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Liddle syndrome, an autosomal dominant form of mono-
genic hypertension, has been regarded as a rare disorder,
which leads to many Liddle syndrome patients being
misdiagnosed and experiencing severe complications at
an early age. Little is known about the prevalence of Liddle
syndrome. In this study, the authors investigated the
prevalence of Liddle syndrome confirmed by genetic testing
among young hypertension patients of undetermined
causes in China. A total of 330 hypertensive patients aged
14 to 40 years after exclusion of common secondary causes
of hypertension were enrolled and serum potassium con-
centrations were measured. Patients with hypokalemia
underwent genetic testing of the 13th exon of genes
encoding b and c subunits of the epithelial sodium channel
(ENaC). Diagnosis was established by identification of

mutations that destroy the PY motif of ENaC. Five
patients were diagnosed with Liddle syndrome (prevalence,
1.52%), as well as 12 of their relatives. These patients
with Liddle syndrome presented with an earlier onset of
hypertension, a stronger family history of hypertension, and
higher blood pressure than those with essential hyperten-
sion. All patients had hypokalemia and suppressed
plasma renin activity. The results demonstrated that Liddle
syndrome is an important etiology of hypertension in this
young population. Screening of Liddle syndrome should
focus on young hypertension patients, particularly those
with early penetrance, hypokalemia, and low renin levels
after exclusion of common secondary causes. J Clin
Hypertens (Greenwich). 2015;17:902–907. ª 2015 Wiley
Periodicals, Inc.

Liddle syndrome is an autosomal dominant form of
monogenic hypertension caused by heterozygous muta-
tions in the genes encoding the b and c subunits of
epithelial sodium channel (ENaC). This disorder was first
described in 1963 by Grant Liddle and colleagues.1 Salt-
sensitive hypertension with early penetrance, hypokale-
mia, metabolic alkalosis, suppression of plasma renin
activity (PRA) and aldosterone secretion, and an effective
response to ENaC blockers but not spironolactone
therapy constitute the typical clinical profile of Liddle
syndrome. Because of the similar features of hyperten-
sion and hypokalemia with primary aldosteronism, it
was termed “pseudoaldosteronism.” However, in con-
trast to the admittedly dominant role of primary aldo-
steronism in secondary hypertension,2 Liddle syndrome
is generally thought to be a rare disease.

Although more Liddle syndrome cases have been
reported worldwide in the past two decades, based on
advances in molecular genetics examining this condi-
tion, there remains a shortage of data describing the
prevalence of Liddle syndrome. Little information was

provided in a retrospective study that described the
prevalence of the Liddle syndrome phenotype.3 The
absence of research on the prevalence of Liddle syn-
drome confirmed through genetic testing is remarkable
given that people with misdiagnosed Liddle syndrome
are prone to cardiovascular or cerebrovascular compli-
cations at an early age, and especially because Liddle
syndrome is a condition easily controlled. In consider-
ation of this clinical significance, we conducted a
specific cohort-based investigation to characterize the
prevalence of Liddle syndrome in a Chinese population.

METHODS

Study Population
We enrolled 330 consecutive hypertension patients aged
14 to 40 years who were referred to our hypertension
center for undetermined causes between January 2010
and December 2014. Patients with hypertension second-
ary to common causes, including primary aldosteronism,
renal disease and renovascular disease, aortic diseases,
and obstructive sleep apnea, were excluded. The study
was approved by the ethics committee of Fuwai Hospital,
Peking Union Medical College, Beijing, China. All
participants provided written informed consent.

Criteria for Diagnosis of Liddle Syndrome
Current diagnosis of Liddle syndrome is based on
clinical evaluation and genetic testing. Early onset of
hypertension, a strong family history of severe
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hypertension with target organ damage, and a clear-cut
response to ENaC antagonists but not spironolactone
treatment are sensitive indicators for clinical assessment
of Liddle syndrome. Low levels of serum potassium,
PRA, and plasma aldosterone are also of importance.
Genetic testing plays a fundamental role in establishing
the diagnosis of Liddle syndrome. Identification of
pathogenic mutations that destroy the conserved PY
motif in the b or c subunit of ENaC is the most essential
indicator of diagnosis.

Screening for Liddle Syndrome
All patients had their medical records reviewed, and an
experienced physician inquired and reevaluated the
medical history of these patients, with emphasis on
their histories of hypertension and hypokalemia, family
histories of hypertension, pharmacologic treatment, and
control of blood pressure (BP). They all underwent a
clinical examination and had their height and weight
recorded. BP was measured every 5 minutes with a
mercury sphygmomanometer by a skilled physician
after the patient was seated for 15 minutes, and the
average of three readings was used. Blood was with-
drawn after a 12-hour fast to measure serum sodium
and potassium, lipid profile, and fasting glucose.
All patients with hypokalemia (<3.5 mmol/L) under-

went genetic testing for confirmation by screening of the
13th exon of both b-ENaC and c-ENaC. For patients with
positive results of genetic testing, plasma aldosterone and
PRAwere evaluated as the patient kept upright for 1 hour
after an overnight fast. When the diagnosis of Liddle
syndromewas established in a patient, all familymembers
of the index patient were examined by DNA analysis and
measurement of BP, serum potassium, PRA, and plasma
aldosterone were performed. In addition, physical
examination, echocardiography, blood biochemistry
examination, and microalbuminuria measurement were
performed in hypertensive individuals. Treatment with
amiloride was initiated for mutation carriers with hyper-
tension. After 1 month of amiloride treatment, BP and
serum potassium were reassessed in patients with Liddle
syndrome.

Statistical Analysis
Statistical analysis was performed using SPSS (SPSS 16.0;
SPSS Inc, Chicago, IL). All continuous parameters are
expressed as medians and interquartile ranges (IQRs,
25–75th percentile), and all categorical parameters are
expressed as proportions. To compare between-group
differences in demographic and clinical characteristics,
the nonparametric Wilcoxon two-sample test was used
for continuous variables and the Fisher exact test was
used for categorical variables.

RESULTS

General Characteristics of the Study Participants
A total of 330 young hypertension patients of undeter-
mined cause were included in the study. The basic

clinical characteristics of the study population are
shown in Table I. The median age was 31.0 (IQR,
26.0–36.0) years and men accounted for 67.6% of the
participants. On average, these participants were diag-
nosed with hypertension around the age of 27 years,
and 66.1% of individuals had a family history of
hypertension.

Prevalence of Liddle Syndrome
Among these 330 young patients, hypokalemia was
found in 48 (14.5%). Genetic screening was performed
in each of the 48 patients (Figure). A diagnosis of Liddle
syndrome was established in five patients (1.52% of the
study population). Subsequently, 69 relatives of these
patients with Liddle syndrome from four kindreds (one
of the five index patients declined further investigation)
received evaluation of BP, serum potassium and aldo-
sterone levels, PRA, and genetic testing, and 12 new
cases of Liddle syndrome were confirmed. One normo-
tensive child carrying a pathogenic mutation with
hypokalemia was identified at the same time.

Comparison Between Liddle Syndrome and
Essential Hypertension
The clinical features and gene mutations of the patients
with Liddle syndrome are summarized in Table II.
Three of the five families have been previously described
in detail.4–6 Although these patients with proved Liddle
syndrome were aged from 17 to 78 years, the median
age at diagnosis of hypertension was 18 years, relatively
younger than those with essential hypertension who
developed high BP (Table III). Predilection for sex was
not found among these 17 patients with Liddle syn-
drome. There were significant differences in family
histories for hypertension between Liddle syndrome and
essential hypertension (94.1% vs 63.9%, P=.015).
Familial aggregation plays a dominant role in Liddle
syndrome in a Mendelian fashion. Four of five index
patients had a family history of hypertension, and three
kindreds were identified, except the one in which
clinical assessment and genetic testing were not per-
formed in the other family members. There were

TABLE I. Clinical and Biochemical Characteristics
of the Total Population

Characteristic Study Population (N=330)

Age, y 31.0 (26.0-36.0)

Men, No. (%) 223 (67.6)

Age at hypertension diagnosis, y 27.0 (20.0-32.0)

Family history of hypertension, No. (%) 218 (66.1)

Systolic blood pressure, mm Hg 150.0 (140.0-170.0)

Diastolic blood pressure, mm Hg 100.0 (90.0-110.0)

Hypokalemia, No. (%) 48 (14.5)

Hyperlipidemia, No. (%) 130 (39.3)

Body mass index, kg/m2 26.2 (23.4-29.1)

Diabetes mellitus, No. (%) 17 (5.2)

Current smokers, No. (%) 98 (29.7)
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fundamental differences between Liddle syndrome and
essential hypertension in relation to serum potassium
and PRA (P<.001). All patients carrying Liddle’s muta-
tions, including the five index patients and 13 relatives,
manifested hypokalemia and suppressed PRA, while
only three patients had low levels of plasma aldosterone.
Markedly, four family members with severe hyperten-
sion in two kindreds had died in their 30s. Although BP
was much higher in patients with Liddle syndrome
(P<.05), BP in these patients seemed easier to control
with ENaC blockers and dietary salt restriction, despite
previous severity.

Gene Mutations Associated With Liddle Syndrome
Five pathogenic mutations associated with Liddle syn-
drome were identified in the five index patients and their
relatives, involving mutations in both b and c subunits
of ENaC. Remarkably, among these five mutations,
three mutations, including bp.P616L, bp.N619Qfs*3,
and cp.E571*, have never been reported before this
screening work. This increases the number of possible
mutations in Liddle syndrome to 27. These five path-
ogenic mutations had been missense, nonsense, and
frameshift mutations, disturbing or truncating the con-
served PY motif of b- or c-ENaC. A definite relationship
between genotype and phenotype was not identified, ie,
the implicated subunits of ENaC and mutation types
presented no overt relationship with the phenotypes.

DISCUSSION
To the best of our knowledge, this is the first study to
estimate the prevalence of Liddle syndrome in young
hypertensive patients of undetermined reason in China,
and the first study to describe the prevalence of Liddle
syndrome using genetic testing as the confirmatory test.
This study indicated that the prevalence of Liddle

syndrome in hypertensive patients of unascertained
reason aged 14 to 40 years was 1.52%, demonstrating
that Liddle syndrome is not quite as rare as previously
thought and is an important etiology of hypertension,
especially in young populations. In 2010, Tapolyai and
colleagues3 reported a high prevalence of 6% for likely
Liddle syndrome in a group of elderly US veterans.
Biochemical abnormalities were used as screening
criteria in that study. Liddle syndrome is a condition
of monogenic hypertension inherited in Mendelian
fashion. Although only five patients were confirmed to
have Liddle syndrome among the 330 study participants
in this study, 12 more patients with Liddle syndrome
were identified through screening family members of the
index cases. Therefore, the actual prevalence of Liddle
syndrome might be underestimated in this study.

Early penetrance is one of the most remarkable
characteristics of Liddle syndrome. Most reported
Liddle syndrome patients developed high BP before
the age of 30 years, the youngest reported case being a
10-month-old baby.7 The mean age at onset of hyper-
tension of the five index cases in this study was 16 years,
and all 17 patients with Liddle syndrome developed
hypertension at around 20 years. It is suggested that
Liddle syndrome should be considered by clinicians
when evaluating reasons underlying elevated BP in those
with early onset of hypertension. Despite following
Mendelian inheritance, patients without family histories
of hypertension should not be overlooked. Some
sporadic cases of Liddle syndrome have been previously
reported.8–10 We recently identified a young patient
with uncontrolled hypertension as having Liddle syn-
drome, while his parents were normotensives without
carrying the Liddle mutation.6

Similar to many other disorders of a Mendelian form,
Liddle syndrome displays phenotypic variability. BP and

FIGURE. Design of the study. LS indicates Liddle syndrome.
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the serum potassium concentration might be two
concerning clinical signs of Liddle syndrome with
respect to heterogeneity.11,12 Liddle syndrome cases
with severe hypertension to normotension or severe
hypokalemia to normal levels of serum potassium are
reported.13–16 The phenotype can vary greatly among
patients, even for patients of the same pedigree or with
the same mutation.17 However, our results did not show
distinct variability in BP and serum potassium levels. All
18 confirmed mutation carriers, including 13 relatives of
the probands identified through genetic screening,
manifested overt hypokalemia and hypertension no
lower than grade II, except for a 7-year-old child.
Accordingly, we speculate that hypertension and hypo-
kalemia may be two of the most prominent clinical
features of Liddle syndrome. In addition, the serum
potassium level may play an important role in clinical
evaluation of this disorder. It should be kept in mind
that the mild phenotype is not rare in Liddle syndrome
patients. Even in the original pedigree, people carrying
the causal mutation may present with a normal level of
serum potassium.17 With respect to PRA and plasma
aldosterone, our results showed that PRA was sup-
pressed in all mutation carriers, while plasma aldoste-
rone levels of most carriers were normal. Low-renin
hypertension is a relatively common form of hyperten-
sion in adults, and essential hypertension accounts for a
large proportion of cases.18 A normal or even low level
of plasma aldosterone with a low renin state is uncom-
mon in essential hypertension, and thus suggests the
possibility of Liddle syndrome.19

Great advances have been made in the pathogenesis of
Liddle syndrome since the first Liddle syndrome muta-
tions in b-ENaC and c-ENaC were identified by
Shimkets and colleagues11 in 1994 and Hansson and
colleagues20 in 1995. The PY motif, a conserved
proline-rich sequence in the cytosolic C-terminus of
the ENaC subunit, is the binding site of a specific
ubiquitin ligase, Need4-2.21 The interaction between
Need4-2 and the PY motif catalyzes ubiquitination of
ENaCs, resulting in their internalization and degrada-
tion. The gain-of-function mutations associated with
Liddle syndrome can delete or alter the PY motif,
impeding its combination with Need4-2, and lead to an

abnormal turnover of ENaCs and constitutive activa-
tion of the ENaC.22 Volume expansion because of an
imbalance in sodium homeostasis in the distal nephron,
and possibly other tissues,23 suppresses renin and
aldosterone secretion and leads to severe hypertension.
However, this traditional theory has recently been
challenged.24

DNA analysis could provide direct evidence of
mutations associated with Liddle syndrome. In addition,
genetic testing has been a rapid and practical tool to
confirm the diagnosis of Liddle syndrome. Genetic
testing should be considered in young hypertension
patients with early penetrance, especially those with
hypokalemia, a low renin level, and undetermined
causes of elevated BP. One of the greatest advantages
of genetic testing is family screening, enabling clinicians
to identify people with potential Liddle syndrome. Once
diagnosis of Liddle syndrome is established, it provides
patients with the possibility to avoid severe complica-
tions, as this disease is easy to control with ENaC
antagonists and dietary salt restriction.

LIMITATIONS
Our study has several limitations. First, this was a single-
center study and the participants were not a random
sample of all young hypertension patients. Second,
genetic testing was performed only in hypertensive
patients with hypokalemia, and we may have excluded
some absolute normokalemia patients with Liddle syn-
drome. As a result, the prevalence of Liddle syndrome
described in this study may be underestimated.

CONCLUSIONS
This study suggests that Liddle syndrome is not as rare a
disorder as previously thought. The study highlights the
need to screen for Liddle syndrome among young
hypertension patients, especially those with early pen-
etrance, hypokalemia, and low renin level after exclu-
sion of common secondary causes. Genetic testing
provides the opportunity to achieve accurate and rapid
diagnosis of Liddle syndrome. Potentially, a greater
number of people with Liddle syndrome could be
identified through family screening, and tailored treat-
ment with high efficacy makes it possible for these

TABLE III. Clinical Characteristics of Patients With LS and EH

LSa (n=17) EH (n=325) P Value

Age, y 30.0 (21.0–56.0) 31.0 (26.0–36.0) .716

Men, No. (%) 7 (41.2) 221 (68) .033

Age of hypertension onset, y 18.0 (17.0–21.0) 31.0 (26.0–36.0) .001

Family history of hypertension, No. (%) 16 (94.1) 214 (63.9) .015

SBP, mm Hg 186.0 (174.0–195.0) 150.0 (140.0–170.0) <.001

DBP, mm Hg 110.0 (100.0–119.0) 100.0 (90.0–110.0) .02

Serum K+, mmol/L 2.68 (2.48–2.87) 3.96 (3.65–4.19) <.001

Hypokalemia, No. (%) 17 (100) 43 (13.2) <.001

Abbreviations: DBP, diastolic blood pressure; EH, essential hypertension; SBP, systolic blood pressure. aAll patients identified as having Liddle

syndrome (LS) including the five index patients and their relatives were included.
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individuals to avoid severe complications. It is possible
that the prevalence of Liddle syndrome is greater than
what we estimated, as we did not perform genetic
testing of the nonhypokalemia participants. Therefore,
absolutely uniform evaluation should be performed in
each participant with or without hypokalemia in future
investigations.
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