
R e v i e w P a p e r

Hypothesis: It Is Time to Reconsider
Phenotypes in Hypertension

Marcelo Orias, MD;1 Aldo H. Tabares, MD;2 Aldo J. Peixoto, MD3,4

The study of genes and mechanisms associated
with hypertension is hampered by the heterogene-
ity of hypertensive patients. Refining the definition
of hypertension is a potential means of improving
the clarity of mechanistic studies, but the lack of
intermediate phenotypes hinders the assessment of
causal relationships. Looking at younger individu-
als and hemodynamic subsets of hypertension is
one such refinement. The authors argue that the
separate analysis of patients with isolated diastolic
hypertension, predominantly diastolic hyperten-
sion, and isolated systolic hypertension in the
young in combination with common biomarkers
may be an initial step to decrease heterogeneity
within patient subsets, thus providing new ave-
nues for genetic and pathophysiological studies. J
Clin Hypertens (Greenwich). 2010;12:350–356.
ª2010 Wiley Periodicals, Inc.

Hypertension (HTN) is the most common risk
factor for cardiovascular morbidity and mor-

tality.1–3 Despite extensive research, its etiology

and genetic determinants remain elusive. Potential
reasons for this inability to determine causality
include epigenetic phenomena (DNA methylation,
and post-translational histone modifications),4

gene-environment interactions (such as obesity, salt
intake, and exercise), lack of adequate control
groups, and maybe even the fact that genetic influ-
ence of HTN may not be as important as previously
proposed. Another option is that many common
genetic variants, each with a small contribution,
participate in maintaining blood pressure (BP) lev-
els, but as noted further in this article, recent reports
question this concept. More likely is the possibility
that HTN is due to numerous distinct genes. Many
different knockout experiments have shown
increased BP in animals and support this concept. If
this is the case, finding intermediate phenotypes
becomes imperative. ‘‘Lumping’’ all hypertensives
together and searching for a common cause will
continue to be an unrewarding task. While this is
not a new idea, the lack of articles reporting this
approach is surprising. We propose a simple
approach toward subdividing hypertensive pheno-
types that may help elucidate genetics and patho-
physiology further.

THE NEED FOR THE IDENTIFICATION OF
MORE SPECIFIC PHENOTYPES IN HTN
In recent years the search for homogeneous pheno-
types within HTN has furthered our understanding
of monogenic Mendelian HTN.5 Initially focusing
on severe familiar HTN and hypokalemia, Lifton
and colleagues have found genes that can cause ele-
vated and decreased BP. We now understand why
some patients previously classified as having ‘‘essen-
tial HTN’’ with hypokalemia have different patho-
physiologic mechanisms than those with just plain
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elevation of BP, but it took insightful vision and
hard work to prove that these former ‘‘essential
hypertensives’’ were unique. Unfortunately, the phe-
notypes and genes encountered so far only apply to
a small fraction of the millions of hypertensive
patients worldwide.5 This led to the thought that
finding common genetic variants would solve the
problem, and the genome wide association study
(GWAS) approach was developed. The 2 largest cur-
rent studies have identified several loci associated with
HTN,6,7 but other important GWAS failed to do so,8

and there is always concern about the reproducibility
of results.9 An interpretation of recent findings was
that the Cohorts for Heart and Aging Research in
Genomic Epidemiology (CHARGE)6 and the Global
Blood Pressure Genetics (Global BPgen)7 were able
to identify, despite some significant inconsistencies,
genetic loci that accounted for only about 2% of
the genetic factors believed to influence BP. The
loci were associated with an estimated effect on BP
of 1 mm Hg or less. It is likely that many other
loci exerting even smaller effects (<0.5 mm Hg)
exist.10 These studies highlight the limited likeli-
hood that any significant findings will be further
obtained with this methodology.

How can we subdivide essential hypertensive
patients into more homogenous subgroups? Pheno-
typic biomarkers can help in this distinction
because they integrate multiple genetic and nonge-
netic influences. Several potential intermediate phe-
notypes have recently emerged, including common
laboratory biomarkers such as hyperuricemia, or a
combination of biomarkers and clinical features
such as in the metabolic syndrome. An exciting
recent publication demonstrated that allopurinol
decreased BP in adolescents with hyperuricemia.11

Not all adolescents have hyperuricemia and surely
these results will have to be confirmed in larger
studies, but this is an example of how looking at
the correct subgroup may help understand mecha-
nisms and appropriate therapy. It will be interesting
if a drug typically without antihypertensive action,
like allopurinol, turns out to be appropriate BP-
lowering therapy in some hyperuricemic patients.

An example of ‘‘teasing out’’ complex traits with
well established phenotypes was recently published.
Using linkage analysis Mani and associates found a
gene (LRP6) that associates with early coronary
artery disease, metabolic syndrome, and osteoporo-
sis in affected family members.12 All these patients
had ‘‘garden variety’’ metabolic syndrome: their
diabetes mellitus and HTN appeared at midlife,
cholesterol values were not as elevated as seen in
heterozygous loss of function of the low-density

lipoprotein receptor, but they stood out because of
coronary artery disease before age 50 in men and
55 in women, and osteoporosis. Impressive is the
fact that unaffected members did not have meta-
bolic syndrome despite similar lifelong habits. Anal-
ysis of the metabolic syndrome indicates that it
probably represents a more homogenous subgroup
than the universe of essential hypertensives, but the
definition is still a ‘‘work in progress’’ that includes
individuals with different components of the syn-
drome, even the absence of elevated BP.13,14 Thus,
it is likely that these patients will have many genes
and mechanisms involved in their HTN.15 This
example epitomizes the need to search for more
specific hypertensive phenotypes, because in clinical
practice apparently unrelated associations of HTN
with kidney stones, early atherosclerosis, osteoporo-
sis, and gastritis, to mention a few, are commonly
encountered.

Research on this approach should not stop short
of completion, as happened in the past with the
evaluation of plasma renin activity in HTN. The
division of all hypertensive patients into high, nor-
mal, and low renin status was initially perceived as
the holy grail in HTN, but fell out of favor as
research failed to demonstrate that it led to signifi-
cant advances in the understanding of pathophysi-
ology and treatment. Current view is that each of
these categories probably harbors many different
subcategories (increased volume status and low
renin can be achieved by various renal tubular
mechanisms), but this complexity should not hinder
the importance of renin or other biomarkers in
defining phenotypes.

PULSE PRESSURE AS A POTENTIALLY
RELEVANT PHENOTYPICAL TRAIT IN HTN
We propose that the characterization of phenotypes
should take age and pulse pressure (PP) patterns into
consideration. Why should a 30 year-old patient with
a BP of 130 ⁄100 mm Hg have the same genetic back-
ground and physiology as a 70 year-old recently diag-
nosed as hypertensive with a BP of 160 ⁄80 mm Hg?
Our current definition of HTN as systolic BP >140
mm Hg and ⁄or diastolic BP >90 mm Hg16 has led
multiple candidate gene and genome wide scans to
analyze these patients together. We must realize that
this definition comes from clinical trials and its con-
tinued use for understanding mechanisms in HTN is
unlikely to be helpful. Along the same lines, why
would a 17 year-old with a BP of 156 ⁄84 mm Hg
and a 24 year-old with a BP of 130 ⁄100 mm Hg have
the same genes and the same physiology to explain
their newly diagnosed HTN? Therefore, we will focus
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our discussion on the isolated systolic HTN (ISH) and
isolated diastolic HTN (IDH) subtypes in young
patients.

Isolated Systolic HTN
ISH is commonly recognized because this ‘‘PP pheno-
type’’ has increased cardiovascular risk17–19 and drug
treatment can diminish it.20–22 These patients are
arbitrarily defined as having systolic BP >140 mm
Hg and diastolic BP <90 mm Hg. They tend to be
older and most have advanced cardiovascular disease.
Given their typically older age and longer exposure to
the ‘‘environment,’’ this phenotype is quite heteroge-
neous and generally less suited for genetic studies.
Despite this presumed limitation, a metaanalysis of
several GWAS of HTN and elevated PP revealed 5
chromosomal regions with evidence for linkage with
PP.23 In fact, the Framingham Study demonstrated
that an ISH phenotype in the elderly can be preceded
by systo-diastolic HTN (SDH) and IDH, but is more
likely to evolve from normal or high-normal BP.24

This finding suggests that ISH is not always the final
step of ‘‘burnt-out’’ high BP,25 and we speculate that
patients who first become hypertensive as ‘‘de novo’’
ISH may have different genes and mechanisms than
those that end up with ISH after many years of SDH.

A distinct ‘‘wide PP HTN phenotype’’ is found in
young adults with ISH. These individuals were
initially characterized as tall males with elevated
peripheral BP and normal central aortic pres-
sures.26,27 It was speculated that the reason for the
dichotomy between central and peripheral BP was an
exaggeration of PP amplification by enhanced arterial
elasticity. Therefore the pulse waveform is of normal
characteristics in the periphery, but with a taller peak,
whereas the central pulse waveform is entirely
normal. This hemodynamic pattern induced many

authors to name this entity ‘‘pseudo-systolic HTN’’
or ‘‘spurious systolic HTN.’’27 However, the
ENIGMA study recently disputed this concept and
demonstrated that the PP amplification is normal in
these individuals (Table).28 These authors claim that
ISH is the most common form of HTN in young
adults, and some investigators have recognized this
condition as a common phenotype,29 though others
have found more IDH than ISH.30 Some reports have
speculated that the increased PP pattern in young
patients with ISH is due to elevated stroke volume
with normal peripheral vascular resistance,31 but the
ENIGMA investigators demonstrated that this entity
is heterogeneous. Some young adults with ISH have
increased stroke volume while others have increased
stroke volume and aortic pulse wave velocity. In fact,
they have conjectured that these individuals may later
evolve into a more predominantly diastolic pattern of
high BP.28 Another subgroup, approximately 20% of
young ISH hypertensives, have normal stroke volume
and increased pulse wave velocity, clearly mimicking
the hemodynamic pattern of older ISH patients and
may represent an earlier presentation of elevated BP
due to a stiff aorta.28 This finding casts doubt on the
contention that all ISH in young individuals is benign.
Also, it should be noted that Framingham data
showed an inverse relationship between brachial PP
and coronary events in men <40 years of age.32 Fur-
thermore, it is not known whether these patients
remain with ISH, or if the decline of ISH in young
patients is because their PP pattern normalizes or
evolves into a more diastolic HTN.30,33 ENIGMA
and the Hypertension and Ambulatory Recording
Venetia Study (HARVEST) are prospective cohorts
that may help answer this question. Without long
term studies, the indication for pharmacological
therapy is still a matter of debate.

Table. Demographics and Blood Pressure Indices in Normotensive, Isolated Systolic Hypertension (ISH), and Essential

Hypertension (EH) Patients

Parameter Normotensive (n=722) ISH (n=93) EH (n=42)

Age, y 20�3 20�3 20�3
Male ⁄ female 330 ⁄ 392 85 ⁄ 8 23 ⁄ 19
Height, m 1.71�0.09 1.79�0.07a 1.70�0.09a,b

Weight, kg 68�13 82�14a 75�17a

BMI, kg ⁄ m2 23.1�3.6 25.7�4.1a 25.8�4.6a

PP amplificationc 1.69�0.14 1.72�0.11 1.63�0.2a,b

CO, L ⁄ minc 6.9�1.9 8.1�1.9a 6.8�1.7b

SV (mL)c 83�21 93�24a 78�18b

PVR, dynes ⁄ sc 12.6�4.6 12.5�3.4 15.9�4.3a,b

Data are mean�SD (n=857). Patients with high-normal blood pressure were excluded (n=151). aP<.01 vs normotensives.
bP<.01, EH vs ISH. cIndicates data corrected for mean arterial pressure and sex. Table compiled from data from reference 28.
Abbreviations: BMI, body mass index; CO, cardiac output; PP, pulse pressure; PVR, peripheral vascular resistance; SV, stroke
volume.
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This is a good example of a not generally recog-
nized intermediate phenotype that has not been
studied properly. If each ISH subgroup is carefully
selected by hemodynamic parameters and different
biomarkers, a candidate gene approach or similar
will have a greater likelihood of genetic and patho-
physiologic yield as long as an adequate sample size
of phenotypically similar individuals are studied.

Isolated Diastolic (and Predominantly Diastolic)
HTN
IDH has taken longer to be recognized than ‘‘classi-
cal’’ ISH, as early reports described this BP profile
as being associated with very low cardiovascular
risk.34–37 This is not surprising as patients with
IDH tend to be younger than SDH and ISH and
their BP category is usually stage I.24,33 However,
this group has become a focus of attention because
cardiovascular risk is mostly associated with dia-
stolic BP until age 55.24,38,39 A Chinese report dem-
onstrates that, although less than ISH and SDH,
patients with IDH have higher rates of cardiovascu-
lar disease than normotensive individuals.40 Patients
with IDH are usually young adults and studies
uniformly show increased small vessel resistance.28

It has been postulated that IDH can progress and
most patients with SDH have had IDH in their
early hypertensive years.24 An analysis of the Fra-
mingham Study demonstrated that patients with
IDH at baseline had a seven-fold increase in
the 10-year hazard of developing SDH as com-
pared to individuals who were normotensive at
inception. In addition, the younger the patient stra-
tum analyzed, the higher the predominance of IDH
as the most common subtype,33 and IDH patients
were on average 2–9 years younger than SDH
patients.24,34,41,42 It is thus plausible that IDH and
SDH may represent the same pathophysiologic

process at different time points in a patient’s clini-
cal course (Figure). Because patients with SDH can
have narrow, normal, or wide PP, we believe that
patients with narrow PP may have similar physiol-
ogy as IDH. We have named this subgroup with
narrow PP ‘‘predominantly diastolic HTN’’ (PDH),
a group of patients where diastolic BP is the most
relevant alteration, either in absolute terms or in
terms that integrate the degree of elevation of dia-
stolic BP and PP.43 Along the same lines, Blank
and associates arbitrarily defined this group as hav-
ing a PP ⁄diastolic BP ratio <0.45.34 This number
was arbitrarily chosen based on what the observed
ratio would be for a hypothetical patient with a
high diastolic BP (90 mm Hg) and a ‘‘normal’’ sys-
tolic BP (130 mm Hg; PP=40 mm Hg, PP ⁄diastolic
BP ratio �0.45).

We speculate that patients with PDH share similar
hemodynamic patterns and are a more homogeneous
subtype of HTN. Unfortunately, we are not aware of
any studies that have addressed this issue. It must be
stressed that this is not the same subgroup of ‘‘border-
line’’ hypertensives described in the past. Borderline
hypertensives have been defined as patients who had
at least one diastolic BP with a value of 90 mm Hg
or more and at least another value of less than 90
mm Hg on 3 casual BP determinations,44 or who
had BP intermittently above 150 ⁄90 mm Hg, with
average readings above 150 ⁄90 mm Hg but below
160 ⁄100 mm Hg.45 Also, these patients differ from
the group studied by the Bergen Study. These were
young patients with mild HTN and mean BP 152 ⁄92
mm Hg and 160 ⁄99 mm Hg at the initial visit.46

Jimenez and colleagues have recently described a
preliminary association between PDH and the
angiotensin-converting enzyme DD polymorphism
in a small number of untreated patients with
PDH.43 Whether this is a true finding or not will
have to be tested in a larger number of patients,
but similar observations were reported in the Fra-
mingham cohort, wherein an association of DD
genotype and diastolic BP was observed in men.47

The definition of PDH is an attempt at finding
more homogeneous phenotypes within a large num-
ber of patients with essential HTN. IDH prevalence
is as high as 23% in some studies48 and if patients
with SDH who have narrow PP are added to this
group, it may account for 30% to 40% of essential
HTN. It also opens a series of other questions. Are
there other subgroups within it? There are several
mechanisms that can increase diastolic BP, so are
blood vessel ion channels involved? Is the renin-
angiotensin system or any other vasopressor
hormone system involved? Do they have a higher

Figure. Predominantly diastolic hypertension (PDH)
encompasses isolated diastolic hypertension (IDH) and
systo-diastolic hypertension (SDH) with a narrow pulse
pressure. Arrows on the bottom demonstrate how
progression of disease can occur (from IDH to SDH
and then isolated systolic hypertension [ISH]), but
patients may become hypertensive at any stage and
also skip or reverse categories.
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prevalence of metabolic syndrome48 or increased
body mass index49 as recent publications have dem-
onstrated (though not confirmed by others)?30,40 In
our cohort we found a low average body mass
index challenging the fact that IDH is seen in obese
patients with metabolic syndrome.43 We look for-
ward to further studies in the IDH field. Again,
despite heterogeneity within this group, judicious
IDH subset subdivision is expected to increase the
chance of success in genetic association studies.

‘‘Hyperdynamic’’ HTN
Another hypertensive phenotype described in
young individuals many years ago is the ‘‘hyperki-
netic’’ or ‘‘hyperdynamic’’ state.50–54 This hyper-
tensive pattern has been linked to excessive
activation of the sympathetic nervous system45

and sometimes in combination with obesity,55

although activation of the sympathetic nervous
system as a cause of HTN in obese patients has
many caveats.56 These patients may have clinical
signs and symptoms of sympathetic overactivity
(tachycardia, warm skin, sweaty palms and soles,
palpitations, etc.).50 These previous studies claim
that this would be an early clinical state that later
develops into a more classical pattern of essential
HTN.51–53,57 In the ENIGMA study, some of the
patients with ISH fit this pattern of increased
stroke volume alone or in association with
increased pulse wave velocity.28 Both borderline
hypertensive groups described by Safar and collea-
gues44 (normal and high cardiac index patients)
had ISH based on reported BP determinations. In
our clinical experience, we have observed young
hyperdynamic patients who have diastolic predom-
inance. The above reaffirms the concept that
young patients with ISH and PDH are most likely
heterogeneous hypertensive groups and that hyper-
dynamic subtypes may be seen in each of these
phenotypes, not necessarily having the same genet-
ics and pathophysiology.

It is of interest that Widimsky and associates50

recognized that 70% of young patients with HTN
studied had increased cardiac output. They found
that more than half had stroke volume elevation
without tachycardia, and less often tachycardia
with an increase in stroke volume.

Per Lund-Johansen was among the pioneers that
studied the hemodynamics of early mild essential
HTN in young patients. His group and others found
that hypertensive patients had a 15% higher cardiac
index and heart rate with ‘‘normal’’ peripheral vascu-
lar resistance, although some have interpreted these
‘‘normal’’ values as inappropriately high for the

observed high cardiac index.46 The theory at the time
was that the tissue over-perfusion led to peripheral
vasoconstriction and when cardiac output tended to
normalize, high BP was maintained by increased
peripheral resistance.46 But even many years ago,
controversy existed because not all borderline hyper-
kinetic patients displayed these characteristics.58

Hyperdynamic hypertensive patients have been
treated intuitively and experimentally with b-block-
ers,45 successfully controlling BP and heart rate and ⁄
or palpitations, but no long-term data are available.

In summary, HTN research should progress
toward a fresh look at new onset HTN in young
people now that we have more insight about how
heterogenous these intermediate phenotypes can be.
This is likely to be the path that will lead us to a
better understanding of HTN. Since younger
patients have potentially less environmental influ-
ence on their BP (and are therefore better suited for
genetic and ⁄or mechanistic protocols), an intensified
attempt at defining phenotypes in this age group is
essential. Among young hypertensives, we believe
ISH and PDH stand out as interesting phenotypes
that need further characterization and subdivision.
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