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Abstract: Hypertension is a general disease which is caused by complex polygenic inheritance, environment and multiple 

risk factors. The specific proportion of genes and the environment, however, was different in the previous published studies. The 

objective of this study is to identify the correlation between family history of hypertension (FH) and body mass index(BMI) 

with blood pressure based on cross section data. The correlation and interaction of FH and BMI on blood pressure is measured of 

96646 patients with complete data which is selected from the database of screening in hypertension registry and follow-up 

management system by statistical analysis. 46.52% of patients with high blood pressure had FH, and 43.52% of patients with 

high blood pressure are overweight or obese. The average onset age of hypertension in cases without hypertension family history 

is 65.11 years old, and the average onset age in cases with hypertension family history is 60.17 years old. The average onset age 

of hypertension in cases in normal weight subjects is 64.01 years old, while the average age in overweight and obese subjects are 

respectively 61.55 and 61.11 years old. The independent effect of FH and BMI on SBP are OR=1.01 (95%CI:0.98～1.06) and 

OR=1.26 (95%CI:1.04～1.54) respectively, and the joint effect is OR=1.43 (95%CI:1.11～1.83); the independent effect on 

DBP are OR=1.75 (95%CI:1.66～1.85) and OR=1.99 (95%CI:1.89～2.09) respectively, and the joint effect is OR=2.37 

(95%CI:2.25～2.50). The pure attributable proportion of interaction of FH and BMI on SBP is 37.21%, and that on DBP is 

27.01%. FH and BMI have positive interaction with blood pressure. FH and BMI have positive correlation with blood pressure. 

Both of them (FH and BMI) can simultaneously increase the risk of hypertension, and lead to earlier age of onset. 
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1. Introduction 

Hypertension is characterized by chronically elevated 

blood pressure and affects 20% to 30% of the population 

worldwide. It is one of the factors that increases the morbidity 

and mortality of cardiovascular diseases worldwide [1-3]. 

Lawes had found that 13.5% premature deaths, 54% strokes 

and 47% ischemic heart disease worldwide are caused by 

hypertension [4]. Hypertension is a multifactorial disease 

caused by genetic and environmental factors, The interaction 

of genes and genes, genes and environment lead to the risk of 

different populations and individuals suffering from the 

disease。Unhealthy lifestyle such as obesity and lack of 

exercise can significantly raise hypertension [5, 6]. The 

phenomenon of familial aggregation of hypertension showed 

that in the general population between parents and children, 

the same prevalence rate of brothers and sisters is as high as 

20% to 66%; a plurality of twin studies have estimated the 

possibility of hereditary blood pressure over 50%, this 

phenomenon shows that more than half of the blood pressure 

change can be attributed to the accumulation of genetic effects 

[7]. It is assumed that blood pressure is controlled by a large 

number of genes, and each gene has only a relatively weak 

effect on blood pressure. Therefore, it is difficult to detect 

genetic variants that affect blood pressure by traditional 

methods such as candidate gene screening and gene linkage 

studies, family history is an important marker of genetic 

factors, it is often used as an alternative indicator to study the 

relationship between genetic factors and diseases [8-12]. 
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Body mass index (BMI) is a comprehensive indicator of the 

outcome of acquired lifestyle, and closely related to the 

occurrence of hypertension [13-17]. In this study, the residents 

in Jiading district in Shanghai are studied as the research 

objects, using large data to analyze the significance of 

correlation and interaction between hypertension family 

history and body mass index in the pathogenesis of blood 

pressure, in order to make a preliminary study of the 

pathogenesis of blood pressure and providing a reference for 

future prevention and treatment. 

2. Methods 

2.1. Study Population 

This cross-sectional study was conducted in Jiading district 

in Shanghai, China. 96646 cases in this study were selected 

from the database of hypertension registry and follow-up 

management system in Jiading district in Shanghai. This 

system is a government project for health of the whole 

residents, invested by the Shanghai municipal government 

from 2006 to now, and spent every year for a lot of money; the 

system is based on the household health records of residents in 

community, and provides a series of medical services for 

hypertension, including screening, diagnosis, case report, 

registration, treatment, regular follow-up and medical 

evaluation. As the population of this study, they have been 

selectively collected their family history, blood pressure, 

height and weight data from the screening database in system. 

2.2. Measurement 

The physical examination evaluated blood pressure (BP), 

body weight and height. BP was measured at the right arm 

supported at the heart level after participants resting for 5 min, 

using the Omron “Intellisense” HEM-1000 Electronic Blood 

Pressure Monitor. BP was measured three times, with 30 s 

between each measurement. The average of three readings 

was used for analysis [18-19]. Body weight and height was 

measured without shoes using a standard right-angle device 

and a fixed measurement tape (to the nearest 0.5 cm). 

2.3. Ethics 

Ethical approval was granted by Jiading district center for 

disease control and prevention research ethics committee. All 

subjects gave verbal and written informed consent to 

participate in the study, they would like to participate in 

investigation and answer all the related questions in the 

questionnaire. For this study did not need to collect biological 

samples, no injury, only used questionnaires to investigate 

patients' information, the ethics committee approved this 

method of consent. The survey was conducted by a full-time 

investigator using a questionnaire and face-to-face inquiries. 

2.4. Definitions 

A family history of hypertension was defined as at least one 

of first-degree relatives (parents and siblings) who have 

diagnosed or suffered from hypertension. Blood pressure 

classified as: the Systolic blood pressure (SBP) ≥140 mmHg 

or and diastolic blood pressure (DBP) ≥90 mmHg was defined 

as high blood pressure [19]. Body mass index (BMI) = body 

weight (kg) / height squared (m
2
). Body mass index 

classification standard: BMI< 18.5 is low weight; BMI 

between 18.5~23.9 is normal weight; BMI between 24~27.9 is 

overweight; BMI over 28 is obesity [20-22]. 

2.5. Statistical Processing 

All data selected from the database of screening in 

hypertension registry and follow-up management system was 

exported to Excel, established initial database, and then 

checked and processed data. The statistical software (SPSS 16.0 

for windows) was used to process the data. The comparison of 

qualitative data between groups was made by chi square (x
2
) 

test; the comparison of quantitative data between groups was 

performed by means of variance analysis or t test. Using 

multivariate Logistic regression model to control the 

confounding factors, the risk factors of hypertension were 

analyzed, and the interaction between family history of 

hypertension and body mass index was analyzed by additive 

model. When the P value was less than 0.05, the difference was 

statistically significant. The additive model was used to 

calculate the additive interaction effect by cross analysis, and 

the synergistic effect index (S), relative excess risk due to 

interaction (RERI), attributable proportion due to interaction 

(AP) and the percentage of the interaction between the pure 

factor (PAP) calculation formula are as follows: 

S(AB)=[R(AB)-R(A0B0)] / [R(AB0)- R(A0B0)+ R(A0B)- R(A0B0)] 

RERI(AB)=[R(AB)-R(AB0)-R(A0B)+ R(A0B0]/ R(A0B0 

AP(AB)=[R(AB)-R(AB0)-R(A0B)+ R(A0B0)] / R(AB) 

PAP(AB)=[R(AB)-R(AB0)-R(A0B)+R(A0B0)]/[R(AB)- R(A0B0)] 

(Note: R(AB) is the risk ratio of A and B factor exposed; 

R(A0B0) is the risk ratio of A and B factor unexposed; R(AB0) 

is the risk ratio of A factor exposed but B factor unexposed, 

R(A0B) is the risk ratio of A factor unexposed and B factor 

exposed) 

3. Results 

3.1. Characteristics of Participants 

Among 96646 cases in this study, there are 47596 male 

(49.25%), 49050 female (50.75%); 422 are under 30 years old 
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(0.44%), 2889 between 30 to 39 years old (2.99%), 11090 

between 40 to 49 years old (11.47%), 27474 between 50 to 59 

years old (28.43%), 30002 between 60 to 69 years old 

(31.04%), 24769 aged 70 and above (25.63%). Among these 

subjects, There are 1936 low weight (2%); 43232 standard 

weight (44.73%); 40992 overweight (42.41%); and 10486 

obesity (10.85%). 46.52% of subjects with high blood 

pressure have a family history. 46.42% of subjects with high 

systolic blood pressure had a family history; 47.86% of 

subjects with high diastolic blood pressure have a family 

history. Among those cases with high blood pressure, 1.54% 

cases are low weight; 34.41% are overweight; 9.11% are 

obese, and 35.23% are normal weight. The other 

characteristics of study population see table 1. 

Table 1. Characteristics of study population. 

N 

male female 

mean SD Min Max mean SD Min Max 

47596 (49.25%) 49050 (50.75%) 

age(y) 61.95 12.18 28.00 95.00 63.66 12.05 28.00 97.00 

SBP(mmHg) 153.47 13.31 100.00 220.00 153.60 13.18 100.00 200.00 

DBP(mmHg) 93.31 8.52 60.00 140.00 92.44 8.20 60.00 120.00 

Height(cm) 167.16 6.69 147.00 192.00 159.74 6.35 147.00 176.00 

weight(Kg) 68.56 11.00 48.00 100.00 61.95 11.07 40.00 96.00 

BMI 24.44 2.87 16.17 39.96 24.17 3.09 14.17 39.06 

 

3.2. Association of FH and BMI on BP 

Among 96646 cases in this study, the average onset age of 

cases with family history of hypertension is 60.17±10.52 years 

old; and the average onset age of cases without family history 

of hypertension is 65.11±12.98 years old. The difference 

about two HP groups shows statistically significant (t=64.471, 

P<0.001). The results suggest that the onset age of 

hypertension in cases with a hypertension family history is 5 

years earlier likely than that of cases without family history. 

The average onset age of BMI low weight cases is 

71.35±12.57 years old; the average onset age of BMI normal 

cases is 64.01±12.59 years old; the average onset age of 

overweight cases is 61.55±11.47 years old; and the average 

onset age of obesity cases is 61.11±11.66 years old. The 

difference among four groups shows statistically significant 

(t=31.386, P<0.001). The results remind us, compared with 

normal weight people, the average onset age of BMI thin cases 

is 6-7 years likely late, but the average onset age of BMI 

overweight and obese cases is 3 years earlier likely. The 

results are shown in table2. 

Table 2. The average onset age of hypertension in family history and BMI groups. 

 N 
On set age(y) 

t  
mean SD 

Family history 
No 51690 65.11 12.98 

64.471 <0.001 
yes 44956 60.17 10.52 

BMI 

Low weight 1936 71.35 12.57 

31.386 <0.001 
normal 43232 64.01 12.59 

overweight 40992 61.55 11.47 

obese 10486 61.11 11.66 

total 96646 62.80 12.15   

Among these cases, 44956 (46.52%) have family history of hypertension, the statistical result shows that the difference 

between family history (FH) and blood pressure is significant, FH and DBP is (x2=11.204, p=0.001); FH and DBP is 

( x2=357.811, p=0.000)). The difference between body mass index (BMI) and blood pressure is significant, BMI and SBP is 

(x2=10.608, p=0.001); BMI and DBP is (x2=218.453, p<0.001). The results are shown in table 3. 

Table 3. The association of family history of hypertension and body mass index on systolic and diastolic blood pressure of study population. 

 
SBP DBP 

total 
<140mmHg ≥140mmHg <90mmHg ≥90mmHg 

Hypertension family 

history (FH) 

no 1578(3.05%) 50112(96.95%) 9597(18.57%) 42093(81.43%) 51690(53.48%) 

yes 1544(3.43%) 43412(96.57%) 6313(14.04%) 38643(85.96%) 44956(46.52%) 

total 3122(3.23%) 93524(96.77%) 15910(16.46%) 80736(83.54%) 96646(100%) 

  (x2=11.204; p=0.001) (x2=357.811; p<0.001)  

Body mass index 

(BMI) 

thin 52(2.69%) 1884(97.31%) 400(20.66%) 1536(79.34%) 1936(2.00%) 

normal 1532(3.54%) 41700(96.46%) 7790(18.02%) 35442(81.98%) 43232(44.73%) 

overweight 1494(3.64%) 39498(96.36%) 6373(15.55%) 34619(84.45%) 40992(42.41%) 

obese 351(3.35%) 10135(96.65%) 1360(12.97%) 9126(87.03%) 10486(10.85%) 

total 3429(3.35%) 93217(96.45%) 15923(16.48%) 80723(83.52%) 96646(100%) 

  (x2=10.608; p=0.001) (x2=218.453; p<0.001)  
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3.3. Effect of FH and BMI on BP 

Linear regression used to analyze the correlation FH and 

BMI to blood pressure, the results shows that the 

unstandardized coefficients of BMI and SBP is 0.150±0.014, 

(t=10.463, p<0.001); unstandardized coefficients of FH and 

SBP is 0.756±0.086, (t=8.806, p<0.001). The unstandardized 

coefficients of BMI and DBP is 0.242±0.009, (t=26.823, 

p<0.001); unstandardized coefficients of FH and DBP is 

1.350±0.054, (t=25.028, p<0.001). 

After confounding factors such as age and gender were 

controlled by multivariate logistic regression, main effect test 

results showed that the independent effect of the FH and BMI 

on SBP and DBP are statistically significant. See Table 4. 

Table 4. The test of independent effect. 

 

SBP DBP 

Mean Square F Sig. Mean Square F Sig. 

Correction model 78021.470 430.020 <0.001 16369.804 225.946 <0.001 

intercept 5661338.578 31227.556 <0.001 26183083.383 36139.610 <0.001 

BMI 21111.922 116.360 <0.001 9966.447 137.563 <0.001 

FH 25330.034 139.608 <0.001 11659.625 160.933 <0.001 

BMI*FH 356.056 19.620 0.011 659.687 90.105 <0.001 

Error 81.437 
  

72.450 
  

The independent effect of FH on SBP is OR=1.01 (95%CI:0.98～1.06), and the individual effect on DBP is OR=1.75 

(95%CI:1.66～1.85). The OR value of FH on DBP is slightly greater relatively than that on SBP. The independent effect of BMI 

on SBP is OR=1.26 (95%CI:1.04～1.54), and the individual effect on DBP is OR=1.99 (95%CI:1.89～2.09). The OR value of 

BMI on DBP was slightly greater relatively than that on SBP. The combined effect of FH and BMI on SBP was 

OR=1.43(95%CI:1.11～1.83), and the combined effect on DBP was OR=2.37(95%CI:2.25～2.50). The OR value of FH and 

BMI combined effect on DBP is slightly greater relatively than that on SBP. See table 5. Its shown that FH and BMI positively 

interact with SBP (SBP [OR (AB) >OR (A) + OR (B) -1], but DBP [OR (AB)<OR (A) + OR (B) -1]). 

Table 5. Analysis of the interaction between family history of hypertension and body mass index to study population. 

Family 

history 
BMI 

SBP 
0R(95％％％％CI) 

DBP 
0R(95％％％％CI) 

- + - + 

- - 883 25427 1.00 5201 20226 1.00 

- + 853 24385 1.26(1.04～1.54) 2791 21594 1.99(1.89～2.09) 

+ - 678 17315 1.01(0.98～1.07) 2216 15099 1.75(1.66～1.85) 

+ + 1014 26090 1.43(1.11～1.83) 2552 23538 2.37(2.25～2.50) 

(SBP: “-“ <140mmHg, “+” ≥140mmHg; DBP: “-“ <90mmHg, “+” ≥90mmHg; family history: “-“ have not, “+” have; BMI: “-“ normal weight, “+” abnormal 

weight (include thin, overweight and obese)) 

The analysis results from the quantitative interaction 

showed that, the synergistic effect index (S) of FH and BMI 

on SBO is 1.59 (95%CI:0.17～2.37 ); the relative excess risk 

due to interaction (RERI) of FH and BMI on SBP was 0.16 

(95%CI:-0.52 ～ 0.76 ); The attributable proportion of 

interaction (AP) of FH and BMI on SBP is 11.19%; and the 

percentage of the interaction between the pure factor (PAP) is 

37.21%. the synergistic effect index(S) of FH and BMI on 

DBP is 0.78 (95%CI:0.64～0.97 ); the relative excess risk due 

to interaction (RERI) of FH and BMI on DBP is -0.37 

(95%CI:-0.69 ～ -0.05 ); The attributable proportion of 

interaction (AP%) of FH and BMI on DBP is 15.61%, and the 

percentage of the interaction between the pure factor (PAP) is 

27.01%. 

4. Discussion 

Some studies have shown that hypertension has obvious 

familial clustering and the family history of hypertension has a 

heritability of 60%, more than a half of the objects in these 

studies have family history of hypertension. Compared with 

patients without family history of hypertension, patients with 

a family history of hypertension have a lower onset age and 

higher blood pressure levels, and it indicating that genetic 

factors can lead to elevated blood pressure levels and 

advanced onset age [22-23]. This study shows that the average 

onset age of cases without family history of hypertension is 

65.11 years old, the average onset age of cases with family 

history of hypertension is 60.17 years old, the average onset 

age of hypertension in cases with family history is likely 5 

years earlier than that of cases without family history. 

Therefore, these results are consistent with those reported in 

the literature, it was further proved that family history of 

hypertension is a risk factor for hypertension, family history of 

hypertension causes the onset age to advance, it’s suggested 

that attention should be paid to the positive family history of 

hypertension. Due to family history of hypertension may not 

represent completely the shared genes and there is also the 

influence of the acquired environment, the influence of family 

history can explain the interaction between genes and the 

environment. Our next study will explore the independent role 

of genes in hypertension. 

With the development of national economy, obesity has 

become one of the most important public health problems in 
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our country (China). Due to the small relatively size of human 

bodies in Asia, fat usually tends to accumulate in the abdomen, 

forming central obesity, and central obesity can lead to chronic 

non-communicable diseases [24-28]. This study showed that 

only 35.23% of cases are normal weight, while 43.52% of 

cases are overweight or obese, and 1.54% of cases are low 

weight. The average onset age of hypertension in low weight 

cases is 71.35 years old; the average onset age of hypertension 

in normal weight cases is 64.01 years old; the average onset 

age of hypertension in overweight and obese cases are 

respectively 61.55 and 61.11 years old. This research results 

remind us that compared with normal weight cases, the 

average onset age of BMI overweight and obese cases is 3 

years earlier likely. 

There are two kinds of models for analyzing biological 

interactions: addition and multiplication [29]. In our opinions, 

the interaction with additive models is more important for 

public health, we therefore used the additive model to analyze 

the interaction between family history of hypertension and 

body mass index in the pathogenesis of hypertension. The 

analysis results from the quantitative interaction showed that 

the combined effect of family history of hypertension and 

body mass index on systolic blood pressure was OR=1.43, and 

that on diastolic blood pressure was OR=2.37; the percentage 

of the interaction between the pure factor of hypertension 

family history and body mass index on systolic blood pressure 

was 37.21, and that on diastolic blood pressure was 27.01%. 

Family history of hypertension and body mass index 

positively interact with blood pressure, when the two factors 

co-existed, the risk of hypertension was higher than the risk of 

two factors alone. In view of the family history of 

hypertension is not controllable, it is suggested that 

community residents control their weight by regulating diet 

and strengthening exercise, to prevent the incidence of 

hypertension. 

This study due to select cases from the database of 

hypertension registry and follow-up management system, not 

randomly selected from the population in communities, it is 

unavoidable some selective bias. And used data of registry, the 

number of cases with blood pressure <140/90mmHg was 

relatively less； It may weaken the causal relations, reduced 

estimation of exposure outcome. However, this study may still 

have research values and public health significance. The 

results show the correlation and combined effect of congenital 

family factors and acquired lifestyle factors. The future 

case-control studies will further show the independent effect 

and interaction of congenital genetic factors and acquired 

lifestyle factors. 

5. Conclusions 

Hypertension family history and body mass index have 

positive correlation with blood pressure. Both of them (family 

history and BMI) exist at the same time, can increase the risk 

of hypertension, and lead to earlier age of onset. 
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