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Abstract

Background Racial/ethnic variations in both alcohol consumption and obesity prevalence are well established. However, previ-
ous research indicates that drinking patterns influence the relation of alcohol intake to body mass index (BMI), and information
on racial/ethnic differences in the relation of drinking pattern to BMI is lacking.

Methods Multi-year cross-sectional data extracted from the 1999-2010 National Health and Nutrition Examination Survey for
adults >20 years (N =25,816) were used. Effects of drinking patterns were analyzed using a linear dose-response model that
considered the joint effects of frequency (number of days in the past year that at least one drink was consumed) and dosage (the
number of drinks consumed in excess of the first drink on days when more than one drink was consumed).

Results For all racial/ethnic groups except Mexican Americans, current drinkers had a lower mean BMI than non-drinkers. Mean
BMI differences were —0.721 kg/m? for non-Hispanic white (white) men and — 1.292 kg/m? for white women. Among drinkers,
drinking frequency was negatively associated with BMI for all racial/ethnic groups; however, this effect was significantly smaller
for Mexican American men and other Hispanic men than white men. Dosage was positively associated with BMI among all
racial/ethnic groups except Mexican American women and other Hispanic women; this effect was significantly stronger among
black women than white women.

Conclusion Gender and racial/ethnic differences in the relation of drinking patterns to BMI should be taken into consideration
when investigating factors that influence the effect of alcohol consumption on BMI.

Keywords Alcohol drinking patterns - Body mass index - Racial/ethnic differences - Gender

Introduction BMI > 30 kg/m?, has been steadily increasing over the last
three decades among US adults [1, 2]. In 2011-2012, 69.0%
The prevalence of overweight, defined as a body mass index  of US adults were estimated to be overweight or obese [1].
(BMI) between 25.0 and 29.9 kg/m?, and obesity, definedasa  Overweight and obesity are associated with an array of health
complications including type 2 diabetes, cardiovascular dis-

ease, depression, and many forms of cancer [3].
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There is little research on racial/ethnic differences in the
relationship between alcohol consumption and BMI, although
much is known in each domain: e.g., whites have higher
drinking rates [8] and Mexican Americans and blacks have
higher overweight and obesity rates [9] when compared to
their racial/ethnic counterparts. One of the factors that has
hindered investigation of these differences is that alcohol use
is a complex behavior, involving many possible patterns of
consumption that differ with respect to drinking frequency and
quantity, and contributing to contradictions in the literature on
the relationship between alcohol use and obesity [10].

Findings from previous analyses of alcohol intake and BMI
based on measures such as drinking frequency, quantity, and
volume obscure the effects of drinking pattern [7, 11-13],
which significantly limits their interpretation. It is reasonable
to assume that both physiological and behavioral effects asso-
ciated with having one drink a day 7 days a week will differ
from those associated with having seven drinks on 1 day a
week, even though the total alcohol intake per week represent-
ed by these two very different drinking patterns is the same.
This limitation can be overcome by using data on drinking
frequency and quantity to categorize respondents according
to their drinking patterns [14, 15]. However, categorical ap-
proaches in analyzing drinking patterns also have limita-
tions—the arbitrary nature of definitions used to classify pat-
terns, the large sample sizes required to provide stable esti-
mates for numerous drinking patterns defined, and the lack of
statistical methods to evaluate the significance of differences
in alcohol effects across population groups. If the definition of
30 drinking patterns is required to investigate the relations of
drinking patterns to BMI according to gender [14], extending
this analysis to include racial/ethnic differences would require
definition of 120 drinking patterns and would not support
significance tests of these differences.

We performed a descriptive and exploratory study,
employing a recently developed linear alcohol dose-response
model [16, 17] to investigate the significance of racial/ethnic
differences in the relation of drinking patterns and BMI ac-
cording to gender. The alcohol dose-response model was de-
rived from a more general model of additive risks related to
drinking (i.e., each drink adds to the risks for a problem out-
come). The model is based on measures of drinking frequency
and quantity routinely assessed in surveys of alcohol intake. It
assesses the joint effects of frequency and quantity in terms of
frequency and dosage, where frequency represents the number
of days when at least one drink of alcohol is consumed and
dosage represents the number of drinks in excess of the first
drink on days when alcohol is consumed and the effect of
having additional drinks above and beyond one on drinking
days. The model yields regression coefficients for frequency
and dosage that can be readily interpreted in terms of drinking
patterns defined by frequency and quantity. In addition, it
supports the use of interaction terms to test the significance

@ Springer

of differences between population groups in the effects of
drinking patterns on health. Based on previous studies [14,
18, 19], the objective of this study was to examine whether
gender and race/ethnicity moderate the relationship between
drinking patterns and BMI. We hypothesized that drinking
frequency would be negatively associated with BMI while
dosage would be positively associated with BMI.

Methods
Survey and Study Sample

Multi-year cross-sectional data from the 1999-2010 National
Health and Nutrition Examination Survey (NHANES) were
used. Beginning in 1999, NHANES became a series of na-
tionally representative sample surveys of the US noninstitu-
tionalized civilian population with data released in 2-year cy-
cles; it combines interviews and physical examinations.
Response rates for the interview and for the physical exami-
nation were 82% and 76% in 1999-2000, 84% and 80% in
2001-2002, 79% and 76% in 2003-2004, 80% and 77% in
20052006, 78% and 75% in 2007-2008, and 79% and 77%
in 2009-2010, respectively [20].

The 1999-2010 NHANES data were derived from three
data files (demographics, physical examination, and question-
naire). Then, data were combined using respondent sequence
numbers. Of 32,645 respondents aged > 20 years who partic-
ipated, 1475 pregnant women, 998 participants who identified
themselves as other race, and 4356 participants whose data on
alcohol consumption were missing were excluded from the
analysis, reducing the sample size to 25,816 for the present
study. The sample size of each survey was 3800 in 1999—
2000, 4233 in 2001-2002, 3953 in 2003-2004, 3894 in
2005-2006, 4987 in 2007-2008, and 4949 in 2009-2010,
respectively.

Measures

All demographic variables were categorized using the 1999—
2010 NHANES analytic guidelines [21]. Race/ethnicity was
self-reported and included whites, blacks, Mexican
Americans, and other Hispanics. During the physical exami-
nation, body weight and height of participants were measured
using a digital weight scale and a stadiometer. BMI was com-
puted as kilogram per square meter using measured height in
meters and weight information in kilograms and categorized
into underweight (BMI < 18.5), normal (18.5 <BMI < 25.0),
overweight (25.0 <BMI < 30.0), and obese (BMI>30.0).
Before participants were interviewed about alcohol use,
interviewers defined a drink as a 12 oz beer, a 5 oz glass of
wine, or one and half ounces of liquor. Current drinkers were
defined as respondents who had consumed at least 12 drinks
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in their entire life and who had consumed alcohol at least
1 day in the past 12 months; respondents who had not were
classified as non-drinkers [14, 15]. Using the definition,
16,875 and 8941 respondents were identified as current
drinkers and non-drinkers, respectively. Drinking frequency
was assessed by asking: “In the past 12 months, how often
did you drink any type of alcoholic beverage?” Drinking
quantity was assessed by asking “In the past 12 months, on
those days that you drank alcoholic beverages, on the average
how many drinks did you have?” Four levels of drinking
quantity were adapted from a previous study [11]: abstainers,
1-2,3-4, and > 5 drinks/drinking day. Frequency and quantity
were measured using open-ended questions. Drinking volume
in the past year was calculated by multiplying drinking quan-
tity (number of drinks consumed, on average, on drinking
days) by drinking frequency. Drinking dosage was computed
by subtracting drinking frequency from volume, which pro-
vides a measure of the extent to which respondents had more
than one drink on days when they drank [17].

Covariates included age, poverty income ratio, education,
marital status, recreational physical activity status, current
smoking status, survey year, and a set of dummy variables
to code white (reference), black, Mexican American, and oth-
er Hispanics. Covariates were selected a priori based on their
known associations with alcohol use and BMI. Diet behavior
and nutrition were not included as covariates because survey
contents did not remain constant across surveys [22]. For ex-
ample, in 1999-2000, diet behavior was assessed by asking:
“On average, how many times per week do you eat meals that
were prepared in a restaurant?” In 2009-2010, it was mea-
sured by asking: “During the past 7 days how many meals
did you get that were prepared away from home in places such
as restaurants, fast food places, food stands, grocery stores, or
from vending machines?”

Recreational physical activity was assessed by: (1) “Do
you do any vigorous-intensity sports, fitness, or recreational
activities that cause large increases in breathing or heart rate
like running or basketball for at least 10 minutes continuous-
ly?” and (2) “Do you do any moderate-intensity sports, fitness,
or recreational activities that cause a small increase in breath-
ing or heart rate such as brisk walking, bicycling, swimming,
or golf for at least 10 minutes continuously?” Four levels of
physical activity were adapted from prior research [15]: most
active (“yes” to both questions), active (“yes” to the first ques-
tion and “no” to the second question), somewhat active (“no”
to the first question and “yes” to the second question), and not
active (“no” to both questions).

Current smoking was measured by: (1) “Have you smoked
100 cigarettes in your entire life?” and (2) “Do you now
smoke cigarettes every day, some days, or not at all?”” Based
on the Centers for Disease Control and Prevention glossary
[23], participants were classified into three groups: current
smokers (ever smoked 100 cigarettes in entire life and

reported current cigarette smoking every day or some days),
former smokers (ever smoked 100 cigarettes in entire life and
reported no longer smoking), and never smokers (never
smoked 100 cigarettes in entire life).

Statistical Analysis

All analyses used sample weights for each 2-year survey cycle
to take into account the features of the survey including survey
non-response, over-sampling, post-stratification, and sam-
pling error [24]. All variables had 10% or less of missing data
and were analyzed without further evaluation or adjustment
based on NHANES analytic guidelines [25]. Two weight var-
iables (WTMEC2YR and WTMEC4YR) that the NHANES
demographic file contained were used to create a 12-year
weight variable for 12 years of data from 1999 to 2010.
Constructing weights for the 1999-2010 survey cycles were
based on formulas provided by the National Center for Health
Statistics [26].

The linear alcohol dose—response model employed in this
study was derived from a more general model of additive risks
related to drinking (i.e., each drink adds to the risks for a
problem outcome). The influence of alcohol use on BMI is
assumed to be related to the additive effects of exposure to
different “doses” of alcohol, assessed in terms of drinks per
drinking day, as follows:

C=aEy+ (a+B)EI + (a+ By)E>
+(a+BE (a+ By)En

where C represents BMI and E; represent exposures to drink-
ing at each dose (e.g., the number of days drinking at dosage
levels i=1,2,3,..., n drinks). In this equation, background
risks are given by « (i.e., the background level of BMI on
drinking and non-drinking days). The contributions of drink-
ing to BMI are represented by the parameters (3;. Different
assumptions about the relationships of these parameters to
dosage levels enable different assessments of dose-response
relationships. For example, if it is assumed that all /3; are equal
to one another, but different from zero, then 3 represents the
contribution of drinking regardless of drinking level to BMI (a
constant effect). If it is assumed that BMI is linearly related to
greater drinking quantities then (3;=[3 + (i — 1), where 0 is
the slope of the linear dose-response function, then (3 repre-
sents the change associated with consuming one drink, and §
represents linear changes associated with having increasing
numbers of drinks (a “linear dose—response” model). As dem-
onstrated elsewhere [17], this model can be reduced algebra-
ically to a form which can be estimated using measures of
alcohol intake available in NHANES, drinking frequency,
and total volume (drinking frequency x quantity):

C=al+BF+3(V-F)
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where T represents the time frame of measurement (i.e., 7= Ey +
E\+E,+E;5...+E,), Fis the frequency of alcohol use [i.c.,
number of drinking days, (F=FE; +E>+E5... +E,)], and Vis
the total volume of alcohol consumed (V=FE; +2E,+3E;... +
nE,). V —F represents the number of drinks consumed beyond
the first drink over time, 7, and ¢ is the estimated increase in
dose—response over greater drinking quantities. Here, o repre-
sents background changes in BMI that are not related to drinking,
[ indicates the linear contribution of drinking per se (days when
at least one drink was consumed) to changes in BMI assessed
from the model, and ¢ estimates the linear contribution of drink-
ing levels to BMI, the extent to which BMI changes with increas-
ing drinks per drinking day (drinks exceeding the first drink on
days when alcohol was consumed).

Chi-square tests and one-way analyses of variance were
conducted to examine racial/ethnic differences in demo-
graphics and health-related factors (e.g., current smoking sta-
tus and alcohol use). Multiple linear regression models were
developed to examine BMI differences related to race/
ethnicity and to determine the influence of drinking status
and alcohol drinking patterns (i.e., frequency and dosage) on
BMI among men and women, controlling for the covariates
(age, poverty income ratio, education, marital status, recrea-
tional physical activity status, current smoking status, and sur-
vey year). Models showed no departure from normality or
multicollinearity problems. In addition, racial/ethnic differ-
ences in the relationship between alcohol use and BMI were
investigated by including interaction terms (e.g., frequency X
racial/ethnic group) in the regression models. Regression anal-
yses incorporated strata, primary sampling units, sampling
weights, and Taylor series linearization based on NHANES
analytic guidelines [21]. All analyses were conducted with
STATA version 13 (STATA Press, College Station, TX).

Results

Demographic and Health Behavior Differences
Among Men and Women by Race/Ethnicity

Compared to white men, blacks, Mexican Americans and oth-
er Hispanics were younger, were more likely to live below the
federal poverty level, and were less likely to have a high
school degree or above (»p <0.0001). Blacks and other
Hispanics were less likely to be married or living with a part-
ner than whites and Mexican Americans (p <0.0001)
(Table 1). Similar racial/ethnic demographic variations were
found among women (p < 0.0001) (Table 2).

Among men, blacks, compared to other racial/ethnic
groups, were more likely to be obese and to currently abstain
from alcohol consumption (p <0.0001). White men drank
more frequently than other racial/ethnic counterparts (p <
0.0001). Mexican Americans, followed by blacks, had a
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greater dosage of alcohol compared to whites and other
Hispanics (p <0.0001) (Table 1).

Among women, Mexican Americans and other Hispanics
were less likely to report being current smokers (p < 0.0001).
Compared to the other racial/ethnic groups, whites reported
the most recreational physical activity, had a higher preva-
lence of normal body weight, and were the least likely to
abstain from current alcohol consumption (p <0.0001).
White women drank with the most frequency (p <0.0001).
Blacks, followed by whites, had higher mean dosages of al-
cohol than Mexican American women and other Hispanic
women (p <0.0001) (Table 2).

Gender-Specific Multiple Linear Regression of BMI
on Alcohol Use and Race/Ethnicity

The influence of race/ethnicity and alcohol use on BMI is
summarized for men and women in Table 3, controlling for
demographics and health characteristics. Compared to white
current abstainers, white current drinkers had significantly
lower BMIs among men (b=—10.721, 95% CI —1.102, —
0.339) and among women (b=—1.292, 95% CI —1.689, —
0.894). This finding differed significantly according to race/
ethnicity only for Mexican American men and women whose
mean BMIs related to current drinking were higher than those
of white men and women.

Gender-Specific Multiple Linear Regression of BMI
on Alcohol Use and Race/Ethnicity Among Current
Drinkers

The linear alcohol dose-response model revealed a significant
negative effect of drinking frequency on BMI among white men
(b=-10.008, 95% CI —0.009, —0.007) and women (b=—
0.011, 95% CI1—0.014, —0.008) (Table 4). In contrast, the effect
of dosage among whites was positive for men (b= 0.002, 95%
CI 0.001, 0.003) and for women (b=0.002, 95% CI 0.000,
0.004). Significant differences from these findings were ob-
served in several racial/ethnic groups. Compared to white
men, the effect of drinking frequency was significantly less pos-
itive among Mexican American men and other Hispanic men.
Compared to white women, the positive effect of dosage on
BMI was significantly higher among blacks, but was negative
among Mexican American women and other Hispanic women.

The findings from the linear dose-response model, which
controlled for age, poverty income ratio, education, marital
status, recreational physical activity status, current smoking
status, and survey year, were used to plot BMI according to
drinking quantity, holding drinking frequency constant at 100
drinking days per year for men (Fig. 1), and 57 drinking days
per year for women (Fig. 2). As drinking quantity increases,
the contribution to BMI associated with alcohol consumption
increased most rapidly among Mexican American men and
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Table 1 Characteristics of men by race/ethnicity (n = 13,065), NHANES 1999-2010
Demographics and White (n=6879) Black (n=2628)  Mexican American (n=2737) Other Hispanic (n=821)  p value
health behaviors %" %" %* %*
Age <0.0001
20-39 32.0 375 50.9 451
40-59 37.1 348 309 347
>60 31.0 27.7 18.2 20.2
Above poverty 91.1 82.8 70.8 76.7 <0.0001
> High school 85.3 69.1 439 58.3 <0.0001
Marital status <0.0001
Married/living with partner 71.0 55.0 71.4 63.4
Widowed/divorced/separated ~ 13.9 19.3 10.7 12.5
Never married 15.1 25.6 17.9 24.0
Current smokers 24.5 31.5 259 22.9 <0.0001
Physical activity <0.0001
Most active 23.1 22.1 16.9 19.6
Active 9.7 124 13.2 12.9
Somewhat active 31.2 213 17.0 18.1
Not active 359 442 529 493
BMI® <0.0001
Underweight 1.3 23 0.3 0.3
Normal weight 26.4 28.0 23.6 243
Overweight 40.1 319 46.7 452
Obese 323 37.8 294 30.2
Drinking quantity <0.0001
Abstainers 24.6 34.0 214 25.5
1-2 drinks 42.8 349 24.1 29.7
34 drinks 18.5 19.3 20.4 19.5
> 5 drinks 14.2 11.9 34.1 253
Drinking patterns® White (n=4937)  Black (n=1776) Mexican American (n =2068) Other Hispanic (n=601)  p value
Mean (SD)* Mean (SD)* Mean (SD)* Mean (SD)*
Drinking frequency” 112.0 (116.2) 94.7 (105.0) 74.4 (98.7) 78.1 (99.1) <0.0001
Drinking dosage® 241.9 (454.6) 262.5 (566.0) 304.2 (613.4) 230.9 (526.7) <0.0001

The percentages may not add to 100 because of rounding errors. Tukey HSD indicates that all mean differences in frequency and dosage between racial/
ethnic groups are significant at the 0.05 level. Only one category for dichotomous variables is presented to eliminate redundancy in the table

* Weighted values

° Underweight (BMI < 18.5), normal (18.5 <BMI <25.0), overweight (25.0 <BMI < 30.0), and obese (BMI>30.0)

¢ Analysis is limited to current drinkers
4 Drinking days per year
¢ Total drinks per year minus drinking frequency per year

black men and women. Alcohol-related contributions to BMI
increased somewhat less rapidly among white men and wom-
en, stayed the same among other Hispanic men, and decreased
among Mexican American women and other Hispanic women.

Discussion

Past studies [7, 11, 12, 14, 15] have reported the relation of
various measures of alcohol consumption (e.g., frequency,

quantity, and volume) to BMI, but this is the first time to our
knowledge that the association between drinking patterns (fre-
quency and dosage) and BMI has been precisely estimated
using a mathematically derived alcohol dose—response model.
The model enabled quantification of the competing influences
of drinking frequency and dosage on BMI, and facilitated
investigation of the moderating influences of gender and
race/ethnicity on the relation between drinking patterns and
BMI. Overall, we observed that current drinkers had lower
mean BMIs compared to non-drinkers for all racial/ethnic
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Table 2 Characteristics of women by race/ethnicity (n=12,751), NHANES 1999-2010
Demographics and White (n=6576) Black (n=2633)  Mexican American (n =2600) Other Hispanic (n=942)  p value
health behaviors %" %" %* %*
Age <0.0001
20-39 29.2 344 44.1 42.8
40-59 37.2 38.0 33.0 33.9
>60 33.6 27.6 229 233
Above poverty 89.0 75.8 67.6 72.8 <0.0001
> High school 85.5 70.9 50.1 62.6 <0.0001
Marital status <0.0001
Married/living with partner 62.0 35.8 60.7 50.6
Widowed/divorced/separated ~ 26.7 36.5 24.0 27.6
Never married 11.4 27.6 15.2 21.8
Current smokers 21.7 20.0 123 17.9 <0.0001
Physical activity <0.0001
Most active 19.5 13.9 12.2 12.0
Active 6.8 6.4 7.0 9.3
Somewhat active 34.7 26.3 239 232
Not active 39.0 534 56.9 55.6
BMI° <0.0001
Underweight 2.6 1.4 0.8 0.9
Normal weight 36.8 19.1 239 29.9
Overweight 28.5 25.5 33.5 355
Obese 32.0 54.0 41.8 33.7
Drinking quantity <0.0001
Abstainers 32.6 46.7 43.7 38.9
1-2 drinks 51.2 404 36.2 413
34 drinks 11.6 9.7 12.7 12.9
> 5 drinks 4.7 3.1 74 6.8
Drinking patterns® White (n=4236)  Black (n=1372) Mexican American (n = 1349) Other Hispanic (n=536)  p value
Mean (SD)* Mean (SD)* Mean (SD)* Mean (SD)*
Drinking frequency” 70.2 (97.3) 49.3 (80.5) 28.0 (52.1) 31.8 (55.1) <0.0001
Drinking dosage® 80.0 (203.7) 92.2 (318.8) 56.3 (191.3) 58.9 (174.5) <0.0001

The percentages may not add to 100 because of rounding errors. Tukey HSD indicates that all mean differences in frequency and dosage between racial/
ethnic groups are significant at the 0.05 level. Only one category for dichotomous variables is presented to eliminate redundancy in the table

* Weighted values

° Underweight (BMI < 18.5), normal (18.5 <BMI <25.0), overweight (25.0 <BMI < 30.0), and obese (BMI>30.0)

¢ Analysis is limited to current drinkers
4 Drinking days per year
¢ Total drinks per year minus drinking frequency per year

groups except Mexican Americans. Drinking frequency was
negatively associated with BMI for all racial/ethnic groups,
but the effect was significantly smaller for Mexican
American men and other Hispanic men than white men.
Dosage was positively associated with BMI among all
racial/ethnic groups except Mexican American women and
other Hispanic women, with a significantly stronger effect
among black women than white women. Mexican American
women are more likely than white women to abstain, but if
they do drink, they were more likely to report having five or

@ Springer

more drinks a day compared to white women. Accordingly, a
greater proportion of Mexican American female drinkers may
experience negative influences of heavier drinking on food
intake than white women, even though overall BMI tends to
be higher among Mexican American women who are current
drinkers compared to non-drinkers. These findings confirm
that high-frequency/low-quantity drinking patterns are associ-
ated with lower mean BMISs than low-frequency/high-quantity
drinking patterns among men and women [14], and extend
them to racial/ethnic subpopulations.
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Table 3 Gender-specific multiple linear regression of BMI on alcohol use and race/ethnicity among all participants (N =25,816), NHANES 1999—

2010

Men (n=13,065)

Women (rn=12,751)

b 95% C1 b 95% C1
Demographics and health characteristics
Age -0.012 —0.020, —0.003 —0.005 —0.017, 0.007
Poverty income ratio 0.256 0.152,0.360 -0.103 —0.208, 0.002
Education -0.038 —-0.177,0.101 -0.220 —0.406, —0.034
Marital status
Married/living with partner (ref)
Widowed/divorced/separated —0.336 —0.685,0.012 —0.149 —0.548, 0.249
Never married —1.268 —1.673,-0.863 —0.246 —0.721, 0.229
Physical activity
Most active (ref)
Active —0.092 —0.555,0.371 0422 —0.099, 0.944
Somewhat active 1.188 0.821, 1.555 1.657 1.247, 2.066
Not active 1.479 1.097, 1.862 2.150 1.734, 2.566
Smoking status
Non-smoker (ref)
Former smoker —-0.076 —0.335,0.184 0.540 0.186, 0.894
Current smoker —1.800 —2.160, - 1.440 -0.959 —1.362,-0.557
Survey year 0.190 0.099, 0.281 0.100 0.016, 0.183
Race/ethnicity
White (ref)
Black 0.382 —0.203, 0.967 2.556 1.949, 3.163
Mexican American —0.599 —1.222,0.024 -0.178 —0.807,0.451
Other Hispanic —0.363 —1.205, 0.480 -0.730 —1.476,0.016
Alcohol Use, by race/ethnicity
Drinker® —0.721 —1.102,-0.339 -1.292 —1.689, —0.894
Drinker x Black 0.334 —0.337, 1.006 0.596 —0.192, 1.384
Drinker x Mexican American 0.909 0.248, 1.570 1.677 0.749, 2.606
Drinker x other Hispanic 0.545 —-0.469, 1.559 1.198 0.123,2.273

All models were weighted and adjusted for age, poverty income ratio, education, marital status, recreational physical activity status, current smoking
status, survey year, and three dummy variables (black, Mexican American, and other Hispanic). Only one category for dichotomous variables is

presented to eliminate redundancy in the table. b unstandardized coefficients, ref reference group

Data pertain to the effect of drinking on BMI among whites, who serve as the reference for the effect of drinking on BMI among other racial/ethnic

groups

It has been suggested that frequently consuming small
amounts of alcohol might contribute to weight gain by adding
calories to the diet or stimulating the appetite so that more food
would be consumed [27]. However, the consistent negative
association of drinking frequency with BMI seen in men and
women of all racial/ethnic groups does not support this theory.
Analyses of the relation between alcohol drinking patterns and
the Healthy Eating Index, a measure of diet quality, revealed
that high-frequency/low-quantity drinking patterns were asso-
ciated with better diets than low-frequency/high-quantity drink-
ing patterns [15]. Thus, it may be that people who drink small
amounts frequently, sometimes characterized as a “moderate”
drinking pattern, are also moderate in their eating habits.

Alternatively, it may be that drinkers who gained weight are
now abstaining in order to reduce their body weight.

For a given absolute alcohol consumption, BMI is inversely
related to frequency (i.e., average BMI decreases as the frequen-
cy of drinking increases). Individuals who frequently drink small
amounts of alcohol may have lower average BMIs because they
have learned to compensate for the extra alcohol calories, and
their moderate drinking habits may carryover to moderation in
their intake of other nutrients that provide calories, such as fats
and carbohydrates. In contrast, less frequent consumption of larg-
er amounts of alcohol may be associated with celebratory or
recreational eating of more than usual and/or high-fat foods,
and increases in average BMI. In addition to the influence of
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Table 4  Gender-specific multiple linear regression of BMI on alcohol use and race/ethnicity among current drinkers (n = 16,875), NHANES 1999—

2010

Men (n=9382)

Women (n =7493)

b 95% C1 b 95% C1
Demographics and health characteristics
Age 0.006 —0.009, 0.022 0.016 0.006, 0.026
Poverty income ratio 0.218 0.082, 0.353 —-0.102 —0.203, —0.000
Education -0.020 —0.300, 0.260 -0.293 —0.523,-0.063
Marital status
Married/living with partner (ref)
Widowed/divorced/separated —0.128 —0.527,0.272 0.338 —0.253,0.929
Never married —1.047 —1.708, —0.385 —0.384 —0.648,—0.120
Physical activity
Most active (ref)
Active —0.108 —0.383,0.168 0.525 —0.580, 1.630
Somewhat active 1.046 0.671, 1.421 1.509 1.050, 1.967
Not active 1.394 0.700, 2.087 2.188 1.438,2.937
Smoking status
Non-smoker (ref)
Former smoker 0.365 0.065, 0.666 0.881 0.464, 1.298
Current smoker —-1.356 —2.160, —0.551 —0.499 —1.006, 0.008
Survey year 0.273 0.206, 0.340 0.129 0.086, 0.172
Race/ethnicity
White (ref)
Black 0.908 —0.372,2.183 2.616 2.282,2.949
Mexican American —0.458 —0.965, 0.048 0.730 0.145, 1.315
Other Hispanic —0.273 —0.707, 0.160 —0.034 —1.586, 1.517
Alcohol Use, by race/ethnicity
Frequency™ ° —0.008 —0.009, —0.007 —0.011 —0.014,—0.008
Dosage®™ © 0.002 0.001, 0.003 0.002 0.000, 0.004
Frequency x Black —0.001 —0.015,0.013 —0.004 —0.010, 0.001
Frequency x Mexican American 0.004 0.000, 0.007 0.002 —0.001, 0.006
Frequency X other Hispanic 0.004 0.000, 0.008 0.001 —0.009, 0.011
Dosage x Black 0.001 —0.004, 0.004 0.004 0.000, 0.007
Dosage x Mexican American 0.001 —0.001, 0.002 -0.003 —0.010, 0.005
Dosage x other Hispanic —0.002 —0.005, 0.001 —0.004 —0.009, 0.000

All models were weighted and adjusted for age, poverty income ratio, education, marital status, recreational physical activity status, current smoking
status, survey year, and three dummy variables (black, Mexican American, and other Hispanic). b unstandardized coefficients, ref reference group

? Drinking days per year

® Data pertain to the effects of frequency and dosage on BMI among whites, who serve as the reference for effects of frequency and dosage on BMI

among other racial/ethnic groups

¢ Total drinks per year minus drinking frequency per year

alcohol calories themselves, other mechanisms associated with
heavier drinking may operate to increase BMI. Heavy drinking
may have a disinhibitory influence on food consumption, such
that people eat more than they plan [28]. When alcohol is con-
sumed with fatty foods, the alcohol is preferentially metabolized,
which may stimulate the storage of fat when drinking is heavy
[29]. Other factors that may contribute to a negative association

@ Springer

between dosage and BMI include alcohol-related chronic disease
and/or heavier drinking episodes associated with neglecting
meals, being too drunk to eat, or suffering from hangovers [30].

Our identification of significant racial/ethnic differences in
the distribution of drinking patterns and in the association be-
tween drinking patterns and BMI provides a framework for the
development of hypotheses regarding mechanism(s) that may
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BMI Increment (kg/mz)

Average Drinks Per Drinking Day

Fig. 1 Racial/ethnic influences of drinking quantity on BMI among US
men, NHANES 1999-2010, with drinking frequency equal to 100
drinking days per year (adjusted for age, poverty income ratio,
education, marital status, recreational physical activity status, current
smoking status, and survey year). Solid line with x symbol, Mexican
American. Dashed line with triangle symbol, Black. Thick solid line
with diamond symbol, White. Solid line with circle symbol, other
Hispanic

explain why race/ethnicity is associated with significant differ-
ences in the influence of alcohol consumption on BMI. For
example, racial/ethnic genetic differences in ethanol metabo-
lism may interact with drinking patterns and diet in ways that
influence BMI. Ethanol is metabolized via two major pathways,
alcohol dehydrogenase (ADH) and the hepatic microsomal eth-
anol oxidizing system (MEOS). Unlike energy from proteins,
carbohydrates, or lipids, energy derived from ethanol cannot be
stored; therefore, its metabolism takes priority, and the metab-
olism of lipids is suppressed when there is ethanol in the

BMI Increment (kg/mz)

1 2 3 4 5 6 7 8 9 10
Average Drinks Per Drinking Day

Fig. 2 Racial/ethnic influences of drinking quantity on BMI among US
women, NHANES 1999-2010, with drinking frequency equal to 57
drinking days per year (adjusted for age, poverty income ratio,
education, marital status, recreational physical activity status, current
smoking status, and survey year). Dashed line with triangle symbol,
Black. Thick solid line with diamond symbol, White. Solid line with x
symbol, Mexican American. Solid line with circle symbol, other Hispanic

bloodstream [29]. Racial/ethnic differences in the ADH path-
way among blacks [31] and Mexican Americans [32] are relat-
ed to slower ethanol metabolism that may affect body weight
more strongly, particularly in the presence of a high-fat diet.
Increases in alcohol intake are associated with increasing fat
intake [33], and drinkers tend to consume more fat on days
when they drank compared to non-drinking days [34].

The MEOS metabolic pathway is induced by frequent in-
take of large amounts of alcohol, and it is less efficient in
capturing energy from ethanol than the ADH pathway,
“wasting” some of the calories contributed by drinking [29].
The amount of alcohol required to induce metabolism by the
MEQOS system seems to be highly variable and may be influ-
enced by genetic factors [29]. If frequent consumption of
moderate amounts of alcohol was associated with induction
of the MEOS metabolic pathway, this might contribute to the
negative association between drinking frequency and BMI.

An association between high-fat diets and heavy drinking
may contribute to racial/ethnic differences in the relation of
drinking patterns to BMI observed in this study; however, the
association is likely to be complex. Ethnic drinking culture in
their countries of origin, acculturation, gender, and education
all influence drinking patterns of Mexican Americans and
other Hispanics [35], and acculturation influences the fat con-
tent of diets among Mexican Americans [36].

‘We are not aware of any studies that have investigated racial/
ethnic differences in the influence of alcoholic beverage prefer-
ences on the relation between drinking patterns and BMI.
However, alcoholic beverage preferences are associated with di-
etary and other lifestyle characteristics likely to influence BMI. A
study of predominately whites found that drinkers preferring
wine were better educated, had higher incomes, and tended to
have lower fat intakes and consume higher amounts of fruits,
vegetables, and grain products, whereas beer and liquor drinkers
were less well educated and had lower incomes, higher energy
intakes and consumed fewer fruits, vegetables, and grain prod-
ucts [37]. Between 1989 and 2012, there was an increase in the
proportion of US adults who drink on any given day, and an
increase in calories consumed from alcoholic beverages when
drinking occurs; among less-educated drinkers; beer contributed
70% of the latter increase [38]. Beer is the alcoholic beverage
preferred by less-educated Mexican Americans [39].

Age could influence drinking patterns and their relation to
BMI. There are significant racial/ethnic differences in drink-
ing patterns related to age [40]. Heavy drinking among whites
tends to be highest during late adolescence and early adult-
hood, a period during which weight gain tends to occur [41].

Limitations

This study has several limitations. The findings of the present
study may have been confounded by recall bias although probes
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were used by interviewers to assist participants in recalling the
number of drinking days and the number of drinks. The alcohol
dose-response model assumes that response is a combination of
linear functions of frequency and dosage. However, if BMI in-
creases at lower dosages associated with maintaining or increas-
ing food consumption and decreases at higher dosages associated
with chronic disease and nutritional deficiencies, this could pro-
duce a curvilinear response. If the relations between drinking
patterns and BMI are nonlinear, then our estimates are at best
linear approximations and should be interpreted with caution.
Dose—response models that are sensitive to curvilinear relation-
ships can be estimated, but require more complete information
about drinking distributions (i.e., the numbers of days on which
exposures at different drinking levels occur) [16]. Reliable and
valid survey methods in assessing the necessary drinking data
have been developed in the USA [42], but we are not aware of
large-scale epidemiological studies of BMI in which they have
been applied. The cross-sectional nature of the data precludes
inferences about causality or temporality. Furthermore, diet be-
havior and nutrition were not included as covariates because
survey contents did not remain constant across surveys and there-
fore were not comparable [22]. It is also important to keep in
mind that residual confounding by unmeasured variables is al-
ways a possibility in epidemiology (e.g., poor sleeping habits,
medication, depression, chronic illness, or genetic aspects).
Finally, BMI is only one marker of health, and a higher BMI
does not necessarily imply that health is compromised.

Conclusion

The use of a mathematically derived linear alcohol dose-re-
sponse model to investigate the impact of alcohol consump-
tion on BMI revealed significant racial/ethnic and gender dif-
ferences in the distribution of drinking patterns and the rela-
tion of drinking patterns to BMI. The average frequency was
lower but the average dosage was higher among both black
males and females compared to white males and females. In
addition, dosage contributes significantly more to BMI among
black females compared to white females. These racial/ethnic
differences may account for racial/ethnic disparities in obesity
and obesity-related health problems (e.g., diabetes and hyper-
tension) among blacks. Further research is needed to investi-
gate racial/ethnic and gender differences in factors that influ-
ence the effect of alcohol consumption on BMI (e.g., dietary
intake, particularly of fat; consumption of alcohol in combi-
nation with high-fat foods; alcoholic beverage preferences;
rates of alcohol metabolism; induction of the MEOS pathway
of alcohol metabolism; country of origin; acculturation; age;
health status; and their potential interactions). Such informa-
tion is needed to design overweight and obesity prevention
and treatment programs that differentially target men and
women of different racial/ethnic backgrounds.

@ Springer

Compliance with Ethical Standards

Conflicts of Interest The authors declare that they have no conflict of
interest.

Research Involving Human Participants  All procedures performed in this
study involving human participants were in accordance with the ethical
standards of the Institutional Review Board and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. The
study was exempted from the review of the Institutional Review Board at
the authors’ institution because of the public availability of the data.

References

1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of child-
hood and adult obesity in the United States, 2011-2012. JAMA.
2014;311(8):806-14.

2. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL.
Trends in obesity among adults in the United States, 2005 to 2014.
JAMA : the journal of the American Medical Association.
2016;315(21):2284-91.

3. National Institutes of Health. What are the health risks of over-
weight and obesity? https://www.nhlbi.nih.gov/health/health-
topics/topics/obe/risks. Accessed May 24, 2014.

4. Centers for Disease Control and Prevention. The benefits of phys-
ical activity. http://www.cdc.gov/physicalactivity/basics/pa-health/
index.htm#ControlWeight. Accessed December 6, 2015.

5. Centers for Disease Control and Prevention. Overweight & obesity.
http://www.cdc.gov/obesity/resources/factsheets.html. Accessed
July 7, 2015.

6. Jolliffe D. Overweight and poor? On the relationship between in-
come and the body mass index. Econ Hum Biol. 2011;9(4):342-55.

7. Gearhardt AN, Corbin WR. Body mass index and alcohol con-
sumption: family history of alcoholism as a moderator. Psychol
Addict Behav. 2009;23(2):216-25.

8. Chartier K, Caetano R. Ethnicity and health disparities in alcohol
research. Alcohol Res Health. 2010;33(1-2):152-60.

9. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity
and trends in the distribution of body mass index among US adults,
1999-2010. JAMA. 2012;307(5):491-7.

10. Traversy G, Chaput JP. Alcohol consumption and obesity: an up-
date. Curr Obes Rep. 2015;4(1):122-30.

11.  Arif AA, Rohrer JE. Patterns of alcohol drinking and its association
with obesity: data from the third National Health and Nutrition
Examination Survey, 1988-1994. BMC Public Health. 2005;5:126.

12.  Rohrer JE, Rohland BM, Denison A, Way A. Frequency of alcohol
use and obesity in community medicine patients. BMC Fam Pract.
2005;6(1):17.

13. French MT, Norton EC, Fang H, Maclean JC. Alcohol consumption
and body weight. Health Econ. 2010;19(7):814-32.

14.  Breslow RA, Smothers BA. Drinking patterns and body mass index
in never smokers: National Health Interview Survey, 1997-2001.
Am J Epidemiol. 2005;161(4):368-76.

15. Breslow RA, Guenther PM, Smothers BA. Alcohol drinking pat-
terns and diet quality: the 1999-2000 National Health and Nutrition
Examination Survey. Am J Epidemiol. 2006;163(4):359—66.

16. Gruenewald PJ, Johnson FW, Light JM, Lipton R, Saltz RF.
Understanding college drinking: assessing dose response from sur-
vey self-reports. J Stud Alcohol. 2003;64(4):500-14.

17.  Russell M, Chu BC, Banerjee A, Fan AZ, Trevisan M, Dorn JM, et
al. Drinking patterns and myocardial infarction: a linear dose-
response model. Alcohol Clin Exp Res. 2009;33(2):324-31.

537

538
539

540
541
542
543
544
545

573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594


https://www.nhlbi.nih.gov/health/health-topics/topics/obe/risks
https://www.nhlbi.nih.gov/health/health-topics/topics/obe/risks
http://www.cdc.gov/physicalactivity/basics/pa-health/index.htm#ControlWeight
http://www.cdc.gov/physicalactivity/basics/pa-health/index.htm#ControlWeight
http://www.cdc.gov/obesity/resources/factsheets.html

AUTHOR'S PROOF

J. Racial and Ethnic Health Disparities

595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634

675

JrlID 40615_ArtID 525_Proof# 1 - 08/09/2018

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rollins BY, Belue RZ, Francis LA. The beneficial effect of family
meals on obesity differs by race, sex, and household education: the
national survey of children's health, 2003—2004. J] Am Diet Assoc.
2010;110(9):1335-9.

Brondolo E, Monge A, Agosta J, Tobin JN, Cassells A, Stanton C, et
al. Perceived ethnic discrimination and cigarette smoking: examining
the moderating effects of race/ethnicity and gender in a sample of
Black and Latino urban adults. J Behav Med. 2015;38(4):689-700.
Centers for Disease Control and Prevention. NHANES response
rates and population totals. http://www.cdc.gov/nchs/nhanes/
response_rates_cps.htm. Accessed December 15, 2015.

Centers for Disease Control and Prevention. National health and
nutrition examination survey: analytic guidelines, 1999-2010.
http://www.cdc.gov/nchs/data/series/sr_02/sr02_161.pdf.
Accessed October 1, 2014.

Centers for Disease Control and Prevention. NHANES web tutorial
frequently asked questions. http://www.cdc.gov/nchs/tutorials/
nhanes/fags.htm. Accessed December 30, 2014.

Centers for Disease Control and Prevention. Glossary: general con-
cepts. http://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.
htm. Accessed October 1, 2014.

Centers for Disease Control and Prevention. Overview of
NHANES survey design and weights. http://www.cdc.gov/Nchs/
tutorials/environmental/orientation/sample design/index.htm.
Accessed December 14, 2013.

Centers for Disease Control and Prevention. Survey orientation.
http://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm. Accessed
December 6, 2015.

National Center for Health Statistics. Specifying weighting param-
eters. http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/
Weighting/intro.htm. Accessed December 14, 2013.

Yeomans MR. Alcohol, appetite and energy balance: is alcohol
intake a risk factor for obesity? Physiol Behav. 2010;100(1):82-9.
Rose AK, Hardman CA, Christiansen P. The effects of a priming
dose of alcohol and drinking environment on snack food intake.
Appetite. 2015;95:341-8.

Suter PM. Is alcohol consumption a risk factor for weight gain and
obesity? Crit Rev Clin Lab Sci. 2005;42(3):197-227.

Kokavec A. Is decreased appetite for food a physiological conse-
quence of alcohol consumption? Appetite. 2008;51(2):233-43.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Scott DM, Taylor RE. Health-related effects of genetic variations of
alcohol-metabolizing enzymes in African Americans. Alcohol Res
Health. 2007;30(1):18-21.

Ehlers CL, Liang T, Gizer IR. ADH and ALDH polymorphisms and
alcohol dependence in Mexican and Native Americans. Am J Drug
Alcohol Abuse. 2012;38(5):389-94.

Breslow RA, Guenther PM, Juan W, Graubard BI. Alcoholic bev-
erage consumption, nutrient intakes, and diet quality in the US adult
population, 1999-2006. J Am Diet Assoc. 2010;110(4):551-62.
Breslow RA, Chen CM, Graubard BI, Jacobovits T, Kant AK. Diets
of drinkers on drinking and nondrinking days: NHANES 2003—
2008. Am J Clin Nutr. 2013;97(5):1068-75.

Cook WK, Caetano R. Ethnic drinking cultures, gender, and socio-
economic status in Asian American and Latino drinking. Alcohol
Clin Exp Res. 2014;38(12):3043-51.

Batis C, Hernandez-Barrera L, Barquera S, Rivera JA, Popkin BM.
Food acculturation drives dietary differences among Mexicans,
Mexican Americans, and Non-Hispanic Whites. J Nutr. 2011;141(10):
1898-906.

McCann SE, Sempos C, Freudenheim JL, Muti P, Russell M,
Nochajski TH, et al. Alcoholic beverage preference and character-
istics of drinkers and nondrinkers in western New York (United
States). Nutr Metab Cardiovasc Dis. 2003;13(1):2—11.

Butler L, Poti JM, Popkin BM. Trends in energy intake from alco-
holic beverages among US adults by sociodemographic character-
istics, 1989-2012. J Acad Nutr Diet. 2016;116(7):1087—100 €6.
Caetano R, Vaeth PA, Ramisetty-Mikler S, Rodriguez LA. The
Hispanic Americans baseline alcohol survey: alcoholic beverage
preference across Hispanic national groups. Alcohol Clin Exp
Res. 2009;33(1):150-9.

Mulia N, Karriker-Jaffe KJ, Witbrodt J, Bond J, Williams E,
Zemore SE. Racial/ethnic differences in 30-year trajectories of
heavy drinking in a nationally representative U.S. sample. Drug
Alcohol Depend. 2017;170:133-41.

Fazzino TL, Fleming K, Sher KJ, Sullivan DK, Befort C. Heavy
drinking in young adulthood increases risk of transitioning to obe-
sity. Am J Prev Med. 2017;53(2):169-75.

Greenfield TK. Ways of measuring drinking patterns and the dif-
ference they make: experience with graduated frequencies. J Subst
Abus. 2000;12(1-2):33-49.

@ Springer

635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674


http://www.cdc.gov/nchs/nhanes/response_rates_cps.htm
http://www.cdc.gov/nchs/nhanes/response_rates_cps.htm
http://www.cdc.gov/nchs/data/series/sr_02/sr02_161.pdf
http://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm
http://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm
http://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
http://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
http://www.cdc.gov/Nchs/tutorials/environmental/orientation/sample_design/index.htm
http://www.cdc.gov/Nchs/tutorials/environmental/orientation/sample_design/index.htm
http://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm
http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/Weighting/intro.htm
http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/Weighting/intro.htm

AUTHOR'S PROOF

AUTHOR QUERY

AUTHOR PLEASE ANSWER QUERY.

Q1. References [16] and [42] based on original manuscript we received were identical. Hence, the
latter was deleted and reference list and citations were adjusted. Please check if appropriate.





