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Genetics
Renin Gene Polymorphisms and Haplotypes, Blood
Pressure, and Responses to Renin-Angiotensin
System Inhibition
Niamh Moore, Patrick Dicker, John K. O’Brien, Milos Stojanovic, Ronán M. Conroy,
Achim Treumann, Eoin T. O’Brien, Desmond Fitzgerald, Denis Shields, Alice V. Stanton
Abstract—Renin catalyzes the rate-limiting step of the renin-angiotensin system. A T allele variant at position ⫺5312
within a distal enhancer region has been reported to increase in vitro renin gene transcription. Among 387 White bank
employees, ambulatory blood pressures were higher in 133 ⫺5312T allele carriers than in 254 CC homozygotes—mean
differences [99% confidence interval] between carriers and homozygotes for daytime and night-time systolic/diastolic
pressure were 2.5[0.4,4.6]/1.7[0.2,3.2] and 2.4[0.5,4.4]/1.5[0.1,2.9] respectively. Ambulatory pressure estimates for the
only common renin haplotype including the ⫺5312T variant (⫺5312T, 5090C, 5912A, 9479A, 10194G), were
statistically significantly higher than estimates for all other haplotypes. Among 259 White hypertensive participants in
a randomized double-blind clinical trial comparing a renin antagonist, aliskiren, with an angiotensin receptor blocker,
losartan, plasma renin activity did not differ with renin ⫺5312C/T genotype. Nocturnal blood pressure reductions with
losartan 100 mg daily were significantly greater in ⫺5312T allele carriers than in CC homozygotes (mean[standard
error]; ⫺12.9[3.7]/⫺7.9[2.4] versus ⫺7.1[2.5]/⫺4.2[1.6]) whereas with aliskiren 150 and 300 mg daily, lesser
reductions were observed in ⫺5312T allele carriers than in CC homozygotes (⫺5.4[2.0]/⫺4.1[1.3] versus ⫺10.1[1.4]/
⫺6.5[1.1]; P⬍0.03 for treatment⫻genotype interaction for night-time systolic and diastolic pressures). Hence, the
⫺5312 renin C/T enhancer polymorphism does contribute to blood pressure variation in Whites and also appears to
predict responses to inhibition of the renin–angiotensin system. These findings suggest that genotyping at this locus may
aid in the identification of susceptibility to hypertension and in the selection of optimal therapy for individual
hypertensive patients. (Hypertension. 2007;50:340-347.)
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䡲 renin inhibition 䡲 angiotensin receptor blockade

T

he renin-angiotensin system (RAS) plays important roles
in the regulation of electrolytes, blood pressure (BP), and
atherosclerosis.1,2 Renin catalyzes the first and rate limiting
step of the cascade, the conversion of angiotensinogen to
angiotensin I. Hypertensive patients with high plasma renin
levels are more likely than those with normal or low renin
levels to experience myocardial infarctions.3 Furthermore BP
lowering responses to antihypertensive drugs differ depending on the plasma renin status of the patient.4
Much progress has been made in elucidating the molecular
mechanisms involved in renin gene expression.5 In mice a
242-base pair element (nucleotides ⫺2866 to ⫺2625) is
capable of stimulating promoter activity approximately 50fold. In man, however, the homologous element, located
approximately 11 kilobases upstream of the transcription start
site, is much weaker.6 This between species difference

appears to be attributable to a single nucleotide change in the
promoter proximal half site of a retinoic-acid response
element.7 There is a further distal enhancer region (nucleotides ⫺5777 to ⫺5312) which has been reported to activate
the human renin promoter approximately 60-fold in primary
cultures of human chorionic cells.8,9 Fuchs and colleagues
noted 45% greater rates of renin gene transcription in the
presence of a ⫺5312T allele rather than a ⫺5312C allele.9
This finding stimulated our interest in examining this gene
polymorphism for in vivo human functionality.
We hypothesized that this polymorphism would, either by
itself or in haplotypic combination with other common renin
gene single nucleotide polymorphisms (SNP), be associated
with an increased susceptibility to hypertension. Having
confirmed that carriers of the renin ⫺5312T allele did indeed
demonstrate elevated ambulatory BP, we proceeded to exam-
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ine whether this association was likely mediated by altered
plasma renin activity (PRA), and whether BP lowering
responses with RAS blockade were greater in persons carrying the variant T allele.
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tion). Total cholesterol, triglycerides, glucose, and creatinine were
measured using standard enzymatic methods on a Roche/Hitachi 912
automated analyser (Roche Diagnostics, Basel Switzerland). Plasma
renin activity was measured by trapping of generated angiotensin I
by antibodies and by subsequent radioimmunoassay. Aliskiren was
measured by direct radioimmunoassay.

Methods
Employee Population
The cohort of 815 current and retired White bank employees and
their spouses were free of diagnosed hypertension and vasoactive
drugs when recruited to the Allied Irish Bank Study.10 At the
baseline (phase I) examination, conducted between 1989 and 1991,
age, gender, smoking habit, alcohol consumption, salt intake, family
history of cardiovascular events, past medical history, current drug
treatments, height, weight, and clinic BP were recorded, and 24-hour
ambulatory BP monitoring (ABPM) was performed. Between 1996
and 2001, after a mean interval of 8.4 years, 441 subjects responded
to a written invitation to undergo repeated assessments. At this time,
only 4 subjects were taking antihypertensive medication, and these
discontinued therapy one week before the phase II assessments. At
the phase II examination, blood was additionally drawn for biochemical measurements and for extraction of DNA. We excluded 9
participants because of technically unsatisfactory ABPM recordings
and 45 participants in whom DNA extraction was unsuccessful. Thus
the total number of participants included in the present analysis was
387. All subjects provided written informed consent to each phase of
the study. The study protocols of the 2 phases conform to the
Declaration of Helsinki and were approved by the Beaumont
Hospital Research Ethics Committee.

Hypertensive Population
The subjects of this population were recruits to a randomized,
double-blind, active comparator, parallel group, BP lowering trial.
Methods and study design have been described in detail elsewhere.11
Briefly, 345 White patients, aged between 21 and 70 years, with
mild-to-moderate hypertension were recruited from 5 hospital outpatient clinics in Ireland. Participants were required to have an
off-treatment average daytime systolic ABPM ⱖ140 mm Hg, and
were not eligible if they had secondary hypertension, malignant
hypertension, diabetes mellitus, coronary artery disease, or cerebrovascular disease. After an antihypertensive drug free period of at
least 2 weeks, the patients were randomly assigned to receive 37.5
mg, 75 mg, 150 mg, or 300 mg aliskiren, or 100 mg losartan, daily
for 4 weeks. Clinic BP measurement and ABPM were performed at
baseline and after 4 weeks of study treatment. Blood chemistry,
PRA, and aliskiren levels were measured from venous blood samples
drawn from the patients while seated, at baseline and 24 hours after
the last dose of randomized study treatment. Two hundred and
fifty-nine individuals provided an additional blood sample at baseline for DNA extraction and anonymous genotyping— of these 47
were not randomized to study treatment, 44, 44, 41, and 43 were
assigned to 37.5 mg, 75 mg, 150 mg, and 300 mg aliskiren,
respectively, and 40 were assigned to 100 mg losartan. All participants provided written informed consent both for the clinical trial
and for further genetic analyses concerning cardiovascular disease.
The study protocol conforms to the Declaration of Helsinki, and was
approved by the Research Ethics Committees of each participating
institution.

Identification of Renin Gene Sequence Variants
and Genotyping
A full description is available in the supplemental materials (available online at http://hyper.ahajournals.org). DNA from 10 normotensive subjects and from 10 hypertensive patients was screened for
mutations in the 5⬘-flanking and protein-coding regions of the renin
gene by a combination of ion-pairing reversed-phase partially
denaturing high-performance liquid chromatography (HPLC) and
direct sequencing. In the employee population, all 10 renin gene
SNPs that were detected were genotyped. Only 5 renin gene tagging
SNPs (tSNPs), identified using the multiple-marker haplotype r2
criterion, implemented as Criterion 11 of the TagIT software
package (http://popgen.biol.ucl.ac.uk/software),12 were genotyped in
the hypertensive population. Genotyping of SNPs was performed by
Kbiosciences (Herts, U.K.) using modified TaqMan assays
(http://www.kbioscience.co.uk).

Statistical Analyses
Phenotypic data are expressed as mean⫾SD, as median [interquartile
range], or as numbers (percentages). Both PRA and plasma aliskiren
levels followed a lognormal distribution and were log-transformed
before statistical analysis. Departure from Hardy–Weinberg equilibrium was tested by Chi-squared tests. Haplotype frequencies were
estimated using the EM algorithm for maximum likelihood.13
Genotypic analyses involved comparisons of carriers of the less
frequent (minor) allele with subjects that were homozygous for the
more frequent allele. Multiple linear regression analyses, with age
and sex as covariates, were used to test for associations of genotype
of the 5 tSNPs with BP levels within the employee population (both
phase I and II BP levels), and to test for associations of ⫺5312C/T
genotype with baseline PRA within the hypertensive population. In
considering the associations of ⫺5312C/T genotype with ontreatment PRA, and with BP lowering responses, drug treatment
group, weight, and baseline PRA were additional covariates. Only
data from individuals randomized to effective antihypertensive doses
of drug (losartan 100 mg, aliskiren 150 mg or 300 mg,) were
included in these latter analyses.
When testing for associations of haplotype with BP within the
employee population, sex, age, and predicted individual haplotypes
were included in weighted analysis of covariance (ANCOVA)
models with haplotype probability as the weighting factor. Each
factor was then assessed for significance using standard F-tests, and
least squares estimates of blood pressure were obtained. The associations of haplotype with PRA, and with BP lowering responses,
were assessed using similar weighted ANCOVA models.
Analyses were performed using SAS statistical software package
versions 9.1 and 9.2 (SAS Institute Inc). All statistical tests were
2-sided. As we tested for associations of the genotypes of 5 renin
tSNPs with BP in the employee population, P⬍0.01 was considered
statistically significant. For all further analyses which only concerned renin ⫺5312C/T genotype or renin gene haplotype, P⬍0.05
was considered statistically significant.

Blood Pressure and Laboratory Measurements
Ambulatory BP measurements in both study populations were made
every half-hour throughout a 24-hour period using validated oscillometric 90202 or 90207 SpaceLabs recorders (SpaceLabs, Wokingham, Berkshire, UK). Mean daytime (mean of all measurements
between 0900 and 2100 hours), and night-time (mean of all measurements between 0100 and 0600 hours) systolic and diastolic
pressures were calculated for each individual. Sitting clinic BP was
measured from the right arm using a mercury sphygmomanometer
(employee population) or a regularly calibrated validated automated
sphygmomanometer (Omron HEM-705CP) (hypertensive popula-

Results
Populations Characteristics
Fifty-eight percent of the employee population and 63% of
the hypertensive population were men. By comparison with
the employee population, the hypertensive population was
older (P⬍0.0001), more overweight (P⬍0.0001), and had
higher fasting cholesterol (P⬍0.01), triglyceride (P⬍0.0001),
and creatinine levels (P⬍0.0001; Table 1). There were fewer
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TABLE 1.

Characteristics of the Employee and Hypertensive Participants
Employees

Hypertensives

Variable

Males
(n⫽224)

Females
(n⫽163)

Males
(n⫽164)

Females
(n⫽93)

Age, y

46⫾9

41⫾10

50⫾12

55⫾9

Body mass index, kg/m2

27⫾3

24⫾4

30⫾5

30⫾6

Current smoking, %

71 (32)

45 (28)

27 (16)

17 (18)

Alcohol intake, units/week

15关8–24兴

6关2–11兴

10关3–20兴

2关0–6兴

Salt usage at table, %

128 (57)

98 (60)

82 (50)

60 (63)

Total cholesterol, mmol/L

5.7⫾1.2

5.3⫾1.2

5.7⫾1.0

5.9⫾1.0

Triglycerides, mmol/L

1.4⫾0.9

1.0⫾0.6

2.2⫾1.6

1.7⫾1.5

Diabetes mellitus
Creatinine, mol/L
Daytime SBP, mm Hg
DBP, mm Hg
Night-time SBP, mm Hg
DBP, mm Hg
Clinic SBP, mm Hg
DBP, mm Hg

2 (1)

1 (1)

0

0

97⫾13

79⫾10

100⫾13

86⫾11

131⫾12

120⫾12

154⫾10

154⫾12

82⫾8

75⫾8

95⫾9

93⫾11

112⫾12

104⫾10

132⫾14

132⫾15

67⫾8

61⫾7

77⫾11

76⫾12

130⫾17

116⫾19

155⫾18

156⫾18

82⫾11

74⫾11

94⫾11

91⫾10

Data expressed as mean⫾SD, median 关interquartile range兴 or as No. (%). Employee participant
information pertains to the phase II assessment.

current smokers in the hypertensive population (P⬍0.001),
and self reported alcohol intake was lower (P⬍0.005). Both
clinic and ambulatory pressures were higher in male employees than female employees (P⬍0.0001), and as expected,
untreated BP levels were considerably higher in the hypertensive population (P⬍0.0001).

Renin Gene SNPs and Haplotypes
Screening the renin gene in 20 Irish subjects revealed 2
variants in the 5⬘ flanking region, one synonymous coding
region variant, and 7 intronic variants (Figure 1a). Nine were
previously reported variants (http://www.ncbi.nlm.nih.gov/
SNP) but the variant in intron 2 (4435 G/A) was novel.
In the employee population, the proportions of the minor
allele of these 10 SNPs were as follows: ⫺5434T 0.41,
⫺5312T 0.19, 4280C 0.11, 4435A 0.11, 5090G 0.39, 5912G
0.11, 9088T 0.11, 9479G 0.06, 10194T 0.10, and 10601A
0.22. The r2 values for linkage disequilibrium between these
SNPs ranged from 0.07 to 0.98, allowing the identification of
5 tSNPs (Figure 1b). The distributions of genotypes for these
tSNPs were all in Hardy–Weinberg Equilibrium. Combinations of the 5 tSNPs were used to define 6 unique 5-SNP
haplotypes in the bank workers (Figure 1c).
In the hypertensive population, the proportions of the
minor allele of the 5 tSNPs (⫺5312T 0.18, 5090G 0.36,
5912G 0.12, 9479G 0.05, 10194T 0.11) were similar to those
of the employee population. The 4 downstream tSNPs were in
Hardy-Weinberg equilibrium. By contrast, the genotype distribution of the ⫺5312C/T polymorphism in the hypertensive
population deviated significantly (P⬍0.005)—there was a
relative paucity of TT homozygotes, and a small excess of CT
heterozygotes (CC homozygotes, 166 [64%]; CT heterozygotes, 92 [36%]; TT homozygotes, 1 [0.4%]). Estimated renin

gene haplotype frequencies were similar in the hypertensive
population to those of the employee population (Figure 1c).

Associations of Renin Genotype and Haplotype
With BP in the Employee Population

Firstly considering the renin ⫺5312C/T polymorphism alone,
unadjusted daytime and nighttime ambulatory pressures were
highest among the TT homozygotes and lowest among the
CC homozygotes, with CT heterozygotes demonstrating intermediate values (TT homozygotes n⫽11, CT heterozygotes
n⫽122, and CC homozygotes n⫽254, mean⫾SD; daytime,
128⫾19/82⫾10, 128⫾14/80⫾9, and 126⫾13/79⫾9;
nighttime, 112⫾12/67⫾10, 111⫾13/65⫾9 and 108⫾10/
64⫾9). Mean age and sex-adjusted daytime and nighttime
ambulatory pressure differences between carriers of the T
allele and CC homozygotes ranged from 2.5 to 1.5 mm Hg
(P⬍0.01 for all pressures; Figure 2). The associations with
ambulatory pressures were found in younger and older
participants and in both males and females (data not
shown). Clinic diastolic pressure was also significantly
higher in renin ⫺5312 T allele carriers than in CC
homozygotes, but the difference in clinic systolic BP was
not statistically significant after adjustment for multiple
comparisons (Figure 2). Neither demographic characteristics nor cardiovascular risk factors, other than BP, varied
with renin ⫺5312C/T genotype within this population
(data not shown). Figure 2 also illustrates that none of the
other 4 renin gene tSNPs had a statistically significant
association with any measure of BP.
Ambulatory and clinic pressures were also found to
differ significantly with renin gene haplotype (Table 2).
This was in large part attributable to the age and sex
adjusted estimates for blood pressure of haplotype 3 being
significantly higher than the corresponding pressure esti-
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Figure 1. Renin gene polymorphisms and haplotypes. a, A diagrammatic representation of the
renin gene (maps: chromosome 1q32). b, The
pairwise linkage disequilibrium (LD) plot of the 10
renin SNPs within the employee population. Five
tagging SNPs are identified with an asterisk. c,
The frequencies of the haplotypes, estimated by
applying the EM algorithm for maximum likelihood to the 5 tSNPs, in the employee and hypertensive populations.

mates of the remaining haplotypes. This was in agreement
with the results concerning individual renin gene SNP
associations, as haplotype 3 (TCAAG) alone carried the
⫺5312T variant.

Associations of Renin ⴚ5312C/T Genotype and
Renin Gene Haplotype With PRA in the
Hypertensive Population
As previously reported, PRA increased in response to losartan, whereas aliskiren suppressed PRA in a dose-dependent
manner (Pⱕ0.0001).11 We found no difference between renin
⫺5312 CC homozygotes and T allele carriers in either
baseline PRA (logarithmic mean [95% confidence interval],
11% [⫺15, 42]), or on-treatment PRA (3% [⫺24, 38]; Figure
S1). Baseline PRA and on-treatment PRA also did not differ
with renin gene haplotype (data not shown).

Prediction of BP Lowering Responses by Renin
ⴚ5312C/T Genotype and Renin Gene Haplotype in
the Hypertensive Population
Ambulatory BP at baseline was similar across the drug
treatment groups and did not differ between REN ⫺5312 CC
homozygotes and T-allele carriers (data not shown). With
both losartan and aliskiren, the higher the baseline PRA, the
greater was the BP lowering response. By contrast the
magnitude of BP lowering achieved with the 2 treatments
differed according to renin ⫺5312C/T genotype (Figure
3)—BP lowering with losartan, particularly nocturnally, was
greater in renin ⫺5312T allele carriers than in CC homozygotes, whereas BP lowering with aliskiren was greatest in CC
homozygotes (probability value for treatment⫻genotype interaction not significant for daytime pressures nor for clinic
diastolic BP, P⬍0.03 for nighttime pressures and for clinic
systolic pressures). The independent prediction of ambulatory
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Figure 2. Associations of the 5 renin tSNPs
with ambulatory and clinic BP in the employee
population. Mean age- and sex-adjusted differences between carriers of the minor allele and
subjects homozygous for the major allele, and
99% confidence intervals, are illustrated.

BP lowering responses to losartan and to aliskiren by baseline
PRA and by genotype is illustrated in Figure S2.
Age and sex adjusted estimates of BP lowering responses
to losartan 100 mg daily for haplotype 3 (TCAAG) were
approximately twice the responses to aliskiren 150 mg and
300 mg daily (daytime ⫺13.0/⫺7.0 versus ⫺7.7/⫺4.4; nighttime ⫺13.4/⫺8.6 versus ⫺5.1/⫺3.8; clinic ⫺15.1/⫺6.1 versus ⫺5.2/⫺2.1), whereas estimates of responses to losartan
and to aliskiren for all other haplotypes tended to be very
similar. However the haplotype 3⫻treatment interaction was
only statistically significant for nighttime systolic pressures
(P⫽0.02).

Interestingly on-treatment plasma aliskiren levels, at all
drug doses administered, were lower in renin ⫺5312 T allele
carriers compared with CC homozygotes (median ng/mL
[interquartile range], 37.5 mg, 2.4[1.1,2.9] versus
3.1[1.6,4.0], 75 mg, 3.9[2.9,6.8] versus 4.4[3.5,5.9], 150 mg,
7.1[5.6,11.3] versus 11.0[6.7,16.0], and 300 mg,
21.0[17.5,39.5] versus 31.5 [17.3, 55.3]). However this trend
did not achieve statistical significance (P⫽0.22).

Discussion
A common SNP in a renin distal enhancer element has
recently been reported to influence in vitro gene transcription

TABLE 2. Association Analysis of Renin Haplotypes With Ambulatory and Clinic BP Levels in the Employee Population
Haplotype
1 CGAAG
2 CCAAG

Frequency
0.41
0.21

Day SBP
124

0.11

124

0.34
0.03

Haplotype P value

0.002

0.30

106

0.01

0.89

62

0.14

62

0.009

Clinic SBP

Clinic DBP

0.003

760.17

0.56

770.55

0.32

119
121

780.02

1230.09

780.09

1060.14

610.02

1210.62

770.74

1260.09

780.94

1080.16

630.17

1230.05

760.23

0.02

0.03

0.02

0.01

0.02

0.10

0.10

rare

78

106

Night DBP

122

4 CCGAG

0.05

0.29

0.06

63

126

0.05

79

Night SBP

108

0.18

6 CCAGT

0.90

80

3 TCAAG
5 CCAAT

Day DBP

⬍0.01

Data are least squares estimates of blood pressure level (age and sex adjusted) for each haplotype. Haplotype P value refers to
the significance of an association between haplotype and BP. Superscripted P values on the BP estimates pertain to contrasts of the
BP of that haplotype tested against the BP of all remaining haplotypes. Statistically significant values are emboldened.
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Figure 3. Mean (SE) ambulatory and clinic BP
lowering responses to aliskiren 37.5 mg, 75 mg,
150 mg, and 300 mg, and to losartan 100 mg,
subgrouped by renin ⫺5312C/T genotype (CC
homozygotes vs T allele carriers).

in transfected human choriodecidual cells.9 In this article, we
provide the first evidence that renin ⫺5312C/T has in vivo
functional activity. We found carriage of the ⫺5312T allele,
a specific marker for a single renin haplotype, to be associated with both elevated ambulatory and elevated clinic BP
levels in healthy humans. The associations of renin ⫺5312
C/T genotype with BP were independent of age and sex. The
magnitude of the effect associated with carriage of the
⫺5312T allele ranged from 2.7 mm Hg to 1.5 mm Hg.
Furthermore we found evidence that the polymorphism
may predict BP lowering responses to RAS blockade in
hypertensive patients and that this prediction is additional
to that of PRA.
Animal model studies have demonstrated that variations in
the renin gene can affect blood pressure.14,15 Renin MboI,
BgII, and HindIII restriction fragment length polymorphisms
have been found to be associated with essential hypertension
in a range of ethnic groups.16 –20 On the other hand, there are
as many studies that have reported no association whatsoever
between these renin gene restriction fragment length poly-

morphisms and blood pressure.21–25 More recently a missense
mutation in exon 9 (10501G/A) has been reported to be
associated with both hypertension and elevated PRA in a
Japanese population,26 and an association between a renin
⫺4021C/T variant and hypertension was found in African
Americans but not in European Americans.27 The lack of
consistent results emerging from studies investigating associations between renin gene polymorphisms and BP is likely
contributed to by small sample sizes, genetic heterogeneity
between populations, and the studying of different variants by
different research groups. Because both populations studied
for this article were exclusively White and European, further
research across ethnic groups will be needed to determine the
generalizability of our findings.
Our genotypic analyses showed carriage of a renin⫺5312T
allele to be associated with 1.5 to 2.7 mm Hg higher ambulatory and clinic, systolic, and diastolic pressures than CC
homozygotes. The haplotype analyses supported the individual renin gene SNP analyses. Such apparently modest increases in BP are of importance—a 2-mm Hg rightwards shift
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in the population average of clinic systolic BP has been
reported to result in a 17% increase in hypertension prevalence, and 14% and 7% increases in stroke and heart attack
mortality, respectively.28,29 We chose ambulatory pressures
over clinic pressures as the primary phenotypic end point
because of its greater reproducibility and avoidance of the
whitecoat effect. Further, ambulatory pressures, particularly
nighttime values, have recently been confirmed to more
powerfully predict cardiovascular mortality than clinic pressures among hypertensive patients.30
We hypothesized that BP lowering with RAS blockade
would be greater in renin ⫺5312T allele carriers. This was
the case for angiotensin receptor antagonism but not for renin
inhibition. Blood pressure lowering with losartan among T
allele carriers with a baseline PRA greater than the median
value was more than twice that of CC homozygotes with
baseline PRA less than the median. Whereas BP responses
with aliskiren were also positively correlated with baseline
PRA, BP lowering, particularly at night, was greatest among
CC homozygotes. If our findings, of independent and disparate predictions of responses to renin inhibition and to angiotensin receptor blockade, by baseline PRA and by renin
⫺5312C/T genotype, are replicated in further larger clinical
trials, there may be clinical utility in measuring both PRA and
renin genotype, before the prescription of antihypertensive
therapy. Also any divergent BP lowering responses with
antihypertensive therapy may be paralleled by cardiovascular
protection.
There was no difference in PRA at baseline between renin
⫺5312T allele carriers and CC homozygotes in hypertensive
patients. Plasma renin activity of T allele carriers was neither
more resistant to suppression by aliskiren nor more elevated
with losartan therapy than that of CC homozygotes. We found
the associations of genotype and baseline PRA, with nocturnal systolic and diastolic and clinic systolic BP lowering
responses to renin inhibition and to angiotensin receptor
blockade, to be independent of each other. These 3 findings
suggest that the renin ⫺5312C/T polymorphism does not
influence the highly regulated secretion of active renin from
renal juxtaglomerular cells into the systemic circulation. It is
noteworthy that mice with 2 renin genes do demonstrate
higher BP levels, but have lower levels of both plasma and
renal renin, than mice with only one renin gene.31 A plausible
explanation is that functionality of the renin ⫺5312C/T
polymorphism is mediated by altered local tissue or even
intracellular renin levels.32,33 Possibly in keeping with this
suggestion is our observation of a nonsignificant trend for
aliskiren levels to be lower in T allele carriers—we speculate
that high affinity binding of aliskiren by elevated tissue renin
in ⫺5312T allele carriers could have contributed to the lesser
BP lowering achieved in these individuals after 4 weeks of
aliskiren. Alternatively or additionally, a failure by aliskiren
to inhibit the catalytic activity or the intracellular signaling
that occurs when renin or prorenin binds to the recently
discovered (pro)renin receptor, could have contributed to the
lesser BP lowering seen in renin ⫺5312T allele carriers with
aliskiren.34,35
Some potential discrepancies and limitations of this article
should be addressed. In the hypertensive population, baseline

BP was not elevated in renin ⫺5312T allele carriers by
comparison with CC homozygotes. A likely explanation for
this lack of difference was the requirement for the daytime
systolic BP of the clinical trial participants to be at least
140 mm Hg. There was no difference in renin ⫺5312 C/T
allele frequencies between the employee and hypertensive
populations. However there was a statistically significant
paucity of TT homozygotes within the latter population—
with a sample size of 259 and a T allele frequency of 18%, 6
to 10 TT homozygotes were anticipated rather than the single
homozygous individual that we observed. A possible explanation is that TT homozygotes were more likely to be
excluded from the clinical trial, because of severity of
hypertension or because of a previous atherosclerotic event.
In the employee cohort, there was considerable power to
detect small between-genotype differences in blood pressure,
as ABPM was performed on 2 occasions in a large group of
subjects. By contrast, the BP lowering clinical trial was
relatively underpowered—sample size was originally chosen
so that differences between drug treatments and doses could
be detected, rather than to identify between-genotype differences. Hence the reported differences in responses to treatment, according to genotype and haplotype, although large in
magnitude and consistent in direction, were not uniformly
statistically significant. The hypertensive participants were
not taking a standardized sodium diet, and previous antihypertensive therapy was only withdrawn 2 weeks before
estimation of PRA. These factors probably increased PRA
variability. However, even with the magnitude of PRA
variability observed, with this sample size, and with a renin
⫺5312T allele carrier prevalence of 36%, our study had 80%
power to detect a 30% difference in baseline PRA.

Perspectives
This study demonstrates that a common genetic variant of
renin contributes to BP variation in a Caucasian population.
Carriers of the renin ⫺5312T allele had higher systolic and
diastolic BP. The variant does not appear to influence
circulating plasma renin levels, but its effects may be mediated by local tissue or intracellular renin–angiotensin–aldosterone systems. Our data also suggest that this renin gene
variant predicts blood pressure lowering responses to angiotensin receptor blockade and to renin inhibition, independently of PRA. If these findings are confirmed by further
epidemiological studies and clinical trials, genotyping for the
renin ⫺5312C/T polymorphism may have value in the early
identification of those at risk of hypertension and cardiovascular events. Further, renin ⫺5312C/T genotyping in combination with measurement of PRA may improve the selection
of optimal antihypertensive therapy in individual patients.
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