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Abstract

Background—Heavy drinking can cause chronic hypertension, possibly due to effects on the
autonomic nervous system. Catechol-O-methyltransferase (COMT) inactivates catecholamines,
and a G to A substitution in codon 108 in the soluble COMT mRNA (or codon 158 in the
membrane bound form) substitutes methionine for valine and alters enzyme activity.

Methods—We evaluated the association of COMT genotype at this locus with blood pressure in
839 alcohol dependent individuals before and during participation in an alcoholism treatment trial.
Hierarchical linear models were used to account for within-subject correlation on repeated blood
pressure measurements, and findings were adjusted for age, gender, ethnicity, alcohol use, body-
mass index, current smoking, hypertension history, and study site.

Results—Relative to those with the val-val genotype, those with the met-met genotype had
higher adjusted systolic (+4.9 mm Hg, p<0.01) and diastolic (+3.2 mm Hg, p<0.01) blood pressure
at baseline. Those with the val-met genotype did not significantly differ from the val-val genotype.
Changes in blood pressure between baseline and 4 weeks of alcohol treatment also differed by
genotype. Relative to the val-val genotype, the met-met genotype had a greater reduction in
adjusted systolic pressure (-3.9 mm Hg, p<0.01) and diastolic pressure (-2.8 mm Hg, p<0.01).
Corresponding relative reductions for the val-met genotype were -2.2 mm Hg systolic (p=0.070)
and -1.5 mm Hg diastolic (p<0.05).

Conclusion—Findings suggest that alcohol-induced blood pressure elevation may be related to
the effects of catecholamines and their genetically determined inactivation.
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INTRODUCTION

Heavy drinking is a major preventable cause of high blood pressure, contributing to an
estimated 5 to 15% of hypertension cases 1. It has been estimated that approximately 50% of
heavy drinkers experience alcohol-induced blood pressure elevation 2. The mechanisms
underlying the pressor effect of heavy drinking are unknown, with several pathways being
suggested 3. Among these is an alcohol-induced alteration in sympathetic nervous activity,
which has been shown to occur with acute alcohol exposure in non-heavy drinkers 476.
However, it is not known if sustained sympathetic effects lead to chronic blood pressure
elevation in regular heavy drinkers.
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Catechol-O-methyltransferase (COMT) is one of the enzymes responsible for inactivating
dopamine, norepinephrine, and epinephrine via a transmethylation reaction involving the
coenzyme S-adenosyl-methionine, and exists in a soluble and membrane-bound form 7. The
activity of this enzyme has been linked to a non-synonymous single nucleotide
polymorphism (SNP) corresponding to position 158 of the membrane bound enzyme and
position 108 of the soluble enzyme, involving substitution of valine for methionine 8. The
enzyme has higher activity in persons with the val-val genotype, and associations of this
genotype with physiological processes have been demonstrated 9711.

Genotypic differences in the COMT enzyme may in theory contribute to individual
differences in blood pressure regulation and hypertension risk in the general population, but
the association of the val108met SNP with blood pressure has been weak in some prior
studies 12: 13. While many physiologic processes contribute to blood pressure regulation,
COMT would only be expected to affect a catecholaminergic regulatory pathway. If alcohol-
induced chronic blood pressure elevation is caused by increased catecholaminergic activity,
the met-met COMT genotype, with its correspondingly lower COMT activity, may confer
risk for an alcohol-induced blood pressure increase, and as a result be associated with
relatively greater reduction in blood pressure accompanying abstinence. To examine this
hypothesis, we evaluated the relationship of COMT genotype to pre-treatment blood
pressure among alcohol-dependent individuals, as well as subsequent changes in blood
pressure occurring with treatment for alcohol dependence.

Subjects and blood pressure measurement

Subjects for this study included participants in the COMBINE Study, a large, multicenter,
randomized controlled trial designed to assess the efficacy of several pharmacologic and
counseling treatments for alcohol dependence 14. Out of 1,383 subjects in COMBINE, 885
were typed for the val108met SNP, of whom 839 had information on blood pressure and the
covariates included in this study. Subjects were followed during 16 weeks of active
treatment and periodically thereafter. For this study, we included blood pressure
measurements recorded at pre-treatment baseline and at weeks 4, 8, 12, and 16 during
alcoholism treatment. During the COMBINE Study blood pressure was measured per each
of the 11 sites usual routine. This was not standardized and blood pressure varied by center
as described elsewhere 15. As a result, we adjusted analyses for study site.

Independent variable and genotyping

Our main independent variable was COMT genotype, which was included in the COMBINE
Study due to COMT influences on pre-frontal cortex dopamine metabolism and potential
interactions with alcoholism treatment 16. A common G to A (db SNP rs number 4680)
transition in exon 4 of COMT results in the Val to Met substitution at amino acid 108 of
soluble-COMT and 158 of membrane bound-COMT 17. Genotyping of COMBINE Study
participants had been performed previously with 5 nuclease (TagMan®), a rapid and
accurate method for high throughput genotyping of SNPs 18 19. Genomic DNA was
extracted from peripheral blood mononuclear cells. The 5’ nuclease genotyping assay
(TagMan®) combines polymerase chain reaction (PCR) amplification and sequence variant
detection into a single step. Locus specific primers and fluorogenic allele-specific probes
were designed and manufactured by Applied Biosystems (ABI) (Foster City, CA, USA).
The identification number of the TagMan® Drug Metabolism Genotyping Assay used is
C_25746809_50.
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The 5pl reaction mixture consisted of 2.5ul of Tagman Universal Master Mix (ABI),
0.125ul of 20X Assay Mix (ABI) (4uM detection probe for each allele, 18uM forward and
reverse primer each), and 10 ng of genomic DNA diluted in 2.375ul of Tris EDTA (TE) pH
8.0 (Quality Biological, Inc; Gaithersburg, MD). Amplification was performed with an ABI
Gene Amp® PCR System 9700 using 384-well plates and the following amplification
profile: 50°C for 2 min and 95°C for 10 min, followed by 40 cycles of 92°C for 15 s and
60°C for 1 min. After amplification, endpoint fluorescence intensity was measured directly
in the reaction plates, by means of 7900 ABI Sequence Detector. Genotypes were
determined using Sequence Detection System Software Version 2.0 (ABI). Four genotyping
signal clusters were identified, representing VVal108 and Met108 homozygotes, VVal108/
Met108 heterozygotes and no-DNA-template controls. Genotyping accuracy was determined
by replicate genotyping of 169 DNA samples. The genotyping error rate was 0.59%.
Genotyping completion rate was 96.72%. No significant deviation from Hardy-Weinberg
equilibrium was found (P = 0.34). All genotyping was done by one of the authors (GO) at
the Laboratory of Neurogenetics (David Goldman, Director) at the National Institute on
Alcohol Abuse and Alcoholism (NIAAA).

We adjusted the analyses for a number of factors other than COMT genotype that may
influence blood pressure. These included age, gender, ethnicity (Hispanic, non-Hispanic
black, non-Hispanic white, other ethnicity), % drinking days (i.e., the percent of days during
which any alcohol was consumed in the 4 weeks preceding each blood pressure
measurement), current smoking (yes or no), self-reported history of hypertension or
currently taking blood pressure medication, body-mass index (kg/m?2), and study site. We
also utilized the number of drinks in the week preceding the baseline blood pressure
measurement, and pulse at the time of baseline blood pressure measurement, to estimate
effects of alcohol withdrawal.

Statistical methods

The baseline and trajectory of systolic and diastolic blood pressure were analyzed as a
hierarchical linear model in which time (or observation number) was nested within subjects.
Variables distinguishing particular observations were considered level 1 variables and those
distinguishing different subjects were considered level 2 variables. Previous work examining
the trajectory of blood pressure measurements across the trial revealed a discontinuous
process across weeks such that a dramatic drop occurred between baseline and week 4
(during a time of initial abstinence for most subjects), followed by a more modest increase
throughout the remainder of the study 15. This pattern was well described by a piecewise
linear regression in which the intercept (estimated baseline), slope 1, and slope 2 were
considered random variables (i.e. significant subject to subject variation was detected in
both slopes). The hierarchical linear model accommodates such data well. Using these two-
level hierarchical models, we tested the significance of COMT genotype as a predictor of
pre-treatment blood pressure and subsequent changes in blood pressure between pre-
treatment baseline to week 4, and between weeks 5 to 16. The unadjusted models included
the intercept and time effects at level 1. Level 1l included COMT genotype as a predictor of
pre-treatment blood pressure and subsequent blood pressure changes. Adjusted models
added % drinking days (which varied over time) at level I, and the other covariates as
predictors of pre-treatment blood pressure at level Il. Finally, since the pre-treatment
pressure was related to blood pressure reduction at week 4 (correlation = -0.517, p<0.001),
we estimated the significance of COMT genotype on changes in blood pressure with
adjustment for pre-treatment blood pressure. This was accomplished by adding pre-
treatment blood pressure as a level 11 predictor of blood pressure reduction at week 4.
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Overall characteristics of the COMBINE group have been published 14. Characteristics of
the 839 subjects included in this COMT analysis are listed in the table. Age and gender did
not differ by COMT genotype, but the val-met group (76.6% non-Hispanic white) and met-
met group (84.3% non-Hispanic white) were more likely to be non-Hispanic white relative
to the val-val group (64.8%, p<0.001). This ethnic difference is consistent with findings
from the International HapMap Project 20. All subjects had reliable summary measures of
drinking (e.g., % drinking days) for the month preceding the initial blood pressure
measurement. However, due to difficulty in matching the day of initial blood pressure
assessment to a specific day on the alcohol consumption measure used for the COMBINE
Study, we were able to reliably estimate very recent consumption in a total of 661 subjects
(79% of the 839 subjects included in this analysis). In this subset, during a time of required
abstinence/drinking reduction for study eligibility, the median number of drinks in the week
preceding the baseline blood pressure was 38.4 for val-val subjects, 32.0 for val-met
subjects, and 40.0 for met-met subjects (Kruskal-Wallis p=0.168). During that same week,
19.6% of val-val subjects, 22.2% of val-met subjects, and 16.9% of met-met subjects
reported complete abstinence (chi-square p=0.409). Median pulse at the time of the pre-
treatment blood pressure differed slightly be genotype (72 for the val-val group, 74 for val-
met, and 76 for met-met; p<0.01).

At baseline the overall mean systolic blood pressure was 134.2 mm Hg (SD 18.2), and the
mean diastolic blood pressure was 83.3 mm Hg (SD 11.1). The average reduction in systolic
blood pressure between baseline and week 4 for the entire sample was -5.4 mm Hg
(p<0.001), with a total increase of 2.0 mm Hg between weeks 5 to 16 (p<0.001). The
average reduction in diastolic blood pressure between baseline and week 4 was -3.9 mm Hg
(p<0.001), with a total increase of 1.0 mm Hg between weeks 5 to 16 (p<0.01). There was
significant variability between individuals, with improved model fit by treating the blood
pressure changes as random variables (likelihood ratio test p<0.001 for both systolic and
diastolic pressure).

In unadjusted analyses, COMT genotype predicted pre-treatment blood pressure and
reduction in blood pressure between baseline and week 4 as hypothesized. These results are
illustrated in the figures. Relative to the val-val genotype at baseline, the met-met genotype
was associated with higher systolic (+ 4.7 mm Hg, p<0.01) and diastolic (+ 2.9 mm Hg,
p<0.01) blood pressure. Findings for heterozygotes were not statistically different from the
val-val group (+0.6 mm Hg, p=0.678 for systolic; + 0.6 mm Hg, p=0.495 for diastolic).
Relative to the valine homozygotes at week 4, the methionine homozygotes experienced a
greater reduction from baseline in systolic pressure (-4.1 mm Hg, p<0.05) and diastolic
pressure (-2.3 mm Hg, p<0.05). Findings were intermediate for heterozygotes (-2.7 mm Hg,
p<0.05 for systolic; -1.1 mm Hg, p=0.199 for diastolic). Overall there was an increase in
systolic (slope=0.650, p<0.001) and diastolic (slope=0.334, p<0.01) blood pressure between
weeks 5 and 16, but these did not differ significantly by COMT genotype (p>0.200 for all
comparison of slopes between genotypes). We also tested for differences in blood pressure
between the genotype groups at each 4 week time interval, and found that genotype was
only related to baseline blood pressure and the change in blood pressure between baseline
and week 4 (all p>0.1 for systolic and diastolic blood pressure comparisons at week 4, 8, 12,
and 16). A subset analysis in persons reporting abstinence at the monthly intervals (479 at
week 4, 446 at week 8, 479 at week 12, 471 at week 16) did not demonstrate the same
increased blood pressure (for systolic slope=0.382, p=0.143; for diastolic slope=0.121,
p=0.470). Furthermore, in comparison to the group as a whole, blood pressure reduction
relative to baseline at each 4-week time interval was greater in reported abstainers, and in
these reported abstainers BP reduction was greatest for those having the met-met genotype
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(data not shown). These findings suggest that the slight increase between weeks 5 and 16 in
the overall samples was largely due to the resumption of drinking in some individuals.

The remaining covariates did not confound the association of COMT genotype with pre-
treatment blood pressure or reduction in blood pressure between baseline and week 4. After
adjustment, pre-treatment systolic and diastolic blood pressures were still significantly
associated with the val108met polymorphism. Relative to the val-val group, the methionine
homozygotes had the higher adjusted blood pressure (+4.9 mm Hg systolic, p<0.01; +3.2
mm Hg diastolic, p<0.01). Findings for the heterozygotes were not significantly different
from valine homozygotes (+0.8 mm Hg systolic, p=0.539; +0.6 mm Hg diastolic, p=0.474).
The change in blood pressure also followed a similar pattern compared to unadjusted
analyses. For the met-met group the reduction from baseline to week 4 differed from the val-
val group (-3.9 mm Hg systolic, p<0.1;-2.8 mm Hg diastolic, p<0.01). Heterozygotes were
intermediate (-2.2 mm Hg systolic, p=0.070; -1.5 mm Hg diastolic, p<0.05). In the most
conservative analysis, COMT genotype remained a statistically significant predictor of
blood pressure reduction even after adjustment for pre-treatment blood pressure differences.
Relative to the val-val group, the methionine homozygotes had a reduction of-3.5 mm Hg
systolic (p<0.05), and a reduction of -2.4 mm Hg diastolic (p<0.01). Heterozygotes had a
reduction of -2.2 mm Hg systolic (p=0.058), and a reduction of -1.4 mm Hg diastolic
(p<0.05). Finally, in the 661 subjects with reliable drinking data in the week immediately
prior to baseline blood pressure estimation, pulse and number of drinks in the week prior to
BP measurement (i.e., our available indicators for potential alcohol withdrawal) did not
interact with COMT genotype (p>0.2 for all comparisons) nor confound the association
between genotype and blood pressure.

DISCUSSION

Blood pressure regulation in humans is a complex process that is influenced by chronic
heavy drinking. Results of this observational analysis in a well-characterized alcohol
treatment-seeking population demonstrated that COMT genotypes were differentially
associated with pre-treatment blood pressure in alcohol dependent individuals, as well as the
magnitude of blood pressure reduction occurring during the first month of alcoholism
treatment. These findings support the hypothesis that frequent heavy drinking increases
blood pressure partly through chronic activation of the sympathetic nervous system, the
magnitude of which is under at least partial genetic control.

A recent study in 214 middle-aged Swedish males reported a similar cross-sectional
association between COMT genotype and blood pressure 21. However, at least two larger
population-based genetic association studies have evaluated the relationship between this
COMT polymorphism and systemic blood pressure in humans without control for
environmental influences. In a population-based cohort in Japan, the valine allele had a
borderline association (p=0.07) with hypertension in men but not women 13. In a Norwegian
population-based cohort, the val-val genotype was associated with higher systolic blood
pressure 12. The observed contradictions may be related to relative differences in the
physiology of blood pressure regulation between large population-based cohorts (where
environmental variability leaves the gene as the main focus) and an alcohol dependent
cohort (where a gene by environment interaction might be detected), particularly with regard
to alcohol’s effect on sympathetic activity. Indeed, our results are consistent with a dominant
catecholaminergic mechanism for alcohol-induced blood pressure changes, rendering blood
pressure regulation particularly sensitive to the inactivation of catecholamines in heavy
drinkers. The probability that a sustained sympathetic effect exists is bolstered by prior
research suggesting higher circulating catecholamine concentrations in alcohol-dependent
individuals 22: 23.
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In order to induce sustained blood pressure elevation, it is probably necessary to alter renal
excretion of sodium and water 24. In theory, chronic heavy drinking could decrease sodium
excretion through activation of post-ganglionic sympathetic fibers to the kidneys or the
adrenal gland, resulting in a sustained elevation in systemic blood pressure 25. Less efficient
methylation of epinephrine and norepinephrine, as determined by COMT genotype, could
enhance such an effect. In the absence of heavy consumption, natriuresis may return to a
normal level, with an accompanying reduction in blood pressure. If present, drinking-
induced enhancement of renal sympathetic activity could represent either a peripheral effect
or central regulation of the autonomic nervous system.

Strengths of this study included genotyping in a large sample with repeated measurements of
blood pressure and alcohol drinking. This allowed us to uniquely estimate the association of
COMT genotype on baseline blood pressure and changes in blood pressure during
alcoholism treatment. In this manner, we were able to explore how genetic differences in
catecholamine metabolism might be a common intermediary process for alcohol-induced
hypertension. However, some limitations merit consideration. Since blood pressure is known
to increase during initial stages of alcohol withdrawal, this may have influenced the
associations between COMT genotype and blood pressure. While we cannot entirely
exclude this, alcohol involvement in the week preceding the pre-treatment blood pressure,
and pulse at the time of initial blood pressure assessment, neither modified nor confounded
the association of COMT genotype with blood pressure. Nevertheless, these methods were
not sufficiently sensitive to fully evaluate the potential effects of alcohol withdrawal and to
entirely eliminate the possibility that catecholamine metabolism during alcohol withdrawal
interacted with COMT genotype. There was no association of COMT genotype with the
slight increase in blood pressure between weeks 5 and 16, which was apparently related to
the resumption of drinking in some individuals. It is possible that the overall small increase
in blood pressure and the continuing abstinence in many subjects obscured any tendency for
greater blood pressure elevation with the methionine genotype.

Other factors may have resulted in an underestimation of the relationship between COMT
genotype and blood pressure. Specifically, in the week preceding the pre-treatment blood
pressure assessment, about 1 in 5 subjects reported abstinence, and it is possible that blood
pressure in such individuals was already recovering from the effects of chronic heavy
drinking. In addition, non-standardized blood pressure assessment was only partially
accounted for by adjustment for study site, and measurement error would tend to minimize
the significance of blood pressure associations with COMT genotype.

Alcohol consumption in excess of 2 to 3 drinks per day is an important secondary cause of
hypertension. Our results suggest that susceptibility to alcohol-induced hypertension could
be at least partly mediated by reduced activity of COMT, with the low activity genotype also
predicting a greater reduction in blood pressure occurring with reduced drinking or
abstinence. If confirmed, these findings add a genetic link between an important health
consequence and heavy drinking, explain some of the observed variation in susceptibility to
alcohol induced blood pressure elevation, and suggest novel detection and treatment
methods for hypertensive heavy drinkers who are unable to substantially reduce their
alcohol use.
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Figure 1.

Genotype-specific changes in systolic blood pressure. Relative to val-val, the magnitude of
blood pressure reduction by week 4 was greater in the val-met group (p<0.05) and met-met
group (p<0.05). Changes between weeks 4 and 16 did not significantly differ by genotype.
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Genotype-specific changes in diastolic blood pressure. Relative to val-val, the magnitude of
blood pressure reduction by week 4 did not differ statistically in the val-met group
(p=0.199), and was greater in the met-met group (p<0.05). Changes between weeks 4 and 16

did not significantly differ by genotype.
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Subject Characteristics by COMT Genotype

COMT Genotype

Characteristic™ Val-Val (n=253) Val-Met (n=401) Met-Met (n=185) p-valueT
Age 44.2 (10.2) 44,5 (10.5) 43.9(10.7) 0.826
% Male 72.3 70.6 70.3 0.860
Ethnicity (%)

African American 123 6.7 43 <0.01#

Hispanic 17.8 1.7 7.0 <0.01%

non-Hispanic white 64.8 76.6 84.3 <0.001#

other ethnicity 5.1 5.0 4.3 0.919
Pre-treatment systolic pressure ~ 132.9 (18.0) 133.5(18.3) 137.5(18.1) <0.05F
Pre-treatment diastolic pressure  82.4 (10.9) 83.0 (10.9) 85.3 (11.8) <0.05%
Pre-treatment % drinking days ~ 76.7 (23.6) 75.9 (24.6) 75.2 (26.0) 0.809
Body-mass index (kg/m?) 27.2 (4.9) 27.1(4.9) 27.2 (5.6) 0.980
% with history of hypertension ~ 24.5 28.4 27.6 0.538
% on anti-hypertensive drug 17.4 175 18.4 0.956
% current smokers 49.4 47.4 49.2 0.854

*
Interval-ratio variables are presented as means, with standard deviations enclosed in parentheses. Categorical variables are presented as

percentages.

TOverall comparisons made by ANOVA for continuous variables and chi-square for categorical variables.

¢Indicates met-met significantly different than val-val using Bonferroni’s correction for multiple comparisons.

Indicates met-met and val-met significantly different than val-val using Bonferroni’s correction for multiple comparisons. There were no
comparisons where only the val-val and val-met groups differed significantly.
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