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Abstract
Backgrounds Genetic factor is one of important in�uencing factors of essential hypertension, and family
history (FH) is an important marker of genetic factors.Objective To explore the association between family
history and essential hypertension in Han population in Shanghai China.Methods The method of case-
control study was used,342 cases of hypertension and 342 controls were selected and investigate their
nuclear family members in the both study groups. The diagnostic information of hypertension in all
relatives of these two groups was investigated. The method of genetic epidemiology research was used to
explore the effect of family history.Results The average prevalence of hypertension was 23.32%. The
prevalence of hypertension of �rst-degree relatives was 33.99%; the prevalence of second- degree relatives
was 17.60%; the prevalence of third-degree relatives was 13.51%. All prevalence of hypertension of case
group relatives was signi�cantly higher than that of control group relatives. The average onset age in
population with positive FH is 48.74±11.16 years old, and the average onset age in population with
negative FH is 54.38±9.87 years old. The difference about two FH groups showed statistically signi�cant
(t=4.589, P<0.001). The average onset age of offspring with father, mother, grandpa, grandma, maternal
grandpa or maternal grandma positive was respectively 48.42, 49.16, 39.55, 39.88, 43.67 or 43.64 years
old; and the average onset age of children with father, mother, grandpa, grandma, maternal grandpa or
maternal grandma negative was respectively 51.90, 51.17, 51.07, 51.08, 50.50 or 50.57 years old. The
difference about two groups showed statistically signi�cant.Conclusion Family history had a positive
effect on the occurrence of hypertension, and lead to earlier age of onset of offspring. The effects were
different among parent and grandparent in Han in Shanghai China.

Introduction
Essential hypertension (EH) is a multifactorial disease caused by genetic factors and environmental
exposed factors. Some studies suggested that there were two major factors affecting the incidence of
hypertension: one was the genetic factor; the other was environmental exposed factors [1-11]. The
interaction of genetic factors and some different exposed factors lead to different risk rate of populations
or individuals suffering from the hypertension. It’s well known that hypertension was a disease in�uenced
by genetic factors, some studies showed that the effects of genetic factors on hypertension were about
20%~55% [12-14], and there were many studies on genes or chromosomal loci that were linked to
hypertension, but the results were controversial [15–22]. This difference was probably due to the small
sample size of single study and the different source of the population. The effect of genetic factors on the
occurrence of hypertension needs to be studied in more areas and more people.

It’s believed that the genetic factor of hypertension was made up of a number of pathogenic genes that
had a small but cumulative effect. But so far, the susceptibility genes for hypertension have not been
�nalized. The challenges of �nding essential hypertension genes mainly might be genetic heterogeneity
and effects from confounding factors, because of population strati�cation. The genes associated with
essential hypertension might be a group and micro effect mode, each of which played a different role in
different stages of the formation and development of hypertension and interacts with each other. The
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interaction between genes and genes, genes and environment exposed factors lead to different risk rate of
hypertension among different populations and individuals. By the dose effect relationship of quantitative
characters, the critical threshold of the occurrence of the disease was reached, and the genetic
susceptibility to essential hypertension was determined simultaneously. Family history (FH) is an
important marker of genetic factor; there are few reports on the effect of family history on hypertension
alone.

This study used methods of genetic epidemiology study, based on the investigation of the essential
hypertension cases family and the control family, to explore the association between family history and
the onset age of essential hypertension in Han in Shanghai China.

Methods
Determination of the cases group

All cases were randomly selected from hypertension registry and follow-up management system, the
diagnosis of blood pressure was based on outpatient or inpatient diagnosis in clinical hospitals. The
diagnosis of hypertension was based on outpatient or inpatient diagnosis (the clinic blood pressure) in
clinical hospitals. All cases were con�rmed by hospital and veri�ed by follow-up in the community, and
they were able to correctly respond to the investigators for health information of themselves and their
nuclear family members. Each case gave informed consent to participate in the study which was approved
by the local ethics committee (JD-2016-KY-18).

Determination of the controls group

According to l:l matched pairs design, all controls population had no hypertension, and the control was
required the same sex as the case, and the same race, living in the same community, and the difference of
age was not more than 5 years old or at the same age group as the case. Each control gave informed
consent to participate in the study. They were able to correctly respond to the investigators for the health
information of themselves and their nuclear family members.

Standard of case diagnosis and inclusion

All cases were over 18 years old, who has been diagnosed by the hospital as essential hypertension,
excluding secondary hypertension, such as renal artery stenosis, pheochromocytoma, hyperaldosteronism
and other diseases.

Family survey method and content

All investigators were trained public health doctors, using a self-designed and uni�ed questionnaire for the
hereditary family of essential hypertension. Questionnaires were completed by direct inquiry including, the
investigate contents include: age, sex, race, age of onset, diagnosis time, hospital name, family members
and so on. The family investigation mainly includes: spouses, parents, siblings, children, uncle, aunt and
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cousin. The criteria for judging whether all the respondents had essential hypertension (all relatives of the
case and the control population): whether they had been diagnosed with essential hypertension in the
hospital before this investigation. If they had been diagnosed with essential hypertension in the hospital, it
is “Yes”; if they had not been diagnosed, it is “No”.

Statistical analysis method

Statistical analyses were performed using the statistical software package (IBM SPSS statistics version
21). Case-control study and genetic epidemiological data analysis were used to analyze the differences
between the two groups and the variations among different family histories [23]. The comparison of
counting data was examined by Chi-square test, and the comparison of measurement data was examined
by t test. When P values <0.05, the difference is considered statistically signi�cant.

Results
Characteristics of population

In this study, 342 (male 171, female 171) precursor cases and 342 (male 169, female 173) control
population were investigated, average age in the case group was 62.4±10.7 years old, and average age in
the control group was 61.7±10.7 years old. Among these investigated people, they are all Han races, so
racial analysis was no further conducted again. The difference of age and sex between case group and
control group were not signi�cant (tage=0.894, page=0.372; x2

sex=0.119, psex=0.730 ). Total number of
nuclear family members investigated was 8814 (4454 in case group, 4360 in control group), and the
average nuclear family member was 12.88 (case group is 13.02; control group is 12.74).

Among 4104 investigated population in the elder member of a family (include father, mother, grandpa,
grandma, maternal grandpa and maternal grandma), there were 839 relatives were de�nitely diagnosed
with hypertension. The prevalence of hypertension was 20.44% in the elder relatives of this investigation.
Among 3265 non-hypertensive relatives, there may also be some patients with potential or recessive
hypertension who have not been clearly diagnosed. There is no reverse effect on the results of this study,
so no further discussion will be conducted.

Family history

There were 2055 hypertensive patient has been clearly diagnosed in the hospital among this investigated
population in this study, the average prevalence was 23.32%. The prevalence rate of hypertension of �rst-
degree relatives was 33.99%; prevalence rate of second- degree relatives was 17.60%; prevalence rate of
third-degree relatives was 13.51%. This result showed that the order of hypertension prevalence rate was
as follows: �rst-degree relatives > second- degree relatives > third-degree relatives.

All prevalence rates of hypertension of case group relatives were signi�cantly higher than that of control
group relatives. The result showed a phenomenon of familial aggregation in the distribution of
hypertension. See tab1.
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Among these family members and relatives in case and control group, there were 575 hypertension in
parent population, the prevalence was 42.03%; 549 in sibling population, the prevalence was 39.96%; 100
in offspring population, the average prevalence was 11.64%; 291 in paternal siblings population ( brother
and sister of father), the prevalence was 18.27%; 255 in maternal siblings population ( brother and sister
of mother), the prevalence was 16.89%; 46 in paternal cousin population, the prevalence was 13.11%; 239
in maternal cousin population, the prevalence was 13.59%. The difference of hypertension prevalence in
three degree relative populations between case group and control group were signi�cant. See table 1.

Among 4104 investigated population in the elder member of 684 families (include father, mother, grandpa,
grandma, maternal grandpa and maternal grandma), there were 575 hypertension cases in parent
population (include father and mother), the prevalence of parent was 42.03%; and 89 hypertension cases
in grandparent population (include grandpa and grandma), the prevalence of grandparent was 6.51%; and
69 hypertension cases in maternal grandparent population (include maternal grandpa and maternal
grandma), the prevalence of maternal grandparent was 5.04%. Because most of the grandparents and
maternal grandparents have been died before this investigation, a large number of hypertension cases
may be omitted because of unknown or not diagnosed in the retrospective investigation, resulting in the
low prevalence of these two groups of population. See table 2.

Table 1:  The hypertension prevalence rate (%) of relatives in case and control group

 control group  case group     
 total disease prevalence  total disease prevalence  x2 p  
first-degree
relatives

                   

parent 684 228 33.33%   684 347 50.73%   14.853 <0.001
siblings 704 217 30.82%   670 332 49.55%   21.557 <0.001
offspring 440 33 7.50%   419 67 15.99%   11.899 0.001
  1828 478 26.96%   1773 746 42.07%  48.167 <0.001
second- degree relatives                

paternal
siblings

791 123 15.55%   802 168 20.95%   5.375 0.020  

maternal
siblings

740 107 14.46%   770 148 19.22%   4.339 0.037  

  1531 230 15.02%   1572 316 20.10%  9.635 0.002  
third-degree
relatives

                   

paternal
cousin

176 14 7.95%   175 32 18.29%   6.330 0.012  

maternal
cousin

825 97 11.76%   934 142 15.20%   3.897 0.046  

  1001 111 11.09%  1109 174 15.69%   7.282 0.007  
Total 4360 819 18.78%   4454 1236 27.75%  83.649 <0.001  

                                           

Note: “total” was the number of people investigated, “disease” was number of hypertension, “prevalence “=”disease /

total *100%; x2 and p value were calculated by x2 test.
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Table 2:  The hypertension prevalence rate (%) of elder member in case and control group

 

 

Control group  Case group x2 p  
   No Yes %  No Yes %  

father 222 120 35.08   170 172 50.32 16.158 <0.001
mother 234 108 31.48   167 175 51.29 27.057 <0.001

grandpa 323 19 5.57   311 31 9.03 3.107 0.078
grandma 323 19 5.57   322 20 5.81 0.027 0.869

maternal grandpa 331 11 3.28   324 18 5.16 1.764 0.184
maternal grandma 324 18 5.25  320 22 6.45 0.426 0.514

                             

Note: “No” was number of non-hypertension, “Yes” was number of hypertension, x2 and p value were calculated by x2

test.

FH affects onset age of hypertension

If one or more relatives of the �rst-degree relatives (include father, mother, grandpa, grandma, maternal
grandpa and maternal grandma) have been de�nitely diagnosed with hypertension, family history (FH) is
called positive, otherwise is called negative. Among 342 cases in the case group, the result showed that
the average onset age in population with positive FH is 48.74 (48.74±11.16) years old, and the average
onset age in population with negative FH is 54.38 (54.38±9.87) years old. The difference about two FH
groups showed statistically signi�cant (t=4.589, P<0.001). Among the �rst-degree relatives, the e�cacy on
the age of onset of hypertension in offspring is different for different relatives. See table3.

Table 3 showed that either parents or grandparents or maternal grandparents in the �rst-degree relatives
could affect the onset age of hypertension of children, it's just that the level of effect was different.
Grandpa and grandma are particularly in�uential among the �rst-degree relatives. The average onset age
of children with grandpa or grandma positive was respectively 39.55 (39.55±11.95) or 39.88
(39.88±11.90) years old; and the average onset age of children with grandpa or grandma negative was
respectively 51.07 (51.07±10.59) or 51.08 (51.08±10.60) years old. The difference about two groups
showed statistically signi�cant (see table3). The results suggest that the onset age of hypertension of
children with grandpa or grandma positive was about 11 years earlier likely than that of children grandpa
or grandma negative.

Table 3:  The average onset age of hypertension in case group with different family history
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 Hypertension N Onset age (y) t p
mean SD

father Yes 167 48.42 11.16 3.194 0.002
  No 175 51.90 10.81

mother Yes 166 49.16 11.12 1.832 0.068
  No 176 51.17 11.04

grandpa Yes 26 39.55 11.95 5.768 <0.001
  No 316 51.07 10.59

grandma Yes 27 39.88 11.90 5.682 <0.001
  No 315 51.08 10.60
maternal grandpa Yes 15 43.67 9.77 2.883 0.010

  No 327 50.50 11.09
maternal grandma Yes 18 43.64 10.21 3.086 0.005

 No 324 50.57 11.06

Note: “N” was the number of people, “mean” and “SD” were the mean and standard deviation of onset age, t and p value

were calculated by t test.

Discussion
Clinically, hypertension can be divided into two categories: one is essential hypertension, it’s an
independent disease with elevated blood pressure as its main clinical manifestation and unclear etiology,
accounting for more than 90% of all hypertensive patients; the other is secondary hypertension, also
known as symptomatic hypertension, it has a clear etiology, and it mainly caused by renal artery stenosis,
pheochromocytoma, hyperaldosteronism and other diseases. This study mainly studied the in�uence of
family history on hypertension, in order to exclude the interference of other factors, it was necessary to
exclude secondary hypertension and only study primary hypertension. Therefore, in the case selection of
design stage in this study, only primary hypertension was selected.

It’s well known that the genetic factors play an important basic role in the occurrence of hypertension, and
family history is a sign re�ecting the main role of genetic factors. It’s showed that family history plays an
important role in the development of hypertension through interaction with acquired risk factors such as
body mass index (BMI), and the interaction of family history and BMI is greater than the sum of two
independent actions [24-28]. In this study, the genetic epidemiological results showed that the prevalence
of hypertension in three degree relatives was different. The prevalence in the �rst degree relatives
(including parents, siblings and offspring) was the highest (33.99%), the prevalence in the second degree
relatives (including paternal siblings and maternal siblings) was the next (17.60%), and the prevalence in
the third degree relatives (including paternal cousin and maternal cousin) was lowest (13.51%). The
difference of hypertension prevalence among three degree relatives in Han in Shanghai China were
signi�cantly (P<0.05). All prevalence rates of three degree relatives of case group relatives were
signi�cantly higher than that of control group relatives. It was suggested that genetic factors have obvious
in�uence on the occurrence of essential hypertension, and the genetic potency may be decrease with the
increase of degree relatives.
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Among 684 families, the prevalence of parent population (include father and mother) was high (42.03%),
and the prevalence of case group relatives were signi�cantly higher than that of control group relatives.
The prevalence of grandparent population (include grandpa and grandma) or maternal grandparent
population (include maternal grandpa and maternal grandma) was lower, and the difference of prevalence
between case group and control group. Owing to most of the grandparents and maternal grandparents
have been died before investigation, a large number of hypertension cases may be omitted because of
unknown or not diagnosed in the retrospective investigation, resulting in the low prevalence of these two
groups of population. If we update the data collection methods and increase the sample size in future
studies, we may be able to �nd differences between the two groups.

Some studies showed that the heritability of hypertension was 20%~55% [12-14]. it indicated that there
were also ethnic differences in hypertension susceptibility genes among different ethnic groups. In order to
further quantitatively assess the impact of family history on hypertension, we chose age of onset as an
indicator. In this study, the result showed that the average onset age in population with positive FH is
48.74 years old, and the average onset age in population with negative FH is 54.38 years old, the
difference about two FH groups showed statistically signi�cant. The average onset age of hypertension in
cases with positive family history is likely 5 years earlier than that of cases with negative family history.
The e�cacy on the age of onset of hypertension in offspring is different for different relatives. The
average onset age of children with father or mother positive was respectively 48.42 or 49.16 years old; and
the average onset age of children with grandpa or grandma negative was respectively 51.90 or 51.17 years
old. The average onset age of hypertension in cases with positive parents is likely 2-3 years earlier than
that of cases with negative parents. The average onset age of children with grandpa or grandma positive
was respectively 39.55 or 39.88 years old; and the average onset age of children with grandpa or grandma
negative was respectively 51.07 or 51.08 years old, the average onset age of hypertension in cases with
positive grandparents is likely 11 years earlier than that of cases with negative grandparents. The average
onset age of children with maternal grandpa or grandma positive was respectively 43.67 or 43.64 years
old; and the average onset age of children with maternal grandpa or grandma negative was respectively
50.50 or 50.57 years old, the average onset age of hypertension in cases with positive maternal
grandparents is likely 7 years earlier than that of cases with negative maternal grandparents.

Conclusion
Family history has a positive effect on the occurrence of hypertension, and lead to earlier age of onset of
offspring. The effects are different among parent and grandparent in Han in Shanghai China.
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