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OVER CENTURIES AND ACROSS
populations, a large num-
ber of polymorphisms have
appeared in genes that are

now said to code for drug receptors,1

drug-metabolizing enzymes,2 and drug-
effector pathways.3 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.4

This massive population exposure to pre-
scription drugs provides the opportu-
nity for common or powerful drug-
gene interactions to occur.5

One candidate is the potential inter-
action between diuretics and the
α-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 α-adducin gene
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Context A genetic variant in α-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 (MI) and stroke is unknown.

Objectives To estimate the interaction between α-adducin and diuretic therapy on
the risk of MI or stroke. Specifically, we hypothesized that in participants with treated
hypertension, the risk of MI or stroke associated with diuretic use would be Iower 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 äs 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) orstroke(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 MI 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 MI or stroke (odds ratio [OR], 1.09; 95% confidence interval
[Cl], 0.78-1.52). Among the 385 carriers of the adducin variant allele, diuretic therapy
was associated with a Iower 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 (Sl) 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 MI (Sl, 0.41; 95% Cl, 0.21-0.80) and stroke (Sl, 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 In carriers of the adducin variant, diuretic therapy was associated with
a Iower 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 likeiy to benefit from Iow-dose diuretic therapy.
JAMA. 2002;287:1680-1689 www.jama.com
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was first described äs a cause of hyper-
tension in a series of elegant expen-
ments on the Milan hypertensive strain M

A cytoskeletal protein, adducin is a het-
erodimer or heterotetramer of α and β
subumts that is cntical for the assembly
of the actm-spectrm network and has
been implicated in cell-signal transduc-
tion g 10 In humans, a Gly460Trp poly-
morphism of the α-adducm gene is as-
sociated with blood pressure levels or the
prevalence of hypertension m some but
not all populations u 20 Carners of l or
2 copies of the variant Trp460 allele dis-
play high rates of renal tubular sodium
reabsorption 21 The blood pressure re-
sponses, both to diuretics and to m-
fused sahne, are more pronounced in
participants with the variant adducin al-
lele than m those homozygaus for the
wild type n 22 Moreover, the phenotype
of salt sensitivity, independent of blood
pressure, has been associated with an m-
creased risk of cardiovascular events 23

On the basis of this evidence, we
initiated a population-based case-
control study m participants with phar-
macologically treated hypertension to
assess the interaction between di-
uretic therapy and the adducin vari-
ant on the mcidence of myocardial m-
farction (MI) and stroke The a priori
hypothesis was that among pharmaco-
logically treated hypertensive pa-
tients, the risk of MI or stroke associ-
ated with diuretic use would be lower
in carners of the adducin variant than
in carners of the wild-type genotype

METHODS
Setting

The study settmg was the Group Health
Cooperative (GHC, Seattle, Wash), a
health mamtenance orgamzation with
an enrollment of more than 400000
persons The methods have been de-
scribed previously 24 25 The study was
reviewed and approved by human sub-
jects committees at both GHC and the
Umversity of Washington

Identification of Cases
and Controls

Cases were GHC enrollees who had
pharmacologically treated hyperten-

sion and survived an incident MI or
stroke between January 1995 and De-
cember 1998 Potential cases were iden-
tified from the computerized dis-
charge abstracts for the 2 Group Health
hospitals and the GHC claims data-
bases, which mclude bills for all ser-
vices provided by non-GHC physi-
cians and health care facihties Events
cnteria were adapted from the Cardio-
vascular Health Study for both MI and
stroke 2627 All strokes, both ischemic
and hemorrhagic, were mcluded 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 28 Controls were frequency
matched to the MI cases by age (withm
decade), sex, and calendar year of the
mdex date (defmed below) at a ratio of
at least 2 to l for men and at least 3 to
l for women The MI cases were used
to set the matchmg targets because there
were more MI cases than stroke cases
withm each age-sex-calendar-year stra-
tum Controls met the same ehgibihty
cntena äs the cases, but they had not
had an MI or stroke befoie their mdex
dates All participants provided writ-
ten mformed consent

Index Dates and Eligibility
All participants had an mdex date For
the cases, the mdex date was the date
of admission for the first acute MI or
stroke, and for the controls, the mdex
date was a computer-generated ran-
dom date withm the same calendar year
for which they had been chosen äs con-
trols For all participants, we collected
Information about risk factor data avail-
able only before the mdex date This
approach ensured comparability be-
tween cases and controls m the assess-
ment of risk factors and eligibility
cntena All participants were GHC en-
rollees aged 30 to 79 years at their m-
dex dates, they were members of the
GHC for l year or had made at least 4
visits with a GHC chmcian during the
year pnor to the mdex date, and based

on the ambulatory medical record, they
had a physician diagnosis of pharma-
cologically treated hypertension Cases
whose mdex event was a comphcation
of a procedure were not eligible for the
study Additionally, we excluded pa-
tients (1) who were not currently tak-
mg at least l antihypertensive medica-
tion at their mdex date (for instance,
noncomphant hypertensive patients),
(2) whose blood specimens did not
yield an adducin genotype, (3) who had
a history of congestive heart failure, and
(4) who had had a previous MI or
stroke

Data Collection

Data collection mcluded a review of the
GHC outpatient medical record, a tele-
phone interview, and a venous blood
sample from consenting paiticipants
Based on the medical lecord, research
assistants determmed eligibility and col-
lected Information about the follow-
mg risk factors for coronary heart dis-
ease blood pressure and pulse, height
and weight, cholesterol level, smok-
ing Status, family history, mantal Sta-
tus, and use of health Services, medi-
cal c o n d i t i o n s such äs ang ina ,
hypertension, diabetes, congestive heart
failure, stroke, and penpheral vascu-
lar disease Cardiovascular disease was
defmed äs a history of angina, claudi-
cation, or vascular procedures, includ-
mg coronary artery bypass graft, angi-
oplasty, carotid endarterectomy, and
penpheral vascular bypass Research as-
sistants were not bhnded to case-
control Status, but they were not aware
of the research hypothesis

Methods of Assessing
Antihypertensive Meditation Use
The GHC computerized pharmacy da-
tabase served äs the pnmary source of
Information about antihypertensive
drug therapies Smce 1976, the GHC
pharmacy database has mcluded a re-
cord for all prescnptions dispensed to
GHC enrollees Each pharmacy re-
cord contams a patient identifier, the
drug type and dose, the date, the quan-
tity dispensed, and dosing mstruc-
tions For determming the current use

©2002 Amciican Mtdical Associalion AH nghls icsencd (Repnnted) JAMA April 3 2002—Vol 287 No 13 1681
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Table 1. Eligible Myocardial Infarction and Stroke Cases and Controls

No. (%) of Cases

Included in pnmary analysis
Exclusion cntena

Heart failure

Previous myocardial infarction

Previous stroke

No current antihypertensive medicme use

No adducin genotype available

Total

l
Myocardial Infarction

206(71)

13(4)

0(0)

28(10)

43(15)

0(0)
290(100)

l
Stroke

117(67)

10(6)
13(7)
0(0)

33(19)

1 (D
174(100)

No. (%)
of Controls

715(75)

37(4)
64(7)
33(3)

104(11)

5(1)
958(100)

of each medication at the mdex 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-
pliant) received enough puls to last un-
til the mdex date, he/she was counted
äs a potential current user of the drug,
the participant also had to be classi-
fied äs a user for at least 30 days pnor
to the mdex date, otherwise, the par-
ticipant was counted äs a nonuser of the
drug This defimtion of current use,
which specified a mimmum duration
of 30 days of use, thus excluded cur-
rent users who had just started the
medication For 80% compliance, a par-
ticipant who received 100 pills with m-
structions to take l pill per day was clas-
sified äs a current user for 125 days
(from 100/0 8) after the prescription
dispensmg date In preplanned sensi-
tivity analyses, we reanalyzed data that
defmed current use assuming 100%
rather than 80% compliance

Individual drugs were grouped mto
major common classes diuretics,
ß-blockers, angiotensm-convertmg en-
zyme (ACE) Inhibitors, calcium-
channel blockers, and other vasodila-
tors Diuretics mcluded both loop and
thiazide diuretics Dunng the study pe-
nod, only 2 controls received angio-
tensm-receptor blockers, which were
grouped with ACE Inhibitors

Blood Collection
and Laboratory Assays
A blood specimen was drawn from the
antecubital vem mto tubes contammg
EDTA and processed White blood cells
were shipped on dry ice to the labora-

tory m Leiden, the Netherlands DNA
was extracted usmg Standard saltmg-
out procedures 29 The Status of the
adducin variant was assayed usmg
Standard polymerase cham reaction-
restriction-fragment-length polymor-
phism genotyping methods The
forward mutagenic primer was
5'GGGGCGACGAAGCTcCaGAG-
GAA3' Nucleotides m lower case dif-
fer from the sequence of the gene, and
they create a BstXI recogmtion site m
the presence of the variant Trp460 allele
The reverse primer was 5'GGCTG-
GATTCCCAAAGCCTCC3' The pres-
ence of the Trp460 allele was assessecl
by the occurrence of this additional
BstXI restriction site m the polymer-
ase cham reaction fragment Labora-
tory personnel were bhnded both to
case-control Status and to antihyper-
tensive drug-therapy Status

Exposure Definitions
and Statistical Analysis
Based on the computenzed pharmacy
data, participants' dmretic use was clas-
sified äs current or not current at their
mdex dates All patients who did not
meet cntena for current use of diuret-
ics were currently takmg l or more
other antihypertensive drug therapies
at their mdex dates All participants
were also classified either äs homozy-
gous carners of the adducin wild-type
(normal) genotype or äs carners of l
or 2 copies of the α-adducm variant
Trp460 allele

In comparmg case and control char-
acteristics, we used the t lest or analy-
sis of variance for contmuous vari-
ables and the χ2 test or Fisher exact text

for categorical variables The ORs were
estimated from the cross product of the
2 X 2 table for case-control Status by ex-
posure Status, and their 95% confi-
dence intervals (CIs) were estimated m
the Standard way3 0 3 1 Logistic regres-
sion was used for multivanable analy-
sis The ORs were also calculated sepa-
rately m the 2 strata defmed by adducin
genotype Formal tests for mteraction
were performed with both case-
control and case-only methods 3233

When assumptions are met,33 case-
only studies are more efficient and pow-
erful than case-control methods 34 Both
methods estimate the synergy mdex
(SI), which is the ratio of the OR m
those with the variant to the OR m those
without the variant The case-only SI
is calculated from the cross product of
the exposure and genotype among the
cases 33 An SI equal to l means that the
ORs m the 2 subgroups are the same
and that there is no mteraction on the
multiphcative scale An SI of less than
l represents an mteraction—for m-
stance, the nsk of MI or stroke associ-
ated with dmretic use is smaller m car-
ners of the adducin variant than in
carners of the wild type All Statistical
tests were 2-tailed Sensitivity analy-
ses mcluded not only several defmi-
tions of dmretic use, dose, type, and du-
ration of use, but also subgroup analyses
defmed by age, sex, race, diabetes, and
history of cardiovascular disease Analy-
sis was performed usmg SPSS statisti-
cal Software (Version 10, SPSS Ine, Chi-
cago, 111)

RESULTS

The prmiary analysis mcluded 206 MI
cases, 117 stroke cases, and 715 con-
trols (TABLE 1) Among the controls,
the adducin variant was in Hardy-
Weinberg equihbrium 35 TABLE 2
summanzes the patient charactens-
tics of the 3 groups Cases and con-
trols differed m expected ways For ex-
ample, diabetes, previous angina, family
history of MI, systolic blood pressure,
current smoking, total cholesterol, high-
density lipoprotem cholesterol, and glu-
cose level were nsk factors for MI Smce
controls were frequency matched to the

1682 JAMA April 3 2002—Vol 287 No 13 (Repnnted) ©2002 American Medital Assoualion All rights rcscncd
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MI cases, the mean age of stroke cases
was higher than that of the controls
The prevalence of the adducm vanant
was high (S35%) in all groups

When cases and controls were ana-
lyzed separately (TABLE 3), the addu-

cin genotype was not associated with
most other nsk factors For mstance,
most recent and pretreatment systolic
and diastohc blood pressures did not
differ significantly between carners of
the vanant allele and carriers of the wild

type This was true for both the cases
and the controls While the mean num-
bers of dmretic prescriptions were simi-
lar in adducm-vanant and wild-type
carriers, the prevalence of current di-
uretic use differed significantly by ad-

Table 2. Charactenstics of Myocardial Infarction (MI) and Stroke Cases and Controls11

Charactenstic

Age y

Women %

Black %

Current smokmg %

Nonsedentary %

Marned %

Diabetes %

Prior disease/procedure %
Angina

Percutaneous coronary Intervention or coronary
artery bypass grafi

Cardiovasoular disease

Family history of MI

No of antihypertensive medicmes taken %
1

2

3

4

Body mass index kg/m2

Years in Group Health Cooperative

No of visits in the pnor year

Most recent blood pressure mm Hg
Systolic

Diastohc

Pretreatment blood pressure mm Hg
Systolic

Diastohc

Duration of treated hypertension y

Pulse beats/min

Cholesterol level
mg/dL

mmol/L

High density hpoprotem Cholesterol level
mg/dL

mmol/L

Glucose level
mg/dL

mmol/L

Potassium mEq/L

Creatinme level
mg/dL

μιηοΙ/L

α Adducm genotype %
Homozygous wild type (GG)

Heterozygous (GT)

Homozygous vanant (77)

MI Cases
(n = 206)

635(106)

379

34

155

699

782

248

262

73

306

41 7

631

30 1

63

05

31 2 (5 8)

178(123)

6 5 (6 0)

1440(196)

824(103)

1650(21 4)

99 4 (1 1 2)

9 8 (6 6)

75 2 (1 1 2)

2405(44 1)

6 2 (11)

423(12 1)

1 1 (0 3)

1298(569)

7 2 (3 2)

4 26 (0 4)

1 10(03)

97 1 (24 9)

62 1

354

24

Stroke Cases Controls
(n = 117) (n = 715)

698(78) 645(101)

59 8 48 1

17 29

137 99

59 8 74 3

68 4 73 4

222 131

145 124

77 43

179 148

20 5 26 7

53 3 62 0 ~

35 9 32 3

7 7 4 9

26 08 -

29 6 (6 3) 30 3 (6 3)

21 3(133) 21 2(108)

7 0 (5 6) 5 6 (4 9)

1507(21 2) 141 0(183)

833(108) 826(105)

1694(241) 1606(197)

101 1 (131) 987(100)

140(93) 109(77)

755(124) 742(115)

243 5 (49 6) 226 6 (44 0) ~

63(1 2) 58(1 1) _

473(156) 480(151)"

1 2 (0 4) 1 2 (0 4) _

1306(583) 1 14 5 (43 5) ~

72(32) 64(24) _

418(05) 417(04)

1 20 (0 9) 1 08 (0 4) ~~

1062(831) 95 2 (32 6) _

59 0 63 8 Ί

402 31 5

09 48 J

P Value
l
MI Cases vs Stroke Cases

Controls vs Controls

23 < 001

01 02

74 43

03 24

22 002

17 26

< 001 01

< 001 54

10 14

< 001 39

<001 15

76 17

09 24

< 001 96

04 005

04 < 001

83 47

04 003

58 12

06 001

29 25

< 001 < 001

< 001 64

< 001 005

01 75

41 16

21 02

"Values are expressed äs mean (SD) unless otherwise indicated Control to case matchmg ratlos were higher for women than men by design

©2002 Amtucan Mcdical Association All nghts itsencd (Repnnted) JAMA April 3 2002—Vol 287 No 13 1683
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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 äs cur-
rent diuretic users had received an av-
erage of 38.8 diuretic prescriptions,
while participants classified äs 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-

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

Table 3. Association of the α-Adducin Variant With Characteristics of Participants*

Characteristic

Women, %

Black, %

Diabetes, %

History of angina, %

Any cardiovascular disease, %

Current smoking, %

Antihypertensive medication, %
Diuretics

ß-Blockers

Calcium-channel blockers

Angiotensin-converting enzyme Inhibitors

Other vasodilators
N > of antihypertensive medications taken, %

1

2

3

4

No of prescriptions for diuretics

Most recent blood pressure, mm Hg
Systolic

Diastolic

Pretreatment blood pressure, mm Hg
Systolic
Diastolic

Yoars receivmg hypertension treatment
' ' iK" beats/mm

•viiiie level
l Ή

öl L

f ' ' t / k <",(,' level
nuj.OL

mmol/L

Choiosterol level
mg/dl.

mmol/L

Htgtvdensity lipoprotein cholesterol level
mg/dL

mmol/L

too Of visits in pnor year

Years in Group Health Cooperative

lH*m a'° oxpressed as mean (SD) unless otherwise

""'» '.·) us GT orhomozygous 7T

1
Wild Type
(n = 456)t

50.7

3.3

147

12.9

15.1
11.4

45.6

329

25.4

33.1

6.1

62.7

32.0

4.6

0.7

25.4(27.1)

141.1 (18.8)
82.5(10.4)

160.5(19.5)

987(10.1)

10.7(7.7)
74.9(11.3)

1 .07 (0.4)

949(35.1)

115.0(43.8)
6.4 (2.4)

227.9(46.1)

5.9(1.2)

475(15 1)
1 .3 (0.4)

5.4 (4.9)

21 2(105)
indicated.

Controls

Variant
(n = 259)φ

54 1

2.3

10.4

11.6

14.3

7.3

494

32.8

259

34.0

5.0

60.6 Ί

328

5 4

1.2 J

25.7 (26.6)

140.9(17.5)

82.7(10.6)

1 60.7 (20 0)

98.8 (9 9)

1 1 .2 (7.9)

73.1 (11.8)

1.08(0.3) ~

95.6 (27.6) _

113.6(43.1) -

6.3(2.4) _

224.5 (39.9) ~

5.8(1.0) _

48.8(15.2) ~

1.3(0.4) _

5.8 (4.9)

21.4(11.3)

Myocardial Infarction and Stroke Cases

P Value

38

.46

.11

.60

.76

.08

.33

.98

.90

81

.54

.84

.88

.87

.77

.95

.95

.36

05

n

.68

.32

,5

.26

.84

Wild Type
(n = 197)t

42 1

3.0

22.3

21.8

24.9

15.2

47.7

34.0

30.5

34.0

9.6

553

350

8.1

1.5

23.6 (27.2)

146.8(19.7)

83.5(10.1)

165.2(21.9)

100.5(11.3)

11.5(8.1)

76.8(12.0)

1.15(0.7)

101.8(65.1)

129.5(58.1)

7.2 (3.2)

243.4 (44.6)

6.3(1.2)

43.7(13.5)

1.1 (0.4)

6.4 (5.8)

18.9(12.8)

Variant
(η = 126)φ

51.6

2.4

26.2

222

27.8

14.3

32.5

44.4

246

33.3

4.8

66.7 ~~

27.8

4.8

0.8 J

20.3 (26.8)

146.0(21.5)

81.6(11.1)

167.8(23.3)

99 1 (12.8)

11.1 (7.6)

730(10.7)

1.11 (0.3) -

98.1 (287) _

131.0(56.4) '

7.3(3.1) _

238.7 (48.4) "

62(1.3) _

44.8(13.8) "

1.2(0.4) _

7.1 (6.0)

19.3(12.6)

l

P Value

.10

.72

.43

.93

.56

.82

.007

06

.25

90

.11

.21

.30

.76

.13

37

.38

65

.004

.55

.82

| .38

.49

.31

.79
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with theriskof MI orstroke (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, 1.09X 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 MI
orstroke (OR, 1.09; 95% CI, 0.78-1.52).

But among the 385 carriers of the addu-
cin variant, diuretic therapy was asso-
ciated with a lower risk of MI or stroke
than other antihypertensive therapies
(OR, 0.49; 95% CI, 0.32-0.77). The case-
control estimate of the SI 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 SIs 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 MI
alone was 0.41 (95% CI, 0.21-0.80) and
for stroke was 0.53 (95% CI, 0.24-
1.19); their 95% CIs were widely over-
lapping. Adjustment for age, sex, race,
smoking, and diabeles had little effect

on the case-control SIs for risk of MI
or stroke, or for the combined out-
come of MI 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 SIs 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 SIs
did not differ between those who were
taking only l 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 α-Adducin Variant Individually With Case-Control Status1

1

Gases

Current diuretic use
No

Yes

Adducin variant
Wild type

Variant

188

135

197

126

MI and Stroke

Controls OR (95% CI)

379 1 .0

MI Only
I I l

Cases Controls OR (95% CI)

123 379 1 0

336 0.81(0.62-1.06) 83 336 0.76(0.56-1.04)

456 1 .0

259 1.13(0.86-1.4E

128 456 1.0

3) 78 259 1.07(0.78-1.48)

Stroke Only
l [

Cases Controls OR (95% CI)

65 379 1 .0

52 336 0.90(0.61-1.34)

69 456 1 .0

48 259 1.23(0.82-1.83)

•'•Ml indicates myocardial infarction; OR, odds ratio; and CI, confidence mterval.

Table 5. Interactions Between Diuretic Use and α-Adducin Variant on Risk of First Nonfatal Myocardial Infarction (MI),

Diuretic
Use

Not current

Current

Not current

Current

Not current

Current

Not current

Current

Not current

Current

Not current

Current

Adducin No. of
Variantt Gases

Wild type

Wild type

Variant

Variant

Wild type

Wild type

Variant

Variant

Wild type

Wild type

Variant

Variant

103

94

85

41

68

60

55

23

35

34

30

18

No. of P
Controls OR (95% CI) Value

248

208

131

128

248

208

131

128

248

208

131

128

1.0

1.09(0.78-1.52)

1 .56 (1 .09-2.23)

0.77(0.51-1.17)

1.0

1.05(0.71-1.56)

1.53(1.01-2.32)

0.66(0.39-1.10)

1.0

1.16(0.70-1.92)

1 .62 (0.95-2.76)

1.00(0.54-1.83)

M

.62

.01

.23

.80

.04

.11

c

.57

.07

.99

No. of
Study Population Subjects Measure

and Stroke

Adducin variant carrier

Adducin wild-type carrier

All cases and controls

Cases only

MI Only

Adducin variant carrier

Adducin wild-type carrier

All cases and controls

Cases only

itroke Only

Adducin variant carrier

Adducin wild-type carrier

All cases and controls

Cases only

385

653

1038

323

337

584

921

206

307

525

832

117

Case-control OR

Case-control OR

Case-control SI

Case-only SI

Case-control OR

Case-control OR

Case-control SI

Case-only SI

Case-control OR

Case-control OR

Case-control SI

Case-only SI

Stroke, or Both*

Point Estimate
(95% CI)

0.49 (0.32-0.77)

1 .09 (0.78-1 .52)

0.45 (0.26-0.79)

0.53 (0.33-0.84)

0.43 (0.25-0.74)

1.05(0.71-1.56)

0.41 (0.21-0.80)

0.47 (0.26-0.86)

0.61 (0.33-1.16)

1.16(0.70-1.92)

0.53(0.24-1.19)

0.62(0.29-1.31)

P
Value

.002

.62

.005

.007

.002

.80

.009

.01

.13

.57

.13

.21

*OR indicates odds ratio; CI, confidence interval; and SI, Synergy mdex.
tWild type is homozygous for wild-type allele; variant is heterozygous or homozygous for Trp460 allele.
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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
combmed 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 mterac-
tion The most extreme difference, SIs
of 0 19 in men and 061m women for
the combmed outcome of MI and
stroke, was withm the play of chance
(P= 07)

Table 6. Effect of Senal Adjustments on Case-Control Synergy Indices for the Interaction
ßetween α Adducin Vanant and Diuretic Use on the Risks of First Nonfatal Myocardial
Infarction (MI) Stroke, or Both*

MI and Stroke

Covanatef

ΝΟΠΘ

Age

Sex

Raoe

Smoking

Diabetes

Any cardiovascular
disease

Total cholesterol

Systolic blood
pressuret

1

Sl (95%

0 45 (0 26

0 45 (0 26

0 45 (0 26

0 45 (0 26

0 45 (0 26

0 46 (0 26

0 45 (0 25

0 45 (0 25

0 43 (0 24

Cl)

079)
078)

079)

079)

080)

082)

079)

080)

077)

1
P

Value

005

005

005

005

006

008

006

007

004

1

Sl

041

041

MI

(95%

(021

(021

0 42 (0 22

042

042

044

041

042

(021

(022

(022

(021

(021

0 40 (0 20

Only

Cl)

080)

080)

083)

082)

083)

087)

083)

083)

081)

Stroke Only
l

P
Value

009

009

01

01

01

02

01

01

01

l

Sl (95%

0 53 (0 24

0 51 (0 22

0 50 (0 22

0 50 (0 22

0 51 (0 22

0 49 (0 21

049(021

0 49 (0 21

0 46 (0 20

Cl)

1 19)

1 16)

1 15)

1 15)

1 16)

1 14)

1 14)

1 15)

1 09)

l
P

Value

13

11

10

10

11

10

10

10

08

Sl indicates case control Synergy ndex Cl confidence mterval
fEach covanate was added to a model that contained the covar ate(s) listed above it
tMost recent measurement taken

The interaction was more pro-
nounced among homozygotes for the
Trp460 allele Among participants tak-
mg dmretics, none of the MI or stroke
cases and 16 controls were homozy-
gous for the Trp460 allele Among the
homozygotes, the OR for both events
combmed was 0 (P= 02, Fisher exact
test) The pomt estimate of the Sl was
lower for nonhemorrhagic stroke (Sl,
0 45,95% Cl, 0 18-1 09) than for hem-
orrhagic stroke (Sl, 0 90,95% Cl, 0 10-
7 74), although neither of the 2 SIs m-
dividually, nor the difference between
them, was significant

In additional analyses, dmretic use
and the adducin variant were not asso-
ciated with most recent or pretreat-
ment systohc or diastohc blood pres-
sure, and 2-way analysis of vanance
provided no evidence of an interaction
between dmretic 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 estimates Simi
larly in stroke analyses, the inclusion

Table 7. Interaction Between the Adducin Vanant and Aspects of Diuretic Use or Use of Other Antihypertensive Agents on the Risks of First
Nonfatal Myocardial Infarction (MI) Stroke, or Bothh

Variable

Compliance with diuretics
80%

1 00%

Diuretic doset
s Modal

>Modal

Type of diureticf
Thiazide

Loop

Duration of diuretic useft
<37 prescnptions

£37 prescnptions

No of antihypertensive medicmes
1

>2

Adducin variant interaction with
β Blockers

Angiotensin converting enzyme
Inhibitors

Calcium channel blockers

MI and

No. of Subjects

1038

1038

915

681

974

631

788

817

636

402

1038

1038

1038

Stroke

Sl (95% Cl)

0 45 (0 25 0 79)

0 52 (0 30 0 89)

043(023 081)

055(022 1 41)

0 51 (0 28 0 93)

0 20 (0 06 0 70)

043(0 19 095)

0 45 (0 23 0 88)

050(022 1 14)

042(016 1 11)

1 41 (079 251)

1 00 (0 56 1 80)

0 79 (0 42 1 48)

MI Only
l
No. of Subjects

921

921

814

610

868

555

735

770

543

348

921

921

921

l
Sl (95% Cl)

0 41 (0 21 0 83)

0 46 (0 24 0 89)

0 46 (0 22 0 96)

0 33 (0 09 1 22)

0 52 (0 25 1 06)

010(002 056)

0 41 (0 1 5 1 1 6)

040(018 086)

046(017 1 22)

033(0 10 1 21)

1 17(069 235)

1 21 (0 60 2 44)

1 06 (0 51 2 23)

Stroke Only
l
No of Subjects

832

832

727

549

782

494

701

688

506

326

832

832

832

Sl (95% Cl)

049(021 1 14)

0 61 (0 28 1 35)

0 39 (0 1 5 1 00)

0 92 (0 26 3 26)

0 51 (0 21 1 26)

0 38 (0 08 1 90)

043(0 15 1 23)

077(029 201)

052(015 1 84)

0 60 (0 1 6 2 69)

2 00 (0 86 4 68)

0 66 (0 27 1 60)

048(0 18 1 27)
H Models were adjusted for age sex race diabetes cardiovascular disease and current smoking Sl indicates case control synergy Index Cl confidence mterval
fSubjects who were not exposed to the category of interest were excluded from the analysis of those who were exposed (IG subjecis who took thiazides were excfuded from the

analysis of loop diuretics)
tThe number of 37 prescnptions is 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 MI 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 parlicipants. 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 MI 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 MI (SI, 0.41; 95%
CI, 0.21-0.80) and stroke (SI, 0.53; 95%
CI, 0.24-1.19). The diuretic-adducin in-

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.35 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 l single nucleotide
polymorphism. However, single nucleo-
tide polymorphisms, which are com-
mon in genes related to hyperten-
sion,36 may fail to capture biological
effects of haplotypes, which represent
all the polymorphisms present on a
single maternal or paternal chromo-
somal segment.37 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 äs 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

Table 8. Sensitivity Analyses of the Adjusted Case-Control Synergy Indices for the Interaction Between the α-Adducin Variant and Diuretic
Use on the Risks of First Nonfatal Myocardial Infarction (MI), Stroke, or Both"

Population

Adjusted model

Race
Not black

Blackf

History of cardiovascular disease
No

Yes

Diabetes
No

Yes

Sex
Men

Women

Age, y
<65

2=65

MI and
1
No. of Subjects

1038

1008

30

848

190

867

171

546

492

468

570

Stroke

SI (95% CI)

0.45 (0.25-0.79)

0.43 (0.24-0.78)

0.40(0.01-17.8)

0.49 (0.26-0 94)

0.33(0 10-1.16)

0.49(0.26-0.91)

0.31 (0.07-1.31)

0.19(0.08-0.49)

0.61 (0.26-1.39)

0.29(0.11-0.75)

0.57(0.27-1.19)

MI Only
!

No. of Subjects

921

893

28

752

169

776

145

499

422

448

473

SI (95% CI)

0.41 (0.21-0.83)

0.40 (0.20-0.80)

0.60 (0.07-37.7)

0.46 (0 20-1 .02)

0.33(0.08-1.33)

0.51 (0.24-1.11)

0.20(004-1 04)

0.22 (0.08-0.60)

0.58 (0.20-1 71)

028(0.10-0.78)

0.56(0.21-1.46)

Stroke Only
l
No. of Subjects

832

809

23

705

127

712

120

418

414

359

473

l
SI (95% CI)

049(0.21-1.14)

0.50(0.21-1.17)

NA

0.58 (0.23-1 47)

0.19(002-1.53)

0.42(0.17-1.07)

0.63 (0.07-5.93)

0.16(0.03-0.89)

0.58 (0.20-1 .70)

0.30(0.04-2.19)

0.57(0.22-1.48)

'•Models were adjusted for age, sex, race, diabetes, cardiovascular disease, and current smoking. Models straiified on a factor (such äs 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 differenoe, both events in men vs women, P = .07 for SIs
of 0 19 and 0.61. CI indicates confidence interval, NA, not estimaiabie

tSynergy indices are unadiusted.
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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.11"20 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 sodium reabsorption.10'21

The phenotype of salt sensitivity, in-
dependent of blood pressure, has been
associated with an increased risk of car-
diovascular events.23 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,38 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
äs high in the doxazosin arm äs in the
diuretic arm. Although the ot-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.39

Several monogenic forms of high
blood pressure, such äs glucocorticoid-
remediable aldosteronism and Liddle
syndrome,6·40 are so rare that they do
not contribute measurably to the bür-
den of hypertensive disease in hu-
mans. Essential hypertension, gener-
ally mild-to-moderate elevations of
blood pressure in the population, has

been associated with several genetic
polymorphisrns.6'7'41"43 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.44 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 106000 had fatal ad-
verse drug reactions.45 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.46

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
polymorphisrns 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.32·33 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 äs myocardial
infarction, stroke, and heart failure.

Currently, low-dose diuretics to-
gether with ß-blockers are recom-
mended äs 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.47 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 äs MI, stroke,
and heart failure.38'48 They remain the
preferred first-line medication for the
pharmacological treatment of high
blood pressure.
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