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Although heavy alcohol consumption is a recognized 
cause of morbidity and mortality,1-4 few studies have ad-
dressed the potential influence of alcohol consumption 
on self-management of chronic illnesses. Diabetes mel-
litus in particular requires complex self-management 
skills and close follow-up by health care professionals 
for successful management. Preventive care practices 
can help reduce both the incidence and the progression 
of diabetic complications.5-8 The association between 
alcohol and decreased risk of coronary disease9,10 has 
resulted in recommendations that patients with diabe-
tes can drink within recommended limits.11 However, 
excessive alcohol intake may alter patient behavior and 
interfere with chronic disease self-management.   

Alcohol use has been associated with poorer compli-
ance with diabetes preventive care practices in selected 
populations.12-14 For example, increased alcohol use 
was associated with poorer compliance with insulin 
injections among patients at a Veterans Administra-

tion diabetes clinic.12 Any alcohol use was associated 
with poorer adherence to exercise recommendations, 
oral medication regimens, and outpatient visits among 
patients with diabetes seen at community clinics.13   
However, these studies used clinic-based, convenience 
samples with limited generalizability. A study of a large 
managed care organization found that heavy alcohol 
consumption was a significant predictor of less-
frequent glucose monitoring,14 but other recommended 
diabetes preventive care practices were not assessed.   
A recent systematic review of the effect of alcohol 
consumption on diabetes mellitus recommended that 
further studies on the effect of alcohol use on diabetes 
self-care behaviors is needed.15   

This study’s purpose was to evaluate the association 
between levels of reported alcohol consumption and 
diabetes quality of care indicators in a large US general 
population sample of adults with diabetes. Specifically, 
we assessed the level of compliance with diabetes qual-
ity of care indicators established by Healthy People 
2010 using data from the 2001 Behavioral Risk Factor 
Surveillance System (BRFSS).   
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Methods 
The BRFSS is an annual state-specific, cross-section-

al telephone survey of the civilian, noninstitutionalized 
adult population (age > 18). Funded by the Centers for 
Disease Control and Prevention, the survey is conducted 
in all 50 states, the District of Columbia, Puerto Rico, 
and Guam. Detailed descriptions of the purpose, survey 
methodology, and data analysis have been described 
previously.16, 17 Briefly, the BRFSS selects state-specific 
probability samples of households using a multistage 
cluster-design procedure.16, 17 In all states, trained inter-
viewers randomly select one adult from each household 
and administer a standardized core questionnaire to 
that individual. Each interview lasts approximately 
15 minutes. In 2001, BRFSS collected data on clinical 
characteristics and diabetes-specific preventive care 
practices from respondents with diabetes in 41 states 
and the District of Columbia.

BRFSS respondents with self-reported diabetes who 
lived in states that administered the diabetes-specific 
module were eligible for this study. All respondents 
were asked, “Have you ever been told by a doctor that 
you have diabetes?” If they answered affirmatively, 
they were considered to have diabetes. Individuals 
with self-reported gestational diabetes were excluded.   
The BRFSS measures used to assess patient socio-
demographic characteristics and whether patients have 
diabetes have good-to-excellent reproducibility and 
validity.18-20

The alcohol section of the 2001 BRFSS questionnaire 
began with a question about how often those surveyed 
consumed an alcohol-containing beverage (with one 
drink defined as one can or bottle of beer, one glass of 
wine, one can or bottle of wine cooler, one cocktail, 
or one shot of liquor) in the past 30 days. Those who 
reported having alcohol in the past 30 days were then 
asked how many drinks they typically had on days that 
they drank. The average number of drinks per day was 
derived by calculating the total number of drinking 
days over the past month divided by 30, multiplied by 
the average number of drinks per occasion. Based on 
established convention, we categorized participants 
into three mutually exclusive groups based on aver-
age drinks per day: nondrinkers, moderate drinkers, 
and heavy drinkers. Nondrinkers were those who 
reported no alcoholic beverages in the past 30 days. 
Moderate drinkers were defined as consuming two 
alcoholic drinks or less per day on average for a man 
and one drink per day or less on average for women. 
Heavy drinkers were defined as men who consumed 
more than two alcohol drinks per day on average and 
women who consumed more than one drink per day 
on average.21-24 

We defined quality of diabetes preventive care based 
on objectives defined by the Healthy People 2010: Dia-
betes report issued by the US Department of Health 

and Human Services.25 Six components of diabetes 
preventive practices were assessed: (1) daily glucose 
self monitoring, (2) at least one hemoglobin A1c test 
(HbA1c) during the past year, (3) a foot examination 
within the past year by a health professional, (4) a 
dilated eye examination in the past year, (5) formal 
diabetes education, and (6) at least one visit to a health 
care provider for diabetes care in the past year.

Age, gender, race/ethnicity, education, and marital 
status were used as indicators of sociodemographic 
status, and health insurance coverage was used as an 
indicator of access to health care. Health insurance 
coverage was defined from responses to the question, 
“Do you have any kind of health care coverage, in-
cluding health insurance, prepaid plans such as health 
maintenance organizations, or government plans such 
as Medicare?” Because disease severity may influence 
health care utilization and preventive care practices, 
duration of diabetes and insulin use were considered 
indicators of diabetes severity. Health status was mea-
sured using the single question, “Would you say that 
in general your health is excellent, very good, good, 
fair, or poor?”26-29 Finally, because depression may 
influence alcohol consumption and diabetes outcomes 
and we did not have a direct measure of mental illness, 
we used the number of self-reported mental unhealthy 
days as a proxy of mental distress from the question, 
“Now thinking about your mental health, which in-
cludes stress, depression, and problems with emotions, 
for how many days during the past 30 days was your 
mental health not good?”30

All analyses accounted for the complex sampling 
scheme, the unequal probability of selection, and the 
oversampling of certain demographic groups. The data 
presented were weighted to the age, gender, and race 
distributions of the state-specific populations to obtain 
estimates representative of the adult population in our 
sample. Differences in categorical and continuous 
variables were assessed using the chi-square test and 
the Student t test, respectively. The odds of diabetes 
preventive care across alcohol consumption catego-
ries were assessed using logistic regression. Multiple 
logistic regression analyses were used to evaluate the 
association of alcohol consumption with diabetes qual-
ity-of-care indicators, after adjusting for all measured 
confounders. All analyses were performed using STA-
TA-SE 7 (Stata Statistical Software: Release Special 
Edition 7.0. College Station, Tex: Stata Corporation, 
2002). BRFSS data are in the public domain; therefore, 
the study was exempt from review by the University of 
Washington Institutional Review Board.

Results
Of 212,510 respondents in the 41 states and the Dis-

trict of Columbia, 10,980 (5.2%) reported diabetes and 
met our inclusion criteria. Seventy percent (n=7,923) 
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were classified as nondrinkers, 28% (n=2,859) as 
moderate drinkers, and 2% (n=198) as heavy drinkers.   
Heavy drinkers were more likely to be young, male, 
employed, and smokers (P<.001) (Table 1). Nondrinkers 
were more likely to report their general health as “fair” 
or “poor” compared to moderate and heavy drinkers 
(P<.001).

Self-reported annual HbA1c monitoring, annual foot 
examination, and formal diabetes education varied 
little across alcohol consumption categories. There 
was a significant association based on a test for trend 
(P<.001) between increasing alcohol consumption and 
not having performed daily glucose self monitoring, 

not having received an annual dilated eye examina-
tion, and not having had an annual provider visit for 
diabetes (Table 1).   

To identify other factors associated with nonadher-
ence, we looked at the relationship between patient 
characteristics and nonadherence to the diabetes pre-
ventive practices. In bivariate analyses, patient char-
acteristics significantly associated with increased odds 
of nonadherence to at least one of the six components 
of diabetes preventive practices were non-white race, 
no insulin use, educational attainment less than high 
school, annual income less than $15,000, less than 
5 years with diabetes, and no health care coverage 

Characteristics All Diabetics   Categories of Alcohol Consumption P Value
  Nondrinkers Moderate    Heavy 
Sample, n 10,980 7,923  2,859  198 

Population estimates, n 11,666,951 7,966,611 2,047,085 152,400

Mean age (standard error)**, years 58.8 (0.2) 60.1 (0.3) 56.6 (0.5) 51.0 (1.9) <.001

Male (%) 48 42 64 72 <.001

Race (%)     <.001
 White 67 65 71 70
 Black 13 15 9 10
 Hispanic 13 13 14 13
 Other 6 7 5 7

Education < high school (%) 23 26 14 17 <.001

Annual income (%)     <.001
 < $15,000 17 21 9 6
 $15,000–$35,000 31 33 28 35
  >$35,000 34 27 50 50
 Missing 17 19 13 9

Married (%) 61 60 66 56 <.001

Employed (%) 37 32 48 52 <.001

Current smoker (%)  17 15 21 46 <.001

Has health care coverage (%) 90 90 89 88 .63

Duration of diabetes (%)     <.001
 < 5 years 45 42 51 51
 6–14 years  30 31 28 37
 > 15 years 25 27 21 12 

Insulin use (%) 27 29 22 21 <.001

General health (%)     <.001
 Excellent/very good 18 15 25 26
 Good 34 32 40 32
 Fair/poor 48 53 35 42 

Mental unhealthy days  > 14 14 15 11 14 .04

Diabetes care practices**
 No daily glucose self monitoring 45 42 50 57 <.001
 No annual HbA1c monitoring 13 12 14 15 .14
 No annual foot exam 32 32 34 37 <.001
 No annual dilated eye exam 27 26 29 46 .11
 No formal diabetes education 48 48 48 52 .71
 No annual provider visit 10 8 15 15 <.001

* Percentages are weighted estimates.   
** P value for diabetes care practices based on test for trend. 

Table 1

Characteristics of Diabetic Adults by Alcohol Consumption Status*
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than nondrinkers to not perform daily glucose self 
monitoring and to not have had an annual provider 
visit for diabetes (Table 3).

Because depression may be associated with both 
alcohol consumption and diabetes outcomes, we re-
peated the same multivariate analyses and adjusted 
the numbers of self-reported mental unhealthy days as 
a proxy for depression. Additional adjustment for the 
number of mental unhealthy days did not significantly 
alter our findings.   

Discussion
In these national data, adults with diabetes who re-

ported moderate or heavy alcohol consumption were 
less likely than nondrinkers to report daily glucose self 
monitoring. Heavy drinkers compared to nondrinkers 
were also more likely to report not receiving annual 
dilated eye examinations, while moderate drinkers 
compared to nondrinkers were more likely to report not 
having had an annual provider visit for diabetes.    

Our results are consistent with previous studies that 
examined the association between alcohol use and 
diabetes preventive care in select clinical populations.   
There are several possible explanations for the observed 
associations between any alcohol use and diabetes 
preventive care. Excessive alcohol intake may cause 
patients to be less attentive to their health problems, 
leading to fewer health care visits and interfering with 
self-care practices.31 Because some diabetic patients 
may have been advised to abstain, continued drink-
ing may reflect lack of control over alcohol use and 
potentially alcohol dependence. Further, when alcohol 
problems are identified, clinicians may not have ad-
equate time to address additional diabetes preventive 
or self-care practices because of the need to discuss 
alcohol use. Finally, increased alcohol consumption 
may be a marker for other underlying patient factors 
such as mental health conditions or lack of self-efficacy, 
which may in turn affect adherence.  

 
Limitations

This study has several limitations. The cross-sec-
tional observational design of the study prevented us 
from being able to assess causality. Despite the large, 
representative sample of the US population, individu-
als without telephones were not included, and poorer 
households were likely underrepresented. While we 
could account for duration of diabetes and insulin use, 
other measures of diabetes severity and comorbidity 
that may influence the receipt of preventive care ser-
vices were not available.   

The determinants of preventive diabetes care are 
multiple and complex; we were able to roughly account 
for mental illness such as depression or anxiety that 
may be associated with both alcohol consumption and 
diabetes care.   

Table 2

Crude Odds Ratio (OR) of Nonadherence to At Least 
One of the Six Diabetes Preventive Practices

 Crude OR 
Characteristics (95% CI)
Age (years)
 18–45 1.0
 46–64 0.9 (0.7–1.2)
 > 65 1.2 (0.9–1.4)

Gender
 Male 1.0
 Female 1.2 (1.0–1.4)

Race
 White 1.0
 Not white 1.3 (1.1–1.5)

Education
 > High school 1.0
 < High school 1.7 (1.4–2.2)

Income 
 $15,000 + 1.0
 < $15,000 1.5 (1.2–1.8)

Married
 Yes 1.0
 No 1.1 (0.9–1.3)

Employed
 No 1.0
 Yes 0.8 (0.7–1.0)

Has health care coverage
 Yes 1.0
 No 2.1 (1.6–2.9)

Duration of diabetes
 > 5 years 1.0
 < 5 years 1.8 (1.5–2.2)

Insulin use
 Yes 1.0
 No 3.8 (3.1–4.5)

General health
 Excellent/very good/good 1.0
 Fair/poor 0.8 (0.7–1.0)

Mental unhealthy days > 14 
 No 1.0 
 Yes 0.8 (0.6–1.1)

Alcohol consumption
 Nondrinker 1.0
 Moderate 1.0 (0.8–1.2)
 Heavy 2.0 (1.1–3.2) 

CI—confidence interval

(Table 2). These results were similar when we evalu-
ated the association between patient characteristics and 
each diabetes preventive practice separately. 

Compared to nondrinkers, heavy drinkers were at 
an increased risk of not performing daily glucose self 
monitoring and not having had an annual dilated eye 
examination in multivariate analysis that adjusted for 
age, gender, race, education, marital status, income, 
health care coverage, duration of diabetes, health 
status, and insulin use (Table 3). After adjusting for 
similar covariates, moderate drinkers were more likely 
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Finally, data were based on self-report and may be 
subject to misclassification bias. We relied on the dia-
betes diagnosis established by self-report, which has 
been shown to have excellent validity.20 We also relied 
on self-reported alcohol consumption, which has been 
validated in other epidemiological investigations but 
may have introduced some error in our analyses.32-35 
The alcohol consumption measures used in the BRFSS 
survey underestimated overall alcohol consumption 
and therefore identified a relatively small number of 
heavy drinkers. In addition, the alcohol consumption 
measures in BRFSS did not allow us to distinguish 
between former drinkers and those who never drink 
who may have comprised our nondrinker category. 
Future studies are needed to evaluate more-sensitive 
measures of alcohol consumption (ie, AUDIT-C)32-35 
and its relationship to diabetes self-care behaviors. 

  

Moderate Drinker
(n=2,859)

Heavy Drinker
(n=198)

No daily glucose self monitoring
   Crude OR
   Adjusted OR*

No annual HbA1c monitoring
    Crude OR
    Adjusted OR*

No annual professional foot exam 
     Crude OR
     Adjusted OR*

No annual dilated eye exam 
     Crude OR
     Adjusted OR*

No formal diabetes education
     Crude OR
     Adjusted OR*

No annual provider visit   
     Crude OR
     Adjusted OR*

1.4 (1.2–1.6)
1.3 (1.1–1.5)

1.2 (0.9–1.6)
1.1 (0.8–1.4)

1.1 (0.9–1.3)
1.1 (0.9–1.3)

1.2 (1.0–1.4)
1.2 (1.0–1.4)

1.0 (0.9–1.2)
1.0 (0.9–1.2)

2.1 (1.7–2.7)
1.8 (1.4–2.4)

1.8 (1.1–2.9)
1.8 (1.1–2.9)

1.3 (0.7–2.8)
1.3 (0.6–2.7)

1.3 (0.8–2.1)
1.4 (0.8–2.3)

2.4 (1.5–3.8)
2.2 (1.4–3.5)

1.2 (0.8–1.9)
1.3 (0.8–2.0)

 

2.1 (1.2–3.7) 
1.7 (0.9–3.2)

Table 3

Crude and Adjusted OR (95% CI) of Nonadherence 
to Diabetes Preventive Practices Among Participants 

by Drinking Categories   

Referent group: nondrinkers (n=7,923)

* Adjusted for age, gender, race, education, marital status, income, health care 
coverage, duration of diabetes, health status, and insulin use

OR—odds ratio
CI—confidence interval

Conclusions
Heavy alcohol use may be a modifiable behav-

ior affecting diabetes care quality and a barrier to 
achieving the Healthy People 2010 diabetes objec-
tives. Longitudinal studies are needed to evalu-
ate the association of alcohol use with objective 
quality of care and patient outcomes for diabetes.   
In the meantime, clinicians should be aware that 
patients with diabetes who report drinking alco-
hol may be at risk for adverse diabetes outcomes 
due to suboptimal preventive care practices.   
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