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Background: Recommendations for moderate alcohol con-
sumption remain controversial, particularly in type 2 diabetes
mellitus (T2DM). Long-term randomized, controlled trials (RCTs)
are lacking.

Objective: To assess cardiometabolic effects of initiating mod-
erate alcohol intake in persons with T2DM and whether the type
of wine matters.

Design: 2-year RCT (CASCADE [CArdiovaSCulAr Diabetes &
Ethanol] trial). (ClinicalTrials.gov: NCT00784433)

Setting: Ben-Gurion University of the Negev–Soroka Medical
Center and Nuclear Research Center Negev, Israel.

Patients: Alcohol-abstaining adults with well-controlled T2DM.

Intervention: Patients were randomly assigned to 150 mL of
mineral water, white wine, or red wine with dinner for 2 years.
Wines and mineral water were provided. All groups followed a
Mediterranean diet without caloric restriction.

Measurements: Primary outcomes were lipid and glycemic
control profiles. Genetic measurements were done, and patients
were followed for blood pressure, liver biomarkers, medication
use, symptoms, and quality of life.

Results: Of the 224 patients who were randomly assigned, 94%
had follow-up data at 1 year and 87% at 2 years. In addition to
the changes in the water group (Mediterranean diet only), red
wine significantly increased high-density lipoprotein cholesterol
(HDL-C) level by 0.05 mmol/L (2.0 mg/dL) (95% CI, 0.04 to 0.06
mmol/L [1.6 to 2.2 mg/dL]; P < 0.001) and apolipoprotein(a)1
level by 0.03 g/L (CI, 0.01 to 0.06 g/L; P = 0.05) and decreased
the total cholesterol–HDL-C ratio by 0.27 (CI, �0.52 to �0.01;

P = 0.039). Only slow ethanol metabolizers (alcohol dehydroge-
nase alleles [ADH1B*1] carriers) significantly benefited from the
effect of both wines on glycemic control (fasting plasma glucose,
homeostatic model assessment of insulin resistance, and hemo-
globin A1c) compared with fast ethanol metabolizers (persons
homozygous for ADH1B*2). Across the 3 groups, no material
differences were identified in blood pressure, adiposity, liver
function, drug therapy, symptoms, or quality of life, except that
sleep quality improved in both wine groups compared with the
water group (P = 0.040). Overall, compared with the changes in
the water group, red wine further reduced the number of com-
ponents of the metabolic syndrome by 0.34 (CI, �0.68 to
�0.001; P = 0.049).

Limitation: Participants were not blinded to treatment
allocation.

Conclusion: This long-term RCT suggests that initiating moder-
ate wine intake, especially red wine, among well-controlled dia-
betics as part of a healthy diet is apparently safe and modestly
decreases cardiometabolic risk. The genetic interactions suggest
that ethanol plays an important role in glucose metabolism, and
red wine's effects also involve nonalcoholic constituents.
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The risk–benefit balance of moderate alcohol con-
sumption in persons with diabetes is controversial

(1, 2). Epidemiologic studies suggest that the incidence
of type 2 diabetes mellitus (T2DM) is reduced among
moderate alcohol drinkers (3–7). Among healthy per-
sons (8, 9) and diabetic patients (10–12), moderate al-
cohol consumption is linked to lower cardiovascular
and total mortality rates. Yet, whether to recommend
initiation of moderate alcohol consumption to patients
with T2DM is questionable. The American Diabetes As-
sociation (13) leaves moderate alcohol consumption to
personal preference. The American Heart Association
(14) recommends that alcohol use be discussed by the
physician and patient, given the lack of long-

term trials that support causal cardioprotective effects
(15).

A recent systematic review summarized short-term
clinical trials (16) that mostly involved healthy partici-
pants and suggested that moderate alcohol consump-
tion is associated with favorable patterns of biomarkers
of cardiovascular risk. The effect of moderate alcohol
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consumption on blood pressure (BP) (17) and adiposity
remains controversial (18, 19).

Some studies (20–23) suggest similar beneficial as-
sociations for different alcoholic beverages and impli-
cate ethanol as the primary mediator. In contrast, other
studies (24–27) propose that red wine may induce su-
perior benefits; whether red wine confers any advan-
tage over white wine is unclear.

After a 3-month feasibility trial (28) in 109 patients
with T2DM, we performed the 2-year CASCADE
(CArdiovaSCulAr Diabetes & Ethanol) trial among 224
diabetic patients. We hypothesized that initiating mod-
erate wine consumption would improve cardiometa-
bolic risk mainly because of the ethanol component.
Therefore, we predicted similar effects of red and white
wine. Because of genetic variability in alcohol metabo-
lism, we further hypothesized that the effects of wine on
the metabolic variables would vary by ADH1B
(rs1229984) genotype.

METHODS
Design Overview

The 2-year CASCADE trial involved alcohol-
abstaining diabetic participants who were randomly as-
signed in a parallel design (1:1:1) to mineral water,
white wine, or red wine (150 mL at dinnertime). Recruit-
ment of participants began in November 2009. Partici-
pants who provided informed consent were weighed
and measured at baseline and were randomly assigned
to a single-phase, 2-year intervention (June 2010 to
May 2012). The protocol did not change after trial com-
mencement (earlier modifications are detailed in Ap-
pendix Figure 1 and the Appendix, available at www

.annals.org). Further, CASCADE was conducted at 2
centers: Ben-Gurion University of the Negev–Soroka
Medical Center (BGU–SMC) and Nuclear Research Cen-
ter Negev (NRCN) in Israel. The study was approved
and monitored by the human subjects committees of
SMC and BGU, which also cover the NRCN. No financial
compensation was provided to participants.

Setting and Participants
During recruitment, we intentionally avoided any

emphasis on the alcohol component to correctly iden-
tify alcohol abstainers. Candidates were screened by a
physician for eligibility. We included men and women
aged 40 to 75 years with T2DM diagnosed according
to the American Diabetes Association criteria (29). Ex-
clusion criteria were as follows: more than 1 alcoholic
drink per week; personal or family history of addiction,
smoking, stroke, or myocardial infarction; major sur-
gery within the past 3 months; using more than 2 insu-
lin injections per day or an insulin pump; triglyceride
level greater than 4.52 mmol/L (400 mg/dL), hemoglo-
bin A1c (HbA1c) level less than 6.4% or 10% or more;
women with first-degree relatives with breast cancer; or
pregnant women.

Randomization and Intervention
We performed the randomization (detailed in the

Appendix) within strata of patients by recruitment site
and planned substudies; we used the PROC PLAN pro-
cedure in SAS software, version 9.2 (SAS Institute). At
NRCN, participants were randomly assigned to receive
water or red wine (1:1 ratio). At BGU–SMC, participants
in additional substudies were randomly assigned to wa-
ter or red wine (1:1 ratio) and the remaining partici-
pants to water, red wine, or white wine (1:1:3 ratio). The
participants were instructed to consume 150 mL (5
ounces) of the randomly assigned beverage with din-
ner by using a standard 150 mL measuring glass we
provided. The randomized beverages were dry red
wine (from Golan Heights Winery; 16.9 g of ethanol
[14.2% by volume], with 270.1 mg of gallic acid equiv-
alent of total phenols; 120 kcal/150 mL), dry white wine
(from Golan Heights Winery; 15.8 g of ethanol [13.3%
by volume], with 38.5 mg of gallic acid equivalent of
total phenols; 111 kcal/150 mL), or mineral water (from
Mey Eden). The red wine had 7-fold higher levels of
total phenols and between 4- to 13-fold higher levels of
the specific resveratrol group compounds than the
white wine. We provided the beverages at no charge
for 2 years (mineral water, 18.9 L/mo; white wine, 750
mL/mo [6 bottles]; or red wine, 325 mL/mo [14 bot-
tles]). Patients assigned to consume wine were in-
structed to initiate drinking gradually over the first
month and avoid driving after drinking. The partici-
pants were asked to return the empty bottles at each
visit to monitor use.

Mediterranean Dietary Guidelines
In an attempt to achieve a comparable healthy diet

and provide an incentive to participate, we provided all
participants with guidelines to follow a Mediterranean
diet as per our previous 2-year DIRECT (Dietary Inter-

EDITORS' NOTES

Context

The long-term benefits and risks of moderate alcohol
intake among patients with type 2 diabetes mellitus
(T2DM) are unclear.

Contribution

Alcohol-abstaining patients with T2DM were randomly
assigned to 150 mL (5 ounces) of red wine, white wine,
or mineral water with dinner for 2 years. Primary study
outcomes included lipid and glycemic control
measures.

Caution

The trial did not include a grape juice control group.

Implication

Moderate alcohol intake, particularly red wine, among
patients with T2DM was associated with decreased car-
diometabolic risks and no significant adverse events.
Genetic typing for alcohol dehydrogenase may identify
patients who may benefit clinically from moderate
alcohol consumption.
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Table 1. Baseline Characteristics of the CASCADE Study Population*

Variable Mineral Water
(n � 83)

White Wine
(n � 68)

Red Wine
(n � 73)

Total
(n � 224)

Age, y 59.1 (6.7) 60.6 (6.8) 59.3 (7.8) 59.7 (7.1)
Men, % 65 65 77 69
BMI, kg/m2 29.7 (4.0) 30.4 (5.1) 30.0 (4.1) 30.0 (4.4)
Ethanol intake, g/d 2.1 (2.6) 2.5 (3.0) 2.5 (3.4) 2.3 (3.0)
Metabolic syndrome components

HDL-C level
Total

mmol/L 1.09 (0.31) 1.11 (0.27) 1.18 (0.33) 1.12 (0.34)
mg/dL 42.1 (12.1) 43.0 (10.6) 45.7 (12.9) 43.5 (13.0)

Men
mmol/L 1.03 (0.26) 1.04 (0.24) 1.12 (0.32) 1.06 (0.28)
mg/dL 39.7 (10.0) 40.0 (9.4) 43.3 (12.5) 41.1 (10.9)

Women
mmol/L 1.21 (0.37) 1.25 (0.28) 1.38 (0.30) 1.27 (0.33)
mg/dL 46.6 (14.3) 48.3 (10.9) 53.4 (11.6) 48.9 (12.7)

Triglyceride level
mmol/L 1.7 (1.3) 1.6 (0.7) 1.5 (0.7) 1.6 (1.0)
mg/dL 150.4 (118.5) 141.0 (65.8) 133.2 (65.7) 141.9 (88.8)

FPG level
mmol/L 8.3 (2.3) 8.5 (2.1) 8.3 (1.8) 8.3 (2.1)
mg/dL 149.5 (40.6) 153.3 (38.2) 148.9 (32.9) 150.4 (37.3)

BP, mm Hg
Systolic 136.3 (17.4) 136.3 (19.2) 139.7 (19.0) 137.4 (18.5)
Diastolic 77.2 (10.3) 77.4 (11.1) 79.4 (11.1) 78.0 (10.8)

Waist circumference, cm
Total 104.4 (9.7) 105.2 (13.4) 105.3 (9.6) 104.9 (10.9)
Men 104.1 (8.9) 108.5 (13.7) 106.8 (8.4) 106.3 (10.5)
Women 104.8 (11.3) 98.7 (10.4) 100.2 (11.5) 101.7 (11.2)

Mean positive metabolic syndrome criteria (SD), n 3.0 (1.2) 3.2 (1.3) 3.0 (1.2) 3.1 (1.2)
Other variables

Glycemic biomarkers
HbA1c level, % 6.9 (1.1) 6.9 (1.0) 6.8 (0.9) 6.9 (1.0)
Fasting insulin level, pmol/L 91 (49) 105 (68) 96 (53) 97 (57)
HOMA-IR score 4.8 (3.4) 5.7 (4.2) 5.0 (3.2) 5.2 (3.6)

Lipid biomarkers
LDL-C level

mmol/L 2.43 (0.79) 2.33 (0.80) 2.45 (0.81) 2.41 (0.80)
mg/dL 93.9 (30.5) 90.0 (30.9) 94.7 (31.2) 93.0 (30.8)

Apolipoprotein(a)1 level, g/L 1.4 (0.2) 1.4 (0.2) 1.4 (0.2) 1.4 (0.2)
Apolipoprotein(b)100 level, g/L 0.92 (0.20) 0.90 (0.20) 0.91 (0.20) 0.91 (0.20)
Total cholesterol–HDL-C ratio 4.3 (1.4) 4.0 (1.1) 4.0 (1.2) 4.1 (1.3)
Apolipoprotein(b)100–apolipoprotein(a)1 ratio 0.68 (0.19) 0.67 (0.19) 0.64 (0.19) 0.66 (0.19)

Liver function biomarkers
ALT level, U/L 28.6 (4.2) 28.0 (11.5) 30.9 (13.9) 28.8 (13.3)
AST level, U/L 24.8 (10.1) 24.35 (10.7) 25.1 (8.4) 24.8 (9.7)
ALP level, μkat/L 1.1 (0.3) 1.0 (0.3) 1.1 (0.3) 1.1 (0.3)
Bilirubin level

μmol/L 8.21 (5.13) 8.03 (5.13) 8.38 (5.11) 8.21 (5.13)
mg/dL 0.48 (0.30) 0.47 (0.30) 0.49 (0.30) 0.48 (0.30)

Genotype
ADH1B polymorphism, %†

CC (ADH1B*1) 27.6 45.0 36.4 35.6
CT (ADH1B*1*2) 44.7 46.7 37.9 43.1
TT (ADH1B*2, rs1229984) 27.6 8.3 25.8 21.3

Number of different medications in current use, n (%)
Oral glycemic control

0 19 (22.9) 14 (20.6) 20 (27.4) 53 (23.7)
1 38 (45.8) 33 (48.5) 25 (34.2) 96 (42.9)
2 23 (27.7) 16 (23.5) 21 (28.8) 60 (26.8)
3–4 3 (3.6) 5 (7.4) 7 (9.6) 15 (6.7)

Insulin treatment‡
0 73 (88.0) 60 (88.2) 63 (86.3) 196 (87.5)
1 10 (12.0) 7 (10.3) 10 (13.7) 27 (12.1)
2 0 (0) 1 (1.5) 0 (0) 1 (0.4)

Lipid-lowering therapy
0 26 (31.3) 21 (30.9) 26 (35.6) 73 (32.6)
1 49 (59.0) 38 (55.9) 39 (53.4) 126 (56.3)
2 8 (9.6) 9 (13.2) 8 (11.0) 25 (11.2)

Continued on following page
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vention Randomized Controlled Trial) findings (30). We
made no attempt to restrict calories. Group sessions
were held for all participants by clinical dietitians at
1-month intervals for the first 3 months and at 3-month
intervals thereafter. Wine was not discussed at these
meetings.

Outcomes and Follow-up
Primary outcomes were lipid profile variables

(high-density lipoprotein cholesterol [HDL-C] level,
apolipoprotein(a)1 level, and total cholesterol–HDL-C
ratio) and glycemic control (fasting plasma glucose
[FPG] level and homeostasis model assessment of insu-
lin resistance [HOMA-IR] score). Secondary outcomes
were the other components of the metabolic syndrome
(triglyceride levels, BP, and waist circumference) (31),
other lipid and glycemic control biomarkers, genetic
interaction and safety variables (specific symptoms,
medication use, and liver function tests), and quality-of-
life indicators. Blood samples were obtained at 0, 6,
and 24 months at 8 a.m. after an 8-hour fast; stored at
�80 °C; and analyzed at laboratories in Leipzig, Ger-
many, for biomarkers of glycemic control, lipid levels,
and liver function (listed in Table 1; assay methods are
described in the Appendix). We calculated the
HOMA-IR score according to the following equation
(32): insulin (U/mL) × fasting glucose (mmol/L) ÷ 22.5.
Participants (33) were weighed without shoes to the
nearest 0.1 kg. Waist circumference was measured half-
way between the last rib and the iliac crest. Two BP
measurements were recorded after resting using an
automatic BP monitor (Datascope Accutorr 4
[Datascope]).

Genetic Analysis of Alcohol Dehydrogenase
Genotyping of ADH1B*1 and ADH1B*2 (rs1229984

[www.snpedia.com/index.php/Rs1229984]) (34) was
done on a 7300 Real-Time Polymerase Chain Reaction
system (Applied Biosystems) using AccuStart Genotyp-
ing ToughMix, ROX (Biosearch Technologies), using
blood samples from month 6.

Electronic Questionnaires
At 0, 6, and 24 months, participants completed val-

idated (35, 36) electronic questionnaires (30), which
collected data on demographics, lifestyle patterns, spe-
cific medications and symptoms, and quality of life (Ap-
pendix) (28). We assessed adherence to the beverage
assignment by tracking the returned bottles and having
participants complete a specific questionnaire about all
alcohol intake within or outside of the protocol. Partic-
ipants also ranked their degree of adherence to the
assigned beverages using a scale of 0% to 100%.

Statistical Analysis
Our primary end points were lipid profile and gly-

cemic control biomarkers. We conducted intention-to-
treat analyses, which included all 224 randomly
assigned participants; further, we performed the longi-
tudinal analysis (population-averaged generalized esti-
mating equation models) using all available data
through the most recent value, with multiple imputation
for missing data at later time points. We analyzed all of
the data using raw values without transformation. We
calculated generalized estimating equation models
with exchangeable correlation structure to account for
within-subject correlations and Huber–White robust er-
rors (using the “robust” option to the xtgee command

Table 1—Continued

Variable Mineral Water
(n � 83)

White Wine
(n � 68)

Red Wine
(n � 73)

Total
(n � 224)

Antihypertensive therapy
0 37 (44.6) 26 (38.2) 38 (52.1) 101 (45.1)
1 26 (31.3) 29 (42.6) 20 (27.4) 75 (33.5)
2 11 (13.3) 8 (11.8) 8 (11.0) 27 (12.1)
3–4 9 (10.8) 5 (7.4) 7 (9.6) 21 (9.4)

Antiplatelet agents
0 38 (45.8) 31 (45.6) 36 (49.3) 105 (46.9)
1 42 (50.6) 35 (51.5) 36 (49.3) 113 (50.4)
2 3 (3.6) 2 (2.9) 1 (1.4) 6 (2.7)

Other
0 52 (62.7) 40 (58.8) 41 (56.2) 133 (59.4)
1 17 (20.5) 16 (23.5) 18 (24.7) 51 (22.8)
2 7 (8.4) 6 (8.8) 9 (12.3) 22 (9.8)
3 5 (6.0) 4 (5.9) 3 (4.1) 12 (5.4)
≥4 2 (2.4) 2 (3.0) 2 (2.8) 6 (2.5)

Distribution of participants by recruitment site, %
BGU-SMC 64 100 60 74
NRCN 36 0 40 26

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BGU–SMC = Ben-Gurion University of the Negev–
Soroka Medical Center; BMI = body mass index; BP = blood pressure; CASCADE = CArdiovaSCulAr Diabetes & Ethanol; FPG = fasting plasma
glucose; HbA1c = hemoglobin A1c; HDL-C = high-density lipoprotein cholesterol; HOMA-IR = homeostatic model assessment of insulin resistance;
LDL-C = low-density lipoprotein cholesterol; NRCN = Nuclear Research Center Negev.
* 224 participants had type 2 diabetes. Values are means (SDs) unless otherwise indicated. Median time from baseline measurements to random-
ization was 30 d.
† DNA samples for ADH1B analysis were available for only 203 participants.
‡ Injections per day.
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in Stata, version 12 [StataCorp]) adjusted for age, sex,
and the use of specific medications (lipid-lowering
medications for lipid biomarkers, oral medications for
glycemic control biomarkers, and antihypertensive
medications for BP). The main results present the
changes from baseline in the wine groups compared
with the change from baseline in the water group and
the corresponding 95% CIs. We did a sensitivity analy-
sis to compare participants who dropped out with
those who completed the study; we also analyzed only
participants who completed the study. We assessed the
changes in sex-specific criteria values of the metabolic
syndrome (31) over 24 months.

We evaluated the ADH1B polymorphism for Hardy–
Weinberg equilibrium and tested its effect on bio-
marker levels. We calculated mean changes in bio-
markers within each of the 3 ADH1B genotypes for the
combined red and white wine groups and the water
group, and we tested for interaction between genotype
and wine or water groups. For the analysis involving the
glycemic variables, BP, and lipid and liver function bio-
markers, we pooled data from carriers of either 1 or 2
wild-type alleles (CC and CT) and compared the data
with participants who were homozygous for the TT
(rs1229984) allele based on the biological effect and to
enhance statistical power.

On the basis of the results of our pilot study (28),
which compared the effects of wine with nonalcoholic
beer on glycemic control, we did not perform a formal
power calculation for this study. All P values were
2-sided. We used Stata software, version 12, and SPSS
software, version 19 (IBM), for statistical analyses.

Role of the Funding Source
The European Foundation for the Study of Diabe-

tes provided funding for the study. Beverages were
provided by Mey Eden and Golan Heights Winery.
These sources were not involved in the design of the
study, collection of data, statistical analysis, manuscript
preparation or interpretation, or decisions about sub-
mission for publication.

RESULTS
Baseline Characteristics

Of the 224 randomly assigned participants, 94%
and 87% completed the 12- and 24-month assess-
ments, respectively (mineral water, 94%; white wine,
77%; red wine, 88%; P = 0.007 among groups) (Appen-
dix Figure 1). Baseline characteristics were distributed
similarly across the groups (Table 1). The participants
(aged 59 years; 69% men; HbA1c level, 6.9%) had an
average of 3.1 of 5 criteria of the metabolic syndrome.
Most participants were receiving medications for dia-
betes, hypertension, and hypercholesterolemia. Base-
line alcohol intake was 2.3 grams per day (approxi-
mately 1 drink per week). The BGU–SMC participants
(Appendix Table 1, available at www.annals.org) were
slightly older, had a smaller proportion of men, and

had lower total cholesterol–HDL-C ratio than NRCN
participants. All other baseline biomarkers and ethanol
consumption were similar.

Adherence
During the trial, participants in the wine groups in-

creased their intake of the specifically assigned wines
(approximately 80% consumed daily), and the mineral
water group participants remained alcohol abstainers.
Beverage adherence, as reflected in the self-reported
scale (1% to 100%), was 82%, 85%, and 80% at 6
months and 87%, 84%, and 84% at 2 years for mineral
water, white wine, and red wine groups, respectively
(Appendix Figure 2, available at www.annals.org).

Figure 1. Changes in key lipid biomarkers.
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The P values represent the comparison of 2-y differences in the red
wine group versus the water group. Variables are mean changes; bars
indicate 95% CIs, and the between-group analyses for differences are
for 2 y. At 6 mo, the participants who completed the study were as
follows: mineral water, 81; white wine, 62; red wine, 73. After 2 y, 30
participants dropped out (incomplete set of observations). The partic-
ipants who completed the study were as follows: mineral water, 78;
white wine, 52; red wine, 64. To convert HDL-C values to mmol/L,
multiply by 0.0259. To convert apolipoprotein(a)1 values to g/L, mul-
tiply by 0.01. HDL-C = high-density lipoprotein cholesterol.
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Two-Year Changes
All of the findings are presented as the change

from baseline in the wine groups compared with the
change from baseline in the water group.

Primary Outcomes
After 2 years (Figure 1 and Table 2), HDL-C levels

significantly increased in the red wine group by 0.05
mmol/L (2.0 mg/dL) (95% CI, 0.04 to 0.06 mmol/L [1.6
to 2.2 mg/dL]; P < 0.001) compared with the water
group. Changes in apolipoprotein(a)1 levels in the red
wine group had a similar pattern (0.03 g/L [CI, 0 to 0.06
g/L]; P = 0.050) compared with the water group. Bene-
ficial 2-year changes include that the total cholesterol–
HDL-C ratio further decreased in the red wine group by
0.27 (CI, �0.52 to �0.01; P = 0.039) compared with the
water group. The corresponding lipid changes in the
white wine group were not significantly different from
those in the water group.

Although both wines tended to improve some glu-
cose metabolism components after 2 years, only white
wine significantly decreased fasting plasma glucose
level by 1.0 mmol/L (�17.2 mg/dL) (CI, �1.60 to �0.3
mmol/L [�28.9 to �5.5 mg/dL]; P = 0.004) and
HOMA-IR score by 1.2 (CI, �2.1 to �0.2; P = 0.019)

compared with the water group (Figure 2). Primary out-
comes did not vary across the recruitment sites (Ap-
pendix Figure 3, available at www.annals.org). The re-
sults did not materially differ among participants who
completed the trial compared with the entire group
(Appendix Figure 1).

Secondary Outcomes
The apolipoprotein(b)100–apolipoprotein(a)1 ratio

decreased only in the red wine group by 0.03 (CI,
�0.06 to 0.00; P = 0.058) compared with the water
group. Changes in triglyceride levels were more favor-
able in the white wine group (�0.09 mmol/L [�7.9 mg/
dL] [CI, �0.2 to �0.03 mmol/L {�13.3 to �2.5 mg/dL}];
P = 0.004) and red wine group (�0.1 mmol/L [�12.0
mg/dL] [CI, �0.3 to �0.02 mmol/L {�22.4 to �1.6 mg/
dL}]; P = 0.023] than in the water group.

Adiposity and BP
All 3 groups had modest and similar reductions in

waist circumference (mean, �1.48 cm) and body
weight (mean, �1.4 kg) from baseline. After 2 years of
intervention, we found no significant differences in BP
among the 3 groups (Table 2).

Table 2. Mean 2-y Changes From Baseline in Cardiometabolic Variables in the CASCADE Trial*

Variable Mineral Water (n � 83) White Wine (n � 68)

Mean Change
(95% CI)

Mean Change
(95% CI)

Differences of the Mean
Changes vs. Water
(95% CI)†

P Value

Primary outcomes
HDL-C level 0.30

mmol/L 0.04 (0.0008 to 0.09) 0.02 (−0.03 to 0.07) −0.03 (−0.08 to 0.02)
mg/dL 1.70 (0.03 to 3.30) 0.66 (−1.30 to 2.60) −1.00 (−3.00 to 0.90)

Apolipoprotein(a)1 level, g/L 0.03 (−0.01 to 0.06) 0.02 (−0.03 to 0.06) −0.01 (−0.07 to 0.04) 0.65
Total cholesterol–HDL-C ratio −0.08 (−0.44 to 0.27) −0.003 (−0.300 to 0.290) 0.08 (−0.08 to 0.23) 0.35
FPG level 0.004

mmol/L 0.57 (−0.03 to 1.18) −0.4 (−0.9 to 0.1) −1.0 (−1.6 to −0.3)
mg/dL 10.30 (−0.63 to 21.20) −7.1 (−15.7 to 1.6) −17.2 (−28.9 to −5.5)

HOMA-IR score −0.19 (−0.87 to 0.49) −1.36 (−2.00 to −0.74) −1.20 (−2.10 to −0.20) 0.019

Secondary outcomes
Apolipoprotein (b)100–apolipoprotein(a)1 ratio 0.01 (−0.03 to 0.04) 0.02 (−0.03 to 0.07) 0.01 (−0.02 to 0.05) 0.47
Triglyceride level 0.004

mmol/L 0.1 (−0.2 to 0.4) 0.02 (−0.1 to 0.2) −0.09 (−0.2 to −0.03)
mg/dL 10.4 (−17.8 to 38.7) 1.6 (−13.0 to 16.2) −7.9 (−13.3 to −2.5)

LDL-C level 0.59
mmol/L 0.05 (−0.1 to 0.2) 0.1 (−0.1 to 0.4) 0.06 (−0.2 to 0.3)
mg/dL 2.1 (−5.1 to 9.4) 4.5 (−4.9 to 14.0) 2.2 (−5.9 to 10.4)

Apolipoprotein(b)100 level, g/L 0.03 (−0.02 to 0.09) 0.04 (−0.02 to 0.11) 0.01 (−0.05 to 0.07) 0.77
Fasting insulin level, pmol/L −10.42 (−20.14 to −0.49) −20.1 (−29.9 to −10.4) −9.72 (−23.61 to 3.75) 0.155
HbA1c level, % 0.34 (0.08 to 0.60) 0.27 (0.07 to 0.47) −0.06 (−0.56 to 0.44) 0.82
Systolic BP, mm Hg −4.80 (−9.70 to 0.14) 1.7 (−3.9 to 7.3) 6.40 (−0.98 to 13.80) 0.089
Diastolic BP, mm Hg −0.9 (−3.8 to 2.1) −1.3 (−4.8 to 2.1) −0.40 (−2.50 to 1.70) 0.71
Waist circumference, cm −1.80 (−3.00 to −0.54) −1.400 (−2.800 to 0.002) 0.39 (−1.40 to 2.20) 0.67
Weight, kg −1.30 (−2.00 to −0.57) −1.50 (−2.30 to −0.70) −0.20 (−1.40 to 0.97) 0.74

Number of positive metabolic syndrome criteria −0.01 (−0.25 to 0.22) −0.20 (−0.52 to 0.11) −0.16 (−0.51 to 0.19) 0.38

BP = blood pressure; CASCADE = CArdiovaSCulAr Diabetes & Ethanol; FPG = fasting plasma glucose; HbA1c = hemoglobin A1c; HDL-C =
high-density lipoprotein cholesterol; HOMA-IR = homeostatic model assessment of insulin resistance; LDL-C = low-density lipoprotein cholesterol.
* After 2 y of the intervention, 30 participants dropped out and had incomplete sets of observations. The following participants completed the
intervention: mineral water (n = 78), white wine (n = 52), and red wine (n = 64).
† Between-group analyses for 2-y differences.
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Genetic Interaction of ADH1B and Wine
Of the 203 participants with available DNA sam-

ples, 35.6% were homozygous for the wild-type C allele
ADH1B*1 (CC: “slow ethanol metabolism”), 21.3% were
homozygous for ADH1B*2 (Arg48His; rs1229984; TT:
“fast ethanol metabolism”), and 43.1% were heterozy-
gous (CT), which was consistent with the Hardy–Wein-
berg equilibrium. We analyzed 2-year genetic data
from 173 participants who had DNA samples and had
completed the trial. As expected in the water group,
changes in biomarkers did not differ across genetic
ADH1B variants. When the red and white wine groups
were combined (Figure 3), however, the improvements
in glycemic control were mostly achieved among carri-
ers of ADH1B*1. These carriers had favorable signifi-
cant changes compared with carriers of ADH1B*2 ho-
mozygotes; FPG level was �0.21 mmol/L (�3.8 mg/dL)
versus 0.82 mmol/L (14.8 mg/dL; P = 0.043), HOMA-IR
score was �1.4 versus 0.3 (P = 0.012), and HbA1c level
was 0.1% versus 0.6% (P = 0.024). The test for interac-
tion between genotype and wine or water had a P value
of less than 0.05.

In contrast to the favorable effect of ADH1B*1 on
glycemic control variables, we found a statistically sig-
nificant improvement in BP only among the fast me-
tabolizers; homozygotes for ADH1B*2 (TT; rs1229984)
exhibited stronger BP-lowering effects of wine on dia-
stolic (P = 0.006) and systolic (P = 0.059) BP compared
with ADH1B*1 wild-type C allele carriers. The ADH1B

polymorphism had no significant effect on changes in
lipids induced by wine (mean change in HDL-C level,
0.06 mmol/L [SD, 0.18] [2.2 mg/dL {SD, 7.0}] vs. 0.05
mmol/L [SD, 0.20] [2.0 mg/dL {SD, 7.7}]; change in apo-
lipoprotein(a)1 level, 0.04 g/L [SD, 0. 17] vs. 0.03 g/L
[SD, 0.15] of CC vs. TT groups; P > 0.05]).

Diet, Quality of Life, Medication Use, and Liver
Function Biomarkers

During the trial, the participants had no material
changes in energy intake (�36 kcal/d) or energy ex-
penditure (0.78 metabolic equivalents/wk). However,
all 3 groups improved their nutrition similarly as ex-
pected from the Mediterranean diet (Appendix Figure
4, available at www.annals.org).

We saw no significant wine-related adverse events,
symptoms (Appendix Table 2, available at www.annals
.org), or changes in quality of life, except that reported
sleep quality was significantly improved in both wine
groups compared with water (P = 0.040).

In all 3 groups, there was no material change in
drug therapy according to the use of oral hypoglyce-
mic agents; insulin; or antihypertensive, lipid-lowering,
or antiplatelet agents (Appendix Figure 5, available at
www.annals.org).

No material changes were seen in liver function
tests (alanine aminotransferase, aspartate aminotrans-

Figure 2. Changes in key glycemic control biomarkers.
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The P values represent the comparison of 2-y differences in the white
wine group versus the water group. Variables are mean change; bars
indicate 95% CIs, and the between-group analyses for differences are
for 2 y. At 6 mo, the participants who completed the study were as
follows: mineral water, 81; white wine, 62; red wine, 73. After 2 y, 30
participants dropped out (incomplete set of observations). The partic-
ipants who completed the study were as follows: mineral water, 78,
white wine, 52; red wine, 64. To convert FPG values to mmol/L, mul-
tiply by 0.0555. FPG = fasting plasma glucose; HOMA-IR = homeo-
static model assessment of insulin resistance.

Table 2—Continued

Red Wine (n � 73)

Mean Change
(95% CI)

Differences of the Mean
Changes vs. Water
(95% CI)†

P Value

<0.001
0.09 (0.05 to 0.14) 0.05 (0.04 to 0.06)

3.6 (1.9 to 5.3) 2.0 (1.6 to 2.2)
0.06 (0.02 to 0.10) 0.03 (0 to 0.06) 0.050

−0.36 (−0.62 to −0.09) −0.27 (−0.52 to −0.01) 0.039
0.62

0.2 (−0.3 to 0.8) −0.4 (−1.7 to 1.0)
4.0 (−5.9 to 13.8) −6.4 (−31.3 to 18.6)

−0.98 (−1.70 to −0.30) −0.77 (−1.70 to 0.17) 0.109

−0.02 (−0.06 to 0.02) −0.03 (−0.06 to 0) 0.058
0.023

−0.01 (−0.2 to 0.2) −0.1 (−0.3 to −0.02)
−1.3 (−17.5 to 14.9) −12.0 (−22.4 to −1.6)

0.42
0.005 (−0.19 to 0.19) −0.05 (−0.2 to 0.06)

0.18 (−7.20 to 7.50) −1.9 (−6.5 to 2.7)
0.01 (−0.04 to 0.06) −0.02 (−0.05 to 0.01) 0.165

−20.1 (−30.6 to −9.7) −9.7 (−29.2 to 10.4) 0.35
0.12 (−0.08 to 0.32) −0.22 (−0.64 to 0.20) 0.30

−4.30 (−9.00 to 0.27) 0.48 (−11.00 to 12.00) 0.94
−3.00 (−5.80 to −0.21) −2.1 (−8.7 to 4.5) 0.54
−1.20 (−2.50 to 0.08) 0.63 (−1.10 to 2.40) 0.48
−1.60 (−2.60 to −0.63) −0.27 (−1.40 to 0.84) 0.63

−0.40 (−0.60 to −0.17) −0.34 (−0.68 to 0) 0.049
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ferase, alkaline phosphatase, or bilirubin) in any of the
3 groups (Appendix Figure 6, available at www.annals
.org). The ADH1B polymorphism had no significant ef-
fect on changes in liver enzymes (Appendix Figure 7,
available at www.annals.org).

Overall Effect on the Metabolic Syndrome
Compared with water, only the red wine group had

an overall further significant decrease in the number of
variables of the metabolic syndrome by 0.34 (CI, �0.68
to �0.001; P = 0.049) (Table 2) (Appendix Figure 8,
available at www.annals.org).

DISCUSSION
There are several clinical implications of this 2-year

trial. First, among patients with well-controlled T2DM
and a low risk for alcohol abuse, initiating moderate
alcohol consumption in the context of a healthy diet is
apparently safe and may modestly reduce cardiometa-
bolic risk. Second, red wine may be somewhat superior
in improving lipid variables, which indicates the poten-
tial synergy of moderate alcohol intake with specific
nonalcoholic wine constituents. Third, differential ef-
fects on the glycemic control we saw were based on
ADH1B genetic variants, which indicate that ethanol
may play a role in the glycemic effects of the wine in-
tervention. Finally, ADH1B variants may assist in identi-
fying patients with T2DM for whom moderate wine con-
sumption may be clinically beneficial.

The study has several limitations. First, study partic-
ipants were not blinded to group assignment. Second,
the gold standard for assessing insulin resistance is the
hyperinsulinemic euglycemic clamp (37), but we used
fasting insulin and glucose levels to estimate insulin re-
sistance (32). The HOMA-IR score, however, correlates
reasonably well with results of clamp studies, including
in diabetic patients (38). In addition, change in HDL-C
level may not necessarily correlate with HDL functional-
ity (39). Despite the known differences in pharmacoki-
netics of alcohol by sex (40), we provided similar alco-
hol doses for both sexes for safety and simplicity. Thus,
a 2-glass-per-day regimen among men might have
yielded larger changes. We relied on self-reported al-
cohol intake to assess adherence, but we also moni-
tored use by reviewing returned empty bottles. Finally,
we cannot dissect the contribution of nonalcoholic red
wine constituents from their combined effect with eth-
anol.

Strengths of the study include its long duration, use
of comprehensive measurements, and high percentage
of participants who completed the 2-year follow-up.
The nutritional education sessions and free mineral wa-
ter supply to the control group allowed equal intensity
of intervention and enabled assessment of wine-
specific effects within the setting of a Mediterranean
diet. The CASCADE design benefited from initiating
the intervention in a population that generally has low
consumption of alcohol (41) and reducing the risk for
abuse by including participants older than 40 years

Figure 3. Effect of long-term consumption of 150 mL of mineral water, white wine, or red wine per day on glycemic control
and BP variables in type 2 diabetes mellitus according to genetic variation in ADH1B.
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The P values are for the comparison of the combined genotypes CC (ADH1B*1 homozygotes; slow alcohol metabolism) and CT (heterozygotes)
group versus the TT (ADH1B*2 homozygotes; fast alcohol metabolism) genotype group. Variables are mean changes; bars indicate 95% CIs, and
the between-group analyses for differences are for 2 y. A total of 173 participants with available DNA samples completed the 2-y trial—103 in the
combined wine group and 70 in the water group. To convert FPG values to mmol/L, multiply by 0.0555. FPG = fasting plasma glucose; HbA1c =
hemoglobin A1c; HOMA-IR = homeostatic model assessment of insulin resistance.
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with low addictive risk. Finally, the consistent findings
within the groups of glycemic, lipid, liver, BP, and an-
thropometric variables underscore the robustness of
the results.

The differences we saw between red and white
wine contrast with our original hypothesis that the ben-
eficial effects of wine are mediated predominantly by
alcohol (16, 23). Although our results suggest that the
effect of wine on glycemic control was mainly driven by
alcohol, a stronger effect of red wine was seen on lipid
levels and overall variables of the metabolic syndrome.
The provided wines were nearly equal in alcohol and
caloric content; however, the levels of total phenols in
red wine were 7 times higher. Whether red wine's phe-
nolic compounds (mostly resveratrol and quercetin)
(42) render it a uniquely cardioprotective alcoholic bev-
erage is still debated (43–45) because the systemic bio-
availability of polyphenols (46) is argued to be low. Dif-
ferences between red and white wine should be further
considered in this context.

The beneficial effect on lipid profile was mani-
fested mostly by increased HDL-C (9.8% increase in the
red wine group) and apolipoprotein(a)1 levels. In a re-
cent meta-analysis (16), 30 to 40 g of ethanol per day
significantly increased HDL-C levels by 0.09 to 0.10
mmol/L (3.5 to 4 mg/dL) and apolipoprotein(a)1 level
by 0.1 g/L; further, triglyceride or low-density lipopro-
tein cholesterol levels were not affected during short-
term (up to 3 months) trials. An 8-week trial in 20
insulin-resistant participants with an alcohol intake of
30 g increased HDL-C levels (47), but this did not occur
in a 30-day trial in 18 diabetic patients (48). The in-
creased transport rate of apolipoprotein(a)1 and apoli-
poprotein(a)2 (49), elevated lipoprotein lipase activity
(50), increased cellular cholesterol efflux and its esteri-
fication (51), and decreased cholesteryl ester transfer
protein activity (52, 53) are some suggested mecha-
nisms for wine's ability to increase HDL-C levels.

The improvement of glycemic control was revealed
mainly by changes in FPG level and HOMA-IR score in
the white wine group compared with the water group.
When alcohol is administered on a short-term basis to
diabetic patients, inhibited gluconeogenesis is com-
pensated by increased glycogenolysis and leaves he-
patic glucose output unaltered (54). Our earlier
3-month pilot trial (28) showed that FPG level, but not
HbA1c or 2-hour postprandial glucose levels, was de-
creased by wine intervention. In CASCADE, although
the hypoglycemic effect was similar within the first 6
months for both the red and white wine groups, white
wine had a modest advantage over red wine after 2
years for FPG level; however, this could be a chance
finding. The CASCADE participants had well-treated
T2DM at baseline, with a satisfactory baseline mean
HbA1c level (6.9%). One may speculate that the effect of
moderate wine consumption might manifest in de-
creased HbA1c level only in patients whose metabolic
levels are less well-controlled (55).

Class 1 alcohol dehydrogenase contributes to ap-
proximately 70% of total hepatic ethanol-oxidizing ca-
pacity (56), and a common polymorphism of the

ADH1B gene, Arg48His (rs1229984), is associated with
greatly enhanced enzymatic activity (56, 57). The gene–
alcohol and diabetes risk interaction is controversial in
observational studies (58, 59). We found that diabetic
patients who were slow alcohol metabolizers had im-
proved glycemic control by initiating moderate wine
consumption, which suggests that alcohol may play a
role in glucose metabolism. In contrast, diabetic pa-
tients who were fast ethanol metabolizers benefited the
most from the wine-induced BP-lowering effect, which
suggests a mediatory role for ethanol metabolites and
potentially explains the inconsistent reports about BP
effects on moderate alcohol intake (17). Our results are
in accordance with a recent Mendelian randomization
analysis of observation studies reporting that carriers of
the ADH1B (rs1229984) had lower BP (2).

Initiation of wine consumption did not alter the
number of medications used and did not adversely af-
fect liver function biomarkers or adiposity. The benefit
of wine on sleep quality was in accordance with our
previous wine trial (28). To our knowledge, CASCADE
is the first large, long-term RCT of alcohol, and the re-
sults suggest modest beneficial effects of initiating
moderate wine consumption among alcohol-abstaining
patients older than 40 years with T2DM. These benefits
should be weighed against potential risks when trans-
lated into clinical practice.
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APPENDIX
Revisions of the Original Protocol

Modifications of the basic protocol were made be-
tween 2008 and 2009 before it was submitted for ap-

proval by the institutional review board and before re-
cruitment. The modifications were reported online to
the European Foundation for the Study of Diabetes and
were as follows:

1. We added dry white wine as an additional inter-
vention group (to address red–white wine differences)
and changed the control from dealcoholized red wine
to mineral water (as a better control group because it
avoids the caloric content of dealcoholized wine).

2. We further excluded smokers and women with
family history of breast cancer for safety considerations
(to reduce any potential adverse interaction of alcohol
with those factors).

3. We added genetic measurements (analysis of
ADH1B polymorphism) to assess a potential genetic
interaction.

4. To simplify the operation, we decided to enroll
the patients from 2 centers: BGU–SMC and NRCN. The
original plan was to enroll the patients from 3 centers in
Israel.

Screening
Participants were recruited by using advertise-

ments for a dietary trial at BGU–SMC and NRCN. Fur-
ther announcements were made in local press and on
radio stations. We intentionally did not emphasize the
alcohol component to correctly identify alcohol ab-
stainers. After obtaining informed consent, candidates
met with a certified physician (both in the SMC and
NRCN clinics) to be screened for inclusion and exclu-
sion criteria and to obtain medical information.

Randomization
The randomization was performed within strata of

patients by sites and types of analysis planned for each
site group. The 2 sites were NRCN and BGU–SMC. The
BGU–SMC site included a subgroup of patients who re-
ceived additional follow-ups.

Substudies included continuous glucose monitor-
ing, magnetic resonance imaging, and Holter studies.
This formed 3 strata: NRCN patients (n = 59); BGU–SMC
patients with additional substudy (n = 41); and BGU–
SMC patients without additional substudy (n = 124).

The treatments of the first 2 groups were limited to
water and red wine with a randomization ratio 1:1 to
enhance statistical power to compare these groups
within specific substudies. The third group was ran-
domly assigned to 3 treatments—water, red wine, and
white wine—with a 1:1:3 ratio to allow for the final ratio
of the 3 treatment groups to be 1:1:1. The study pop-
ulation of BGU–SMC included 2 married couples (1
from each stratum). For each couple, the participant
with the lower serial number was randomly assigned
and the spouses received the same treatment as the
randomly assigned spouse.
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The randomization was performed by the statisti-
cians from BGU in SAS, version 9.2, using the proce-
dure PROC PLAN.

Electronic Questionnaires
Participants completed electronic questionnaires

(at 0, 6, and 24 months) to collect data on demograph-
ics, lifestyle patterns, specific medications and symp-
toms, and quality of life (28). We assessed changes in
quality of life by inquiring about the frequency of the
following feelings: active, nervous, calm, energetic, de-
pressed, sad, exhausted, and happy. We also assessed
changes in hypoglycemia, panic, euphoria, illusions,
headaches, bleeding, eye function, diarrhea, body
pains, sexual desire, and sleep quality. We assessed
adherence to diet by a validated food frequency ques-
tionnaire (35) and used a validated questionnaire to as-
sess physical activity (36).

Laboratory Blood Biomarker Methods
Blood samples were obtained by venipuncture at 8

a.m. after an 8-hour fast at baseline and at 6 and 24
months; samples were stored at �80 °C. Measure-
ments were performed in laboratories in Leipzig, Ger-
many. Fasting plasma glucose level was measured by
Roche Glucose Hexokinase, generation 3 (Roche). Gly-
cated hemoglobin (HbA1c) was measured with Tina-
quant hemoglobin A1c, generation 3 (Roche). Plasma
insulin was measured with the use of an enzyme immu-
nometric assay (Immulite automated analyzer [Diagnos-
tic Products]), with a coefficient of variation (CV) of
2.5%. Serum total cholesterol (CV, 1.3%), HDL-C, low-
density lipoprotein cholesterol, and triglycerides (CV,
2.1%) were measured enzymatically with a Cobas 6000
automatic analyzer (Roche). Serum apolipoprotein(a)1

(CV, 1.0% to 4.7%) and apolipoprotein(b)100 (CV, 1.1%
to 3.1%) were measured by immunoturbidimetric as-
says (Tina-quant apolipoprotein A-1 and B100, version
2 [Roche]) on a Cobas 6000 automatic analyzer. Liver
enzyme and bilirubin were measured with Roche chem-
icals on the Cobas 6000 (Alkaline Phosphatase acc. to
IFCC, generation 2; Alanine Aminotransferase acc. to
IFCC with pyridoxal phosphate activation; Aspartate
Aminotransferase acc. to IFCC with pyridoxal phos-
phate activation; Bilirubin Total DPD, generation 2).

Sensitivity Analyses to Evaluate Departures
From the Assumption That Data Were Missing at
Random

Among the participants who dropped out of the
study, baseline characteristics were similar across their
assigned intervention groups in demographics, clinical
presentation, blood biomarkers, and the use of medi-
cations. Comparing those who dropped out with those
who completed the study, baseline characteristics in
demographics, clinical presentation, blood biomarkers,
and the use of medications were similar except that
those who dropped out had higher baseline HOMA-IR
scores than those who completed the study.

Within each intervention group, baseline character-
istics in demographic, clinical presentation, blood bio-
markers, and the use of medications were similar be-
tween those who dropped out versus completed the
study with the exception of the white wine group, in
which those who dropped out were younger, had
lower baseline HDL-C levels, and used fewer oral gly-
cemic medications than those who completed the
study.
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Appendix Figure 1. Study flow diagram.

Screened for participation in the trial (n = 571)

Mineral water (n = 83) White wine (n = 68)

Withdrew (n = 6)
   Personal reasons (immediately
      after randomization): 2
   Medical reason (elevated insulin): 1
   Lack of motivation: 3

Withdrew (n = 4)
   Lack of motivation: 2
   Medical reasons: 2
      Recurrent pancreatitis: 1
      Medication interaction: 1

Withdrew (n = 6)
   Lack of motivation: 3
   Dislikes the taste of the wine: 1
   Symptoms: 2
      Dizziness: 1
      Headaches: 1

Withdrew (n = 2)
   Symptoms (headaches): 1
   Lack of motivation: 1

Withdrew (n = 7)
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   Medical reason
      (medication interaction): 1

Withdrew (n = 3)
   Lack of motivation: 2
   Medical reason
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Included in primary analysis (n = 83) Included in primary analysis (n = 68) Included in primary analysis (n = 73)

Completed 24 months (n = 78)
   Adherence: 94.0%

Completed 24 months (n = 52)
   Adherence: 76.5%

Completed 24 months (n = 64)
   Adherence: 87.7%

Nov. 2009

June 2010
(Start of
intervention)

Dec. 2010
(Adherence:
96.4%)

May 2011
(Adherence:
93.8%)

May 2012
(Adherence:
86.6%)

Randomization and assignment to allocated intervention (n = 224)

Excluded according to inclusion and exclusion criteria (n = 347)
   Low HbA1c level: 36
   Smokers: 42
   Using insulin more than 2 times a day: 68
   Moderate alcohol consumer: 102
   Lack of motivation: 30
   Clinically unstable: 17
   Women with first-degree relative with breast cancer: 12  

HbA1c = hemoglobin A1c.
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Appendix Table 1. Key Demographic and Baseline Characteristics of the CASCADE Study Population, by Center*

Variable BGU–SMC NRCN

Mineral Water
(n � 53)

White Wine
(n � 68)

Red Wine
(n � 44)

Total
(n � 165)

Mineral Water
(n � 30)

Red Wine
(n � 29)

Total
(n � 59)

Age, y 60.0 (7.1) 60.6 (6.8) 61.1 (7.5) 60.6 (7.1) 57.4 (5.6) 56.5 (7.4) 57.0 (6.6)
Men, % 58 65 66 63 79 93 86
BMI, kg/m2 30.3 (4.2) 30.4 (5.1) 29.7 (3.9) 30.2 (4.5) 28.5 (3.6) 30.5 (4.4) 29.5 (4.1)
Ethanol intake, g/d 2.2 (2.7) 2.5 (3.0) 1.9 (2.8) 2.3 (2.8) 1.9 (2.6) 3.3 (4.1) 2.6 (3.5)
HDL-C level, mg/dL 42.7 (11.8) 43.0 (10.6) 46.0 (12.7) 43.7 (11.6) 40.8 (12.7) 45.1 (13.4) 43.1 (13.1)
Triglyceride level, mg/dL 145.0 (130.6) 141.0 (65.8) 128.2 (60.8) 139.0 (91.1) 161.1 (90.8) 140.6 (72.7) 150.5 (81.8)
FPG level, mg/dL 147.5 (30.9) 153.3 (38.2) 153.2 (31.7) 151.3 (34.1) 153.8 (56.2) 142.5 (34.2) 147.8 (45.8)
BP, mm Hg

Systolic 138.9 (18.7) 136.3 (19.2) 145.4 (19.4) 139.6 (19.4) 131.0 (13.4) 130.9 (14.8) 131.0 (14.0)
Diastolic 76.9 (11.8) 77.4 (11.2) 80.0 (12.8) 77.9 (11.8) 78.0 (6.9) 78.6 (8.1) 78.3 (7.4)

HbA1c level, % 6.9 (0.88) 6.9 (0.96) 7.0 (0.76) 6.9 (0.88) 6.9 (1.4) 6.7 (1.1) 6.8 (1.2)
Fasting insulin level, μIU/mL 13.5 (7.7) 15.1 (9.8) 13.5 (7.3) 14.2 (8.5) 12.2 (5.7) 14.2 (8.3) 13.3 (7.2)
HOMA-IR score 5.0 (3.5) 5.8 (4.2) 5.1 (3.0) 5.3 (3.7) 4.6 (3.3) 5.0 (3.4) 4.8 (3.3)
Total cholesterol–HDL-C ratio 4.1 (1.2) 4.0 (1.1) 3.7 (1.0) 4.0 (1.1) 4.7 (1.5) 4.3 (1.4) 4.5 (1.5)

BGU–SMC = Ben-Gurion University of the Negev–Soroka Medical Center; BMI = body mass index; BP = blood pressure; CASCADE = CArdiova-
SCulAr Diabetes & Ethanol; FPG = fasting plasma glucose; HbA1c = hemoglobin A1c; HDL-C = high-density lipoprotein cholesterol; HOMA-IR =
homeostatic model assessment of insulin resistance; NRCN = Nuclear Research Center Negev.
* Values are means (SDs). To convert HDL-C values to mmol/L, multiply by 0.0259. To convert FPG values to mmol/L, multiply by 0.0555.
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Appendix Figure 2. Adherence to the assigned beverage
type after the 2-y intervention.
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Appendix Figure 3. Baseline and 2-y absolute levels of key variables, by site.
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To convert HDL-C values to mmol/L, multiply by 0.0259. To convert FPG values to mmol/L, multiply by 0.0555. BGU–SMC = Ben-Gurion University
of the Negev–Soroka Medical Center; HDL-C = high-density lipoprotein cholesterol; HOMA-IR = homeostatic model assessment of insulin resis-
tance; NRCN = Nuclear Research Center Negev.
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Appendix Figure 4. 2-y changes in food group consumption.
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Appendix Table 2. Acute and Adverse Effects*

Variable Water
(n � 83)

White
Wine
(n � 68)

Red
Wine
(n � 73)

Deaths 0 0 0

Discontinued due to adverse effects
Total 1 5 5
Headaches – 1 4
Dizziness – 1 –
Recurrent pancreatitis – 1 –
Elevated insulin – 1 –
Medication interaction – 1 1
Hospitalization (pulmonary cancer) 1 –

Acute events reported to ethics
committee

Total 6 9 2
MI 2 1 –
Morning motorcycle accident – 1 –
Breast cancer – 1 –
Pacemaker implantation 1 – –
Coronary catheterization 1 – 1
Infectious mononucleosis – – 1
Lung cancer 1 – –
Acute eye inflammation – 1 –
Arrhythmia – 2 –
Orthopedic problem – 1 –
Lung inflammation – 1 –
Hernia – 1 –
Bypass surgery 1 – –

MI = myocardial infarction.
* During the trial, there were no significant differences across the
groups in reported symptoms (e.g., bleeding, diarrhea, headaches,
illusions, and feeling energetic/calm/exhausted/nervous). Values are
numbers.
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Appendix Figure 5. Mean changes (95% CIs) in the number of medications during the trial (at 0, 6, 12, and 24 mo) across the
assigned intervention groups.
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Appendix Figure 6. Changes in liver function biomarkers.
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Liver Function
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Mineral Water (n = 83) White Wine (n = 68) Red Wine (n = 73)

Mean Change (95% CI) Mean Change
(95% CI)

Differences of
the Mean
Changes vs.
Water (95% CI)

P Value P ValueMean Change
(95% CI)

Differences of
the Mean
Changes vs.
Water (95% CI)

ALT level, U/L −2 (−5.2 to 1.1) −0.89 (−3.3 to 
1.5)

1.1 (−4.1 to 6.3) 0.87 −1.8 (−5.2 to 1.6) 0.20 (−4.8 to 5.2) 1.00

AST level, U/L −1.5 (−3.1 to 0.20) 0.93 (−0.58 to 
2.4)

2.4 (−0.62 to 5.4) 0.149 −0.8 (−2.9 to 1.3) 0.67 (−2.2 to 3.6) 0.85

ALP level, µkat/L 0.052 (0.002 to 1.000) −0.020 (−0.058 
to 0.017

−0.072 (−0.148 
to 0.006)

0.075 0.003 (−0.042 to 
0.048)

−0.048 (−0.123 to 
0.027)

0.28

Bilirubin level

   µmol/L −0.34 (−0.86 to 0.34) −0.17 (−0.86 to 
0.51)

0.17 (−1.30 to 
1.20)

0.96 −0.51 (−1.20 to 
0.34)

−0.17 (−1.20 to 
0.86)

0.92

   mg/dL −0.02 (−0.05 to 0.02) −0.01 (−0.05 to 
0.03)

0.01 (−0.06 to 
0.07)

−0.03 (−0.07 to 
0.02)

−0.01 (−0.07 to 
0.05)

The mean changes from baseline are plotted; bars indicate 95% CIs. At 6 mo, the participants who completed the study were as follows: mineral
water, 81; white wine, 62; red wine, 73. After 2 y, we had 30 participants who dropped out; the participants who completed the study were as
follows: mineral water, 78; white wine, 52; red wine, 64. ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate
aminotransferase.
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Appendix Figure 7. 2-y changes in liver function biomarkers according to genetic variation in ADH1B.
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No significant differences in mean changes from baseline at 2 y were seen between the combined genotypes CC (ADH1B*1 homozygotes; “slow
alcohol metabolism”) and CT (heterozygotes) group versus the TT (ADH1B*2 homozygotes; “fast alcohol metabolism”) genotype group for water
and wine groups. Bars indicate 95% CIs. A total of 173 participants with available DNA samples completed the 2-y trial—103 in the combined wine
group and 70 in the water group. ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase.

Appendix Figure 8. Overall effect of moderate wine
consumption on changes in the number of positive criteria
of the metabolic syndrome in persons with type 2
diabetes mellitus.
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Bars indicate 95% CIs, and the P value denotes comparison of 2-y
differences in the red wine group versus the water group.
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