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The mode of inheritance of blood pressure levels
R. RONA AND S. A. A. BERESFORD

From the Department of Community Medicine, St. Thomas's Hospital Medical School, London

SUMMARY In a sample of 465 families living in a suburb of north-west London the systolic and
diastolic blood pressure consistently showed a greater correlation for sib/sib (0. 16 to 0.28) than for
parent/offspring (0.07 to 0.18); this pattern is consistent with the hypothesis of a dominance
component in the inheritance of blood pressure assuming there is no difference in the interaction
between environment and genes in people of different ages. This assumption was examined by
studying the sib/sib correlation according to the age gap between sibs; for diastolic blood pressure

this remained almost the same but for systolic blood pressure the correlation tended to diminish as

the age gap increased. A dominance component in the inheritance of blood pressure levels could
explain the sort of results we have found in this study. However, we cannot ignore the fact that
similar results could be obtained if the contribution of the environment within the same generation
of relatives differs from that of the environment shared by all relatives.

Few would argue with the statement that genes play
an important role in the determination of blood
pressure, but what Hamilton etall stated 20 years ago
still applies: 'when we come to consider the mode of
inheritance, or the extent to which inheritance is a
factor in the determination of essential hypertension,
we find ourselves on highly uncertain ground'. There
have been certain advances in the field in that
monogenic inheritance has been largely discounted
and a polygenic mode of inheritance together with
some environmental participation has become a
more attractive theory.23

Genetic aggregation of blood pressure levels has
been found in twin studies and studies of first degree
relatives3-9 and positive familial association may exist
as soon as a month after birth.10 It appears that blood
pressure clustering in families extends to spouses,
which suggests that environmental influences
common to family members are partly responsible
for familial aggregation of blood pressure levels.
Attempts to quantify this in cross-sectional studies
have produced contradictory results6 11-13 and in one
longitudinal study"4 no increase of blood pressure
clustering was found for increasing length of
marriage which might have been expected under the
shared environment hypothesis. There has been little
or no indication of a significant correlation between
parents and adopted children until recently.'5 16
Reanalysis of previously published material,
however, has strongly suggested that, after all,
adoptees' blood pressure is positively correlated with
that of other family members of the same generation,
such as another adopted child or a natural sibling.17 18

No good further evidence on the role of genes in
blood pressure has been published in this decade,
except perhaps by Cavalli-Sforza and Bodmer,'9 who
suggested a genetic model in which dominance plays
a fundamental role. They used the regression
coefficients found by Miall and Oldham in their
South Wales study.3

In this paper we assess the genetic contribution to
the determination of blood pressure in a recent set of
data and examine whether this contribution varies
according to the extent of environmental influence as
measured by the differences in age between siblings.

Methods

A random sample, stratified by family size and social
class, was taken from a list of families resident in six
electoral wards of Harrow, a suburb of north-west
London. The list, compiled for use in a previous
study,20 was restricted to families with a child born
between 1 July 1963 and 30 June 1965. Of the 568
families sampled, 38 had moved from Harrow and
could not be contacted and 29 refused to take part in
any more surveys. Five hundred and one families
were visited, of whom 465 had at least two children,
but in some families information was missing for one
or other of the members of interest: mother, father,
index child, and eldest sibling in 1970-71. Blood
pressure readings were taken twice, on the left arm of
the seated subject, using a random-zero
sphygmomanometer2" to reduce observer bias. For
some of the children smaller cuffs were used and
adjustments made to measurements obtained.22 This
is explained in an earlier paper.'
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The mode of inheritance of blood pressure levels

The mean values of systolic and diastolic (fifth
phase) blood pressure and of weight were obtained
for each five-year age group for each sex. A standard
deviation score (SDS) was then calculated for each
mother, father, index child, and eldest sibling by
subtracting the mean value of the appropriate
age/sex group from the observed measurement, and
then dividing by the standard deviation for that
age/sex group. Because of the rapid increase in the
weight of children with age, especially at puberty,
SDS (weight) was recalculated for the index children
and siblings under 15. For each five-year age and sex
group a simple linear regression was performed of
weight on age. A predicted weight could then be
calculated for each child given his exact age, and SDS
was calculated thus:

SDS(weight)
Observed weight-predicted weight

Residual mean square for five-year
age and sex group

The distributions of SDS (systolic blood pressure)
for parents and children and of SDS (diastolic blood
pressure) for parents and of SDS(weight) for parents
and children were non-Gaussian and very skewed.
For the measurements in these groups the SDS were
recalculated using the logarithm of the measurement.
The resulting SDS distributions were approximately
Gaussian. Accordingly, in all cases apart from
children's diastolic blood pressure, the SDS were
calculated using the log transformation.

Correlation coefficients were calculated to
describe the relationship between the scores of first
degree relatives. In order to test the relative sizes of
the sib/sib correlation and the mother/child or

father/child correlation, multiple regressions were
performed of index child score on sib score and
mother or father score. The partial regression
coefficients so obtained were compared using
Student's t test (see, for example, Snedecor and
Cochrane,23 p 391).
The correlation coefficients of raw blood pressure

levels of parents/offspring and sib/sib were checked
to compare whether the scores used to obtain an

approximately Gaussian distribution changed the
original relationships between relatives. In practice
the changes were very small for all the pairs of
relatives.
The variance of the scores was subdivided

according to Cavalli-Sforza's and Bodmer's version
of a model suggested by Fisher 4 (see Appendix). The
three components were: additive variance as the
proportion of the variance due to the difference
between the homozygotes summed over all genes;

dominance variance as the genetic component due to
the fact that a phenotype is nearer to one of the
homozygotes; and environmental variance as the
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remaining part. The correlation coefficients of the
SDS of parents and children contain only additive
variance, while those of the SDS of index child and
eldest sibling contain both additive and dominance
variance. As the difference between the sib/sib
correlation and the parent/child correlation
increases, so the estimate of dominance variance
increases. This method of estimating the three
components of variance assumes that the
environment plays a similar role between sibs as
between parents and offspring.
A second set of estimations were calculated

adjusting for deviations from random mating, that is,
for assortative marriage between parents according
to Cavalli-Sforza's and Bodmer's version. This
adjustment corrects the additive variance, but
assumes that assortative marriage does not alter
dominance. In the results, we allow for assortative
marriage by presenting the components of variance,
taking into account the non-zero blood pressure
correlation between parents.

Results

Table 1 shows SDS correlations for systolic and
diastolic blood pressure and weight of mother/child,
father/child, sib/sib, mother/father and
midparent/child pairs. The correlations of weight and
systolic and diastolic blood pressure tend to be larger
between sibs than between a parent and his child. The
spouse correlations of weight scores were
approximately half that of first degree relatives, and
the correlations of blood pressure scores tended to be
about half those of weight. The sib/sib correlation
was significantly greater than the mother/offspring
correlation for systolic blood pressure and weight
(P <0001 respectively) and the sib/sib correlation
was significantly greater than the father/offspring
correlation for diastolic blood pressure (P<001).
The other comparisons between sib/sib and
parent/offspring correlations showed similar trends
but were non-significant (0.1< P <0.2).
The correlation between midparents and index

child, which under an additive genetic model is
expected to be larger than the sib/sib correlation,
proved to be smaller both for systolic and diastolic

Table 1 Pearson correlations in first degree relatives and
spouses for blood pressure and weight

Relationship Systolic Diastolic Weight
No. r No. r No. r

Mother/index child 450 0-149 445 0-178 457 0-266
Father/index child 434 0-184 419 0-068 430 0-342
Midparent/index child 422 0-224 416 0-160 429 0 404
Index child/eldest sib 419 0-281 408 0-232 433 0 407
Mother/father 431 0 085 429 0 075 432 0-147
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blood pressure and of the same magnitude for weight.
The linear regression coefficients of index child on

midparents were almost double the regression

coefficients of midparents on index child for both
blood pressure and weight, as expected (Table 2).
The regression coefficients of weight were

substantially greater than those of blood pressure.

All the linear regression coefficients were highly
significant (at least P <0.01). A second coefficient to
test the existence of any curvature of the regression of
index child on midparents and of midparents on

index child failed to modify significantly the values
given by the linear regression coefficients. This was

true for all three variables.

Table 2 Linear regression coefficients for child on
midparent and midparent on child scores

Relationship Systolic Diastolic Weight
No. b No. b No. b

Index child on
midparent 422 0-303 416 0-223 429 0-551

Midparent on index
child 422 0-166 416 0-115 429 0-297

The length of marriage of a spouse pair was

estimated by adding one year to the age of the eldest
child (where both children were fully related to both
parents). Table 3 shows that there was no evidence of
an increase in spouse correlation with length of
marriage. This small association of blood pressure
scores may well be a result of assortative marriage.
The fact that it is smaller than any of the associations
commonly reported for anthropometric
measurements"a indicates that the blood pressure
concordance may be mediated by body build and
other related variables.
The stronger association in blood pressure scores

between sibs compared with that between parents
and offspring could be due to environmental factors
acting early in life. The design of this study was not
appropriate for a detailed examination of this
problem. However, we are able to go some way
towards testing this hypothesis by comparing the

Table 3 Pearson correlation ofspouse age-adjusted scores

Length of marriage*

5-9 years 10-19 years 20 years and over

Systolic BP 0 081 0-081 -0-180
(177) (216) (31)

Diastolic BP 0-141 0-018 0-157
(176) (215) (31)

Weight 0-133 0-140 0-232
(177) (216) (31)

Age of eldest child + one year.
Numbers of pairs in brackets.

R. Rona and S. A. A. Beresford

correlation of sib/sib scores according to the age gap

between the siblings. Our contention is that as the age
gap between index child and eldest sib increases, so

the years of shared environment in very early life
decrease. Table 4 shows the correlations between
siblings' blood pressure and weight scores according
to the age difference. The correlation for systolic
blood pressure slightly decreases as the age gap

between sibs increases, whereas the correlation for
diastolic blood pressure tends to be almost the same

for an age gap of less than 7*5 years and then falls
sharply. The correlation of weight tended to remain
the same for the first four age gap groups.

Table 4 Pearson correlation coefficient of sib-sib age/sex
adjusted score

Age gap between index child and eldest sibling

0 to 2 5 to 5 to 7 5 to 10 years and over

Systolic BP 0 352 0-280 0-180 0-243 0-222
(129) (141) (66) (43) (44)

Diastolic BP 0-244 0-264 0-329 0-088 -0-009
(125) (136) (64) (43) (44)

Weight 0 479 0-391 0-422 0 453 0-267
(132) (144) (73) (44) (44)

Numbers of pairs in brackets.

The partition of variance according to the formulae
used by Cavalli-Sforza and Bodmer is shown in Table
5. The major variance component for systolic blood
pressure is the dominance variance, the second
largest component is the additive variance, and the
smallest proportion is the environmental variance.
The pattern is slightly different for diastolic blood
pressure and depends on the sex of the parent, but all
three components of variance are involved. The
environmental variance for weight was almost
non-existent.

Discussion

Our results suggest that sib/sib correlation is
consistently higher than parent/offspring correlation

Table 5 Partition of the total variance for blood pressure
and weight under assortative marriage
Variance component Systolic Diastolic Weight

(a) Mother is the parent included for the calculations

Additive 27-5% 33-1% 46-4%
Dominance 56 2% 24-9% 53 6%
Environmental 16.4% 42-0% 0.0%

(b) Father is the parent included for the calculations

Additive 33-9% 12 7% 59-6%
Dominance 42-6% 67-3% 33 1%
Environmental 23 5% 20-1% 7-3%
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regardless of parent's sex for either systolic or
diastolic blood pressure. Several authors have
already reported this difference favouring higher
correlation for sib/sib.9 26 However, other studies, in
particular the Framingham study and the Detroit
project studies of blood pressure, have obtained
results that do not correspond with our findings,
because either the correlation was stronger in the set
parent/offspring4 or the genetic contribution was
found to be negligible.27 In our analysis we have
corrected to a large extent the skewed distribution of
blood pressure by the log transformation and
therefore it is unlikely that the unequal correlations
are artefacts.
The regression coefficients of index child on

midparental blood pressure were found to be
between 0-22 (diastolic) and 0 30 (systolic) and of
midparent on index child 0*12 (diastolic) and 0X17
(systolic). These values are far from the values of 1X0
and 0 5 respectively that are expected under the
hypothesis of simple polygenic heredity of blood
pressure levels in man.
The partition of variance has been done assuming

assortative marriage because most other research has
shown a small spouse concordance which is not
clearly influenced by length of marriage. Our sample
is consistent with this general trend, with the
exception perhaps of systolic blood pressure between
first and second decades of marriage, where an
increase of association was found using a
non-parametric method."2 Correcting for assortative
marriage slightly diminished the additive variance.
The assumption that there is no interaction

between genes and environment when using Fisher's
partition of variance is difficult to accept. This would
mean that the influence of environment among
generations is not different from its influence within
generations in relatives who are likely to have the
same proportion of genes in common. Such
interaction would be difficult to estimate. In the
Framingham study, Feinleib (see Sackett") showed
that with a longitudinal design the correlation of
adult sibs living apart does not decrease in time
whatever the sex of the pair; this indicates that, for
adult populations, environment plays little part in
changing previous patterns of blood pressure. The
question is, to what extent does environment play a
role early in life?
The differences between blood pressure

correlations for sib/sib and for parent/offspring are
unlikely to be explained by the hypothesis that genes
come into action at different stages of development,
since similar differences between correlations (as
estimated by regression coefficients) were obtained
in the study by Miall and Oldham in the two adult
generations.28

171

A genuine dominance effect has practical as well as
theoretical implications; its existence would imply
that a small number of genes are responsible in the
determination of blood pressure.19 Genetic
polymorphism at a few loci could be responsible for a
large proportion of the variance in blood pressure.
From a practical point of view Hunt29 suggested that
dominance decreases the precision by which
offsprings' measurements of, say, blood pressure, can
be predicted from the midparent value. The precision
will depend on the frequency of the genes that exhibit
a dominance effect in the population under
surveillance.
There are shortcomings in the dominance

hypothesis. Firstly, in two recent papers Annest et
all7 18 showed a distinct contribution of environment
within the same generation in contrast to the effects
of environment shared by all members of the
household. Thus parent/adoptee correlations were
smaller than the adoptee/adoptee or natural
child/adoptee correlations in adoptive families.
These results would challenge an assumption that the
environment plays a similar role between sibs as
between parents and offspring, on which the set of
formulae by Cavalli-Sforza and Bodmer are based.
Secondly, it is difficult to accept that blood pressure,
which is controlled by many hormones and tissue
structures, can be dependent on a few genes.
The partition of variance for weight has been

presented as an example of a variable which has a
similarly skewed distribution to blood pressure and is
also known to be associated with it.6 The sib/sib and
parent/offspring correlations of weight show the
same dominance effect as first degree relative
correlations for blood pressure. The hypothesis that
common genes have a similar mechanism in the
determination of each trait is attractive but
speculative at this stage. In the exploratory stages of
the analysis we did not allow for the rapid increase of
weight in childhood and adolescence; the partition of
variance showed no dominance component while the
environmental component represented almost 50%
of the variation. A slight correction to the
correlations of each pair of first degree relatives
completely changes the distribution of the genetic
and environmental components of the variance. We
think that the procedure does not provide a robust
estimate of each component of variance. However,
our results present strong evidence that the sib/sib
correlations tend to be greater than the
parent/offspring correlation and this tendency does
not represent random fluctuation.

With the many weaknesses that the hypothesis of
dominance may still have, it seems attractive to
explore the tendency of sib/sib association to be
greater than parent/offspring both in exclusively
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adult populations and in adult/child populations. The
historical controversy between Pickering2 and Platt30
has not exhausted the alternative mechanisms in
blood pressure level determination. Although Platt's
contention is not sustained by most recent research
there are other hypotheses that should be explored,
ranging from those holding the eclectic view that
blood pressure level has different determinants in
different populations,27 through those advocating
genetic determination by additive genes, to those
presenting evidence for a dominance component in
the variability of blood pressure. The above
mentioned mechanisms do not exclude an
environmental effect.
Our results have important practical implications:

the likelihood of finding new cases of high blood
pressure in the family of a known hypertensive would
probably be greater among his sibs than among
parents and offspring.
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Edwards, and Mrs. A. Childs. This work was
supported in part by a grant from the Department of
Health and Social Security.

Reprints from Dr. R. Rona, Department of
Community Medicine, St. Thomas's Hospital
Medical School, London SEI 7EH.

Appendix

The partition of variance for first degree relatives into three
components, additive, dominance, and environmental
variance, as given by Cavalli-Sforza and Bodmer,19 is based
on the fact that parents/offspring correlation (rp/o)
contributes only to the additive variance:

1/2 VA 1/2 VA
rp/, = (1)

VA + VD + VE VP
while the sib/sib correlation (rs/s) contains both additive
and dominance components

1/2 VA + 1/4 VD
rs/S = ... (2)

Vp
The total phenotypic variance (Vp) is equal to the sum of
additive variance (VA), dominance variance (VD), and
environmental variance (VE). Solving (1) and (2) for VA
and VD in units of Vp gives
VA

2P
VP

VD
= 4 (rs/s - rp/o) . . . (4)

Vp

VE
___ = 1 -(VA + VD) (5)
Vp

R. Rona and S. A. A. Beresford

Assortative mating will modify the components of variance
in such a way that under a large number of genes

VA
VA ... (6)i-A

where
VA

A = x rF/M (7)

Thus A represents VA modified by the correlation between
father and mother (rF/M). Under the assumption that VD is
not affected by assortative mating, the parent/offspring
correlation is

(1 + rF/M)VArp/, = ... (8)
2 Vp

The correlation sib/sib is
VA + VD VA

rS/S = 1/4 VP L VA + VD j (9)

and using (8) and (9), the components of variance are

VA 2 rp/0

VP I + rF/M (10)
VD 4 rp/O - rF/M rp/ 1
- = 4 rS/S - 1+ (11)
Vp (1 + rF/M) (1 + rF/M) J

and

VE VA VD
-= 1----
,VP VP VP

can be calculated using (10) and (11).

(12)
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