visit before incident 
diabetes or censoring. For participants with missing data of alcohol consumption at certain 
visits, we will average the amount only from visits with the data.  

(3) To test whether race is an effect modifier, we will stratify by sex and race (having 4 
subgroups) in the Cox regression analysis of hazard of the 5 alcohol consumption groups, to 
see whether the association (hazard ratios) differ by race, within males and females 
respectively. 

(4) We will exclude more participants at baseline to explore reverse causation. To address the 
problem that people with health issues may drink less, which will make drinking seems 
protective, a sensitivity analysis will be conducted to further exclude baseline chronic 
diseases including chronic lung disease and cancer. 

(5) Since there are no glucose-based measurements since visit 4 until visit 5, we will test the 
difference of using visit-based diabetes and using self-reported diabetes in the first two 
analyses mentioned in the above part (statistical analysis). 

(6) Since smoking might be a substantial confounder of the association between alcohol 
consumption with diabetes risk, we will examine the hazard ratio as in (1) further stratified 
by baseline smoking status (current, former and never), or restrict the analysis in non-
smokers. 

 
Limitations: 
(1) Potential limitations of this study include recall and/or reporting bias regarding self-report 

alcohol consumption that may result in misclassification of the exposure. 
(2) Analyses in subgroups and for types of alcoholic beverage may have limited power to detect 

moderate association.  
(3) Very high alcohol consumption is low in this population and thus, we may have limited 

ability to examine associations in this group. 
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