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Genetic variation in salt taste 
receptors impact salt intake 
and blood pressure
Noushin Mohammadifard 1, Faezeh Moazeni 2, Fatemeh Azizian‑Farsani 3, Mojgan Gharipour 4, 
Elham Khosravi 5, Ladan Sadeghian 6, Asieh Mansouri 7, Shahin Shirani 8* & 
Nizal Sarrafzadegan 1

So far, few studies have examined the effect of salt taste receptors genetic variation on dietary 
intake in the Iranian population. We aimed to evaluate associations between single nucleotide 
polymorphisms (SNPs) in salt taste receptors’ genes with dietary salt intake and blood pressure. 
A cross-sectional study was carried out among 116 randomly selected healthy adults aged ≥ 18 in 
Isfahan, Iran. Participants underwent sodium intake determination by 24-h urine collection, as 
well as dietary assessment by semi-quantitative food frequency questionnaire and blood pressure 
measurement. Whole blood was collected to extract DNA and genotype of SNP rs239345 in SCNN1B 
and rs224534, rs4790151 and rs8065080 in TRPV1 gene. Sodium consumption and diastolic blood 
pressure were significantly higher in carriers of the A-allele in rs239345 compared to subjects with the 
TT genotype (4808.4 ± 824.4 mg/day vs. 4043.5 ± 989.3 mg/day; P = 0.004) and 83.6 ± 8.5 mmHg vs. 
77.3 ± 7.3 mmHg; P = 0.011), respectively. The level of sodium intake was lower in the TT genotype of 
TRPV1 (rs224534) than the CC genotype (3767.0 ± 713.7 mg/day vs. 4633.3 ± 793.5 mg/day; P = 0.012). 
We could not find any association between genotypes of all SNPs with systolic blood pressure as 
well as genotypes of rs224534, rs4790151 and rs8065080 with diastolic blood pressure. Genetic 
variations can relate with salt intake and consequently may associate with hypertension and finally 
cardiovascular disease risk in the Iranian population.
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24hUNa	� 24-h urinary sodium
CR	� Creatinine
24hUCr	� 24-h urine creatinine

Approximately, 1.7 million cardiovascular disease (CVD) deaths in 2010 were attributed to high dietary sodium 
consumption, accounting for 10% of all CVD deaths. Furthermore, in a recent study by Messerli, it has been 
shown that sodium intake correlates positively with life expectancy and inversely with all-cause mortality world-
wide and in high-income countries claims against dietary sodium intake are a reason of decreasing life span or a 
risk factor for premature deaths 1,2. Both individual- and population-based studies have shown that genetic and 
environmental factors significantly influence sodium consumption and consequently, the blood pressure (BP) 
level 3. It has been shown that excessive sodium consumption can be attributed to higher preferences for salty 
foods, which may be linked to genetic factors such as salt taste receptor function 4.

The amiloride-sensitive (AS) fibers using the ENaC protein moderate sodium taste preference, which typically 
shows a lower taste concentration threshold. However, the amiloride-insensitive (AI) fibers and hence TRPV1 
can regulate aversive responses to salt concentrations 5. Therefore, AS and AI fibers structures facilitate salt taste 
transduction. It has been shown that SNPs in the SCNN1B gene polymorphism of AA/AT, rs239345, coded for 
ENaC β subunit and TRPV1 genes including rs239345, rs3785368, rs8065080 are associated with differences 
in salt taste perception and BP among adults and children 6,7. In addition, inter-individual variation sources 
such as environmental and cultural determinants of dietary intake, may have an important controversial role 
in salt preference, as well 8,9. Consequently, understanding the genetic variation in taste perception may lead to 
new personalized dietary approaches, which can reduce the risk of CVDs 10. There are many controversies on 
the association of various SNPs in the SLC4A5, SCNN1B and TRPV1 genes like SLC4A5 rs7571842, SLC4A5 
rs10177833, SCNN1B rs239345 and TRPV1-rs8065080 with the salt intake, preference and sensitivity along 
with health markers like SBP and DBP 6,11–17. However, studies have mostly been conducted in Caucasians from 
Europe, US or Canada 11–14 and few studies have examined the effect of genetic variations on the sodium intake 
in diverse populations such as Middle East countries like Iran. Therefore, more research is needed to determine 
the effect of single nucleotide polymorphisms (SNPs) in different taste receptor genes on taste sensitivity. This 
study aimed to examine the effect of a set of SNPs on sodium intake, food contribution in sodium intake and 
BP among Iranian adults.

Materials and methods
Design and subjects.  The present cross-sectional study consisted of 116 adults aged > 18 living in Isfa-
han, Iran. Exclusion criteria included diagnosis of diabetes, renal insufficiency, having special dietary regimen, 
fasting or menstruation (for women) on the day of sampling, using diuretics (because of 24-h urine collection 
to estimate salt intake) and oral contraceptives, the women who are pregnant and lactating, participants with 
impaired taste, excessive sweating during an unusually hot day or unusual physical activity and incomplete 24-h 
urine collection.

Participants were selected using multi-stage random cluster sampling method. One adult person aged > 18 was 
selected from each household. Considering the minor allele frequency of 26.42 for SCNN1B (rs239345), sample 
size calculated by 106 and after predicting 10% non-response rate, final sample size for this study was 116. They 
were referred to Isfahan Cardiovascular Research Institute (ICRI) for data collection. Our participation rate was 
92%. We obtained written informed consents from all participants. All methods were carried out in accordance 
with relevant guidelines and regulations (e.g. Helsinki declaration). This study was approved by ethical committee 
of National Institute for medical research Development (IR.NIMAD.REC.1397.346).

Data collection.  Trained health professionals conducted the detailed interviews to obtain information about 
participants’ socioeconomic status including education, occupation, demographic characteristics and smoking 
habit. Physical activities were assessed by means of International Physical Activity Questionnaire (IPAQ) 18.

Anthropometrics and blood pressure measurements.  Trained health professionals measured standing height 
without shoes and recorded to the nearest 0.5 cm. Body weight was measured for subjects wearing light clothes, 
without shoes and recorded to the nearest 0.5 kg. Body mass index (BMI) was calculated as weight divided 
by height squared (kg/m2). While subjects were standing, waist circumference (WC) was measured midway 
between the lower ribs and the iliac crest in a horizontal plane. Hip circumference was also measured at the point 
yielding the maximum circumference over the buttocks using a non-elastic meter.

BP was measured (twice in each arm) manually with a mercury sphygmomanometer according to standard 
protocols 19, after resting for 5 min in a seated position. The first Korotkoff sound was recorded as the systolic 
BP (SBP) and the disappearance of the sounds (V phase) was considered as the diastolic BP (DBP). We used the 
mean BP from the arm with the highest value 16.

Dietary assessment.  Dietary intake was assessed using validated 136-item semi-quantitative food frequency 
questionnaire (FFQ) 20. This FFQ was prepared to determine the amount of sodium intake and food contribu-
tion in sodium intake. We calculated the discretionary salt which was added at table and in cooking through 
questioning about the weight of salt packages, the number of households, and the period of time that each salt 
package is used 20. This FFQ was validated for assessment of sodium intake against two reference methods 
including twelve 24-h dietary recall which were completed monthly during a year among 113 heathy adults 
aged ≥ 19 in Isfahan, Iran. They administered two FFQ at the beginning and after 1 year to evaluate the reproduc-
ibility. The deattenuated Spearman correlation coefficient between the contribution of food sources of sodium 
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based on the FFQ and 24-h dietary recalls varied from 0.39 for canned food to 0.53 for added salt (P < 0.001). The 
deattenuated Spearman correlation coefficient between the FFQ and 24-h dietary recall for total sodium intake 
was 0.65 (P < 0.001). Intraclass correlation coefficient (95% CI) between two FFQ ranged from 0.20 (0.005–
0.37) (P = 0.031) for sauces to 0.49 (0.28–0.69) for bread. According to the Bland–Altman plots, we observed an 
acceptable level of agreement between the two methods for sodium intake 20.

All participants were asked to answer how often they had consumed food items over the past year in 9 options 
including never or rarely (less than 1 per month), 1–3 per month, 1 per week, 2–4 per week, 5–6 per weak, 1 
per day, 2–3 per day, 4–5 per day and 6 or more per day. The Iranian Food Consumption Program (IFCP) 21 was 
used to calculate sodium intake and food group servings for all foods reported in the FFQ using the Iranian 
Food Composition Table 22. The FFQ contained four questions about discretionary salt consumption including 
the salt used at the table; the weight of the salt package used; time taken to consume each salt package and the 
number of family members 23.

Urine collection.  The morning urine samples were collected on 2 days at 7:00 a.m. (the first sample of the first 
day was excluded) and was poured into a sterile plastic container labeled with the participants’ ID and a special 
code. The samples with low volume or lack of proper collection were excluded. The urine samples were collected 
at home for those that the delivery of their samples was impossible for any reason. Fasting venous blood samples 
were taken to measure serum biochemical parameters including, fasting blood glucose (FBG), serum albumin 
level, and lipid profile. Each participant provided two samples for the urinary sodium, potassium and chloride. 
The mean of 24-h urine sodium excretion was used to estimate daily salt intake. In order to obtain the whole 
24-h urinary Na (24hUNa), we multiplied Na concentration by the volume in liters. The urinary sodium, potas-
sium and chloride were measured by emission flame photometry and creatinine (Cr) was measured by the Jaffe 
method (Technical SMA 12–60) 24 in 24-h urine samples. The 24-h urine samples’ completeness was evaluated 
through the following criteria: Total 24-h urine volume sample ≥ 500 mL, missing no more than 1 void during 
collection, and collection of ≥ 20-h and 24-h urine creatinine (24hUCr) ≥ 20 mg/dL per kg of body weight in men 
and ≥ 15 mg/mL per kg of body weight in women aged < 50 and 24hUCr ≥ 10 mg/dL per kg of body weight in 
men and ≥ 7.5 mg/mL per kg of body weight for men and women aged ≥ 50 25.

Single nucleotide polymorphisms selection and genotyping.  A PubMed SNP search was con-
ducted for the following genes associated to taste detection. The selected SNPs were filtered by global minor 
allele frequency (MAF), and SNPs with a minor allele frequency below 5% were removed. The resulting SNPs 
were filtered using HaploView 4.2 software to obtain tag SNPs (tSNPs). Each tSNP was considered independent 
due to low linkage disequilibrium (r2 < 0.05). SCNN1B rs239345 (MAF = 0.2642) and TRPV1 gene rs4790151 
(MAF = 0.2138), rs224534 (MAF = 0.378) and rs8065080 (MAF = 0.3177). Dias et al.’s study showed that TRPV1 
receptor might have an important role in salt preference 6. Rs8065080, in the TRPV1 gene, affect functional 
activity of TRPV1 receptors and be involved in different risk factors and pain conditions 26. González-Mercado 
et al.’s study showed that four SNPs including rs224534 and rs8065080 are located in this gene as haplotype 24. 
Previous studies reported the role of TRPV1-rs8065080 polymorphism in ion channel function, rs224534 and 
two other variants in higher sodium intake 27,28. There is little evidence about rs3785368 variant to suggest its 
role in salt intake. Therefore, due to lack of budget, we selected the most important polymorphism which could 
have role and other variants will be studied in the future. Genotyping design of this variant is based on reported 
variant in dbSNP database.

Genotyping analysis.  DNA was isolated from peripheral blood lymphocytes using the standard salting out 
method 29. Genotyping was carried out using ARMS method for allelic discrimination, and validated by capillary 
sequencing (AB3730, Applied Biosystems). Primers and annealing temperature used in the study are listed in 
Supplementary Appendix 1. The reaction details are as follows: PCR using an Eppendorf gradient type master 
cycler (Eppendorf, Germany) with a total volume of 16 µL (8 µL Taq PCR Master Mix, 0.4 µL each outer primer 
(10 mM), 0.2 µL each inner primer (10 mM), 1 µL genomic DNA and 3.2 µL H2O). After initial denaturation 
(95 °C 3 min) 30 cycles (95 °C 45 s, annealing temperature (Supplementary Appendix 1) 45 s, 72 °C 15 s) of 
amplification were performed, followed by an extension (72 °C 15 s) and a final elongation step (72 °C 1 min).

Statistical analysis.  Kolmogorov–Smirnov test was used for assessing the data distribution in all datasets. 
Data were reported as mean ± standard deviation (SD) for quantitative variables and number (percentage) for 
qualitative variables. A chi-square (χ2) test was performed to determine whether distributions of the genotypes 
of the study polymorphisms were in Hardy–Weinberg equilibrium. One-way analysis of variance (ANOVA) and 
then Bonferroni as post hoc method (for correcting significance level due to multiple tests) were utilized to com-
pare means in variables with normal distribution. Kruskal–Wallis test and then Mann–Whitney test as post hoc 
method were used to evaluate means of continuous variables across different genotypes of each SNP, when the 
assumptions of one-way analysis of variance were not met. Distribution of categorical variables across quartiles 
of different genotypes of each SNP were assessed using Chi-square test. We considered 2-tailed P values of less 
than 0.05 to be statistically significant. Analyses were conducted using SPSS statistical software version 19.0 for 
windows (SPSS Inc., Chicago, USA).

Ethics approval and consent to participate.  This study was funded by National Institute for Medical 
Research Development (NIMAD, Grant Number 977549). Written informed consents were obtained from adult 
participants and the parents of children.
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Results
Totally, 116 healthy adults (56% male and 44% female) were chosen for the study. Participants’ characteristics are 
summarized in Table 1. Participants had a mean age of 35.4 ± 7.7 years, BMI of 27.3 ± 4.9 kg/m2, total physical 
activity of 774.1 ± 667.3 METs minute per week, SBP of 122.6 ± 16.3 mmHg, DBP of 80.3 ± 14.7 mmHg and 11.2% 
of subjects were currently smokers. The 24UNa mean as a surrogate of sodium intake was 4651.0 ± 1647.7 mg/day. 
Table 2 shows the dietary intake in participants based on sex. The mean energy intake was 2080.5 ± 1656.5 kcal/
day and the percentage of energy from carbohydrate, protein, total fat, saturated fatty acid (SFA), monounsatu-
rated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) were 54.8 ± 8.7, 15.4 ± 2.5, 30.6 ± 7.4, 12.4 ± 5.9, 
8.9 ± 2.5 and 8.2 ± 3.1, respectively and the mean fiber intake was 22.2 ± 10.7. The genotypic frequencies of the 
polymorphisms of rs239345 in the SCNN1B and rs4790151, rs224534 and rs8065080 in theTRPV1 in the par-
ticipants of our study were consistent with the Hardy–Weinberg equilibrium (Table 3). Table 4 shows genotypes 
and alleles distributions of the SNP rs239345 in the SCNN1B and SNPs rs4790151, rs224534, rs8065080 in 
theTRPV1 genes.

Single nucleotide polymorphisms and their association with sodium sources intake.  The mean 
sodium intake from its major sources according to genotypes of studied SNPs are shown in Table 5. The intake of 
added salt in subjects with AA genotype (SNP rs239345, P = 0.010) was significantly higher than those with TT 
genotype. However, there was no significant association between various genotypes and mean intake of dietary 
sources of sodium in other SNPs.

Table 1.   Basic characteristics of participants based on sex in 116 randomly selected adult participants of 
Isfahan city, Iran.

Characteristics
Total
N = 116

Male
N = 65

Female
N = 51

Age (year) 35.7 ± 7.7 35.8 ± 7.1 36.1 ± 9.0

Body mass index (kg/m2) 27.3 ± 4.9 26.5 ± 4.0 28.8 ± 6.1

Waist circumference (cm) 100.4 ± 12.4 100.5 ± 12.3 100.1 ± 12.8

Total physical activity (METs/minute per week) 774.1 ± 667.3 869.6 ± 690.4 652.4 ± 537.5

Systolic blood pressure (mmHg) 122.6 ± 16.3 121.6 ± 16.0 125.5 ± 17.7

Diastolic blood pressure (mmHg) 80.3 ± 14.7 81.0 ± 13.1 80.0 ± 18.3

Fasting blood glucose (mg/dL) 86.0 ± 17.2 86.5 ± 18.9 84.9 ± 15.5

Total cholesterol (mg/dL) 189.2 ± 40.4 188.8 ± 35.7 192.9 ± 49.2

Triglyceride (mg/dL) 191.2 ± 113.7 194.5 ± 103.2 191.0 ± 137.3

Low density lipoprotein (mg/dL) 102.8 ± 24.9 102.2 ± 23.6 105.5 ± 28.4

High density lipoprotein (mg/dL) 47.0 ± 10.2 47.4 ± 9.8 46.7 ± 11.3

24-h urine sodium (mg/day) 4651.0 ± 1647.7 4223.2 ± 1718.5 4532.0 ± 15.93.9

Urine creatinine (mg/dL) 1813.2 ± 1087.5 2003.0 ± 1318.0 1445.9 ± 576.0

Urine volume (mL/day) 1197.2 ± 551.9 1351.3 ± 637.2 1033.6 ± 361.6

Education n (%)

Illiterate and primary school 7 (6.1) 2 (3.1) 5 (9.8)

Guidance and high school 67 (57.7) 36 (55.4) 31 (60.8)

University 42 (36.2) 27 (41.5) 15 (29.4)

Current smoker n (%) 13 (11.2) 13 (20) 0 (0)

Table 2.   Mena and standard deviation of dietary energy and nutrients intake of participants based on sex in 
116 randomly selected adults participants of Isfahan city, Iran.

Nutrient
Total
N = 116

Male
N = 65

Female
N = 51

Energy (Kcal/day) 2080.5 ± 1656.5 2117.6 ± 1083.5 2019.7 ± 2327.7

Carbohydrate (% of energy) 54.8 ± 8.7 55.3 ± 8.6 54.1 ± 8.9

Protein (% of energy) 15.4 ± 2.5 15.1 ± 2.5 15.7 ± 2.5

Total fat (% of energy) 30.6 ± 7.4 30.9 ± 8.0 30.0 ± 6.3

SFA (% of energy) 12.4 ± 5.9 12.4 ± 6.5 12.4 ± 4.9

MUFA (% of energy) 8.9 ± 2.5 8.9 ± 2.6 9.1 ± 2.4

PUFA (% of energy) 8.2 ± 3.1 8.1 ± 3.2 8.3 ± 3.0

Fiber (g/day) 22.2 ± 10.7 22.7 ± 11.4 21.4 ± 9.7
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Single nucleotide polymorphisms and their association with salt intake and blood pres‑
sure.  The comparison of mean sodium intake, SBP and DBP between related genotypes of different SNPs 
are shown in Table 6. There were significant differences between AA and TT genotypes of SNP rs239345 for 
sodium intake (4808.4 ± 824.4  mg/day vs. 4043.5 ± 989.3  mg/day; P = 0.004) and DBP (83.6 ± 8.5  mmHg vs. 
77.3 ± 7.3 mmHg; P = 0.011). In addition, the mean sodium intake and DBP was significantly higher in A vs. T 
allele in SNP rs239345 (P = 0.035). The sodium intake was higher in the CC genotype of rs224534 in the TRPV1 
than the TT genotype (4633.3 ± 793.5 mg vs. 3767.0 ± 713.7 mg/day/day; P = 0.012). It was also higher in C than 

Table 3.   Conformation of the genotypes distributions of the study single nucleotide polymorphisms with 
Hardy–Weinberg equilibrium.

Hardy–Weinberg Our study P value

rs239345
T allele 0.74 0.646  < 0.001

A allele 0.26 0.354 0.011

rs8065080
T allele 0.683 0.849  < 0.001

C allele 0.317 0.151  < 0.001

rs224534
C allele 0.63 0.6 0.028

T allele 0.37 0.4 0.028

rs4790151
C allele 0.79 0.63  < 0.001

T allele 0.21 0.36  < 0.001

Table 4.   The frequency of genotypes and alleles distributions of the study single nucleotide polymorphisms in 
the ENaC and TRPV1 genes in 116 randomly selected adult participants of Isfahan city, Iran.

rs8065080 rs239345 rs224534 rs4790151

n % n % n % n %

Genotype frequencies

TT 83 71.6 TT 53 45.7 CC 38 32.8 CC 37 31.9

TC 31 26.7 TA 44 38 CT 62 53.4 CT 73 63

CC 2 1.7 AA 19 16.3 TT 16 13.8 TT 6 5.1

Allele frequencies
T 197 84.9 T 150 64.6 C 138 59.5 C 147 63.4

C 35 15.1 A 82 35.4 T 94 40.5 T 85 36.6

Table 5.   The mean and standard deviations of sodium intake from different food sources according to 
different genotypes of the study single nucleotide polymorphism in 116 randomly selected adult participants of 
Isfahan city, Iran. Kruskal–Wallis test. * P P value. 1 P value = Significant difference with AA genotype: Post hoc 
analysis. 2 P value = Significant difference with CC genotype: Post hoc analysis.

Sodium 
sources 
(g/day)

rs239345

P*1

rs4790151

P2

rs8065080

P

rs224534

P2AA AT TT CC CT TT TT CT CC CC CT TT

Added 
salt

2507.5 
(623.6)

2352.3 
(976.7)

2001.3 
(899.7)1 0.010 2704.9 

(668.7)
2352.0 
(917.2)

2588.8 
(1545.9) 0.228 2234.5 

(912.7)
2478.3 
(947.2)

1722.2 
(864.2) 0.318 2457.7 

(928.3)
2228.8 
(931.3)

2119.2 
(870.2) 0.358

Bread 143.0 
(126.2)

161.9 
(146.7)

202.2 
(169.0) 0.317 163.9 

(163.7)
188.0 

(155.3)
149.1 

(89.3) 0.714 175.0 
(153.9)

168.9 
(155.3)

382.7 
(59.5) 0.165 168.0 

(154.7)
179.6 

(137.3)
193.6 

(227.7) 0.882

Cheese 14.9 
(13.5)

14.9 
(14.9)

12.7 
(12.1) 0.724 13.5 

(12.5)
13.6 

(14.0)
18.5 

(10.8) 0.728 14.8 
(12.6)

12.3 
(15.1) 4.0 (5.6) 0.416 13.8 

(12.5)
13.6 

(13.9)
14.9 

(13.6) 0.955

Other 
salty 
dairies

121.7 
(106.1)

101.3 
(108.2)

101.6 
(98.7) 0.767 131.9 

(132.9)
91.5 

(79.3)
83.5 

(94.7) 0.178 103.3 
(94.17)

110.4 
(122.9)

90.7 
(116.1) 0.936 133.3 

(120.2)
94.4 

(96.9)
78.9 

(59.3) 0.159

Fast food 10.8 
(17.9)

15.0 
(22.4)

12.8 
(18.5) 0.768 18.3 

(22.0)
11.1 

(17.9) 6 (12.7) 0.109 15.3 
(21.9) 8.2 (13.2) 13.6 (8.6) 0.290 11.8 

(15.9)
14.6 

(22.0)
10.5 

(19.2) 0.731

Salty 
snack 3.5 (6.7) 3.3 (6.3) 3.6 (7.7) 0.978 5.0 (8.6) 2.6 (5.8) 3.2 (7.1) 0.298 3.3 (7.4) 3.3 (6.0) 10.6 (0.0) 0.351 3.8 (8.8) 3.4 (6.4) 2.7 (3.7) 0.889

Canned 
food 2.2 (6.6) 3.7 (11.1) 4.1 (14.7) 0.863 0.9 (4.0) 4.6 (13.9) 10.8 

(24.2) 0.163 2.54 
(10.5) 6.5 (15.8) 0.0 (0.0) 0.324 2.5 (10.6) 4.5 (13.8) 2.9 (10.1) 0.770

Salty nut 
and seed

10.6 
(21.4)

13.1 
(18.0)

11.0 
(21.9) 0.913 11.8 

(21.7)
12.9 

(20.3) 2.8 (2.7) 0.569 9.7 (16.6) 12.6 
(21.0)

17.7 
(12.9) 0.235 7.9 (12.0) 15.2 

(22.1) 8.9 (27.5) 0.247

Sauce 7.7 (7.5) 3.2 (3.1) 3.5 (3.3) 0.140 5.9 (12.8) 3.3 (4.0) 2.5 (2.7) 0.334 3.1 (3.3) 6.3 (14.1) 8.5 (0.0) 0.169 3.2 (3.5) 4.9 (10.6) 3.4 (3.7) 0.607
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T allel in SNP rs224534 (P = 0.029). There was no relationship between all SNPs and SBP, also SNPs including 
rs224534, rs4790151 and rs8065080 with DBP. Furthermore, non-significant differences were found in dietary 
sodium intake, with all genotypes of rs4790151 and rs8065080 SNPs in the TRPV1 gene.

Discussion
The current study examined the association between variations in taste detection genes and sodium intake as 
well as BP for the first time in Iran and Eastern Mediterranean region. The findings of this study showed that 
among four SNPs which were studied, only two SNPs including rs239345 and rs224534 were significantly related 
to sodium intake and only rs239345 was involved in DBP level.

Regulation of salt or sodium intake is partly due to genes variation related to homeostatic sodium regulation 
and to hedonic responses to the salt taste 6,30. In this study, it was shown that individuals with SCNN1B gene 
polymorphism of AA/AT, rs239345, coded for SCNN1B and the TRPV1 gene polymorphism of CC, rs224534 
had higher sodium intake. Moreover, individuals with AA genotype of SNP rs239345 had higher consumption 
of added salt, as one of main source of salt intake 31. In addition, individuals with AA genotype of SNP rs239345 
had higher DBP level than those with TT genotype. Cheilat’s cross-sectional study on 70 families including 
children and parents in Canada showed that these SNPs were involved in sodium intake, BP and CVD, as A 
allele carriers had higher sodium intake and DBP. However, as Cheilat’s study read the reverse strand, it found 
this association with T allele 32. Moreover, Chamoun’s study on Canadian young adults and preschool children 
illustrated associations between rs4790522 and rs222745 SNPs in the TRPV1 salt taste receptor gene and salt 
taste sensitivity in young adults and salt taste preference in children 33. Pilic’s study among young Caucasians in 
the UK revealed that the subjects with AA genotype in SNP SLC4A5 rs7571842 had the highest increase in SBP 
and DBP; however, SNP rs10177833 (SLC4A5), rs239345 (SCNN1B) and rs8065080 (TRPV1) had no statistically 
significant effects on the BP response to dietary Na manipulation and with the increasing number of A alleles in 
SNP SLC4A5 rs10177833, sodium intake increased 12. In addition, Barragan’ study among Caucasians aged 18–80 
in Spain indicated that those with AA genotype had the highest salty taste intensity rate 13. Conversely, the SNP 
rs239345 (SCNN1B) was not significantly associated with salt sensitivity or salt taste thresholds in Hungarian 
Roma and young Caucasian subjects 11,12,17.

It is well established that sodium consumption is associated with elevated BP in multiple populations 34. In 
the present study, in line with Cheilat’s study, it has been shown that high DBP belongs to the carriers of A allele. 
Genetic polymorphisms or acquired over-activity of the ENaC is accompanied with arterial hypertension 35, 
despite the fact that the link between sodium intake CVD events was controversial in subjects without hyper-
tension 36. Research on the alpha subunit of ENaC suggests a potential implication on BP regulation in mice 37. 
Furthermore, the rs239345 polymorphism on the beta subunit of ENaC) may be associated with another SNP, 
perhaps, the same one that related to BP in the alpha subunit of the ENaC in rats 38.

The taste responses to salt can be obstructed by the ENaC blocker amiloride without similar effect on other 
taste manners in mice 39. However, this mechanism can inhibit about 20% of salt taste perception in humans. 
Thus, to some extent, salt taste responses are regulated by ENaC in humans 40. However, other markers related 
to sodium intake were studied including salt taste thresholds and learned responses 17,41.

Similar to our findings, Ferraris et al. implied that there were no significant associations between the 
rs8065080 SNP in TRPV1 gene with an individual’s salt intake, SBP and DBP 14. However, the studies by Dias 
et al., Dioszegi et al. and Pilic et al., showed that T allele carriers perceived salt solutions significantly stronger 
than those homozygous for the C allele 6,11,17. An isoleucine (C) to valine (T) amino acid replacement (585 posi-
tion of the TRPV1 protein, missense mutation) leads to rs8065080 (C > T) polymorphism. Contrary to our results, 
Pilic et al. 17 reported that TRPV1 rs8065080 T allele carriers had higher sodium intake than C allele carriers in a 
small sample of young predominantly Caucasian participants. The potential reason of these contradiction might 
be due to TRPV1 rs8065080 missense mutation and hence altering one amino acid 42. Moreover, age difference 
between the studies could be another reason, since age is a factor in phenotypical variance in genetic expression 43.

However, owing to the restricted research in the salt taste genotypes, the comparison of findings are limited, 
and therefore, highlighting the necessity of performing further well-designed studies.

Table 6.   The mean and standard deviations of sodium intake and blood pressure according to different 
genotypes of the study single nucleotide polymorphisms in 116 randomly selected adult participants of Isfahan 
city, Iran. Analysis of variance test. * P P value. 1 Significant difference with AA genotype: Post hoc analysis. 
2 Significant difference with CC genotype: Post hoc analysis.

Variables

rs239345

P*1

rs4790151

P2

rs8065080

P2

rs224534

PAA AT TT CC CT TT TT CT CC CC CT TT

Sodium 
intake 
(mg/day)

4808.4 
(824.4)

4344.8 
(979.4)

4043.21 
(989.3) 0.004 4148.5 

(967.9)
4461.5 
(1015.1)

4564.8 
(643.4) 0.514 4471.7 

(1009.9)
4075.2 
(918.7)

4351.1 
(194.4) 0.171 4633.3 

(793.5)
4356.2 
(1097.0)

3767.02 
(713.7) 0.012

SBP 
(mmHg)

123.9 
(15.4)

121.9 
(16.2)

120.6 
(11.3) 0.670 124.4 

(13.7)
120.3 

(14.5)
120.5 

(6.7) 0.306 122.7 
(14.1)

119.0 
(14.1)

120.5 
(0.7) 0.469 122.8 

(14.3)
121.3 

(14.1)
120.3 

(13.7) 0.805

DBP 
(mmHg) 83.6 (8.5) 80.9 (9.1) 77.3 (7.3) 0.011 80.7 (9.0) 79.1 (8.4) 82.0 7.1) 0.798 80.0 (8.7) 79.4 (8.1) 77.5 (6.4) 0.876 80.8 (7.7) 80.4 (8.7) 75.1 (8.4) 0.064
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Strengths and limitations.  To the best of our knowledge, it was the first genetic study on salt intake in 
the Eastern Mediterranean region. In addition, we examined sodium intake by the precise method of 24-h urine 
sodium measurement and food contribution with validated FFQ in our population. However, we also had some 
limitations including limited coverage of polymorphisms within the most important SCNN1B -associated gene 
and TRPV1, low sample size and lack of sequencing possibility for all samples and the fact that collecting a single 
24-h urine was not enough to reflect a true customary intake. Although it has been proposed that some other 
SNPs might be associated with sodium intake, because of financial limitation, we did not examine them. Finally, 
not adjusting age, sex and BMI was another limitation. It might alter the association of salt intake and blood 
pressure with the SNPs.

Conclusion
This study demonstrated that SNPs in the SCNN1B and TRPV1 genes associated with sodium intake and BP level. 
Therefore, genetic variations can relate with salt intake and consequently may associate with hypertension and 
finally CVD risk in the Iranian population. Further studies with larger sample size are warranted to replicate these 
results in order to better understand the genetic basis for salt taste and hypertension risk and also examine the 
potential effect of interactions between the diverse SNPs with the valid urine collection method can be effective 
in accurate estimation of sodium intake.

Data availability
The authors confirm that the data supporting the findings of this study are available.
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