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Abstract 

Reduced-sodium, added-potassium salt substitutes have favorable effects on blood pressure, but have 

not been tested in India. The Salt Substitute in India Study (SSiIS) is a double-blinded, randomized-

controlled trial designed to investigate the effects of reduced-sodium, added-potassium salt 

substitution to replace usual cooking salt use and blood pressure (BP) among hypertensive patients in 

rural India. The primary objective is to assess effects on systolic blood pressure at 3 months. The 

secondary objectives are to determine effects on diastolic blood pressure, urinary sodium, and potassium 

levels, and to determine acceptability of the intervention. Eligible individuals received usual salt (100% 

sodium chloride) or salt substitute (70% sodium chloride and 30% potassium chloride) to replace all 

salt required for cooking and seasoning in the household. A total of 502 participants aged ≥18 years 

with a history of hypertension were successfully recruited and randomized in a 1:1 ratio to intervention or 

control, between November 2019 and January 2020. Mean blood pressure at baseline was 

133.5/83.6 mm Hg and 96% were using one or more blood pressure-lowering medications. The 

overall mean average 24-hour  urinary sodium excretion was 2825 (SD, 1166) mg/L, which corresponds 

to a urinary salt excretion of 10.4 g/d. Baseline findings suggest sodium intake in this population 

significantly exceeds World Health Organization recommendations. The SSiIS trial has successfully 

recruited participants and is well placed to determine whether salt substitution is an effective means of 

lowering blood pressure for rural Indian patients with hypertension. 
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1    INTRODUCTION 

Hypertension is one of the leading causes of disease in India and causes huge health and economic 

burdens.1-3 While blood pressure (BP) control has improved substantially in many high-income 

countries, effective management of hypertension in low- and middle-in- come settings remains 

challenging.4,5 Joint interventions that utilize drug-based strategies,  dietary  interventions,  and other 

behavioral approaches are advocated by most national and international hyper- tension societies, 

including in India.6 Excess sodium intake causes in- creased BP.7-9 Mean dietary sodium intake in 

India is estimated to be 5 grams (g) per day (equivalent to about 12.5 g salt),10 which is more than 

double the World Health Organization (WHO) recommendation of less than 2 g/day sodium (5 g/day 

of salt).11 Scalable strategies to reduce dietary sodium intake and improve hypertension control, and 

prevent cardiovascular diseases (CVD) are required. 

Sources of dietary salt are known to vary between countries and are highly associated with the level of 

economic development.12  In low- and middle-income countries, the predominant dietary source of 

sodium is often from homemade foods where  salt (sodium chloride) is added during food preparation 

(discretionary salt use).13  In India, more than 80 percent of dietary sodium is estimated to come from 

discretionary salt use.14 Hence, strategies that reduce sodium from  discretionary  salt use are 

promising  for  lowering  population-level sodium consumption.  

Effects of salt substitutes that replace a portion of the sodium contained in usual salt (100% sodium 

chloride) with other minerals such as potassium and magnesium have been assessed in multiple 

randomized controlled  trials.15 In such trials, salt substitutes  that partially replace sodium chloride 

with potassium chloride (usually 25-30%) have significant and clinically meaningful effects on 

systolic blood pressure (SBP, 

−7.81 mm Hg, 95% CI: −9.47 to −6.15 mm Hg) and diastolic blood pressure (DBP, −3.96 mm Hg, 

95% CI −5.17 to −2.74 mm Hg), with no reported serious adverse side effects.15  Potassium-based  

salt substitutes are also relatively low in cost and are thus a promising intervention strategy for low- 

and middle-income countries. 

Although  a systematic  review  and meta-analysis of  clinical studies have demonstrated blood 

pressure lowering effects of reduced-sodium,  added-potassium  salt substitutes,16   such studies have 

to date mostly been conducted in China.17-20  Given the high prevalence of excess sodium intake in 

India, the current study set out to test the effect of salt substitute on BP among hypertensive patients in 

India. 

 

2 METHODS  

 

2.1 Aims and hypotheses 

The primary  aim of SSiIS is to evaluate the effect of a 3-month reduced-sodium, added-potassium 

salt substitute intervention on SBP among patients with hypertension in rural India. The primary 

hypothesis is that the salt substitute will effectively and safely lower SBP. The secondary  aims are to 

determine the effects of the salt substitute on DBP, urinary sodium and potassium excretion, as well as 

to assess dietary sources of sodium and the acceptability of the salt substitute. The secondary 

hypotheses are that the salt substitute will effectively and safely lower DBP through reduced dietary 

sodium and increased dietary potassium consumption, discretionary salt will be the major dietary 

source of sodium, and that salt substitute will be generally acceptable to the study participants. 

 

2.2 Study design 

SSiIS is a randomized, double-blind controlled trial of 3 months intervention duration conducted in 

rural India from November 2019 to April 2020. The trial is registered in the clinicaltrials.gov database 

on 10 April 2019 (NCT03909659). 

 



 

 

2.3 Study sites 

The study team recruited participants from 7 villages located in the Siddipet District, which is located 

in the northern region of the Indian state of Telangana. The population of each village ranged between 

3000-5000 people. Villages are purposively selected based on their willingness to be involved and 

their proximity to the infrastructure necessary for the study, including delivery of the intervention salts 

and being accessible to study personnel. 

 

2.4 Study population 

Adults aged 18 years or over with a history of hypertension diagnosed by a health professional were 

eligible for participation. In addition, individuals needed to eat most of their meals in their homes as 

assessed by self-report, and written consent was required from both the main study participant and all 

household members (since due to the nature of the intervention, household members of the actual  

study participants  will also  consume the intervention  salts during the study period). Individuals were 

eligible for participation if they meet the following inclusion criteria: 

 

1.  Male  or female  aged 18 years or  over. 

2.  History of hypertension diagnosed by a health professional – hypertension may be self-reported 

and antihypertensive drugs may or may not be used for management. There is no entry criterion based 

upon blood pressure measurements made at the baseline survey. 

3. Eat most of their meals in the home. 

4.  Consent to participate. 

 

Individuals were excluded if they or other household members used a potassium-sparing diuretic, but 

not if they used other hyper- tensive medications. Participants were also excluded if they or other 

household members used potassium supplements, had any known acute or chronic kidney disease,21  

had other reason for concern about use of salt substitute, were not expected to live longer than 6 

months from the date of assessment, or another member of the household was already enrolled in the 

study. 

After  we  approached  the  households,  each  household  decided for themselves which of the adult 

member of the household (who also met eligibility criteria) will be the study participant. One qualified 

study physician was available to guide and monitor the enrolment of participants to enhance the 

validity of enrolling those with self-reported hypertension, as well as maximizing the safety of the 

study participants and their families. In particular, the physician determined the presence or absence 

of self-reported kidney disease in potential participants as well as members in their household, given 

the concern that salt substitute use may increase the risk of hyperkalemia in patients with kidney 

disease.21 

 

2.5 Randomization 

Individuals were randomized in a 1:1 ratio through a central computerized process to assign treatment 

packs provided in masked identical packaging and distinguished only by a unique identification 

number. An independent biostatistician generated random allocation sequence and designed the 

allocation sequence list. The blinded study team enrolled participants and assigned participants to 

intervention group according to the list. 

 

2.6 Intervention and control 

Once randomized, participants received treatment packs containing 5000 grams of study salts. The salt 

substitute and regular salt were provided free of charge in masked, identical packaging without the 

manufacturer’s name, except distinguished only by a unique identification number on each pack. The 

regular salt and salt substitute used in the study also contained iodine with fortification levels ac- 

cording to Indian regulatory requirements (File No. 3/DFS/FFRC/ Fortification/FSSAI-2017). 



 

 

 

2.7 Intervention 

The sodium reduction intervention is based upon the provision of reduced-sodium, added-potassium 

salt substitute (70% sodium chloride/30% potassium chloride blend).22 Participants were advised to 

replace all discretionary salt use with the salt substitute. As the salt substitute used in the study was 

not available in the Indian market, Siddharth Starch Pvt. Ltd. company based in Maharashtra, India 

was commissioned to blend and supply the product. 

 

2.8 Control 

Regular salt (100% sodium chloride) was provided to participants in the control group, who were 

advised to replace discretionary salt use at home with the salt provided. Salt used in the study was pro- 

vided free of charge also by Siddharth Starch Pvt. Ltd. company. 

Sufficient salt  substitute or salt  was provided to  cover the household  cooking, seasoning, and food  

preservation  requirements, at an average of 20 g/person/day to a maximum of 5 kg per 

3 months for a household. Directions were given to continue the use of the study salt substitute or 

normal salt until the day that the final 24-hour  urine sample is scheduled to be collected at the end of 

study follow-up. 

 

2.9 Data collection and follow-up 

Across the study period, there were five visits scheduled for each participant (Table 1). After 

confirming eligibility criteria on the day of recruitment, informed consent was obtained from each 

study participant and each of their household members prior to commencement of any data collection 

or other study procedure. For household members under 18 years of age, informed consent was 

provided by a parent or guardian. Hereafter,  the remaining study procedures applied only to the main 

study participant but not their household members.  Personal information, including participant 

demographics, behaviors related to salt consumption and history of any past illnesses were ascertained 

via a questionnaire. A clinical assessment was also undertaken by trained study personnel and 

included measures of height (FREEMANS MEASURES  PVT. LTD), weight, blood pressure, and 

pulse rate. In addition, directions were provided regarding the collection of a 24-hour  urine sample, 

and another in-person appointment was made for the following day (second visit). Additional details 

about these study procedures are provided below. 

At the second study visit, participants who provided complete 24-hour  urine specimens were 

randomized and provided with study salt substitute or regular salt for the next three months, and an 

appointment was made for the 1-month follow-up visit (third visit). Additionally, dietary sources of 

sodium were assessed through an interviewer-administered 24-hour dietary recall survey.14 

On the third study visit at 1 month, participants were asked by trained study personnel about the 

acceptability of the study salt, their usage and the occurrence of any adverse events. Blood pressure 

and heart rate were measured again following the same procedure as implemented on the second visit. 

An appointment was then made for the 3-month follow-up visit (fourth visit). For the fourth visit, 

participants were asked similar questions on acceptability of the study salt, their usage and the 

occurrence of any adverse or serious adverse events. Blood pressure and heart rate were again 

measured, as well as dietary intake assessed using the 24-hour dietary recall questionnaire. Directions 

were provided regarding collection of a 24-hour  urine sample, and an appointment to collect the 

sample was made (fifth and final study visit). The 24-hour  urine sample was collected on the final 

study visit. 

Study personnel who conducted interviews were blinded to the participants’ group allocation. All 

study contact was made via face- to-face home visits. If an individual was not present  in the village 

on the day of the scheduled study visits, then a follow-up visit was re-scheduled for another time. For 

participants unable or unwilling to continue with the standard follow-up schedule, alternative options 

were made available, including flexibility regarding the collection date of the 24-hour  urine samples. 



 

 

 

2.10 Blood pressure measurement 

At the first, third, and fifth study visits, blood pressure was measured three times for each participant 

using an automated BP monitor (A&D Medical, validated by British Hypertension Society and 

European Society of Hypertension standards.) according to established standardized methods, and the 

mean of the last two measurements was recorded.23  BP monitors were validated and calibrated 

regularly. The examination took place in a quiet room, with the participant sitting comfortably in a 

chair for at least 5 minutes before measurement with back and arm supported and feet flat on the floor. 

The participant was instructed to avoid, for at least 30 minutes be- fore the BP measurement, 

strenuous exercise, caffeine, smoking or a full bladder. Neither the patient nor study personnel spoke 

during the rest period or during the BP measurement. The participant rested for one minute between 

each of the readings. 

 

2.11  24-hour urine collection and urine electrolytes measurement 

Participants were given written and verbal instructions from trained study staff on how to collect 24-

hour urine samples. Participants were asked to not change their usual dietary and lifestyle habits. At 

study visits 1 and 4, they were provided with new containers to collect 24-hour urine samples and 

instructed to collect all urine voided during a 24-hour period. Before starting collection, participants 

were asked to go to the toilet and void urine, which was not included in the final sample. The time and 

date that the participant passed this urine was recorded on the 24-hour urine bottle. Participants were 

then instructed to collect all urine in the subsequent 24-hour period into the provided container 

without omission and were asked to return the 24-hour urine on the second visit and the final visit. 

Study staff recorded  the start and finishing time of the collection and total urine volume. The total 

urine volume was used to assess the completeness of 24-hour urine collections, and samples were 

excluded from analysis if the total 24-hour urine volume was less than 500 mL or greater than 6000 

mL.24 

Analysis of urine electrolytes was performed at the study visit site  using automated electrolyte  

meters (Compact Water Quality Meter, LAQUAtwin-Na-11 and LAQUAtwin-K-11m, HORIBA 

Scientific), which use a direct ion-selective electrode technique to measure sodium and potassium 

concentrations. 

Estimates of salt intake per 24-hours (in grams) were derived fromurine sodium concentration (in 

grams/L) multiplied by 2.54,10  then multiplied by urine volume (L). Estimates  of potassium  (in 

grams) were similarly derived  from urine potassium  (in grams/L) by multiplying by 1.91,25 then 

multiplied by urine volume (L). In accordance with previous reports,10,26 we made best estimates of 

24-hour intake by inflating measured values by 10% to account for likely non-urinary losses of 

sodium through sweat and feces.26 

 

2.12  Salt substitute acceptability and usage and 24-hour dietary recall 

Acceptability and use of the salt substitute or regular salt were assessed through an interviewer-

administered questionnaire with 12 questions27  that inquired about the health effects of salt, 

recommended salt intake levels, approaches used to control the amount of salt consumed, the taste of 

the salt substitute/salt and the proportion of household salt use that was replaced by study salt during 

the trial intervention period (Supplementary Material). 

A  multiple  pass 24-hour  dietary  recall method14   was used, through a questionnaire that was 

administered via face-to-face interviews by field staff. Data from 24-hour dietary recall surveys were 

transcribed into a purpose-built nutrient database,  with nutrient  composition data based on  the 

Indian Food Composition Tables,28  which was developed by the Indian National Institute of 

Nutrition. Staff were trained in the administration of dietary recall surveys following the methodology 

developed by the Agricultural Research Service of the US Department of Agriculture.29 Members of 

the research team have conducted such dietary surveys previously in India.14  Discretionary salt intake 



 

 

was estimated by asking participants about the quantity of salt added during food preparation and 

prior to consumption. Participants were asked to estimate the amount of salt added with the use of a 

food model booklet.14 

Interviewer prompts were provided to account for variable recipe ingredients and food preparation 

techniques.14,30 

 

2.13  Primary and secondary efficacy outcomes 

The primary efficacy outcome will be the effect of the salt substitute on SBP over time. The 

secondary efficacy outcomes will be the effect of the salt substitute on DBP, levels of 24-hour  urinary 

sodium and 24-hour urinary potassium. Acceptability of salt substitute and identification of major 

dietary sources of sodium will be exploratory outcomes. 

 

2.14  Safety 

The salt substitute used in this study is considered generally safe, but has a potential risk of causing 

hyperkalemia (defined as serum potassium level more than 6.5 mmol/L) if consumed in very  large 

quantities (more than 50 g/day).31  However, this risk is considered to be very low,32,33  and 

concordantly, reduced-sodium and added- potassium products that are currently available to the 

general public in India does not carry specific warnings on product packaging.34 We additionally 

mitigated potential adverse effects of the salt substitute by excluding participants with renal disease 

and concurrent use of potassium-sparing or potassium-supplementing medicines. Aside from 

hyperkalemia, there were no other specific adverse effects anticipated based on prior human trials.19,32 

Any  suspected cases of hyperkalemia among study participants  or  household members identified  

during  the scheduled study visits triggered an additional home visit to collect additional information. 

All other adverse events or serious adverse events among study participants or household members 

that occurred during the study, whether likely to be related to the study intervention  or not, were  

recorded according  to standard processes for serious adverse event reporting. The occurrence of  

serious adverse events were reported to the local ethics committee in line with their requirements. 

Furthermore, the study staff collected and removed the study salt from participants who experienced a 

serious adverse event. 

 

2.15  Sample size 

The planned sample size was 498 participants, which would provide 80% power, with a significance 

level of 5% (one-sided test) to detect a 5 mmHg or greater difference in mean SBP between groups. 

The hypothesized effect size was based on result of a previous systematic review and meta-analysis of 

salt substitute and blood pressure,35 which is also a clinically meaningful SBP effect. The power 

estimate  assumes mean baseline  blood  pressure of 140 mmHg, a standard deviation of 20 mmHg 

(19) and up to 20% loss to follow-up for the primary outcome. 

 

 

2.16  Statistical analysis 

Mean levels (SDs) for continuous variables and frequency (n and %) were calculated for baseline and 

characteristics. Differences be- tween groups at baseline were evaluated using  test for continuous 

variables, and Pearson chi-square test (or Fisher exact test for cells < 10) for categorical variables. 

Statistical analyses were carried out using SAS version 7.1 (SAS Institute Inc, Cary, North Carolina, 

USA). 

We are currently cleaning and collating all outcome data. Once outcome data are finalized, the effect 

of the salt substitute intervention on SBP will be assessed using the principle of intention-to-treat, and 

differences in average  SBP between treatment groups will be analyzed using mixed linear models. 

This analytic approach allows the incorporation of baseline, 1-month, and 3-month measures of SBP 

to maximize the power of the analysis. Analysis of treatment effects on DBP will also use mixed 



 

 

linear models, whereas treatment effects on 24-hour  urine sodium and potassium will be assessed 

using analysis of covariance. 

 

 

3   PARTICIPANT  CHARACTERISTIC S 

The study design and number of participants recruited for the SSiIS study are shown in Figure 1. 

Participant recruitment started on 25th November 2019 in the 7 rural Indian villages, and the last 

participant completed the enrolment process on 8th January 2020. In total, 1,923 individuals were 

screened and 502 met eligibility criteria.  Baseline  characteristics of the participants are shown in 

Table 2. Mean (SD) age of participants was 61.6 (12.0) years, 58.8% were female, and 6.0% were 

current smokers. Most participants achieved primary school education (87%). All participants had 

hypertension, while few (1.4%) had a history of CVD which was defined as a participant’s self-

reported history of stroke, coronary artery disease, myocardial infarction or peripheral arterial disease, 

and 22.0% also had a history of diabetes mellitus. Mean (SD) body mass index was 23.4 (4.5) kg/m2, 

and mean (SD) SBP/DBP was 133.5 (21.1)/83.6 (12.2) mmHg. Use of anti hyper- tensive medications 

at baseline was 40.6% for alpha-blockers, 29.9% for angiotensin-converting enzyme inhibitor or 

angiotensin II receptor antagonist, 22.5% for beta-blockers, 3.0% for calcium channel antagonist and 

0.2% for diuretics. There were 4.2% participants who did not use any medication to control blood 

pressure. Participants had similar baseline demographic and medical characteristics across the 

randomized groups. 

Among the 502 participants who collected 24-hour urine samples at study baseline, 42 samples were 

excluded from analyses due to total urine volume less than 500 mL. Mean (SD) 24-hour  

urinarysodium excretion at baseline was 2,825 (1,166) mg/L, which corresponded to a mean (SD) salt 

intake of 9.45 (4.55) g/day.36 With 10% inflation to adjust for minimum likely non-urinary losses of 

sodium in sweat and feces, the corresponding best mean (SD) estimate of daily salt intake in the study 

population was 10.40 (5.00) g/day. 

 

 

4  DISCUSSION 

The SSiIS trial is the first randomized-controlled trial of a salt substitution intervention among 

individuals with hypertension in rural India. This study has successfully recruited 502 eligible 

participants among whom the hypotheses can be examined, and there has been no attrition to date. 

Excessive sodium intake causes hypertension, which is one of the most prevalent conditions in India 

(30.7% overall prevalence, defined as systolic BP ≥ 140 mm Hg or a diastolic BP ≥ 90 mm Hg or 

being treated for hypertension).37 Approximately 1.65 million annual cardiovascular disease deaths 

have been attributed to excess sodium consumption (>2g/day) worldwide5  and nearly  200  000 per 

year in India.38 Antihypertensive drugs are highly effective for blood pressure lowering and are 

recommended by guidelines23  to reduce the risks of serious cardiovascular complications. Meanwhile, 

behavioral approaches to blood pressure control based upon sodium reduction are also 

recommended.23  Previous studies have demonstrated that reduced-sodium, added-potassium salt 

substitutes lowers BP,15,17,18 especially in settings with high discretionary salt use.16 

If this study provides favorable results in terms of efficacy, safety, and acceptability of a salt 

substitute in India, then results will have important implications for using salt substitutes to control 

hypertension in India, and also potentially stimulate further large-scale trials testing the effectiveness 

of salt substitutes to reduce BP in other Indian populations and settings. 

Strengths of this study include the randomized-controlled design that ensured similar baseline 

characteristics across groups and hence allow a causal examination of the effect of salt substitute on 

the primary and secondary outcomes. Double blinding of the intervention for participants and study 

personnel, including outcome assessors, will also minimize the risk of bias. The recruited sample size 

allows for 20% drop-out to safeguard statistical power. Further, we recruited a similar proportion of 



 

 

men and women, which allows for generalizing our finding across genders. The blood pressure 

measurements are conducted following standard hypertension guidelines using validated devices. 

While collection of 24-hour urine samples is onerous, it is the gold-standard approach to assess usual 

dietary sodium consumption39 which is another key strength of our study. 

A limitation of our study is that we did not administer para-aminobenzoic acid to the participants to 

objectively assess the completeness of the 24-hour urine collection.40 It is likely some of the 

collections were incomplete and hence overall there may be an underestimate of total salt 

consumption, although we expect this to be balanced between the study groups and hence not 

influence our outcome analyses comparing the salt substitute and control groups. 

Furthermore, although the risk is low, there is the potential that salt substitute use could cause 

hyperkalemic in specific populations (eg, those with impaired renal function), and a limitation of our 

study was that we did not regularly assess serum potassium levels of the participants. 

The current study also had operational challenges that are typical of randomized-controlled trials: for 

example, ensuring recruited participants met eligibility criteria, maintaining blinding of participants 

and study personnel and maximizing adherence to the standardized protocols. The study team 

endeavored to manage these challenges by developing a detailed work schedule and in-depth 

protocols before recruitment and also targeted employment of local study staff to minimize language 

and cultural barriers. We also provided comprehensive training to study staff, in particular in relation 

to blood pressure measurement, 24-hour urine sample collection and the use of automated meters to 

measure urine electrolytes. These efforts likely contributed to the successful and rapid recruitment of 

participants and adherence to the study procedures.. 

 

5  CONCLUSION  

In conclusion, the SSiIS trial has already provided data on the feasibility of recruitment of Indian 

hypertensive patients into a trial of reduced-sodium, added-potassium salt substitution. Going 

forward, the trial will provide robust data on the effects of this form of salt substitution on blood 

pressure. Findings from this trial will provide 

much-needed evidence to  evaluate  the efficacy,  safety and acceptability of reduced-sodium added-

potassium salt substitutes as a possible strategy to reduce hypertension in Indian pertensive patients. 
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F I G U R E 1   Study design and number of participants recruited for the Salt Substitute in India Study

 


