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Abstract
Although excessive alcohol consumption is a recognized cause of morbidity and mortality,

many studies have linked moderate alcohol consumption to improved cardiovascular health

and a lower risk of Type 2 Diabetes (T2D). Self-reported alcohol and diet data used to gener-

ate these results suffer frommeasurement error due to recall bias. We estimate the effects

of diet, alcohol, and lifestyle choices on the prevalence and incidence of cardiovascular dis-

ease and T2D among U.S. adults using a nationally representative cohort of households

with scanner data representing their food-at-home, alcohol, and tobacco purchases from

2007-2010, and self-reported health surveys for the same study participants from 2010-

2012. Multivariate regression models were used to identify significant associations among

purchase data and lifestyle/demographic factors with disease prevalence in 2010, and with

incidence of new disease from 2011-2012. After controlling for important confounders, re-

spondents who purchased moderate levels of wine were 25% less likely than non-drinkers

to report heart disease in 2010. However, no alcohol-related expenditure variables signifi-

cantly affected the likelihood of reporting incident heart disease from 2011-2012. In contrast,

many types of alcohol-related purchases were associated with a lower prevalence of T2D,

and respondents who purchased the greatest volumes of wine or beer—but not liquor—

were less likely to report being diagnosed with T2D in 2011-2012 than non-drinkers.

Introduction
Excessive alcohol consumption is a well-recognized cause of morbidity [1] and mortality, ac-
counting for 80,000 United States (U.S.) deaths annually [2]. However, many studies have
linked moderate alcohol consumption to improved cardiovascular health [3] and a lower Type
2 Diabetes (T2D) risk [4], with few health benefits and even negative outcomes observed at
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lower and higher alcohol consumption levels. Yet, in these studies, it is often difficult to sepa-
rate effects of alcohol use from other lifestyle-related factors on health outcomes, including an
individual’s behavior and diet [5]. Given the known hazards associated with drinking greater
amounts of alcohol, it is critical to control for these potentially confounding lifestyle factors to
provide careful public health recommendations regarding alcohol consumption [6].

Some of the cardio-protective health effects attributed to alcohol may be a product of life-
style-related differences that exist between those who choose to drink moderate levels of alco-
hol versus those who drink excessively or abstain. For instance, moderate drinkers have been
shown to be less likely than non-drinkers and heavy drinkers to exhibit a wide variety of factors
linked to heart disease, such as physical inactivity [5, 7]. In addition, the preferred alcohol-type
consumed has also been shown to affect health outcomes. Wine in particular has been identi-
fied as perhaps the most beneficial alcohol choice, since rates of cardiovascular disease and/or
related deaths appear to be lowest for wine drinkers [8, 9]. However, wine drinkers have also
been shown to eat healthier, exercise more, and have higher intelligence quotients, income lev-
els, and more education then even their drinking peers [10–15]. Nevertheless, randomized clin-
ical studies have identified a favorable effect of alcohol on several important biomarkers for
heart disease and T2D [16–20].

Many observational studies have attempted to control for some of these confounders and
have found no significant reduction in estimated benefits of alcohol consumption. But virtually
all have relied on self-reported recollections of study subjects through food diaries, which are
subject to substantial measurement error [21]. In many cases, the interval between entries in a
given food diary, as well as the recollection period required of subjects, can range up to a period
of years [22, 23]. Household food and alcohol transactions via scanner data are far more com-
prehensive [11, 24], providing a powerful means to observe dietary and drinking choices [6].
Using a nationally representative cohort of households whose food-at-home, alcohol, and to-
bacco purchases are captured over a four-year period, and associating them with up to three
years of self-reported health surveys for the same study participants, we report on the relation-
ships between diet, alcohol, and lifestyle choices with the prevalence and incidence of cardio-
vascular disease and T2D among U.S. adults.

Methods

Survey Population
We obtained National Consumer Panel (NCP) data from 2007–2012. The NCP, a joint venture
of the Nielsen Corporation and Information Resources, Inc. (IRI), is a large and nationally rep-
resentative dataset of U.S. households measuring retail purchases. Participating households are
provided scanner equipment and instructions for its use and reporting, and are compensated
for their ongoing participation in the panel. Panelists are selected to produce a nationally repre-
sentative sample based on household size, household head’s age, income, race/ethnicity, pres-
ence of children, and urban/rural location.

Data Collection
NCP households are instructed to record all retail purchases by scanning universal product
codes (UPCs) or supplemental scan codes for non-UPCed items. Household demographics
and socioeconomic status are collected and maintained, and annual “Medprofiler” health sur-
veys were conducted by IRI beginning in 2010 from a subset of NCP households. These health
surveys collected data on each household member’s self-reported age, weight, height, health
concerns, exercise, stress-level, and presence of selected health conditions, as reported by the
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household head. This study used purchase data obtained from 2007–2010 and health data re-
ported from 2010–2012 for individuals aged�21 years.

Dietary Healthfulness
Dietary health scores were calculated using both Healthshare and USDAscore. Healthshare re-
ports the proportion of purchases categorized as foods recommended for increased consump-
tion by the U.S. Department of Agriculture’s (USDA) and U.S. Department of Health and
Human Services’ 2010 Dietary Guidelines for Americans [25–27]. USDAscore—equivalent to
Volpe and Okrent’s USDAScore1—is calculated using the same purchases but modified based
on the age and number of household members, and their adherence to food expenditure rec-
ommendations by the USDA Center for Nutritional Policy and Promotion [25, 27].

Alcohol and tobacco consumption
Alcohol-consumption was calculated based on a household’s per-capita purchased drinks for
at-home consumption [28]. Volume was converted into number of drinks according to the fol-
lowing single drink definition: 12.5oz (370mL) of beer, 5oz (148mL) of wine, and 1.5oz (44mL)
of spirits. Drinking households were then stratified into thirds based on average annual per-
capita alcohol purchases. Households without any purchased alcohol were labeled non-drink-
ers. Alcohol-type preference was defined by the type of alcohol representing the majority of
household expenditures. Households were classified by their alcohol preference in conjunction
with expenditure level (e.g., "beer 3" represents households with alcohol expenditures in the
top-third of sampled homes, with the majority of its expenditures on beer). We evaluated the
sensitivity of the type-preference definition by varying the amount of other types of alcohol a
preferring household could purchase, up to defining type X drinkers as those who purchasing
only type X alcohol. Households with any tobacco purchases were considered “tobacco users”.
Drinker types were compared to non-drinkers using two-sided t-tests for group means.

Health Outcomes
Using self-reported health data from 2010–2012, we sought to identify factors associated with
incident and prevalent heart disease and/or T2D. Prevalence was assessed using 2010 survey
data, where heart disease included those reporting “heart problems not including a heart at-
tack” and/or “heart attack” and T2D included those reporting that diagnosis. To assess inci-
dence, survey participants not reporting the condition in 2010 were included and followed to
determine whether they later reported it in 2011–2012. Other health conditions included as
possible predictors included high blood pressure and cholesterol. Self-reported stress and activ-
ity levels were also assessed; all respondents reporting being “very” or “somewhat” concerned
over stress-levels were labeled positive for stress concerns, and those reporting exercising or
being active�20 minutes per day on “most” or “some” days were labeled as such. Body mass
index (BMI) was calculated using self-reported height and weight.

Statistical Analysis
Dietary, demographic, socioeconomic and health-related factors were included for analysis to
assess risks for incident and prevalent heart disease and T2D. For each condition, logistic re-
gression models were used to estimate factors predictive of prevalent and incident heart disease
and T2D. Univariate analyses were conducted to identify significant (p<0.05) unadjusted vari-
ables, which were then applied in a multivariate model to obtain adjusted odds ratios (aOR);
95% confidence intervals (CI) were constructed around all estimates. All multivariate models
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were assessed to ensure adequate ratios of events per parameter [29]. For brevity, ORs for heart
disease/T2D prevalence among 2010 survey participants are reported as “OR2010”, while ORs
for incidence from 2011–2012 are represented by “OR2012”. To account for potential confound-
ers, factors identified as predictive for at least one condition via univariate analysis or due to bi-
ological relevance were retained in all multivariate models. All alcohol-related variables were
also retained to demonstrate their effects. Analyses were conducted using STATA [30].

Results

Study Population Demographics and Health Profile
In 2010, 59,545 (82%) of 72,878 enlisted NCP households provided sufficient food purchase
and demographic information for analysis. Of these, 49,377 participants in 26,719 (45%)
households were�21 years old and returned the 2010 health survey; descriptive statistics for
respondents are displayed in Table 1. Among included respondents, 46% were male and 86%
were White and/or Hispanic, 7% Black, 3% Asian, and 4% reported belonging to another race/
ethnicity. The median age of included respondents was 55 (range: 21–102) and median annual
household income and education years of the household head were $55,000 (range: $6,500-
$225,000) and 16 (range: 8–18), respectively. Most participants lived in the Midwest (37%) and
South (27%), while the remainder resided in the West (19%) and Northeast (17%); 21% of in-
cluded respondents lived in rural areas.

The mean BMI score of included respondents was 29 (range: 15–76), while the average die-
tary health score of households surveyed was 32 (range: 2–99) as reported by Healthshare, and
8 (range: 1–33) as represented by USDAscore. Stress was reported as a concern by 72% of re-
spondents; 37% claimed to exercise on most days. Among included respondents, 36% reported
high cholesterol, 33% high blood pressure, 10% heart disease, and 11% T2D in 2010. Of those
2010 survey respondents who did not report heart disease or T2D, 25,196 (57%) and 24,784
(56%) submitted follow-up surveys from 2011–2012, respectively. From these, 2,373 (9%)
newly reported heart disease and 1,487 (6%) T2D from 2011–2012.

Comparisons of Drinkers and Non-Drinkers
According to Table 1, one-quarter of participants lived in households without any alcohol pur-
chases. When classified by the majority of household alcohol purchases, 31% were labeled wine
drinkers, 23% beer drinkers, and 20% liquor drinkers; 25% of respondents lived in households
purchasing tobacco products. Greater percentages of participants in wine drinking homes
(40%) than non-drinking homes (35%) reported exercising on most days. Wine ($73k) and li-
quor ($66k) drinkers had higher mean income levels than non-drinkers ($55k). Males house-
hold heads constituted greater percentages of beer (48%) and liquor drinkers (47%) than non-
drinkers (45%). Wine (mean age = 56 years) and liquor drinkers (54 years) were significantly
older, and beer drinkers (52 years) younger, than non-drinkers (53). The mean BMI for each
drinker group (27.9, 28.8, and 29.1 for wine, beer, and liquor, respectively) was significantly
lower than non-drinkers (29.5). Wine (70%) and liquor (71%) drinkers were less frequently
concerned about stress than non-drinkers (73%). According to both measures used to account
for dietary health, wine and liquor drinkers had healthier diets than non-drinkers; beer drinkers
had a slightly lower mean Healthshare score but higher mean USDAscore than non-drinkers.

Predictors for Self-reported Heart Disease and T2D
Associations with alcohol. Factors associated with prevalent and incident heart disease

and T2D from logistic regression analyses are shown in Tables 2 and 3, respectively. In
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univariate models, several alcohol consumption variables were associated with lower preva-
lence and incidence of heart disease (e.g., for Beer 3, OR2010 = 0.8, CI: 0.7–0.9); on the other
hand, heavy liquor consumption was associated with an increased risk for prevalent (OR2010 =
1.1, CI: 1.1–1.3) and incident (OR2012 = 1.2, CI: 1.1–1.4) heart disease. However, in adjusted

Table 1. Variable Means for the 2010 MedProfiler Survey Population Households, Stratified by Alcohol Type Preferencea.

All Participants Wine Beer Liquor Non-Drinkers
N = 49,377 N = 15,452 N = 11,317 N = 9,731 N = 12,894

High Cholesterol 36.1 37.6*** 34.3* 36.6* 35.6

High Blood Pressure 33.4 33.8 31.1*** 34.8 34

Heart Diseaseb 9.8 9.8* 9.1*** 9.9 10.4

Type 2 Diabetes 10.8 9.7*** 10.1*** 10.4*** 13

Female 54 55 52*** 53*** 55

Age (years) 54 56*** 52*** 54*** 53

White or Hispanic 86 86*** 86*** 85 84

Black 7 6*** 7*** 9 8

Asian 3 4** 3*** 2*** 3

Other Race 4 4 4*** 4 4

Married 72 73*** 76*** 70 69

Single 11 11*** 10*** 12 12

Children present? 23 19*** 27* 20*** 26

Midwest 37 39 35*** 30*** 40

South 27 24 30*** 32*** 24

West 19 22*** 17** 22*** 16

Northeast 17 15*** 17*** 17*** 20

Rural 21 18*** 23 21*** 23

Body-Mass Index (Points) 28.8 27.9*** 28.8*** 29.1*** 29.5

Concerned About Stress 72 70*** 73 71*** 73

Exercise Most Days 37 40*** 36* 36 35

Exercise Some Days 36 36 35 36 36

Household Income ($K) 64 73*** 62* 66*** 55

Healthshare 32.3 35.1*** 30.5*** 32.1*** 30.9

USDAscore (Points) 7.8 8.3*** 7.8*** 7.9*** 7.3

Drinker 1c 24 34 39 24 0

Drinker 2c 24 31 35 35 0

Drinker 3c 25 35 27 41 0

Smoker 25 21 33*** 31*** 20

Notes: Unless otherwise indicated, all values in the table represent percentages. The "All Participants" total is slightly smaller than the sum of the

population sizes for each alcohol type category, since a handful of included respondents were classified in multiple categories because spending on

multiple alcohol types was equivalent. Healthshare and USDAscore are aggregate average dietary index scores, based on a household’s scanned

purchases from 2007–2010.
aAlcohol type preference was defined as the type of alcohol on which the participant's household spent the most from 2007–2010. “Non-drinkers” recorded

no alcohol purchases in the sample.
bHeart disease includes respondents who reported "heart problems" as well as heart attacks. The significance of the results in the table is unchanged

when only "heart problems” are considered.
cDrinker levels are classified in thirds, increasing with the household's average per-capita alcohol expenditures.

*** P<0.01

** P<0.05

* P<0.1

doi:10.1371/journal.pone.0124351.t001

You Are What You Eat (and Drink)

PLOS ONE | DOI:10.1371/journal.pone.0124351 May 11, 2015 5 / 12



models, only respondents that purchased moderate alcohol volume-levels, and that demon-
strated a preference for wine (i.e., “wine 2” homes), were less likely than others to report heart
disease in 2010 (aOR2010 = 0.8, CI: 0.7–0.9). No alcohol expenditure variables significantly af-
fected the likelihood of reporting incident heart disease from 2011–2012 in the adjusted model.

In univariate analyses, respondents with T2D were less likely to report drinking at high vol-
ume-levels and more likely to report drinking at low volume-levels, whatever their alcohol-
type preference. Similarly, households that purchased the greatest alcohol volumes and demon-
strated a preference for wine or beer, were 100% (OR2012 = 0.5, CI: 0.4–0.7) and 40% (OR2012 =
0.7, CI: 0.6–0.9) less likely, respectively, to report being diagnosed with T2D in 2011–2012 than
non-drinkers. In multivariate analyses, all levels of wine drinkers and moderate to heavy beer

Table 2. Association between Sociodemographic, Health, and Lifestyle Factors with the Prevalence and Incidence of Heart Disease+, 2010–2012.

Risk of having Heart Disease in 2010 (N = 4,841) Risk of reporting Heart Disease in 2011–2012,

after not reporting it in the 2010 survey (N = 2,373)

OR2010 95% C.I. aOR2010 95% C.I. OR2012 95% C.I. aOR2012 95% C.I.

High Cholesterol 5.3*** (5.0–5.7) 2.4*** (2.2–2.6) 2.1*** (1.9–2.3) 1.3*** (1.2–1.5)

High Blood Pressure 6.0*** (5.6–6.5) 2.8*** (2.6–3.0) 2.4*** (2.2–2.6) 1.6*** (1.4–1.8)

Type 2 Diabetes 3.6*** (3.4–3.9) 1.6*** (1.4–1.7) 2.0*** (1.8–2.3) 1.2*** (1.1–1.4)

Female 0.6*** (0.5–0.6) 0.6*** (0.5–0.6) 0.8*** (0.8–0.9) 0.9*** (0.8–0.9)

Age (in 10 yrs) 1.9*** (1.8–1.9) 1.6*** (1.5–1.7) 1.5*** (1.5–1.6) 1.4*** (1.4–1.5)

Body-Mass Index 1.03*** (1.02–1.03) 1.0 (0.99–1.01) 1.02*** (1.01–1.03) 1.01*** (1.01–1.02)

Concerned About Stress 1 (0.9–1.1) 1.3*** (1.2–1.4) 1.0 (0.9–1.1) 1.2*** (1.1–1.3)

Exercise Most Days 0.77*** (0.7–0.8) 0.82*** (0.8–0.9) 0.84*** (0.8–0.92) 0.86** (0.8–0.97)

Exercise Some Days 0.89*** (0.83–0.95) 0.86*** (0.8–0.9) 0.9 (0.9–1.0) 0.9** (0.8–0.99)

Income (in $10K) 0.92*** (0.91–0.93) 0.96*** (0.95–0.97) 0.97*** (0.96–0.98) 1.0 (1.0–1.0)

Historical Dietary Score^ 1.0*** (1.0–1.0) 1.0 (1.0–1.0) 1.0** (1.0–1.0) 1.0 (1.0–1.0)

Wine 1 1.1 (1.0–1.2) 1.0 (0.8–1.1) 1.0 (0.8–1.1) 0.9 (0.7–1.1)

Wine 2 0.9** (0.8–0.9) 0.8*** (0.7–0.9) 1.1 (0.9–1.2) 1.0 (0.8–1.2)

Wine 3 1 (0.9–1.1) 0.9 (0.8–1.0) 1.0 (0.8–1.1) 0.9 (0.7–1.0)

Beer 1 1 (0.9–1.1) 0.9 (0.8–1.1) 1.0 (0.9–1.2) 0.9 (0.8–1.1)

Beer 2 0.9 (0.8–1.0) 1.0 (0.9–1.1) 0.8** (0.7–0.9) 0.9 (0.7–1.1)

Beer 3 0.8*** (0.7–0.9) 0.9 (0.8–1.0) 0.9 (0.8–1.1) 0.9 (0.7–1.1)

Liquor 1 1 (0.8–1.1) 0.9 (0.8–1.1) 0.8 (0.7–1.1) 0.8 (0.6–1.0)

Liquor 2 0.9 (0.8–1.0) 1.0 (0.8–1.1) 1.0 (0.8–1.2) 1.0 (0.8–1.3)

Liquor 3 1.1** (1.1–1.3) 0.9 (0.8–1.0) 1.2** (1.1–1.4) 1.0 (0.9–1.2)

Smoker 1.2*** (1.1–1.3) 1.3*** (1.2–1.4) 1.2*** (1.1–1.4) 1.3*** (1.2–1.5)

Respondents 49,377 25,196

Pseudo R-squared - 19% - 6%

+Heart disease includes respondents who reported "heart problems" as well as heart attacks. The significance of the results in the table is unchanged

when only "heart problems" is considered.
^The results in this table use Healthshare to represent diet score (virtually identical results are estimated with USDAscore).

OR = unadjusted Odds Ratio; aOR = adjusted Odds Ratio; C.I. = 95% confidence interval. Standard errors used to estimate confidence intervals are

robust to clustering at the household level. Race, region, and marital status were controlled for in the multivariate analyses but are not presented in the

table to conserve space. Levels of significance are represented as

*** P<0.01,

** P<0.05,
* P<0.1.

doi:10.1371/journal.pone.0124351.t002
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or liquor drinkers were less likely to report T2D in 2010, and only high volume-level wine and
beer households were less likely to report incident T2D in 2011–2012. Further analyses demon-
strated robustness of these results to varying definitions of alcohol type preference, even when
drinker types were defined only as those who bought a single type of alcohol.

Associations with other factors included in adjusted models. Respondents reporting
high cholesterol in 2010 were 2.4 times more likely (CI: 2.2–2.6) to also report heart disease in
2010, and 30% more likely (CI: 1.2–1.5) to newly report heart disease from 2011–2012. For
T2D, these values were 2.9 times (CI: 2.7–3.2) and 40% (CI: 1.2–1.5), respectively. Respondents
reporting high blood pressure in 2010 were 2.8 times more likely (CI: 2.6–3.0) to also report
heart disease in 2010, and 60% more likely (CI: 1.4–1.8) to newly report heart disease from
2011–2012. For T2D, these values were two times (CI: 1.9–2.2) and 40% (CI: 1.2–1.6) more
likely, respectively. Reporting T2D in 2010 was associated with a 60% (CI: 1.4–1.7) higher

Table 3. Association between Sociodemographic, Health, and Lifestyle Factors with the Prevalence and Incidence of Type 2 Diabetes, 2010–2012.

Risk of having T2D in 2010 (N = 5,323) Risk of reporting T2D in 2011–2012,

after not reporting it in the 2010 survey (N = 1,487)

OR2010 95% C.I. aOR2010 95% C.I. OR2012 95% C.I. aOR2012 95% C.I.

Heart Disease 3.6*** (3.4–3.9) 1.5*** (1.3–1.6) 2.1*** (1.8–2.4) 1.2** (1.0–1.4)

High Cholesterol 5.5*** (5.1–5.8) 2.9*** (2.7–3.2) 2.0*** (1.8–2.3) 1.4*** (1.2–1.5)

High Blood Pressure 5.2*** (4.9–5.5) 2.0*** (1.9–2.2) 2.3*** (2.1–2.6) 1.4*** (1.2–1.6)

Female 0.7*** (0.7–0.8) 0.7*** (0.7–0.8) 0.9*** (0.8–0.9) 0.9** (0.8–0.98)

Age (in 10 yrs) 1.5*** (1.5–1.6) 1.3*** (1.3–1.4) 1.3*** (1.3–1.4) 1.2*** (1.2–1.3)

Body-Mass Index 1.09*** (1.09–1.1) 1.08*** (1.08–1.09) 1.06*** (1.06–1.07) 1.05*** (1.05–1.06)

Concerned About Stress 1.0 (0.9–1.0) 1.1 (1.0–1.1) 1.1 (1.0–1.2) 1.2*** (1.1–1.3)

Exercise Most Days 0.6*** (0.6–0.6) 0.8*** (0.7–0.8) 0.7*** (0.6–0.8) 0.7*** (0.6–0.9)

Exercise Some Days 0.9*** (0.9–1.0) 0.9*** (0.8–0.9) 0.9* (0.8–1.0) 0.8*** (0.7–0.9)

Income (in $10K) 0.93*** (0.93–0.94) 0.98*** (0.97–0.99) 0.94*** (0.92–0.96) 0.97*** (0.95–0.99)

Historical Dietary Score^ 1.0*** (1.0–1.0) 1.01*** (1.0–1.01) 1.0 (1.0–1.0) 1.0 (1.0–1.0)

Wine 1 1.1** (1.0–1.2) 0.9* (0.8–1.0) 1.0 (0.9–1.2) 0.9 (0.7–1.1)

Wine 2 0.9 (0.9–1.1) 0.8*** (0.7–0.9) 0.9 (0.7–1.1) 0.8* (0.6–1.0)

Wine 3 0.6*** (0.5–0.7) 0.5*** (0.5–0.6) 0.5*** (0.4–0.7) 0.5*** (0.4–0.7)

Beer 1 1.2*** (1.1–1.3) 0.9 (0.8–1.1) 1.2 (1.0–1.4) 1.0 (0.8–1.2)

Beer 2 0.9 (0.8–1.0) 0.9* (0.8–1.0) 1.0 (0.8–1.3) 0.9 (0.7–1.2)

Beer 3 0.7*** (0.6–0.8) 0.6*** (0.5–0.7) 0.7** (0.6–0.9) 0.7*** (0.5–0.9)

Liquor 1 1.3*** (1.1–1.4) 1.0 (0.9–1.2) 1.2 (0.9–1.5) 1.0 (0.7–1.3)

Liquor 2 0.9 (0.8–1.1) 0.8** (0.7–0.9) 1.1 (0.9–1.3) 0.9 (0.7–1.2)

Liquor 3 0.8*** (0.7–0.9) 0.6*** (0.5–0.7) 1.1 (0.9–1.3) 0.9 (0.7–1.1)

Smoker 1.1* (1.0–1.1) 1.1*** (1.1–1.2) 1.3*** (1.2–1.3) 1.3*** (1.2–1.5)

Respondents 49,377 24,784

Pseudo R-squared - 20% - 7%

^The results in this table use Healthshare to represent diet score. Virtually identical results are estimated when USDAscore is used.

OR = unadjusted Odds Ratio; aOR = adjusted Odds Ratio; C.I. = 95% confidence interval. Standard errors used to estimate confidence intervals are

robust to clustering at the household level. Race, region, and marital status were controlled for in the multivariate analyses but are not presented in the

table to conserve space. Levels of significance are represented as

*** P<0.01,
** P<0.05,

* P<0.1.

doi:10.1371/journal.pone.0124351.t003
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likelihood of also reporting heart disease, and 20% (CI: 1.1–1.4) greater likelihood of first re-
porting heart disease from 2011–2012.

Women were less likely than men to have both heart disease (aOR2010 = 0.6, CI: 0.5–0.6)
and T2D (aOR2010 = 0.7, CI: 0.7–0.8). They were also less likely to report either condition from
2011–2012 (aOR2012 = 0.9, CI: 0.8–0.9, and aOR2012 = 0.9, CI: 0.8–0.98, respectively). Each ad-
ditional ten years of age was associated with an increased risk of 60% for reporting heart disease
in 2010 (CI: 1.5–1.7) and 40% for 2011–2012 (CI:1.4–1.5), and also with an increased risk of
30% for reporting T2D (CI = 1.3–1.4) in 2010 and 20% in 2011–2012 (CI:1.2–1.3). Each addi-
tional one-unit increase in BMI was associated with an 8% chance of reporting T2D (CI: 1.08–
1.09) in 2010. Each one-unit BMI increase also increased the risk of being diagnosed for the
first time with heart disease by 1% (CI: 1.01–1.02) and with T2D by 5% (CI:1.05–1.06) in
2011–2012. Household diet scores were not significantly associated with reporting heart dis-
ease in 2010 according to the adjusted model, although people with T2D in 2010 had slightly
healthier diet scores than those without T2D (aOR2010 = 1.01, CI: 1–1.01). Concerns over stress
increased the likelihood of reporting prevalent heart disease (aOR2010 = 1.3, CI: 1.2–1.4), and
incident heart disease (aOR2012 = 1.2; CI: 1.1–1.3) and T2D (aOR2012 = 1.2; CI: 1.1–1.3) from
2011–2012. Regular exercise reduced the risk of reporting both prevalent and incident heart
disease (for exercise on some days, these values were aOR2010 = 0.86, CI: 0.8–0.9; aOR2012 =
0.9, CI: 0.8–0.99, respectively,) and T2D (aOR2010 = 0.9, CI: 0.8–0.9; aOR2012 = 0.8, CI: 0.7–0.9,
respectively). The protective effect of exercise was even stronger, at the mean, for exercise on
most days. Every additional $10K of household income decreased the risk of reporting both
conditions by 2–3% (aOR2010 = 0.96, CI: 0.95–0.97 for heart disease; aOR2010 = 0.98, CI: 0.97–
0.99 for T2D) in 2010, and of newly reporting T2D from 2011–2012 (aOR2012 = 0.97, CI: 0.95–
0.99). Respondents from tobacco-using households were 30% more likely to report heart dis-
ease (CI: 1.2–1.4) and 10% more likely to report T2D (CI: 1.1–1.2) in 2010, and also 30% more
likely to newly report either disease from 2011–2012 (CI: 1.2–1.5 for both).

Discussion
This nationally representative population-based study is the first to use actual household-level
food, alcohol, and tobacco purchases in combination with health outcomes data to evaluate
their associations with having or developing heart disease and T2D. Although prior research
demonstrated a cardio-protective effect of certain types of alcohol consumption [3], none clas-
sified drinkers based on actual purchases, and few adequately accounted for dietary factors that
are thought to modify this relationship. Of those that do include diet, consumption data are
self-reported and are collected infrequently [22, 31–36], offering a much narrower view, partic-
ularly given the associated problem of measurement error [37, 38]. These problems have
prompted researchers to recognize the usefulness of actual purchase data to adequately address
confounding [6, 11]. The findings of this study address a critical gap in the existing literature
and serve to better elucidate the true relationship between alcohol consumption and heart dis-
ease and T2D, two increasingly prevalent and costly conditions in the United States.

Using NCP data over a four-year period, we did not find a significant link between any type
and/or level of alcohol consumption and the odds of developing incident heart disease over the
following two years, once critical confounders were controlled. Even though several alcohol con-
sumption variables were protective for prevalent and incident heart disease in a univariate
model, their significance disappeared once important confounders were included. The only type
of alcohol consumption that remained significantly associated with lower heart disease preva-
lence in the multivariate model was a purchase preference for wine among respondents belong-
ing to households with mid-level alcohol expenditures. On the other hand, household
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consumption of greater volumes of alcohol, regardless of type, was associated with lower odds of
reporting prevalent T2D in 2010, while the highest levels of wine and beer purchases were pro-
tective for incident T2D over the next two years. These results demonstrate a beneficial role of al-
cohol with respect to diabetes, even after diet and lifestyle-related factors are taken into account.

Our results support that the relationship between alcohol consumption in general—and
particularly with certain types of alcohol consumption—and heart disease is confounded by
lifestyle and other factors. As others have shown [5, 7, 12–15], respondents in our study who
live in households that purchase alcohol are more likely than non-drinkers to exhibit factors as-
sociated with a lower risk of heart disease. These respondents had lower BMIs, were less con-
cerned about stress (for wine and liquor drinkers), exercised on most days (wine drinkers), had
higher income (wine and liquor drinkers), and consumed healthier diets. Although our diet
variables had small, though significant, estimated effects on certain health outcomes, they likely
have a strong indirect effect via their operation through BMI. Smoking, on the other hand, un-
ambiguously increased the risk for both heart disease and T2D, and some beer and liquor
drinkers were more likely to reside in smoking households. At the same time, our multivariate
models estimated that moderate wine drinking remained protective against heart disease, and
several of our alcohol consumption variables remained associated with decreased risk of devel-
oping T2D. These findings further support the recent line of research identifying alcohol as a
potential source of reduced T2D risk: alcohol may improve insulin sensitivity, increase high-
density lipoprotein cholesterol and adiponectin, and confer anti-inflammatory effects [39].

Compared to the general U.S. population [40], respondents in our analysis were older (27%
versus 16%>62 years old) and more frequently female (54% versus 51%). They were also more
likely to be white (86% versus 75%) [41], and had higher median household income levels
($55,000 versus $50,000 per year) [42]. Our respondents were slightly less likely than the gener-
al U.S. population to report heart disease (10% versus 12%) and were more likely to report
T2D (11% versus 9%), high blood pressure (33% versus 25%)[43], and high cholesterol (36%
versus 14%), although this may be attributed to the older population present in our study [44].

Our study is limited by the fact that all purchase data are at the household-level, and only
for at-home consumption. Thus, generalizing our results is constrained to the extent that diets
differ among individuals within households and that away-from-home dietary behavior varies
from at-home data. Further, our follow-up window is a two-year period, limiting our ability to
identify all respondents who later develop heart disease and T2D. We also are unable to identi-
fy reasons for survey exit including mortality, which of course could include the sickest heart
disease patients and therefore may make our population appear healthier than it actually is.
Additionally, though we observe actual scanned purchases, we do not observe products that
households failed to scan. Furthermore, all health outcomes in our study were self-reported;
thus, one needs to have been sick enough to seek care and/or be aware of the diagnosis to report
the condition. This would limit our ability to identify important differences between those with
and without heart disease and T2D as some respondents who have the diseases may not be
aware of them, and were therefore included here as a “non-diseased” group. Finally, some of
our non-drinkers may represent “sick-quitters”, people who gave up drinking due to health
problems, although this would bias our results in favor of protective effects associated with al-
cohol. Though NCP data are observational, their size and scope provides statistical robustness
to tease apart the complicated effects of diet, alcohol preferences, and lifestyle factors on health.

Conclusion
Our study is the first to combine observed household purchases with health outcomes to esti-
mate relationships among dietary health, alcohol, and critical lifestyle factors. Moderate wine
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drinkers had lower rates of heart disease, though we were unable to establish a significant pro-
tective association of other types of alcohol consumption with heart disease. No alcohol type
lowered the odds of first reporting heart disease over the following two-year period. In contrast,
we found that several forms of alcohol consumption are associated with lower risks of both
having and later reporting T2D.

Acknowledgments
We thank seminar participants at the Agricultural & Applied Economics Association meetings
and the Economic Research Service for their helpful feedback. The views expressed here are
those of the authors and may not be attributed to the Economic Research Service or the U.S.
Department of Agriculture.

Author Contributions
Conceived and designed the experiments: MA JA RV. Performed the experiments: MA. Ana-
lyzed the data: MA JA. Contributed reagents/materials/analysis tools: MA RV. Wrote the
paper: MA RV JA.

References
1. Corrao G, Bagnardi V, Zambon A, Vecchia CL. A meta-analysis of alcohol consumption and the risk of

15 diseases. Preventative Medicine. 2004; 38:613–9.

2. Centers for Disease Control and Prevention. Fact Sheets—Alcohol Use and Health 2013. Available:
http://www.cdc.gov/alcohol/fact-sheets/alcohol-use.htm.

3. Ronksley PE, Brian SE, Turner BJ, Mukamal KJ, Ghali WA. Association of Alcohol Consumption with
Selected Cardiovascular Disease Outcomes: a Systematic Review and Meta-Analysis. British Medical
Journal. 2011; 342(d671). doi: 10.1136/bmj.d671 PMID: 21343207

4. Koppes LL, Decker JM, Hendriks HF, Bouter LM, Heine RJ. Moderate Alcohol Consumption Lowers
the Risk of Type 2 Diabetes: A Meta-Analysis of Propspective Observation Studies. Diabetes Care.
2005; 28:719–25. PMID: 15735217

5. Naimi TS, Brown DW, Brewer RD, Giles WH, Mensah G, Serdula MK, et al. Cardiovascular risk factors
and confounders among nondrinking and moderate-drinking U.S. adults. Am J Prev Med. 2005; 28
(4):369–73. Epub 2005/04/16. doi: 10.1016/j.amepre.2005.01.011 PMID: 15831343.

6. Mukamal KJ. A 42-Year-Old Man Considering Whether to Drink Alcohol for His Health. JAMA. 2010; 33
(20):2065–73.

7. Hansel B, Thomas F, Pannier B, Bean K, Kontush A, Chapman M, et al. Relationship between alcohol
intake, health and social status and cardiovascular risk factors in the urban Paris-Ile-De-France Cohort:
is the cardioprotective action of alcohol a myth? European Journal of Clinical Nutrition. 2010; 64:561–8.
doi: 10.1038/ejcn.2010.61 PMID: 20485310

8. Gronbaek M, Deis A, Sorensen TI, Becker U, Schnohr P, Jensen G. Mortality associated with moderate
intakes of wine, beer, or spirits. BMJ (Clinical research ed). 1995; 310(6988):1165–9. Epub 1995/05/
06. PMID: 7767150; PubMed Central PMCID: PMCPMC2549555.

9. Gronbaek M, Becker U, Johansen D, Gottschau A, Schnohr P, Hein HO, et al. Type of alcohol con-
sumed and mortality from all causes, coronary heart disease, and cancer. Annals of internal medicine.
2000; 133(6):411–9. Epub 2000/09/23. PMID: 10975958.

10. Gell L, Meier P. The nature and strength of the relationship between expenditure on alcohol and food:
an analysis of adult-only households in the UK. Drug Alcohol Rev. 2012; 31(4):422–30. Epub 2011/07/
06. doi: 10.1111/j.1465-3362.2011.00330.x PMID: 21726310.

11. Johansen D, Friis K, Skovenborg E, Gronbaek M. Food buying habits of people who buy wine or beer:
cross sectional study. British Medical Journal. 2006; 332:519–22. PMID: 16428251

12. Ruidavets JB, Bataille V, Dallongeville J, Simon C, Bingham A, Amouyel P, et al. Alcohol intake and
diet in France, the prominent role of lifestyle. European heart journal. 2004; 25(13):1153–62. Epub
2004/07/03. doi: 10.1016/j.ehj.2003.12.022 PMID: 15231374.

13. Klatsky AL, Armstrong MA, Kipp H. Correlates of alcoholic beverage preference: traits of persons who
choose wine, liquor or beer. British journal of addiction. 1990; 85(10):1279–89. Epub 1990/10/01.
PMID: 2265288.

You Are What You Eat (and Drink)

PLOS ONE | DOI:10.1371/journal.pone.0124351 May 11, 2015 10 / 12

http://www.cdc.gov/alcohol/fact-sheets/alcohol-use.htm
http://dx.doi.org/10.1136/bmj.d671
http://www.ncbi.nlm.nih.gov/pubmed/21343207
http://www.ncbi.nlm.nih.gov/pubmed/15735217
http://dx.doi.org/10.1016/j.amepre.2005.01.011
http://www.ncbi.nlm.nih.gov/pubmed/15831343
http://dx.doi.org/10.1038/ejcn.2010.61
http://www.ncbi.nlm.nih.gov/pubmed/20485310
http://www.ncbi.nlm.nih.gov/pubmed/7767150
http://www.ncbi.nlm.nih.gov/pubmed/10975958
http://dx.doi.org/10.1111/j.1465-3362.2011.00330.x
http://www.ncbi.nlm.nih.gov/pubmed/21726310
http://www.ncbi.nlm.nih.gov/pubmed/16428251
http://dx.doi.org/10.1016/j.ehj.2003.12.022
http://www.ncbi.nlm.nih.gov/pubmed/15231374
http://www.ncbi.nlm.nih.gov/pubmed/2265288


14. Paschall M, Lipton RI. Wine preference and related health determinants in a U.S. national sample of
young adults. Drug and alcohol dependence. 2005; 78(3):339–44. Epub 2005/05/17. doi: 10.1016/j.
drugalcdep.2004.12.004 PMID: 15893165.

15. Mortensen EL, Jensen HH, Sanders SA, Reinisch JM. Better psychological functioning and higher so-
cial status may largely explain the apparent health benefits of wine: a study of wine and beer drinking in
young Danish adults. Archives of internal medicine. 2001; 161(15):1844–8. Epub 2001/08/30. PMID:
11493125.

16. Rimm E, Williams P, Fosher K, Criqui M, Stamppfer M. Moderate alcohol intake and lower risk of coro-
nary heart disease: meta-analysis of effects on lipids and haemostatic factors. British Medical Journal.
1999; 319(7224):1523–8. PMID: 10591709

17. Hansen AS, Marckmann P, Dragsted LO, Nielsen ILF, Nielsen SE, Gronbaek M. Effect of red wine and
red grape extract on blood lipids, haemostatic factors, and other risk factors for cardiovascular disease.
European Journal of Clinical Nutrition. 2005; 59(3):449–55. PMID: 15674304

18. Estruch R, Sacanella E, Badia E, Antunez E, Nicolas JM, Fernandez-Sola J, et al. Different effects of
red wine and gin consumption on inflammatory biomarkers of atherosclerosis: a prospective random-
ized crossover trial. Effects of wine on inflammatory markers. Atherosclerosis. 2004; 175(1):117–23.
Epub 2004/06/10. doi: 10.1016/j.atherosclerosis.2004.03.006 PMID: 15186955.

19. Joosten MM, Beulens JW, Kersten S, Hendriks HF. Moderate alcohol consumption increases insulin
sensitivity and ADIPOQ expression in postmenopausal women: a randomised, crossover trial. Diabeto-
logia. 2008; 51(8):1375–81. Epub 2008/05/28. doi: 10.1007/s00125-008-1031-y PMID: 18504547;
PubMed Central PMCID: PMCPMC2491412.

20. Beulens JW, de Zoete EC, Kok FJ, Schaafsma G, Hendriks HF. Effect of moderate alcohol consump-
tion on adipokines and insulin sensitivity in lean and overweight men: a diet intervention study. Eur J
Clin Nutr. 2008; 62(9):1098–105. Epub 2007/06/08. doi: 10.1038/sj.ejcn.1602821 PMID: 17554246.

21. Ekholm O. Influence of the recall period on self-reported alcohol intake. Eurpoean Journal of Clinical
Nutrition. 2004; 58:60–3. PMID: 14679368

22. Fuchs CS, Stampfer MJ, Colditz GA, Giovannucci EL, Manson JE, Kawachi I, et al. Alcohol Consump-
tion and Mortality AmongWomen. The New England Journal of Medicine. 1995; 332(19):1245–50.
PMID: 7708067

23. Klatsky AL, Friedman GD, Armstrong MA, Kipp H. Wine, Liquor, Beer, and Mortality. American Journal
of Epidemiology. 2003; 158:585–95. PMID: 12965884

24. Narhinen M, Berg MA, Nissinen A, Puska P. Supermarket sales data: a tool for measuring regional dif-
ferences in dietary habits. Public Health Nutr. 1999; 2(3):277–82. Epub 1999/10/08. PMID: 10512562.

25. Volpe R, Okrent A. Assessing the Healthfulness of Consumers' Grocery Purchases. Washington, D.
C.: USDA Economic Research Service, 2012 Contract No.: EIB-102.

26. US Department of Agriculture and US Department of Health and Human Services. Report of the Detary
Guidelines Advisory Committee on the dietary guidelines for Americans, 2010. 2010 June 15, 2010.
Report No.

27. Volpe R, Okrent A, Liebtag E. The Effect of Supercenter-format Stores on the Healthfulness of Con-
sumers' Grocery Purchases. American Journal of Agricultural Economics. 2013; 95(3):1–22.

28. Centers for Disease Control and Prevention. Alcohol and Public Health: Frequently Asked Questions
2013 [cited 2013 12/2]. Available from: http://www.cdc.gov/alcohol/faqs.htm.

29. Hosmer DW, Lemeshow S. Applied Logistic Regression. 2nd ed. New York, NY: JohnWiley and
Sons; 2000.

30. StataCorp. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP; 2009.

31. Harriss L, English D, Hopper J, Powles J, Simpson J, O'Dea K, et al. Alcohol consumption and cardio-
vascular mortality accounting for possible misclassification of intake: 11-year follow-up of the Mel-
bourne Collaborative Cohort Study. Addiction. 2007; 102(10):1574–85. PMID: 17854334

32. Thun MJ, Peto R, Lopez AD, Monaco JH, Henley SJ, Heath CW Jr., et al. Alcohol consumption and
mortality among middle-aged and elderly U.S. adults. N Engl J Med. 1997; 337(24):1705–14. Epub
1997/12/11. doi: 10.1056/nejm199712113372401 PMID: 9392695.

33. Djousse L, Lee IM, Buring JE, Gaziano JM. Alcohol consumption and risk of cardiovascular disease
and death in women: potential mediating mechanisms. Circulation. 2009; 120(3):237–44. Epub 2009/
07/15. doi: 10.1161/circulationaha.108.832360 PMID: 19597054; PubMed Central PMCID:
PMCPMC2745640.

34. Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-Varela O, Menotti A, et al. Mediterranean
diet, lifestyle factors, and 10-year mortality in elderly European men and women: the HALE project.
JAMA. 2004; 292(12):1433–9. Epub 2004/09/24. doi: 10.1001/jama.292.12.1433 PMID: 15383513.

You Are What You Eat (and Drink)

PLOS ONE | DOI:10.1371/journal.pone.0124351 May 11, 2015 11 / 12

http://dx.doi.org/10.1016/j.drugalcdep.2004.12.004
http://dx.doi.org/10.1016/j.drugalcdep.2004.12.004
http://www.ncbi.nlm.nih.gov/pubmed/15893165
http://www.ncbi.nlm.nih.gov/pubmed/11493125
http://www.ncbi.nlm.nih.gov/pubmed/10591709
http://www.ncbi.nlm.nih.gov/pubmed/15674304
http://dx.doi.org/10.1016/j.atherosclerosis.2004.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15186955
http://dx.doi.org/10.1007/s00125-008-1031-y
http://www.ncbi.nlm.nih.gov/pubmed/18504547
http://dx.doi.org/10.1038/sj.ejcn.1602821
http://www.ncbi.nlm.nih.gov/pubmed/17554246
http://www.ncbi.nlm.nih.gov/pubmed/14679368
http://www.ncbi.nlm.nih.gov/pubmed/7708067
http://www.ncbi.nlm.nih.gov/pubmed/12965884
http://www.ncbi.nlm.nih.gov/pubmed/10512562
http://www.cdc.gov/alcohol/faqs.htm
http://www.ncbi.nlm.nih.gov/pubmed/17854334
http://dx.doi.org/10.1056/nejm199712113372401
http://www.ncbi.nlm.nih.gov/pubmed/9392695
http://dx.doi.org/10.1161/circulationaha.108.832360
http://www.ncbi.nlm.nih.gov/pubmed/19597054
http://dx.doi.org/10.1001/jama.292.12.1433
http://www.ncbi.nlm.nih.gov/pubmed/15383513


35. Tolstrup J, Jensen MK, Tjonneland A, Overvad K, Mukamal KJ, Gronbaek M. Prospective study of alco-
hol drinking patterns and coronary heart disease in women and men. BMJ (Clinical research ed). 2006;
332(7552):1244–8. Epub 2006/05/05. doi: 10.1136/bmj.38831.503113.7C PMID: 16672312; PubMed
Central PMCID: PMCPMC1471902.

36. Mukamal KJ, Conigrave KM, Mittleman MA, Camargo CA Jr., Stampfer MJ, Willett WC, et al. Roles of
drinking pattern and type of alcohol consumed in coronary heart disease in men. N Engl J Med. 2003;
348(2):109–18. Epub 2003/01/10. doi: 10.1056/NEJMoa022095 PMID: 12519921.

37. Ebbert JO, Janney CA, Sellers TA, Folsom AR, Cerhan JR. The association of alcohol consumption
with coronary heart disease mortality and cancer incidence varies by smoking history. Journal of gener-
al internal medicine. 2005; 20(1):14–20. Epub 2005/02/08. doi: 10.1111/j.1525-1497.2005.40129.x
PMID: 15693922; PubMed Central PMCID: PMCPMC1490037.

38. Ahmed N, Brzozowski M, Crossley T. Measurement Errors in Recall Food Consumption Data. The Insi-
tute for Financial Studies, 2006.

39. Hu FB. Globalization of Diabetes: The Role of Diet, Lifestyle, and Genes. Diabetes Care. 2011; 34
(6):1249–57. doi: 10.2337/dc11-0442 PMID: 21617109

40. Howden LM, Meyer JA. Age and Sex Compostition: 2010 Census Briefs. U.S. Department of Com-
merce, U.S. Census Bureau, 2011.

41. U.S. Census Bureau. 2010 Census Summary File 1. U.S. Department of Commerce, 2011.

42. Bureau of Labor Statistics and U.S. Census Bureau. Current Population Survey: 2011 Household In-
come. Departments of Labor and Commerce, 2012.

43. Schiller JS, Lucas JW, Ward BW, Peregoy JA. Summary health statistics for U.S. adults: National
Health Interview Survey, 2010. Vital and health statistics Series 10, Data from the National Health Sur-
vey. 2012;(252: ):1–207. Epub 2012/07/28. PMID: 22834228.

44. National Center for Health Statistics. Health, United States, 2012: With Special Feature on Emergency
Care. Hyattsville MD2013 May.

You Are What You Eat (and Drink)

PLOS ONE | DOI:10.1371/journal.pone.0124351 May 11, 2015 12 / 12

http://dx.doi.org/10.1136/bmj.38831.503113.7C
http://www.ncbi.nlm.nih.gov/pubmed/16672312
http://dx.doi.org/10.1056/NEJMoa022095
http://www.ncbi.nlm.nih.gov/pubmed/12519921
http://dx.doi.org/10.1111/j.1525-1497.2005.40129.x
http://www.ncbi.nlm.nih.gov/pubmed/15693922
http://dx.doi.org/10.2337/dc11-0442
http://www.ncbi.nlm.nih.gov/pubmed/21617109
http://www.ncbi.nlm.nih.gov/pubmed/22834228

