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In the United States, based on results of the National Health and
Nutrition Examination Survey (NHANES), approximately 30% (age-
adjusted prevalence) of adults, or at least 65 million individuals, have
hypertension (defined as any one of the following: systolic blood
pressure =140 mmHg, diastolic blood pressure 290 mmHg, taking
antihypertensive medications). Hypertension prevalence is 33.5% in
non-Hispanic blacks, 28.9% in non-Hispanic whites, and 20.7% in
Mexican Americans. The likelihood of hypertension increases with
age, and among individuals age >60, the prevalence is 65.4%. Recent
evidence suggests that the prevalence of hypertension in the United
States may be increasing, possibly as a consequence of increasing
obesity. The prevalence of hypertension and stroke mortality rates
are higher in the southeastern United States than in other regions. In
African Americans, hypertension appears earlier, is generally more
severe, and results in higher rates of morbidity and mortality from
stroke, left ventricular hypertrophy, CHF, and end-stage renal disease
(ESRD) than in white Americans.

Both environmental and genetic factors may contribute to regional
and racial variations in hypertension prevalence. Studies of societies
undergoing “acculturation” and studies of migrants from a less to a
more urbanized setting indicate a profound environmental contribu-
tion to blood pressure. Obesity and weight gain are strong, indepen-
dent risk factors for hypertension. It has been estimated that 60% of
hypertensives are >20% overweight. Among populations, hyperten-
sion prevalence is related to dietary NaCl intake, and the age-related
increase in blood pressure may be augmented by a high NaCl intake.
Low dietary intakes of calcium and potassium also may contribute to
the risk of hypertension. The urine sodium-to-potassium ratio (an
index of both sodium and potassium intakes) is a stronger correlate
of blood pressure than is either sodium or potassium alone. Alcohol
consumption, psychosocial stress, and low levels of physical activity
also may contribute to hypertension.

Adoption, twin, and family studies document a significant heri-
table component to blood pressure levels and hypertension. Family
studies controlling for a common environment indicate that blood
pressure heritabilities are in the range 15-35%. In twin studies, heri-
tability estimates of blood pressure are ~60% for males and 30-40%
for females. High blood pressure before age 55 occurs 3.8 times more
frequently among persons with a positive family history of hyperten-
sion. However, to date, only a fraction of high heritability estimates are
accounted for by specific genetic determinants.

GENETIC CONSIDERATIONS

S B Although specific genetic variants have been identified in rare
= Mendelian forms of hypertension (Table 298-5), these variants
are not applicable to the vast majority (>98%) of patients with
hypertension. For most individuals, it is likely that hypertension repre-
sents a polygenic disorder in which a combination of genes acts in
concert with environmental exposures to make only a modest contri-
bution to blood pressure. Further, different subsets of genes may lead
to different phenotypes associated with hypertension, e.g., obesity,
dyslipidemia, insulin resistance.

Several strategies are being used in the search for specific
hypertension-related genes. Animal models (including selectively bred
rats and congenic rat strains) provide a powerful approach for evaluat-
ing genetic loci and genes associated with hypertension. Comparative
mapping strategies allow for the identification of syntenic genomic
regions between the rat and human genomes that may be involved in
blood pressure regulation. In association studies, different alleles (or
combinations of alleles at different loci) of specific candidate genes
or chromosomal regions are compared in hypertensive patients and
normotensive control subjects. Current evidence suggests that genes
that encode components of the renin-angiotensin-aldosterone system,
along with angiotensinogen and angiotensin-converting enzyme (ACE)
polymorphisms, may be related to hypertension and to blood pressure
sensitivity to dietary NaCl. The alpha-adducin gene is thought to be
associated with increased renal tubular absorption of sodium, and vari-
ants of this gene may be associated with hypertension and salt sensitivity
of blood pressure. Other genes possibly related to hypertension include

genes encoding the AT, receptor, aldosterone synthase, atrial natriuretic
peptide, and the B, adrenoreceptor. Genomewide association studies
involve rapidly scanning markers across the entire genome to identify
loci (not specific genes) associated with an observable trait (e.g., blood
pressure) or a particular disease. This strategy has been facilitated by the
availability of dense genotyping chips and the International HapMap.
Results of candidate gene studies often have not been replicated, and in
contrast to several other polygenic disorders, genomewide association
studies have had limited success in identifying genetic determinants of
hypertension.

Preliminary evidence suggests that there may also be genetic deter-
minants of target organ damage attributed to hypertension. Family
studies indicate significant heritability of left ventricular mass, and
there is considerable individual variation in the responses of the heart
to hypertension. Family studies and variations in candidate genes
associated with renal damage suggest that genetic factors also may
contribute to hypertensive nephropathy. Specific genetic variants have
been linked to CHD and stroke.

In the future, it is possible that DNA analysis will predict indi-
vidual risk for hypertension and target organ damage and will identify
responders to specific classes of antihypertensive agents. However,
with the exception of the rare, monogenic hypertensive diseases, the
genetic variants associated with hypertension remain to be confirmed,
and the intermediate steps by which these variants affect blood pres-
sure remain to be determined.

MECHANISMS OF HYPERTENSION

To provide a framework for understanding the pathogenesis of and
treatment options for hypertensive disorders, it is useful to under-
stand factors involved in the regulation of both normal and elevated
arterial pressure. Cardiac output and peripheral resistance are the two
determinants of arterial pressure (Fig. 298-1). Cardiac output is
determined by stroke volume and heart rate; stroke volume is related
to myocardial contractility and to the size of the vascular compart-
ment. Peripheral resistance is determined by functional and anatomic
changes in small arteries (lumen diameter 100-400 pm) and arterioles.

INTRAVASCULAR VOLUME

Sodium is predominantly an extracellular ion and is a primary deter-
minant of the extracellular fluid volume. When NaCl intake exceeds
the capacity of the kidney to excrete sodium, vascular volume may
initially expand and cardiac output may increase. However, many vas-
cular beds have the capacity to autoregulate blood flow, and if constant
blood flow is to be maintained in the face of increased arterial pressure,
resistance within that bed must increase, since

ressure across the vascular bed
Blood flow = P

vascular resistance

The initial elevation of blood pressure in response to vascular
volume expansion may be related to an increase of cardiac output;
however, over time, peripheral resistance increases and cardiac output
reverts toward normal. Whether this hypothesized sequence of events
occurs in the pathogenesis of hypertension is not clear. What is clear
is that salt can activate a number of neural, endocrine/paracrine, and
vascular mechanisms, all of which have the potential to increase arte-
rial pressure. The effect of sodium on blood pressure is related to the
provision of sodium with chloride; nonchloride salts of sodium have
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FIGURE 298-1



