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Reduced Dietary Salt for the Prevention
of Cardiovascular Disease: A Meta-Analysis
of Randomized Controlled Trials (Cochrane Review)

Rod S.Taylor!, Kate E. Ashton?, Tiffany Moxham?, Lee Hooper* and Shah Ebrahim?

BACKGROUND

Although meta-analyses of randomized controlled trials (RCTs) of salt
reduction report a reduction in the level of blood pressure (BP), the
effect of reduced dietary salt on cardiovascular disease (CVD) events
remains unclear.

METHODS

We searched for RCTs with follow-up of at least 6 months that
compared dietary salt reduction (restricted salt dietary intervention
or advice to reduce salt intake) to control/no intervention in adults,
and reported mortality or CVD morbidity data. Outcomes were
pooled at end of trial or longest follow-up point.

RESULTS

Seven studies were identified: three in normotensives, two

in hypertensives, one in a mixed population of normo- and
hypertensives and one in heart failure. Salt reduction was associated
with reductions in urinary salt excretion of between 27 and
39mmol/24 h and reductions in systolic BP between 1 and 4 mmHg.
Relative risks (RRs) for all-cause mortality in normotensives (longest
follow-up—RR: 0.90, 95% confidence interval (Cl): 0.58-1.40, 79
deaths) and hypertensives (longest follow-up RR 0.96, 0.83-1.11, 565
deaths) showed no strong evidence of any effect of salt reduction
CVD morbidity in people with normal BP (longest follow-up: RR 0.71,
0.42-1.20, 200 events) and raised BP at baseline (end of trial: RR 0.84,
0.57-1.23, 93 events) also showed no strong evidence of benefit.

High dietary intake of salt has been identified as an important
risk factor for cardiovascular disease (CVD). The current pub-
lic health recommendations in most developed countries are
to reduce salt intake by about half, i.e., from ~10 to 5g/day.!
However, the evidence for the reduction of CVD morbid-
ity and mortality as the result of reduced salt intake remains
controversial.®
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Salt restriction increased the risk of all-cause mortality in those with
heart failure (end of trial RR 2.59, 1.04-6.44, 21 deaths).We found no
information on participant’s health-related quality of life.

CONCLUSIONS

Despite collating more event data than previous systematic

reviews of RCTs (665 deaths in some 6,250 participants) there is still
insufficient power to exclude clinically important effects of reduced
dietary salt on mortality or CVD morbidity. Our estimates of benefits
from dietary salt restriction are consistent with the predicted small
effects on clinical events attributable to the small BP reduction
achieved.

Keywords: blood pressure; cardiovascular disease; diet; hypertension;
meta-analysis; salt; sodium; systematic review

Amore detailed review has been published and will be updated in the Cochrane
Database of Systematic Reviews [Taylor RS, Ashton KE, Moxham T, Hooper L, Ebrahim S.
Reduced dietary salt for the prevention of cardiovascular disease. Cochrane Database
of Systematic Reviews (CDSR) 2011, Issue 7 (see www.thecochranelibrary.com for
information). This is a version of a Cochrane review, which is available in The Cochrane
Library. Cochrane systematic reviews are regularly updated to include new research,
and in response to feedback from readers. The results of a Cochrane review can be
interpreted differently, depending on people’s perspectives and circumstances. Please
consider the conclusions presented carefully. They are the opinions of review authors,
and are not necessarily shared by The Cochrane Collaboration.

American Journal of Hypertension, advance online publication 6 July 2011;
doi:10.1038/3jh.2011.115

A number of observational studies support the link between
salt intake and CVD. A meta-analysis of 13 prospective studies
including 177,000 participants reported a high salt intake
was associated with a greater risk of stroke (RR, 1.23, 95%
confidence interval (CI): 1.06-1.43).° However, there was no
association between salt intake and all CVD events, and total
mortality was not reported. Furthermore, the interpretation of
this observational evidence base is complicated by the hetero-
geneity in estimating sodium intake (diet or urinary salt excre-
tion), types of participants (healthy, hypertensive, obese, and
nonobese), different end points, and definition of outcomes
across studies.”

The relationship of salt intake to blood pressure (BP)
is the basis for the belief that restriction in dietary sodium
intake will prevent BP-related CVD events.” A number of
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meta-analyses of randomized controlled trials (RCTs) of
salt reduction and BP have been undertaken.®° Although
these analyses consistently report a reduction in the level of
BP with reduced salt intake, the level of BP achieved is less
impressive in the longer term. A Cochrane review of RCTs
of dietary salt restriction intervention of at least 6 months
duration found that intensive support and encouragement
to reduce salt intake lowered BP at 13 to 60 months but only
by a small amount (systolic by 1.1 mmHg, 95% CI: 1.8-0.4,
diastolic by 0.6 mm Hg, 95% CI: 1.5 to —0.3).1% The reduction
in BP appeared larger for people with higher BP. A decrease in
BP is only important if it results in a decrease in CVD events
and deaths. Sustained reductions in mean BP of 2-3 mm Hg
are necessary for important population reductions in CVD
events.!! Whereas the Cochrane review also sought to assess
the impact of dietary salt restriction on mortality and CVD
events, across the included 11 RCTs there were only 17 deaths
spread evenly across groups and 46 CVD events in the con-
trols compared with 36 in low-sodium diet groups. This
extremely low number of events substantially limited the
ability of this review to detect small to moderate reductions
in the risk of CVD events.

The aim of this study was to undertake an updated system-
atic review and a meta-analysis of RCT evidence to confirm
whether a reduction in dietary salt is associated with improve-
ments in mortality and CVD events.

METHODS

The study was carried out according to the methods recom-
mended by the Cochrane Collaboration and written in accord-
ance with the PRISMA statement for reporting systematic

reviews.!213

Search strategy. We searched several clinical databases up to
October 2008: Cochrane Central Register of Controlled Trials
(CENTRAL),MEDLINE,EMBASE, CINAHL,PsycINFO,Health
Technology Assessment (HTA), Abstracts of Reviews of Effects
(DARE), and the NHS Centre for Reviews and Dissemination
(CRD) databases. Consideration was given to variations in terms
used and spellings of terms so that studies were not missed and
took the general form: (“salt” OR “sodium” OR (synonyms)) and
(“CVD” or (synonyms)). Searches included a filter to limit to
humans and controlled trials. No language or additional limits
were included. An updated search of MEDLINE, EMBASE, and
CENTRAL was undertaken (to March 2011). Reference lists of
reviews and included articles were also examined for additional
studies.

Inclusion criteria. Studies were selected for inclusion on the
basis of the following criteria:

o Study design: RCTs (individual or cluster level allocation)
with follow-up of at least 6 months.

o Types of participants: adults (18 years or older), irrespec-
tive of gender or ethnicity. Studies of children or pregnant
women were excluded.
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« Intervention: reduced dietary salt and could include stud-
ies that involved participants receiving a dietary interven-
tion that restricted salt or studies where the intervention
was advised to reduce salt intake.

« Comparator: control or placebo diet, or no intervention.

» Outcomes: Primary mortality (overall and CVD), CVD
morbidity (including fatal and nonfatal myocardial inf-
arction, stroke, angina, heart failure, peripheral vascular
events, sudden death, revascularization (coronary artery
bypass surgery or angioplasty with or without stenting)
and CVD-related hospital admissions. In studies that
reported primary outcomes, we also sought the following
secondary outcomes: systolic and diastolic BP, and uri-
nary salt excretion (or other method of estimation of salt
intake) and health-related quality of life using a validated
outcome measure (e.g., Short Form 36 (ref. 14)).

Studies not reporting all-cause mortality or CVD events
were excluded.

Selection of studies. The titles and abstracts of studies identi-
fied by the search strategy were independently screened by
two reviewers (K.E.A. and R.S.T.) and clearly irrelevant stud-
ies discarded. In order to be selected, abstracts had to clearly
identify the study design, an appropriate population and a rel-
evant intervention/exposure, as described above. The full-text
reports of all potentially relevant studies were obtained and
assessed independently for eligibility, based on the defined
inclusion criteria, by two reviewers (K.E.A. and R.S.T.). Any
disagreement was resolved by discussion or, where agreement
could not be reached, by consultation with an independent
third person (L.H.).

Data extraction and management. Standardized data extrac-
tion forms were used. Relevant data regarding inclusion
criteria (study design, participants, intervention/exposure,
and outcomes), risk of bias (see below) and outcome data
were extracted. Data extraction was carried out by a single
reviewer (K.E.A. or R.S.T.) and checked by a second reviewer
(R.S.T. or K.E.A.). Disagreements were resolved by discus-
sion or if necessary by a third reviewer (L.H.). We extracted
outcomes at the last reported follow-up point within the trial,
and also at the latest follow-up after the trial, where this was
available; we reasoned this would maximize the number of
events reported. Included study authors were contacted to
clarify any missing outcome data or issues of risk of bias
assessment.

Assessment of risk of bias in included studies. We assessed a
number of risk of bias domains in studies meeting the inclusion
criteria: random sequence generation and allocation conceal-
ment, description of dropouts and withdrawals, blinding (par-
ticipants, personnel, and outcome assessment) and selective
outcome reporting.'? In addition, evidence was sought that the
groups were balanced at baseline, that intention-to-treat analy-
sis was undertaken and whether the period over which the salt
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intervention lasted and follow-up of outcome were equivalent.
The risk of bias of included studies was assessed by a single
reviewer (K.E.A.) and checked by a second reviewer (R.S.T.).
Disagreements were resolved by discussion or if necessary by a
third reviewer (L.H.).

Data synthesis. For mortality and CVD events, a relative risk
(RR) and 95% CI was calculated for each trial. For BP and
urinary sodium excretion, mean group difference and 95% CI
were calculated using weighted mean difference. Heterogeneity
amongst included studies was explored qualitatively (by com-
paring the characteristics of included studies), and quantita-
tively (using the x? test of heterogeneity and I? statistic).!>1
Results from included studies were combined for each out-
come to give an overall estimate of treatment effect at the lat-
est point available within the randomized trial, and, as a sec-
ondary analysis, at the latest point available (including where
participants were followed after the end of the randomization
period). A fixed-effect meta-analysis was used except where
statistical heterogeneity (x> P value <0.05 and I* value >50%)
was identified, in which case methodological and clinical rea-
sons for heterogeneity were considered and a random-effects
model was used.

We planned to explore various potential moderator effects
(i.e., individual advice vs. population level interventions, level
of baseline risk of CVD, salt reduction only interventions vs.
multicomponent dietary interventions that include salt restric-
tion, level of salt reduction achieved, baseline BP, and change
in BP).!” Additionally, we planned to use funnel plot and Egger
et al’s regression test for funnel plot asymmetry to examine the
likely presence of publication bias and small-study effect.!®
However, an insufficient number of included studies prevented
us from undertaking these analyses.

Analyses were done using the Review Manager (RevMan)
software, version 5.0 (The Cochrane Collaboration, Nordic
Cochrane Centre, Copenhagen, Denmark).

RESULTS

Study characteristics

Selection of studies is summarized in Figure 1. The character-
istics of the seven included trials are summarized in Table 1.
These trials were published in 39 papers.!*=>’

We included three trials in normotensives (HPT29, TOHP
13334 TOHP 1I*4%%; n = 3,518), two in hypertensives (Morgan
et al.3%, TONE®L; n = 758), and one in a mixed population of
normo- and hypertensives (Chang et al.'’; n = 1,981). The
normotensive trials were in healthy individuals (predomi-
nantly white men, median age 40 years) with high-normal BP
and all conducted in the USA. The three studies in hyperten-
sive populations included one trial in treated hypertensives,
two in participants with untreated hypertension (predomi-
nantly male, median age 66 years and mix of ethnicities) and
were conducted in Australia, Taiwan, and USA. Sixty percent
of participants in the Chang et al. study were defined as non-
hypertensive.!® The final trial was undertaken in Italy and
included participants diagnosed with heart failure (ethnicity
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Figure 1 | Flow chart showing selection of studies.

not reported, mean age 73 years) who had been hospitalized
for uncompensated heart failure within the previous 30 days
and had a high-normal BP.32

Trial follow-up ranged across studies from 6 to 71 months
postrandomization. A longer observational follow-up follow-
ing the end of the randomized trial period was reported for
the TOHP I (11.5 years)** and TOHP II (8 years)* trials and
we were able to obtain longer observational unpublished data
from the authors of the TONE study (12.7 years).

Six of the seven trials aimed to reduce salt intake by a range
of approaches that included comprehensive dietary and behav-
ior change programs led by experienced personnel, including
group counseling sessions, various types of advice and the
provision of information leaflets. Intervention-group sodium
excretion goals were set at <70-100mmol/24h. Control
groups received no active behavioral intervention or advice.
In contrast, in the Chang et al. study,19 participants received a
dietary program according to the cook of the kitchen to which
they were assigned (cluster randomization) and were given
either “high potassium salt” (low sodium) or “usual salt” (high
sodium) diet. Intervention duration ranged across studies
from 6 to 36 months. In the Paterna trial of patients with heart
failure, in addition to either low-sodium or control diet, both
groups received a high-dose diuretic (furosemide, 250-500 mg
b.i.d.).32

Risk of bias in included studies

A number of studies failed to give sufficient detail to assess
their potential risk of bias. Details of generation and conceal-
ment of random allocation sequence were particularly poorly
reported (Table 2). However, in all cases there was objective
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Table 1| Characteristics of included trials

Dietary Salt and Cardiovascular Disease

Trial Participants Intervention Control Outcomes Follow-up
Changetal.'® Normo-and hypertensive N =768 (two kitchens) N=1,213 (three Mortality 31 Months
(Taiwan) Mean age: 75 years, 100%  Ate prepared food using salt-containing kitchens) (all cause postrandomization
Cluster male, 100% Asian 49% sodium chloride 49% potassium Ate food containing and CVD)

Mean SBP: 131 and DBP: chloride and 2% other additives 99.6% sodium chloride

71 mmHg Target: not reported and 0.4% other

Not on AHTM Duration: average 31 months additives
HPT20-2% (USA) Normotensive N=196 N=196 Mortality 36 Months
Individual Mean age: 39 years, 65% Dietary counseling and behavioral No dietary counseling  (all cause), postrandomization

male, 82% white change programme or behavior change BP, USE.

Mean SBP: 124 and DBP: Target: USE <70 mmol

83mmHg Duration: 36 months

Noton AHTM
Morgan Hypertensive N=35 N=42 Mortality Events: 7-71, BP:
etal3031 Mean age: 57-59 years, Instruction to reduce dietary sodium No dietary instruction (all-cause, 24, USE: 6 months
(Australia) 100% male, Mean SBP: chloride intake CVD),CVD postrandomization
Individual 160-165 and DBP: Target: sodium intake 70-100 mmol/day events,

97 mmHg Duration: 6 months BP, USE.

On ATHM
Paternaetal32 Congestive heart failure N=114 N=120 Mortality 6.4 Months
(Italy) Mean age: 73 years, 62% Received written standard diets Same diets advice but (all cause), postrandomization
Individual male Target: sodium intake 80 mmol/day with addition of 40 BP, USE

Mean SBP: 125-126 and Duration: 6.2 months mmol of sodium/day.

DBP: 82-83

On ATHM
TOHP [33-44 Normotensive N=327 N=417 Mortality 18 Months
(USA) Mean age: 43 years, 71% Dietary and behavioral counseling General guidelines (all cause), postrandomization
Individual male, 77% white, Mean Target: USE 80 mmol/day for healthy eating CVD events, Additional ~10 years

SBP:125and DBP:84 DBP  Duration: 18 months BP, USE observational

mm Hg follow-up for events

Noton AHTM
TOHP [13445-50  Normotensive N=1,191 N=1,191 Mortality 36 Months
(USA) Mean age: 44 years, 66% Dietary and behavioral counseling No advice (all cause), postrandomization
Individual male, 66% white, Mean SBP: Target: USE 80 mmol/day CVD events, Additional ~5 years

127 and DBP: 86 mm Hg Duration: 36 months BP, USE observational

Not on AHTM follow-up for events
TONE>1-57 Hypertensive N =340 N =341 Mortality 30 months
(USA) Mean age: 66 years, 53% Individual and group dietary and Group meetings (all-cause, postrandomization
Individual male, 76% white, Mean behavioral counseling without dietary CVD),CVD Additional

SBP: 128 and DBP: Target: USE < 80 mmol/day counseling events, observational

71 mmHg Duration: unclear BP, USE follow-up for

On AHTM eventsto 12.7 years

postrandomization

ATHM, antihypertensive medication; BP, blood pressure; CVD, cardiovascular; DBP, diastolic blood pressure; SBP, systolic blood pressure; USE, urinary sodium excretion.

evidence of balance in baseline characteristics of interven-
tion and control participants. While studies reported loss to
follow-up and reasons for this loss, few undertook analyses
to assess the impact of these losses. In the TONE study, the
authors state that data was collected via psychological ques-
tionnaires at randomization and a number of the follow-up
visits. However, none of these data were found in the iden-
tified trial reports.>1=>7 Although often not stated, all studies
appeared to undertake an intention-to-treat analysis in that
groups were analyzed according to initial random allocation.
All studies assessed compliance with salt reduction interven-
tion using diet diaries or monitoring urinary salt excretion.
However, in the longer-term follow-up of the TOHP I, TOHP
I, and TONE trials such compliance data were not reported.
Therefore, it was unclear if intervention groups were encour-

846

aged to continue their low-salt diets or to return to their
pretrial diet. Similarly, control groups may have been left to
continue with their usual diet or advised to reduce their salt at
the end of the trial.

Mortality and CVD events

Results are presented and pooled separately for normotensive,
hypertensive, and heart failure studies. Outcomes were pooled
at end of trial and at longest follow-up point.

All-cause mortality was reported at the end of the trial in six
of the included studies (HPT?%; TOHP I*%; TOHP 1I*5; Chang
et al'%; Morgan et al.’’, and Paterna et al.*?). Although there
was weak evidence of a reduction in the number of deaths
in the reduced salt group relative to controls for normoten-
sives (fixed effects, RR 0.67, 95% CI: 0.40-1.12, 60 deaths in
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Table 2| Risk of bias of included trials

SPECIAL REVIEW

Adequate Incomplete Groups Assessment
sequence Adequate Outcome outcome data Free of selective Intention-to-  balanced at of dietary
Trial name generation? concealment? blinding? addressed? reporting?  treatanalysis? baseline? compliance?
Changetal.'® Yes Unclear Unclear No Yes Yes Yes Yes
HPT20-29 Yes Yes Yes No Yes Yes Yes Yes
Morgan et al.3° Unclear Unclear Unclear No Yes Yes Yes Yes
Paterna et al.3? Yes Unclear Unclear No Yes Yes Yes Yes
TOHP |33-44 Unclear Yes Yes Yes Yes Yes Yes Yes
TOHP [13445-50 Unclear Yes Yes Yes Yes Yes Yes Yes
TONE>1->7 Yes Yes Yes No Unclear Yes Yes Yes
Favors reduced salt Favors control Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% ClI

1.1.1 Normotensive

HPT 1989 [36 mo] 1 196 1 196 2.8% 1.00[0.06, 15.87]

TOHP | 1992 [18 mo] 6 327 12 417 29.7%  0.64[0.24, 1.68] — &

TOHP 11 1997 [36 mo] 16 1,191 24 1,191 67.5%  0.67[0.36, 1.25] n

Subtotal (95% Cl) 1,714 1,804 100.0%  0.67[0.40, 1.12] ‘

Total events 23 37

Heterogeneity: x° = 0.09, df = 2 (P = 0.96); F* = 0%

Test for overall effect: Z=1.53 (P = 0.13)

1.1.2 Hypertensive

Chang 2006 [31 mo] 192 768 312 1213 98.2%  0.97[0.83,1.14] .

Morgan 1978 [7-71 mo] 4 35 5 42 1.8%  0.96[0.28,3.30] -1

Subtotal (95% Cl) 803 1,255 100.0%  0.97[0.83, 1.13] [

Total events 196 317

Heterogeneity: x° = 0.00, df = 1 (P=0.98); * = 0%

Test for overall effect: Z= 0.36 (P = 0.72)

1.1.3 Heart failure

Paterna 2008 [6.4 mo] 15 114 6 118 100.0%  2.59 [1.04, 6.44]

Subtotal (95% Cl) 114 118 100.0%  2.59 [1.04, 6.44]

Total events 15 6

Heterogeneity: Not applicable

Test for overall effect: Z=2.05 (P = 0.04)

L 1 1 ]
T T T 1
0.01 0.1 1 10 100

Favors reduced salt Favors control

Figure 2 | All-cause mortality at end of trial. Duration of follow-up reported in parentheses.

total, x> P value = 0.96, I> = 0%) and hypertensive popula-
tions (fixed effects, RR 0.97, 95% CI: 0.83-1.13, 513 deaths, Xz
P value = 0.98, I2 = 0%). Compared to control there was an
increase in deaths with dietary salt reduction in the single
heart failure study (fixed effects, RR: 2.59, 95% CI: 1.04-6.44,
21 deaths)3? (see Figure 2).

In the three trials (TOHP 13334, TOHP 113445, and TONE®!)
with long-term follow-up which increased the total number of
events available for analysis, there was still no strong evidence
of a reduction in the number of deaths in the reduced salt
group relative to controls, for the normotensives (fixed effects,
RR 0.90, 95% CI: 0.58-1.40, 79 deaths, X2 P value = 1.00,
2 = 0%) or hypertensive populations (fixed effects, RR 0.96,

AMERICAN JOURNAL OF HYPERTENSION | VOLUME 24 NUMBER 8 | AUGUST 2011

95% CI: 0.83-1.11, 565 deaths, x* P value = 0.92, I> = 0%) (see
Figure 3).

CVD mortality was only reported in two studies of hyper-
tensive patients. Both studies only reported trial end data.
Chang et al. reported a lower proportion of CVD deaths in
the reduced salt group (27 died; 1,310.0/100,000 person years)
than in the control group (66 died; 2,140/100,000 person
years).!” Morgan et al. reported only five CVD deaths: three
in the intervention group and two in the control group.>® The
pooled RR was consistent with more than a halving of the RR
of CVD deaths or a small increase (fixed effects, RR 0.69, 95%
CI: 0.45-1.05, 98 CVD deaths, x? P value = 0.26, I> = 0%) (see
Figure 4).
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Favors reduced salt Favors control

Dietary Salt and Cardiovascular Disease

Risk ratio Risk ratio

Study or subgroup Events Total Events  Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

1.2.1 Normotensive

HPT 1989 [36 mo] 1 196 1 196 2.4% 1.00 [0.06, 15.87]

TOHP | 1992 [11.5 years] 10 327 14 417 29.8% 0.91[0.41, 2.02] —

TOHP 11 1997 [8 years] 25 1,191 28 1,191 67.8% 0.89[0.52, 1.52]

Subtotal (95% Cl) 1,714 1,804  100.0% 0.90 [0.58, 1.40]

Total events 36 43

Heterogeneity: x>= 0.01, df = 2 (P = 1.00); I = 0%

Test for overall effect: Z= 0.47 (P = 0.64)

1.2.2 Hypertensive

Chang 2006 [31 mo] 192 768 312 1,213 88.2% 0.97[0.83, 1.14] .

Morgan 1978 [7=71 mo] 4 35 5 42 1.7% 0.96 [0.28, 3.30] _—

TONE 1993 [12.7 years] 24 144 28 147 10.1% 0.88[0.53, 1.43] -

Subtotal (95% Cl) 947 1,402 100.0% 0.96 [0.83, 1.11] [

Total events 220 345

Heterogeneity: x> = 0.16, df =2 (P = 0.92); F = 0%

Test for overall effect: Z=0.52 (P =0.61)

1.2.3 Heart failure

Paterna 2008 [6.4 mo] 15 114 6 118  100.0% 2.59[1.04, 6.44]

Subtotal (95% CI) 114 118 100.0% 2.59[1.04, 6.44]

Total events 15 6

Heterogeneity: Not applicable

Test for overall effect: Z=2.05 (P = 0.04)
! 1 1 ]
I T T 1

0.01 0.1 1 10 100
Favors reduced salt Favors control
Figure 3 | All-cause mortality at longest follow-up. Duration of follow-up reported in parentheses.
Favors reduced salt ~ Favors control Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

1.3.2 Hypertensive

Chang 2006 [31 mo] 27 768 66 1,213 96.6% 0.65 [0.42, 1.00]

Morgan 1978 [7-71 mo] 3 35 2 42 3.4% 1.80[0.32, 10.17]

Subtotal (95% Cl) 803 1,255 100.0% 0.69[0.45, 1.05]

Total events 30 68

Heterogeneity: 3 = 1.26, df = 1 (P = 0.26); F =21%

Test for overall effect: Z=1.75 (P =0.08)
! 1 1 ]
I T T T 1

0.01 0.1 1 10 100

Favors reduced salt Favors control

Figure 4 | Cardiovascular disease (CVD) mortality at longest follow-up. Duration of follow-up reported in parentheses.

Overall CVD morbidity was available for four trials (TOHP
3334 TOHP II, Morgan et al.°, and TONE®!). There was
some evidence of statistical heterogeneity which may reflect
that the definition of CVD morbidity varied between trials,
although it broadly consisted of a composite of myocardial
infarction, stroke, coronary artery bypass, angioplasty, or
death from a CVD cause. At longer-term observational follow-
up, TOHP I reported a RR reduction of CVD events of 49%
(95% CI: 9-71%) with reduced salt although when pooled
with long-term observational follow-up of TOHP II there was
no strong evidence of benefit in normotensive participants
(random effects, RR: 0.71, 95% CI: 0.42-1.20, 200 events, X2
P value = 0.10; I> = 63%).>* There were no reports of CVD

848

morbidity during or at the end of the randomized period for
TOHP I or II studies. We found no strong evidence of benefits
of salt reduction in hypertensive individuals (fixed effects, RR:
0.84, 95% CI: 0.57-1.24, 93 events, x* P value = 0.53; I> = 0%)
at end of trial (see Figure 5).

Individual CVD morbidity outcomes were infrequently
reported and at trial end only. Paterna et al. reported 39 CVD-
related hospital admissions (30 intervention, 9 control) in
their study of congestive heart failure patients.>> In TONE, at
trial end, three patients experienced strokes (1 intervention, 2
control); 6 experienced a myocardial infarction (2 intervention,
4 control); 3 developed heart failure (2 intervention, 1 control),
and 26 suffered from angina (9 intervention, 17 control).>!
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Favors reduced salt Favors control

SPECIAL REVIEW

Risk ratio Risk ratio

Study or subgroup Events Total Events  Total Weight  M-H, random, 95% CI M-H, random, 95% ClI
1.5.1 Normotensive
TOHP | 1992 [11.5 years] 17 321 32 311 39.9% 0.51[0.29, 0.91] —
TOHP 11 1997 [8 years] 71 938 80 935 60.1% 0.88[0.65, 1.20] :
Subtotal (95% Cl) 1,259 1,246  100.0% 0.71[0.42, 1.20]
Total events 88 112
Heterogeneity: 1° = 0.09; x> = 2.71, df = 1 (P = 0.10); F = 63%
Test for overall effect: Z=1.28 (P = 0.20)
1.5.2 Hypertensive
Morgan 1978 [7-71 mo] 6 34 5 33 12.4% 1.16 [0.39, 3.45] I
TONE 1998 [30 mo] 36 322 46 331 87.6% 0.80[0.53, 1.21] !
Subtotal (95% CI) 356 364 100.0% 0.84[0.57, 1.23]
Total events 42 51
Heterogeneity: 1 = 0.00; %° = 0.39, df = 1 (P=0.53); F = 0%
Test for overall effect: Z= 0.88 (P = 0.38)
| ' : |

T
0.1 1 10
Favors control

0.01 100

Favors reduced salt

Figure 5 | Cardiovascular disease (CVD) events at longest follow-up. Duration of follow-up reported in parentheses.

Favors reduced salt Favors control

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI 1V, random, 95% Cl
1.6.1 Normotensive
HPT 1989 [36 mo] -2.8 6.6 174 -3 6.7 177  30.3% 0.20 [-1.19, 1.59] L3
TOHP 1 1992 [18 mo] 5.1 7.9 304 -3 83 395 33.6% —2.10 [-3.31, -0.89] *
TOHP 11 1997 [36 mo] -0.7 9 515 06 85 514 36.1% —1.30 [-2.37, -0.23] Ly
Subtotal (95% Cl) 993 1,086 100.0% —-1.11[-2.34,0.11] ‘
Heterogeneity: ©° = 0.78; %° = 6.06, df = 2 (P = 0.05); £ = 67%
Test for overall effect: Z=1.79 (P = 0.07)
1.6.2 Hypertensive
Morgan 1978 [24 mo] -55 22.3 31 -4 223 31 2.4% -1.50 [-12.60, 9.60] -
TONE 1998 [30 mo] -4.6 11.3 317 -04 105 296 97.6% —4.20 [-5.98, —2.47] !
Subtotal (95% ClI) 348 327 100.0% —4.14 [-5.84, -2.43]
Heterogeneity: 7° = 0.00; %° = 0.22, df = 1 (P = 0.64); £ = 0%
Test for overall effect: Z=4.75 (P < 0.00001)
1.6.3 Heart failure
Paterna 2008 [6.4 mo] 107 13 99 111 1 112 100.0% —4.00 [-7.27,-0.73] t
Subtotal (95% Cl) 99 112 100.0% —4.00 [-7.27,-0.73]
Heterogeneity: Not applicable
Test for overall effect: Z=2.40 (P = 0.02)
— —

T
-10
Favors reduced salt

-5 0 5 10
Favors control

Figure 6 | Systolic blood pressure (BP) (mm Hg) at end of trial. Duration of follow-up reported in parentheses.

Blood pressure

End of trial BP was reported by all studies except Chang ef al.!’
There was a evidence of substantial statistical heterogene-
ity. Systolic BP was reduced in all intervention arms of trials—
normotensives (random effects, mean difference: 1.1mmHg,
95% CI: —0.1 to 2.3, x* P value = 0.05, I = 67%), hypertensives
(fixed effect, mean difference 4.1mmHg, 95% CIL: 2.4-5.8,
x? P value = 0.64; > = 0%) and those with heart failure (by
4.0mmHg, 95% CI 0.7-7.3). Diastolic BP was also reduced in
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normotensives (fixed effect, mean difference: 0.8 mm Hg, 95% CI
0.2-1.4, X% Pvalue = 0.39); I> = 0%) but not in hypertensives (ran-
dom effects, mean difference; 3.7 mmHg, 95% CI: 0.9 to 8.4, X2
Pvalue = 0.08; I> = 67%) or those with heart failure (mean differ-
ence: 2.0 mmHg, 95% CI: —0.70 to 4.80) (see Figures 6 and 7).

Urinary sodium excretion
Changes in urinary sodium excretion at the end of trial were

reported by all studies except Chang et al.!® There was some
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Favors reduced salt

Favors control

Mean difference

Dietary Salt and Cardiovascular Disease

Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI 1V, random, 95% CI
1.7.1 Normotensive
HPT 1989 [36 mo] -2.8 9.2 174 29 9.3 177 8.6% 0.10 [-1.84, 2.04] T
TOHP 11992 [18 mo] -4.4 57 304 -32 58 395 43.9% —1.20 [-2.06, -0.34] L
TOHP 11 1997 [36 mo] -3 6.5 515 -24 7 514 47.5% —0.60 [-1.43, 0.23] |
Subtotal (95% Cl) 993 1,086 100.0%  —0.80 [-1.37, -0.23] 0
Heterogeneity: ©° = 0.00; %° = 1.89, df = 2 (P =0.39); £ = 0%
Test for overall effect: Z=2.77 (P = 0.006)
1.7.2 Hypertensive
Morgan 1978 [24 mo] -5 1.1 31 2 111 31 34.8% -7.00[-12.53,-1.47] —
TONE 1998 [30 mo] 22 8 317 -0.2 7 296 65.2% —2.00 [-3.19, -0.81] '
Subtotal (95% Cl) 348 327 100.0% -3.74 [-8.41, 0.93] "
Heterogeneity: ©° = 8.34; x* = .01, df = 1 (P = 0.08); # = 67%
Test for overall effect: Z=1.57 (P =0.12)
1.7.3 Heart failure
Paterna 2008 [6.4 mo] 77 9 99 75 11 112 100.0% 2.00 [-0.70, 4.70] t
Subtotal (95% ClI) 99 112 100.0% 2.00[-0.70, 4.70]
Heterogeneity: Not applicable
Test for overall effect: Z=1.45 (P =0.15)

} } } }

-10
Favors reduced salt

-5 0 5 10
Favors control

Figure 7 | Diastolic blood pressure (BP) (mm Hg) at end of trial. Duration of follow-up reported in parentheses.

Favors reduced salt Favors control

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI 1V, random, 95% CI
1.8.1 Normotensive
HPT 1989 [36 mo] -15.96 68.2 143 0 71 155 30.2% —15.96 [-31.77,-0.15] —
TOHP 1 1992 [18 mo] -55.2 76.9 232 -11.3 777 330 33.7% -43.90[-56.87,-30.93] — i
TOHP 11 1997 [36 mo] -50.9 863 470 -105 885 482 36.0% -40.40[-51.50,-29.30] <
Subtotal (95% Cl) 845 967 100.0% -34.19[-49.61,-18.78] ‘
Heterogeneity: 1° = 139.51; % = 8.20, df = 2 (P = 0.02); F = 76%
Test for overall effect: Z=4.35 (P < 0.0001)
1.8.2 Hypertensive
Morgan 1978 [6 mo] 157 87 109 180 120 58 52% -23.00[-57.94,11.94] — |
TONE 1998 [30 mo] -45  55.8 319 -5 50 320 94.8% -40.00([-48.22, -31.78] t
Subtotal (95% Cl) 428 378 100.0% -39.11[-47.11,-31.11]
Heterogeneity: 1° = 0.00; x* = 0.86, df = 1 (P = 0.35); £ = 0%
Test for overall effect: Z=9.58 (P < 0.00001)
1.8.3 Heart failure
Paterna 2008 [6.4 mo] 76 7 99 103 11 112 100.0% -27.00 [-29.46, —24.54] !
Subtotal (95% Cl) 99 112 100.0% -27.00 [-29.46, —24.54]
Heterogeneity: Not applicable
Test for overall effect: Z=21.51 (P < 0.00001)
} } } }

-50 -25 0
Favors reduced salt

25
Favors control

50

Figure 8 | Urinary sodium excretion (mmol/24 h) at end of trial. Duration of follow-up reported in parentheses.

evidence of statistical heterogeneity which may reflect dif-
ferent approaches to the assessment of 24-h urinary sodium
excretion. In the study by Morgan et al., results were only
reported as samples and therefore contain repeated observa-
tions for a number of patients.3° As for BP, in a number of
studies, the last urinary sodium excretion available was at a

850

time point much preceding the timing of the report mortality
or CVD events (BP follow-up time: Morgan et al.>*—6 months;
TONE?!—30 months, TOHP I**—18 months, TOHP I1*>—36
months). Urinary 24-h urinary sodium excretion was reduced
by a similar amount across the three study subgroups—nor-
motensives (random effects, mean difference: 34.2 mmol/24h,
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95% CI: 18.8-49.6, X P value = 0.03, I> = 76%), hypertensive
(fixed effects, mean difference: 39.1 mmol/24 h, 95% CI: 31.1-
47.1,x? Pvalue = 0.35; I> = 0%) and heart failure (mean differ-
ence: 27.0mmol/24h, 95% CI: 24.5-29.5) (see Figure 8).

Health-related quality of life
No studies reported outcomes using a validated health-related
quality of life instrument.

DISCUSSION

This Cochrane review identified seven RCTs (in 6,257 indi-
viduals) of interventions aimed at reducing dietary salt on
mortality and CVD morbidity with follow-up of 6 months
or longer.19:20:30:32.33.4551 We found no strong evidence that
salt reduction reduced all-cause mortality or CVD morbidity
in normotensives or hypertensives. A single RCT showed an
increase in the risk of all-cause death in those with congestive
heart failure receiving a low-sodium diet.?

The interventions used were capable of reducing urinary
sodium excretion and indicated that participants continued
to comply with sodium restriction in the long-term, although,
as noted in a previous Cochrane review, the degree of sodium
restriction is likely to attenuate over time.'? End of trial systo-
lic and diastolic BPs were reduced by an average of some
1 mmHg in normotensives and by an average of 2-4mm Hg
in hypertensives and those with heart failure. Sustained long-
term reductions of BP of 1 and 4 mm Hg would be predicted
to reduce CVD mortality by 5% and 20%, respectively.®® Our
point estimates are consistent with effects of this size but have
wide CIs owing to the relatively small numbers of events.

Comparison to previous reviews

Our finding of a lack of strong evidence of an effect of dietary
sodium reduction on mortality and CVD outcomes is in con-
trast to those of Strazzullo and colleagues, who systematically
reviewed prospective observational studies that examined the
relationship between dietary sodium and all-cause mortality
and CVD mortality.® They included 13 cohort studies over a
follow-up of 3-17 years and found higher salt intake to be asso-
ciated with a greater risk of stroke (pooled RR: 1.23, 95% CI:
1.06-1.43, 5,346 stroke events) and CVD events (pooled RR:
1.14, 95% CI: 0.99-1.32, 5,161 CVD events). Total and CVD
mortality were not reported. However, an inherent limitation
of this review is the observational nature of the evidence which
is open to confounding. These studies describe the outcomes
for people who choose to follow a low-salt diet but provide no
information about what might happen if that diet were experi-
mentally allocated. People who choose a lower-salt diet are
likely to also eat a diet of fresh foods, lower in fats and refined
carbohydrate, take more exercise and be less likely to smoke,
so their lower levels of deaths and disease may not relate to salt
intake at all.

Strengths and limitations
We comprehensively searched for RCTs of dietary sodium

reduction of 6 months or more that reported mortality or CVD
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events. We attempted to contact all authors of included studies
to verify events. Because of longer observational follow-up (up
to 10-15-years) of three of the trials included in the previous
Cochrane review (TOHP 13334 TOHP I13%4>, and TONE®”!)
and inclusion of two more recent RCTs (Chang ef al.!® and
Paterna et al.>?) we have been able to gather together more evi-
dence on mortality and CVD outcomes (~6,250 participants,
665 deaths, 293 CVD events). Nevertheless the total amount
of evidence on events remains relatively small. Assuming a
control risk of 14% (Morgan et al.*’) some 2,500 CVD events
would be required in order to detect a small reduction in RR
(0.90) with dietary salt advice (at 80% power and 5% alpha).
Our meta-analysis only had 10% power to detect a 10% reduc-
tion in RR.

Among all RCTs, only two of the seven included studies pro-
vided sufficient detail to be judged as having adequate random
sequence generation, allocation concealment, and outcome
blinding.2%>! Nevertheless, all trials provided evidence of base-
line balance. Although lack of blinding is unlikely to alter out-
come assessment when outcomes include mortality and CVD
events, failure to blind participant may have led to a positive
change in the lifestyle and dietary behaviors of control partici-
pants, reducing any difference between the groups.

Most trials appeared to be free from other dietary changes
in the intervention and control groups apart from dietary
sodium. The one major exception was the trial by Chang et al.
where sodium was replaced by a high potassium substitute.!®
Potassium has beneficial effects on BP but may have deleteri-
ous effects in individuals with renal disease.”® Two studies in
hypertensives allowed changes in antihypertensive medication
during the period of the trial.3*>! In both trials, lower levels of
hypertensive medication in the intervention group compared
to control may have reduced the BP-lowering effect of reduced
dietary sodium and therefore offset mortality and CVD mor-
bidity benefits.

In order to maximize the number of deaths and CVD
events, we attempted to include data at the longest follow-up
point. However, in doing so we may have introduced a major
source of bias. For three large studies (TOHP 1**34, TOHP
1345 and TONE®!) the longest follow-up was considerably
beyond the official end of the trial. It was therefore unclear
if the intervention groups continued their low-salt diets and
whether control groups were left to continue with dietary
advice or advised to reduce their salt. Furthermore, reporting
of long-term nonprotocol-defined analyses may be prone to
selective reporting of outcomes showing benefits and non-
publication of negative findings. For this reason, we included
the primary analysis in each case as the latest data at trial end,
which was more robust but showed slightly fewer deaths and
CVD events.

Implications for practice

Our findings are consistent with the belief that salt reduction is
beneficial in normotensive and hypertensive people. However,
the methods of achieving salt reduction in the trials included
in our review, and other systematic reviews, were relatively
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modest in their impact on sodium excretion and on BP lev-
els, generally required considerable efforts to implement and
would not be expected to have major impacts on the burden of
CVD. The challenge for clinical and public health practice is to
find more effective interventions for reducing salt intake that
are both practicable and inexpensive.

Many countries have national authoritative recommenda-
tions, often sanctioned by government, that call for reduced
dietary sodium. For example, in the UK, the National Institute
of Health and Clinical Excellence (NICE) has recently called
for an acceleration of the reduction in salt in the general popu-
lation to a maximum intake of 6 g/day per adult by 2015 and
3g by 2025.! Internationally, there are calls for a dietary salt
reduction to be a major intervention for prevention and con-
trol noncommunicable diseases.’ Voluntary reductions in
hidden salt by the food industries and dietary advice to indi-
viduals are promoted as the best available interventions. Our
review focuses on dietary advice and has not found robust evi-
dence to support this approach.

Implications for research

In accord with the research recommendation of a previous
Cochrane review, three of the large trials (TOHP I3%34, TOHP
113445, and TONE®!) have assessed the long-term effects of
reduced dietary salt advice on mortality and CVD morbid-
ity.!% Our findings support the recent call for further rigorous
large long-term RCTs, capable of definitively demonstrating
the CVD benefit of dietary salt reduction.®> Such trials need
to incorporate population level interventions that are likely to
lead to sustained reductions in salt intake commensurate with
current guidelines. Further RCTs are needed to confirm if the
dietary restriction of sodium is harmful for people with heart
failure. It will be important to evaluate the effects of voluntary
salt reductions by food industries as these may hold greater
opportunities for practicable and inexpensive means of reduc-
ing salt intake in the population at large than focusing on die-
tary advice for individuals.®!
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