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Reducing salt intake: a systematic review and meta-analysis of
behavior change interventions in adults

Saman Khalesi , Edwina Williams, Christopher Irwin, David W. Johnson, Jacqui Webster ,
Danielle McCartney, Arash Jamshidi, and Corneel Vandelanotte

Context: Prolonged high salt (sodium) intake can increase the risk of hypertension
and cardiovascular disease. Behavioral interventions may help reduce sodium intake
at the population level. Objective: The effectiveness of behavior change interven-
tions to reduce sodium intake in adults was investigated in this systematic review
and meta-analysis. Data source: The PubMed, Cochrane Library, Cumulative Index
to Nursing and Allied Health Literature, and EMBASE databases were searched.
Data extraction: Narrative synthesis and random-effects meta-analyses were
used to determine intervention efficacy. A total of 61 trials (46 controlled trials and
15 quasi-experimental studies) were included. Results: Behavior change interven-
tions resulted in significant improvements in salt consumption behavior (eg, de-
crease in purchase of salty foods; increase in use of salt substitutes), leading to
reductions in sodium intake as measured by urinary sodium in 32 trials (N¼ 7840
participants; mean difference, –486.19 mg/d [95%CI, –669.44 to –302.95];
P< 0.001; I2¼ 92%) and dietary sodium in 19 trials (N¼ 3750 participants; mean
difference –399.86 mg/d [95%CI, –581.51 to –218.20]; P< 0.001; I2 ¼ 96%), equiv-
alent to a reduction of >1 g of salt intake daily. Effects were not significantly differ-
ent based on baseline sodium intakes, blood pressure status, disease status, the use
of behavior change theories, or the main method of intervention delivery (ie, online
vs face-to-face). Conclusion: Behavior change interventions are effective at im-
proving salt consumption practices and appear to reduce salt intake by >1 g/d.
Systematic Review Registration: PROSPERO registration no. CRD42020185639.
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INTRODUCTION

Salt (sodium chloride) is one of the oldest ingredients
for preserving food. Despite the introduction of refrig-

eration and other preservation techniques,1 the food in-
dustry continues to use salt to reduce pathogen growth,

to maintain color, and to enhance the taste and sensory
attributes of foods.1 Every 100 g of dietary salt contains

�40 g of sodium. Sodium is a micronutrient with essen-
tial roles in human physiology. It is a major electrolyte

of extracellular fluid and, along with potassium, is nec-
essary for our normal biological functions.2 The daily

sodium requirement to maintain these functions is very
low (<500 mg)2,3 and can easily be met through a bal-

anced diet of animal- and plant-based foods. However,
the global average sodium intake is �3,950 mg/day,4 al-

most twice the World Health Organization recom-
mended limit of 2000 mg (2 g sodium or 5 g salt) per

day.5

Prolonged high sodium intake has the potential to

alter the fluid regulatory system and the functions of
the kidney, cardiac, and central nervous systems, lead-

ing to the development of hypertension (or high blood
pressure [BP]).3,6 Hypertension is the greatest contrib-

utor to the burden of cardiovascular disease (CVD),
the leading cause of death globally at approximately

17.9 million lives each year.7 Thus, high sodium intake
is a product of multiple factors, including lifestyle and
genetic predisposition, it is a major contributor to hy-

pertension and CVD.8,9 In fact, approximately 10% of
all CVD-related deaths worldwide annually (�1.8 mil-

lion lives) can be attributed to excess sodium
consumption.9

Different behavioral strategies, including face-to-
face and online (app or internet-based) interventions

have been developed to reduce salt intake.10 Findings
of a previous review, which included studies pub-

lished up to 2015, suggested that population-level ed-
ucation and awareness-raising interventions were

effective to reduce salt intake but were not likely to be
sustained over time.10 However, the overall impact of

behavior change interventions on salt intake was not
quantified in this review, and the authors did not dif-

ferentiate between face-to-face and online-driven
interventions. Thus, the aim of this study was to up-

date the previous systematic review of behavior
change interventions to reduce salt intake and quan-

tify their effectiveness on the basis of different deliv-
ery methods (ie, face-to-face vs online) and

characteristics, using meta-analytic procedures.
Findings from this study will inform future interven-

tions and policies aiming to develop and implement
salt-reduction strategies.

MATERIALS AND METHODS

Literature search strategy

PubMed (MEDLINE) Cochrane Library (Central),

Cumulative Index to Nursing and Allied Health
Literature, and Embase online databases were searched

from January 1, 2000, to May 1, 2021, for eligible stud-
ies. One of our aims for this systematic review was to

differentiate the effectiveness of behavior change inter-
ventions on the basis of the main method of interven-

tion delivery (face-to-face vs online) in the included
studies. Interventions prior to 2000 were unlikely to use

online technology as their main method of intervention
delivery. To allow comparisons between similar stand-

ards of design and technology, studies published before
2000 were excluded. A combination of keywords and

Medical Subject Heading terms was used for the online
literature search following the PICOS (population, in-

tervention, comparison, outcome, setting/design) ap-
proach (Table 1). An example of the search strategy
used is presented in Table S1 in the Supporting

Information online. The database search was limited to
articles on human trials and reported in English. The

PRISMA guidelines11 were followed during the litera-
ture search and the preparation and presentation of this

systematic review. Methodology for this systematic re-
view was registered with the International Prospective

Register for Systematic Reviews (registration no.
CRD42020185639.

Study eligibility

Controlled trials and quasi-experimental studies investi-
gating the effects of behavior change interventions on

salt intake in adults (�18 years of age), regardless of
their health status, were included. Studies were eligible

if (1) they reported changes in salt or sodium intake or
behavior after an intervention; and (2) the intervention

itself was behavioral in nature (eg, educational or infor-
mational interventions, consultations, feedback-based

interventions, goal setting, dietary behavior change,
self-monitoring of salt intake) and delivered face-to-

face and/or online (internet or app based). Studies were
excluded if they (1) used modified salt (eg, sodium chlo-

ride plus chitosan, or low-sodium salt), a specific diet or
food modification or reformulation to reduce sodium

intake (instead of a behavior change intervention)—this
included studies that used a combined behavior change

and dietary intervention (unless a behavior change–
only arm was included); (2) reported changes in knowl-

edge or awareness of salt, without reporting changes in
behavior or intake of salt; and/or (3) did not have an
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English, full-text format available. Studies in which gen-

eral salt-intake behaviors (eg, intake of salty foods,
changes in food choices) or salt (sodium) intake specifi-

cally (eg, estimated dietary sodium intake, urinary so-
dium excretion) were measured were included in the

qualitative synthesis. Only controlled trials reporting
changes in salt (sodium) intake specifically were in-

cluded in the quantitative analysis (ie, the meta-
analysis).

A 2-step screening process was used. First, the titles

and abstracts of the searched literature were screened;
those not meeting the eligibility criteria were excluded.

Next, the full text of the remaining studies was reviewed
to identify the eligible studies. The reference lists of all

included studies were also hand-searched to ensure all
relevant articles were captured. Two researchers were

involved in all steps of the screening process. The final
decision regarding the eligibility of studies was made by

these 2 researchers and a third reviewer was involved to
resolve any disagreements.

Outcome measured

Salt-related behavior and salt intake were the primary
outcomes of this study. Salt-related behavior was de-

fined as choosing lower-salt foods, adding less salt while
preparing or serving food, using salt alternatives, and

other measured behaviors relevant to choosing less-salty
food options. Salt intake was defined as the quantity of
salt consumed reported as dietary sodium (measured

subjectively using dietary questionnaires and records)
or urinary sodium concentration (measured objectively

using a 24-hour or spot urine sample). Literature sug-
gests that approximately 90% of dietary sodium intake

is excreted as urinary sodium.12 Given the biological
variability in urinary sodium excretion12 and bias in

self-reporting dietary sodium intake,13 information on
dietary sodium and urinary sodium was collected and

reported separately in this study. All units of sodium
measurement (millimoles, milliequivalents, grams) were

converted to milligrams for consistency. Sodium intake
in milligrams was also reported as grams of salt intake

for ease of interpretation (1 g salt¼ 390 mg sodium).14

Data extraction and quality assessment

Study characteristics, including author; publication

year; country; participants’ age and health status; inter-
vention and control characteristics; study design; main

delivery method of intervention (face-to-face or online);
reported compliance; outcomes (salt-related behavior

and salt intake); and outcome measurement methods
were extracted from included studies. For studies to be

classified as online, the main method of intervention
delivery had to use online technologies (ie, websites or

smartphone apps). Studies that used telephone, messag-
ing, email, or websites to deliver only part of the inter-

vention (eg, to follow up, as an intervention reminder,
or to send quick tips) were not classified as using online

interventions unless this was the only behavior change
intervention offered. For studies with multiple follow-

up points, only those measurements reported immedi-
ately at the end of the intervention period were in-

cluded (as the postintervention measurement) to ensure
consistency. For studies with multiple eligible interven-

tion arms and 1 control group (no intervention or usual
care), each intervention was treated as a separate trial

and the participant number for the control group was
divided evenly between the intervention groups.15

Methodological quality of included studies was exam-
ined using the Rosendal scale16 and the Cochrane risk-
of-bias assessment tool17 (quality assessment method is

discussed in detail in the Supporting Information
online).

Data analysis

The effect of lifestyle behavior change interventions on

salt intake was defined as the mean difference (MD) of
salt intake observed between the intervention and con-

trol groups. The means and SDs of change for studies
that did not report the absolute change values were cal-

culated following the Cochrane Handbook for
Systematic Review of Interventions guidelines.15 Mean

change was calculated on the basis of the difference be-
tween dietary and urinary sodium measures at baseline

and postintervention. To calculate the SD of change, a

Table 1 PICOS criteria used to define research questions
Parameter Description

Population Adult men or women
Intervention Any of education, health education, internet-based intervention, online, website, Internet, mobile ap-

plication, user-computer interface, telemedicine, lifestyle intervention, risk reduction behavior, be-
havior therapy, healthy lifestyle, behavior change, life style

Comparison Control or usual care
Outcomes Any of sodium chloride, sodium, sodium, dietary, salt, salt intake
Setting/design Any of intervention, trial, clinical trial, controlled clinical trial, randomized controlled trial, nonrandom-

ized controlled trial
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correlation coefficient was first derived using data from

trials that reported mean and SD of baseline, postinter-
vention, and absolute change, using the following

formula15:

r ¼
SD2

Baseline þ SD2
Final � SD2

Change

2� SDBaseline � SDFinal
:

The calculated correlation coefficient was then used to

calculate the SD of change in studies with no reported
absolute change, using the following formula:

SDChange ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

Baseline þ SD2
Final � ð2 � r � SDBaseline � SDFinal Þ

q
:

Separate weighted mean intervention effects were

derived for dietary sodium and urinary sodium using 2
random-effects meta-analyses. Heterogeneity was

assessed using Cochran’s Q and the I2 index. Values
< 40%, 40%–75%, and > 75% corresponded to low,

moderate, and high heterogeneity, respectively.15

Effect sizes were considered extreme outliers if

their confidence interval did not overlap the confidence
interval for the pooled effect size. The sensitivity of the
overall meta-analyses to outliers was investigated by ex-

cluding the identified studies. Sensitivity analyses were
also performed by excluding individual trials (a leave-1-

out method), with changes in overall results and hetero-
geneity explored.

Subgroup analyses were performed to investigate
differences in dietary and urinary sodium changes from

interventions that used a face-to-face (in-person) ap-
proach as their main method of intervention delivery

and those that used online delivery systems. We also
compared a subgroup of studies in which using behav-

ior change theories or frameworks to guide the inter-
vention was reported with studies that did not report

this information. Trials with the majority of the partici-
pants diagnosed as having elevated or high BP were also

compared with those not including this population.
Elevated or high BP was defined as mean baseline BP of

� 130/85 mmHg, hypertension diagnosis, or taking
medication to reduce BP (as reported by the original

studies). The subgroup of studies involving healthy par-
ticipants was compared with those involving partici-

pants with underlying medical conditions (other than
overweight and obesity). Mixed-effects-models meta-re-

gression analyses were performed to determine if the ef-
fectiveness of the behavior change intervention was

influenced by: (1) the quality of included studies and
(2) baseline dietary and urinary sodium levels.

All statistical analyses were performed using
RStudio software, version 1.3.1073.18 The packages

“meta”19 and “dmetar”20 were used for the analysis (R

codes used in this study are available in the Appendix

S1 in the Supporting Information online). All data are
presented as mean 6 SD. Statistical significance was ac-

cepted at P< 0.05.

RESULTS

Overview of included studies

A total of 155 studies were identified from the literature
search. Of these, 61 trials (from 56 studies: 5 studies had

2 eligible trials) met the eligibility criteria, including 46
controlled trials (CTs) (intervention group, n¼ 24 468;

control group, n¼ 13 305), 15 quasi-experimental (ex-
periment group, n¼ 23 204; control group, n¼ 14 192).

Salt use behavior and salt intake changes were measured
in all studies. Eligible CTs were also included in the

meta-analysis to quantify the effect of behavior change
interventions on salt intake. Figure 1 presents the

PRISMA flow diagram of the selection process.

Systematic review results

Controlled trials. A total of 43 CTs (n¼ 46 trials, of

which3 studies had 2 eligible trials) were included in
this systematic review. The characteristics of included

CTs are presented in Table 2.21–63 Participants were
aged between 25 and 83 years. Interventions had a dura-

tion of between 4 weeks and 18 months. Of the 46 trials
included, 22 specifically included participants with ele-

vated or high BP.
Twenty-three CTs had good methodologic quality,

achieving a Rosendal score �60%16 (Table S3 in the
Supporting Information online). These studies typically

also had a low risk of bias, based on the Cochrane risk-
of-bias tool (Table S4 in the Supporting Information

online). The study by Appel et al.22 achieved the highest
Rosendal score (92%) of the included studies.

Use of a behavior change theory model or frame-

work was reported in 19 CTs (Table 2). No theory or
framework was reported for the remaining studies.

Theories used in the studies included social cognitive
theory (n¼ 4); social marketing theory (n¼ 1); theory

of planned behavior (n¼ 1); theory of planned behavior
and self-efficacy (n¼ 1); self-regulation (n¼ 2); theory

of planned behavior and implementation intention
strategy (n¼ 1); precede-proceed model (n¼ 1); social

marketing assessment and response tool model (n¼ 1);
theory of planned behavior and self-regulation (n¼ 1);

continuous care model (n¼ 1); chronic care model
(n¼ 1); behavior theory and social cognitive theory

(n¼ 2); and self-determination theory (n¼ 3).
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Face-to-face delivery was the main method of inter-

vention delivery in the majority of included CTs.
Online interventions were used in 5 CTs.32,35,40–42 Face-

to-face CTs used individual and/or group education
sessions and provided a combination of education,

counselling, phone or text follow-ups, and distributed
information through newsletters, text messages, recipes,

handouts, email, and mail. Studies used reinforcement,
self-monitoring, recording of food items, and nutri-

tional goal setting to motivate behavior change. Online
CTs used smartphone apps, websites, social media, mes-

saging and e-coaching to deliver intervention content
and help individuals choose lower-salt foods. The ma-

jority of trials used usual care as the control (n¼ 23),
followed by general dietary advice (n¼ 10), no inter-

vention (n¼ 5), non-nutritional advice or guidelines
(n¼ 5), and general salt advice (n¼ 2).

Compliance or adherence to interventions was

highly variable. Two CTs21,27 reported achieving 100%
compliance to the salt-reduction behavior change inter-

ventions. Thirty studies reported a high compliance
level (>70%), 4 studies reported poor adherence

(<70%),28,29,56,60 and 1 study reported the 82% of par-
ticipants completed the final assessment (at 12 months)

but few completed the 6-month assessment.25

Salt-related behavior was measured in 10 of the 46

trials included in this review (Table 2). All trials
reported a significant improvement in salt use behavior

after the behavior change intervention. Reduced intake
of specific foods high in sodium43,58,60 and reduction in

the household purchase of salt,35 use of salt in cook-
ing,29 self-reported intake,59 and salt habits44; and in-

crease in the purchase and use of salt substitutes46 and a
better attitude toward a low-sodium diet61 were the

Records iden�fied through 
database searching

(N = 155)

Records a�er duplicates removed
(N = 151)

Records screened through 
abstracts and �tles (N = 151)

Records excluded (N = 64) 
• Children (2); 
• Combined behavior and

modified salt (2); 
• Diet modifica�on to 

change Na intake (5); 
• No behavior interven�on 

(11); 
• Not salt reduc�on (2);
• Review/protocol (3); 
• Not relevant (18); 
• before year 2000 (21).

Full-text ar�cles assessed 
for eligibility

(N = 91)
Full-text ar�cles excluded (N = 35) 

• Data reported in another 
study already included 
(10); 

• Interven�on not 
specifically focused on 
reducing salt/sodium (11); 

• No behavior change 
interven�on used (11); 

• Outcomes not relevant to 
salt/sodium (3); 

• Full text not available (4).

46 CT studies included in 
meta-analysis 
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Figure 1 Diagram indicating article selection process. CT, controlled trial; Na, sodium.
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behavior changes reported. One study indicated im-

provement in the self-reported number of days with
<6 g salt intake in both the behavior change interven-

tion and control groups.42

Salt intake was measured in 40 of the 46 CTs

(Table 2). Urinary sodium changes were reported in 32
trials (11 studies reported both dietary sodium and uri-
nary sodium measurements), and dietary sodium

changes were reported in 19 trials. Of the trials in which
urinary sodium measurements were recorded, 5 trials

reported spot urine, 1 did not specify the urine sodium
measurements, and the reminder used 24-hour meth-

ods of urinary collection for sodium measurement.
Overall, 36 CTs reported a reduction in salt intake after

the behavior change intervention. Two studies21,51

reported an increase in salt intake in the intervention

group, and another 2 studies52,65 had conflicting results,
with a reported reduction in dietary sodium but an in-

crease in urinary sodium after the behavior change
intervention.

Quasi-experimental studies

Thirteen quasi-experimental studies (2 of 15 trials had 2

eligible trials) were included in this systematic review.
The characteristics of studies are presented in Table 365–

77 (in Table S2 in the Supporting Information online).
Participants were aged between 18 and 84 years.

Interventions had a duration of between 4 weeks and
5 years. The majority of studies (n¼ 11) included

healthy adults as participants or did not recruit partici-
pants on the basis of an existing health condition.

Eight quasi-experimental studies had good meth-
odology quality, achieving a Rosendal score of �60%16

(Table S3 in the Supporting Information online). These
studies generally also had a medium risk of bias, based

on the Cochrane risk of bias tool (Table S4 in the
Supporting Information online). The highest Rosendal

score of 73% was achieved by the Land et alstudy.66

Six studies were theory driven and included theo-
ries such as communication for behavioral impact

framework (n¼ 2), behavior change and cognitive the-
ory (n¼ 1), behavior modification and social learning

theory (n¼ 1), principals of behavior change (n¼ 1),
and the theory of reasoned action (n¼ 1).

A face-to-face approach was the main method of
intervention delivery for 6 studies.66–71 A mixture of in-

dividual, group, or combination of both individual and
group sessions was used. Four studies used technologies

to deliver the intervention, including computer-tailored
support72; the MyFitnessPal application to record so-

dium content and feedback73; weekly web-based educa-
tional newsletters and text messages74; and a mass-

media campaign to increase salt awareness.75 Three

studies use different labelling techniques76–78 to pro-

mote and evaluate salt awareness and behavior change
(Table 3).

Salt-related behavior was reported in 9 of the 13 in-
cluded studies (Table 3). Significant improvements in

salt-use behavior were reported in all 9 studies after the
behavior change intervention compared with baseline.
A significant reduction in adding salt to cooking and at

the table was reported in 3 studies,67,74,75 a positive
change in attitudes toward salt and habits was reported

in 2 studies,71,72 and selection of lower-sodium products
and meals,63,76–78 and eating-out behaviors as well as an

increase in spice intake, salt substitute, and label read-
ing were reported in 2 studies.64,66

Salt intake was reported in 7 studies (n¼ 9 trials)
(Table 3). Dietary sodium changes were reported in 2

trials and urinary sodium changes in 7 trials. Almost all
(n¼ 8 of 9) trials reported a reduction in salt intake af-

ter the behavior change intervention compared with
baseline. One study73 had 2 trials, with 1 using technol-

ogy for monitoring salt intake and receiving feedback
reporting a reduction in sodium intake. The other trial

used a paper tally for estimating salt intake and pro-
vided education on using the MyPlate diagram, but the

authors observed no reduction in salt intake.

Meta-analysis of controlled trials

Urinary sodium (measured by urinary excretion) Thirty-
two CTs reported changes in salt intake via assessment

of urinary sodium excretion (n¼ 7840). Mean baseline
urinary sodium excretion was 4317.76 mg/d (95%CI,

320.71–5114.82). Behavior change interventions signifi-
cantly reduced urinary sodium excretion (MD, –

486.19 mg/d; 95%CI, �669.44 to �302.95; P < 0.001; I2

¼ 92%), equivalent to an approximate 12% reduction

below baseline urinary sodium levels (Figure 2).21,22,26–

35,38 In 9 trials, spot urine was used for measuring so-

dium excretion. Excluding these trials from the meta-
analysis did not alter the magnitude or overall direction
of the effect ( n¼ 23; MD, �464.35 mg/d; 95%CI,

�692.31 to �236.39; I2 ¼ 86.9%).
Nine studies were identified as out-

liers.26,27,38,41,44,45,47,51,52 Excluding these studies re-
duced the heterogeneity of the analysis to 34.4% but did

not alter the magnitude or overall direction of the effect
(MD, �558.80 mg/d; 95%CI, �702.32 to �415.28;

P< 0.001). Results of Baujat plot and influence analyses
(Figure S1 and S2 in the Supporting Information on-

line) suggested that the overall meta-analysis was sensi-
tive to the studies by Kumanyika et al44 and Layeghiasl

et al.45 Excluding these studies individually reduced the
heterogeneity but did not alter the magnitude or direc-

tion of the effect (MD, �451.03 [95%CI, �624.48 to

732 Nutrition ReviewsVR Vol. 80(4):723–740
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�277.58], I2 ¼ 88%; and MD, �446.33 mg [95%CI,

�616.59 to �276.08], I2 ¼ 90%, respectively).
Meta-regression analysis demonstrated that the ef-

fectiveness of the behavior change intervention was not
associated with the quality of study methodology

(Q¼ 0.19; P¼ 0.65) (Figure S3 in the Supporting
Information online) or baseline urinary sodium con-
centration (Q¼ 3.36; P 0.06) (Figure S4 in the

Supporting Information online). A subgroup analysis of
studies with Rosendal quality scores <60% and a high

risk of bias compared with studies of higher quality and
low risk of bias did not reveal a significant difference

(between-group Q¼ 0.15; P¼ 0.70). Subgroup analysis
of studies that reported using behavior change theories

or frameworks to guide the intervention did not result
in a significantly different amount of urinary sodium

excretion compared with those that did not use behav-
ior change theories or frameworks (Q¼ 0.93; P¼ 0.33)

(Table 4). The reduction in urinary sodium excretion
observed across the subgroup of trials specifically en-

rolling participants with elevated or high baseline BP
did not differ significantly from trials not specified to

participants with high BP (Table 4). Similarly, the uri-
nary sodium reduction in the subgroup of studies in-

cluding participants with medical conditions was not
statistically different from that including healthy adults

(Table 4). Subgroup analysis based on the delivery
method suggested no statistically significant differences

in urinary sodium excretion between trials that primar-
ily used a face-to-face method to deliver an intervention

compared with those that used online methods of inter-
vention delivery (Q¼ 0.46; P¼ 0.49; Table 4).

Dietary sodium (measured by dietary recalls) Nineteen
CTs reported changes in salt intake as dietary sodium

(n¼ 3750). Mean baseline dietary sodium intake was
3144.68 mg/d (95%CI, 2507.18–3782.19). Behavior

change interventions resulted in a significant reduction
in dietary sodium intake of sodium (MD, �399.86 mg/
d; 95%CI, �581.51 to �218.20; P< 0.001; I2 ¼ 96%),

which was equivalent to an approximate 13% decrease
from baseline dietary sodium intake (Figure 3).23–

25,30,31,33,34,36,37,39,42,47,52,55,56,58,61,62

Three studies were identified as outliers.34,39,52

Excluding these studies reduced the heterogeneity of
the analysis but did not alter the magnitude or direction

of the overall effect (MD, �352.52 mg/d; 95%CI,
�456.07 to �248.96; P< 0.001; I2 ¼ 80.2%). Results of

Baujat plot and influence analyses suggested that the
overall meta-analysis was sensitive to the Petersen et

al52 study (Figure S5 and S6 in the Supporting
Information online). Excluding this study reduced the

heterogeneity to 83% but did not alter the magnitude or
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direction of the effect (MD, �416.86 mg/d; 95%CI,

�527.46, �306.26).
Meta-regression analysis demonstrated that the ef-

fectiveness of the behavior change intervention was not
associated with study methodology quality (Q¼ 1.36;

P¼ 0.24) (Figure S7 in the Supporting Information on-
line) or baseline dietary sodium intake (Q¼ 2.79;

P¼ 0.09) (Figure S8 in the Supporting Information on-
line). A subgroup analysis of studies with Rosendal

quality scores <60% and a high risk of bias, compared
with studies with higher quality and lower risk of bias,

also did not reveal a significant difference (between-
group Q¼ 0.04; P¼ 0.83). Subgroup analysis suggested
a smaller reduction in dietary sodium intake in trials

that reported using a theory to guide their intervention
design, compared with those that did not (MD,

�187.74 mg/d vs �491.99 mg/d) (Table 3), but the test
for subgroup difference was not statistically significant

(Q¼ 3.71; P¼ 0.05) (Table 4). The reduction in dietary
sodium intake observed across the subgroup of trials

with the majority of participants having high baseline
BP did not differ significantly from that of participants

in trials not focused on this population. Similarly, the
reduction in dietary sodium intake was not different

based on disease status (Table 4). Only 1 of the CTs

reported using online methods to deliver the interven-
tion. Excluding this study42 did not change the magni-

tude or direction of the weighted mean effect (n¼ 18;
MD, �421.61; 95%CI, �621.66 to �221.56; I2 ¼95.5%)

(Table 4).

DISCUSSION

The findings of this systematic review and meta-
analysis suggest behavior change interventions can be

effective in reducing dietary salt intake. A mean reduc-
tion of approximately 10%–13% of baseline salt intake

can be expected from behavior change interventions fo-
cusing on salt reduction. The meta-analysis of CTs indi-

cated that a reduction of >1 g of salt/d can be expected
from these interventions. This is an improvement with

appreciable public health implications, because reduc-
ing salt intake by approximately 2 g/d can lead to a 35%

reduction in the incidence of hypertension.79 A 1 g/d
reduction in salt intake is estimated to prevent approxi-

mately 5000 heart attacks and strokes, saving >1300
lives and >$120 million in health care and societal costs

in Australia.80 Reducing salt intake to the

Figure 2 Forest plot reporting the effect of behavior change interventions on urinary sodium excretion. MD, mean difference.
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recommended intake of 5 g/d to reduce the risk of hy-

pertension and cardiovascular incidents is estimated to
prevent 2.5 million deaths globally each year.5

The behavior change interventions we reviewed
were heterogenous, incorporating a range of different

components and behavior change techniques. It was
not possible, therefore, to evaluate the effectiveness of

individual components and techniques (and specific
combinations of these). In general, the methods used

included group and/or individual consultation or edu-
cation sessions delivered in either face-to-face or online,

the promotion of self-monitoring and goal setting, rein-
forcement using a variety of modes (ie, email, phone,
text, in-person follow-ups), newsletters and handouts,

recipes, and food recording or tracking (paper or appli-
cation based).

The majority of behavior change interventions
reviewed were delivered during face-to-face sessions.

Eleven interventions (included in 5 CTs, 4 pre-post inter-
ventions, and 2 experimental studies) used online meth-

ods of delivering content and were also successful in
improving salt-related behavior. The majority of these

studies were able to achieve high levels of engagement
and compliance through the use of smartphone applica-

tions (ie, SaltSwitch, MyFitnessPal), websites, and online
communication tools,32,35,40,41,73 in addition to traditional

education sessions, materials, goal setting, and follow-ups.
Overall, subgroup analysis in the present study revealed

no significant difference in the effectiveness of face-to-
face and online interventions in reducing urinary sodium

excretion. Traditional in-person methods of intervention
delivery require the physical presence of participants,

have limited reach, and are difficult to implement at the

population level. Given the increasing number of internet
users and individuals with access to computers and

smartphones globally,81 online behavior change interven-
tions may provide an effective, low-cost alternative or

supplemental intervention with a wide reach.82,83 Thus,
there is a need for research investigating the effectiveness

of online interventions to effect salt reduction behavior
change at a population level.

We did not find significant differences between
subgroups that reported and those that did not report

using a behavior change theory to guide their interven-
tion development. However, behavior change interven-
tions that are underpinned by theories or frameworks

are generally reported to have a better engagement and
adherence, with even small adjustments in health

behaviors resulting in considerable improvements in
health outcomes.84 They may also be more effective in

reducing risky health behaviors.85 It is possible that
authors of some of the studies included in this system-

atic review may have used, but did not report using, be-
havior change theories or frameworks when designing

their interventions (n¼ 30). Others appear to have
“inadvertently” used evidence-based behavior change

techniques. Indeed, all studies implemented at least 1
behavior change technique (most commonly self-

monitoring, feedback, goal setting, support, and prob-
lem solving), and these techniques were typically under-

pinned by behavior change theories or frameworks.
We also did not find a significant difference in the

effectiveness of salt-reduction behavior change inter-
ventions focusing on adults with elevated BP and

Table 4 Subgroup analyses of included behavior change interventions and their effect on dietary sodium intake and uri-
nary sodium excretion
Subgroup Dietary sodium intake Urinary sodium excretion

Mean difference, mg/d (95%CI), I2, (no.) Mean difference, mg/d (95%CI), I2, (no.)

Theory driven
Yes 2187.74 (2302.77, 272.70), 36.4%, (9) 2596.71 (2903.45, 2289.96), 76.4%, (14)
No 2491.99 (2779.56, 2204.41), 97.7, (10) 2411.51 (2628.08, 2194.94), 92.9%, (18)
Test for subgroup difference Q¼ 3.71, P¼ 0.05 Q¼ 0.93, P¼ 0.33

Elevated/high blood pressure
Yes 2459.72 (2816.34, 2103.11), 96.8%, (10) 2423.52 (2609.56, 2237.45), 71.3%, (20)
No 2364.17 (2469.11, 2259.24), 60.8%, (9) 2533.68 (2890.21, 2177.16), 96.0%, (12)
Test for subgroup difference Q¼ 0.25, P¼ 0.61 Q¼ 0.29, P¼ 0.59

Disease statusa

With health condition 2428.74 (2719.14, 2138.35), 96.1% (13) 2382.63 (2547.17, 2218.10), 81.0% (24)
Without health condition 2354.69 (2499.61, 2209.76), 73.3% (5) 2761.18 (21427.09, 295.26), 96.6% (6)
Test for subgroup difference Q¼ 0.09, P¼ 0.76 Q¼ 1.17, P¼ 0.28

Main delivery method
Online (web/app based) NAb 2338.30 (2783.62, 107.01), 81.5% (4)
Face-to-face 2421.61 (2621.66, 2221.56), 95.5%, (18) 2508.92 (2715.00, 2302.85), 92.6%, (28)

Q¼ 0.46, P- value¼ 0.49
aThree studies38,51,56 were excluded from this subgroup analysis because they included participants regardless of their health
conditions.
bOnly 1 study was included in this subgroup.
Abbreviation: NA, not applicable.
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studies that did not exclusively include participants

with elevated BP. High adherence and completion rates
were also reported in both groups. Dietary changes and

salt reduction are priorities for adults with hypertension
who are attempting to manage BP and prevent further

CVD.86 One might anticipate higher motivation and in-
tention to change salt behavior in this population.
Conversely, findings from this study suggest that behav-

ior change interventions may be similarly effective in
reducing salt intake by adults with hypertension and

those who are normotensive. These interventions could
have utility, therefore, in the prevention of hypertension

and CVD at a broad public health level. Similarly, sub-
group analysis conducted in this study did not indicate

a significant difference in the effectiveness of salt-reduc-
tion behavior change interventions on the basis of the

disease status of participants. These findings suggest
that behavior change interventions can be effective at

reducing salt intake irrespective of participants’ health
status and thereby have the potential to make an impor-

tant contribution to improving public health.
A major strength of this systematic review and

meta-analysis was that it included a large number of be-
havior change interventions and experiments designed

to reduce salt intake. As such, findings from this study
provide guidance for the design of future public health

policies and interventions aimed at reducing salt intake.
This study does have some limitations. A high degree

of heterogeneity was observed in the meta-analysis out-
comes. A few studies were identified as the source of this,

and excluding these sources improved heterogeneity
slightly. Although a random-effects model was used, the

existing heterogeneity may have influenced the magnitude

of the effect. Also, there was a limited number of studies

in which researchers used online internet or app-based be-
havior change interventions. This limited our interpreta-

tion of findings related to these types of interventions.

CONCLUSION

The findings from this systematic review and meta-

analysis suggest that behavior change interventions are
effective at improving salt use behavior and reducing

salt intake. Reductions in salt purchasing and use of salt
in cooking, and improvements in label reading, choos-

ing lower-salt options, and using a salt substitute can be
expected from these interventions. A reduction of ap-

proximately 10%–13% of the baseline salt intake (>1 g/
d salt) regardless of individual BP status may be

expected from salt behavior change interventions.
Online interventions can be as effective as face-to-face

interventions, which can offer an innovative way of pro-
moting salt reduction on a larger scale that does not re-

quire physical presence of participants. Although a
10%–13% reduction in salt intake is meaningful, future

interventions and government policies may need behav-
ior change interventions combined with industry regu-

lations and awareness-raising campaigns to achieve the
target salt intake of 5 g/d at a population level and re-

duce the associated morbidity and mortality.
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