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Salt-sensitive phenotypes: A community-based exploratory
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ABSTRACT

Background. Salt sensitivity is known to increase the risk
of cardiovascular diseases in both normotensive and
hypertensive subjects. The population in the northeastern
region of India consumes excess dietary salt but their salt-
sensitive phenotype is not known.

Methods. We did a community-based exploratory study
using volunteers in the northeastern region of India to determine
salt-sensitive (SS) and salt-resistant (SR) phenotypes. A total
of 374 (206 normotensive and 168 hypertensive) subjects
who gave informed consent were stabilized for salt with 7 days
of a low-salt (2.9 g/day) diet followed by 7 days of a high-salt
(15.2 g/day) diet. SS was defined as an increase of mean
arterial blood pressure >9 mmHg after a high-salt diet.

Results. We noted an increase in systolic blood pressure
of 9.3 mmHg in normotensive subjects and 10.7 mmHg in
hypertensive subjects, with a modest effect on diastolic blood
pressure (6.9 mmHg in normotensive and 8.2 mmHg in
hypertensive subjects) after a high-salt diet. Salt-sensitive
phenotype was present in 40.8% of normotensive and
47.6% of hypertensive subjects. Resistance to introduction of
high salt was observed in 43.7% of normotensive and 33.9%
of hypertensive subjects. Consumption of extra salt (adjusted
OR 1.99,95% CI 1.25-3.18) was independently associated
with salt sensitivity.

Conclusion. Salt sensitivity was found in a large proportion
of normotensive and hypertensive subjects. Restriction of salt
intake could be an effective intervention to control hypertension
among salt-sensitive subjects.
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INTRODUCTION

Worldwide, hypertension is among the most prevalent non-
communicable diseases. India contributed 7.1 million deaths and
64.3 million disability-adjusted life years (DALYS) due to
hypertensionto theglobal burden.* About 16% of ischaemic heart
disease, 21% of peripheral vascular diseases and 24% of patients
with acute myocardial infarction (AMI) are ascribed to
hypertension.? Dietary sodium intake plays an important role in
regulating blood pressure (BP), which may decrease following
restriction on dietary salt and increase in a subset of people
following consumption of excess salt.® Studies have shown that
reducing sodium intake results in a step-wise reduction in BP.®
Populations of developing countries including India habitually
consume excess dietary salt than the intake recommended by the
JNC-7 guidelines.* However, the linear relation between sodium
intake and BPwasinconsi stent acrossdifferent studiescarried out
worldwide.>® Theinconsi stency between BP and consumption of
dietary salt may be ascribed toinadequacy of thelinear model due
toage, geographical, environmental and popul ation heterogeneity
and acomplex interplay of geneand environment among different
ethnic groups.® An acute change in BP following such low- or
high-salt consumption istermed as salt sensitivity and commonly
reported in large segments of a population, especially in those
with diabetes, hypertension and the elderly.’*!! Salt sensitivity in
a population may predict a chronic rise in BP leading to
development of hypertension.!* Studiesinthenortheasternregion
of India have suggested a wide variation in the prevalence of
hypertension and significant association with consumption of
extrasalt (sat asaside dish) in the diet.*>** This study was done
in both hypertensive and normotensive subjects in the same
population groups as the earlier study'>** to determine salt-
sensitive phenotypes by measuring the response of BP to dietary
salt intake.

METHODS

Study site and subjects

Temporary field clinics were set up in tea gardens and selected
localities of Assam and Mizoram to check the BP of the local
population. Only normotensive (systolic BP [SBP] <120 mmHg
and diastolic BP [DBP] <80 mmHg) and stage 1 hypertensive
(SBP 140-159 mmHg and/or DBP 90-99 mmHg or on anti-
hypertensive therapy) subjects aged 20 years and above were
included after the study protocol was clearly explained to them.
BPwaschecked usingamercury sphygmomanometer twiceinthe
sitting position and on two separate occasions, at least one week
apart. Those with a wide variation in BP between the first and
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second check-ups (taken after 1 week) were excluded from the
study. We took the average of two readings of BP during the
second sitting.

Subjects were purposively selected from the volunteers who
opted for the study. All subjects were apprised of the protocol
including possible hazards of low- and high-salt consumptionand
thenecessity for strict dietary compliance. A total of 374individuals
(206 normotensive and 168 hypertensive) who agreed to comply
with the study protocol and gave written informed consent were
recruitedfor thestudy. Personsexcluded werethosewith secondary
hypertension and diabetes mellitus (history of diabetes or fasting
blood sugar >126 mg/dl), renal disease (serum creatinine >1.4
mg/dl) and coronary artery disease onthebasisof clinical features
and electrocardiogram. We also excluded pregnant women and
women receiving oral contraceptives or hormone replacement
therapy. Our study was approved by the institutional ethics
committee of the Regional Medical Research Centre, North East
Region (ICMR), Dibrugarh.

Collection of sociodemographic and clinical data

Subjects were interviewed by field investigators and relevant
sociodemographic, dietary and clinical information wasrecorded
in a specially designed and pretested questionnaire. Participants
underwent acompl eteclinical examinationincluding measurement
of BP. Height and body weight were measured using an
anthropometric rod and platform balance (SECA) by trained
technicians who followed standard techniques. Waist and hip
circumference were measured to the nearest 0.5 cm.

Collection of blood sample

Five ml of venous blood was collected for biochemical
investigations including blood glucose, urea and creatinine. We
used colorimetric methods to measure these parameters.

Coallection of 24-hour urinary sodium

Subjects were instructed to commence coll ection after emptying
their bladder and discarding the urine. The time was noted as the
start time and all urine voided subsequently was collected for a
duration of 24 hours. Subjects were requested to report the exact
start and stop times for collection of urine. Completeness of
collection was sought by providing detailed instructions to the
study subjects. They were asked to redo urine collection if they
reported missing more than afew dropsof urineor if thetotal 24-
hour urine volume was <250 ml. Total volume of the collection
wasrecorded and samplealiquotsweretaken and stored at —20 °C
till analysis.

Laboratory estimation of urinary sodium

An ion exchange chromatography (Dionex, USA) system was
used to estimate urinary sodium as per the manufacturer’s
instructions. Briefly, the urinesamplewasdiluted with de-ionized
water in the ratio 1:25 and run in the chromatograph. The
chromatograph provided the concentration of urinary sodium
against the sodium standard prepared as 100 ppm/L concentration.
Theppmvalueof urinary sodiumwasobtai ned andthen multiplied
by the dilution factor, i.e. 25 to get the actual concentration of
urinary sodium in ppm/L. The value of 24-hour urinary sodium
wascal culated by multiplyingtotal urineoutput (inlitres). Finally,
the ppm value was converted to mmol/L by dividing ppm values
with the atomic mass of sodium, i.e. 22.99.

Implementation of salt restriction (low salt) and salt
supplementation (high salt)

The medical officer and field staff, who were acquainted with the
study protocol and the method of delivery of salt to the study
subjects, implemented the salt restri ction/suppl ementation process.
The households of the selected subjectswereidentified and a brief
discussion was held with the person responsiblefor preparing food.
The person responsiblefor cooking wasadvised to preparefood for
thestudy subject without addition of any salt. Thestudy subject was
asked to add salt from the supplied salt packet containing aspecific
amount of salt (low or high salt) as per protocol. Salt packets were
supplied daily and dietary compliancewasverified. Only onebrand
of salt was used. The other membersof thefamily werefreeto take
any amount of salt. Hypertensive and normotensive subjects were
put on 2.9 g of dietary salt/day (i.e. low sodium or salt-restriction
diet) for 7 days followed by 15.2 g of dietary sat/day (i.e. high
sodium or salt supplementation diet) for 7 days. The project staff,
including the medical officer, visited the households of selected
individuals daily and recorded salt intake by the study subjects
during the study period. Further, the 24-hour urinary sodium
excretion was measured on the last day of each period to assess
compliance with the diet protocol. Sodium excretion of <50 mmol
over 24 hoursfor thelow-sodium diet and >165mmol over 24 hours
for the high-salt supplementation was considered to represent
dietary compliance. Subjectswhodid not adheretothelow- or high-
saltdiet wereexcludedfromthestudy. Urinesampleswerecollected
as per the study protocol (Fig. 1).

Definition and phenotype of salt sensitivity
Subjectsreceivinglow- and high-salt diet with>9 mmHgincrease
in mean arterial BP (MABP) at the end of the high-salt phase
compared with thelow-salt phasewereclassified assalt-sensitive
(SS), whereas those with <6 mmHg increase were classified as
salt-resistant (SR) and those with adifference of 6-9 mmHg were
classified as salt-indeterminate.” The MABP was calculated as
[2x (DBP) + SBP]/3.

RESULTS

Our study included 374 subj ects, 206 of whom werenormotensive
and 168 hypertensive. Hypertensive subjects had significantly
elevated 24-hour urinary sodium excretion (p<0.001, Table I).
The SBP had amean increase of 9.3 mmHg for normotensive and
10.7 mmHg for hypertensive subjects (p=0.136; Table Il) while
the DBP had a mean increase of 6.9 mmHg in normotensive and
8.2 mmHg in hypertensive subjects (p=0.043).

The SS phenotype was present in 40.8% of the normotensive
and 47.6% of the hypertensive subjects (Table IIl). The SR
phenotype was seen in 43.7% of the normotensive and 33.9% of
the hypertensive subjects. However, these differences were not
statistically significant.

Differences in BP (SBP, DBP and MABP) between the
introduction of high salt and salt stabilized period were also
analysed. Therewereno significant differencesbetween the BP of
normotensive and hypertensive subjects (Table 1V).

Univariateand multivariatebinary logistic regressionanalyses
showed that consumption of excess salt (adjusted OR 2.02, 95%
Cl 1.26-3.18) and age>45 years (adjusted OR 1.58, 95% Cl 1.02—
2.45) were independent predictors of SS phenotype.

DISCUSSION

Our study assessed the frequency of the SS phenotype among the
northeastern population. Among those living in the northeast
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especially the Assamese, tea garden workers and the population
of Mizoram have had a steady rise of BP over the past few
decades'** with a potential to develop cardiovascular morbidity
and mortality. Salt consumption by these populationsishighandis
possibly associated with hypertension. Therefore, determination of
response to BP following consumption of dietary salt isimportant.

ThelNTERSALT study® showed arel ationship betweenintake
of dietary salt and BP in western societies. The response of BP
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following introduction of salt has been described by several
investigators using different techniques and in different
popul ations.**2° M assi ve sodi um|oading in normotensive subj ects
has been shown to result in arisein BP* and amodest reduction
in sodium intake has resulted in a decrease in BP.?

Inour study too the SBP, DBPand MABPincreased following
7 daysof high-sodium diet (260 mmol/day, ~15.2 g of dietary salt)
after a salt stabilization period of 7 days with low-sodium diet

Study subjects |

Introduction of low salt consumption:
« Introduction of salt from days 1-7
* Monitoring of BP two times (morning and evening)

« Supply of salt packet daily to each study subject

Introduction of high salt consumption:
« Introduction of salt from days 8-14
* Monitoring of BP two times (morning and evening)

« Supply of salt packet daily to each study subject

Day 1

Day 7

Day 8

Day 14

T

Day 15 .

Start low salt consumption, i.e. 50 mmol/day (2.9 g) |

N

Start collection of 24-hour urine sample |

N

Collection of 24-hour urine sample for Na* estimation
to assess dietary compliance to low salt consumption
(<50 mmol/day)

« Start high salt consumption, i.e. 260 mmol/day (15.2 g)

Start collection of 24-hour urine sample |

Collection of 24-hour urine sample for Na* estimation
to assess dietary compliance for high salt consumption

(>165 mmol/day)
Fic 1. Summary of study protocol
TasLE |. Baseline characteristics of the study subjects
Characteristic Normotensive Hypertensive p vaue
(n=206) (n=168)

Mean (SE) age (years) 39.3 (0.75) 41.1 (0.83) 0.098
Gender, male n (%) 74 (35.9) 74 (44.0) 0.068
Salt as aside dish, n (%) 113 (54.9) 133 (79.2) <0.001
Alcohol consumption, n (%) 80 (38.8) 70 (41.7) 0.326
Smoking, n (%) 37 (18.0) 41 (24.4) 0.081
Mean (SE) body mass index 20.0 (0.19) 20.9 (0.3) 0.006
Mean (SE) blood glucose (mg/dl) 89.0 (1.2) 92.0 (0.3) 0.98
Mean (SE) urea (mg/dl) 22.6 (0.6) 23.8 (0.6) 0.15
Mean (SE) creatinine (mg/dl) 0.92 (0.01) 0.93 (0.02) 0.77
Mean (SE) 24-hour urinary sodium (mmol/L) 177.7 (4.2) 211.9 (4.7) <0.001
Mean (SE) systolic blood pressure (mmHg) 117.7 (0.5) 142.9 (0.8) <0.001
Mean (SE) diastolic blood pressure (mmHg) 77.2 (0.36) 92.4 (0.52) <0.001
Mean (SE) of mean arterial blood pressure (mmHg) 90.5 (0.39) 108.7 (0.67) <0.001

SE standard error of mean

TasLE II. Mean (SE) increase in systolic, diastolic and mean arterial blood pressure following
introduction of high salt consumption in normotensive and hypertensive subjects

Blood pressure (mmHgQ) Saltin diet Normotensive Hypertensive p vaue
Systolic Baseline level 117.7 (0.5) 142.9 (0.8) <0.001
Low salt 114.5 (0.6) 132.1 (1.1) <0.001
High salt 122.0 (0.7) 140.7 (1.04) <0.001
Difference of BP* 9.3 (0.7) 10.7 (0.7) 0.136
Diastolic Baseline level 77.2 (0.36) 92.4 (0.52) <0.001
Low salt 75.7 (0.432) 85.9 (0.646) <0.001
High salt 81.4 (0.45) 91.8 (0.58) <0.001
Difference of BP* 6.9 (0.39) 8.2 (0.53) 0.043
Mean arterial Baseline level 90.5 (0.39) 108.7 (0.67) <0.001
Low salt 88.3 (0.44) 94.7 (0.5) <0.001
High salt 101.1 (0.8) 107.2 (0.66) <0.001
Difference of BP* 6.5 (0.49) 6.1 (0.73) 0.695

* Difference of BP: BP of astudy subject following introduction of high salt minus BP of astudy subject following introduction

of low salt
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TasLE IIl. Distribution of salt-sensitive phenotypes in the study population

Population group Salt-sensitive phenotype Normotensive Hypertensive p value
All Sensitive 84 (40.8) 80 (47.6) 0.157
Indeterminate 32 (15.5) 31 (18.5)
Resistant 90 (43.7) 57 (33.9)
Mae Sensitive 29 (39.2) 32 (43.2) 0.239
Indeterminate 10 (13.5) 16 (21.6)
Resistant 35 (47.3) 26 (35.1)
Female Sensitive 55 (41.7) 48 (51.1) 0.338
Indeterminate 22 (16.7) 15 (16.0)
Resistant 55 (41.7) 31 (33.0)

TasLE IV. Introduction of high salt consumption and changes of blood pressure (BP) according

to salt-sensitive phenotypes

Salt-sensitive phenotype Difference in BP* Normotensive Hypertensive p value
Sensitive Systolic 16.1 (0.86) 14.5 (0.84) 0.185
Diastolic 11.4 (0.58) 12.0 (0.77) 0.586
Mean arterial 12.8 (0.39) 13.6 (0.5) 0.212
Indeterminate Systolic 5.6 (0.8) 9.5 (1.9) 0.068
Diastolic 4.7 (0.6) 5.2 (0.6) 0.626
Mean arterial 6.6 (0.5) 4.8 (0.84) 0.065
Resistance Systolic 4.1 (0.85) 6.1 (1.14) 0.171
Diastolic 3.4 (0.35) 4.6 (0.71) 0.102
Mean arterial 0.5 (0.53) —-0.36 (0.94) 0.000

* Difference of blood pressure after introduction of low salt to high salt consumption

TasLE V. Binary logistic regression analysis of selected demographic variables and risk of salt

sensitivity in the study population

Variable Crude odds ratio p vaue Adjusted odds ratio p vaue
Sex

Male Reference Reference

Female 1.26 (0.83-1.92) 0.276 1.23 (0.74-2.04) 0.425
Age (years)

<45 Reference Reference

>45 1.56 (1.02-2.39) 0.04 1.58 (1.02-2.46) 0.041
Extra salt

No Reference Reference

Yes 1.92 (1.23-3.02) 0.005 2.02 (1.26-3.18) 0.003
Alcohol consumption

No Reference Reference

Yes 0.87 (90.58-1.33) 0.53 0.79 (0.49-1.29) 0.342
Smoking

No Reference Reference

Yes 0.831 (0.50-1.38) 0.46 0.98 (0.55-1.72) 0.934
Body mass index

Normal Reference Reference

Overweight 0.81 (0.324-2.029) 0.65 0.79 (0.31-2.02) 0.618
Obese 0.88 (0.241-3.19) 0.84 0.72 (0.19-2.70) 0.612
Underweight 1.08 (0.68-1.7) 0.76 1.05 (0.65-1.69) 0.896

(50 mmol/day, ~2.9 g) in both normotensive and hypertensive
adults. The magnitude of elevation of BP was more for SBP,
which ranged from 9.3 mmHg (normotensive subjects) to 10.7
mmHg (hypertensive subjects), in comparison with DBP (6.9
mmHg in normotensive and 8.2 mmHg hypertensive subjects).
Our findings are similar to those reported by Mufunda et al.=
However, reduction in SBP and DBP in normotensive subjects
was much higher in our population than in another population
group.? A study done among Indians also revealed arise of BP

with an increase in quintile of salt intake.?* A meta-analysis by
Strazzullo et al.?® showed a decrease in SBP of 4-5 mmHg and
DBP of 1-3 mmHg following reduction of salt intake of 56
g/day. A meta-analysis by He et al. also showed a reduction in
SBPof 5.4mmHgand DBP of 2.8 mmHgin hypertensive patients
when salt intake was reduced by 100 mmol/day, i.e. 5 g sodium
chloride/day.?® The Prospective Urban Rural Epidemiological
(PURE) study that enrolled morethan 100 000 subjects described
the link between salt intake and BP.?’
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Theresponse of BPto salt |oading and depl etionin humanshas
anormal distribution, and not dichotomous.** Therefore, arbitrary
cut-offsfor the magnitude of BP response are required to classify
subjectsinto SS and SR groups. Different workers have defined
salt sensitivity differently. Sullivan et al. defined salt sensitivity
as achangein BP (office measurement) of 5%—-10% or at least 5
mmHg, in response to a changein salt intake.?® Salt sensitivity is
also defined asanincreasein MABP of at least 4 mmHg (24-hour
ambulatory BP monitoring) with an increase in salt intake.®
Y atabeet al. defined salt sensitivity onthebasisof salt sensitivity
index, which is the difference between MABP on low-salt and
high-salt diets, divided by the MABP on low-salt diet. Asper this
definition, salt sensitivity index should be at least 5%.%° We used
the response of BP to dietary salt intake. It has been shown that
results of dietary protocols reproduced in a fair manner those
obtained with theinpatient protocol above, provided that contents
of the high- and low-salt diets are 200-220 and 15-20 mmol of
sodium per day, respectively, and that the duration of each dietis
approximately 1 week. 313

Wedidamultivariatelogistic regression analysisto determine
the predictors of salt-sensitive phenotype. Consumption of extra
salt (saltasasidedish) and ol der age(>45years) wereindependently
associated with the salt-sensitive phenotype. Higher salt intake
had a strong association with BP as shown in the PURE study.?
Association of agewith salt-sensitive phenotype may beduetothe
strong association of salt excretion and BP with advancing age.*

Reducing salt intake in a population is an easy, efficient and
cost-effective means to reduce hypertension and associated
healthcare costs. We believe this would result in a major
improvement in public health.?>3 Our data may form the basisto
initiate salt restriction to reduce the burden of hypertension. Inthe
dietary approachestostop hypertension (DA SH) study, areduction
in sodium intake led to a step-wise decrease in BP.* Considering
the significant change following introduction of high salt
consumption and the evidence of salt-induced change in BP, a
salt-restriction strategy may be useful for our communities to
reduce BP and associated cardiovascular morbidity and mortality.

Developing countries such asIndiaarefacing adouble burden
of iodine deficiency disorders along with an epidemic of chronic
diseases such as hypertension leading to increased morbidity and
mortality. Saltisthe vehiclefor supplementation of iodineamong
patientswith iodine deficiency disordersin India. Therefore, salt
restriction without any evidence of its effect on the reduction of
BP is irrational. Our study will help in formulating policy for
recommendation of salt to prevent both thesediseases. A previous
study has shown that as much as ~3.3 g/day salt is palatable and
thereforeamoreliberal approach limiting saltintake of 5g per day
as advocated by WHO may be adopted in India to reduce the
burden of hypertension without interfering with the iodine
supplementation programme.® We found a positive association
of consumption of extra salt with salt sensitivity. It is easy to
modify this dietary risk behaviour and reduce dietary salt intake
by the community.

Our study has some limitations. We assessed 24-hour urinary
sodium excretion which has its limitations. We did not use para
amino benzoic acid recovery criteriaor creatininein the 24-hour
urine samples to assess completeness of the urine collection.
Instead, we adopted the procedure used by two previous, multi-
country population-based studies, namely the International
Popul ation Study on Macronutrientsand BP® and the I nternational
Study of Sodium, Potassium, and Blood Pressure* We took
specia careto ensure 24-hour urine collection, but the method is
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cumbersome and inconvenient and may lead to some error.
Variations in the concentration level of urinary sodium due to
possible consumption of corticosteroids, non-steroidal anti-
inflammatory drugs, diuretics, etc. could not be ruled out.

Inconclusion, wehave shownthat introduction of high salt can
cause a significant increase in the SBP and DBP in the study
population. Therefore, intake of excess salt might be responsible
for hypertensionin our study population. Itisadvisableto restrict
salt intake to reduce the burden of hypertension.
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