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Abstract:  
This review is aiming to discuss the Genetics factors which lead to the occurrence of HTN. The present review was 

conducted by searching in Medline, Embase, Web of Science, Science Direct, BMJ journal and Google Scholar for, 

researches, review articles and reports, published over the past years during the period from 3 of August 2018 to 7 

October 2018  . Books published on the Genetics factors of HTN. If several studies had similar findings, we 

randomly selected one or two to avoid repetitive results. On the basis of findings and results this review found The 

heritability of blood pressure (BP) is estimated to be 30–50%. A great effort was made to find genetic variants 
affecting BP levels through Genome-Wide Association Studies (GWAS). This approach relies on the “common 

disease–common variant” hypothesis and led to the identification of multiple genetic variants which explain, in 

aggregate, only 2–3% of the genetic variance of hypertension. 
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INTRODUCTION: 

Hypertension is a major modifiable risk factor for 

renal, cardiovascular, and cerebrovascular disease, 

and a leading underlying cause of global mortality 

and morbidity [1]. Incremental advances in our 

understanding of blood pressure have highlighted its 

complex pathophysiology, whereby genetic and 

environmental factors combine with a plethora of 

physiological pathways and mechanisms ultimately 

to yield the phenotype. While epidemiological studies 

have improved our understanding of environmental 

factors in relation to blood pressure, especially with 

regards to diet and exercise, the exact role of genetics 

in this setting has been challenging to tease apart 

from the shared environment often found in families 

and communities [2]. 

 

Systemic hypertension is a consistently elevated 

systolic or diastolic blood pressure in the systemic 

arteries. Systolic blood pressure (SBP) is generated 

by the contraction of the ventricles and represents the 

highest blood pressure  

 

(BP) level. Diastolic blood pressure (DBP) is the BP 

remaining during the relaxation of the ventricles and 

represents the lowest BP level. The term Pulse 

Pressure (PP) refers to the difference (in mmHg) 
between the systolic and diastolic pressures, while 

the Mean Arterial Pressure (MAP) is the average BP 

during a single cardiac cycle [3]. Clinicians consider 

140 mmHg as the maximum normal adult SBP value, 

and 90 mmHg as the upper limit for normal DBP 

value, as suggested by the World Health 

Organization (WHO) [4]. Usually, high SBP is caused 

by the narrowing of the arterioles. This narrowing 

raises the peripheral resistance to blood flow, which 

requires a greater workload for the heart and raises 

arterial pressure1. Elevated BP levels still represent a 
huge public health issue worldwide, being the major 

risk factor for cardiovascular disease, including 

coronary heart disease, stroke, and heart failure. Each 

year, 17 million people prematurely die because of 

cardiovascular disease, and, among these, nine 

million deaths occur because of hypertension-related 

complications [5]. 

 

METHODS: 

The present review was conducted October 2018 in 

accordance with the preferred reporting items for 

systematic reviews and meta-analyses (PRISMA) 

declaration standards for systematic reviews. We 

reviewed all the topics on HTN, such as genetics, 

etiology, epidemiology, and clinical statistics. To 

achieve this goal, we searched Medline, Embase, 

Web of Science, Science Direct, and Google Scholar 

for, researches, review articles and reports, published 

over the past 15 years. Books published on HTN and 

on Genetics factors. 

 

Our search was completed without language 

restrictions. Then we extracted data on study year, 

study design, and key outcome on HTN. The selected 

studies were summarized and unreproducible studies 

were excluded. Selected data is shown in the Table 1. 

 

Data extraction and analysis  
Information relating to each of the systematic review 

elements was extracted from the studies and collated 

in qualitative tables. Direct analysis of the studies of 

HTN is made with extreme caution, as different 

sampling techniques can provide bias as overview of 

the assemblage. 

 

RESULTS: 

Ninety-five percent of hypertensive patients presents 

a type lacking an obvious identifiable cause 

(Essential or Primary Hypertension). Investigations 

of twin and family studies revealed a moderate 

heritability ranging between 30% and 50% [6]. 

 

Results from Next-Generation Sequencing Studies 
GWAS identified more than 100 genetic variants 

influencing BP [7]. However, the causal variants 

underlying the majority of genetic associations 

remained unknown. In recent years, three different 

NGS approaches have been proposed to study rare 

variants in hypertension and BP (Table 1). 

 

The first approach is to check GWAS signals and 

describe novel associations by performing are 

sequencing of only a few genes previously indicated 

by GWAS. This approach, commonly called target 
re-sequencing, is cheaper and allows one to highlight 

the variations within the whole frequency spectrum in 

a precise genomic locus. The CHARGE Consortium 

adopted the strategy. In the frame of this consortium, 

the signals identified by precedent GWAS were re-

sequenced with the aim of describing novel variations 

with large effects on several common diseases [8]. 

Concerning BP, within the CHARGE Targeted 

Sequencing Study, target re sequencing of 4178 

Europeans was performed on six BP genes identified 

by GWAS (ATP2B1, CACNB2, CYP17A1, JAG1, 

PLEKHA7, and SH2B3), however, neither common 
nor rare variants were consistently associated with 

the trait with large effect sizes, independently of the 

original GWAS signals [9]. Regarding hypertension, 

an association with rs3918226 in the eNOS gene 
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promoter was described in the GWAS from Salvi et 

al [10]. (OR for minor allele T = 1.34 (95% CI, 1.25–

1.44); p = 1.03 _ 10-14). In 2013, a 140 kb genomic 

area encompassing the eNOS gene was re-sequenced 

from the same group. 

 

The study identified 338 variants, including 61 novel 

variants, and rs3918226 still appeared as the SNP 
most closely associated with hypertension. Moreover, 

if compared with the C major allele, the T riskallele 

was associated with lower eNOS transcriptional 

activity when tested in HeLa cells [11]. 

 

A second approach is whole exome sequencing 

(WES) in which only the coding portions of the 

genome, (about 2%), estimated to harbor 85% of 

disease-causing mutations, are sequenced [12]. A 

WES 

Study was performed on DNA samples from 17,956 

individuals of European and African ancestries, 

included in the CHARGE, National Heart, Lung, and 

Blood Institute GO Exome Sequencing Project, 

Rotterdam Study, and the Erasmus Rucphen Family 

cohorts. These findings implicate the effect of the 
aggregation of 95 rare coding variants in CLCN6 on 

decreasing BP levels of 3–4 mmHg, independently of 

the tagging SNP rs17367504 previously reported. 

The effect size described here was about four- to six-

fold larger than previous common BP variants from 

GWAS [13]. 

 

 

 Table (1) Results from Sequencing Studies. 

Authors  Sample  Technology Design Population Main Results 

Ji et al [14]. 1985 unrelated 

subjects and 
1140 relatives 

WES Screening of SLC12A3, 

SLC12A1 and KCNJ1 genes 
exons to identify rare variants 
within FHS offspring cohort 

Largely 

whites of 
European 
descent 

30 different mutations observed Mean long-

term SBP among mutation carriers was 6.3 
mmHg lower than the mean of the cohort (p = 
0.0009). For DBP, mean effect was 3.4 mmHg 
(p = 0.003) 

Morrison et 
al [15].  

4178 Target-re-
sequencing 

Case-cohort study design 
within the CHARGE 
Targeted Sequencing Study 
on 6 BP loci 

European None of the common variants reached 
statistical significance threshold of p = 0.0001 
Rare variation was not significantly associated 
with any of the BP measures 

Lin et al 
[16]. 

1509 unrelated 
subjects; 256 
individuals in 
47 families 

WGS and 
WES 

To apply CAPL-burden and 
CAPL-SKAT tests to the 
GAW19 data set using the 
combined family and case–
control data for HTN 
(GAW19) 

Mexican 
American 

None of the tests for the top 10 genes passed 
the multiple testing correction threshold (p= 
3.4×10−6 ) 

Tong et al 
[17]. 

142 WGS WGS and gene expression 
joint analysis in relation to 
SBP, DBP, and HTN 
(GAW19) 

Mexican 
American 

No gene reached statistical significance after 
adjusting for multiple testing 

Sun et al 
[18]. 

1851 WES To apply W-test on real NGS 
data set of hypertensive 
disorder (GAW19) 

Mexican 
American 

MACROD1/LRP16 locus was associated with 
HTN after Bonferroni correction (OR = 3.8; p= 
6.1 × 10−7 )  

Yu et al 
[19]. 

Discovery: 
14,497 in first 
stage and 3459 
in second 
stage 

WES To examine the impact of rare 
variants in CHARGE and 
ESP studies with meta-
analysis of two-stage 
discovery cohorts 

European and 
African 
ancestry 

95 rare coding variants identified in CLCN6 
associated, in aggregate, with decreased BP (3–
4 mmHg), independent of the tagging SNP 
rs17367504 previously identified _ The effect 
size was about four- to six-fold larger than 
previous common BP variants from GWAS 

Lu and 
Cantor [20]. 

275 trios WGS To analyse rare variants 
within ADCY5 and UBE2E2 

genes in parent-child trios 
(GAW18) 

Mexican 
American 

ADCY5 and UBE2E2 genes showed marginal 
association with HTN with p = 3.2 × 10−4 for 

ADCY5 and p = 0.035 for UBE2E2 

Derkach et 
al [21]. 

103 unrelated 
individuals 

WGS To analyse rare variants from 
Chr. 3 (GAW18) 

Mexican 
American 

No significant results in the analysis of real 
phenotype data (p = 5.6 × 10−5 for coding 
variants; p = 6.9 × 10−5 for changing variants; 
p = 1.1 × 10−4 for damaging variants) 

Cao et al 

[22]. 

783 (GWAS); 

506 (WGS) 

WGS To apply USR algorithm to 

data from 
GAW18 

Mexican 

American 

23 promising genes and 3 significant pathways 

relevant to HTN identified (p < 5.28 × 10−3 ) 
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Sample number (N), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Pulse Pressure (PP), Mean 

Artery Pressure (MAP), Hypertension (HTN), Single Nucleotide Polymorphism (SNP), Genome-Wide Association 

Studies (GWAS), Whole Genome Sequencing (WGS), Whole Exome Sequencing (WES), Genetic Analysis Workshop 

(GAW), Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE), Exome Sequencing Project 

(ESP), Sequence Kernel Association Test (SKAT), Optimal Unified Test (SKAT-O), SKAT-Combined (SKAT-C), 

Quality-based Multivariate Score Association Test (qMSAT), Combined Multivariate and Collapsing (CMC), 

Family-based Association Test (FBAT), Genome-wide Complex Trait Analysis (GCTA), Combined Association in 

the Presence of Linkage (CAPL), support vector machine (SVM), Unified Sparse Regression (USR), Odds Ratio 
(OR). 

 

DISCUSSION: 

The main purpose of this article was to determine the 

genetics  which lead to the occurrence of HTN. Two 

additional studies exploited WES data to focus on 

selected genes. Loss-of-function mutations in 

SLC12A3, SLC12A1, and KCNJ1 genes, essential 

for normal renal NaCl reabsorption, cause Bartter’s 

and Gitelman’s syndromes. Their exons were 

screened to search for rare heterozygous variants 

within the Framingham Heart Study offspring cohort. 

Thirty different mutations were observed. The mean 

long-term SBP among mutation carriers was 6.3 

mmHg lower than the mean of the cohort (p = 

0.0009). 

 

For DBP, the mean effect was 3.4 mmHg (p = 0.003) 

[62]. Findings from previous GWAS indicated ULK4 

and MAP4 genes, encoding, respectively, a 

Serine/Threonine-Protein Kinase and a non-neuronal 

microtubule-associated protein, as related to BP and 

hypertension23. Thirty-six rare haplotype blocks were 

found to be significantly associated with BP in ULK4 

gene, and ten in MAP4 gene24. 

The study described above was conducted in the 

frame of the Genetic AnalysisWorkshops (GAWs). 

Since 1982, GAWs were held by a group of 

multidisciplinary scientists to deal with the role of 

genetics in complex diseases. For GAW18, GT2D-

GENES Consortium and the San Antonio Family 

Heart Study provided data overall genome, systolic 

and diastolic BP, and related covariates in two 

Mexican American samples. In the GAW19, new 

data were included reaching a collection of WGS, 

WES, and gene expression data from 20 large 

families in addition to a set of 1943 unrelated 

subjects whose exome sequences were available. 

Simulated phenotypes were also included for each 

sample on the basis of the real sequence data 25. 

Several papers have been published so far, mostly on 

methodological approaches (see the following 

paragraph “Statistical analysis of rare variants”) to 

handle rare variations in relation to hypertension  

CONCLUSIONS: 

Thanks to the introduction of exome arrays 

technologies, great efforts have been conducted to 

extend association analyses to rare and coding 

variants. This finding has potential implications 

concerning early lifestyle interventions in high-risk 

individuals. In summary, although several complex 

networks of interacting pathways controlling BP have 

been established (e.g., RAAS and ENaC-related 

pathways), the current efforts on rare variants 

analysis have not yet provided a clear answer on 

where the missing heritability lies. The advent of 
NGS provided the opportunity to detect, in a high-

throughput way, the entire spectrum of genomic 

variation ranging from rare to common variants and 

from SNVs to insertions, deletions, and copy number 

variants. Despite the undeniable advantages, few 

studies have been conducted so far using NGS 

technologies in relation to hypertension and/or BP 

WES and, more so, WGS costs are still too high to 

analyze the large sample size required to identify rare 

variants. Target re-sequencing allows the cutting of 

laboratory costs and increases the statistical power by 

reducing multiple signals testing, therefore, this 
approach could be useful to detect causative variants 

underlying the trait by deeply analyzing BP-

associated loci described by GWAS. However, the 

studies reported here failed to identify new rare 

variants, likely because of the reduced sample size 

compared to GWAS. The joint effort of large 

consortia with available sequencing data would be 

helpful to meet the need of a larger sample size. 

 

Another main limitation of rare variants analysis is 

the study of gene-gene and gene-environment 

interactions at a population level, which can be 

investigated only in terms of burden and collapsing 

tests, with environmental factors playing, anyway, an 

important role in systemic hypertension. 

 

Functional in vitro and in vivo models should further 

support the statistical interactions. Rodent models 

represent an attractive genetic resource to 
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functionally evaluate previously. 
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