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ABSTRACT 
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Major Professors: Terezie Tolar-Peterson  

Title of Study: Exploring the relationship between genetic variation in taste receptor genes and 

salt taste perception among people with hypertension 

Pages in Study: 59 

Candidate for Degree of Doctor of Philosophy 

Different taste preferences and genetic variations may lead to particular food patterns that 

contribute to nutrient-related health outcomes such as hypertension. The objective of this study 

was to investigate single polymorphism of taste genes and salt taste perception in order to 

determine whether single nucleotide polymorphisms (SNPs) in the salt taste receptor genes 

(SCNN1B, TRPV1) affect salt taste perception in hypertensive participants. A cross-sectional 

study of 253 adults age 20-82 from each group, hypertensive (49%) and normotensive (51%), 

were enrolled. Salt taste recognition threshold, food preference score, and salt taste receptor 

genotype were determined. The hypertensive group had a higher salt taste recognition threshold 

than the normotensive group. However, there was no correlation between salt taste recognition 

threshold and salty food preference. Results also provide evidence that the polymorphism 

TRPV1, rs4790522 with AA genotype is associated with a lower sensitivity threshold of salt 

taste.    
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CHAPTER I 

INTRODUCTION 

Hypertension is a non-communicable chronic disease that affects an estimated 75 million 

people or 1 in 3 adults in the United States, and only fifty-four percent of people with high blood 

pressure have their condition under control (Fryar et al. 2017). Untreated hypertension leads to 

many degenerative diseases, including heart disease and stroke, which are the leading causes of 

death in the United States (Heron 2019). Some of hypertension's risk factors can be modified 

such as smoking, sedentary activity, consumption of high sodium food, and alcohol 

consumption. Dietary factors are a potent modifiable element for regulation of blood pressure 

and prevention of its complications, such as cardiovascular disease, stroke, and renal disease 

(Mayo Clinic 2016). A randomized controlled Trial of a Non Pharmacological Intervention of 

sodium reduction and weight intervention in the Elderly (TONE) was conducted over 10-15 

years (The Trials of Hypertension Prevention, Phase I and II). It was reported that there was a 

25% reduction in the risk of cardiovascular diseases in the intervention group in comparison to 

the control group (Cook et al. 2007). However, the average American consumes more than 3,400 

milligrams of sodium per day (American Heart Association 2016), and few adults (10%) 

maintain their sodium intake at the recommended level of 1,500 milligrams of sodium per day 

(DeNoon 2016). Salt taste perception, or salt sensitivity, impacts food preference and sodium 

consumption. Two genes, epithelial sodium channel (ENaC) and the transient receptor potential 

cation subfamily V member 1 (TRPV1), have been identified as salt taste receptors with different 
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genetic variants that affect taste sensitivity (Dias et al. 2013). However, no studies could be 

located that have evaluated the association between salt taste perception and taste receptors in 

hypertensive patients. Therefore, the main objective of this research was to investigate single 

polymorphism of taste genes and salt taste perception in order to determine whether single 

nucleotide polymorphisms (SNPs) in the salt taste receptor genes (SCNN1B, TRPV1) affect salt 

taste perception in hypertensive participants. Thus, the specific objectives of this study were to:  

1. Determine differences of salt sensitivity threshold between hypertensive and 

normotensive participants. 

2. Investigate the allele frequencies of SNPs of taste receptor genes (SCNN1B, TRPV1) in 

hypertensive and normotensive participants.  

3. Determine whether SNPs in participants’ taste receptor genes (SCNN1B, TRPV1) affect 

the perception of saltiness. 
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CHAPTER II 

LITERATURE REVIEW 

Hypertension 

Definition and classification of hypertension 

Blood pressure is the force in the blood vessel pushing against the arterial walls. There 

are two arterial blood pressure values, systolic blood pressure (SBP) and diastolic blood pressure 

(DBP), which are measured in millimeters of mercury (mmHg, e.g. SBP/DBP; 129/78 mmHg). 

Hypertension or high blood pressure is a non-communicable chronic disease. Blood pressure in 

adults age 18 years or older can be classified into four categories: normal (<120/80 mmHg), 

prehypertension (120-139/80-89 mmHg), stage 1 hypertension (140-159/90-99 mmHg) and stage 

2 hypertension (≥160/100 mmHg) (Table 2.1) (American Heart Association 2017). Hypertension 

is a modifiable risk factor for vascular disease, myocardial infarction, stroke, and renal failure 

(James et al. 2014).  

Hypertension affects 77.9 million or 1 in 3 adults in the United States (Hernandez-Vila 

2015). Among adults that are 20 years or older, African Americans have the highest prevalence 

of hypertension, followed by Non-Hispanic Whites and Hispanics (African Americans 43.3%, 

Non-Hispanic Whites 29.1%, and Hispanics 28.2%, respectively) (Fryar et al. 2017). Moreover, 

the annual United States health system’s cost of hypertension is approximately $300 billion per 

year, which is higher than diabetes ($82 billion) and arthritis ($30 billion) (Felder et al. 2013). 

Only fifty-four percent of people with high blood pressure have their condition under control 
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(Fryar et al. 2017). Untreated hypertension leads to degenerative diseases, including impaired 

kidney function and heart disease and stroke, which are the leading causes of death in the United 

States (Heron 2019). Hypertension is also a global concern. Worldwide, an estimated 1.13 billion 

people have hypertension with most hypertensive individuals living in low or middle income 

countries (World Health Organization 2019).    

Table 2.1 Hypertension classification 

Category Systolic blood pressure  Diastolic blood pressure 

Normal <120 and <80 

Pre -hypertension   120-139 or 80-89 

Stage 1 Hypertension 140-159 or 90-99 

Stage 2 Hypertension ≥160 or ≥100 

 Classification based on the Joint National Committee (JNC 8) guidelines 

Sodium 

Sodium is a major cation in extracellular fluid and plays a pivotal role in the body by 

maintaining cell membrane potential, nerve impulse transmission, smooth muscle contraction 

and fluid and electrolyte balance (Jones 2004). In order to maintain all of these functions in a 

balanced state, sodium concentration is tightly controlled within 135-145 mEq/L in the body’s 

circulation. Sodium is filtered through the renal glomeruli in circulation, and then excreted in the 

urine. Prior to excretion through urine, the filtered sodium is reabsorbed at the renal tubules for 

maintenance of daily sodium turnover. Under a normal balanced conditions, daily sodium output 

(in urine, sweat, saliva and feces) is equal to daily sodium intake. Sodium has an important role 

in the body, but the human body needs a limited amount of it. The minimum intake level of 

sodium is estimated at 200–500 mg/day for proper bodily function (World Health Organization 

2014). Sodium is naturally in foods and in processed foods, salt (sodium chloride) and several 
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condiments such as fish sauce, soy sauce, oyster sauce, monosodium glutamate (MSG), etc. The 

major source of sodium chloride is 80% from sodium-containing condiments (Mozaffarian et al. 

2014). 

Hypertension and sodium consumption 

The recommendation of sodium intkae is less than 1,500 mg of sodium, or 3.75 grams of 

salt per day for an adult (Allgood et al. 2018)(Allgood et al. 2018)(National Academy of 

Sciences 2019) while the American Heart Association recommends daily sodium intake slightly 

higher at 2,300 mg per day (Crouch et al. 2018). Excessive salt intake can lead to either short-

term or long-term health consequences. In the short-term, excessive salt intake can cause fluid 

retention and increased blood pressure. In the long-term, high salt intake can lead to long-term 

health problems, including hypertension, cardiovascular disease, and kidney disease (Cogswell et 

al. 2016).  

Meta-analyses of randomized sodium reduction trials have confirmed positive effects of 

sodium reduction on blood pressure and decreased incidence of stroke and mortality due to 

coronary heart disease (Karppanen and Mervaala 2006; Pickle et al. 1997). A worldwide 

epidemiological and observational study (INTERSALT) of 10,079 men and women aged 20-59 

years from 32 countries was conducted to evaluate the relationship between salt intake and blood 

pressure. This was done by evaluating 24-hour urinary sodium excretion and blood pressure. A 

significant positive linear relationship existed between 24-hour sodium excretion and systolic 

blood pressure (Stamler 1997). This study demonstrated that high sodium intake increased 

systolic blood pressure over 24 hours by 2.08 mmHg per gram of sodium increase in people with 

hypertension (Mente et al. 2016). The 2009–2012 National Health and Nutrition Examination 

Survey (NHANES) indicated that the average American consumed more than 3,400 milligrams 
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of sodium per day and 89% of adults and more than 90% of children consumed more dietary 

sodium than the daily recommendation (Jackson et al. 2016). 

Salt sensitivity 

Salt sensitivity is a change in blood pressure of ≥ 5 mmHg in response to reduced sodium 

intake (D’Elia 2018; Felder et al. 2013). Salt sensitivity is more common in African Americans, 

the elderly, the obese and people with type 2 diabetes mellitus (Campese et al. 1982). Previous 

studies indicated that salt sensitivity is associated with cardiovascular and metabolic syndrome 

diseases (D’Elia 2018). Moreover, hypertensive patients with salt sensitivity have a 3-fold higher 

incidence of cardiovascular disease than hypertensive patients without salt sensitivity 

(Rodriguez-Iturbe and Vaziri 2007). A cohort study was conducted with 430 normal subjects and 

278 hypertensive subjects to determine the association between salt sensitivity and mortality. 

Results indicated that salt sensitivity in both groups was associated with an increased risk of 

cardiovascular disease events and mortality (Weinberger et al. 2001).  

Multiple methods are available to determine salt sensitivity. The most referenced method 

that is reliable and accepted is the measurement of the blood pressure response to a change in 

dietary salt intake over 7 days of 3 periods of sodium intake including normal (109 mmol/day), 

low (10 mmol/day), and high (250 mmol/day) sensitivity (He et al. 2009; Sanada, Jones, and 

Jose 2011). Mean arterial pressure (MAP) is commonly used to classify salt sensitivity. 

Weinberger classified salt sensitivity and salt resistance by measuring blood pressure after an 

intravenous infusion of two liters of saline and then measured blood pressure again after the 

subject consumed a low sodium diet (10 mmol/day) and 40 g of furosemide. Participants who 

had a decreased MAP of more than 10 mmHg were considered salt sensitive, while participants 

with salt resistance showed a decrease of less than 5 mmHg MAP (Weinberger et al. 1986). 



www.manaraa.com

 

7 

Based on Weinberger’s criteria, fifty-one percent of 43,186,000 hypertensive people in the 

United States are salt sensitive (Kanbay et al. 2011). However, salt sensitivity is difficult to 

assess using blood pressure due to the lack of universal consensus on definition, low compliance, 

high expense, and the lack of reimbursement from healthcare insurers. Therefore, genetic 

methods have been used to determine salt sensitivity (Felder et al. 2013). The Genetic 

Epidemiology Network of Salt Sensitivity study (GenSalt) revealed that the single nucleotide 

polymorphism (SNP) of the GNAI2 gene (rs10510755) is positively associated with salt 

sensitivity (Zhang et al. 2018). In addition, NEDD4L (rs2288774), a regulator of the amiloride-

sensitive epithelial sodium channel (ENaC), was also associated with salt sensitivity (Dahlberg et 

al. 2007). This genetic information may be a biomarker for salt sensitivity.   

Salt taste perception 

Salt taste and its influence on food selection 

Taste is stimulated when a substance activates specialized protein receptor cells that are 

located on taste buds in the oral cavity as well as the upper gastrointestinal and respiratory tracts. 

Most of the taste buds are located on the back and front of the tongue. Others are found on the 

soft palate, the back of the roof of the mouth and pharynx, and each taste bud contains 50 to 100 

taste receptor cells (Breslin 2013). Humans can sense five established basic tastes including 

sweet, sour, salty, bitter, and umami. Human taste perception develops in children and has been 

emphasized as a driver of food preference, which are the best predictors of food acceptance in 

children (Ventura and Worobey 2013). The aging process has a significant effect on salt taste 

intensity. At 50 years or older, the salt perception decreases, which may result in higher salt 

consumption (Suchecka et al. 2016). Moreover, taste is important for the identification of 

toxicity and nutrients, and also contributes to food liking and consumption (Puputti et al. 2018). 
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Individual differences in the five taste perceptions may affect dietary habits, nutritional status, 

and nutrition-related chronic disease risk (Garcia-Bailo et al. 2009).  

In general, taste preference is influenced by environment and genetic factors. However, 

the environment may have a more important role than genetic factors (Chamoun et al. 2016). 

Different taste preferences may lead to particular food patterns that contribute to nutrient-related 

health outcomes since salt preference has been correlated with shorter stature and higher 

percentage of body fat in children between 5-10 years of age (Ahrens 2015). This may be 

because most high-salt foods are also energy dense foods, which can affect adiposity (Mennella 

et al. 2014).  

Determination of salt taste perception 

Thresholds are the concentrations of an ingredient in which a stimulus can be detected. 

Thresholds are classified into four categories: detection threshold, recognition threshold, 

difference threshold, and terminal threshold (Civille and Carr 2015). The detection threshold or 

absolute threshold is the lowest concentration of the stimulus that can be detected. The 

recognition threshold is the level at which a stimulus can be detected and recognized. It is 

normally higher than the detection threshold. The difference threshold is the level at which an 

increase in stimulus produces a noticeable difference while the terminal threshold is the level in 

which an increase in stimulus concentration no longer causes a noticeable difference in the 

sensory response (Civille and Carr 2015). The most common threshold used in salt taste 

perception research is salt taste recognition thresholds. Previous studies have provided several 

methods to determine recognition threshold. However, the basic concept of the procedure is 

conducted with a range of salt solutions that were offered to panelists one at a time (Liem 2017). 
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A modified Harris-Kalmus procedure has commonly been used to determine the 

recognition threshold for salty taste (Wise and Breslin 2013). A modified Harris-Kalmus 

procedure was developed from the Harris and Kalmus technique for differentiation of threshold 

stimuli for tasting phenylthiourea (PTC) in 1949 (Galindo-Cuspinera et al. 2009). In the 

modified Harris-Kalmus procedure, salt solutions are introduced one by one in ascending order 

based on salt concentration for panelists to identify the lowest salt concentration in which a salty 

taste can be perceived by the panelist. Three cups of the salt solution at the concentration that 

was reported as recognized by the panelist, and 3 cups of water were then offered randomly and 

the participant was asked to sort them correctly (Chen et al. 2009; Wise and Breslin 2013). 

Genetics of salt taste 

Salt taste results from the interaction of the alkali metal groups, especially sodium with 

ENaC formed by the gene products of SCNN1A, SCNN1B, SCNN1G, and SCNN1D and the 

transient receptor potential cation subfamily V member 1 (TRPV1: transient receptor potential 

cation channel subfamily V member 1, encoded by the TRPV1 gene) channel that are present in 

human taste buds on the tongue (Dias et al. 2013; Liem 2017).  A sodium channel or ENaC 

consists of four subunits (α, β, γ, δ) which are located in the taste cell wall. Sodium cations can 

enter the cell through the ENaC by depolarizing the taste receptor cells (TRCs). Taste cells open 

voltage-dependent calcium channels, and the positive calcium ions trigger neurotransmitter 

release  (Bigiani and Cuoghi 2007). Neurotransmitters are conveyed to the brain, and the brain 

interprets the taste (Liem 2017). Another ion channel that is involved in salt taste perception is 

the TRPV1 channel which is amiloride insensitive (Dias et al. 2013). Polymorphism in ENaC 

and TRPV1 sodium channel genes are related to salt taste preference (Chamoun et al. 2018; Dias 

et al. 2013; Robino, Decorti, and Gasparini 2014). In the SCNN1B gene, a subunit of ENaC, Dias 
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et al., (2013) reported that the polymorphisms of rs239345 (A>T) and rs3785368 (C>T) were 

associated with taste sensitivity. The homozygous genotype of the A and the T alleles of the 

rs239345 and rs3785368 polymorphisms were more sensitive to salt solutions than carriers of the 

T or C alleles. Moreover, the polymorphism of rs4790522 (A>C) of the TRPV1 gene was 

associated with a greater preference with carriers of the C allele having higher salt preference in 

comparison to the A allele in children (Chamoun et al. 2017). The T allele of rs8065080 (C>T) 

polymorphism of the TRPV1 gene were also more sensitive to salt solutions than the 

homozygous expression of the C allele (Dias et al. 2013). 
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CHAPTER III 

MATERIALS AND METHODS  

Study design and IRB approval 

This study is a cross-sectional design. Participants were divided into normotensive and 

hypertensive groups. Each group was asked to complete a questionnaire, provide saliva samples, 

and perform the salt taste threshold test. The study was approved by the Institutional Review 

Board (IRB) at Mississippi State University (IRB-18-510) and all procedures followed were in 

accordance with the ethical standards of the IRB and the Helsinki Declaration of 1975, as revised 

in 2000. The reserach protocol is presented in Figure 3.1. 

 

Figure 3.1 Research flow diagram 
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Participants 

The sample size was estimated according to test for the difference between two 

independent means by assuming a 95% confidence level at 80% power, with the common 

standard deviation of outcome variable in hypertensive and normotensive groups (σ) and the 

difference in mean between 2 groups (Δ) (Piovesana, Sampaio, and Gallani 2013), respectively.  

Sample size equation: 

 

n/group = 2[
(𝑍𝛼/2+𝑍𝛽)𝜎

𝛥
)]2 

(4.1) 

Zα/2 = 1.96                Zβ = 0.842 

 σ = 0.031     Δ = 0.011   

It was calculated that a total of 125 participants were needed for each group, hypertension 

and normotensive groups. A total of 260 adults age 20-82 from hypertensive and normotensive 

groups participated in this study. All individuals provided informed consent prior to 

participation. 

Recruitment of study participants 

Data from 125 participants from the hypertensive group and 128 participants from the 

normotensive groups, were included in the study since 7 participants were ineligible (Figure 3.2). 

The normotensive and hypertensive volunteers were recruited from the community at health-

related events, conferences, community centers or churches in Mississippi. Posters and emails 

were distributed that announced the research project at community events and academic 

departments at Mississippi State University. After participants completed the study, they 

received nutrition education materials that consisted of pamphlets about dietary management and 

hypertension. 
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Figure 3.2 Participant recruitment 

Inclusion criteria 

Hypertensive group 

- Age 20 years of age or older 

- Has a clinical diagnosis of primary hypertension.  

-Taking hypertensive medication.  

-Able and willing to complete the informed consent process. 

-Agree to provide a saliva sample and complete the questionnaire. 

Normotensive group 

- Age 20 years of age or older 

- Never been diagnosed with hypertension. 

- Able and willing to complete the informed consent process. 

- Agree to provide a saliva sample and complete the questionnaire. 
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Exclusion criteria 

Hypertensive/ Normotensive groups 

- Have an alteration in taste  

- Experience xerostomia (dry mouth) 

- Regularly take medication affecting taste or saliva production 

- Self reported pregnancy or breastfeeding  

Demographic and food acceptability information 

Demographic and food liking information was obtained through questionnaires 

(Appendix B). The questionnaire consisted of three parts: 1) general information, 2) health 

information, and 3) food acceptability information.  

Part 1: Personal information included age, gender, income, education level and 

occupation. 

Part 2: Health information included chronic health conditions, nutritional behavior and 

physical activity.   

Part 3: Food acceptability information included food lists in 6 categories; participants 

rated each of the food and beverage items in terms of how intensely he or she liked or disliked 

them. 

The questionnaire contained checklist questions and short answer questions and was over 

5 pages long. The modified questionnaire (Stein, Cowart, and Beauchamp 2012) was used to 

evaluate food acceptability. 
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Blood pressure measurement 

Blood pressure was measured by using an automatic monitor (HEM-907, Omron, 

Healthcare Co., Kyoto, Japan). This upper arm digital blood pressure monitor was easy to use 

and automatically adjusts to the person’s arm size. All participants were in the sitting position for 

measurement after 5 min of rest.   

Food preference scores 

Participants completed two pages of general Labeled Magnitude Scale (gLMS) questions 

by rating the intensity of all possible experiences they can like or dislike, not just foods 

(Appendix B). The first page was an orientation to the gLMS by asking participants to rate the 

intensity of strongest sensation, e.g. pain and smell. The scales that corresponded to liking were 

+100: most intense pleasure of any kind ever experienced, 0: neutral, and -100: most intense 

displeasure of any kind ever experienced. On the second page, participants rated 24 food items in 

terms of how intensely he or she likes or dislikes them by using the gLMS. Twenty-four food 

items consisted of high salt foods, low salt foods, high sweet foods, and low sweet foods from 

food lists described by Stein et al. (2012). In addition, foods were assigned to categories on the 

basis of perceptual ratings of an adult panel (Stein et al. 2012). The classifications of 

liking/disliking based on categories from the gLMS of 0=neutral, ±6 weakly, ±17 moderately, 

±35 strongly, ±53 very strongly and ±100 strongest of any kind applied to liking/disliking. 

Saliva collection and genotyping 

Participants were asked to provide 2 ml of saliva using the Passive Drool collection 

method with the Saliva Collection Aid from Salimetrics®. Saliva samples were blotted on filter 

paper (Fisher Scientific, Pittsburgh, PA) and DNA was extracted using TaqMan Sample-to-
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SNPTM Kit (Applied Biosystems, Foster City, CA). Four SNPs, SCNN1B gene: rs239345, 

rs3785368, and TRPV1 gene: rs8065080, rs4790522, were analyzed using TaqMan allelic 

discrimination assays and the QuantStudio5 real-time PCR system. Four SNPs, SCNN1B gene: 

rs239345, rs3785368, and TRPV1 gene: rs8065080, rs4790522 were analyzed with justification 

provided in Table 3.1. The SNPs were analyzed using TaqMan allelic discrimination assays and 

the QuantStudio5 real-time PCR system. All alleles were reported in the forward orientation. The 

probe sequence from sequence 5’-3’for the genotyped SNPs were as follows: 

rs239345-FAM probe  

AGCTGTTCTTCCTTGCTTTGCTTCCTCAGCTCTTGTGGTAAAGCTGTTTGC 

rs239345-VIC probe  

AGCTGTTCTTCCTTGCTTTGCTTCCACAGCTCTTGTGGTAAAGCTGTTTGC 

rs3785368-FAM probe 

AGATAGACAGATAGATAGCTAAAGAAGAGTTTATTAAATATTAACTCACAT 

rs3785368-VIC probe 

AGATAGACAGATAGATAGCTAAAGAGGAGTTTATTAAATATTAACTCACAT 

rs8065080-FAM probe 

GTGGAAAACCCGAACAAGAAGACGATGTAGACAAACATGAAACGGCACAGG 

rs8065080-VIC probe 

GTGGAAAACCCGAACAAGAAGACGACGTAGACAAACATGAAACGGCACAGG 

rs4790522-FAM probe 

TGTCCCAGTAGAGACTGACCATCCACACTGTTTAGTAAAGTGAGTAAAAAC 

rs4790522-VIC probe 

TGTCCCAGTAGAGACTGACCATCCAAACTGTTTAGTAAAGTGAGTAAAAAC 
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Table 3.1 Justification for selection of SNPs genotyping 

Gene SNPs number Health impact Reference 

SCNN1B rs239345 The A allele carriers perceived salt solutions less 

intensely than carriers of the T allele 

Dias et al., 2013 

 rs3785368 The T allele carriers perceived salt solutions less 

intensely than carriers of the C allele. (the reverse 

orientation) 

Dias et al., 2013 

TRPV1 rs8065080 Carriers of the T allele were significantly more 

sensitive to salt solutions than the CC genotype 

Dias et al., 2013 

 rs4790522 Carriers of the C allele had higher salt preference 

than A allele in children  

Chamoun et 

al., 2017 

 

Salt taste perception 

Salt taste perceptions were determined using a modified Harris-Kalmus procedure 

(Galindo-Cuspinera et al. 2009). The lowest concentration that participants could recognize a 

salty taste in the salt solution series was defined as the recognition threshold. Participants tasted 

the solutions of sodium chloride (NaCl) (Morton Salt, non-iodized salt, Chicago, Illinois, USA) 

in ascending order of concentration (0.000, 0.001, 0.002, 0.004, 0.008, 0.016, 0.032, 0.064, 

0.128, and 0.256 mol/L) and identified which sample was the first one to have a salty taste. One 

sample at the concentration which they recognized were sorted into ‘tastes” and “water”, with 

two blanks. Failure to sort the solutions correctly into two groups led to panelists receiving 

increased concentrations until the recognition threshold was obtained. 
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Data analysis 

All data were analyzed using the statistical analysis software, Statistical Package for 

Social Sciences (SPSS) version 24.0 (SPSS Inc., Chicago, Illinois, USA). Frequencies and 

percentages described participants’ general characteristics and genotype variation between 

groups. The chi-squared test and Cramer’s V test were used to analyze the differences in 

demographic variables between groups. The genotype frequencies of 4 SNPs were tested for 

consistency with the Hardy–Weinberg Equilibrium (HWE) using the chi-square tests. Mean 

differences in characteristic data and salt taste thresholds between and within hypertension and 

normotensive participants were performed using independent t-tests and analysis of variance 

(ANOVA). Mann-Whitney tests were tested for mean rank differences in salt intake behaviors 

and salt taste thresholds between 2 groups. The Spearman correlation tests were applied to 

evaluate the correlation between salt taste threshold and food acceptability score. Allele 

frequencies in different groups of participants were compared using the chi-square test. 

Correlations were used to assess the effect of genotype on salt taste threshold. Mean differences 

in thresholds across genotypes were assessed using ANOVA. Continous variables were 

presented as means ± standard deviations (SD). The criterion of significance was p value < 0.05. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

General characteristics and health information 

The descriptive characteristics of 128 normotensives and 125 hypertensives are reported 

in Table 4.1. The mean age of normotensive group was 30.5±11.0 years with ages between 20-68 

years comprising of 80 Caucasians (62%), 35 African Americans (27.1%), 11 Asians (8.5%), and 

3 Hispanic/Latinos (2.3%). The hypertensive group had ages between 22-82 years with a mean 

age of 52.5±12.9 years. The majority of hypertensives were African Americans (n=68, 73.9%), 

followed by Caucasians (n=22, 23.9%), and Asians (n=2, 2.2%). Female participants represented 

74% of normotensives and 70% of hypertensives. There was a significant difference in age, race, 

and education levels between normotensive and hypertensive groups (p value< 0.001). 

According to the hypertension prevalence among adults in the United States during 2015–2016, 

it was shown that the prevalence of hypertension was higher in the age group 60 and over 

(63.1%) than 40-59 (33.2%) and 20-29 (7.5%) (Fryar et al. 2017). However, the prevalence of 

hypertension in this study was high in the age group 40-59 (52%), followed by 60 and over 

(32.8%) and 20-30 (15.2%) (Figure 4.1). Results also indicated that African Americans (75.2%) 

had the highest prevalence of hypertension, followed by Caucasians (21.6%). This result showed 

similar trends as the hypertension prevalence among adults in the United States during 2015–

2016 (Figure 4.2). In addition, the majority of normotensive participants had bachelor degrees 
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(29.7%) and some college (27.3%) compared to hypertensive participants, with 22.6% having 

some college and (21.8%) with high school degrees (Table 4.1). 

Table 4.1 General characteristics of participants by hypertension status  

Variables 
Normotensive  

(N=128) 

Hypertensive   

(N=125)      
p value 

Mean age (years) 30.5±11.0 52.5±12.9 <0.001§ 

Gender (N, %)   0.414¥ 

- Female 95 (74.2) 87 (69.6)  

- Male 33 (25.8) 38 (30.4)  

Weight (kg) 78.8±23.8 94.5±23.7  

Height (cm) 167.2±8.7 168.4±9.6  

Race (N, %)   <0.001‡ 

- White/Caucasian 80 (62.5) 27 (21.6)  

- Black/African American 34 (26.6) 94 (75.2)  

- Asian 11 (8.6) 3 (2.4)  

- Hispanic/Latino 3 (2.3) 1 (0.8)  

Highest educational graduation (N, %)   <0.001‡ 

- Less than high school degree 1 (0.8) 15 (12.1)  

- High school degree or equivalent 15 (11.7) 27 (21.8)  

- Some college but no degree 35 (27.3) 28 (22.6)  

- Associate degree 14 (10.9)          11 (8.9)  

- Bachelor degree 38 (29.7) 23 (18.5)  

- Graduate degree 25 (19.5) 20 (16.1)  

Data are presented as mean ± SD and n (%). Statistical differences were determined using 
§independent samples t-test with p value<0.001  
¥Chi-squared test 

‡Cramer’s V test with p value<0.001 

Health information 

Participants’ health information is reported in Table 4.2. The mean systolic and diastolic 

blood pressure values of the normotensive group were 125.6±15.9 and 78.4±11.0 mmHg, 

respectively, while mean systolic and diastolic blood pressure values were 145.2±21.2 and 

89.0±12.9 mmHg in hypertensive group, respectively. Systolic and diastolic blood pressures of 

the hypertensive group were significantly higher than normotensive group (p value< 0.001). 
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There were 36% of participants with hypertension who controlled their systolic blood pressure to 

less than 140 mmHg and diastolic blood pressure to less than 90 mmHg (Figure 4.3). The 

percentage of hypertensive participants who controlled their blood pressure was less than adults 

in the United States (48.3%) (Fryar et al. 2017) as shown in Figure 4.3. The Centers for Disease 

Control and Prevention (CDC) reported that the prevalence of controlled hypertension overall 

increased with age and was lower among those aged 18–39 (32.5%) years old than among those 

aged 40–59 (50.8%) and 60 and over (49.4%) (Fryar et al. 2017). However, the results of this 

study indicated that the 40-59 (43.1%) age group had the highest amount of controlled 

hypertension, followed by aged 18-39 (31.5%) and aged 60 and over (26.8%).  

The study also indicated that 48.2% of all 253 participants were obese (BMI> 30 kg/m2). 

There was a significant difference in BMI between the normotensives (28.1±7.7) and 

hypertensives (33.4±8.3) (p value< 0.001) (Table 4.2). Moreover, the prevalence of obesity in 

hypertensive participants (62.4%) was almost twofold greater than the obesity rate in 

normotensive participants (34.4%). The CDC reported that the prevalence of obesity in U.S. 

adults was 42.4% in 2017-2018 (Hales et al. 2017). According to NHANES III survey, a strong 

association was observed between BMI and hypertension among men and women in all race or 

ethnic groups and in most age groups (National Institutes of Health 1999). A previous study 

revealed that obesity in both childhood and adolescence was associated with a 2-fold for higher 

risk of adult hypertension, coronary heart disease, and stroke (Kodama et al. 2014).  

Approximately 40% of normotensive participants reported moderate-intensity or 150 

minutes/week of physical activity (Table 4.2). A majority of hypertensive participants reported 

their physical activity level at low-intensity or 75 minutes/week (34.7%) followed by no physical 
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activity (31.4%). The results also showed that the physical activity level of normotensive 

participants was significantly higher than hypertensive participants (p value< 0.001).  

Approximately 46% of the normotensive group reported eating modestly salty foods 

while 32% of hypertensive group reported eating foods that were a little salty as well as modestly 

salty food (Table 4.2). The majority of both groups reported that they seldom add salt or soy 

sauce to cooked dishes. Forty-six percent of hypertensive participants reported that they never 

add salt to food before tasting it.  

Regarding the mean differences of blood pressure, BMI, and salt recognition thresholds 

between hypertensive and normotensive groups, our results indicated that blood pressure values 

were different in both groups, hypertensive/normotensive females and males. Salty test 

recognition and BMI were different between hypertensive and normotensive females (p value< 

0.001) (Table 4.3). Normotensive and hypertensive males had differences in systolic and 

diastolic blood pressures (P value< 0.05) but BMI valus were similar for both groups of males. 

Table 4.4 shows BMI was different between ages 20-29 normotensive and hypertensive 

participants but not other age groups. BMI and salt threshold were different between African 

American hypertensives and not Caucasians with hypertension (Table 4.5). However, there were 

not enough Asian and Hispanic/Latino participants. Therefore, those data were not considered. 

Body mass index was different between males and females in both normotensive and 

hypertensive groups, and the difference was greater between males and females in normotensive 

than hypertensive groups as shown in Table 4.6.  
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Table 4.2 Health information of participants by hypertension status 

Variables Normotensive  Hypertensive       p value 

Systolic blood pressure 125.6±15.9 145.2±21.2 <0.001§** 

Diastolic blood pressure 78.4±11.0 89.0±12.9 <0.001§** 

BMI 28.1±7.7 33.4±8.3 <0.001§** 

- Underweight 7 (5.5) 2 (1.6)  

- Normal 52 (40.6) 18 (14.4)  

- Overweight 25 (19.5) 27 (21.6)  

- Obese 44 (34.4) 78 (62.4)  

Physical Activity 2.7±1.1 2.1±1.0 <0.001¥** 

   - None 16 (12.7)          38 (31.4)  

   - Low-intensity (75 minutes/week) 40 (31.7) 42 (34.7)  

   - Moderate-intensity (150 minutes/week) 50 (39.7) 35 (28.9)  

   - High-intensity (300 minutes/week) 20 (15.9)  6 (5.0)  

Typical salt content of food eaten 3.0±0.9 3.1±1.0 0.204¥ 

   - Not salty 4 (3.1) 10 (8.0)  

   - Little salt 31 (24.2) 40 (32.0)  

   - Modestly salty         59 (46.1) 40 (32.0)  

   - A little salty           30 (23.4) 29 (23.2)  

   - Very salty 4 (3.1) 6 (4.8)  

Add salt or soy sauce to cooked dishes 3.3±1.1 3.4±1.3 0.394¥ 

   - Never 12 (9.4) 24 (19.2)  

   - Seldom 55 (43.0) 46 (36.8)  

   - Usually 34 (26.6) 27 (21.6)  

   - Frequently 18 (14.1) 12 (9.6)  

   - Always 9 (7.0) 16 (12.8)  

Add salt to food before tasting 3.8±1.1 3.9±1.3 0.349¥ 

   - Never 44 (34.4) 57 (45.6)  

   - Seldom 47 (36.7) 29 (23.2)  

   - Usually 18 (14.1) 20 (16.0)  

   - Frequently 12 (9.4)          10 (8.0)  

   - Always 7 (5.5) 9 (7.2)  

BMI categories using criteria of CDC (Centers for Disease Control and Prevention, 2014) for 

healthy adults. Data are presented as mean ± SD and n (%).  
§ Independent samples t-test  
¥ Independent samples Mann-Whitney U Test  
**p value<0.001 
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Table 4.3 Blood pressure, BMI, and salt recognition thresholds for normotensive and 

hypertensive groups across gender 

Variables Normotensive  Hypertensive       p value 

Female n=95 n=87  

Systolic blood pressure (mmHg) 122.46±15.3 144.2±21.3 <0.001** 

Diastolic blood pressure (mmHg) 78.1±10.8 87.3±12.9 <0.001** 

BMI (kg/m2) 27.0±7.3 33.9±8.8 <0.001** 

Salt recognition thresholds (mol/L) 0.022±0.021 0.036±0.034 <0.001** 

Male n=33 n=38  

Systolic blood pressure (mmHg) 134.6±14.5 147.6±20.9 0.004* 

Diastolic blood pressure (mmHg) 79.1±11.8 86.2±13.1 0.021* 

BMI (kg/m2) 30.6±7.9 30.7±7.8 0.978 

Salt recognition thresholds (mol/L) 0.025±0.020 0.032±0.023 0.184 

Data are presented as mean ± SD. Statistical differences were determined using independent 

samples t-test. *p value< 0.05, **p value >0.001  

In addition, BMI and salt recognition threshold differed in normotensive ages 20-39 

which had a lower salt threshold and lower BMI than other age groups. However, in the 

hypertensive group, there were no differences in BMI and salt threshold across ages (Table 4.7). 

Our results also indicated that BMI differed between race in hypertensive group and but not in 

the normotensive group (Table 4.8). Therefore, the overall data of mean differences of blood 

pressure, BMI, and salt recognition thresholds between hypertensive and normotensive groups 

across gender, age, and race showed that gender, age, and race did not confound the salt 

recognition thresholds results. However, age and gender seemed to slightly confound the results. 
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Table 4.4 Blood pressure, BMI, and salt recognition thresholds for normotensive and 

hypertensive groups across age groups 

Variables Normotensive  Hypertensive       p value 

20-39 age n=104 n=19  

Systolic blood pressure (mmHg) 124.5±15.5 141.8±18.8 <0.001** 

Diastolic blood pressure (mmHg) 78.2±10.9 88.6±13.1 <0.001** 

BMI (kg/m2) 27.0±7.1 35.9±10.1 <0.001** 

Salt recognition thresholds (mol/L) 0.020±0.16 0.027±0.028 0.117 

40-59 age n=21 n=65  

Systolic blood pressure (mmHg) 129.9±18.0 143.5±22.3 0.013* 

Diastolic blood pressure (mmHg) 79.7±11.6 88.3±13.5 0.010* 

BMI (kg/m2) 31.3±8.1 33.3±8.6 0.349 

Salt recognition thresholds (mol/L) 0.035±0034 0.034±0.036 0.877 

60 and older age n=3 n=41  

Systolic blood pressure (mmHg) 132.3±12.4 149.7±20.1 0.150 

Diastolic blood pressure (mmHg) 77.0±16.4 84.1±11.7 0.327 

BMI (kg/m2) 35.8±10.0 31.0±7.6 0.312 

Salt recognition thresholds (mol/L) 0.021±0.009 0.039±0.024 0.204 

Data are presented as mean ± SD. Statistical differences were determined using One-way 

ANOVA, *p value< 0.05, **p value >0.001  

Table 4.5 Blood pressure, BMI, and salt recognition thresholds for normotensive and 

hypertensive groups across races 

Variables Normotensive  Hypertensive       p value 

White/Caucasian n=80 n=27  

Systolic blood pressure (mmHg) 125.9±16.4 141.7±17.7 <0.001** 

Diastolic blood pressure (mmHg) 78.6±12.1 84.9±9.6 0.015* 

BMI (kg/m2) 27.4±6.9 29.8±5.4 0.100 

Salt recognition thresholds (mol/L) 0.023±0.019 0.028±0.023 0.294 

Black/African American n=34 n=94  

Systolic blood pressure (mmHg) 127.5±15.4 146.8±22.1 <0.001** 

Diastolic blood pressure (mmHg) 79.7±8.4 88.0±13.6 <0.001** 

BMI (kg/m2) 29.7 34.0±9.2 0.018* 

Salt recognition thresholds (mol/L) 0.022±0.024 0.037±0.033 0.017* 

Data are presented as mean ± SD. Statistical differences were determined using independent 

samples t-test. *p value< 0.05, **p value >0.001  
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Table 4.6 Blood pressure, BMI, and salt recognition thresholds for females and males across 

blood pressure status 

Variables Female Male     p value 

Normotensive n=95 n=33  

Systolic blood pressure (mmHg) 122.46±15.3 134.6±14.5 <0.001** 

Diastolic blood pressure (mmHg) 78.1±10.8 79.1±11.8 0.654 

BMI (kg/m2) 27.0±7.3 30.6±7.9 0.018* 

Salt recognition thresholds (mol/L) 0.022±0.021 0.025±0.020 0.361 

Hypertensive   n=87 n=38  

Systolic blood pressure (mmHg) 144.2±21.3 147.6±20.9 0.411 

Diastolic blood pressure (mmHg) 87.3±12.9 86.2±13.1 0.667 

BMI (kg/m2) 33.9±8.8 30.7±7.8 0.050 

Salt recognition thresholds (mol/L) 0.036±0.034 0.032±0.023 0.599 

Data are presented as mean ± SD. Statistical differences were determined using independent 

samples t-test. *p value< 0.05, **p value >0.001  

Table 4.7 Blood pressure, BMI, and salt recognition thresholds for age groups across blood 

pressure status 

Variables 20-39 age 40-59 age   > 60 age  p value 

Normotensive n=104 n=21 n=3  

Systolic blood pressure (mmHg) 124.5±15.5 129.9±18.0 132.3±12.4 0.290 

Diastolic blood pressure (mmHg) 78.2±10.9 79.7±11.6 77.0±16.4 0.837 

BMI (kg/m2) 27.0±7.1 31.3±8.1 35.8±10.0 0.011* 

Salt recognition thresholds (mol/L) 0.020±0.16 0.035±0034 0.021±0.009 0.008* 

Hypertensive   n=19 n=65 n=41  

Systolic blood pressure (mmHg) 141.8±18.8 143.5±22.3 149.7±20.1 0.255 

Diastolic blood pressure (mmHg) 88.6±13.1 88.3±13.5 84.1±11.7 0.224 

BMI (kg/m2) 35.9±10.1 33.3±8.6 31.0±7.6 0.118 

Salt recognition thresholds (mol/L) 0.027±0.028 0.034±0.036 0.039±0.024 0.366 

Data are presented as mean ± SD. Statistical differences were determined using One-way 

ANOVA, *p value< 0.05 
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Table 4.8 Blood pressure, BMI, and salt recognition thresholds for age groups across blood 

pressure status 

Variables White/Caucasian 
Black/African 

American       
p value 

Normotensive n=80 n=34  

Systolic blood pressure (mmHg) 125.9±16.4 127.5±15.4 0.624 

Diastolic blood pressure (mmHg) 78.6±12.1 79.7±8.4 0.634 

BMI (kg/m2) 27.4±6.9 29.7 0.136 

Salt recognition thresholds (mol/L) 0.023±0.019 0.022±0.024 0.844 

Hypertensive n=27 n=94  

Systolic blood pressure (mmHg) 141.7±17.7 146.8±22.1 0.272 

Diastolic blood pressure (mmHg) 84.9±9.6 88.0±13.6 0.269 

BMI (kg/m2) 29.8±5.4 34.0±9.2 0.024* 

Salt recognition thresholds (mol/L) 0.028±0.023 0.037±0.033 0.169 

Data are presented as mean ± SD. Statistical differences were determined using independent 

samples t-test. *p value< 0.05 

 

 

Figure 4.1 Comparison of the hypertension prevalence between participants and U.S. adults  

(Fryar et al. 2017) by age 
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Figure 4.2 Comparison of the hypertension prevalence between participants and U.S. adults 

(Fryar et al. 2017) by self-reported ethnicity 

 

 

Figure 4.3 Comparison of controlled hypertension between participants and U.S. adults (Fryar 

et al. 2017) by age 
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Differences in salt recognition threshold between hypertensive and normotensive 

participants 

The mean recognition thresholds of normotensive and hypertensive groups were 

0.022±0.020 mol/L and 0.035±0.031 mol/L, respectively. The greatest percentage of 

hypertensive participants (43%) recognized the salty taste at 0.032 mol/L while 37% of 

normotensive participants recognized it at 0.016 mol/L (Figure 4.4). Moreover, recognition 

threshold was significantly higher for the group of hypertensive participants (p value< 0.001) 

(Figure 4.5) 

 

 

Figure 4.4 Distribution of recognition threshold by blood pressure status 
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Figure 4.5 Salt taste recognition threshold and blood pressure status 

Statistical differences were determined using Mann-Whitney U test, **p value<0.001 

A study in Brazil revealed that the salt taste recognition threshold was 0.013±0.017 

mol/L for the normotensive group and 0.027±0.016 mol/L for the hypertensive group which was 

significantly higher for the group of hypertensive participants (p value< 0.001) (Piovesana et al. 

2013). These researchers also reported that the salt recognition threshold was positive and 

moderately correlated with total sodium intake for the whole group (Piovesana et al. 2013). A 

study with people in Turkey revealed that 55.5% of healthy participants recognized the salty 

taste at a level of 0.016 mol/L (Öner et al. 2016). These authors stated that nutritional behavior 

may be influenced by cultural factors, such as food that has been consumed since childhood. In 

addition, there was a study in chronic kidney disease patients which revealed that the salt taste 

recognition threshold was influenced by sodium intake and can be improved by sodium 
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restriction (Kusaba et al. 2009). They reported that diuretics and antihypertensive medication 

increased the gustatory threshold. One possible reason was zinc deficiency due to on increased 

zinc concentration in urinary excretion due to the use of diuretics use (Kusaba et al. 2009). 

However, the mechanisms of zinc deficiency due to diuretic use is unclear. 

The allele frequencies of SNPs (SCNN1B, TRPV1) of taste receptor genes in hypertensive 

and normotensive subjects 

The genotype and allele frequencies of 4 SNPs (SCNN1B, rs239345, rs3785368; TRPV1, 

rs8065080, rs4790522) are presented in Table 4.9. All alleles were in Hardy Weinberg 

Equilibrium (HWE) with p values greater than 0.05. In the normotensive group, the minor alleles 

of SNPs rs239345, rs3785368, rs8065080, and rs4790522 had a frequency of 0.24 (allele A), 

0.16 (allele A), 0.32 (allele C), and 0.43 (allele A), respectively, which were similar to the 

dbSNP database (NCBI 2020). The minor allele frequencies of rs239345 and rs4790522 in the 

hypertensive group were 0.35 (allele A) and 0.49 (allele A) which were similar to the dbSNP 

database (NCBI 2020) as well. However, the minor allele frequencies of rs3785368 (0.12; allele 

A) and rs8065080 (0.22; allele C) in the hypertensive group were less than what was reported 

from the NCBI reference data (p value = 0.027 and 0.032, respectively) (Figure4.6B and 4.7A).   

Moreover, a risk for hypertension was observed in 2 polymorphisms, which were 

SCNN1B, rs239345 and TRPV1, rs8065080 (Table 4.10). The risk of having hypertension among 

the TT genotype of SNP rs8065080, TRPV1 gene was approximately 2 times greater than that of 

carriers of the C allele (CC and CT) with a 95% confidence interval of 1.14-3.13 (p value = 

0.016). In addition, a risk for hypertension with an odds ratio of 0.55 (p value = 0.024) was 
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observed between the TT genotype and carriers of the A allele in SNP rs239345, SCNN1B gene 

with a 95% confidence interval of 0.34-0.91.  

A study of a white European population indicated that the variants of SCNN1B, rs239345, 

were associated with hypertension (Hannila-Handelberg et al. 2005). Upregulation of the protein 

expression of SCNN1B increases DNA methylation which may lead to increased blood pressure 

(Zhong et al. 2016). TRPV1 protein, a gene product of TRPV1, may play an important role in the 

regulation of salt and water homeostasis and blood pressure (Wang 2005; Wang and Sachs 

2007). A study in rats revealed that the degeneration of TRPV1-positive sensory nerves reduced 

the salt sensitivity threshold of rat with a concomitant increase in blood pressure (Wang and 

Sachs 2007). This evidence suggests that TRPV1 may play a counterbalancing role by inhibiting 

these prohypertensive systems (Wang 2008).   
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Table 4.9 Genotypes and allele distribution in normotensive and hypertensive groups 

Gene Variant Genotype N (%) MAF 
HWE 

p-value§ 

Normotensive group 

SCNN1B rs239345 AA 6 (4.7) 0.24 0.537 

  AT 49 (38.3) 

  TT 73 (57.0) 

 rs3785368 AA 4 (3.1) 0.16 0.557 

  AG 32 (25.0) 

  GG 92 (71.9) 

TRPV1 rs8065080 CC 17 (13.3) 0.32 0.153 

  CT 49 (38.3) 

  TT 62 (48.4) 

 rs4790522 AA 23 (18.0) 0.43 0.819 

  AC 64 (50.0) 

  CC 41 (32.0) 

Hypertensive group 

SCNN1B rs239345 AA 15 (12.0) 0.35 0.957 

  AT 57 (45.6) 

  TT 53 (42.4) 

 rs3785368 AA 3 (2.4) 0.12 0.250 

  AG 23 (18.4) 

  GG 99 (79.2) 

TRPV1 rs8065080 CC 9 (7.2) 0.22 0.094 

  CT 36 (28.8) 

  TT 80 (64.0) 

 rs4790522 AA 30 (24.0) 0.49 0.926 

  AC 63 (50.4) 

  CC 32 (25.6) 

HWE; Hardy Weinberg Equilibrium, MAF; Minor Allele Frequency, §Chi-square test. 
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Figure 4.6 Genotype distribution of SCNN1B gene for rs239345 and rs3785368 

χ2: Chi-square test was used to determine the difference between samples and the NCBI dbSNP 

database, p value< 0.05 considered significant. 

 

 

Figure 4.7 Genotype distribution of TRPV1 gene for rs8065080 and rs4790522 

χ2: Chi-square test was used to determine the difference between samples and the NCBI dbSNP 

database, p value< 0.05 considered significant.
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Table 4.10 The genotype distribution of SCNN1B and TRPV1 variants and the risk of 

hypertension 

Gene Variant Genotype Hypertensive Normotensive 
Odd ratio 

(95%CI) 
§p value 

SCNN1B rs239345 TT 53 (20.9) 73 (28.9) 
0.55(0.34-0.91) 0.024* 

  AA/AT 72 (28.5) 55 (21.7) 

 rs3785368 GG 99 (39.1) 92 (36.4) 
1.49(0.83-2.66) 0.191 

  AA/AG 26 (10.3) 36 (14.2) 

TRPV1 rs8065080 TT 80 (31.6) 62 (24.5) 
1.89(1.14-3.13) 0.016* 

  CC/CT 45 (17.8) 66 (26.1) 

 rs4790522 CC 32 (12.6) 41 (16.2) 
0.73(0.82-1.26) 0.270 

  AA/AC 93 (36.8) 87 (34.4) 

95%CI: 95% confidence interval, §Chi-square test, *p value< 0.05  

Affect of single nucleotide polymorphisms (SNPs) in the taste receptor genes (SCNN1B, 

TRPV1) and the perception of saltiness 

Genetic variations and food preferences 

The results of food preferences are presented in Figures 4.8 and 4.9. The hypertensive 

group had higher food preference scores for hotdogs, a high salt food, than the normotensive 

group (p value< 0.05). No other differences existed (p value>0.05) between hypertensive and 

normotensive groups with respect to food preference scores for high salt foods. However, the 

hypertensive group had higher food preference scores for tuna, carrots, and soda compared to the 

normotensive group (p value< 0.05).  

Food preference scores differed among TRPV1 variant rs4790522 (p value< 0.05) which 

indicated that normotensive participants within the CC genotype preferred celery when 

compared to the AA genotype (p value = 0.013). In contrast, hypertensive participants with the 

AA genotype preferred celery more than the CC genotype (p value = 0.037). Moreover, 

hypertensive participants with the CC genotype preferred cookies and ice cream compared to the 

AA genotype (p value = 0.044 and 0.033, respectively). In addition, both groups had significant 
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correlations between genotypes of 4 SNPs and food preference categories from the gLMS 

(0=neutral, ±6 weakly, ±17 moderately, ±35 strongly, ±53 very strongly, ±100 strongest of any 

kind applied to liking/disliking) of some food items such as cookies, fries, and olives (p value< 

0.05). However, the correlations were weak (r < ±0.25) regarding the Colton’s rule for 

interpreting the size of the correlations. This is in agreement with previous research, which 

reported that genetic taste measures were not associated with food preferences (Duffy and 

Bartoshuk 2000).     

 

Figure 4.8 Comparison of food preference scores in high salt foods between normotensive 

and hypertensive participants.  

Statistical differences were determined using independent t test, *p < 0.05 
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Figure 4.9 Comparison of food preference scores in high sweet and low salt foods between 

normotensive and hypertensive participants. 

Statistical differences were determined using independent t test, *p < 0.05 

Genetic variations and salt taste recognition thresholds 

Results of salt taste recognition thresholds in normotensive and hypertensive groups 

across genotype are presented in Table 4.11. Salt taste recognition thresholds were not 

significantly different among genotypes of SCNN1B variants rs239345 (p value = 0.271), 

rs3785368 (p value = 0.835) and TRPV1 variant rs8065080 (p value = 0.408) (Figures 4.10A, C, 

D). However, a significant difference was found among TRPV1 variant rs4790522 in salt taste 

recognition threshold (p = 0.003) (Figure 4.10B). In addition, hypertensive participants with the 

AA genotype had a higher average salt taste recognition threshold than the CC genotype (p value 

= 0.022) (Figure 4.14B). In this study there was a significant difference in age between 

normotensive and hypertensive groups (p value< 0.001). Suchecka et al. (2016) reported that the 

aging process led to a decrease in salt perception in participants that were 50 years or older 

(Suchecka et al. 2016). However, there was no significant difference in salt taste recognition 
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threshold between participamts that were between 20-50 years old and older within normotensive 

(p value = 0.355) and hypertensive (p value = 0.838) groups in the current study (data not 

shown).  

Therefore, of 2 SCNN1B SNPs and 2 TRPV1 SNPs examined, only the TRPV1 variant 

rs4790522 with AA homozygotes had a greater salt taste recognition threshold than the CC 

homozygotes in both the whole group and also the hypertensive group. In contrast, the study by 

Dias et al. (2013) reported that carriers of the T allele perceived salt significantly higher than 

participants with the homozygous for the C allele in the TRPV1 gene, rs8065080 (Dias et al. 

2013). Participants that were homozygous for the A allele of the SCNN1B gene, rs239345 and 

the T allele of rs3785368 perceived the salt solution at significantly lower concentrations than 

carriers of the other respective alleles (Dias et al. 2013). The present study’s finding is 

inconsistent with the results from the previous study in children, where carriers of the C allele of 

rs4790522 had higher salt recognition treshhold than carriers of the A allele (Chamoun et al. 

2016). Therefore, age may have an effect on salt taste intensity or differnces in salt perception 

may be greater among children than among adults.   
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Table 4.11 Salt recognition thresholds in normotensive and hypertensive groups across 

genotype 

Gene Variant Genotype 
Salt recognition thresholds 

(mol/L; mean±SD) 
p value¥ 

Normotensive group   

SCNN1B rs239345 AA 0.025±0.012 0.760 

  AT 0.021±0.021 

  TT 0.023±0.021 

 rs3785368 AA 0.024±0.009 0.585 

  AG 0.026±0.026 

  GG 0.021±0.019 

TRPV1 rs8065080 CC 0.023±0.031 0.785 

  CT 0.021±0.015 

  TT 0.024±0.021 

 rs4790522 AA 0.028±0.029 0.390 

  AC 0.022±0.020 

  CC 0.020±0.016 

Hypertensive group   

SCNN1B rs239345 AA 0.043±0.028 0.531 

  AT 0.032±0.035 

  TT 0.035±0.028 

 rs3785368 AA 0.027±0.009 0.873 

  AG 0.037±0.028 

  GG 0.035±0.033 

TRPV1 rs8065080 CC 0.025±0.008 0.622 

  CT 0.035±0.045 

  TT 0.036±0.025 

 rs4790522 AA 0.049±0.048 0.015* 

  AC 0.032±0.025 

  CC 0.028±0.017 
¥Statistical differences were determined using One-way ANOVA, *p value< 0.05 
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Figure 4.10 Salt taste recognition thresholds and SCNN1B and TRPV1 genotypes 

Statistical differences were determined using One-way ANOVA, *post-hoc test (p value< 0.05) 

 

 

Figure 4.11 Salt taste recognition thresholds and SCNN1B genotypes for rs239345 by blood 

pressure status 
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Figure 4.12 Salt taste recognition thresholds and SCNN1B genotypes for rs3785368 by blood 

pressure status  

 

Figure 4.13 Salt taste recognition thresholds and TRPV1 genotypes for rs8065080 by blood 

pressure status 
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Figure 4.14 Salt taste recognition thresholds and TRPV1 genotypes for rs4790522 by blood 

pressure status 

Statistical differences were determined using One-way ANOVA, *post-hoc test (p value< 0.05)  
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CHAPTER V 

STRENGTHS, LIMITATIONS, AND CONCLUSIONS 

Strengths and Limitations 

Strengths of this study are a sufficient sample size with a 95% confidence level at 80% 

power, the use of a reliable procedure to determine recognition thresholds, and a thorough and 

standardized genetic analysis. Although we reached the number of required participants there 

were differences in age, BMI, ethnicity, and physical activity between normotensive and 

hypertensive groups. Nevertheless, there was no significant difference in salt taste recognition 

threshold between age 20-50 yesrs and older within normotensive and hypertensive groups in 

this study. Additional limitation of the study is the lack of information on confounding variables 

such as smoking status and obesity. 

Conclusions 

This study assessed genetic variations in SCNN1B and TRPV1 genes and their link with 

the salt recognition threshold and hypertension risk. Results indicated that the hypertensive 

group had a higher salt taste recognition threshold than the normotensive group. However, there 

was not a significant correlation between salt taste recognition threshold and salty food 

preference. Results also provided evidence that the polymorphism TRPV1, rs4790522 with AA 

genotype was associated with a lower sensitivity threshold. Moreover, people with homozygous 

TT of SNP rs8065080, TRPV1 gene had twice the risk of having hypertension than that of 
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carriers of the C allele. In contrast, people with homozygous TT of SNP rs239345, SCNN1B 

gene were 45% less likely to have hypertension compared to carriers of the A allele. 



www.manaraa.com

 

45 

REFERENCES 

Ahrens, Wolfgang. 2015. “Sensory Taste Preferences and Taste Sensitivity and the Association 

of Unhealthy Food Patterns with Overweight and Obesity in Primary School Children in 

Europe—a Synthesis of Data from the IDEFICS Study.” Flavour 4(1):8. 

Allgood, Lisa D., Michael H. Davidson, Henry Ginsberg, Lawrence Blonde, W. James Howard, 

Kurt W. Weingand, W. Virgil Brown, and James W. Anderson. 2018. “Long-Term 

Cholesterol-Lowering Effects of Psyllium as an Adjunct to Diet Therapy in the Treatment 

of Hypercholesterolemia.” The American Journal of Clinical Nutrition 71(6):1433–38. 

American Heart Association. 2016. “How Much Sodium Should I Eat per Day.” Retrieved 

(https://sodiumbreakup.heart.org/how_much_sodium_should_i_eat). 

American Heart Association. 2017. “Hypertension Guideline Toolkit.” 5. Retrieved (http://aha-

clinical-review.ascendeventmedia.com/books/aha-high-blood-pressure-toolkit/). 

Bigiani, A. and V. Cuoghi. 2007. “Localization of Amiloride-Sensitive Sodium Current and 

Voltage-Gated Calcium Currents in Rat Fungiform Taste Cells.” Journal of 

Neurophysiology 98(4):2483–87. 

Breslin, Paul A. S. 2013. “An Evolutionary Perspective on Food and Human Taste.” Current 

Biology 23(9):R409–18. 

Campese, Vito M., Mark S. Romoff, Daniel Levitan, Yahya Saglikes, Robert M. Friedler, and 

Shaul G. Massry. 1982. “Abnormal Relationship between Sodium Intake and Sympathetic 

Nervous System Activity in Salt-Sensitive Patients with Essential Hypertension.” Kidney 

International 21(2):371–78. 

Chamoun, Elie, Nicholas A. Carroll, Lisa M. Duizer, Wenjuan Qi, Zeny Feng, Gerarda 

Darlington, Alison M. Duncan, Jess Haines, and David W. L. Ma. 2018. “The Relationship 

between Single Nucleotide Polymorphisms in Taste Receptor Genes, Taste Function and 

Dietary Intake in Preschool-Aged Children and Adults in the Guelph Family Health Study.” 

Nutrients 10(8). 

Chamoun, Elie, Joy M. Hutchinson, Owen Krystia, Julia A. Mirotta, David M. Mutch, Andrea C. 

Buchholz, Alison M. Duncan, Gerarda Darlington, Jess Haines, and David W. L. Ma. 2017. 

“Single Nucleotide Polymorphisms in Taste Receptor Genes Are Associated with Snacking 

Patterns of Preschool-Aged Children in the Guelph Family Health Study: A Pilot Study.” 

Nutrients 10(2):1–11. 



www.manaraa.com

 

46 

Chamoun, Elie, David M. Mutch, Emma Allen-Vercoe, Andrea C. Buchholz, Alison M. Duncan, 

Lawrence L. Spriet, Jess Haines, and David W. L. Ma. 2016. “A Review of the Associations 

between Single Nucleotide Polymorphisms in Taste Receptors, Eating Behaviors, and 

Health.” Critical Reviews in Food Science and Nutrition 58(2):194–207. 

Chen, Qing Ying, Suzanne Alarcon, Anilet Tharp, Osama M. Ahmed, Nelsa L. Estrella, Tiffani 

A. Greene, Joseph Rucker, and Paul A. S. Breslin. 2009. “Perceptual Variation in Umami 

Taste and Polymorphisms in TAS1R Taste Receptor Genes.” American Journal of Clinical 

Nutrition 90(3). 

Civille, G. V. and B. T. Carr. 2015. Sensory Evaluation Techniques. 5th ed. London, UK: CRC 

Press. 

Cogswell, Mary E., Kristy Mugavero, Barbara A. Bowman, and Thomas R. Frieden. 2016. 

“Dietary Sodium and Cardiovascular Disease Risk — Measurement Matters.” Nejm 

375(6):29–32. 

Cook, Nancy R., Jeffrey A. Cutler, Eva Obarzanek, Julie E. Buring, Kathryn M. Rexrode, Shiriki 

K. Kumanyika, Lawrence J. Appel, and Paul K. Whelton. 2007. “Long Term Effects of 

Dietary Sodium Reduction on Cardiovascular Disease Outcomes: Observational Follow-up 

of the Trials of Hypertension Prevention (TOHP).” BMJ 334(7599):885. 

Crouch, Simone H., Lisa J. Ware, Lebo F. Gafane-Matemane, Herculina S. Kruger, Tertia Van 

Zyl, Bianca Van der Westhuizen, and Aletta E. Schutte. 2018. “Dietary Sodium Intake and 

Its Relationship to Adiposity in Young Black and White Adults: The African-PREDICT 

Study.” Journal of Clinical Hypertension 20(8):1193–1202. 

D’Elia, Lanfranco. 2018. “Salt-Sensitivity of Blood Pressure: Is It Time to Customize the 

Antihypertensive Therapy?” American Journal of Hypertension 31(7):772–73. 

Dahlberg, Jonas, Lars Olof Nilsson, Fredrik von Wowem, and Olle Melander. 2007. 

“Polymorphism in NEDD4L Is Associated with Increased Salt Sensitivity, Reduced Levels 

of P-Renin and Increased Levels of Nt-ProANP.” PLoS ONE 2(5). 

DeNoon, Daniel J. 2016. “Average American Gets Twice Recommended Sodium Intake.” 

Retrieved (http://www.webmd.com/hypertension-high-blood-pressure/news/20100624/90-

percent-in-us-get-too-much-salt-5-foods-blamed). 

Dias, Andre G., Dérick Rousseau, Lisa Duizer, Moira Cockburn, Winnie Chiu, Daiva Nielsen, 

and Ahmed El-Sohemy. 2013. “Genetic Variation in Putative Salt Taste Receptors and Salt 

Taste Perception in Humans.” Chemical Senses 38(2):137–45. 

Duffy, Valerie B. and Linda M. Bartoshuk. 2000. “Food Acceptance and Genetic Variation in 

Taste.” Journal of the American Dietetic Association 100(6):647–55. 

 



www.manaraa.com

 

47 

Felder, Robin A., Marquitta J. White, Scott M. Williams, and Pedro A. Jose. 2013. “Diagnostic 

Tools for Hypertension and Salt Sensitivity Testing.” Current Opinion in Nephrology and 

Hypertension 22(6):65–76. 

Fryar, Cheryl D., Yechiam Ostchega, Craig Hales, Guangyu Zhang, and Deanna Kruszon-

Moran. 2017. “Hypertension Prevalence and Control Among Adults: United States, 2015–

2016.” (289):1–7. 

Galindo-Cuspinera, Veronica, Thierry Waeber, Nicolas Antille, Christoph Hartmann, Nicola 

Stead, and Nathalie Martin. 2009. “Reliability of Threshold and Suprathreshold Methods for 

Taste Phenotyping: Characterization with PROP and Sodium Chloride.” Chemosensory 

Perception 2(4):214–28. 

Garcia-Bailo, Bibiana, Clare Toguri, Karen M. Eny, and Ahmed El-Sohemy. 2009. “Genetic 

Variation in Taste and Its Influence on Food Selection.” OMICS: A Journal of Integrative 

Biology 13(1):69–80. 

Hales, Craig M., Margaret D. Carroll, Cheryl D. Fryar, and Cynthia L. Ogden. 2017. “Prevalence 

of Obesity Among Adults and Youth: United States, 2015–2016. NCHS Data Brief, No 

288. Hyattsville, MD: National Center for Health Statistics.” NCHS Data Brief, No 288. 

Hyattsville, MD: National Center for Health Statistics. (288):2015–16. 

Hannila-Handelberg, Tuula, Kimmo Kontula, Ilkka Tikkanen, Tuula Tikkanen, Frej Fyhrquist, 

Karri Helin, Heidi Fodstad, Kirsi Piippo, Helena E. Miettinen, Jarmo Virtamo, Tom 

Krusius, Seppo Sarna, Ivan Gautschi, Laurent Schild, and Timo P. Hiltunen. 2005. 

“Common Variants of the Beta and Gamma Subunits of the Epithelial Sodium Channel and 

Their Relation to Plasma Renin and Aldosterone Levels in Essential Hypertension.” BMC 

Medical Genetics 6:4. 

He, Jiang, Dongfeng Gu, Jing Chen, Cashell E. Jaquish, Dabeeru C. Rao, James E. Hixson, Ji-

chun Chen, Xiufang Duan, Jian-feng Huang, Chung-Shiuan Chen, Tanika N. Kelly, Lydia 

A. Bazzano, and Paul K. Whelton. 2009. “Gender Difference in Blood Pressure Responses 

to Dietary Sodium Intervention in the GenSalt Study.” Journal of Hypertension 27(1):48–

54. 

Hernandez-Vila, Eduardo. 2015. “A Review of the JNC 8 Blood Pressure Guideline.” Texas 

Heart Institute Journal 42(3):226–28. 

Heron, Melonie. 2019. “Deaths: Leading Causes for 2017.” National Vital Statistics Reports 

68(6). 

Jackson, Sandra L., Sallyann M. Coleman King, Lixia Zhao, and Mary E. Cogswell. 2016. 

“Prevalence of Excess Sodium Intake in the United States — NHANES, 2009–2012.” 

MMWR. Morbidity and Mortality Weekly Report 64(52):1393–97. 

 



www.manaraa.com

 

48 

James, Paul A., Suzanne Oparil, Barry L. Carter, William C. Cushman, Cheryl Dennison-

Himmelfarb, Joel Handler, Daniel T. Lackland, Michael L. LeFevre, Thomas D. 

MacKenzie, Olugbenga Ogedegbe, Sidney C. Smith, Laura P. Svetkey, Sandra J. Taler, 

Raymond R. Townsend, Jackson T. Wright, Andrew S. Narva, and Eduardo Ortiz. 2014. 

“2014 Evidence-Based Guideline for the Management of High Blood Pressure in Adults.” 

JAMA 311(5):507. 

Jones, D. W. 2004. “Dietary Sodium and Blood Pressure.” Hypertension 43(5):932–35. 

Kanbay, Mehmet, Yabing Chen, Yalcin Solak, and Paul W. Sanders. 2011. “Mechanisms and 

Consequences of Salt Sensitivity and Dietary Salt Intake.” Current Opinion in Nephrology 

and Hypertension 20(1):37–43. 

Karppanen, Heikki and Eero Mervaala. 2006. “Sodium Intake and Hypertension.” Progress in 

Cardiovascular Diseases 49(2):59–75. 

Kodama, S., C. Horikawa, K. Fujihara, S. Yoshizawa, Y. Yachi, S. Tanaka, N. Ohara, S. 

Matsunaga, T. Yamada, O. Hanyu, and H. Sone. 2014. “Quantitative Relationship between 

Body Weight Gain in Adulthood and Incident Type 2  Diabetes: A Meta-Analysis.” Obesity 

Reviews : An Official Journal of the International Association for the Study  of Obesity 

15(3):202–14. 

Kusaba, Tetsuro, Yasukiyo Mori, Okagaki Masami, Neriya Hiroko, Takaomi Adachi, Chikako 

Sugishita, Kazuhiro Sonomura, Taikou Kimura, Noriko Kishimoto, Hisako Nakagawa, 

Mitsuhiko Okigaki, Tsuguru Hatta, and Hiroaki Matsubara. 2009. “Sodium Restriction 

Improves the Gustatory Threshold for Salty Taste in Patients with Chronic Kidney 

Disease.” Kidney International 76(6):638–43. 

Liem, Djin G. 2017. “Infants’ and Children’s Salt Taste Perception and Liking: A Review.” 

Nutrients 9(9):1011. 

Mayo Clinic. 2016. “Low-Sodium Recipes.” Retrieved September 15, 2018 

(https://www.mayoclinic.org/healthy-lifestyle/recipes/low-sodium-recipes/rcs-20077197). 

Mennella, Julie A., Susana Finkbeiner, Sarah V. Lipchock, Liang Dar Hwang, and Danielle R. 

Reed. 2014. “Preferences for Salty and Sweet Tastes Are Elevated and Related to Each 

Other during Childhood.” PLoS ONE 9(3):1–9. 

Mente, Andrew, Martin O’Donnell, Sumathy Rangarajan, Gilles Dagenais, Scott Lear, Matthew 

McQueen, Rafael Diaz, Alvaro Avezum, Patricio Lopez-Jaramillo, Fernando Lanas, Wei Li, 

Yin Lu, Sun Yi, Lei Rensheng, Romaina Iqbal, Prem Mony, Rita Yusuf, Khalid Yusoff, 

Andrzej Szuba, Aytekin Oguz, Annika Rosengren, Ahmad Bahonar, Afzalhussein Yusufali, 

Aletta Elisabeth Schutte, Jephat Chifamba, Johannes F. E. Mann, Sonia S. Anand, Koon 

Teo, and S. Yusuf. 2016. “Associations of Urinary Sodium Excretion with Cardiovascular 

Events in Individuals with and without Hypertension: A Pooled Analysis of Data from Four 

Studies.” The Lancet 388(10043):465–75. 

 



www.manaraa.com

 

49 

Mozaffarian, Dariush, Saman Fahimi, Gitanjali M. Singh, Renata Micha, Shahab Khatibzadeh, 

Rebecca E. Engell, Stephen Lim, Goodarz Danaei, Majid Ezzati, and John Powles. 2014. 

“Global Sodium Consumption and Death from Cardiovascular Causes.” New England 

Journal of Medicine 371(7):624–34. 

National Academy of Sciences. 2019. “Consensus Study Report HIGHLIGHTS Dietary 

Reference Intakes for Sodium and Potassium.” The National Academies of Sciences, 

Engineering an Medicine (March). 

National Institutes of Health. 1999. “National Heart, Lung, and Blood Institute (NHILBI): The 

DASH Diet.” NIH 99–4082. 

NCBI. 2020. “Database of Single Nucleotide Polymorphisms (DbSNP)Support Center.” 

Retrieved (https://www.ncbi.nlm.nih.gov/snp/). 

Öner, Can, Roja Dilan Turan, Berrin Telatar, Şahin Yeşildağ, Şehnaz Hergün, and Funda 

Elmacıoğlu. 2016. “A Pilot Study on Salt Taste Sensitivity Threshold in Turkish Young 

Adults.” Anatolian Journal of Cardiology 16(9):731–32. 

Pickle, L. W., M. Mungiole, R. F. Gillum, L. Vatten, SC. Johnston, T. Brott, LR. Caplan, A. 

Day, J. Goldstone, RW. Hobson, RF. Kempczinski, DB. Matchar, MR. Mayberg, AN. 

Nicolaides, JW. Norris, JJ. Ricotta, JT. Robertson, RB. Rutherford, D. Thomas, JF. Toole, 

HH. Trout, and DO. Wiebers. 1997. “Factors Influencing the Decline in Stroke Mortality.” 

Stroke 28(8):1639–47. 

Piovesana, Paula De Moura, Karina De Lemos Sampaio, and Maria Cecília B. J. Gallani. 2013. 

“Association between Taste Sensitivity and Self-Reported and Objective Measures of Salt 

Intake among Hypertensive and Normotensive Individuals.” ISRN Nutrition 2013:301213. 

Puputti, Sari, Heikki Aisala, Ulla Hoppu, and Mari Sandell. 2018. “Multidimensional 

Measurement of Individual Differences in Taste Perception.” Food Quality and Preference 

65(December 2017):10–17. 

Robino, Antonietta, Giuliana Decorti, and Paolo Gasparini. 2014. “Genetic Variation in Taste 

Perception and Its Role in Food Liking and Health Status.” University of Trieste. 

Rodriguez-Iturbe, Bernardo and Nosratola D. Vaziri. 2007. “Salt-Sensitive Hypertension—

Update on Novel Findings.” Nephrology Dialysis Transplantation 22(4):992–95. 

Sanada, Hironobu, John E. Jones, and Pedro A. Jose. 2011. “Genetics of Salt-Sensitive 

Hypertension Hironobu.” Current Hypertension Reports 13(1):55–66. 

Stamler, J. 1997. “The INTERSALT and Implications3 Study : Background , Methods , 

Findings.” The American Journal of Clinical Nutrition 65(2):626S–642S. 

 



www.manaraa.com

 

50 

Stein, Leslie J., Beverly J. Cowart, and Gary K. Beauchamp. 2012. “The Development of Salty 

Taste Acceptance Is Related to Dietary Experience in Human Infants: A Prospective 

Study.” American Journal of Clinical Nutrition 95(1):123–29. 

Suchecka, Wanda, Magdalena Hartman, Ewa Klimacka-Nawrot, Antoni Stadnicki, and Barbara 

Błońska-Fajfrowska. 2016. “Salt Taste Perception in People above the Age of 50.” 

Wiadomości Lekarskie 65(2):84–89. 

Ventura, Alison K. and John Worobey. 2013. “Early Influences on the Development of Food 

Preferences.” Current Biology 23(9):R401–8. 

Wang, Donna H. 2005. “The Vanilloid Receptor and Hypertension.” Acta Pharmacologica 

Sinica 26(3):286–94. 

Wang, Donna H. 2008. “Transient Receptor Potential Vanilloid Channels in Hypertension, 

Inflammation, and End Organ Damage: An Imminent Target of Therapy for Cardiovascular 

Disease?” Current Opinion in Cardiology 23(4):356–63. 

Wang, Donna H. and Jeffrey R. Sachs. 2007. “TRPV1 as a Molecular Transducer for Salt and 

Water Homeostasis BT  - Molecular Sensors for Cardiovascular Homeostasis.” Pp. 110–32 

in, edited by D. H. Wang. Boston, MA: Springer US. 

Weinberger, M. H., N. S. Fineberg, S. E. Fineberg, and M. Weinberger. 2001. “Salt Sensitivity, 

Pulse Pressure, and Death in Normal and Hypertensive Humans.” Hypertension 37(2):429–

32. 

Weinberger, M. H., J. Z. Miller, F. C. Luft, C. E. Grim, and N. S. Fineberg. 1986. “Definitions 

and Characteristics of Sodium Sensitivity and Blood Pressure Resistance.” Hypertension 

8(6 Pt 2):II127-I134. 

Wise, Paul M. and Paul A. S. Breslin. 2013. “Individual Differences in Sour and Salt Sensitivity: 

Detection and Quality Recognition Thresholds for Citric Acid and Sodium Chloride.” 

Chemical Senses 38(4):333–42. 

World Health Organization. 2014. “Guideline : Sodium Intake for Adults and Children.” WHO 

1–56. 

World Health Organization. 2019. “Hypertension.” Retrieved September 13, 2019 

(https://www.who.int/news-room/fact-sheets/detail/hypertension). 

Zhang, Xiaoling, Alissa A. Frame, Jonathan S. Williams, and Richard D. Wainford. 2018. 

“GNAI2 Polymorphic Variance Associates with Salt Sensitivity of Blood Pressure in the 

Genetic Epidemiology Network of Salt Sensitivity Study.” Physiological Genomics 

50(9):724–25. 

 



www.manaraa.com

 

51 

Zhong, Qilong, Chunyan Liu, Rui Fan, Shiwei Duan, Xuting Xu, Jinshun Zhao, Shuqi Mao, Wen 

Zhu, Lingmei Hao, Fengying Yin, and Lina Zhang. 2016. “Association of SCNN1B 

Promoter Methylation with Essential Hypertension.” Molecular Medicine Reports 

14(6):5422–28. 



www.manaraa.com

 

52 

APPENDIX A 

INSTITUTIONAL REVIEW BOARD (IRB) APPROVAL 



www.manaraa.com

 

53 

MSU IRB approval letter 

 

 



www.manaraa.com

 

54 

APPENDIX B 

QUESTIONNAIRE 



www.manaraa.com

 

55 

Questionnaire 

Example Project: The relationship between single nucleotide polymorphisms (SNPs) variation in 

taste receptor genes and salt taste perception in patients with hypertension.  

Declaration: I am a Ph.D. student, concentration in nutrition at MSU. This questionnaire is 

intended to collect demographic and food acceptability information. The questionnaire consists 

of three parts: 1) general information; 2) health information; 3) food acceptability information. 

If you need assistance, please contact the co-investigator. Thank you. 

Part 1: General information 

Instructions: The questionnaire contains checklist questions and short answer questions. 

Please answer the most correct answer. 

Q1: Gender  Male   Female  Other, specify______________ 

Q2: Age_____________________ years 

Q3: Race   Non-Hispanic White  Black/African American  Asian 

 Hispanic/Latino   Native Hawaiian or other Pacific Islander 

 American Indian or Alaskan Native  Other, specify________________ 

Q4: Highest educational graduation 

 Less than high school degree      Associate degree  

 High school degree or equivalent (e.g., GED)    Bachelor degree  

 Some college but no degree     Graduate degree  

Q5: Household income  

 $0 to $9,999           $10,000 to $24,999   $25,000 to $49,999  

 $50,000 to $74,999  $75,000 to $99,999        $100,000 to $124,999  

 $125,000 to $149,999   $150,000 to $174,999  $175,000 to $199,999        

 $200,000 and up  
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Part 2: Health information 

Instructions: The questionnaire contains checklist questions and short answer questions. 

Please answer the most correct answer. 

Q6: Your weight______________lbs., height_____________feet, inches  

Q7: Do you have any of those chronic conditions?  

 None        Hypertension     Diabetes   Renal 

 Heart disease  Others, specify_______________ 

Q8: Please chose the answer that applies to your physical activity intensity within the last three 

months. 

 None  

 Low-intensity [75 minutes (1 hour and 15 minutes) a week]  

     Please specify activity_____________________________________________________ 

 Moderate-intensity [150 minutes (2 hours and 30 minutes) a week]  

     Please specify activity_____________________________________________________ 

 High-intensity [300 minutes (5 hours) a week]  

     Please specify activity_____________________________________________________ 

Q9:  Your typical salt content of food eaten  

 Very salty   A little salty           Modestly salty         Little salt   Not salty 

Q10: Do you add salt or soy sauce to cooked dishes  

 Always   Frequently             Usually            Seldom   Never 

Q11: Do you add salt to food before tasting  

 Always   Frequently             Usually            Seldom   Never 
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Part 3: Food acceptability information 

Instructions: The numbers on this scale range from -100 to 100 and refer to the intensity 

of all possible experiences you can like or dislike, not just foods. 

- Below, draw a line to the location on the scale to represent the intensity of pain you 

would experience if you accidentally burned yourself with boiling water while cooking. 

- Next, draw a line to the location on the scale that would represent the intensity of smell 

you would experience upon smelling rotting trash. 

 

Figure B.1 A generalized labeled magnitude scale (gLMS)                                                    
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Instructions: Please rate each of following food and beverage items in terms of how 

intensely you like or dislike them then put your rating score in the table to the right of the item. If 

you have never tried a food or beverage listed here please write “N/A” for the score. 

 

 

 

 

 

 

 

No. Food item Score 

1. Bread  

2. Cookies  

3. Crackers  

4. Bacon  

5. French fries  

6. Ham  

7. Hamburgers  

8. Hot dogs  

9. Pizza  

10. Tuna  

11. Olives  

12. Soup  

13. Apples  

14. Bananas  

15. Oranges  

16. Carrots  

17. Celery  

18. Pickles  

19. Cake  

20 Ice cream  

21. Milk  

22. Peanut butter  

23. Soda  

24. Potato chips  
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Salt taste perception test 

Instructions:  

1.  The investigator will place 10 cups on the table. You will taste them in order. You will 

swish it around in your mouth (but do not swallow it) and spitting it out in the provided cup. You 

will then rinse once with water and spit it out. Please write down the number of the first cup that 

has a taste you can detect then write down the number of the first cup that has the salty taste. 

Cup number ____________ has a different taste than water. 

Cup number ____________ has the salty taste.  

2. You will receive 3 samples. Please identify which cup is ‘salty” or “water”. 

Cup number ____________ is “salty”. 

Cup number ____________ is “water”. 
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