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ABSTRACT.   Objective: To study blood pressure and blood pressure reactivity in young offspring of normotensive or hypertensive par-
ents who are consanguineous (first cousins) or are not blood-related.  Method: Blood pressure, heart rate and body mass index (BMI) were 
measured in – year-old male offspring of  pairs of first-cousins normotensive,  pairs of first-cousin hypertensive and  pairs of non-
blood-related hypertensive parents.  Results: The offspring of first-cousin hypertensive parents exhibited the greatest systolic and diastolic 
blood pressure reactivity to their first casual blood pressure measurement, while the offspring of first-cousin normotensive parents showed 
the least reactivity. The offspring of the hypertensive parents who were not blood-related showed an intermediate reactivity. Basal systolic 
blood pressure (SBP) was also highest in the offspring of first-cousin hypertensive parents, and their basal diastolic blood pressure (DBP) 
was higher than that in offspring of first-cousin normotensive parents.  Conclusion: The augmented blood pressure response in the off-
spring of hypertensive parents may have prognostic implications and serve as an important and significant indicator of predisposition to 
hypertension later in life.
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G      
blood pressure (BP) in populations has been well 
established.1–3 is effect has been repeatedly dem-

onstrated by strong evidence of familial aggregation of 
BP.3–9 Significant correlations exist between offspring’s and 
parent’s blood pressure, and more so between twins.10–12 
is familial influence on BP can be detected from early 
childhood and tends to track over the years increasing in 

magnitude as the child progresses towards adolescence.4,5,13 
Children of hypertensive parents have higher average 
systolic and diastolic BP than children of normotensive 
parents, and are about . times more likely to have high 
BP before the age of .1,14 Research indicates that essential 
hypertension has origins in childhood.15 Tracking studies 
have shown that children and adolescents with elevated BP, 
though not necessarily in the hypertensive range, may be at 
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increased risk for developing hypertension later in life.16–19 
It is therefore useful to identify such familial predisposi-
tion in the offspring of parents with high blood pressure. 

Cardiovascular reactivity is defined as the change in 
BP, heart rate, or other haemodynamic parameters in 
response to physical or mental stimuli.20 Exaggerated BP 
reactivity has been observed in patients with hypertension 
compared to normotensive subjects and has also been 
described in young people, usually in connection with risk 
factors of hypertension.20–24 Such studies demonstrate that 
BP reactivity to laboratory stressors tends to aggregate in 
families.25–27 Hypertensive and pre-hypertensive subjects 
with positive family histories of hypertension show greater 
BP reactivity to mental and physical stressors than do sub-
jects with no family history and a matching basal BP.1 Such 
excessive responses of BP to stress may be a risk factor for 
the development of hypertension and other cardiovascular 
morbidities.24,28,29 

Among the various methods to measure BP reactiv-
ity is a simple one that takes advantage of the ‘white coat 
effect’, the exaggerated BP response that many people 
exhibit when examined in a clinical setting. e difference 
between an individual’s ‘clinic BP’ and the his ‘daytime 
average -hour BP’ can be used to quantify his BP reactiv-
ity due to the white coat effect.30,31 In our study, we inves-
tigated whether familial similarity could be detected via 
casual BP estimations in the offspring of consanguineous 
marriage of hypertensive parents—a unique sample from 
the population that runs the highest risk of developing 
hypertension, and therefore in our opinion may provide a 
better approximation of the extent to which familial aggre-
gation of BP can be expressed than all models studied 
before. is excellent opportunity was rendered possible 
by a strong cultural disposition in the Arab Gulf region 
towards consanguineous marriages. In Oman, a  sur-
vey estimated that first-cousin marriages under the age of 
 years formed  of the total marriages.32

M E T H O D

e participants were  schoolboys aged – years who 
were taking part in a summer sports camp in the city of 
Muscat. Aer obtaining parental consent to the study, a 
screening examination was conducted within the offices of 
the sports complex by a qualified cardiovascular technician 
who did not wear a white coat. e SBP, DBP, and heart rate 
were recorded from the le arm, for the first time ever in 
those children, using an automated device (PROPAQ, : 
Protocol Systems Inc, OR, USA). One measurement was 
taken aer  minutes of supine rest, and another aer  

minutes. For each measurement the mean of two readings 
were calculated, however, if the first two readings differed 
by  mm Hg or more, a third reading was taken and the 
mean of the three was used. BP reactivity was taken as 
the difference between the first ( min) and the second 
( min) readings. Body mass index (BMI; kg.m–2) was 
calculated. 

Aer all examinations were completed, each participant 
carried home a short simplified questionnaire on his par-
ents’ blood relationships, and whether one or both were 
on antihypertensive treatment. Pairs were then divided 
into first-cousin parents and parents who were not blood-
related. Forty one pairs were first-cousin parents,  pairs 
of whom did not report for BP measurement, and were 
excluded from the study. irteen first-cousin parents 
were already on antihypertensive medication, and  were 
newly diagnosed with a SBP≥ and/or a DBP≥ mmHg 
on two separate visits each, as confirmed later by an inde-
pendent physician at Sultan Qaboos University Hospital. 
e occurrence of hypertension varied among the  
first-cousin hypertensive parents: in  pairs both parents, 
in  pairs the mothers only, and in  pairs the fathers only 
were hypertensive. e normotensive group among the 
first-cousin parents comprised  pairs, and both parents 
had a SBP≤ and DBP≤ mm Hg. e incidence of 
hypertension also varied in the parent pairs who were not 
consanguineous: In  pairs both parents were hypertensive; 
in  pairs only the father and in , only the mother were 
hypertensive. In the non-consanguineous cohort all hyper-
tensives were already on antihypertensive medication.

    

e children were divided into three groups. e low 
risk (LR) group consisted of the offspring of first-cousin 
normotensive parents, the medium risk (MR) group com-
prised the offspring of one or two non-consanguineous 
hypertensive parents, and in the high risk (HR) group 
were the offspring of one or two first-cousin-related hyper-
tensive parents. Mean first and second SBP and DBP and 
heart rate values of HR children were compared to the cor-
responding values of the MR and LR children. 

Statistical analysis was performed using SPSS version . 
for Windows. To determine significance of the difference 
between the three groups, the independent sample T-test 
with  confidence interval was used. A p value <. was 
considered significant.

R E S U LT S

One hundred and sixteen parent pairs () responded 
to the questionnaire. e mean age of the fathers was  
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years (range –) which was significantly higher than 
that of the mothers (, range –), p<.. e main 
findings in the offspring are shown in table . ere was 
no significant difference between the the BMI of the three 
groups of children. e HR children exhibited the highest 
first SBP compared to the MR and LR children (p<. 
and p<. respectively). e second SBP reading was also 
significantly higher in the HR children than in the MR and 
the LR groups (p<. for both). Similarly the first DBP 

readings were significantly higher in the HR and MR than 
the LR groups (p<. and p<. respectively) with no 
significant difference between the HR and MR groups. e 
second DBP reading was also significantly higher in the 
HR and MR groups compared to the LR group (p <. for 
both) with no significant difference between the readings 
in the HR and MR groups. ere were no significant differ-
ences between the groups in the first and second heart rate 
estimations.

Figure  summarizes the SBP and DBP reactivity in 
the three groups. e HR group exhibited the highest SBP 
and DBP reactivity (p<. and p<. respectively) the 
MR group an intermediate reactivity (p<. and p . 
respectively) while the LR group showed the least response 
with a slight but significant SBP reactivity (p<.) and 
non-significant DBP reactivity.

D I S C U S S I O N

All the subjects were of the same sex, similar BMI and age 
group, thereby eliminating the possible interaction of such 
factors. Our results show that a family history of hyperten-
sion did predict both the differential BP and BP reactiv-
ity in these children in accordance with the three group 
designations. HR children showed the greatest systolic and 
diastolic BP reactivity, MR children occupied an inter-
mediate position, and the LR showed the least reactivity. 
ese results are in agreement with other studies in which 
even milder levels of hypertensive heredity have revealed 
inclinations towards higher systolic and/or diastolic BP 
as well as higher BP reactivity to mental stress.26,34–38 We 
can only speculate on the mechanism responsible for this 
variation between groups. Some studies have proposed 
that the exaggerated cardiovascular responses to stress 
are provoked by a differential sensitivity of adrenergic 
receptors and sympathetic overactivity.39,40 Enhanced 
sympathetic activity may occur because of increased 
sympathetic stimulation and/or attenuated sympathoin-
hibition.41 Overactivity starts in childhood and is easily 
evident in  of patients with incipient hypertension.40 
It is possible that there is a genetic component in sympa-
thetic overactivity expressed with more vigour in high risk 
individuals. Although environmental factors do have a role 
in the development of high BP in humans, – of BP 
variations are attributed to genetic factors, and even this 
would probably be an underestimation in our and other 
similar populations.2,3,12 e prevalence of consanguineous 
marriages in Oman places many of its children in the high 
risk group. Attention should therefore be drawn towards a 
probable high level of hypertension in this population.

One potential weakness of this study is that it is a 
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deductive one that compares the BP of the offspring of 
hypertensive and normotensive parents and not to the 
parents’ actual BP values. Although most studies on the 
heritability of BP were based on estimations of casual BP 
readings, it is now accepted that -hour ambulatory BP 
monitoring is a superior clinical tool in predicting the basal 
BP since it may be less affected by artefacts such as the white 
coat effect.30,34,42 Even though our technician did not wear 
a white coat, the children in our study were going through 
the experience for the first time in their lives, that too in 
a formal (office) setting, which could have elicited stress 
comparable to the white coat effect.43 With this assumption 
we recorded the first round of BP measurement, aer giving 
each child  minutes of rest. e -minute gap before the 
second BP measurement was to allow the child’s BP to settle 
to its basal level. We acknowledge that this setting was sub-
optimal for estimating basal BP, and cannot confirm that 
the casual reading aer  minutes is a ‘true’ representative 
of basal levels: it still might have been confounded with 
the white coat effect. However, the setting was consistent 
for both the measurements and in all groups of children. 
Moreover it has been shown that the artefact inherent in 
both casual BP and basal readings is heritable and appears 
to aggregate in first-degree relatives.42 

CO N C L U S I O N

e augmented BP reactivity found in the offspring of 
hypertensive parents might have prognostic implications 
and serve as an important early sign of familial predispo-
sition to hypertension. Our findings emphasise the need 
for special follow up of children with family histories of 
hypertension, and for a national educational programme 
on the genetic risks of consanguineous marriages. 
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