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Abstract

Objective: To assess whether alcohol consumption decreases during an intensive lifestyle
intervention (ILI) and whether alcohol consumption is associated with weight loss among
participants with overweight/obesity and type 2 diabetes.

Methods: Participants (n=4,901) were from the Action for Health in Diabetes (Look AHEAD)
study, an RCT that compared an ILI to a diabetes support and education (DSE) control. Mixed
effects models were used to estimate the effect of the ILI on alcohol consumption, and the
influence of alcohol consumption on weight loss at year 4.

Results: ILI and DSE participants did not differ in changes in alcohol consumption. Alcohol
intake was not associated with weight loss at year 1 of the ILI. ILI participants who abstained from
alcohol lost 5.1+0.3% of initial weight at year 4, compared to a significantly (p=0.04) smaller
2.4+1.3% for consistent-heavy drinkers. ILI participants who abstained from alcohol consumption
over the 4 years lost 1.6+0.5% more weight relative to individuals who drank alcohol at any time
during the intervention (p=0.003). DSE participants did not differ in weight loss by alcohol
consumption.

Conclusions: Heavy alcohol drinkers are at risk for suboptimal long-term weight loss.
Decreasing alcohol consumption may improve weight management among individuals with
diabetes.
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Introduction

Alcoholic beverages are a top contributors of calories in Americans’ diets.! The percent of
people who consume alcohol has increased since the early 2000s.23 Over 70% of Americans
report consuming alcohol at least once a year.2:3 The per capita intake from alcoholic
beverages is 109 kcals/day.* A meta-analysis of prospective observational studies
demonstrated that relative to individuals who drank minimal alcohol, light-to-moderate
alcohol consumption was associated with a lower risk of type 2 diabetes.?

However, alcohol is energy dense, containing 7.1 kcals/gram and may be an important factor
related to weight. Alcohol is inefficient in facilitating satiety, and calories from alcohol
usually add, rather than substitute, for energy ingested through other dietary sources.5”
Consumption of alcohol is linked to disinhibited eating® and increased food intake, 10
possibly through neural mechanisms related to energy regulation.8:1! Some studies have
supported a relationship between increased alcohol consumption and higher body weight,
12-16 \yhile others have suggested an inverse relationl or no association.”-18-20 Possible
reasons for these discrepancies include the use of self-reported height and weight, variable
(and often short) follow-up, and inconsistent control for confounders such as smoking status.

Though the association between alcohol consumption and body weight is unclear,
decreasing or eliminating calories from alcohol is typically recommended during weight
loss. Despite the potential benefits of reducing alcohol consumption on weight management,
few studies have examined whether participants report changes in alcohol intake during
weight loss treatment?1-23 and whether alcohol influences weight loss. One study
demonstrated no change in alcohol intake during a lifestyle intervention?® while another
showed decreased intake at the end of treatment.22 Alcohol intake was not related to weight
change, but was associated with change in end-of-treatment energy intake.22 Research is
needed to assess changes in alcohol consumption during weight loss, and the effect of
alcohol on weight management.

The present study used data from the Action for Health in Diabetes (Look AHEAD) study to
address these questions. Look AHEAD is a 16-center randomized clinical trial that
compared the effects of an intensive lifestyle intervention (ILI) to a diabetes support and
education (DSE) control group on the incidence of major cardiovascular events.2 The aims
of this study were to: 1) assess the effect of the ILI on alcohol consumption over 4 years;
and 2) examine whether 4-year weight loss outcomes were related to alcohol consumption
over this time. We hypothesized that the ILI, as compared to the DSE, would have greater
declines in alcohol consumption from baseline to year 4. We also hypothesized that in the
ILI, individuals who reported greater alcohol consumption would lose less weight than those
with lower alcohol consumption over the 4 years.
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As reported previously, 5,145 participants were recruited from across the U.S.2° Individuals
had type 2 diabetes, were 45-76 years of age, and had a body mass index (BMI) =25 kg/m?
(or 227 kg/m? if on insulin). The current study used the Look AHEAD public access data
set, a subset of 4,901 participants from the cohort; participants from the Native American
sites were not included due to consent limitations.

Interventions

Details about the study interventions have been published previously.28 In brief, participants
were randomly assigned to IL1 or DSE.26:27 The ILI consisted of individual and group
sessions focused on improving diet and physical activity. Participants were prescribed a
calorie goal of 1200-1800 kcal/day (based on weight) and a physical activity goal of >175
minutes/week of moderate-intensity activity. The ILI group was told about the number of
calories in alcohol, advised to decrease their alcohol consumption as a means of reducing
caloric intake, and told that dietary guidelines recommended no more than two drinks per
day for men and no more than one drink per day for women. Participants in DSE were
invited to three group sessions each year focused on diet, physical activity, or social support.

Assessments

Assessments were completed by certified staff members masked to intervention assignment.

Demographic and clinical characteristics.—Self-report forms were used to collect
demographic and health data. Weight and height were measured in duplicate following
standardized procedures.2®> Glycated hemoglobin level was measured annually.

Alcohol.—Alcohol consumption was assessed yearly using a self-report questionnaire that
asked similar questions as those recommended by the National Institute on Alcohol Abuse
and Alcoholism’s (NIAAA).28 Participants were asked “Did you drink any alcoholic
beverages in the past year?” and follow-up questions to assess the number of drinks of wine,
beer, and liquor typically consumed each week. One drink was considered a 5-ounce glass of
wine, 12-ounce glass, can or bottle of beer, or 1.5 ounces of liquor. Responses were totaled
to generate a score for number of drinks per week.

Dietary intake.—Dietary intake was measured on 50% of participants at each clinical site
using a self-administered 134-line item food frequency questionnaire that assessed typical
consumption during the past 6 months. Calories from alcohol were computed based on daily
grams of alcohol consumed per day multiplied by 7.1 kcals/gram.

Physical activity.—Physical activity was assessed using the Paffenbarger Activity
Questionnaire (PAQ),2? which provides an estimate of weekly energy expenditure from
moderate intensity physical activity. Participants at eight centers completed the questionnaire
at baseline, and years 1 and 4.
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Depressive symptoms and quality of life.—The Beck Depression Inventory
(BDI-1A) was used to assess depressive symptoms over the previous 2 weeks.30 The 36-item
Short-Form Health Survey was used to assess physical and mental health-related quality of
life.31

Definition of Alcohol Groups

Baseline.—NIAAA’s drinking categories guided classification of baseline alcohol intake,
based on the average quantity of alcohol consumed per week.32 Categories were: 1) non-
drinkers (no drinking at baseline); 2) light drinking (<7 drinks/week for men and <4 drinks/
week for women); 3) moderate drinking (7-14 drinks/week for men and 4—7 drinks/week for
women); and 4) heavy drinking (>14 drinks/week for men and >7 drinks/week for women).

Year 1.—To describe longitudinal drinking patterns at 1 year, we created categories based
on the baseline and year-1 reports of drinking in the past year (yes/no) and the average
quantity of alcohol consumed per week. The groups were: 1) those who were abstinent at
both times; 2) participants who drank at baseline only; 3) those who endorsed drinking at
year 1 only; 4) individuals who drank at both baseline and year 1 averaging to a light amount
(<7 drinks/week for men and <4 drinks/week for women); 5) those who drank at both times
averaging to a moderate amount (7-14 drinks/week for men and 4-7 drinks/week for
women); and 6) participants who drank at both times averaging to a heavy amount (>14
drinks/week for men and >7 drinks/week for women).

Year 4.—At year 4, groups were formed in a similar manner as in year 1. The groups were:
1) those who were abstinent at every survey (abstainers); 2) those who reported drinking at
some years between baseline to 4 years (inconsistent drinkers); 3) those who drank at every
year they were surveyed, averaging to a light amount (consistent-light); 4) those who
reported drinking at every year surveyed, averaging to a moderate amount (consistent-
moderate); and 5) those who drank at every year surveyed, averaging to a heavy amount
(consistent-heavy). To be included, participants had to complete the alcohol survey at three
or more timepoints.

Statistical Analyses

Baseline characteristics were compared by baseline alcohol group using ANOVAS and chi-
squared tests. We estimated the effect of the ILI (vs DSE) on total alcohol consumption
using linear mixed models, with the change from baseline to year 4 in drinks consumed per
week as the main outcome. Models were estimated including all participants and repeated
including only participants who endorsed drinking alcohol at baseline. We conducted post-
hoc analyses examining changes from baseline to year 1, changes in wine, beer, and liquor
consumption, and changes based on baseline alcohol consumption and year-4 alcohol
consumption groups. We tested an interaction term for gender and change in alcohol
consumption and repeated analyses stratified by gender.

The co-primary outcome compared 4-year percentage change in baseline weight based on
the trajectory of alcohol consumption across 4 years. Models were analyzed stratified by
treatment using a piecewise, linear mixed-effects model with a breakpoint at year 1. Models
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were adjusted for baseline demographic and clinical differences among alcohol consumption
groups. Similar analyses were conducted to examine changes during the first year, when the
intervention was most intensive and weight losses were the largest, using the year-1 alcohol
groups.

Participants were compared based on alcohol trajectory and categorical weight losses at year
4 (e.g., 210% loss) using chi-squared tests. Exploratory analyses were conducted to estimate
changes in self-reported dietary intake and physical activity based on 4-year alcohol
trajectory. Analyses were performed using SPSS v.25 with a type | error rate of 0.05.

Baseline Differences Based on Baseline Alcohol Consumption

At baseline, 38.1% of the cohort reported not drinking alcohol in the past year, 53.8%
reported light drinking, 6.3% reported moderate drinking, and 1.7% reported heavy drinking.
Characteristics of participants by baseline alcohol consumption are presented in Table 1.

Alcohol Consumption by Treatment Group

At year 4, weight data were obtained on 90.1% of the sample, and both weight and alcohol
data were available for 88.6% of participants. Individuals who were moderate drinkers at
baseline were more likely to complete the full 4-year assessment (weight and questionnaire
data) than were those in the other alcohol categories (92.9% vs 87.5% for never drinkers,
88.8% for light drinkers, 90.2% for heavy drinkers; p=0.04).

The ILI and DSE groups did not differ by baseline alcohol consumption categorization
(p=0.61). ILI and DSE participants did not differ significantly in changes from baseline to
year 1 or from baseline to year 4 in total alcohol consumption or wine, beer, and liquor
consumed (ps>0.05; Table 2). ILI and DSE groups did not differ in alcohol consumption
(ps>0.05) when restricted to participants who drank alcohol at baseline or when stratified by
baseline alcohol group (ps>0.05; Table S1) or by year-4 alcohol consumption group
(ps>0.05; Table S1). Gender did not significantly interact with treatment group and change
in consumption of total alcohol (p=0.60), wine (p=0.27; Table S2), beer (p=0.45), or liquor
(p=0.54) at year 4. Statistical conclusions were the same at year 1.

Groups at year 1.—In the ILI and DSE groups, a similar percentage of participants were
classified as abstinent from alcohol at baseline and year 1 (39.5% vs 40.5%, respectively);
baseline only (12.0% vs 11.0%); and year 1 only (5.1% vs 4.3%). The groups did not differ
significantly (p=0.67) in the percent of people who drank at both times who were classified
as light drinkers (34.6% vs 34.5%); moderate drinkers (6.8% vs 7.4%); and heavy drinkers
(2.0% vs 2.3%).

Groups at year 4.—From baseline to 4 years, ILI participants reported drinking alcohol at
a meanxSD of 2.7£2.1 annual assessments, which did not differ (p=0.64) from the 2.7+2.2
timepoints reported by DSE participants. Randomization arm did not have a main effect on
alcohol trajectory (p=0.16). A similar percentage of participants reported abstaining from
alcohol at all annual assessments in the I1L1 (29.4%) and DSE groups (31.4%). ILI and DSE
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participants did not differ in the percentage of participants who endorsed inconsistent
drinking (35.7% vs 32.1%, respectively), or those who reported consistently drinking at a
light (28.4% vs 29.4%), moderate (4.6% vs 5.2%), or heavy amount (1.9% vs 2.0%).

Weight.—In the ILI group, alcohol consumption trajectory did not have a main effect on
weight loss at year 1 (ps>0.05; Figure 1). ILI participants who abstained from alcohol lost a
meanxSE of 8.9+0.3% of initial weight at year 1, which did not differ significantly (p=0.99)
from the 9.1+1.2% lost by participants who drank a heavy amount. Participants who drank
only at baseline lost 9.1+0.5% and those who drank only at year 1 lost 8.2+0.7%. Relative to
participants who were abstinent from alcohol, participants who drank at baseline and year 1
lost a similar amount regardless if they drank a light (8.9+£0.3%, p=0.29), moderate
(9.7£0.7%, p=0.40), or heavy amount (p=0.99).

At year 4, ILI participants who abstained from alcohol consumption over the 4 years lost
1.6x0.5% more weight compared to individuals who drank alcohol at any time over the 4
years (p=0.003). ILI participants who abstained from alcohol (over the 4 years) lost
5.1+0.3% of initial weight at year 4, compared to significantly (p=0.04) smaller loss of
2.4+1.3% for participants who weres consistent-heavy drinkers (Figure 2). The weight losses
of participants who were abstinent from alcohol were significantly larger than the 3.8+0.3%
losses of participants who drank inconsistently (p=0.01) and 4.2+0.4% losses of those who
were consistent-light drinkers (p=0.047). Participants who were consistent-moderate
drinkers lost 3.7+£0.9%. Weight loss for consistent-heavy drinkers was not significantly
different compared to those who were inconsistent (p=0.28), consistent-light (p=0.19), or
consistent-moderate drinkers (p=0.40).

At year 4, meeting a categorical weight loss of >210% differed by alcohol trajectory group
(p=0.002; Figure 3a). The percent of participants who achieved =10% weight loss was
significantly higher than expected in the abstainer group (27.5%). In the consistent heavy
drinker group only two participants achieved a >10% weight loss (4.8%). The percent of
participants who achieved this weight loss was 22.6% of inconsistent drinkers, 22.9% of
consistent-light drinkers, and 16.0% of consistent-moderate drinkers. Categorical weight
losses differed by alcohol consumption trajectory for the achievement of a 5% (p=0.01)
loss of initial weight. The alcohol abstainer group had 52.4% of participants who met a 5%
weight loss, compared to 44% of inconsistent drinkers, 44% of consistent-light, 41% of
consistent-moderate drinkers, and 33.3% of consistent-heavy drinkers.

Diet.—In exploratory analyses with the subgroup of participants with data from the food
frequency questionnaire, each alcohol trajectory group had significant within-group declines
in dietary calories from baseline to year 1 and baseline to year 4 (ps<0.05; Figure 5a).
Change in dietary intake did not differ by alcohol trajectory group (ps>0.05). At year 4,
relative to those who were abstinent from alcohol, inconsistent drinkers reported an
additional meanzSE of 28.8+50.4 kcals/day (p=0.57), consistent-light drinkers 182.8+51.9
kcals/day (p<0.001), consistent-moderate drinkers 188.9+110.0 kcals/day (p=0.09), and
consistent-heavy drinkers 81.4+150.6 kcals/day (p=0.59). At year 4, the average reported
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kcals/day of alcohol ingested by inconsistent drinkers was 4.7+1.4, consistent-light drinkers
was 21.5+1.4, consistent-moderate drinkers was 79.4+4.0, and consistent-heavy drinkers
was 139.5+5.7.

Physical activity.—In the subgroup of participants who completed the PAQ, changes in
physical activity from baseline to year 1 were significant for each group (ps<0.05; Figure
6a). Baseline to year 4 improvements in physical activity were significant for all groups
except consistent-heavy drinkers (p=0.54). Changes in baseline to year 4 physical activity
did not differ significantly (ps>0.05) between those who abstained from alcohol and all other
groups. At year 4, the amount of physical activity reported by each of the alcohol trajectory
groups did not differ (ps>0.05).

Weight.—In the DSE group, participants who were abstinent from alcohol over the first
year had similar weight changes as those who drank alcohol during the first year (p=0.19).
Abstinent individuals in the DSE group lost 0.5+0.2% of initial body weight while
participants who drank at baseline only lost 0.7+£0.3% (p=0.60) and those who drank at year
1 only lost 0.7+0.6% (p=0.75; Figure 1). Compared to abstinent drinkers, light drinkers lost
1.1+0.2% (p=0.002), moderate drinkers lost 1.1+0.4% (p=0.05), and heavy drinkers lost
0.3+0.8% (p=0.75).

At year 4, participants in the DSE group who did not report drinking at any time lost
1.5+0.3% of initial weight, which was similar to the amount lost by individuals who drank at
any time (p=0.48). Percent weight loss for participants who were abstinent was not
significantly different from individuals in DSE who reported inconsistent (—0.940.3%;
p=0.19), light (-1.5£0.4%; p=0.96), moderate (-1.3+0.9%; p=0.81), or heavy drinking
(-0.8+1.4%; p=0.62; Figure 4). At year 4, the groups did not differ (p=0.47) in the
percentage of participants who met a >10% weight loss. The percentages of participants who
met this goal were: 12.1% of abstainers; 10.8% of inconsistent drinkers; 9.8% of consistent-
light drinkers; 7.1% of consistent-moderate drinkers; and 11.9% of consistent-heavy
drinkers (Figure 3b). Categorical percent weight losses did not differ by alcohol trajectory at
>5% (p=0.82).

Diet.—At year 4, relative to DSE participants who were abstinent from alcohol, inconsistent
drinkers consumed 125.4+57.4 kcals more per day (p=0.03; Figure 5b); consistent-light
drinkers 190.0+58.2 kcals more per day (p=0.001); consistent-moderate drinkers
373.4+105.8 kcals more per day (p<0.001); and consistent-heavy drinkers 190.4+163.5 more
kcals per day (p=0.25). Individuals who were inconsistent drinkers reported an average of
5.7+1.3 kcals/day from alcohol, consistent-light drinkers 18.8+1.3 kcals/day; consistent-
moderate 71.4+3.1 kcals/day, and consistent-heavy 137.8+5.0 kcals/day.

Physical activity.—Consistent-light drinkers had significant changes in physical activity
from baseline to year 1 and baseline to year 4 (p=0.001, 0.02; Figure 6b). Change in
physical activity from baseline to year 1 and baseline to year 4 did not differ significantly by
alcohol trajectory group (ps>0.05).
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Discussion

Among adults with overweight/obesity and type 2 diabetes, changes in alcohol consumption
from baseline to year 1 and baseline to year 4 did not differ between participants enrolled in
the ILI versus DSE. Alcohol consumption was not related to year-1 weight loss among those
randomized to the ILI. However, alcohol consumption was associated with weight loss
achieved at year 4, suggesting that alcohol may have different physiological or behavioral
implications for short versus long-term weight loss. ILI participants who abstained from
alcohol, over the 4 years, lost 5.1% of initial weight at year 4, compared to significantly
smaller loss of 2.4% for participants who were consistent-heavy drinkers. Compared to
individuals who abstained from alcohol over the 4 years, consistent-heavy drinkers were less
likely to have clinically significant weight losses of 25% and 210% at year 4. There is
consistent evidence that chronic, heavy drinking is associated with negative health outcomes
including liver cirrhosis, chronic pancreatitis, cancer, and cardiovascular disease.33:34 This
study indicates that heavy drinking attenuates long-term weight loss among adults with type
2 diabetes.

Weight loss between participants who did and did not abstain from alcohol were similar
during the first year of the program. However, at year 4, participants in the lifestyle
intervention who abstained from alcohol lost 1.6% more weight relative to individuals who
drank alcohol at any time over the 4 years. Our exploratory analyses of the subgroups of
participants who completed the food frequency and physical activity questionnaires
demonstrated that changes in dietary intake and physical activity were not significantly
different among alcohol trajectory groups. However, at year 4, calories from alcohol
partially, but not completely, explained differences in caloric intake between abstainers and
inconsistent drinkers, consistent-light and consistent-moderate drinkers. Thus, alcohol added
calories to daily energy intake, and participants may have been less adherent to calorie goals,
leading to less weight loss. For ILI participants who were consistent-heavy drinkers, the
additional calories reported from alcohol accounted for all of the extra dietary calories
relative to participants who were abstinent from alcohol. We believe that participants who
drank alcohol may have compensated for calories from alcohol during the short-term (i.e.,
by decreasing their calorie intake from food) but had more difficulties over the long-term
when weight typically plateaus and biological and behavioral factors may make it more
difficult to maintain weight loss.3® The results also support previous research that
individuals often do not decrease subsequent intake to account for the calories consumed
from alcohol.10:36.37 Alcohol consumption before or with a meal can stimulate food intake,
710 which may have resulted in overeating. Participants with consistent-heavy alcohol
consumption had significant improvements in physical activity at year 1 but not at year 4,
which may have contributed to the worse long-term weight control.38 Further research is
needed that examines the effects of reducing or eliminating alcohol consumption on long-
term weight management. Research is warranted that examines mediators underlying the
effects of alcohol on weight loss efforts, such as impulsivity, food choices, and physical
activity.

These results indicate that abstaining from alcohol offers some modest benefits for long-
term weight control. However, the clinical significance of this difference is uncertain, and
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results should be taken into context of the potential (though controversial) benefits of light-
to-moderate alcohol consumption. There is a “J” or “U” shaped relationship between alcohol
consumption and some health outcomes. For example, light-to-moderate alcohol intake is
associated with a lower risk of cardiovascular disease relative to people who are never
drinkers or those who are heavy drinkers.3%40 For other conditions, such as breast cancer,
there is no known safe level of alcohol consumption.*! The U.S. Dietary Guidelines for
Americans indicate that if alcohol is consumed, it should be consumed in moderation (i.e.,
one drink per day for women and up to two drinks per day for men).32 Studies are needed to
assess whether the benefits of light-to-moderate alcohol consumption on cardiovascular
disease may outweigh the risks of worse weight loss.

Alcohol consumption was not associated with weight in the DSE group, suggesting that the
effects of alcohol on weight may be more evident during ILI (and weight loss) versus control
conditions (when weight is relatively stable). These differences may be explained by diet,
physical activity, or other factors that differed between the ILI and DSE groups. Research is
needed to assess differences in the effect of alcohol on weight loss versus weight gain
prevention.

Contrary to previous reports of declines in alcohol consumption during behavioral obesity
treatment,22 we found that individuals in the ILI did not decrease their alcohol intake more
than those in the DSE. Participants in the ILI were advised to decrease alcohol consumption,
but not instructed to completely eliminate alcohol, which may account for the null findings.
There may have been floor effects that reduced our ability to detect differences between
groups. At baseline, 61.8% of participants reported consuming alcohol in the past year,
which is slightly less than the 70% of Americans from the general population.23 The overall
quantity of alcohol consumed was low, consistent with previous findings that heavier
drinking is less common among older adults compared to younger adults, and those with
diabetes relative to the general population.#2 Further replication in younger samples and in
people without diabetes is warranted.

Strengths of this study include the large sample size, longer-term follow-up, and excellent
retention rate. We adjusted for a number of confounders, though unmeasured and residual
confounders could have influenced findings such as drinking history, ill health, diseases or
their treatment that may have prevented alcohol use, or psychosocial factors. We did not
adjust for dietary intake or physical activity in models since only 27.3% of participants
completed both measures. This study has several other limitations. Alcohol consumption,
dietary intake, and physical activity were self-reported, which may have led to
underreporting of calories consumed and overreporting of physical activity. The time-frame
used for alcohol was 1 year which helped capture infrequent drinkers and seasonal variations
in alcohol habits, but may have resulted in recall bias.*3 Data on daily alcohol consumption
were not available, thus a weekly amount was used. Participants had type 2 diabetes, and the
overall depression severity was low, which limits generalizability of findings. The number of
participants with heavy alcohol consumption was low, resulting in large confidence intervals
within this group. While gender was included as a covariate, further studies are needed to
examine the interactions among gender, alcohol consumption, and weight loss.
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In conclusion, our findings suggest that while alcohol consumption is not associated with
short-term weight loss during a lifestyle intervention, it is associated with worse long-term
weight loss in participants with overweight/obesity and type 2 diabetes. Participants who
drank alcohol at any time over the 4 years lost less weight relative to participants who did
not drink at any time. Participants who were consistent, heavy alcohol drinkers were at
greatest risk for suboptimal long-term weight losses. Patients with type 2 diabetes who are
trying to lose weight should be encouraged to reduce alcohol consumption. Though weight
loss was greater among those who abstained from alcohol, further research is needed to
assess the potential beneficial (e.g., cardiovascular disease, mortality) and detrimental effects
of light-to-moderate alcohol consumption on individuals trying to lose weight. Ultimately,
randomized controlled trials are necessary to test whether eliminating alcohol consumption
improves weight loss and other cardiovascular outcomes during lifestyle interventions.
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Study Importance

What is already known about this subject?

. Few studies have assessed changes in alcohol consumption during lifestyle
interventions.

. It is unclear whether alcohol consumption is associated with weight loss.

What does this study add?

. Participants with overweight/obesity and type 2 diabetes in an intensive
lifestyle intervention (ILI) and diabetes support and education (DSE) control
did not differ in changes from baseline to year 4 in total alcohol consumption.

. ILI participants who abstained from alcohol lost 5.1% of initial weight at year
4, compared to a significantly smaller 2.4% for participants who were
consistent-heavy drinkers.

. ILI participants who abstained from alcohol consumption over the 4 years lost
1.6% more weight relative to individuals who drank alcohol at any time over
the 4 years.
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Figure 1.
Percent weight change at year 1 by alcohol group (abstinent; baseline only; year 1 only;

individuals who drank at both baseline and year 1 averaging to a light amount (<7 drinks/
week for men and <4 drinks/week for women); those who drank at both times averaging to a
moderate amount (7-14 drinks/week for men and 4-7 drinks/week for women); and
participants who drank at both times averaging to a heavy amount (>14 drinks/week for men
and >7 drinks/week for women)). DSE=diabetes support and education. ILI=intensive
lifestyle intervention.
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Figure 2.

p=0.04
Consistent- Heavy

Consistent- Moderate |

p=0.0
Inconsistent
i . . p=0.04
:l Consistent-Light

]

Abstinent

Percent reduction in initial weight at year 4 in the intensive lifestyle intervention group by
alcohol consumption trajectory over the 4 years. Values shown are mean (+ standard error),
and weight losses were estimated by using linear mixed-effects models controlling for
baseline age, race/ethnicity, gender, education, smoking status, BMI, insulin use, diabetes
duration, depressive symptoms, and physical and mental health-related quality of life.
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Figure 3.
Percentage of participants in the (a) intensive lifestyle intervention and (b) diabetes support

and education groups who at year 4 met different categorical weight losses based on alcohol
consumption trajectories. *p<0.05. #adjusted residual is <1.96 or =1.96.
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Figure 4.
Percent reduction in initial weight in the diabetes support and education group by alcohol

consumption trajectory. Values shown are mean (+ standard error), and weight losses were
estimated using linear mixed-effects models controlling for baseline age, race/ethnicity,
gender, education, smoking status, BMI, insulin use, diabetes duration, depressive
symptoms, and physical and mental health-related quality of life.
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dietary intake. Black bars represent calories from alcohol. *p<0.05 for difference relative to
abstinent group in total dietary intake value at baseline, year 1, or year 4. *p<0.05 for
differences relative to abstinent group in non-alcohol dietary intake. The amount of change
in total dietary intake from baseline to year 1 and baseline to year 4 did not differ
significantly by alcohol trajectory group (ps>0.05). ILI: Each alcohol trajectory group had
significant within-group declines in dietary intake from baseline to year 1 and baseline to
year 4 (ps<0.05). DSE: Each group had significant declines dietary intake from baseline to
year 1 with the exception of the consistent-moderate group which was not significant for
either.
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Figure 6.

Mean self-reported kcals of physical activity per week at baseline, and years 1 and 4 based
on 4-year alcohol trajectory in the (a) intensive lifestyle intervention and (b) diabetes support

and education groups. ILI: Each alcohol trajectory group had significant within-group
improvement in physical activity from baseline to year 1. Baseline to year 4 changes in

physical activity were significant within-group for all except consis

tent-heavy drinkers

(p=0.54). Changes in baseline to year 4 physical activity did not differ significantly

(ps>0.05) between those who abstained from alcohol and all other groups. DSE: Consistent-

light drinkers had a significant improvement in physical activity from baseline to year 1

(p=0.001) and baseline to year 4 (p=0.02). Compared to abstainers, the other groups did not

differ significantly in change in physical activity (ps>0.05).

Obesity (Silver Spring). Author manuscript; available in PMC 2019 May 13.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Chao et al.

Table 1.

Demographic and clinical characteristics by baseline alcohol use

None Light Moderate Heavy P-value
Participants 1867 (38.1) 2637 (53.8) 309 (6.3) 82 (1.7)
Total/week 02 1.09 (1.6)> 8.1 (3.0)¢ 16.2 (8.8)¢ <0.001
Beers/week 0@ 0.3 (0.9)° 2.7 (3.5)¢ 4.6 (9.3) <0.001
Wine/week 0° 0.5 (0.9)° 3.3 (3.4) 6.7 (5.7)¢ <0.001
Liquor/week 0 0.2 (0.7)° 2130  49(54) <0.001
Age,y 50.3(6.8)°  58.6(6.7)P° 59.6 (6.9)b 60.5(7.4)*>  <0.001
Sex Male 571 (30.6)° 1221 (46.3)° 198 (64.1)¢ 39 (47.6)° <0.001
Female 1296 (69.4)° 1416 (53.7)) 111(35.9) 43 (52.4)
Race/ethnicity .
White 1067 (57.2)2 1887 (71.6)° 229 (74.1)° 61 (74.4)° <0.001
Hispanic 368 (19.7)2 273 (10.4)> 30 (9.7)° 5 (6.1)°
African American/Black 364 (19.5)2 385 (14.6)° 39 (12.6)° 13 (15.9)2b
Other/Mixed 68 (3.6) 92 (3.5) 11 (3.6) 3(3.7)2
Education
<13y 512(27.4) 358 (13.6)° 40 (12.9)° 14 (17.1)P <0.001
13-16y 728(39.0) 967 (36.7)7  78(25.2)>  25(30.5)ab
>16y 588 (31.5)% 1256 (47.6)° 185 (59.9)° 41 (50.0)P¢
Married 1201 (64.4) 1747(66.2) 222(71.8) 54 (65.9) 0.07
Smoking status
Never 1067 (57.2)8 1231 (46.7)° 100 (32.4)¢  25(30.5)° <0.001
Past 730 (39.1)2 1288 (48.8)" 189 (61.2)° 48 (58.5)P¢
Present 68 (3.6)2 112 (4.2)22 20 (6.5  8(9.8)°
Body mass index 36.1(5.92 36.1(59)2  348(57)° 33.2(4.0) <0.001
Glycated hemoglobin level, % 7.3 (1.1)2 7.3(1.2)? 7.0 (1.0)° 7.3 (1.2)2P <0.001
Daily caloric intake, kcall 1907.3 2017.4 2119.2 2396.9 <0.001
(933.8) (825.1)P (842.1)Pc (1040.4)°
Daily caloric intake from alcoholl'z 0(0y" 127(250) 748(70.2)° 1427 (136.4) <0.001
Daily fat intake, %2 39.8(7.2) 40.2 (6.8) 39.5(7.0) 39.0 (6.9) 0.34
Daily protein intake, %? 17.3 (3.0)? 17.2 (2.8)2 16.8 (2.6)20  15.7 (3.0)° 0.001
Daily intake carbohydrates, %? 445 (7.9  434(74)°  418(7.2° 41.0(9.2° <0.001
Insulin use, yes 341 (18.9)* 359 (14.1)>¢ 30(10.1)°  16(21.3)*P <0.001
Physical activity (kcals/week) 786.0 850.7 12986 9237 <0.001
(1188.0)3 (1021.6)2 (1645.1)P (1127.4)2b
Duration of diabetes, y 7.2 (6.7)? 6.5 (6.3)° 5.8 (5.3)° 6.7 (6.8)2P <0.001
History of cardiovascular disease 263 (14.1) 367 (13.9) 51 (16.5) 7(8.5) 0.30
Depressive symptoms 5.4 (5.0 5.4 (4.8)2 4.6 (4.3 5.6 (4.8)a0 0.02
SF-36, Physical component score 47.3 (8.2)2 48.3 (7.7)° 49.7 (7.3)°  47.7 (8.5)2bc  <0.001
SF-36, Mental component score 54581  539(8.02  549(65° 53.9(8.2)8 0.02
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Mean (SD) or n(%).Value with different superscript letters across columns are significantly different from one another at p<0.05. These post-hoc
comparisons were only performed when the group comparison p-value was <0.05.

JCompIeted by 50% of participants (n=2612). Includes calories from alcohol.
ZCaIcuIated using grams of alcohol multiplied by 7.1 kcals/gram.

3Comp|eted by participants at 8 clinical centers (n= 2395).
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