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A potassium chloride-containing salt substitute lowers blood pressure levels, but its overall acceptability has been of concern due to its potential
adverse effects on food taste. In a large-scale, blinded randomised trial evaluating the comparative effects of a salt substitute (65 % sodium chlo-
ride, 25 % potassium chloride and 10 % magnesium sulphate) and a normal salt (100 % sodium chloride) on blood pressure, we collected data on
the saltiness, flavour and overall acceptability of food. We performed this at baseline, 1, 6 and 12 months post-randomisation using 100 mm visual
analogue scales for assessments of both home-cooked foods and a standard salty soup. The mean age of the 608 participants from rural northern
China was 60 years and 56 % of them were females. In the primary analyses, the changes in the saltiness, flavour and overall acceptability of both
home-cooked foods and a standard salty soup were not different between the randomised groups (all P> 0-08). In the secondary analyses, weight-
ing each of the data points according to the lengths of the respective follow-up intervals, the flavour of both home-cooked foods (mean
difference = — 1-8 mm, P=0-045) and a standard salty soup (mean difference = — 1.9 mm, P=0-03) was slightly weaker in the salt substitute
group. We conclude that salt substitution is both an effective and an acceptable means of blood pressure control. Possible small differences in
flavour did not importantly deter the use of the salt substitute in this study group, although the acceptability of the salt substitute by a more general
population group would need to be confirmed.

Randomised-controlled trials: Salt: Sodium: Potassium: Taste: China: Blood pressure

Worldwide it is estimated that about two-thirds of the cerebro-
vascular disease burden and one-half of the coronary disease
burden are attributable to non-optimal blood pressure
levels'. Blood pressure lowering based on dietary salt
reduction has been identified as a potentially highly cost-effec-
tive means of CVD prevention®. Salt substitutes with reduced
sodium and added potassium lower blood pressure(3’4), but
have been considered to have limited applicability in economi-
cally developed countries where most dietary salt comes from
processed foods and cannot easily be replaced with a salt sub-
stitute at home. This is not the case in developing regions such
as rural northern China where salt intake is high(s), most die-
tary salt comes from foods cooked at home and the blood
pressure reductions achievable with a salt substitute may be
large®. The China Salt Substitute Study, which tested
the effects of a commercially available salt substitute”’ on
blood pressure in high-risk rural northern Chinese populations,
showed that a significant and sustained reduction in systolic
blood pressure could be achieved®. To support the wide-
spread uptake of a salt substitute in the region, it is also

necessary to have clear evidence about the effects of the inter-
vention on food flavour since such sensory factors are a crucial
determinant of food choices®!'?. In the case of a salt sub-
stitute containing potassium, bitterness may be a barrier to
food acceptability, at least initially"".

The China Salt Substitute Study included a specific assess-
ment of the impact of the salt substitute on saltiness, flavour
and overall acceptability of food flavour, and the results are
reported here. Since a reduction in dietary sodium consump-
tion might be expected to produce preferences for lower
levels of salt in other foods(lz), assessments were made not
only of the usual diet, but also of a standard salty soup admi-
nistered at intervals throughout the study.

Methods

The design and results of the China Salt Substitute Study have
been published(g). In brief, the study was a double-blind, ran-
domised, controlled trial that demonstrated clear blood press-
ure-lowering effects of a reduced-sodium, high-potassium salt
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substitute among 608 individuals, at elevated risk of CVD,
living in rural China. The study was carried out between
May 2004 and August 2005 at thirty-nine sites distributed
between six regional coordinating centres in northern China
(Heilongjiang, Tianjin, Liaoning, Shanxi and two centres
near Beijing). The trial received ethics approvals from the
University of Sydney, Sydney, Australia and the Fu Wai
Hospital, Beijing, People’s Republic of China, and all the
participants provided informed consent.

Participants

Individuals were eligible for the study if they had a high risk
of future vascular disease based on a doctor’s diagnosis of any
of the following: (1) coronary, cerebral or peripheral vascular
disease; (2) diabetes and aged 55 years or older; (3) a systolic
blood pressure > 160 mmHg. In addition, all the participants
were required to have an estimated daily sodium intake of
260 mmol/d or more and an expectation that at least half of
the dietary salt could be replaced with the study salt substi-
tute/salt. This was estimated through an interview with the
patient or the individual responsible for daily food preparation
(if this was not the patient) using a structured questionnaire at
the baseline visit. High-risk individuals were selected for the
study as they are the population group likely to attain more
benefit from blood pressure lowering. Finally, the participants
were required to have no established clear indication for, or
contraindication to, the use of the study salt substitute, such
as the use of a potassium-sparing medication or significant
renal impairment.

Randomisation

Randomisation (assignment of the participants to intervention
or control as if by the toss of a coin) was done using a central
computerised randomisation service accessed by centre phys-
icians via the study website with a back-up phone and fax
service. A computer program performed the randomisation
with stratification within each centre by baseline systolic
blood pressure (in three strata) and present use of antihyper-
tensive therapy. The service was maintained by the
Clinical Trials Research Unit at the University of Auckland,
New Zealand. The randomisation service provided a unique
number for each individual corresponding to a treatment
pack held at the centre. Treatment allocation was blinded to
study investigators, participants and centre physicians until
the study database was locked.

Study treatment

Study treatment comprised a salt substitute for all the partici-
pants who entered the run-in period and either a salt substitute
or a normal salt for those participants who were randomised.
The salt substitute was 65 % sodium chloride, 25 % potassium
chloride and 10 % magnesium sulphate. This formulation was
commercially available in China and had been evaluated
previously”. The normal salt was 100 % sodium chloride.
Randomised treatment was delivered in identical 1kg bags
except for a three-digit code corresponding to the randomis-
ation number, with up to 3kg/month of salt substitute/salt
available to each randomised participant to cover all cooking,

pickling and other uses within the household. Correct packing
and labelling of the study salt and the salt substitute was
checked before the commencement of the study by testing
the contents of a sample of randomised treatment packages.
The participants were instructed to use the study salt for all
food preparation throughout the study period. The post-ran-
domisation use of the salt substitute/salt was determined at
each visit by asking the study participants what proportion
of the household salt used since the last visit, which was
provided by the study, and recording a response of ‘all’,
‘nearly all’, ‘half’, ‘less than half” or ‘none’.

Data collection

Potentially eligible individuals attended a registration visit
with the physician at the centre and consent was obtained, a
baseline questionnaire was completed, a brief physical exami-
nation was performed and a blood sample was collected. Indi-
viduals willing to be long-term participants in the trial were
entered into the active run-in period and instructed to return
for a final eligibility check 4 weeks later. Eligible participants
who attended the next scheduled visit were randomised. Food
taste data were collected at registration, 1, 6 and 12 months
post-randomisation visits. All data were collected on paper
forms and then sent to Beijing and entered into a password-
protected study website.

Outcome assessments

Three aspects of the taste of home-cooked foods and a stan-
dard salty soupm) were recorded using 100 mm visual ana-
logue scales to document saltiness (from the left end marked
‘not at all salty’ to the right end marked ‘very salty’), flavour
(from the left end marked ‘very weak’ to the right end marked
‘very strong’) and overall acceptability (from the left end
marked ‘dislike extremely’ to the right end marked ‘like extre-
mely’). For the assessment of home-cooked foods, the partici-
pants were asked to think about the usual taste of the food that
they had eaten in the last month, and specifically about their
opinion as to the saltiness, flavour and overall acceptability
of their usual food. They were then asked to mark a horizontal
visual analogue scale with a vertical line indicating how they
think their usual food tasted in regard to each of the three
aspects. The distance from the left end of the scale to the
vertical line was measured using a ruler and recorded in milli-
metres. The results for saltiness, flavour and overall accept-
ability were collected on three separate scales on the same
form at each visit. Assessment at follow-up visits was
done in an identical manner, with participants blind to their
previous results and their randomised allocation.

The same three components of taste were recorded at the
same time points for a standard salty soup in an effort to
define any change in the preferred level of saltiness over
time. The soup provided was a commercially available dried
soup mix product purchased in China. For each evaluation,
one pack of the dried soup mix was added to a pan and
mixed with 500ml of hot water (60—70°C). The soup was
then poured into small paper cups and when it had cooled
to an acceptable temperature, the participants were asked
to take a mouthful of the soup, to taste it and to swallow
it. Their opinions as to the saltiness, flavour and overall
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acceptability of the soup mix were then recorded on the visual
analogue scales. Aside from the provision of the soup, the data
collection process was identical to that used for the assessment
of home-cooked foods.

Statistics

Statistical analyses were carried out using the SAS for Win-
dows, version 9.1. Mean levels (standard deviations) and pro-
portions (standard errors) were calculated for baseline and
follow-up characteristics. The analysis of treatment effects
was by intention to treat with between-group comparisons
for the outcomes of interest made using SAS Proc Mixed
to fit mixed linear models for repeated-measures ANOVA.
In the primary analyses, the registration visit and all of the
follow-up measures for each of the outcomes were included
in the mixed models with an overall estimate of effect, a CI
and a P value calculated. The secondary analysis on the over-
all estimate of effect was conducted with the weighting of
each of the data points according to the lengths of the respec-
tive follow-up intervals to which the data point applied. The
length of the follow-up interval was defined as the period
between the present and previous assessment of taste; for
example, the weight score of 6 was used for the final
12-month assessment, which was deemed to apply to the
6-month period between the 6-month and the 12-month
visit. Possible changing effects of the randomised intervention
over time were explored by fitting a visit by the treatment
interaction term on the Proc Mixed model. A P value less
than 0-05 for the interaction term indicated evidence of a
linear decreasing or increasing trend of the effect of the treat-
ment over time. Since missing data were few (less than 5 %
for all analyses), no imputation procedures were undertaken.
The comparison of adherence to the salt substitute/salt
between the randomised groups was conducted using SAS
Proc Genmod for generalised estimation equations(m).

Results

There were 752 participants who registered for the study; 700
(93 %) who commenced run-in and 608 (81 %) who were ran-
domised. The main reason for run-in participants failing
to proceed to randomisation was reluctance to continue with
the follow-up schedule (n 57). The participants who were ran-
domised reported very good adherence to the study salt substi-
tute/salt, with 99 % indicating that they used the study salt
substitute/salt for ‘all’ or ‘nearly all’ of their day-to-day
food preparation with no difference between the randomised
groups (P=0-40). Completeness of follow-up was also very
high, with the final follow-up visit attended by 96 % of the
randomised participants and overall 98 % of all post-randomis-
ation visits completed as scheduled.

The mean age of the randomised participants was 60 years
and 56 % of them were females (Table 1). About two-thirds
had a baseline history of vascular disease and one-sixth
were included on the basis of a diagnosis of diabetes and an
age of 55 years or older (Table 1).

Baseline mean ratings for saltiness, flavour and overall
acceptability for the home-prepared food were directly com-
parable between the randomised groups (Table 1). The same

Table 1. Characteristics of the study participants by the randomised
groups™

Salt
substitute Normal salt
(n 306) (n 302)

174 (58 %)
61 (9-7)

Female
Mean age, years (sb)
Inclusion criteria
History of vascular disease
Systolic blood pressure

166 (52 %)
59 (10.0)

200 (66 %)
172 (57 %)

189 (62 %)
173 (57 %)

= 160 mmHg
Treated diabetes and age 48 (16 %) 57 (19 %)
> 55 years
Smoking
Current smoker 97 (32%) 85 (28 %)
Past smoker 45 (15%) 41 (14 %)
Mean BMI, kg/m? (sp) 26 (3-6) 25 (3-9)
Mean blood pressure, 159/93 (25/14) 159/93 (26/14)
mmHg (sD)
Taste ratings for home-cooked
foods
Saltiness, mm (sbp) 51 (19) 50 (19)
Flavour, mm (sb) 62 (18) 61 (18)
Acceptability, mm (sb) 69 (15) 67 (17)
Taste ratings for the standard
salty soup
Saltiness, mm (sb) 51 (14) 50 (14)
Flavour, mm (sb) 67 (17) 64 (14)
Acceptability, mm (sb) 69 (19) 68 (19)

*Number (per cent) unless otherwise indicated.

was also true for the ratings of the standard salty soup.
During the follow-up, there were small variations in the rat-
ings assigned to both home-prepared foods and the standard
salty soup for each of the three parameters assessed, but the
mean values in each randomised group fluctuated by just a
few millimetres on the 100mm scales used (Fig. 1). In
general, about three-quarters of individual responses were
within 10mm above or below the mean response for each
assessment. For the primary analyses, there were no detectable
differences in the ratings between the randomised groups
for saltiness, flavour or overall acceptability. This was
true for both home-cooked foods and the standard soup
(all P>0-08; Table 2). After weighting each of the data
points according to the lengths of the respective follow-up
intervals, the flavour of both home-cooked foods (mean
difference = — 1.8 mm, P=0-045) and the standard salty
soup (mean difference = —1-:9mm, P=0-03) was found to
be weaker in the salt substitute group (Table 2).

Further exploration of the data showed that none of the indi-
vidual baseline to follow-up differences in saltiness, flavour or
overall acceptability between the randomised groups at sepa-
rate time points were statistically significant for the evalu-
ations of home-prepared foods (all P>0-05). For the same
assessments of the standard salty soup, there was a significant
difference between the baseline and the 12-month follow-up
only for the perception of flavour that was rated higher in
those assigned to the normal salt group (P=0-011; Table 3).
An additional trend analysis suggested that the flavour of the
standard salty soup was progressively more favourably per-
ceived in the normal salt group over time (P=0-03), although
there was no corresponding finding for the flavour of home-
prepared foods (P=0-2; Fig. 1).
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Fig. 1. Mean ratings of taste by the randomised groups and follow-up visits (mm) for (a) usual home-prepared foods and (b) a standard salty soup: salt (—); salt
substitute (-...); Reg, registration. ‘P for trend’ indicates the probability that there is a progressively increasing or decreasing difference between the randomised

groups in the ratings over time.

Discussion

The China Salt Substitute Study has shown that replacing
usual salt with a salt substitute in rural northern Chinese
populations can bring about important reductions in blood
pressure without producing a substantial adverse effect on
the saltiness, flavour or overall acceptability of food.
While the secondary weighted analyses did identify slightly
impaired perception of flavour in the salt substitute group,
the overall acceptability of food cooked with the salt substi-
tute was not influenced and the vast majority of the partici-
pants continued to use the salt substitute throughout the
study. This evidence of acceptability of the salt substitute
is an important finding for public health because problems
with taste are a widely cited reason for not using
potassium-based salt substitutes that achieve blood pressure

lowering through both the removal of sodium® and the
addition of potassium™. These data provide significant sup-
port to the notion that advocating widespread use of this
type of salt substitute for food preparation in northern
China might be widely acceptable among the population.
There is previous evidence indicating that people are able
to detect a difference when the taste of a usual food changes
and that if the new stimulus added to the taste is unpleasant
it will lead to disliking of the food">. Furthermore, this has
been demonstrated even when the test of food taste and
liking is done retrospectively"”. It is therefore unlikely
that the failure of the present study to detect substantial
changes in the saltiness or overall acceptability of food
reflects a failure of the study participants to identify or
report differences that were present. Likewise, the large
size of the study and substantial statistical power to detect

Table 2. Overall differences in taste ratings between the randomised groups for home-cooked foods

and the standard salty soup (mm)*

(Mean differences and 95% confidence intervals)

Non-weighted method

Weighted methodt

Difference 95% ClI P Difference 95% ClI P
Home-cooked foods
Saltiness 0-02 -1.39, 1.44 0-09 0-8 —0-76, 2-36 0-80
Flavour -14 —2.95,0-16 0-08 -1.8 —-3-52, —0-05 0-045
Acceptability -1.3 —2.93, 0-31 0-97 -1.6 —3:34, 0-21 0-09
Standard salty soup
Saltiness —-0-2 -1.57,1.17 0-50 0-03 —1.48, 1.54 0-70
Flavour -1.3 —2.76, 0-25 0-10 -1.9 —-3.57, —0-22 0-027
Acceptability -06 —2.16,1-06 0-78 -1 —1.53, —0-61 0-23

"Negative value means the rating of the salt substitute group was lower than the normal salt group.
1t The weighted method was a post hoc analysis on the overall estimate of effect, which was conducted with the
weighting of each of the data points according to the lengths of the respective follow-up intervals.
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Table 3. Baseline to follow-up differences in ratings of saltiness, flavour and acceptability between the randomised
groups for home-cooked foods and the standard salty soup at each follow-up assessment (mm)

Home-cooked foods

Standard salty soup

1month 6 months 12 months 1month 6 months 12 months

Saltiness

Difference* -06 113 -04 -0-8 0-2 0-10

SE 11 1.0 11 1.0 1.0 11

P value 0-6 0-3 07 0-4 0-9 0-95
Flavour

Difference -05 -1.3 —-24 0-2 -1.0 -3.0

SE 11 11 1.2 11 11 11

P value 0.7 0-2 0-05 0-8 0-4 0-011¢
Acceptability

Difference -05 —-2.2 -1.2 0-8 -09 -1.5

SE 11 11 1.2 1.2 11 1.3

P value 0-6 0-05 0-3 0-5 0-4 0-2

* Difference is the baseline to follow-up differences in ratings between the randomised groups (a negative value means the rating of the

salt substitute group was lower than the normal salt group).
1 P value <0-05.

even small differences between groups makes it unlikely
that the study failed to detect real differences in taste
perception. There are, however, several possible reasons
why changes in saltiness and acceptability of foods might
have been minimal. First, reductions in saltiness of food
consequent upon reduced sodium chloride content were
likely offset by the addition of potassium chloride because
potassium chloride also imparts a salty flavour'®. Second,
previous studies suggest that the reduction in saltiness
caused by reducing sodium to the extent achievable with a
salt substitute of this composition would have been only
small to moderate!'>!7, Third, it is possible that other
aspects of the food flavour such as umami (savoury taste)
and odour were more important to taste than the saltiness
component studied here. It is also known that any bitter
taste caused by the potassium added at this level of substi-
tution would have been small and would not impact greatly
on the overall acceptability of salt substitutes”’. Indeed, pre-
vious short-term studies of salt substitutes with this compo-
sition have shown that this combination of sodium,
potassium and magnesium salts is well tolerated”'®, and
this particular mix of sodium chloride, potassium chloride
and magnesium sulphate has been widely marketed as a
consequence.

The study provided some evidence of adverse changes in
flavour, although this was apparent only in the secondary
analyses. The magnitude of the observed effect was fairly
small, being about 2mm against a background spread of
taste assessments in which three-quarters of the participants
marked a response 10 mm above or below the mean. Perhaps
more important from a public health perspective, any adverse
effect on flavour caused by the salt substitute did not
translate into changes in saltiness or overall acceptability of
home-cooked foods.

The absence of any significant changes in the saltiness of
the standard salty soup administered during the follow-up
visits indicates that there was no significant resetting of
individuals’ taste sensitivity to salt. The individuals’ pre-
ferred level of saltiness appears to be largely learned and
to depend primarily upon the average level of salt consumed
over the preceding few weeks. Foods with a saltiness that

differs substantially from a person’s usual level of exposure
are likely to be less preferred whether they be more or less
salty(lg). In the present study, the individuals assigned the
salt substitute would have consumed on average about
one-third less sodium chloride during the 12 months of
the study. As such, it might have been anticipated that
these individuals would have experienced a lowering in
their preferred level of saltiness and that this would have
been reflected in their reporting of the taste of the standard
soup. The reason why there was no detectable resetting of
the preferred level of saltiness is not clear. It is possible
that the potassium chloride with which the sodium chloride
was replaced in some way compensated for the reduction in
sodium chloride, but in the absence of a clear scientific
understanding of the basis for human salt taste it is difficult
to be certain. There was evidence that as few as three
exposures to an initially disliked salt level in a food can sig-
nificantly increase the liking while the previously preferred
salt level remains unchanged, indicating the possibility of
a mere exposure explanation for the changes in liking®®.

Key strengths of the present study are the randomised
design, the large sample size and the rural community setting
that helped minimise both systematic and random errors
while ensuring that the result has direct applicability to large
Chinese populations. One limitation of the pragmatic design
was that it limited the extent of the sensory testing that
could be done. So, while the study provides information
about the acceptability of the salt substitute that is of direct
clinical and public health applicability, it does not provide a
good insight into the physiological reasons why the observed
results were achieved.

In conclusion, these data show that the acceptability of salt
substitution as a strategy for blood pressure control is unlikely
to be importantly impacted by adverse effects of the salt sub-
stitute on food taste. If other practical aspects of making salt
substitution feasible in rural China can be overcome, then it
would seem that it is a strategy that would be widely accep-
table and very effective. On the basis of the blood pressure-
lowering effects achieved, this strategy would appear to
have the potential to reduce vascular disease in China by
one-fifth® at a low cost and in a short time frame'®.
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