Universiteit

w4 Leiden
The Netherlands

Diuretic therapy, the alpha-adducin variant, and the risk of myocardial

infarction or stroke in persons with treated hypertension
Rosendaal, F.R.

Citation

Rosendaal, F. R. (2002). Diuretic therapy, the alpha-adducin variant, and the risk of
myocardial infarction or stroke in persons with treated hypertension, 1680-1689. Retrieved
from https://hdl.handle.net/1887/1594

Version: Not Applicable (or Unknown)
License:
Downloaded from: https://hdl.handle.net/1887/1594

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/1594

B ORIGINAL CONTRIBUTION

Diuretic Therapy

. the a-Adducin

Gene Variant, and the Risk of
Myocardial Infarction or Stroke
in Persons With Treated Hypertension

Bruce M. Psaty, MD, PhD
Nicholas L. Smith, PhD

Susan R. Heckbert, MD, PhD
Hans L. Vos, PhD

Rozenn N. Lemaitre, PhD
Alexander P. Reiner, MD, MPH
David S. Siscovick, MD, MPH
Joshua Bis

Thomas Lumley, PhD

W. T. Longstreth, Jr, MD, MPH
Frits R. Rosendaal, MD, PhD

VER CENTURIES AND ACROSS

populations, a large num-

ber of polymorphisms have

appeared in genes that are
now said to code for drug receptors,’
drug-metabolizing enzymes,? and drug-
effector pathways.? Under a variety of his-
torical selection pressures, some of their
variant alleles became common long be-
fore the appearance of modern pharma-
cotherapies. By the early 1990s, about 25
million persons in the United States were
taking antihypertensive medications.”
This massive population exposure to pre-
scription drugs provides the opportu-
nity for common or powerful drug-
gene interactions to occur.’

One candidate is the potential inter-
action between diuretics and the
a-adducin gene, whose Gly460Trp vari-
ant has been associated with renal so-
dium retention and a salt-sensitive form
of hypertension in some populations. A
polymorphism in the rat a-adducin gene
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Context A genetic variant in a-adducin has been associated with renal sodium reab-
sorption and salt-sensitive hypertension. Whether this genetic variant modifies the effect
of diuretic therapy on the incidence of myocardial infarction (M) and stroke is unknown.

Objectives To estimate the interaction between a-adducin and diuretic therapy on
the risk of Ml or stroke. Specifically, we hypothesized that in participants with treated
hypertension, the risk of MI or stroke associated with diuretic use would be lower in
carriers of the adducin variant than in carriers of the adducin wild-type genotype.

Design, Setting, and Participants Population-based case-control study of pa-
tients enrolled in a health maintenance organization, treated pharmacologically for hy-
pertension, and genotyped as homozygous carriers of the adducin wild-type geno-
type or carriers of 1 or 2 copies of the Trp460 variant allele. Cases had a first nonfatal
MI (n=206) or stroke {n=117) between January 1995 and December 1998. Controls
(n=715) were a stratified random sample of pharmacologically treated hypertensive
patients who were matched to Mi cases by age, sex, and calendar year.

Main Outcome Measure Risk of the combined outcome of first nonfatal Ml or
stroke.

Results The adducin variant was present in more than one third of the participants.
Among the 653 carriers of the adducin wild-type genotype, diuretic therapy was not
associated with the risk of M or stroke (odds ratio [OR], 1.09; 95 % confidence interval
ICl], 0.78-1.52). Among the 385 carriers of the adducin variant allele, diuretic therapy
was associated with a lower risk of the combined outcome of MI and stroke than other
antihypertensive therapies (OR, 0.49; 95% Cl, 0.32-0.77). The OR in carriers of the ad-
ducin variant was less than half of the OR in carriers of the wild-type genotype (P=.005).
The case-control synergy index (SI) was 0.45 (95% Cl, 0.26-0.79) for the combined
outcome of MI and stroke. The point estimates of the diuretic-adducin interaction were
similar in separate analyses of Ml (S, 0.41; 95% Cl, 0.21-0.80) and stroke (SI, 0.53;
95% Cl, 0.24-1.19). The diuretic-adducin interaction was not confounded by tradi-
tional cardiovascular risk factors, was specific to diuretic therapy but not present for other
major antihypertensive drug classes, and did not differ substantially between subgroups
defined by age, sex, race, diabetes, and history of cardiovascular disease.

Conclusions [n carriers of the adducin variant, diuretic therapy was associated with
a lower risk of combined MI or stroke than other antihypertensive therapies. If these
findings are confirmed in other studies, this large subgroup of the hypertensive popu-
lation may be especially likely to benefit from low-dose diuretic therapy.
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was first described as a cause of hyper-
tension 1n a series of elegant experi-
menis on the Milan hypertensive strain %%
A cytoskeletal protein, adducin 1s a het-
erodimer or heterotetramer of o and B
subunts that1s critical for the assembly
of the actin-spectrin network and has
been mmplicated 1n cell-signal transduc-
tion ° ° In humans, a Gly460Trp poly-
morphism of the o-adducin gene 1s as-
soctated with blood pressure levels or the
prevalence of hypertension mn some but
not all populations ' 2 Carriers of 1 or
2 copies of the variant Trp460 allele dis-
play high rates of renal tubular sodium
reabsorption *' The blood pressure re-
sponses, both to diuretics and to n-
fused saline, are more pronounced n
participants with the variant adducm al-
lele than n those homozygous for the
wild type 11 % Moreover, the phenotype
of salt sensitivity, independent of blood
pressure, has been associated with an m-
creased risk of cardiovascular events »
On the basis of this evidence, we
initiated a population-based case-
control study 1n participants with phar-
macologically treated hypertension to
assess the 1nteraction between di-
uretic therapy and the adducin vari-
ant on the mncidence of myocardial in-
farction (MI) and stroke The a prior
hypothesis was that among pharmaco-
logically treated hypertensive pa-
tients, the risk of M1 or stroke associ-
ated with diuretic use would be lower
mn carriers of the adducin vartant than
mn carriers of the wild-type genotype

METHODS
Setting

The study setting was the Group Health
Cooperative (GHC, Seattle, Wash), a
health maintenance organization with
an enrollment of more than 400000
persons The methods have been de-
scribed previously #*%° The study was
reviewed and approved by human sub-
Jects commuttees at both GHC and the
University of Washington

Identification of Cases

and Controls

Cases were GHC enrollees who had
pharmacologically treated hyperten-
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sion and survived an incident MI or
stroke between January 1995 and De-
cember 1998 Potentnal cases were1den-
tified from the computerized dis-
charge abstracts for the 2 Group Health
hospitals and the GHC claims data-
bases, whach include bills for all ser-
vices provided by non-GHC physi-
cians and health care facilities Events
criteria were adapted from the Cardio-
vascular Health Study for both MI and
stroke 2627 All strokes, both 1schemic
and hemorrhagic, were included Con-
trols were a stratified random sample
of GHC enrollees with pharmacologi-
cally treated hypertension, and they
were sampled from the GHC comput-
erized enrollment files on the basis of
person time, which ensures that the
odds ratio (OR) approximates the rela-
tive risk #® Controls were frequency
matched to the MI cases by age (within
decade), sex, and calendar year of the
index date (defined below) at aratio of
at least 2 to 1 for men and at least 3 to
1 for women The MI cases were used
to set the matching targets because there
were more MI cases than stroke cases
within each age-sex-calendar-year stra-
tum Controls met the same eligibility
criteria as the cases, but they had not
had an M1 or stroke befoie their index
dates All participants provided writ-
ten informed consent

Index Dates and Eligibility

All participants had an index date For
the cases, the index date was the date
of admission for the first acute MI or
stroke, and for the controls, the index
date was a computer-generated ran-
dom date within the same calendar year
for which they had been chosen as con-
trols For all participants, we collected
information about sk factor data avail-
able only before the index date This
approach ensured comparability be-
tween cases and controls in the assess-
ment of risk factors and eligibility
criteria All participants were GHC en-
rollees aged 30 to 79 years at their in-
dex dates, they were members of the
GHC for 1 year or had made at least 4
visits with a GHC clinician during the
year prior to the index date, and based

on the ambulatory medical record, they
had a physician diagnosis of pharma-
cologically treated hypertension Cases
whose mndex event was a complication
of a procedure were not eligible for the
study Additionally, we excluded pa-
uients (1) who were not currently tak-
g at least 1 antthypertensive medica-
tion at their index date (for mnstance,
noncompliant hypertensive patients),
(2) whose blood specimens did not
yleld an adducin genotype, (3) who had
ahistory of congestive heart failure, and
(4) who had had a previous MI or
stroke

Data Collection

Data collection included a review of the
GHC outpatient medical record, a tele-
phone interview, and a venous blood
sample from consenting patticipants
Based on the medical 1ecord, research
assistants determined eligibihty and col-
lected information about the follow-
g risk factors for coronary heart dis-
ease blood pressure and pulse, height
and weight, cholesterol level, smok-
mg status, family history, marital sta-
tus, and use of health services, medi-
cal conditions such as angina,
hypertension, diabetes, congestive heart
fallure, stroke, and peripheral vascu-
lar disease Cardiovascular disease was
defined as a history of angina, claudi-
cation, or vascular procedures, mclud-
1ng coronary artery bypass graft, angi-
oplasty, carotid endarterectomy, and
peripheral vascular bypass Research as-
sistants were not blinded to case-
control status, but they were not aware
of the research hypothesis

Methods of Assessing
Antihypertensive Medication Use

The GHC computerized pharmacy da-
tabase served as the primary source of
information about antihypertensive
drug therapies Since 1976, the GHC
pharmacy database has included a re-
cord for all prescriptions dispensed to
GHC enrollees Each pharmacy re-
cord contamns a patient identifier, the
drug type and dose, the date, the quan-
uty dispensed, and dosing instruc-
tions For determining the current use

(Reprinted) JAMA April 3 2002—Vol 287 No 13 1681
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S
Table 1. Eligible Myocardial Infarction and Stroke Cases and Controls

No. (%) of Cases

T ] No. (%)
Myocardial Infarction Stroke of Controls
Included in primary analysis 206 (71) 117 (87) 715 (75)
Exclusion criteria
Heart fallure 13 (4) 10 (6) 37 (4)
Previous myocardial infarction 0(0) 13(7) 64 (7)
Previous stroke 28 (10) 0 (0) 33 (3)
No current antihypertensive medicine use 43 (15) 33 (19) 104 (11)
No adducin genotype available 0(0) 1 5(1)
Total 290 (100) 174 (100) 958 (100)

of each medication at the index date,
we searched the pharmacy data for a
prescription immediately preceding the
reference date For example, when a
participant (who was at least 80% com-
phant) recerved enough pulls to last un-
til the index date, he/she was counted
as a potential current user of the drug,
the participant also had to be classi-
fied as a user for at least 30 days prior
to the index date, otherwise, the par-
ucipant was counted as a nonuser of the
drug This defimuion of current use,
which specified a mmuimum duration
of 30 days of use, thus excluded cur-
rent users who had just started the
medication For 80% comphance, a par-
tictpant who received 100 pills with 1n-
structions to take 1 pill per day was clas-
sified as a current user for 125 days
(from 100/0 8) after the prescription
dispensing date In preplanned sensi-
tivity analyses, we reanalyzed data that
defined current use assuming 100%
rather than 80% comphance
Individual drugs were grouped into
major common classes diuretics,
B-blockers, anglotensin-converting en-
zyme (ACE) inhibitors, calcium-
channel blockers, and other vasodila-
tors Diuretics mcluded both loop and
thiazide diuretics During the study pe-
r1od, only 2 controls received angio-
tensin-receptor blockers, which were
grouped with ACE inhibitors

Blood Collection

and Laboratory Assays

A blood specimen was drawn from the
antecubital vein into tubes containing
EDTA and processed White blood cells
were shipped on dry 1ce to the labora-
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tory in Leiden, the Netherlands DNA
was extracted using standard salting-
out procedures ¥ The status of the
adducin variant was assayed using
standard polymerase chain reaction~
restriction-fragment-length polymor-
phism genotyping methods The
forward mutagenic primer was
5'GGGGCGACGAAGCTcCaGAG-
GAA3' Nucleotides 1n lower case dif-
fer from the sequence of the gene, and
they create a BstXI recognition site 1n
the presence of the variant Trp460 allele
The reverse primer was 5'GGCTG-
GATTCCCAAAGCCTCC3' The pres-
ence of the Trp460 allele was assessed
by the occurrence of this additional
BstXI restriction site 1 the polymer-
ase chain reaction fragment Labora-
tory personnel were bhinded both to
case-control status and to antihyper-
tensive drug-therapy status

Exposure Definitions
and Statistical Analysis

Based on the computerized pharmacy
data, participants’ druretic use was clas-
sifted as current or not current at their
imndex dates All patients who did not
meet criteria for current use of diuret-
1cs were currently taking 1 or more
other antihypertensive drug therapies
at thewr index dates All participants
were also classified either as homozy-
gous carriers of the adducin wild-type
(normal) genotype or as carriers of 1
or 2 copies of the a-adducin variant
Trp460 allele

In comparing case and control char-
acteristics, we used the ¢ test or analy-
sts of variance for continuous vari-
ables and the y? test or Fisher exact text

for categorical vanables The ORs were
esumated from the cross product of the
2% 2 table for case-control status by ex-
posure status, and their 95% confi-
dence intervals (Cls) were esimated 1n
the standard way ***' Logistic regres-
ston was used for multivaniable analy-
sis The ORs were also calculated sepa-
rately in the 2 strata defined by adducin
genotype Formal tests for mnteraction
were performed with both case-
control and case-only methods 3>
When assumptions are met,> case-
only studies are more efficient and pow-
erful than case-control methods ** Both
methods estimate the synergy index
(SI), which 1s the ratio of the OR 1n
those with the variant to the OR in those
without the variant The case-only SI
1s calculated from the cross product of
the exposure and genotype among the
cases *> An Sl equal to 1 means that the
ORs 111 the 2 subgroups are the same
and that there 1s no mteraction on the
multiplicative scale An SI of less than
1 represents an nteraction—for 1n-
stance, the risk of Ml or stroke associ-
ated with diuretic use 1s smaller in car-
riers of the adducin varant than 1n
carriers of the wild type All staustical
tests were 2-tailed Sensitivity analy-
ses mncluded not only several defini-
tions of diuretic use, dose, type, and du-
ration of use, but also subgroup analyses
defined by age, sex, race, diabetes, and
history of cardiovascular disease Analy-
sis was performed using SPSS statisti-
cal software (Version 10, SPSS Inc, Chi-
cago, 11D

RESULTS

The primary analysis included 206 MI
cases, 117 stroke cases, and 715 con-
trols (TABLE 1) Among the controls,
the adducin variant was 1in Hardy-
Weinberg equilibrium *° TABLE 2
summarizes the patient characteris-
tics of the 3 groups Cases and con-
trols differed 1n expected ways For ex-
ample, diabetes, previous angina, farmily
history of M1, systolic blood pressure,
current smoking, total cholesterol, ugh-
density lipoprotein cholesterol, and glu-
cose level were risk factors for MI Since
controls were frequency matched to the

©2002 American Medical Associauon All rights reserved




MI cases, the mean age of stroke cases
was higher than that of the controls
The prevalence of the adducin vanant
was high (=35%) m all groups
When cases and controls were ana-
lyzed separately (TABLE 3), the addu-

DIURETICS

cin genotype was not assoclated with
most other risk factors For instance,
most recent and pretreatment systolic
and diastolic blood pressures did not
daffer signuficantly between carriers of
the variant allele and carners of the wild

e
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type This was true for both the cases
and the controls While the mean num-
bers of diuretic prescriptions were simi-
lar 1 adducin-variant and wild-type
carriers, the prevalence of current di-
uretic use differed significantly by ad-

e
Table 2. Charactenstics of Myocardial Infarction (Ml) and Stroke Cases and Controls®

P Value
MI Cases Stroke Cases Controls \MI Cases vs Stroke Cases‘
Charactenstic (n = 206) n=117) (n=715) Controls vs Controls

Age vy 63 5 (10 6) 69 8(7 8) 64510 1) 23 < 001
Wornen % 379 598 48 1 01 02
Black % 34 17 29 74 43
Curtent smoking % 155 137 99 03 24
Nonsedentary % 699 598 74 3 22 002
Marned % 782 68 4 734 17 26
Diabetes % 248 222 131 < Q01 o1
Prior disease/procedure %

Angina 262 145 12 4 < 001 54

Percutaneous coronary intervention or coronary 73 77 43 10 14

artery bypass graft

Cardiovascular disease 306 179 148 < 001 39

Family history of Ml 417 205 267 < 001 15
Ne of antihypertensive medicines taken %

1 631 533 6820

2 301 359 323 76 17

3 63 77 49

4 05 26 08
Body mass index kg/m? 312{(58) 296 (6 3) 30363 09 24
Years in Group Health Cooperative 17812 3) 213(183) 212(108) < 001 96
No of visits in the prior year 6560} 70(56) 5649 04 005
Most recent blood pressure mm Hg

Systolic 1440 (19 6) 1507 (21 2) 1410 (18 3) 04 < 001

Diastolic 82 4 (10 3) 833(10 8) 82 6 (10 5) 83 47
Pretreatment blood pressure mm Hg

Systolic 165 0 (21 4) 169 4 (24 1) 1606 (19 7) 04 003

Diastolic 994 (11 2) 1011 (13 1) 987 (100) 58 12
Duration of treated hypertension y 98(606) 14093 109 (7 7) 06 001
Pulse beats/min 75211 2) 75512 4) 74 2{(115) 29 25
Chalesterol fevel

mg/dL 2405 (44 1) 243549 6) 226 6 (44 0) ] <001 <001

mmol/L 62(11) 63(12) 58(11)
High density lipoprotein cholesterol level

mg/dL 42 3(12 1) 47 3(15 6) 480(151)] <001 64

mmol/L 11(03) 1204 1204
Glucose level

mg/dL 129 8 (56 9) 130 6 (58 3) 1145(435)] < 001 005

mmol/L 7232 7232 6424
Potassium mEg/L 426 (0 4) 418 (05) 417 (0 4) 01 75
Creatmine fevel

mg/dL 11003 12009 108(04) ] 2 16

umol/L 97 1(249) 1062 (83 1) 952 (32 6)
o Adducin genotype %

Homozygous wild type (GG) 621 590 638

Heterozygous (GT) 354 402 315 ] 21 02

Homozygous vartant (TT) 24 09 48

+Values are expressed as mean (SD) unless otherwise indicated Control to case matching ratios were higher for women than men by design

©2002 American Medical Association All 1ights resenved
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ducin genotype among the cases but not
the controls.

During the study period, the num-
ber of pills dispensed for a typical di-
uretic prescription lasted about 100
days (at 100% compliance). Among the
controls, participants classified as cur-
rent diuretic users had received an av-
erage of 38.8 diuretic prescriptions,
while participants classified as not cur-

rent users of diuretics had received an
average of 13.7 diuretic prescriptions
(P<<.001). In other words, the average
duration of past diuretic use at 100%
compliance was about 10.6 years for
current use vs 3.7 years for noncur-
rent use. Among the cases, the mean
numbers of diuretic prescriptions were
34.0 for current users vs 13.9 for non-
current users (P<<.001). Among cur-

Table 3. Association of the a-Adducin Variant With Characteristics of Participants”

rent diuretic users, the case-control dif-
ference of 4.8 diuretic prescriptions was
not significant (P=.28).

Considered individually, neither di-
uretic use nor the adducin variant was
associated with case-control status
(TABLE 4). The primary analysis to as-
sess the drug-gene interaction appears
in TABLE 5. Among wild-type carriers,
the use of diuretics was not associated

Controls Myocardial Infarction and Stroke Cases
I | 17 ]
Wild Type Variant Wild Type Variant
Characteristic (n = 456)1 (n = 259)% P Value {n =197}t (n =126)% P Value
Women, % 50.7 54 1 38 421 51.6 10
Black, % 3.3 2.3 46 3.0 2.4 72
Diabetes, % 147 10.4 Rl 22.3 26.2 43
History of angina, % 12.9 11.6 .60 21.8 222 .93
Any cardiovascular disease, % 151 14.3 76 24.9 27.8 .56
Current smoking, % 11.4 7.3 .08 15.2 14.3 .82
Anthypertensive medication, %
Diuretics 45.6 49 4 .33 47.7 32.5 .007
8-Blockers 329 32.8 .98 34.0 44.4 06
Calcium-channel blockers 25.4 259 .90 30.5 246 .25
Anglotensin-converting enzyme inhibitors 33.1 34.0 81 34.0 33.3 90
Other vasodilators 6.1 5.0 54 9.6 4.8 Al
*iy of antihypertensive medications taken, %
i 62.7 60.6 553 66.7
2 . .
) 32.0 328 84 350 27.8 4
3 4.6 54 8.1 4.8
4 0.7 1.2 1.5 0.8
No of prescriptions for diuretics 25.4 (27.1) 25.7 (26.6) .88 23.6(27.2) 20.3 (26.8) .30
Most recent blood pressure, mm Hg
Systolic 141.1 (18.8) 140.9 (17.5) .87 146.8 (19.7) 146.0 (21.5) .76
Diastolic 82.5 (10.4) 82.7 (10.8) a7 83.5(10.1) 81.6 (11.1) A3
Pretreatment blood pressure, mm Hg
Systolic 160.5 (19.5) 160.7 (20 0) .95 165.2 (21.9) 167.8 (283. ) 37
Diastolic 98 7 (10.1) 98.8 (9 9) 95 100.5 (11.3) 991 (12. .38
Yoars recewving hypertension treatment 10.7 (7.7) 11.2(7.9) .36 11.5(8.1) 111 (7. ) 65
e beats/min 74.9 (11.3) 73.1(11.8) 05 76.8 (12.0) 730 (10. .004
coune level
] 1.07 (0.4) 1.08 (0.9) :l 77 1.15(0.7) 1.11 (0.3) :! 55
ofL 94 9 (35.1) 95.6 (27.6) ' 101.8 65.1) 98.1(287) '
G ose level
”“)((JL_ 115.0 (43.8) 113.6 (43.1) :| 68 129.5 (68.1) 131.0 (66.4) :| 8o
mmol/L 6.4 (2.4) 6.3 (2.4) ' 7.2(3.2) 7.3@3.1) '
Cholesterol level
mg/dL 227.9 (46.1) 224.5 (39.9) ] 59 243.4 (44.6) 238.7 (48.4) ] a8
.. mmol/L 5.9(1.2) 5.8 (1.0) ' 6.3(1.2) 62(1.3) '
Hhgh-density ipoprotein cholesterol level
mg/dl 47 5(151) 48.8 (15.2) 43.7 (13.5) 44.8 (13.8)
mmol/l_ 25 49
- 3(0.4) 1.3(0.4) 1.1(0.4) 1.2 (0.4)
':0 °‘ V‘S"S In prior year 4(4.9) 5.8 (4.9) 26 6.4 (5.8) 7.1 (6.0) .31
“‘”3 " Grouo Health Cooperative 212 (10 5) 21.4(11.3) 84 18.9 (12.8) 19.3 (12.6) 79

-
Vl“ 4% 4o expressed as mean (SD) unless otherwise Indicated.

Hxvsyous GG
Puatey -

vy us GT or hOmOzygous T

Y6

"N vl 3,2002—Vol 287, No. 13 (Reprinted)
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with the risk of M1 or stroke (OR, 1.09;
95% CI, 0.78-1.52). Among those with
noncurrent use of diuretics, the addu-
cin variant was associated with a mod-
est increase in risk (OR, 1.56; 95% CI,
1.09-2.23). In the absence of an inter-
action (on a multiplicative scale), the
expected joint effects of the adducin
variant and current diuretic use would
have been 1.70 (the product of the in-
dividual ORs, 1.00X 1.56). But the
point estimate for the adducin-variant
carriers who were taking diuretics was
lower than expected for the combined
outcome of MI and stroke (OR, 0.77;
95% Ci, 0.51-1.17).

The analyses stratified on the addu-
cin genotype appear on the right side
of Table 5. Among the 653 carriers of
the adducin wild type, diuretic therapy
was not associated with the risk of M1
orstroke (OR, 1.09;95% C1,0.78-1.52).

DIURETICS, ADDUCIN, AND RISK OF MI OR STROKE

Butamong the 385 carriers of the addu-
cin variant, diuretic therapy was asso-
ciated with a lower risk of M1 or stroke
than other antihypertensive therapies
(OR,0.49;95% C1,0.32-0.77). The case-
control estimate of the ST was 0.45 (95%
CI, 0.26-0.79). The case-only estimate
of the SI was similar at 0.53 (95% CI,
0.33-0.84). Both the case-control and
case-only Sls indicated a significant
interaction between diuretic therapy
and the adducin variant on the risk of
MI or stroke (P=.005 and P=.007,
respectively).

When MI and stroke were consid-
ered separately, the SI point estimates
were similar. The case-control SI for M1
alone was 0.41 (95% CI, 0.21-0.80) and
for stroke was 0.53 (95% (I, 0.24-
1.19); their 95% Cls were widely over-
lapping. Adjustment for age, sex, race,
smoking, and diabetes had little effect

on the case-control Sls for risk of MI
or stroke, or for the combined out-
come of M1 and stroke (TABLE 6). Ad-
ditional adjustment for cholesterol level
and systolic blood pressure had trivial
effects on the SIs (Table 6).

The adjusted case-control Sls for the
analysis assuming 80% compliance dif-
fered little from those assuming 100%
compliance (TABLE 7). For diuretic
dose, type, and duration of use, the dif-
ferences between the SIs were within
the play of chance. The case-control Sls
did not differ between those who were
taking only 1 medication and those who
were taking 2 or more medications. The
interaction between diuretic use and the
adducin variant was specific to diuret-
ics. There was no significant interac-
tion between the adducin variant and
any of the other major classes of anti-
hypertensive medications (Table 7).

]
Table 4. Association of Diuretic Use and a-Adducin Variant Individually With Case-Control Status'

MI and Stroke M1 Onily Stroke Only
I 1
Cases  Controls OR (95% Cl) Cases  Controls OR (95% Cl) Cases  Controls OR (95% Cl)

Current diuretic use

No 188 379 1.0 123 379 1.0 65 379 1.0

Yes 135 336 0.81 (0.62-1.08) 83 336 0.76 (0.56-1.04) 52 336 0.90 (0.61-1.34)
Adducin variant

Wild type 197 456 1.0 128 456 1.0 69 456 1.0

Variant 126 259 1.13 (0.86-1.48) 78 259 1.07 {0.78-1.48) 48 259 1.23 (0.82-1.83)

+MI indicates myocardial Infarction; OR, odds ratio; and Cl, confidence interval.

s
Table 5. Interactions Between Diuretic Use and a-Adducin Variant on Risk of First Nonfatal Myocardial Infarction (M!), Stroke, or Both*

Diuretic Adducin No.of No. of No. of Point Estimate P
Use Variantt Cases Controls OR (95% Ci) Value Study Population Subjects Measure (95% Cl) Value
MI and Stroke
Not current Wild type 103 248 Adducin variant carrier 385  Case-control OR 0.49 (0.32-0.77) .002
Current Wild type 94 208  1.09(0.78-1.52) .62 Adducin wild-type carrier 653  Case-control OR 1.09 (0.78-1.52) .62
Not current Variant 85 131 1.56 (1.09-2.23) .01 All cases and controls 1038 Case-controt SI 0.45 (0.26-0.79) .005
Current Variant 41 128  0.77 (0.51-1.17) .23 Cases only 323  Case-only Sl 0.53 (0.33-0.84) .007
MI Only
Not current ‘Wild type 68 248 Adducin variant carrier 337 Case-control OR 0.43 (0.25-0.74) .002
Current Wild type 60 208 1.05 (0.71-1.56) .80 Adducin wild-type carrier 584  Case-control OR 1.05 (0.71-1.66) .80
Not current Variant 55 131 1.53(1.01-2.32) .04 All cases and controls 921  Case-control SI 0.41 (0.21-0.80) .009
Current Variant 23 128  0.66 (0.39-1.10) 1 Cases only 206  Case-only Sl 0.47 (0.26-0.86) .01
Stroke Only
Not current Wild type 35 248 Adducin variant carrier 307 Case-control OR 0.61 (0.33-1.16) .13
Current Wild type 34 208 1.16 (0.70-1.92) 57 Adducin wild-type carrier 525  Case-control OR 1.16 (0.70-1.92) .57
Not current Variant 30 131 1.62 (0.95-2.76) .07 All cases and controls 832 Case-control SI  0.53 (0.24-1.19) .13
Current Variant 18 128 1.00 {0.54-1.83) .99 Cases only 117 Case-only St 0.62 (0.29-1.31) .21

*OR indicates odds ratio; Ci, confidence interval; and SI, synergy index.
TWild type is homozygous for wild-type allele; vanant is heterozygous or homozygous for Trp460 allele.

©2002 American Medical Association. All rights reserved.
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DIURETICS, ADDUCIN AND RISK OF M1 OR STROKE

In additional sensitivity analyses
(TABLE 8), the case-control SIs did not
differ significantly between sub-
groups defined by age, sex, and pres-
ence of cardiovascular disease or dia-
betes Although the number of blacks
was small, the SIs for both events
combined were similar (0 43 for non-

blacks and 0 40 for blacks) Despite
multiple testing, there was no statisti-
cal evidence of a second-order interac-
tion The most extreme difference, SIs
of 0 19 1n men and 0 61 in women for
the combined outcome of MI and
stroke, was within the play of chance
(P= 07)

e
Table 6. Effect of Seral Adjustments on Case-Control Synergy Indices for the Interaction
Between o Adducin Variant and Diuretic Use on the Risks of First Nonfatal Myocardial

Infarction (MI) Stroke, or Both*

MI and Stroke M! Only Stroke Only
f [ — o 1
P P
Covariatet S1(95% CI) Value S (95% Cl) Value S1(95% Cl) Value
None 045(026079) 005 041021080 009 053024119 13
Age 045026078 005 041021080 009 051022116 11
Sex 045026079 005 042022083 01 050022115 10
Race 045026079 005 042021082 O1 050(022115) 10
Smoking 045(026080) 006 042022083 O1 051(022116) 11
Diabetes 046026 082) 008 044022087 02 049(021114) 10
Any cardiovascular 045025079 006 041{(021083 01 04921 114) 10
disease
Total cholesterol 0450250800 007 042021083 01 049021 115) 10
Systolic blood 043(024077) 004 040(020081) 01 046 (020 109) 08

pressuret

Slindicates case control synergy ndex Cl confidence interval

TEach covanate was added to a model that contained the covar ate(s) listed above it

IMost recent measurement taken

The 1nteraction was more pro-
nounced among homozygotes for the
Trp460 allele Among participants tak-
ing diuretics, none of the M1 or stroke
cases and 16 controls were homozy-
gous for the Trp460 allele Among the
homozygotes, the OR for both events
combined was 0 (P= 02, Fisher exact
test) The point estimate of the SI was
lower for nonhemorrhagic stroke (SI,
045,95% CI, 0 18-1 09) than for hem-
orrhagic stroke (51, 0 90,95% CI, 0 10-
7 74), although netther of the 2 SIs in-
dividually, nor the difference between
them, was signficant

In additional analyses, diuretic use
and the adducin vanant were not asso-
ciated with most recent or pretreat-
ment systolic or diastolic blood pres-
sure, and 2-way analysis of variance
provided no evidence of an interaction
between diuretic use and the adducin
variant on blood pressure (P= 37) In
separate MI analyses, the inclusion of
cases (n=28, Table 1) and controls
(n=33) who had had a prior stroke had
trivial effects on the Sl esuumates Simi
larly 1n stroke analyses, the mclusion

Table 7. interaction Between the Adducin Variant and Aspects of Diuretic Use or Use of Other Antihypertensive Agents on the Risks of First
Nonfatal Myocardial Infarction (M) Stroke, or Both*

Ml and Stroke Mi Only Stroke Only
[ [ 1T
Variable No. of Subjects St (95% Cl) No. of Subjects Si (95% Cl) No of Subjects SI (95% CI)

Compliance with diuretics

80% 1038 045025079 921 041{0 21083 832 049(021114)

100% 1038 052 (030 089 921 046 (024 089) 832 061028 135)
Diuretic doset

=Modal 915 043 (023 081) 814 046 (0 22 0 96) 727 039(015 100)

>Modal 681 055(022141) 610 033(009 122 549 092 (026 326)
Type of diuretict

Thiazide 974 051028 093) 868 052 (025 106) 782 051(21126)

Loop 631 020{06 070) 555 0 10(0 02 0 56) 494 038(008 190)
Duration of diuretic usett

<<37 prescriptions 788 043(019 0995) 735 0410151 16) 701 043015 1 23)

=37 prescriptions 817 045(023088) 770 040018 0 86) 688 077029201
No of antihypertensive medicines

1 636 050{022114) 543 046017 122) 506 052 (015 184)

=22 402 042016 1 11) 348 033{010121) 326 060 (016 269)
Adducin vaniant interaction with

B Blockers 1038 141079 251) 921 117 {069 2 35) 832 200 (086 4 68)

Angiotensin converting enzyme 1038 100(056 180) 921 121 (060 2 44) 832 066 (027 160)

inhibrtors
Calcium channel blockers 1038 079(042 148 921 106 (051223 832 048018 127)

*Models were adjusted for age sex race diabetes cardiovascular disease and current smoking Sl indicates case control synergy Index Cl confidence interval
TSubjects who were not exposed to the category of interest were excluded from the analysis of those who were exposed (ie subjects who took thiazides were excluded from the

analysis of loop diuretics)

FThe number of 37 prescriptions 1s equivalent to a duration of diuretic use of approximately 10 years
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of cases (n=13) and controls (n=64)
who had had a prior M1 also had trivial
effects on the SI estimates.

COMMENT

In this population-based case-control
study, the adducin variant was pre-
sent in about one third of hyperten-
sive participants. There was a signifi-
cant interaction between the presence
of the adducin Trp460 variant and the
use of diuretics on the risk of the com-
bined outcome of first nonfatal MI or
stroke. Among the 653 carriers of the
adducin wild-type genotype, diuretic
therapy was not associated with risk of
MI or stroke (OR, 1.09; 95% CI, 0.78-
1.52). Among the 385 carriers of the ad-
ducin variant allele, diuretic use was as-
sociated with a lower risk of the
combined outcome of M1 or stroke (OR,
0.49; 95% CI, 0.32-0.77) than use of
other antihypertensive medications.
The OR in carriers of the adducin vari-
ant was less than half of the OR in car-
riers of wild-type genotype (P=.005).
The case-control SI was 0.45 (95% CI,
0.26-0.79). The point estimates of this
drug-gene interaction were similar in
separate analyses of M1 (S1, 0.41; 95%
ClI,0.21-0.80) and stroke (SI, 0.53; 95%
CI,0.24-1.19). The diuretic-adducin in-

DIURETICS, ADDUCIN, AND RISK OF MI OR STROKE

teraction was not confounded by tra-
ditional cardiovascular risk factors, was
specific to diuretic therapy but not pre-
sent for other major antihypertensive
drug classes, and did not differ be-
tween subgroups defined by age, sex,
race, diabetes, and cardiovascular
disease.

This study had a number of limita-
tions. Potential alternative explana-
tions for the findings of genetic asso-
ciation studies include uncontrolled
confounding from traditional risk fac-
tors or ethnic/racial differences between
cases and controls and linkage disequi-
librium.* While we performed geno-
typing for a well-studied adducin poly-
morphism, it is possible that the actual
causative locus may be represented by
another adducin nucleotide variant or
variants that are in linkage disequilib-
rium with the Trp460 allele. This study
focused on only 1 single nucleotide
polymorphism. However, single nucleo-
tide polymorphisms, which are com-
mon in genes related to hyperten-
sion,* may fail to capture biological
effects of haplotypes, which represent
all the polymorphisms present on a
single maternal or paternal chromo-
somal segment.’” While the adjusted
case-control SIs were similar for MI and

stroke (0.41 and 0.49, respectively,
Table 6), the findings for stroke alone
did not reach conventional levels of sta-
tistical significance (P=.10), and the
study lacked power to evaluate differ-
ences between nonhemorrhagic and
hemorrhagic stroke (SIs of 0.45 and
0.90, respectively). Moreover, the case
participants in this study represented
survivors of an MI or stroke, and it is
possible that the genotype or a gene-
environment interaction may affect sur-
vival rather than disease incidence. If,
for instance, the joint effects of diuretic
therapy and the adducin variant were
associated with a high case-fatality rate,
a case-control study of nonfatal events
might provide a biased estimate of the
interaction.

Although the computerized GHC
pharmacy data measured prescrip-
tions filled rather than drugs taken,
these prospectively collected phar-
macy data provided a powerful re-
source for estimating antihyperten-
sive drug use in an unbiased fashion for
all cases and controls. In this study,
drug use was defined a priori as cur-
rent use at the index date. Impor-
tantly, current diuretic use was associ-
ated with an average duration of use of
about 10 years, which was almost 3

e S
Table 8. Sensitivity Analyses of the Adjusted Case-Control Synergy indices for the Interaction Between the a-Adducin Variant and Diuretic
Use on the Risks of First Nonfatal Myocardial infarction (M!), Stroke, or Both*

MI and Stroke

MI Only

Stroke Only

I
No. of Subjects

1
SI(95% Cl)  No. of Subjects

T
Sl (95% CI) No. of Subjects

.
S1(95% Cl)

Population

Adjusted model 1038 0.45 (0.25-0.79) 921 0.41 {0.21-0.83) 832 049 (0.21-1.14)
Rao,(\a‘m black 1008 0.43 (0.24-0.78) 893 0.40 (0.20-0.80) 809 0.50(0.21-1.17)

Blackt 30 0.40 (0.01-17.8) 28 0.60 (0.07-37.7) 23 NA
History of cardiovascular disease

No 848 0.49 (0.26-0 94) 752 0.46 (0 20-1.02) 705 0.58 (0.23-1 47)

Yes 190 0.33(0 10-1.16) 169 0.33 (0.08-1.33) 127 0.19 (0 02-1.53)
Diabetes

No 867 0.49 (0.26-0.91) 776 0.51(0.24-1.11) 712 0.42 (0.17-1.07)

Yes 171 0.31 {0.07-1.31) 145 0.20 (0 04-1 04) 120 0.63 (0.07-5.99)
SeXMen 548 0.19 (0.08-0.49) 499 0.22 {0.08-0.60) 418 0.16 {0.03-0.89)

Women 492 0.61 (0.26-1.39) 422 0.58 (0.20-1 71) 414 0.58 (0.20-1.70)
Age,<;é5 468 0.29 (0.11-0.75) 448 028(0.10-0.78) 359 0.30 (0.04-2.19)

=65 570 0.57 {0.27-1.19) 473 0.56 (0.21-1.46) 473 0.57 (0.22-1.48)

Models were adjusted for age, sex, race, diabetes, cardiovascular disease, and current smoking. Models stratified on a factor (such as diabetes) were not adjusted for that factor
All strata are mutually exclusive, and none of the synergy indices (Sis) differs between strata. Even for the most extreme difference, both events in men vs women, P = .07 for Sls
of 0 19 and 0.61. Cl indicates confidence Interval, NA, not estmatable

1Synergy indices are unadjusted.

©2002 American Mcdical Association. All rights reserved.
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times longer than participants who were
not taking diuretics at the index date.

In some but not all clinical studies,
the adducin variant has been associ-
ated with prevalent hypertension or
mean levels of blood pressure.*** In this
study of participants with pharmaco-
logically treated hypertension, geno-
type was not associated with mean lev-
els of blood pressure in either the cases
or the controls (Table 3). Moreover,
blood pressure level did not appear to
be a mechanism of the adducin-
diuretic interaction (Table 6). We do
not know by what mechanism di-
uretic use may preferentially reduce the
risk of MI or stroke in hypertensive pa-
tients with the adducin variant. None-
theless, the effect of diuretics, which
promote renal sodium excretion, is the
opposite of the physiological effect of
the adducin variant, which promotes re-
nal sodiuvm reabsorption.'**'

The phenotype of salt sensitivity, in-
dependent of blood pressure, has been
associated with an increased risk of car-
diovascular events.?* Diuretic therapy
in people with salt sensitivity and hy-
pertension may decrease the inci-
dence of cardiovascular events through
mechanisms other than the direct low-
ering of blood pressure. In the Antihy-
pertensive and Lipid-Lowering to pre-
vent Heart Attack Trial,* systolic blood
pressure was 2 to 3 mm Hg higher in
those randomized to doxazosin than in
those randomized to low-dose diuret-
ics; yet the risk of heart failure was twice
as high in the doxazosin arm as in the
diuretic arm. Although the a-adducin
variant appeared to be a good candi-
date gene (in part on the basis of blood
pressure effects), blood pressure dif-
ferences may not be a good surrogate
for the effects of drugs on cardiovas-
cular end points.*

Several monogenic forms of high
blood pressure, such as glucocorticoid-
remediable aldosteronism and Liddle
syndrome,5* are so rare that they do
not contribute measurably to the bur-
den of hypertensive disease in hu-
mans. Essential hypertension, gener-
ally mild-to-moderate elevations of
blood pressure in the population, has

1688 JAMA, Apnl 3, 2002—Vo! 287, No. 13 (Reprinted)

been associated with several genetic
polymorphisms.®"# This research has
advanced our understanding of the bio-
logical and molecular etiologies of high
blood pressure. Identifying the genes
responsible for variation in or regula-
tion of blood pressure may even pro-
vide new opportunities for the design
of novel drugs.** Nonetheless, thou-
sands of prescription medications are
already on the market. In 1994, 2.2 mil-
lion hospitalized persons experienced
serious adverse drug reactions in the
United States, and 106 000 had fatal ad-
verse drug reactions.* Work in phar-
macogenetics can perhaps also im-
prove the safety and efficacy profile of
commonly used medications. Drug-
gene interactions for ACE inhibitors and
the ACE gene have been reported, for
instance, for renal outcomes in non-
diabetic patients with nephropathy.*
The long-term goal of research in the
area of pharmacogenetics is to help cli-
nicians individualize treatment for their
patients and select drug therapies that
maximize either effectiveness, or safety,
or both. If the adducin variant identi-
fies a subset of hypertensive patients
who are particularly likely to benefit
from diuretic therapy, it is reasonable
to evaluate whether screening hyper-
tensive patients for selected genetic
polymorphisms may be indicated when
selecting antihypertensive therapies and
perhaps even to inquire in future clini-
cal trials whether diuretic therapy may
reduce the risk of cardiovascular events
in nonhypertensive carriers of the ad-
ducin variant. The findings of this study
need to be confirmed in other set-
tings, and randomized clinical trials of
drug therapy for hypertension would
be an ideal setting for case-only stud-
ies because drug use and genotype are,
by design, independent.>% If the ad-
ducin findings are confirmed, or if other
drug-gene interactions are identified,
clinicians may eventually screen hy-
pertensive patients for selected ge-
netic variants that help characterize an
individual’s expected risk or benefit
from specific antihypertensive thera-
pies for outcomes such as myocardial
infarction, stroke, and heart failure.

Currently, low-dose diuretics to-
gether with B-blockers are recom-
mended as the first-line pharmacologi-
cal therapy for hypertension by the Joint
National Committee on the Preven-
tion, Detection, Evaluation, and Treat-
ment of High Blood Pressure.*” The data
in this study suggest that among car-
riers of the adducin wild-type geno-
type, diuretics are comparable with
other antihypertensive medications; but
among carriers of the adducin variant,
diuretics are associated with a lower risk
of MI and stroke than other antihyper-
tensive agents. Regardless of geno-
type, in other words, diuretics are safe
and effective in preventing devastat-
ing complications such as M1, stroke,
and heart failure.”®* They remain the
preferred first-line medication for the
pharmacological treatment of high
blood pressure.

Author Contributions: Study concept and design:
Psaty, Smith, Heckbert, Rosendaal.

Acquisition of data: Psaty, Smith, Heckbert, Vos, Le-
maitre, Rosendaal.

Analysis and interpretation of data: Psaty, Smith, Heck-
bert, Lemaitre, Reiner, Siscovick, Bis, Lumley, Long-
streth, Rosendaal.

Drafting of the manuscript: Psaty, Rosendaal.
Critical revision of the manuscript for important in-
tellectual content: Smith, Heckbert, Vos, Lemaitre,
Reiner, Siscovick, Bis, Lumiey, Longstreth, Rosendaal
Statistical expertise: Psaty, Smuth, Reiner, Lumley,
Rosendaal.

Obtained funding: Psaty, Rosendaal.
Administrative, technical, or material support: Psaty,
Heckbert, Vos, Lemaitre, Reiner, Bis, Rosendaal.
Study supervision: Psaty, Heckbert.

Financial Disclosures: Dr Psaty was a Merck/SER
Clinical Epidemiology Fellow (cosponsored by the
Merck Co Foundation, Rahway, NJ, and the Society
for Epidemiologic Research, Baltimore, Md). Dr Psaty
also served on the Events Committee for the HERS clini-
cal trial funded by Wyeth-Ayerst.

Funding/Support: This research was supported in part
by the grants HL43201, HL40628, and HL60739 from
the National Heart, Lung, and Blood Institute; AG09556
from the National Institute on Aging; 9970178N from
the Patient Care and Outcomes Research Program of
the American Heart Association; 0270054N from the
American Heart Association Pharmaceutical Round-
table Outcomes Research Program; and a travel grant
from the Nederlandse Organisatie voor Wetenschap-
pelijk Onderzoek (NWO; The Hague, the Netherlands).
Acknowledgment: For their excellent work and help
on this study, we thank Julia Anderson, MA, Marga-
ret L. Birdsall, MHA, Ingeborg de Jonge, Michael
Ehredt, BSCE, MSCE, Tina Francisco, BA, Amy Good,
PhD, Marian Harper, LPN, RHIT, Julia Hecht, PhD,
MPH, Sue Lentz, BA, Gracie R. Melton, Carlia Miller,
Sylvia Miller, AA, Esther Normand, RHIA, Petra J.
Noordijk, Barbara S. Psaty, RN, Shannon Ryan, BS,
Daxa Sabhaya, BS, Paula Sandler, BS, Kari Swanson,
BA, Mary Sunderland, BA, RHIT, Annissa Walsh, Kerri
Wiggins, MS, RD, Patty Yarbro, MSW, and Barbara
Young, PhD. Thanks also to the physicians and study
participants at Group Health Cooperative.

©2002 American Medical Association. All rights reserved.

i R e A e e e L

[t

T LD URDHE R, R e




REFERENCES

1. Green SA, Turki J, Halls JP, Liggett SB Implica-
tions of genetic vaniability of human B2-adrenergic
receptor structure Pulm Pharmacol Ther 1995,
81-10

2. May DG Genetic differences in drug disposition
J Clin Pharmacol 1994,34 881-897

3 Ferran P, Blanchi G Lessons from experimental ge-
netic hypertension [n Laragh JH, Brenner BM, eds
Hypertension Pathophysiology, Diagnosis, and Man-
agement 2nd ed New York, NY Raven Press, 1995
1261-1279

4. Burt VL, Whelton P, Roccella EJ, et al Prevalence
of hypertension in the US adult population results from
the Third National Health and Nutrition Examination
Survey, 1988-1991 Hypertension 1995,25 305-
311

5. Smith RL Introduction human genetic vanations
in oxidative drug metabolism Xenobiotica 1986,16
361-365

6. Luft FC Molecular genetics of human hyperten-
sion J Hypertens 1998,16 1871-1878

7. Cusi D, Bianchi G A primer on the genetics of hy-
pertension Kidney Int 1998,54 328-342

8. Ferran P Pharmacogenomics a new approach to
individual therapy of hypertension? Curr Opin Nephrol
Hypertens 1998 7 217-222

9. Matsuoka Y, Li X, Bennett V Adducin structure,
function and regulation Cell Mol Life Sci 2000,57
884-895

10. Ferrandi M, Bianchi G Genetic mechanisms un-
derlying the regulation of urinary sodium excretron and
artenal blood pressure the role of adducin Acta Physiof
Scand 2000,168 187-193

11. Cusl D, Barlassina C, Azzani T, et al Polymor-
phism of alpha-adducin and salt sensthivity in pa-
tients with essential hypertension Lancet 1997,349
1353-1357

12. Tamaki S, Iwal N, Tsupta Y, Nakamura Y, Ki-
noshita M Polymarphism of alpha-adducin in Japa-
nese patients with essential hypertension Hypertens
Res 1998,21 29-32

13 Province MA, Arnett DK, Hunt SC et al, for the
HyperGEN Group Association between the alpha-
adducin gene and hypertension in the HyperGEN
Study Am J Hypertens 2000,13 710-718

14. Ishikawa K, Katsuya T, Sato N, et al No associa-
tion between alpha-adducin 460 polymorphism and
essential hypertension in a Japanese population Am
J Hypertens 1998,11 502-506

15. Kato N, Sugiyama T, Nabika T, et al Lack of as-
sociation between the alpha-adducin locus and es-
sential hypertension in the Japanese population Hy-
pertenston 1998,31 730-733

16. Kamritani A, Wong ZYH, Fraser R, et al Human
alpha-adducin gene, blood pressure, and sodium me-
tabolism Hypertension 1998,32 138-143

17. Bray MS, Li L, Turner ST, et al Assocration and
linkage analysis of the alpha-adducin gene and blood
pressure Am J Hypertens 2000 13 699-703

©2002 American Medical Association All tights reserved

DIURETICS, ADDUCIN, AND RISK OF MI OR STROKE

18. Boerwinkle E, for the Family Blood Pressure Pro-
gram All for one and one for alf introduction to a co-
ordinated analysis of the Gly-460-Trp alpha-adducin
polymorphism Am J Hypertens 2000,13 734-735
19. Bianchi G, CusiD Association and linkage analy-
sis of alpha-adducin polymorphism s the glass half
full or half empty? Am J Hypertens 2000,13 739-
743

20. Psaty BM, Doggen C, Vos HL, Vandenbroucke
JP, Rosendaal FR Association of the alpha-adducin
polymorphism with blood pressure and nsk of myo-
cardial infarction J Hum Hypertens 2000,14 95-97
21. Manunta P, Cusi D, Barlassina C, et al Alpha-
adducin polymorphism and renal sodium handling in
essential hypertensive patients Kidney Int 1998,53
1471-1478

22. Glonoso N, Manunta P, Filigheddu F, et al The
role of alpha-adducin polymorphism in blood pres-
sure and sodium handling regulation may not be ex-
cluded by a negative association study Hyperten-
sion 1999,34 649-654

23 Mornmoto A, Uzu T, Fup T, et al Sodium sensi-
tivity and cardiovascular events in patients with es-
sential hypertension Lancet 1997,350 1734-1737
24, Psaty BM, Heckbert SR, Koepsell TD, et al The
nisk of myocardial infarction associated with anti-
hypertensive drug therapies JAMA 1995,274 620-
625

25. Psaty BM, Smith NL Lemaitre RN, et al Hor-
mone replacement therapy, prothrombotic muta-
tions, and the nisk of incident non-fatal myocardial in-
farction in post-menopausal women JAMA 2001,
285 906-913

26. Ives DG, Fitzpatrick AL, Bild DE, et al Survell-
lance and ascertainment of cardiovascular events the
Cardiovascular Health Study Ann Epidemiol 1995
5 278-285

27. Price TR, Psaty B, O'Leary D Burke G, Gardin J,
for the Cardiovascular Health Study Research Group
Assessment of cerebrovascular disease in the Cardio-
vascular Health Study Ann Epidemiol 1993,3 504-
507

28. Pearce N What does the odds ratio estimate in a
case-control study? Int J Epidemiol 1993 22 1189-
1192

29. Miller SA, Dykes DD Polesky HF A simple salt-
ing out procedure for extracting DNA from human
nucleated cells Nucleic Actds Res 1988,12 1215
30. Schlesselman J) Case Control Studies Design,
Conduct, Analysis New York, NY Oxford Univer-
sity Press, 1982

31. Breslow NE, Day NE Statistical Methods in Can-
cer Research Volume 1—The Analysis of Case
Control Studies Lyons, France International Agency
for Research on Cancer, 1980 1ARC Scientific Publi-
cations No 32

32. Smith PG, Day NE The design of case-control stud-
les the influence of confounding and interaction ef-
fects IntJ Epidemiol 1984,13 356-365

o VW TIRREN G AW o LYoy

33. Khoury M), Flanders WD Nontraditional epide-
miologic approaches in the analysis of gene-
environment interaction case-control studies with no
controls Am J Epideriol 1996,144 207-213

34. Yang Q, Khoury MJ, Flanders WD Sample size
requirements in case-only designs to detect gene-
environment interaction Am J Epidemiol 1997,146
713-720

35. Khoury MJ, Beaty TH, Cohen BH Fundamentals
of Genetic Epidemiology New York, NY Oxford Uni-
versity Press, 1993

36. Halushka MK, Fan JB, Bentley K, et al Patterns
of single-nucleotide polymorphisms in candidate genes
for blood-pressure homeostasis Nat Genet 1999,22
239-247

37. Rieder MJ, Taylor SL, Clarke AG, Nickerson DA
Sequence vanation in the human angiotensin con-
verting enzyme Nat Genet 199922 59-62

38. The ALLHAT Officers and Coordinator for the ALL-
HAT Collaborative Research Group Major cardiovas-
cular events in hypertensive patients randomized to
doxazosin vs chiorthalidone Antihypertensive and
Lipid-Lowering Treament to Prevent Heart Attack Trial
(ALLHAT) JAMA 2000,283 1967-1975

39 Psaty BM, Weiss NS, Furberg CD, et al Surro-
gate end points, health outcomes and the drug ap-
proval process for the treatment of risk factors for car-
diovascular disease JAMA 1999,282 786-790

40. Lifton RP Molecular genetics of human blood
pressure vaniation Science 1996,272 676-680

41. Corvol P, Persu A Gimenez-Roqueplo AP, Jeun-
emaitre X Seven lessons from two candidate genes
in human essential hypertension angiotensinogen and
epithelial sodium channel Hypertension 1999,33
1324-1331

42. Rieder MJ, Nickerson DA Hypertension and single
nucleotide polymorphisms Curr Hypertens Rep 2000,
2 44-49

43 Turner ST Boerwinkle E Genetics of hyperten-
sion, target-organ complications, and response to
therapy Circulation 2000,102 IV40-1V45

44, Housman D, Ledley FD Why pharmacogenom-
ics? why now? Nat Biotechnol 1998 16 492-493
45, Lazarou J, Pomeranz BH, Corey PN Incidence of
adverse drug reactions in hospitalized patients a meta-
analysis of prospective studies JAMA 1998,279
1200-1205

46. Perna A, Ruggenenti P, Testa A, et al ACE geno-
type and ACE mhibitors induced renoprotection in
chronic proteinunc nephropathies Kidney Int 2000,
57 274-281

47. The sixth report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure Arch Intern Med 1997157
2413-2446

48. Psaty BM, Smith NL Siscovick DS, et al Health
outcomes associated with anti-hypertensive thera-
pies used as first-line agents a systematic review and
meta-analysis JAMA 1997 277 739-745

(Reprinted) JAMA, April 3 2002——Vo! 287 No 13 1689

CHLE ORI ST TAHONY MATRNTTR UM S fT RV B 0 Wy AR B USRI IR RIS A



