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SUMMARY

Two clear groups, namely hypertensives and normo-
tensives were identified when several members of 3
generations of an extended Ghanaian family were
investigated clinically and historically. Two sels,
and large numbers of offspring from polygamous
marriages in the family facilitated Mendelian gene-
tic analysis. The first marriage of the female hyper-
tensive propositus to a normotensive produced (wo
sons; one was hypertensive the other not. Her se-
cond marriage to a hypertensive produced six off-
spring all hypertensive. The hypertensive son from
the propositus’s first marriage married two normo-
tensive womeny; the first had six normotensive while
the second had one hypertensive and two normoten-
sive offspring. Two of the female offspring of the
propositus’s second marriage married normotensive
men and had several offspring half of whom were
hypertensive. This pedigree pattern could be explai-
ned on Mendelian genetic theory by postulating a
pair of alleles, name (H) and (N) genes. On this
hypothesis the genotype of hypertension is HH,
while that of normotension is NH or NN. This
makes H a recessive gene. The marriage between
hypertensives (HH) and heterozygous carriers (NH)
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resulted in hypertensive offspring, giving the false
impression that the hypertensive gene was do
nant. At 30 years of age, hypertensive genotypes de-
veloped measurable high blood pressure which was
consistently reducible with the B-blocker anti-renin
propranolol. An abnormality in the renin-angioten:
sin system was postulated as the probable biochemi-
cal basis of this inherited hypertension.

INTRODUCTION

Although clinicians are aware that essential hyper
tension is inherited, there is no agreement on the
exact mode of inheritance. In 1947 Platt' hype
thesized that essential hypertension was a disorder
transmitted by a single pair of genes with features
of Mendelian dominance. Mendelian inheritance
implies that those who had inherited the particu
lar gene differed from those who had not by ha
ving some specific biochemical *fault’ or trail
Platt could neither identify the biochemical defed
associated with the gene nor demonstrate the cha:
racteristics of dominant Mendelian inheritance,
Meanwhile Hamilton*? concluded after a series of
epidemiological and statistical studies that heredis
ty played only a small part in the aetiology of



TEMBER 1990

. Inheritance of Hypertension

essential hypertension and that the cause of the
liscase was predominantly environmental. In
1955, another school of thought led by Pickering®
categorically stated that inheritance of hyperten-
was not Mendelian but plurigenic. This theo-
hich remained entrenched for many years im-

ed that in a population, blood pressure distribu-
lion was in a continuous variation with those at the
top end labelled as hypertensive. Ostfeld and
_;auls shared the views of Pickering et al.

In 1959 Morrison and Morris® after extensive cli-
nical studies concluded that hypertension was in-
herited as a simple Mendelian dominant trait.
Platt in 19597 and 19618 again reported that
hypertension was inherited as a simple Mendelian
trait. In 1963 Platt reported his findings after cli-
nical studies of severe hypertension in 3 pairs of
identical twins and 4 pairs of dizygotic twins. He
concluded that the pattern he obtained could be
explaincd by the action of a pair of genes with in-
complete dominance and a frequency of 0.24
which in the homozygous gave rise to severe
hypertension and in the heterozygous form to mo-
derate elevation of blood pressure. Platt predic-
ted that further clarification of his simple Mende-
lian theory could be obtained if two conditions
were satisfied; firstly a long term study spanning
over 20 years involving siblings and children of
hypertensives, and secondly a more sensitive test
ian measurement of blood pressure for detection
of essential hypertension. In the work reported
here, the first condition was satisfied fully and the
second partially or indiréctly.

The purpose of this communication is to report
the findings of a 20-year study on 3 generations of
an extended Ghanaian family of hypertensives and
normotensives. Three factors in this family name-
ly, polygamy, large numbers of children and
consistent response of their hypertension to

B-blockers facilitated the application of Mende-
lian principles and speculation as regards an enzy-
mic defect responsible for this familial hyperten-
sion.

MATERIAL AND METHODS

This study involved hypertensives and normoten-
sives belonging to three generations of an exten-
ded Ghanaian family in which polygamy and po-
lyandry resulting in half sibships occurred. A cli-
nical investigation of the younger members of the
second gencration who had presented with hyper-
tension and its complications was undertaken.
Detailed family history from the above patients re-
vealed the causes and/or mode of death and the
health status of members of the first generation
and older members of the second generation who
were never actually looked alter by the author.
The investigation was then extended into the third
generation, by doing routine periodic medical exa-
mination on them. Other members of the third
generation have started developing hypertension
and its complications and the results are included.
The blood pressure was measured thrice with the
patient recumbent at 10 minutes intervals, follo-
wed by once with the patient sitting and once stan-
ding. Hypertension was considered present on
this first visit only if all the figurces obtained were
above 140 systolic and 90 diastolic. The fifth
phase when sound disappeared was taken as the
diastolic. Patients were then seen at monthly in-
tervals for short interviews followed by measure-
ment of the blood pressure. History of Bilharzia
was excluded as was proteinuria with evidence of
renal hypertension. Chest X-rays, ECGs, blood
urea and electrolytes were done only on those who
had presented with complications such as strokes,
congestive cardiac failure or renal failure. In the
majority the only recorded abnormality was the
high blood pressure.
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Treatment at the onset of the investigation was
haphazard with a varicty of drugs such as serpasil,
aldomet and diuretics singly or in various combi-
nations. Later it was standardized. The stardard
regime consisted of propranolol 40 to 80 mg 12-
hourly. The effect of treatment with propranolol
was assessed after three months therapy.

RESULTS

The genealogical tree showing the hypertensives
and normotensives is illustrated by Fig. 1 entitled
"Hypertensive Phenotypes in Three Generations’.
Fig.2 "Hypertensive Genotypes in Three Genera-
tions’ was constructed by applying the Mendelian
theory of genetics to the genealogical tree shown
in Fig. 1. Table 1 summarises some of the clinical
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fcatures of the hypertensives shown in Fig. 1. At
the the onset of this study, I8, 1™, 1S, 1’8
and 111%" were listed as normotensive with other
siblings and cousins, however, each of them be-
came overtly hypertensive soon after reaching the
age of 30. Table 1 also contains information about
the older members of this family who died of
hypertension and its complications.

THE FAMILY TREE

The originator of this family treec was a hyperten-
sive woman who died at the age of 62 from acute
pulmonary oedema due to myocardial infarction
superimposed on hypertensive heart disease. Du-
ring her life-time she married twice : her first mar-
riage, to a normotensive, produced two sons who

. 1: BYPERTENSIVE PHENOTYPES [N 3 GENERATIONS
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‘reached adult life; onc son developed hyperten-
on (and died of a stroke at 58), the other son is
not hypertensive. The second marriage of the
above woman was to a hypertensive (he died sud-
denly at 47 from a strokc); that union produced 6
offspring who all developed hypertension on rea-
ching adulthood. The hypertensive son from the
first marriage above also married twice, each time
‘toa normotensive. His lirst marriage resulted in 7
offspring of whom 6 have rcached adulthood and

none has developed hypertension. In contrast his
second marriage also to a normotensive resulted
in 3 children, one of whom is under 30; of the 2
who are over 30, only one is hypertensive. The
study also included the offspring of two of the six
hypertensive children of the second marriage of
the propositus; the two, both women, married nor-
motensives, and of their children who are now
over 30 approximately half are hypertensive and
half not.
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The above hypertensive and non-hypertensive
phenotype pattern shown graphically in Fig.1,
could be explained on Mendelian genetic theory
by postulating the existence of a pair of alleles na-
mely a hypertensive gene (H) and a normotensive
gene (N). On the above hypothesis, the hyperten-
sive phenotype must be homozygous for the
hypertensive gene i.e. HH, whereas normotensive
phenotypes could either be heterozygous NH, or
homozygous for the normotensive gene NN
(Fig.2). Thus this hypertensive gene is a Mende-
lian recessive, but its high prevalence leading to
frequent marriages between the homozygous suf-
ferers and heterozygous carriers resulted in a pe-
digree pattern which resembled that of a domi-
nant trait.

The inherited tendency manifested as measurable
high blood pressure only after the age of 30 equal-
ly in both men and women. The commonest com-
plication has been stroke due to intra-cerebral
haemorrhage, which has occurred in five mem-
bers, three of whom died following the stroke
while two survived. There has been no deaths
since the onset of this study which was always
combined with anti-hypertensive therapy. Initially
diuretics alone or in combination with cither ser-
pasil or aldomet were used. The diuretics caused
dehydration without reducing blood pressure, ser-
pasil produced severc depression, and aldomet
caused dangerous attacks of postural hypotension
necessitating stoppages of treatment.  When re-
sponse to the above regime proved unsatisfactory
as regards relieving symptoms or preventing com-
plications, a new regime had to be introduced.
The B-blocker propranolol was chosen. Starting
from a low dosage of 40mg a day, an optimum
dose of 80mg 12-hourly which reduced the blood
pressure from 240/120 to a stabilized 160/95 in
three months, was found in the first of these pa-
tients treated with propranolol. Subsequently all
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the hypertensives in this family were similarly trea-
ted with exactly the same results: - a smooth re-
duction of blood pressure accompanied by tolera-
ble bradycardia.

DISCUSSION

Polygamy resulting in two sets of children de-
monstrated the segregation of homologous genes
compatible with Mendelian theory. The large
number of children from the marriages caused the
appearance of phenotype ratios which fitted Men-
delian principles. Application of classical Mende-
lian genetic theory to the results (Figs. 1 and 2) re-
vealed that hypertension in this family was inheri-
ted as an autosomal recessive.

The positive family histories for hypertension with
a recessive gene is due to the high frequency of
the H gene and the resultant frequent marriages
between hypertensives and normotensives who
were heterozygous H gene carriers (NH). Geno-
types HH, HN and NN were all normotensive
when aged under 30. After 30 the HH genotype
became hypertensive and could be distinguished
from the heterozygote HN and homozygote NN by
the sphygmomanometer. In order to distinguish
between phenotypes corresponding to genotypes
HN and NN, and to identify genotype HH, aged
under 30 years, other measurable parameters
(biochemical, pharmacological or physical) must
be found. Consistent favourable response to B-
blockers in this familial hypertension is suggestive
that their hypertension is renin-dependent  be-
cause propranolol, a B-adrenergic blocker, is
known to reduce renin secretion.!? This hypothe-
sis is supported by the fact that patients with re-
nin-dependant hypertension have been found by
some workers to be responsive to anti-renin
agents'! while other forms of essential hyperten-
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sion with low levels of circulating renin and angio-
tensin II (low renin hypertension) have not.'?
The results obtained so far have prompted the fol-
lowing hypothcsis. Propranolol responsiveness
which has been uniform and impressive in this fa-
mily suggests that their hypertension is renin-de-
pendant, which implies that there might be an
é‘éver—activity somewhere along the renin-angioten-
sinogen-hormonal system determined by the ho-
‘mozygous state of the hypertensive gene. Further
‘work envisaged would include testing of the hypo-
thesis by measuring renin and angiotensin levels in
hypertensive and normotensive members of
his family and exploiting these genetic findings to
dsmgn clinical-pharmacological and biochemical
tests for the identification of the heterozygote for
purpose of genctic counseling and for the early
diagnosis of the homozygous under 30 whose
‘blood pressure may be normal.
also planned on living members of the family tree
to see the relationship if any of G-6PD deficiency
on the age at which hypertension manifests itself

Further work is

mlhcse people, one in four of the males being ex-
;-pectcd to carry X" gene in Ghana.

;ﬁlEFERENCEs

1. Platt R. : Heredity in Hypertension. Quart. J.
Med. 1947 16, 111 - 113.

2. Hamilton M., Pickering G.W., Fraser-Roberts
J.A, Sowry G.S.C. : The Aectiology of Essen-
tial Hypertension 1. The Arterial Pressure in
the General Population. Clin. Sc. 1954 13, 11
-35.

‘3. Hamilton M., Pickering G.W., Fraser-Roberts
J.A., Sowry G.S.C. : The Aetiology of Essen-
tial Hypertension 2.

|
Scores for Arterial

E N alaY

Blood Pressures Adjusted for differences in
age and sex. Clin. Sc. 1954 13, 37 - 49.

4.  Pickering G.W. 1955 : High Blood Pressure,
New York. 165.

5. Ostfeld ANN. & Paul O. : The Inheritance of
Hypertension. Lancet 1963 1, 575 - 579.

6. Morrison S.L. & Morris J.N. : Epidemiological
Observation on High Blood Pressure Wi-
thout Evident Causes. Lancet 1959 ii 864 -
870.

7. Platt R. : The nature of Essential Hyperten-
sion. Lancet 1959 ii 55 - 58.

8. Platt R. : Inheritance of Hypertension. Ann.
Intern. Medicine 1961 55, 1.

9. Plat R. : Heredity in Hypertension. Lancet
1963 i, 899 - 904.

10. Buhler F.R., Laragh J.H., Baer L., Vaughan

E.D. Jor., Brummer H.R. : Propranolol Inhi-
A Specific Ap-
proach to Diagnosis and Treatment of Renin-
Dependent Hypertensive Disease. New En-
gl. J. Med. 1972 287, 1209 - 1214.

bition of Renin Secretion.

11. Laragh J.H., Letcher R.L., Pickering T.G. :
Renin Profiling for Modern Diagnosis and
Treatment Hypertension. J. Amer. Med.
Ass. 1979 241, 151 - 156.

12. Laragh J.H. : Vasocorstriction-volume analy-

sis for understanding and treating hyperten-

sion: The Use of Renin and Aldosterone Pro-

files. Am.J. Med. 1973 55, 261 - 274,



