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Abstract

Background: Disease-causing mutations in CACNA1D gene occur in aldosterone(ALDO)-
producing adenomas and familial hyperaldosteronism. We determined whether single nucleotide
polymorphisms(SNPs) in CACNALD gene associate with higher ALDO resulting in salt
sensitivity of blood pressure(SSBP) and increased blood pressure(BP) in men and women.

Methods: Data were obtained from the HyperPATH cohort, where participants completed a
cross-over intervention of liberal and restricted sodium diets. Multi-Ethnic Genotyping Array
identified 104 CACNALD SNPs that met quality control. SNP rs7612148 strongly associated with
systolic BP and was selected for study in 521 Caucasians in 3 scenarios (A. Hypertensives; B.
Normotensives; C. Total population=Hypertensives+Normotensives) using multivariate regression
analysis.

Results: In the total population and in hypertensives but not normotensives, risk allele carriers
(CC, GC), as compared with nonrisk allele homozygotes (GG), exhibited higher SSBP and,

on liberal sodium diet, higher systolic BP, lower baseline and angiotensin Il-stimulated ALDO,
and lower plasma renin activity. On restricted sodium diet, BP was similar across genotypes,
suggesting sodium restriction corrected/neutralized the genotype effect on BP. Because increased
ALDO did not appear to drive the increased SSBP and increased BP on liberal sodium diet, we
assessed renal plasma flow(RPF). RPF increase from restricted to liberal sodium diets was blunted
in risk allele homozygotes in the total population and in hypertensives. A replication study in
another cohort (HyperPATH-B) confirmed BP-genotype associations.

Conclusions: CACNA1D rs7612148 risk allele associates with increased BP and SSBP, likely
due to an impaired ability to increase RPF in response to a liberal sodium diet and not to excess
ALDO.
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INTRODUCTION

Primary aldosteronism (PA) is the most common cause of secondary hypertension, with

a prevalence of approximately 6% in hypertensives seen in a primary care setting and

up to 25% in those with resistant hypertensionl—. PA is caused by an excessive renin-
independent production of aldosterone (ALDO). Unilateral PA is associated with somatic
mutations in the adrenal cortex3*7-9, PA leads to increased risk of coronary artery disease,
left ventricular hypertrophy, heart failure, atrial fibrillation, stroke, and type 2 diabetes

as compared with those with similar blood pressure (BP) elevations due to essential
hypertension 2-410,

Somatic and germline mutations encoding ion channels and ATPases have been identified

in aldosterone-producing adenomas and in familial hyperaldosteronism, demonstrating the
importance of calcium signaling in the development of PA311-13. CACNA1D encodes
Cay/1.3 channel, a long-lasting L-type, voltage-gated calcium channel expressed in multiple
tissues, including adrenal zona glomerulosa 1415, Somatic mutations in CACNA1D gene
have been found in aldosterone-producing adenomas, aldosterone-producing nodules, and
aldosterone-producing cell clusters, also known as aldosterone-producing micronodules, and
are the most frequent genetic alterations in young-onset aldosterone-producing nodules °.

Since gain of function mutations in CACNALD lead to ALDO overproduction and increased
BP 11.16.17 e hypothesized that germline polymorphic variants in CACNA1D would
associate with increased ALDO, salt sensitivity of blood pressure (SSBP), and increased

BP. We tested this hypothesis in hypertensive and normotensive individuals from the
International Hypertension Pathotypes (HyperPATH) cohort A.
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METHODS

Data to support this study findings are available from the corresponding author upon
reasonable request.

Study Population and Protocol

Participants were part of the International Hypertension Pathotypes cohort (HyperPATH
cohort A), and the analyses of this study are original. In brief, hypertensive and
normotensive men and women 18-65 years old, were recruited at 5 international study
centers: Brigham and Women’s Hospital (Boston, MA), Vanderbilt University (Nashville,
TN), University of Utah Medical enter (Salt Lake City, UT), Hospital Broussais (Paris,
France), and University of La Sapienza (Rome, Italy). Individuals with secondary forms

of hypertension were excluded based on the following: extensive history including
previous laboratory or radiologic assessments, physical examination, plasma cortisol,
electrolytes, BUN, creatinine, TSH, CBC, urinalysis, glucose, and 24-hour urine cortisol,
catecholamines, and ALDO levels on a 200-250 mEq sodium intake with urine creatinine
used to monitor for completeness of collection. Angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers and mineralocorticoid receptor antagonists were stopped three
months prior to study measurements. All other anti-hypertensives were stopped a month
prior to data collection. In a few instances, if needed for BP control, amlodipine was
continued until two weeks prior to data collection. The study protocol consisted of a
randomized, cross-over intervention of liberal (LIB) (200 mEg/day) and restricted (RES)
sodium (10 mEg/day) diets for 7 days each. On the last day of each diet, participants were
admitted overnight to a Clinical Research Center. After being supine and fasted overnight,
BP was assessed every 5 minutes for 20 minutes with an automated device (Dinamap;
Critikon, Tampa, FL) and blood samples to evaluate adrenal physiology were collected.

In addition, a 24-h urine was collected, and creatinine and sodium were determined to
confirm sodium balance (urinary sodium = 150 mmol/24 hours on liberal sodium diet and
< 30 mmol/24 hours on restricted sodium diet). HyperPATH samples were analyzed at a
central laboratory. ALDO levels were measured using Coat-A-Count Radioimmunometric
Assay (RIA) kit (SIEMENS, Los Angeles, CA); Plasma renin activity (PRA) by RIA
assay (Diasorin, Stillwater, MN); Plasma renal flow was assessed by para-aminohippurate
(PAH) clearance. PAH was measured using High Performance of Liquid Chromatography
(HPLC)/ Mass Spectrometry (MS). The detailed protocol has been published previously

18 The protocol was approved by the institutional review board of each study site and
informed consent was obtained from all participants. We included all men and women who
self-identified as Caucasians. Participants had no medical problems except hypertension and
were not taking medications other than antihypertensives, statins, and thyroid medications to
normalize TSH.

Genotype Data
DNA was extracted from peripheral leukocytes as previously described 19, CACNA1D
genotyping with a Multi-Ethnic Genotyping Array (Illumina platform, San Diego, CA)
yielded 264 single nucleotide polymorphisms (SNPs), out of which 104 were in Hardy-
Weinberg equilibrium for both allele and genotype frequencies, had a completion genotype
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rate above 95%, and a minor allele frequency (MAF) >1%. We performed association
analyses with an additive linear regression model, using PLINK version 1.9. Among
these, SNP rs7612148 strongly associated with systolic blood pressure (SBP) after
Bonferroni correction and thus was selected for this study. Caucasian individuals with
genotype data were analyzed in 3 groups: Hypertensives, Normotensives, and Total
population=Hypertensives + Normotensives.

Replication Study

To confirm genotype-BP associations observed in HyperPATH cohort A, we performed
association analysis in a replication study of HyperPATH cohort B. The study procedures
performed in HyperPATH cohort B were similar to those performed in HyperPATH cohort
A. Cohort B participants were recruited from Boston MA, Salt Lake City UT and Nashville
TN. Cohort B participants were studied after cohort A participants. 238 individuals in
cohort B dataset were Caucasian and had data on CACNA1D SNP rs7612148 as well as
phenotyping data.

Statistical Analyses

RESULTS

Hardy-Weinberg Equilibrium was assessed using X2 test for quality control of genotype
data. Continuous variables are presented as mean and standard error of the mean (SEM).
Categorical variables are presented as a percentage of the total sample. Baseline analyses
included one-way ANOVA and X2 test. Outcome variables such as SBP, Diastolic BP
(DBP), SSBP, and ALDO are presented as least square means and SEM. We performed

a multiple linear regression model on the association between CACNALD rs7612148
genotype and outcome variables and adjusted the model for age, sex, body mass index
(BMI), disease states (normotension and hypertension), and study sites (Boston, Nashville,
Salt Lake City, Paris, Rome). The p-coefficient in Table 2 and supplemental table S2, S3,
and S4 indicates the magnitude of difference between genotypes. Statistical significance was
indicated by 2-sided £< 0.05. All statistical analyses were performed using Stata Statistical
Software: Release 17 (StataCorp LLC, College Station, TX). Figures were done using
GraphPad Prism version 9.5.1 (GraphPad Software, San Diego, CA) and BioRender.com.

714 Caucasian participants in HyperPath had genotype data that met quality control and
SBP on a LIB Na* diet. CACNALD rs7612148 minor allele “G” had a frequency of 45% in
Caucasians. The beta coefficient was —3.174 mmHg indicating that the SBP is 3.174 mmHg
lower for each G allele a person carries (Supplemental Table S1). 157 participants with
diabetes and 36 participants without covariates were excluded from further analyses. 521
normotensive and hypertensive participants were analyzed in 3 scenarios (total population,
hypertensives, and normotensives) as shown in Figure 1. In the total population age, sex,
and BMI were similar among genotypes. 62% of participants were hypertensives. Baseline
characteristics of participants classified by genotype are shown in Table 1. There were more
women in the heterozygote risk allele genotype of the normotensive group as compared to
other genotypes (P=0.034). 24-h urinary sodium excretion was assessed on the seventh day
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of each fixed dietary sodium intake and was similar across genotypes on both LIB and RES
sodium diets (Table 2 and Supplemental Table S2).

Blood Pressure and Genotype

CACNA1D SNP rs7612148 risk allele carriers (homozygotes [CC] and heterozygotes [GC]),
as compared with nonrisk allele homozygotes (GG), exhibited higher SBP on LIB sodium
diet in the total population (CC vs. GG: 132 £ 1 mmHg vs. 128 mmHg + 1 mmHg, ~=0.016;
GC vs GG: 133 = 1 mmHg vs. 128 mmHg + 1 mmHg, A=0.001) and in the hypertensive
group (CC vs. GG: 146 = 2 mmHg vs. 138 mmHg = 2 mmHg, £=0.003; CG vs GG: 146 £ 1
mmHg vs. 138 mmHg + 2 mmHg, £=0.001) but not in normotensives as shown in Figure 2
and Table 2. In addition, in risk allele carriers as compared with nonrisk allele homozygotes,
DBP trended higher on LIB sodium diet in the total population (CC vs. GG: 80 £ 1 mmHg
vs. 78 mmHg £ 1 mmHg, ~=0.071; GC vs GG: 80 £ 1 mmHg vs. 78 mmHg + 1 mmHg,
P=0.060) and was higher in the hypertensive group (CC vs. GG: 88 £ 1 mmHg vs. 85
mmHg £ 1 mmHg, £=0.027; GC vs GG: 88 £ 1 mmHg vs. 85 mmHg + 1 mmHg, P=0.023)
but did not differ significantly in normotensives (Table 2). There was no sex by genotype
interaction. Data for men and women are displayed in supplemental Table S3.

On RES sodium diet, SBP and DBP were similar across genotypes in the total population,
hypertensives, and normotensives. (Supplemental Table S2). We assessed the change in SBP
in response to Angiotensin Il (Ang 1) on the two diets, separately. In the total population,
there were no significant differences by genotype on either the LIB (CC vs. GG: 14 £ 1
mmHg vs. 14 mmHg = 1 mmHg, £=0.946; GC vs GG: 14 £ 1 mmHg vs. 14 mmHg = 1
mmHg, £=0.935) or RES (CC vs. GG: 17 £ 1 mmHg vs. 16 mmHg + 1 mmHg, £=0.847;
GC vs GG: 16 £ 1 mmHg vs. 16 mmHg = 1 mmHg, ~£=0.888) sodium diets in the change

in SBP in response to Ang Il. Thus, BP responsiveness to angiotensin Il was similar across
genotypes.

Salt sensitivity of BP and Genotype

Salt sensitivity of BP (SSBP) (SBP on LIB sodium diet minus SBP on RES sodium diet)
was higher in risk allele carriers as compared to nonrisk allele homozygotes in the total
population (CC vs. GG: 14 £ 1 mmHg vs. 8 mmHg + 1 mmHg, /<0.001; GC vs GG: 13

+ 1 mmHg vs. 8 mmHg = 1 mmHg, £=0.004) and in hypertensives (CC vs. GG: 18 + 1
mmHg vs. 10 mmHg + 2 mmHg, ~£=0.001; GC vs GG: 17 = 1 mmHg vs. 10 mmHg * 2,
P=0.003) (Table 2). SSBP was similar among genotypes in normotensives. There was no sex
by genotype interaction. Data for men and women are displayed in supplemental Table S3.

Renin, Aldosterone, and Genotype

Three measures of RAAS activity — plasma renin activity (PRA), baseline ALDO, and Ang
Il ALDO — were assessed. Overall, risk allele carriers had lower RAAS activity on a LIB
sodium diet and this was more apparent in hypertensive individuals (Table 2). Specifically,
as compared with hypertensive nonrisk allele homozygotes (GG), PRA on LIB sodium
diet was lower in hypertensive risk allele homozygotes (CC) by 0.15 ng/ml/h (95% ClI,
-0.29, -0.01, P=0.022) and hypertensive heterozygotes (GC) by 0.18 ng/ml/h (95% ClI,
-0.34, —0.03, £=0.039). PRA was similar in the total population and in normotensives.
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As compared to nonrisk allele homozygotes (GG), baseline ALDO on LIB sodium diet

was lower in risk allele homozygotes (CC) in the total population by 1.3 ng/dl (95% ClI,
-2.3, 0.4, P=0.006) and in hypertensives by 1.5 ng/dl (95% CI, 2.7, -0.3, £=0.017).
Similarly, the ALDO response to angiotensin Il infusion (Ang Il ALDO), on a LIB sodium
diet, was lower in risk allele carriers in the total population and in hypertensive risk allele
homozygotes as shown in Table 2. Baseline and Ang 1l stimulated ALDO were similar in
normotensives and did not differ significantly on RES sodium diet (Supplemental Table S2).

Renal Plasma Flow and Genotype

We assessed the changes in renal plasma flow (RPF) from restricted to liberal sodium diets
in the 217 individuals in whom we had data. As compared to nonrisk allele homozygotes
(GG), the increase in RPF was lower in risk allele homozygotes (CC) in the total population
by 31.3 ml/min/1.73m?2 (95% CI, -79.7, —2.9, £=0.0031) and in hypertensives by 31.6
ml/min/1.73m?2 (95% CI, -61.2, —=2.1, P=0.036). The absolute value for change in renal
plasma flow from RES sodium to LIB sodium for GC was mid-way between GG and CC

in both the total population and hypertensive group but did not reach statistical significance
likely related to sample size (Table 2). The change in RPF with increased dietary sodium
intake was similar in normotensives among genotypes.

We then assessed the change in RPF in response to Ang Il on the two diets, separately.

In the total population were no significant differences by genotype on either the LIB (CC
vs. GG: —104.3 + 5 ml/min/1.73m? vs. —113.6 + 5 ml/min/1.73m2, P=0.153; GC vs GG:
-109.0 + 3 ml/min/1.73m?2 vs. =113.6 + 5 ml/min/1.73m?, P=0.447) or RES (CC vs. GG:
-76.1 £ 5 ml/min/1.73m2 vs. =60.2 + 7 ml/min/1.73m2, P=0.064; GC vs GG: -71.9 + 4
ml/min/1.73m?2 vs. -60.2 + 7 ml/min/1.73m2, P=0.149) sodium diets in the change RPF
in response to Ang Il. RPF responsiveness to angiotensin Il was similar across genotypes.
We assessed the change in serum creatinine from restricted to liberal Na diets in the 138
individuals with data; this change did not differ between genotypes (data not shown).

Replication Analyses in HyperPATH B

In our replication cohort, mean age, sex, and BMI were similar among genotypes
(Supplemental Table 2). In contrast to the HyperPATH A cohort, 51% of participants in the
replication cohort had diabetes, average hemoglobin A; of 7%. CACNA1D SNP rs7612148
risk allele homozygotes (CC), as compared with nonrisk allele homozygotes (GG), on LIB
sodium diet, exhibited higher SBP in the total population (CC vs. GG: 125 + 2 mmHg vs.
118 mmHg + 2 mmHg, p=7.14, P=0.022) and DBP (CC vs. GG: 73 £ 1 mmHg vs. 68
mmHg = 1 mmHg, p=4.39, £=0.020). SBP and DBP were not different on RES sodium diet
(Supplemental Table S4).

DISCUSSION

In this study, we identified a novel CACNA1D polymorphic variant, rs7612148, that is
associated with BP. Individuals carrying the risk allele C at rs7612148 had increased BP
on LIB sodium diet and greater SSBP. PRA on LIB sodium diet was lower in risk allele
carriers, consistent with the concept that individuals were volume expanded on a LIB
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sodium diet. Since some aldosterone-producing adenomas have mutations in CACNALD, we
had hypothesized that risk allele carriers, as compared to nonrisk homozygotes, would have
higher ALDO leading to volume expansion. We found the opposite - ALDO was decreased
on a LIB sodium diet in risk allele carriers as compared to nonrisk homozygotes. Thus,
increased ALDO was not driving the volume expansion on LIB sodium diet. Risk allele
carriers did have an impaired ability to increase renal plasma flow with increased dietary
sodium. Thus, our data suggest that CACNALD risk allele carriers had higher BP on LIB
sodium diet due to an inability to increase renal plasma flow and appropriately excrete
sodium (Figure 3). Additionally, sodium restriction corrected the genotype abnormality as
BP was similar across genotypes on the restricted sodium diet. We replicated the BP findings
in HyperPATH B, a smaller cohort that included people with diabetes.

SSBP is an independent risk factor for cardiovascular death 29 and has a prevalence of

60% in individuals with essential hypertension?L. This study implicates, for the first time,
the CACNA1D gene as one of the genetic factors contributing to SSBP. The observed
association between CACNALD polymorphic variant rs7612148 and BP in our Caucasian
cohort is of a magnitude (8 mmHg higher in CC vs. GG in hypertensives) likely to be
clinically relevant. Five mmHg reduction of SBP has been shown to reduce the risk of major
cardiovascular events by 10% irrespective of previous cardiovascular disease and even at
normal or high-normal BP values 22, Furthermore, metanalyses demonstrate that commonly
used antihypertensive medications lower SBP by around 10 mmHg 23.24,

CACNALD risk allele carriers had suppressed renin on a LIB sodium diet and greater
SSBP, suggesting that they are volume expanded on LIB sodium diet. We explored

three potential etiologies for this volume expansion - excess ALDO production, altered
renovascular responses to Ang Il and altered renovascular responses to changes in dietary
sodium. First, in contrast to our original hypothesis, ALDO was not elevated in risk allele
carriers, suggesting rs7612148 is not associated with a primary overproduction of ALDO.
Second, while SSBP has been associated with a blunted renovascular response to Angll
with angiotensin converting enzyme inhibitors restoring responsiveness 25, we found that
Angll-induced changes in RPF and BP were similar across rs7612148 genotypes. Thus,
altered vascular responsiveness to Ang Il is not contributing to SSBP associated with
rs7612148 genotype. Third, risk allele carriers had a blunted rise in renal plasma flow when
transitioning from restricted to liberal sodium diet, suggesting that CACNA1D regulates
renal plasma flow and thereby BP. Importantly, removing the environmental burden of a
liberal sodium diet corrects the genetic risk.

Consistent with our findings, genome-wide association studies have identified associations
between CACNA1D SNPs and BP in East Asian and European cohorts (NHGRI-EBI
Catalog of human genome-wide association studies). However, none identified a relationship
between CACNALD rs7612148 and BP, and none of the identified SNPs are in linkage
disequilibrium (LD) with rs7612148. This may be because of differences in the investigated
populations.

In Chinese cohorts, intronic variants of CACNALD have been associated with BP,
hypertension and the BP response to calcium channel blockers2® 27. Follow up studies
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identified 7 CACNALD exon locus mutations that correlated with hypertension 28, Wang
and colleagues 29 selected 3 of these mutations and utilized CRISPR-Cas9 technology

to generate Sprague-Dawley rats carrying mutations of the CACNA1D gene. Higher BP

was observed in rats with double-site mutants versus those with single-site mutant and in
rats with single-site mutations versus wild type rats. Increased endothelin-1 and increased
vasoreactivity were potential factors in the pathophysiology of the elevated BP; plasma
ALDO and potassium were not affected by the CACNA1D mutations. Additionally, rats
with CACNA1D mutations exhibited target organ damage evidenced by arteriolar thickening
in multiple organs, cardiac hypertrophy, glomerular atrophy. Taken together these data
suggest that Cav1.3 is involved in BP regulation and that polymorphic variants in the gene
may be associated with hypertension and with the BP response to calcium channel blockade.

A key strength of our study includes a rigorous protocol that controlled for multiple

factors that influence BP and ALDO, including dietary sodium, medication use, body
positioning, and diurnal variation. Limitations to our study are that the sample size

is somewhat limited and restricted to Caucasians. Further, our replication cohort was
smaller than the initial cohort, which is a likely explanation for why we were able to
replicate the blood pressure findings but no other phenotypes. We do not know how

the polymorphic variant at rs7612148 may affect CACNALD function; however, analysis
using HaploReg website (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php)
demonstrates that rs7612148 (location 3:53600270) is located within a 20 base-pair region
(location 3:53600255 to 3:53600275) that has motif binding sites for eleven transcription
factors. Future studies are needed to determine whether rs7612148 polymorphic variants
alter CACNA1D transcription. Finally, while serum creatinine was similar across genotypes
on the two diets, we cannot rule out an impact of genotype on glomerular filtration rate

as our dataset does not have inulin clearance, an accurate measure of glomerular filtration
rate. Finally, it is important to consider that associations do not provide causality. Additional
studies are needed to further understand mechanisms behind the observed associations.

Perspectives

In summary, in Caucasians, CACNA1D gene polymorphisms are associated with greater
systolic BP and SSBP. The associations appear to be driven by a blunted increase in renal
plasma flow in response to liberal sodium diet, indicating an impaired ability to excrete

a sodium load. Approximately 39 % of individuals carry this risk allele suggesting that
CACNA1D may be an important contributor to the regulation of BP and SSBP in humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Relevance
What is New?

. CACNA1D rs7612148 is a novel gene polymorphism associated with
increased blood pressure and salt sensitivity of blood pressure despite lower
aldosterone concentrations.

. CACNALD risk allele carriers exhibit a blunted increase in renal plasma flow
in response to increases in dietary sodium.

What is Relevant?

. Our findings provide further understanding of the genetic basis of salt
sensitivity of blood pressure, which is a risk factor for cardiovascular
morbidity and mortality.
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Clinical/Pathophysiological implications

In Caucasians, risk allele carriers of CACNALD polymorphic variant have dysregulation
of renal plasma flow leading on a liberal sodium diet to volume expansion, increased
blood pressure and salt sensitivity of blood pressure. Future studies are warranted

to determine whether calcium channel blockade would be an especially effective
antihypertensive therapy in CACNALD risk allele carriers.
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HyperPath Cohort Genotype data
(CACNA1D)

714 Caucasian Participants

with
104 SNPs and SBP on LIB Na*

‘ Excluded:

» 157 Participants with diabetes
l 36 Participants without covariates
521 Participants
with CACNA1D SNP
rs76121748 and covariates

Total Population Hypertensives Normotensives
521 Participants 322 Participants 199 Participants

CC,n=163 CC,n=100 CC,n=63

GC, n=241 GC, n= 151 GC,n=90

GG,n=117 GG, n=71 GG, n=46

Figure 1. Consort Diagram
Figure was created with BioRender.
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Figure 2. Systolic blood pressure and salt sensitivity of blood pressure in the 3 groups:

Hypertensive + Normotensive (Total Population), Hypertensive, and Normotensive

SBP and SSBP are increased in CACNALD risk allele carriers in the total population and

in the hypertensive group, but not in the normotensive group. SBP indicates systolic blood

pressure; SSBP, salt sensitivity of blood pressure.

Hypertension. Author manuscript; available in PMC 2024 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Stanton et al. Page 16

Hypertensive CACNA1D Risk Allele Carriers
vs Non Risk Homozygotes

Dietary Salt Change
(Restricted to Liberal)

Blunted Increase in
Renal Plasma Flow

Blunted Excretion of Na*

Increased Blood Volume

Increased Systolic BP Decreased Plasma Renin Activity
Increased Salt Sensitivity of BP Decreased Aldosterone

Figure 3. CACNA1D and blood pressure pathophysiology
When hypertensive CACNALD risk allele carriers are exposed to an increase in dietary

sodium, they exhibit a blunted increase in renal plasma flow. This leads to an impaired
excretion of sodium, promoting an increase in blood volume, which results in a decrease
in plasma renin activity and ALDO on a liberal sodium diet, an increase in systolic BP
on a liberal sodium diet, and an increase in salt sensitivity of BP. Figure was created with
BioRender.
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Table 1.
Demographic Data for CACNALD rs7612148
Characteristic Total Population (n=521) P-Value
CcC GC GG
n (%) 163 (31.29) | 241 (46.26) | 117 (22.46)
Female sex, n (%) | 65(28.63) | 107 (47.14) | 55 (24.23) 0.464
Age, years 44 +0.86 45 +0.72 43+1.12 0.355
BMI, Kg/m2 27+0.38 28+0.31 27+0.43 0.625
Hypertensives (n= 322)
CcC GC GG
n (%) 100 (31.06) | 151 (46.89) | 71 (22.05)
Female sex, n (%) | 35 (28.69) 64 (52.46) 23(18.85) 0.278
Age, years 48 +0.87 48 +0.68 48 £1.03 0.904
BMI, Kg/m2 29+0.42 28 £0.39 29 +£0.47 0.996
Normotensives (n=199)
CcC GC GG
n (%) 63(31.66) | 90(45.23) | 46(23.12)
Female sex, n (%) | 30(28.57) | 43(40.95) | 32(30.48) | 0.034
Age, years 37+1.33 39+1.37 36 +1.98 0.318
BMI, Kg/m2 25 +0.62 26 +0.46 25+0.70 0.427

Data are presented as mean + SEM for continuous variables and n (%) for categorical variables. BMI indicates body mass index.

“C”; risk allele for SBP

“G”; nonrisk allele for SBP
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Page 18

Systolic blood pressure, diastolic blood pressure, salt sensitivity of blood pressure, plasma renin activity,
baseline aldosterone, angiotensin Il stimulated aldosterone, and delta renal plasma flow on liberal sodium diet

in CACNA1D groups.

Variable Total Population (n=521)
Non-risk Allele Risk Allele Risk Allele B-Coefficient P-value
Homozygotes (GG) Heterozygotes (GC) | Homozygotes (CC)
n=117 n=241 n=163
SBP, mmHg (LIB Na*) 128+1 133+1 5.7(2.3,9.1) 0.001
132+1 45(09,8.1) 0.016
DBP, mmHg (LIB Na*) 78+1 80+1 2.0(-0.8,4.0) 0.060
80+1 2.0(-0.2,4.3) 0.071
SSBP, mmHg 8+1 13+1 5.0(1.6,8.3) 0.004
14+1 6.6 (3.1, 10.2) <0.001
Plasma renin activity, ng/mi/h 0.56 +0.05 0.47 £0.03 0.09 (-0.20, 0.03) 0.147
(LIB Na*)
0.43 £0.04 0.12 (-0.25, 0.00) 0.054
Baseline aldosterone, ng/dl 6.0+0.4 52+0.3 -0.8(-1.7,0.1) 0.076
(LIB Na*)
46+03 -1.3(-2.3,-0.4) 0.006
Ang Il stimulated aldosterone, 186 +1.0 15.7+0.7 -2.9(-5.4,-0.4) 0.024
ng/ml (LIB Na*)
141+09 -45(-7.1,-1.8) 0.001
Delta renal plasma flow, 39.3+11.7 24674 -14.7 (-42.0, 12.7) 0.291
ml/min/1.73m2
8.0+£85 -31.3(-59.7, -2.9) 0.031
24h urinary Na* excretion 223+7 229+5 5.8 (-10.6, 22.1) 0.488
(mEg/L)
2306 6.3 (-11.3, 23.9) 0.481
Hypertensives (n=322)
Non-risk Allele Risk Allele Risk Allele B-Coefficient P-value
Homozygotes (GG) Heterozygotes (GC) | Homozygotes (CC)
n=71 n=151 n=100
SBP, mmHg (LIB Na*) 138+ 2 146 +1 8.3(3.5,13.1) 0.001
146 £ 2 7.7 (2.6, 12.9) 0.003
DBP, mmHg (LIB Na*) 85+1 88+1 3.3(0.5,6.1) 0.023
88+1 3.5(04,6.5) 0.027
SSBP, mmHg 102 171 6.5 (2.3,10.7) 0.003
18+1 7.8(3.2,12.4) 0.001
Plasma renin activity, ng/ml/h 0.62 + 0.06 0.47 £ 0.04 -0.15 (-0.29, -0.01) 0.039
(LIB Na*)
0.44 +0.05 -0.18 (-0.34, -0.03) 0.022
Baseline aldosterone, ng/dl 6.0+ 0.5 54+0.3 -0.6 (-1.7,0.5) 0.269
(LIB Na+)
46+04 -1.5(-2.7,-0.3) 0.017
Ang Il stimulated aldosterone, 179+1.3 15.0+0.9 -3.0(-6.9,0.1) 0.056
ng/ml (LIB Na*)
137+1.1 -4.0 (-7.5,-1.0) 0.010
Delta renal plasma flow, 35.7+12.0 206+7.3 -15.1 (-43.0, 12.8) 0.286
ml/min/1.73m2
4.05+8.9 -31.6 (-61.2,-2.1) 0.036
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24h urinary Na* excretion 217+8 229+6 11.7 (-9.3,32.8) 0.273
(mEq/L)
229+8 12.2 (-10.7, 35.1) 0.296
Normotensives (n=199)
Non-risk Allele Risk Allele Risk Allele B-Coefficient P-value
Homozygotes (GG) Heterozygotes (GC) | Homozygotes (CC)
n=46 n=90 n=63
SBP, mmHg (LIB Na*) 112+ 2 112+1 0.2 (-3.6, 4.0) 0.918
1M1+1 -1.4 (-5.5, 2.6) 0.485
DBP, mmHg (LIB Na*) 67+1 67+1 0.1(-2.7,2.9) 0.954
67+1 0.5(-2.5, 3.6) 0.730
SSBP, mmHg 4+2 3+1 -0.5(-5.3,4.3) 0.832
5+1 1.8(-3.2,6.7) 0.479
Plasma renin activity, ng/ml/h 0.46 + 0.08 0.45 + 0.06 -0.01 (-0.21, 0.20) 0.952
(LIB Na*)
0.43+0.07 -0.03 (-0.24, 0.19) 0.814
Baseline aldosterone, ng/dl 5.7+0.6 47104 -1.0(-2.4,0.4) 0.159
(LIB Na*)
49+05 -0.9(-2.4,0.7) 0.265
Ang Il stimulated aldosterone, 18.6+1.7 16.6+1.2 -2.0(-6.2,2.1) 0.335
ng/ml (LIB Na*)
154+ 1.5 -32(-7.7,1.2) 0.157
Delta renal plasma flow, 45.0 £ 235 30.7+15.8 -14.3 (-70.5, 41.9) 0.614
ml/min/1.73m2
13.8+17.0 -31.2 (-89.0, 26.7) 0.287
24h urinary Na* excretion 235+11 231+8 -4.3(-30.8, 22.2) 0.749
(mEq/L)
228+9 -7.4 (-35.7,21.0) 0.608
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