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High blood pressure (BP) is the most common modifiable 
risk factor for cardiovascular disease and death. Dietary 

salt reduction is now a global priority for the prevention of pre-
mature morbidity and mortality from cardiovascular disease, as 
recommended by the World Health Organization.1,2 However, 
recent studies have raised questions about the potential for 
adverse effects associated with low sodium intake, including 
cardiovascular disease and death3–5 in some individuals.

Endogenous ouabain (EO) is an adrenocortical cardiac 
glycoside whose circulating level is influenced by body Na 
balance. Na+ depletion raises circulating EO,6,7 whereas 
long-term high-salt diets are thought to suppress circulating 
EO levels in normal individuals much as they do for plasma 
aldosterone. However, relative to Na+ intake, plasma EO8 is 
inappropriately elevated in ≈45% of patients with essential 
hypertension and correlates with BP.9 Furthermore, the ele-
vated levels of EO are related to heart10 and kidney11 damage.

The recent ongoing controversy on the paradoxical and 
potentially hazardous effects of low sodium intake in some 
hypertensive patients3–5 and the adverse effect of high circulat-
ing EO mentioned above led us to consider that EO might be 

(over) activated by low salt in some patients but not in others. 
EO is a vasopressor stress hormone stimulated by the decline 
in BP that occurs, for example, during cardiopulmonary by-
pass.12 EO has a sustained vasopressor action and, in response 
to the stress of a low salt intake, the increase in EO is believed 
to help minimize an excessive decline in BP.

Furthermore, recent work has indicated that the lanos-
terol synthase (LSS) gene is transcribed in discrete nephron 
sites13 and that LSS is involved in EO synthesis.14 Here, using 
never-treated patients with mild to moderate essential hyper-
tension, we test the hypothesis that the stress of a low salt diet 
raises circulating EO, that this response is modulated by the 
LSS genotype, and explore the proposal that changes in EO 
may help identify those patients that may experience adverse 
effects of low salt diets.

Materials and Methods

Inclusion Criteria
The present study was conducted according to the principles outlined 
in the Helsinki declaration. The Committee for Research on Human 
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Subjects of the San Raffaele Scientific Institute, Milan, approved the 
protocol. Participants gave informed written consent. In this protocol, 
according to the Guideline for management of arterial hypertension15 
criteria, we enrolled 394 never-treated, recently discovered, essen-
tial hypertensive patients with high normal BP level or grade 1 or 2 
hypertension, hereinafter termed naïve essential hypertensive (NEH) 
patients. Of these participants, 340 had 24-hour ambulatory BP moni-
toring that met with the European Society of Hypertension guidelines 
(>14 and 7 readings for the computation of day and night means, 
respectively). Inclusion criteria were as follows:

•	 Essential hypertension: exclusion of secondary causes of hy-
pertension (renal arterial stenosis, hyperaldosteronism, pheo-
cromocytoma, and thyroid disorders).Age between 18 and 65 
years old.

•	 Body mass index <30 kg/m2.
•	 Absence of

—	chronic and acute concomitant diseases (cardiocerebro-
vascular diseases, diabetes mellitus, hepatic, and renal 
diseases). gestational hypertension or pregnancy.

—	drug and alcohol abuse.
—	the use of pharmacological therapy included estroproges-

tinic therapy and hormone replacement therapy.

To exclude secondary hypertension, renal artery ultrasound scan, 
electrolytes, and hormonal dosage (plasma renin activity [PRA] and 
aldosterone) were performed (urinary catecholamines were measured 
when pheaochromocytoma was suspected). Echocardiography was 
performed to assess the presence or absence of cardiac organ damage 
(left ventricular hypertrophy). The procedures followed were in ac-
cordance with institutional guidelines.

Low Sodium Diet
Patients were instructed to follow a low sodium dietary protocol for 
a month with 3 office visits: at enrolment, after 15 days, and at the 
end of the month. During the visits, office BP was measured 3× after 
at least 5 minutes in the sitting position; blood and 24-hour urine 
samples were collected to measure renal function, electrolytes, and 
hormones (PRA, aldosterone, and EO). At the first visit, patients 
received a list of suggested foods with a low content of sodium and a 
list of forbidden foods with high content of sodium. To assess compli-
ance with the low sodium diet, we measured 24-hour urinary sodium 
excretion at each visit: we considered compliant (C) only for those 
patients who reduced their urinary sodium by at least 40% of their 
basal value or achieved a urinary sodium <100 mmol/d. Patients who 
did not reach this target were termed noncompliant.

Pressure–Natriuresis Relationship
The slope of the relationship between BP and urinary Na+ excretion 
(PNat, pressure–natriuresis relationship, mEq/mm Hg per minute) 
was calculated by plotting the Na+ excretion on the y axis as a func-
tion of mean BP on the x axis measured both under basal conditions, 
day 0 and after 15 days of the low salt diet16 in compliant patients.

Biochemical and Renal Parameters
Serum and urinary sodium (PNa and UNa) and potassium (PK and 
UK) were measured by flame photometry, serum and urinary cre-
atinine by an automated enzymatic method. Plasma renin activ-
ity and plasma aldosterone were measured by radioimmunoassay 
(Medical System, Genova, Italy). Plasma EO was determined by 
C-18–extracted samples using a specific antiserum as previously 
described.17 Intraindividual variability was <10%, as previously 
discussed.18

Genotyping
In the LSS gene (40 684 base pairs; chromosome location 21q22.3), 
we selected the missense rs2254524 polymorphism because it was 
previously associated with ouabain synthesis; ie, reduced mRNA 
expression in cells transfected with the A LSS variant but higher LSS 

activity and ouabain levels, normalized for LSS protein expression, in 
the A variant versus the C variant transfected cells.14

After DNA extraction from peripheral blood, the LSS single nu-
cleotide polymorphism was genotyped using the TaqMan OpenArray 
Genotyping System (Life Technologies, Foster City, CA). All DNA 
samples were loaded at 50 ng/μL and amplified on customized arrays 
following the manufacturer’s instructions. For analysis of the geno-
types, we used autocalling methods as implemented in the TaqMan 
Genotyper software version 1.3 (Life Technologies). Next, genotype 
clusters were evaluated manually. Twenty duplicate samples gave 
100% reproducibility.

Statistical Analysis
Plasma EO, PRA, and aldosterone were not normally distributed 
(Kolmogorov–Smirnov test). Accordingly, we normalized the distri-
butions by logarithmic transformation. For database management and 
statistical analysis, we used the SPSS software package (SPSS Inc., 
Chicago, IL), version 21.

Power Calculation
Sample size calculation was done with the statistical program 
G*Power. Assuming a significant difference between genotypic 
groups in SBP variation ≥5 mm Hg (SD, 11 mm Hg in preliminary 
data) with α err P=0.05 and Power (1−β err P)=0.90, we need a total 
sample size of 168 compliant patients. Sample size determination 
was done according to the following consideration: the mean reduc-
tion in SBP after low sodium diet is 2 to 8 mm Hg.

•	 50% of patient are compliant to salt reduction in the diet.
•	 The frequency of LSS CC*AC*AA genotypes are 53%, 37%, 

and 11%, respectively.

To demonstrate a statistically significant difference of 5 mm Hg 
(SD, 11 mm Hg) between genotypic groups with a power of 90% and 
α error of 5%, 84 patients are necessary in each group. Considering 
the compliance to the diet, we need to enroll at least the double of 
the patients, that is 336. In the present study, we enrolled 392 NEH. 
Quartile values corresponding to the 25th, 50th, and 75th percentiles 
were then calculated for BP changes from baseline. For the NEH 
study cohort, 48 NEH patients, all of whom had undergone the pres-
sure natriuresis study, were included in each quartile. We performed 
ANOVA to compare the mean between groups. ANOVA for repeated 
measures was used to test the effect of the Na load within and be-
tween patients. Our statistical methods also included trend analyses, 
single and multiple linear regressions. We included in our models 
covariables with known physiological relevance for arterial BP and 
renal phenotypes such as age, sex, body mass index, baseline PRA 
and aldosterone, and UNa excretion.

Results
Three-hundred and sixty-five NEH patients underwent the 
low salt intake protocol for 4 weeks. The clinical characteris-
tics of these patients are reported in Table 1.

Of the 365 NEH enrolled, only 139 (35%) compliant 
patients with the low sodium diet completed the 4-week 
dietary period. For analysis, we chose only 192 compliant 
patients who successfully reached 2 weeks of the low salt diet 
because of the larger number (52.6%). Clinical characteris-
tics of the compliant and noncompliant groups are reported 
in Table 2. Compliant patients showed a greater reduction in 
both SBP and DBP (−5.17 and −2.63 mm Hg, respectively) 
than their noncompliant counterparts. The decline in urinary 
sodium excretion was associated with increases in PRA and 
aldosterone in the compliant but not in the noncompliant group 
(Table 2). The reduction in UNa excretion was associated with 
a linear rise in PRA (β=−0.187; P<0.010) and aldosterone 
(β=−0.375; P<0.001), as expected. No changes in PRA and 
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plasma aldosterone were observed among the noncompliant 
patients, consistent with the urinary measurements that their 
adherence to the diet was inconsistent (Table 2). Furthermore, 
the changes in UNa excretion were not associated with detect-
able changes in circulating EO in either group (C: β=0.049; 
P=0.585 and NC: β=−0.034; P=0.753).

Among the complaint group, creatinine clearance declined 
≈10% during the low salt dietary period, whereas clearance 
increased among noncompliant patients (Table 2).

To explore the responses of the measured parameters at 
the extremes of BP variability, we divided our NEH patients 
into quartiles according to their BP changes. By definition, 
the decline in SBP and DBP was most pronounced (−7.5 and 
−10.8 mm Hg, respectively; P<0.0001) in the first quartile 
after the low salt dietary period among the compliant patients 
(Figure 1A). On the contrary, patients in the fourth quartile 

displayed a significant increase in both SBP and DBP (+9.6 
and +7.4 mm Hg, respectively; P<0.0001) indicating reverse 
salt-sensitivity (RSS). Among compliant patients, and regard-
less of normal or reverse salt sensitivity, the UNa excretion 
reached target values with the average being <100 mEq/24 
h, with no significant difference among quartile groups. PRA 
(Figure  1B) and plasma aldosterone (not shown) increased 
in all quartiles. Circulating EO was significantly elevated 
(P=0.009) only in the fourth quartile of BP responses and was 
unchanged (Figure 1C) in the first 3 quartiles.

In contrast with the compliant group, all members of the 
noncompliant group displayed UNa excretions (Table 2) above 
the target value (>100 mEq/24 h). In addition, PRA, plasma 
aldosterone, and EO were unchanged in all BP quartiles.

When the dietary-induced decline in BP (DBP) and the 
changes in plasma EO (ΔEO) were analyzed in the compli-
ant patients, a borderline significant (P=0.056) and direct 
(β=0.16) relationship was present; no relationship was found 
among the noncompliant patients (data not shown).

Genetic Analysis
Clinical characteristics of compliant patients genotyped for LSS 
rs2224524 are reported in the Table S1 in the online-only Data 
Supplement. Despite clear trends in the changes in BP and EO 
across the LSS genotypes, no significant differences were found.

Compliant patients carrying the AA genotype of the 
LSS rs2254524 polymorphism showed greater declines in 
SBP and DBP than patients carrying AC and CC genotype 
(Figure 2), with an additive effect of the A allele. However, 
among noncompliant patients, no significant BP or EO dif-
ferences were present (Figures S1 and S2), and thus highly 
significant (P<0.001) differences in the BP responses among 
the genotypes were observed between the compliant and the 
noncompliant groups.

Among the compliant patients, contingency crosstab 
analysis (Table  3) showed significant (χ2=8.88; P=0.011) 
differences in the genotype distribution among the BP quar-
tiles. Much smaller numbers (n=3; 1.6%) of AA carriers were 

Table 1.  Clinical Characteristics of the Hypertensive 
Population Studied (n=365)

Parameter Mean SD

Age, y 44.9 8.9

BMI, kg/m2 25.7 2.8

Sex (female/male) 80/314 …

SBP, mm Hg 142.0 12.3

DBP, mm Hg 89.3 8.5

UNa, mEq/d 170.6 68.9

UK, mEq/d 66.4 23.3

PRA, ng/mL per hour 1.02 (0.4–2.65)

Aldosterone, ng/dL 112.0 (51–225)

EO, pmol/L 178.2 (92–313)

Creatinine Cl, mL/m 122.5 36.2

Creatinine, mg/L 0.86 0.14

All data are mean and SD. PRA, aldosterone, and EO are geometric means 
(interquartile range). BMI indicates body mass index; Creatinine Cl, creatinine 
clearance; DBP, diastolic blood pressure; EO, endogenous ouabain; PRA, plasma 
renin activity; SBP, systolic blood pressure; UK, serum potassium; and UNa, 
urinary sodium.

Table 2.  Impact of Low Salt Intake Among Compliant and Noncompliant Patients

Parameter Compliant (n=192) Noncompliant (n=172) P Value

SBP baseline, mm Hg 141.0±0.9 142.3±0.9 ns

DBP baseline, mm Hg 88.4±0.6 90.1±0.6 0.046

ΔSBP, mm Hg −5.17±0.9 −2.23±0.9 0.018

ΔDBP, mm Hg −2.63±0.9 −0.14±0.9 0.003

UNa baseline, mEq/24 h 164.2±4.4 176±5.2 ns

UK baseline, mEq/24 h 47.1±1.3 41.7±1.3 0.004

UNa day 15, mEq/24 h 81.6±2.5 188.4±5.3 <0.001

UK day 15, mEq/24 h 47.7±1.6 46.6±1.5 ns

ΔPRA, ng/mL per minute +0.56±0.14 −0.35±0.13 <0.001

ΔAldo, ng/dL +24±7.05 −15.7±4.46 <0.001

ΔEO, pmol/L +11.3±4.3 −3.24±3.8 ns

Creatinine Cl baseline, mL/min per 1.73 m2 121.4±2.7 123.7±2.5 ns

Creatinine Cl day 15, mL/min per 1.73 m2 111.8±2.2 131.8±3.0 <0.0001

All data are mean±SEM. Δ indicates changes from baseline; Creatinine Cl, creatinine clearance; DBP, diastolic blood pressure; EO, 
endogenous ouabain; ns, nonsignificant; PRA, plasma renin activity; SBP, systolic blood pressure; UK, serum potassium; and UNa, 
urinary sodium.
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represented in the fourth quartile relative to their CC wild-
type counterparts (n=26; 27%).

Furthermore, among the AA patients, plasma EO was 
unchanged by the low sodium diet (165.1±17.6.1 versus 
163.8±19.2 pmol/L), whereas a significant (P=0.05) increase in 
EO was present in those carrying the AC or CC variants (from 
206.2±11.2 to 218.9±11.84 pmol/L, and from 188.6±10.2 to 
202.2±2±10.9 pmol/L, respectively) as shown in Figure 3.

Pressure–Natriuresis Relationship
Figure 4 presents the PNat relationship according to the LSS 
genotype among compliant patients. The slope among AA car-
riers was significantly (0.696±0.22 mEq/L/mm Hg; P=0.028 
covariate for age, sex, body mass index) different from that 
of AC heterozygotes (0.100±0.13 mEq/L/mm Hg) and the CC 
wild-type (0.046±0.18 mEq/L/mm Hg). The pressure–natri-
uresis relationship was notably less steep among AA carriers 
than among C allele carriers, indicating increased salt sensi-
tivity of BP to changes in dietary salt in the former. Among 
noncompliant patients, no such association between the slope 
of the PNat and genotype was detected (data not shown).

Discussion
The main findings of this study are as follows: first, among 
patients with newly diagnosed untreated essential hyperten-
sion, and in response to the lowered sodium intake, circulat-
ing EO increased significantly among those patients whose 
BP rose (reverse salt sensitivity). Second, the LSS rs2254524 
AA genotype was strongly associated with greatest declines in 
BP in response to the low salt diet. Third, among patients with 
the LSS rs2254524 A variant, circulating EO was unchanged 
by the low sodium diet. Our results show that the increase 
in plasma EO during the low salt diet was restricted to com-
pliant patients who also carried the LSS AC and CC alleles. 
Circulating EO was unchanged among compliant patients 
who carried the LSS AA genotype. Furthermore, our results 
raise the possibility that the adverse effects associated with 
moving to a low salt intake recently reported may be linked 
with elevated circulating EO.

Sodium pump inhibitors like EO were suggested as salt 
sensitive and rapidly acting natriuretic hormones.19 However, 
various studies6–8,20,21 show that changes in circulating EO 
are confined to long-term variations in electrolyte balance. 
Furthermore, in the Belgian general population, the behavior 
of circulating EO indicated that it was acting to minimize the 
depressor action of lower sodium intakes.22 The present study 
in a group of patients with naïve mild hypertension in which 
a deliberate and specific restrictive urinary Na limit (<100 
mEq/d) was applied, confirms and extends the impression from 
the Belgian study. We show that among ≈25% of patients with 
mild hypertension, the imposition of a low salt intake leads 
to significant increases in circulating EO and SBP and DBPs.

Reverse salt sensitivity, ie, the seemingly paradoxical 
increase in BP observed in some patients during reduced salt 
intake is an under-reported phenomenon whose mechanism 
has remained unexplained. In previous studies, patients with 

Figure 1. A, Changes in systolic (blue bar) and diastolic (red bar) 
blood pressure (SBP and DBP, respectively) among the quartile 
groups. The first quartile group exhibited the greatest fall in BP 
in response to low salt intake. The fourth quartile group showed 
a parodoxical increase in BP. B, Changes (Δ) in plasma renin 
activity (PRA) in the four groups from baseline. C, Changes (Δ) in 
plasma endogenous ouabain (EO) from baseline.

Figure 2. Decline in systolic and diastolic blood pressure (SBP 
and DBP, respectively) during the low salt diet in the lanosterol 
synthase (LSS) rs2254524 AA+AC carriers (red bar systolic BP, 
orange diastolic BP) compared with LSS (blue bar SBP, light 
blue DBP) CC among compliant patients. BMI indicates body 
mass index.
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both normal and RSS were not distinguished by changes in 
classical biochemical markers such as PRA and aldosterone23 
even after marked reductions of Na intake (20 mEq/d).24,25 
Our results agree in this regard. More importantly, we observe 
that the RSS group is characterized by increased circulating 
EO. This is especially intriguing because EO is a key compo-
nent of a recently recognized CNS (central nervous system)-
humoral-vascular axis.26 The proximal components of this 
axis are central neuronal pathways that are activated by ele-
vated peripheral and brain angiotensin II. Activation of this 
axis by low salt leads to increased sympathetic drive, elevated 
plasma EO and increased arterial myogenic and evoked-tone 
that together help to sustain or even raise BP.26 Recent evi-
dence12 confirms27 the notion that circulating EO behaves as 

a vasopressor stress hormone that changes during volume 
expansion and also in circumstances where BP falls.

In contrast to the RSS group, the large majority (75%) of 
the patients showed no change in EO in response to the low 
salt regimen; we suggest that this may be important for the 
manifestation of the depressor effect of a low salt intake. The 
response of circulating EO and BP, and the link to the LSS AC 
and CC genotypic variants, indicates that the RSS subgroup is 
a distinct phenotype; it is also notable that the AA genotype is 
less represented in the RSS group. Another issue concerns the 
role of the LSS, which mediates the biosynthesis of cholesterol 
precursors. Why are LSS polymorphisms (a VAL A→LEU C 
missense mutation) associated with profound differences in 
the pressure–natriuresis relationship when plasma renin and 
aldosterone are not linked with the LSS genotypes? The renal 
tubules express LSS at multiple discrete sites,13 and the trans-
porters Slco1b2 and MDR (Abcb4) are coexpressed with LSS 
in some nephron sites. Both Slco1b2 and MDR mediate trans-
membrane steroid movements, including those for digoxin, 
ouabain,27 and bile acids and by affecting the reabsorption of 
filtered steroids such as EO28 may influence its circulating lev-
els at baseline and the response to the low salt diet.

The AA LSS genotype was strongly associated with 
the greatest drop in BP after 2 weeks of the low salt intake. 
Furthermore, the pressure–natriuresis relationship in AA car-
riers versus their AC and CC counterparts indicates that the 
former hypertensive patients are especially salt sensitive. 
Thus, LSS polymorphisms identify those patients most likely 
to benefit from a low salt diet as a lifestyle modification. At 
the moment, LSS animal models that may help dissect the 
underlying mechanisms involved in the LSS-EO low salt path-
way are not available, and additional studies will need to be 
specifically designed to address this point.

In our original study,14 a direct association between the LSS 
polymorphism and ouabain production was demonstrated, the 

Table 3.  Lanosterol Synthase Genotype Frequency 
Distribution Among Compliant Patients Grouped According to 
Their Blood Pressure Quartiles

LSS rs2254524

AA AC CC

Quartile ∆PAM15

 � First

  �  n 8 20 20

  �  % 4.2 28.6 20.6

 � Second

  �  n 7 21 21

  �  % 3.7 30.0 21.6

 � Third

  �  n 4 15 30

  �  % 2.1 17.1 30.9

 � Fourth

  �  n 3 17 26

  �  % 1.6 24.3 26.8

Total

 � n 22 73 97

 � % 11.6 37.0 51.3

χ2 = 8.846; P=0.011. ∆PAM15, mean blood pressure difference between 
day 15 and day 0; and LSS, lanosterol synthase.

Figure 3. Circulating endogenous ouabain (EO) levels according 
to the lanosterol synthase (LSS) rs2254524 in compliant 
patients. In LSS AA genotype (red line), no significant changes in 
circulating EO are present, whereas increase is observed in AC 
(light blue) and CC (blue line) genotypes.

Figure 4. Renal pressure–natriuresis relationship during low 
salt diet grouped according to the lanosterol synthase (LSS) 
rs2254524 genotypes. Shown is the urinary sodium excretion 
(UNa) as a function of the systemic mean blood pressure (MBP). 
The slope of the AA carriers (red diamonds, 0.696±0.25 mEq/L/
mm Hg) was significantly different when compared with that of 
the AC heterozygotes (light blue squares, 0.100±0.13 mEq/L/
mm Hg) and the CC wild-type (blue triangle, 0.046±0.18 mEq/L/
mm Hg).



Lanzani et al    Effect of LSS Gene and EO on Low Na Diet    347

LSS A variant showed reduced mRNA expression in trans-
fected cells, whereas LSS activity and ouabain concentrations 
were higher in cells transfected with mutated A versus wild-
type C alleles. Furthermore, in 2 different studies,14 the anti-
hypertensive effect of rostafuroxin, an anti-EO antagonist,29 
reduced BP in an allele-dependent manner. Those observa-
tions, when taken together with the data presented in this 
study, suggest that the decline in BP is especially associated 
with the A variant of the LSS gene. The significant increases 
in circulating EO we observed were restricted to C allele car-
riers and likely reflect increased secretion by the adrenal gland 
or reduced renal excretion. Conversely, beneficial effects of 
the AA genotype on plasma EO that are mediated by reduced 
renal excretion per se are unlikely because of the reduced cre-
atinine clearance among the compliant patients.

Finally, there is an ongoing debate about the potential 
for increased risk associated with low salt intakes.3–5,23,30 Our 
studies indicate that among patients with EH, there are 3 dis-
tinct BP phenotypes; a large group (≈50%) of the patients 
whose BP falls, another group (≈25%) in whom BP is largely 
unchanged, and a third group (≈25%) in which EO and BP 
both rise with low salt intake. We noted in other studies that 
coelevated EO and BP have been repeatedly associated with 
increased morbidity and mortality.3–5 Our results, therefore, 
suggest that circulating EO is a functional marker that predicts 
the beneficial and adverse effects of low salt diets.

Limitations
One limitation in this outpatient study was the inability to 
lower salt intake <100 mmol/d. Reducing UNa excretion to 50 
mmol Na/d provokes PRA, aldosterone, and BP responses24 
beyond those we observed. More dramatic reduction in uri-
nary sodium is feasible with an inpatient design that was not 
practical in our setting.31 Nevertheless, the observation of 
elevated EO inappropriate to sodium excretion in the RSS 
group leads us to share the impression32–34 that there may be 
a subtle adrenocortical dysfunction in some patients with EH 
irrespective of whether the primary focus of the measure-
ment is aldosterone, cortisol, or EO. Second, our study was 
of a relatively short duration; several weeks to months may 
be required to uncover the full depressor or pressor effect of 
a dietary manoeuvre involving dietary salt or diuretics.35,36 
Third, single 24-hour urine sodium measurements, even when 
available, may not fully capture changes in dietary salt intake 
because of infradian variations in salt balance.35 Fourth, we 
did not include a normal dietary control group in the study 
design. The noncompliant patients are not valid placebo con-
trols37; they complied unpredictably and intermittently with 
the low salt regimen.

Perspectives
Reverse salt sensitivity, that is, the paradoxical increase in BP 
observed in some patients during reduced salt intake, is an 
oft under-reported if not ignored phenomenon in studies that 
investigate the impact of salt on BP. In this study, we dem-
onstrate that phenomenon is present among ≈25% of newly 
diagnosed hypertensive patients and is related to increased 
circulating EO. Long-term studies are clearly needed to probe 
the potential relationship of elevated circulating EO with 

increased morbidity and mortality among susceptible patients 
with low sodium excretion. Nevertheless, the apparent protec-
tive effects and BP decline associated with the LSS AA geno-
type may already identify those patients most likely to benefit 
from a low salt diet as a lifestyle modification.
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What Is New?
•	Polymorphisms in the lanosterol synthase gene have a strong influence 

on the salt sensitivity of blood pressure (BP) and changes in circulating 
endogenous ouabain (EO) in response to a low salt diet.

•	Circulating EO increased significantly among the 25% of the patients 
studied whose BP rose (reverse salt sensitivity) in response to the low-
ered sodium intake.

What Is Relevant?
•	Dietary compliance may account for genetic difference between different 

studies and should always considered.
•	Among patients with the LSS rs2254524 AA genotype, circulating EO 

was unchanged during the low sodium diet, whereas resulted signifi-
cantly increased in those carrying the wild-type C allele.

Summary

Circulating EO is increased by sodium depletion and influences BP 
and renal Na excretion via the transport or signaling actions of the 

renotubular and vascular myocyte Na–K pump. LSS mediates an 
early step in the biosynthesis of cholesterol. A missense polymor-
phism in this gene affects its expression, enzymatic activity and, 
unexpectedly, impacts the synthesis of EO when transfected into 
adrenocortical cells. Thus, in this study, we investigate the hypoth-
esis that lanosterol synthase rs2254524 alleles might impact BP 
and EO responses evoked by a low dietary sodium intake (<100 
mEq/d, 2 weeks) among dietary compliant patients with mild es-
sential hypertension. Among the study participants, the decline in 
both systolic BP and the slope of the long-term pressure–natriure-
sis relationship was affected significantly by the presence of the 
lanosterol synthase rs2254524 A variant. Furthermore, in ≈25% of 
the patients studied, both EO and BP rose significantly during the 
low salt diet.

Novelty and Significance


