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the estimated cost effectiveness ratio was <0.05×GDP 
per capita in nearly every world region. In Sub-Saharan 
Africa, owing to generally low sodium intakes in that 
region, the estimated cost effectiveness ratio was 
<0.1×GDP per capita when the optimal intake threshold 
was 1.0 g/day or 2.0 g/day, but up to 6.0×GDP per capita 
when it was assumed to be 3.0 g/day.

As expected, cost effectiveness ratios were sensitive 
to variations in estimated intervention cost. We evalu-
ated the proportion of the world’s adult population liv-
ing in countries with a cost effectiveness ratio (I$/DALY) 
<0.05×GDP per capita and <0.5×GDP per capita, for 
varying intervention costs that were 25%, 50%, 150%, 
200%, or 500% of baseline cost estimates (see supple-
mentary eFigure 3). For a 10% reduction in sodium 
intake, under the base case scenario for cost estimates, 
89% of the global adult population would live in coun-
tries with a cost effectiveness ratio <0.05×GDP per cap-
ita. This decreased to 23% of the global adult population 
if costs were fivefold higher, 68% if costs were twofold 
higher, and 85% if costs were 1.5-fold higher. In con-
trast, 96% of the global adult population would live in 
countries with a cost effectiveness ratio <0.05×GDP per 
capita if costs were half as large, and 99% if costs were 
one quarter as large. For a 30% reduction in sodium 
intake, the corresponding figures for a benchmark of 
<0.05×GDP per capita were 85%, 92%, 96%, 98%, 
99.1%, and 99.3% of the global adult population based 
on intervention costs that were 500%, 200%, 150%, 
50%, or 25% of the baseline cost estimates, respectively. 
We also made comparisons against a cost effectiveness 
ratio benchmark <0.5×GDP per capita, still substan-
tially below the WHO criterion of 1×GDP per capita as 
highly cost effective. For a 10% reduction in sodium 

intake, even if the intervention costs were fivefold 
greater than the baseline estimate, 96% of the world’s 
population would live in countries with a cost effective-
ness ratio <0.5×GDP per capita; and for a 30% reduction 
in sodium intake, 99% would.

Discussion
We found that a government “soft regulation” policy 
intervention to reduce national sodium consumption 
by 10% over 10 years was projected to be highly cost 
effective in nearly every country in the world (<1×gross 
domestic product (GDP) per capita per disability life 
year (DALY) saved), and remarkably cost effective 
(<0.05×GDP per capita per DALY) in most countries. 
Hundreds of thousands of deaths, and millions of 
DALYs, were estimated to be potentially averted annu-
ally, at low cost.

Comparison with other prevention strategies
These cost effectiveness ratios compare very favorably 
with other prevention strategies. For example, “best 
buy” pharmacologic interventions to reduce cardiovas-
cular disease in high income countries have much 
higher estimated cost effectiveness ratios, such as 
$21 000/DALY or more for primary prevention with sta-
tin drugs and $6000/DALY or more for secondary pre-
vention with β blockers.32 33  By contrast, for this 
national government supported intervention to reduce 
sodium intake by 10% over 10 years, we project an aver-
age cost effectiveness ratio of I$465/DALY in high 
income countries. Similarly, our projected cost effec-
tiveness ratio of I$143/DALY in low income and middle 
income countries compares favorably with an estimated 
cost effectiveness ratio of I$900/DALY for a cardiovas-
cular disease combination pill (“polypill”) targeted at 
high risk people in developing countries.34  Notably, 
most of these prior pharmacologic cost effectiveness 
ratios included estimated health savings from averted 
cardiovascular disease events, which produces substan-
tially more favorable cost effectiveness ratios than if esti-
mated health savings are omitted, as in our analysis.33 34

Our novel results, together with prior studies in 
selected countries,5-14  provide evidence that a national 
policy for reduction in sodium intake is highly cost 
effective, and substantially more so than even highly 
cost effective medical prevention strategies. This advan-
tage likely arises from several factors. This policy is rel-
atively inexpensive to implement, utilizing system wide 
“soft regulation” rather than provision of individual 
level medical care. It also decreases cardiovascular risk 
at a population level, such that even small changes in 
distributions of risk factors translate into large clinical 
benefits,35 as compared with more intensive strategies 
delivered only to a subset of people. Thus, there are 
meaningful “returns to scale” on both the cost side and 
the effect side. This suggests that a national reduction 
in sodium intake is a “best buy” for governments, 
deserving careful consideration for adoption by coun-
tries worldwide.

Despite differences in modeling methods, other stud-
ies of sodium reduction interventions in selected 
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Fig 3 | Affordability of a national policy intervention to reduce sodium consumption by 10% 
in the world’s 20 most populous countries. Each point represents the cost effectiveness of 
the intervention (I$/disability adjusted life year (DALY)) for a given country against that 
country’s gross domestic product (GDP) per capita (I$), adjusted for purchasing power. The 
lines represent 0.01×, 0.05×, and 0.1×GDP per capita, selected as reasonable fractions 
against which to compare our estimates of affordability. Notably, each of these thresholds 
is substantially lower than the World Health Organization benchmarks for an intervention 
being cost effective (<3.0×GDP per capita) or highly cost effective (<1.0×GDP per capita). 
For example, Nigeria and Bangladesh, being to the right of the blue line and to the left of 
the red dotted line, have a cost effectiveness ratio less than 0.1×GDP per capita but greater 
than 0.05×GDP per capita

 on 16 S
eptem

ber 2019 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
M

J: first published as 10.1136/bm
j.i6699 on 10 January 2017. D

ow
nloaded from

 

http://www.bmj.com/


the bmj | BMJ 2017;356:i6699 | doi: 10.1136/bmj.i6699

RESEARCH

7

Ta
bl

e 
2 

| V
ar

ia
tio

n 
in

 co
st

 e
ffe

ct
iv

en
es

s d
ep

en
di

ng
 o

n 
he

te
ro

ge
ne

ity
 o

f b
ot

h 
in

te
rv

en
tio

n 
effi

ca
cy

 a
nd

 o
pt

im
al

 le
ve

l o
f s

od
iu

m
 in

ta
ke

 b
y i

nc
om

e 
an

d 
ge

og
ra

ph
ic

 re
gi

on
.*

 V
al

ue
s a

re
 I$

/d
is

ab
ili

ty
 

ad
ju

st
ed

 li
fe

 ye
ar

s (
DAL

Y
s)

 u
nl

es
s s

ta
te

d 
ot

he
rw

is
e

Va
ria

bl
es

Pe
r c

ap
ita

 (I
$)

0.
05

× 
G D

P/
ca

pi
ta

  
(I$

)

O
pt

im
al

 s
od

iu
m

 in
ta

ke
 1 

g/
da

y
O

pt
im

al
 s

od
iu

m
 in

ta
ke

 2
 g

/d
ay

O
pt

im
al

 s
od

iu
m

 in
ta

ke
 3

 g
/d

ay

In
te

rv
en

tio
n 

co
st

GD
P

10
%

30
%

0.
5 

g
1.

5 
g

10
%

30
%

0.
5 

g
1.

5 
g

10
%

30
%

0.
5 

g
1.

5 
g

W
or

ld
1.1

3
13

 55
3

67
8

20
2 

(1
55

 to
 3

07
)

66
 

(5
0 

to
 10

2)
15

8 
(1

21
 to

 2
41

)
51

 
(3

9 
to

 7
8)

20
4 

(1
49

 to
 3

22
)

72
 

(5
2 

to
 11

9)
16

0 
(1

17
 to

 2
51

)
60

 
(4

3 
to

 9
9)

75
72

 
(1

54
9 

to
 2

38
 8

12
)

72
17

 
(1

17
4 

to
 

21
9 4

44
)

14
  0

13
 

(1
40

1 
to

 
22

8 9
71

)

39
52

 
(1

52
7 

to
 

22
1  6

68
)

 
Hi

gh
 

in
co

m
e†

2.
03

38
 8

18
19

41
48

0 
(3

65
 to

 7
31

)
15

6 
(1

18
 to

 2
42

)
37

8 
(2

88
 to

 5
83

)
12

2 
(9

3 
to

 18
8)

46
5 

(3
41

 to
 7

24
)

15
6 

(1
14

 to
 2

51
)

36
9 

(2
70

 to
 5

73
)

12
6 

(9
2 

to
 19

9)
51

1 
(3

71
 to

 8
31

)
19

8 
(1

40
 to

 3
27

)
41

0 
(2

91
 to

 6
93

)
17

6 
(1

25
 to

 2
92

)
 

Up
pe

r 
m

id
dl

e 
in

co
m

e

1.0
6

11
 0

01
55

0
15

0 
(1

17
 to

 2
24

)
49

 
(3

7 
to

 74
)

12
7 

(9
9 

to
 19

0)
41

 
(3

2 
to

 6
1)

14
6 

(1
09

 to
 2

23
)

49
 

(3
7 

to
 7

8)
12

3 
(9

2 
to

 18
6)

44
 

(3
2 

to
 6

7)
19

2 
(1

33
 to

 3
46

)
89

 
(5

7 
to

 18
5)

16
2 

(1
10

 to
 3

19
)

85
 

(5
5 

to
 19

4)

 
Lo

w
er

 
m

id
dl

e 
in

co
m

e

0.
72

41
15

20
6

11
3 

(8
6 

to
 1

74
)

37
 

(2
8 

to
 5

8)
82

 
(6

3 
to

 12
5)

26
 

(2
0 

to
 4

1)
11

1 
(8

1 
to

 1
75

)
38

 
(2

8 
to

 6
1)

81
 

(5
9 

to
 12

7)
30

 
(2

1 
to

 4
8)

15
0 

(1
01

 to
 2

71
)

68
 

(4
3 

to
 13

8)
11

3 
(7

5 
to

 2
17

)
63

 
(4

0 
to

 13
0)

 
Lo

w 
in

co
m

e
0.

80
14

56
73

13
0 

(9
7 

to
 2

07
)

43
 

(3
2 

to
 6

9)
75

 
(5

6 
to

 11
7)

27
 

(2
0 

to
 4

4)
21

5 
(1

39
 to

 4
00

)
11

0 
(6

8 
to

 2
12

)
14

2 
(9

3 
to

 2
66

)
10

1 
(6

1 
to

 2
08

)
87

 26
4 

(1
6 5

06
 to

 
2  8

32
 11

9)

84
 58

2 
(1

3 1
87

 to
 

2  6
04

 50
9)

16
 42

90
 

(1
5 1

43
 to

 
2  7

15
 8

85
)

48
 0

04
 

(1
7 4

37
 to

 
2  6

30
 9

98
)

Au
st

ra
lia

 
an

d 
Ne

w 
Ze

al
an

d

2.
63

40
 18

1
20

09
89

1 
(6

75
 to

 13
58

)
29

2 
(2

18
 to

 4
51

)
62

2 
(4

65
 to

 9
54

)
20

3 
(1

52
 to

 3
15

)
88

0 
(6

46
 to

 13
82

)
30

0 
(2

15
 to

 4
77

)
62

1 
(4

55
 to

 9
55

)
22

1 
(1

59
 to

 3
44

)
10

37
 

(7
55

 to
 16

75
)

42
7 

(3
05

 to
 6

91
)

75
3 

(5
38

 to
 12

38
)

37
4 

(2
69

 to
 5

86
)

Ca
na

da
 a

nd
 

US
1.6

7
48

 94
0

24
47

36
1 

(2
75

 to
 5

43
)

11
8 

(8
9 

to
 1

78
)

26
4 

(2
01

 to
 4

05
)

86
 

(6
5 

to
 13

2)
35

0 
(2

57
 to

 5
37

)
11

8 
(8

7 
to

 18
7)

25
9 

(1
90

 to
 3

99
)

89
 

(6
6 

to
 13

8)
38

9 
(2

87
 to

 6
16

)
15

3 
(1

11
 to

 2
45

)
29

4 
(2

10
 to

 4
83

)
13

3 
(9

6 
to

 2
12

)
Ce

nt
ra

l A
si

a/
Ea

st
er

n 
an

d 
Ce

nt
ra

l 
Eu

ro
pe

2.
59

14
 8

33
74

2
22

0 
(1

70
 to

 3
30

)
72

 
(5

4 
to

 10
9)

18
5 

(1
43

 to
 2

79
)

60
 

(4
6 

to
 9

0)
21

1 
(1

57
 to

 3
24

)
70

 
(5

2 
to

 11
2)

17
9 

(1
33

 to
 2

70
)

60
 

(4
4 

to
 9

1)
22

0 
(1

61
 to

 3
49

)
81

 
(5

8 
to

 12
9)

18
8 

(1
36

 to
 3

08
)

73
 

(5
3 

to
 11

7)

Ea
st

 a
nd

 
So

ut
he

as
t 

As
ia

0.
82

10
 77

7
53

9
13

0 
(1

02
 to

 19
0)

42
 

(3
3 

to
 6

2)
12

4 
(9

7 
to

 18
3)

40
 

(3
1 

to
 5

9)
12

3 
(9

3 
to

 18
4)

40
 

(3
1 

to
 6

3)
11

8 
(8

9 
to

 1
74

)
39

 
(2

9 
to

 5
9)

12
9 

(9
4 

to
 2

14
)

48
 

(3
3 

to
 8

7)
12

2 
(8

8 
to

 2
09

)
47

 
(3

3 
to

 8
8)

La
tin

 
Am

er
ic

a 
an

d 
Ca

rib
be

an

0.
87

12
 50

5
62

5
23

3 
(1

76
 to

 3
58

)
76

 
(5

7 
to

 12
0)

15
1 

(1
16

 to
 2

35
)

50
 

(3
7 

to
 7

7)
23

6 
(1

71
 to

 3
75

)
83

 
(6

0 
to

 13
7)

15
7 

(1
14

 to
 2

49
)

64
 

(4
6 

to
 10

4)
41

5 
(2

71
 to

 7
95

)
22

8 
(1

36
 to

 5
04

)
30

9 
(1

96
 to

 7
05

)
21

7 
(1

30
 to

 5
49

)

No
rt

h 
Af

ric
a 

an
d 

M
id

dl
e 

Ea
st

1.
33

12
 43

6
62

2
31

4 
(2

34
 to

 5
01

)
10

2 
(7

6 
to

 16
7)

25
3 

(1
90

 to
 4

09
)

81
 

(6
0 

to
 13

0)
30

0 
(2

15
 to

 4
90

)
10

0 
(7

1 
to

 1
73

)
24

5 
(1

77
 to

 4
06

)
84

 
(5

9 
to

 13
9)

32
5 

(2
27

 to
 5

63
)

12
3 

(8
3 

to
 2

16
)

26
8 

(1
84

 to
 4

82
)

11
1 

(7
6 

to
 19

6)

So
ut

h 
As

ia
0.

74
35

51
17

8
12

1 
(9

2 
to

 18
7)

40
 

(3
0 

to
 6

1)
91

 
(7

0 
to

 14
0)

29
 

(2
2 

to
 4

5)
11

6 
(8

5 
to

 18
2)

39
 

(2
9 

to
 6

2)
88

 
(6

5 
to

 13
8)

30
 

(2
2 

to
 4

8)
12

6 
(9

1 
to

 2
05

)
49

 
(3

4 
to

 7
9)

98
 

(6
9 

to
 16

7)
42

 
(3

0 
to

 7
0)

Su
b-

Sa
ha

ra
n 

Af
ric

a
1.0

1
27

69
13

8
16

1 
(1

20
 to

 2
56

)
53

 
(3

9 
to

 8
5)

80
 

(5
9 

to
 12

2)
30

 
(2

2 
to

 4
8)

25
5 

(1
66

 to
 4

73
)

12
7 

(8
0 

to
 2

42
)

15
5 

(1
01

 to
 2

89
)

11
5 

(7
0 

to
 2

36
)

88
  26

9 
(1

6 7
62

 to
 

2 8
59

 36
6)

85
  50

2 
(1

3 3
76

 to
 

26
 29

50
4)

16
5  

96
8 

(1
5 3

51
 to

 
2 7

41
 93

5)

48
 33

7 
(1

7 6
66

 to
 

2  
65

6 2
45

)
W

es
te

rn
 

Eu
ro

pe
2.

00
35

 67
6

17
84

48
9 

(3
71

 to
 74

2)
16

0 
(1

20
 to

 2
46

)
37

4 
(2

83
 to

 5
73

)
12

1 
(9

2 
to

 18
6)

47
7 

(3
50

 to
 74

4)
16

0 
(1

18
 to

 2
56

)
36

7 
(2

68
 to

 5
65

)
12

6 
(9

2 
to

 19
7)

52
8 

(3
87

 to
 8

45
)

20
5 

(1
46

 to
 3

29
)

41
2 

(2
94

 to
 6

87
)

18
0 

(1
28

 to
 2

88
)

GD
P=

gr
os

s d
om

es
tic

 p
ro

du
ct

.
*A

 n
at

io
na

l g
ov

er
nm

en
t s

up
po

rte
d 

so
di

um
 re

du
ct

io
n 

in
te

rv
en

tio
n 

m
ay

 h
av

e 
di

ffe
rin

g 
eff

ec
tiv

en
es

s i
n 

di
ffe

re
nt

 s
et

tin
gs

. T
o 

te
st

 th
e 

ro
bu

st
ne

ss
 o

f fi
nd

in
gs

 to
 d

iff
er

en
t a

ss
um

pt
io

ns
, v

ar
yi

ng
 e

ffe
ct

iv
en

es
s l

ev
el

s w
er

e 
ev

al
ua

te
d—

in
cl

ud
in

g 
10

%
 a

nd
 3

0%
 

pr
op

or
tio

na
l r

ed
uc

tio
ns

 a
nd

 0
.5

 g
/d

ay
 a

nd
 1.

5 
g/

da
y a

bs
ol

ut
e 

re
du

ct
io

ns
 in

 s
od

iu
m

 in
ta

ke
. I

n 
ad

di
tio

n,
 th

e 
op

tim
al

 le
ve

l o
f s

od
iu

m
 in

ta
ke

 re
m

ai
ns

 u
nc

er
ta

in
. 1

.0
 g

/d
ay

, 2
.0

 g
/d

ay
, a

nd
 3

.0
 g

/d
ay

 w
er

e 
ev

al
ua

te
d 

as
 v

ar
yi

ng
 o

pt
im

al
 le

ve
ls

 o
f s

od
iu

m
 in

ta
ke

: 
th

e 
th

re
sh

ol
d 

at
 w

hi
ch

 fu
rt

he
r r

ed
uc

tio
ns

 in
 in

ta
ke

 le
ad

 to
 n

o 
fu

rt
he

r c
ar

di
ov

as
cu

la
r d

is
ea

se
 b

en
efi

ts
.

†I
nc

om
e 

ca
te

go
riz

at
io

ns
 a

re
 b

as
ed

 o
n 

th
e 

W
or

ld
 B

an
k 

cl
as

si
fic

at
io

n 
sy

st
em

 (h
ttp

://
da

ta
.w

or
ld

ba
nk

.o
rg

/a
bo

ut
/c

ou
nt

ry
-c

la
ss

ifi
ca

tio
ns

/c
ou

nt
ry

-a
nd

-le
nd

in
g-

gr
ou

ps
).

 on 16 S
eptem

ber 2019 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
M

J: first published as 10.1136/bm
j.i6699 on 10 January 2017. D

ow
nloaded from

 

http://www.bmj.com/


doi: 10.1136/bmj.i6699 | BMJ 2017;356:i6699 | the bmj

RESEARCH

8

nations have also found them to be extremely cost effec-
tive.5 9-11 13  Many of these prior analyses incorporated 
estimated health system savings from averted cardio-
vascular disease events, which generally rendered the 
interventions not only cost effective but also actually 
cost saving—that is, with dominant cost effectiveness 
ratios less than zero. For example, one analysis in the 
US estimated that a 0.4 g/day (about 11%) sodium 
reduction over 10 years would save from $4bn to $7bn 
in healthcare costs.10  Some analyses further accounted 
for productivity gains from reduced morbidity and mor-
tality from cardiovascular disease, further increasing 
cost savings. Investigations that, like ours, calculated 
only intervention costs and DALYs averted, without 
including any estimates of health system savings, 
arrived at similar cost effectiveness ratios for compara-
ble regions (eg, I$561 for western Europe36 versus our 
cost effectiveness ratio of I$477 in that region).

Our investigation builds on and substantially extends 
such prior analyses of potential sodium reduction inter-
ventions in several important respects. First, most 
included only a single high income nation.5 10 11 13  One 
prior analysis included 23 more varied nations but only 
estimated averted deaths, rather than DALYs,7 prevent-
ing comparison with other cost effectiveness ratios. In 
contrast with prior analyses, we also jointly incorpo-
rated heterogeneity in blood pressure effects of sodium 
reduction by age, race, and hypertensive status, provid-
ing more accurate estimates for the impact on cardio-
vascular disease. Additionally, our analysis of 183 
countries using consistent methods enabled us to 
explore sources of heterogeneity and sensitivity in esti-
mated cost effectiveness across diverse nations and 
regions.

Sources of heterogeneity
Differences in intervention costs were one of the major 
drivers of varying cost effectiveness ratios. The large 
variation of human resource and mass media costs 
across countries suggests potential savings from multi-
national efforts to reduce sodium intake, which could 
benefit from economies of scale. For instance, the new 
European Union Salt Reduction Framework, which 
monitors national sodium reduction initiatives and 
supports implementation efforts across multiple mem-
ber nations,4  could be emulated elsewhere. Consistent 
with the relevance of scale, the 20 countries with high-
est per capita intervention costs all had national popu-
lations of less than 500 000 adults. The higher cost of 
mass media, compared with other intervention compo-
nents, further suggests a need for research on how best 
to target such resources. The recent finding37  that salt 
reduction in the UK arose largely from product reformu-
lation rather than changes in consumer choice suggests 
that, in countries where most dietary sodium comes 
from processed food (eg, 77% in the US38 ), the robust-
ness and compliance with industry targets may be more 
relevant than mass media components. On the other 
hand, public awareness of sodium in foods and health 
effects could be essential for generating sufficient pub-
lic and policy maker pressure on industry to meet stated 

targets. In nations with lower proportions of manufac-
tured food, industry focused efforts might lead to 
smaller absolute reductions in sodium intake. Yet many 
such countries also have lower baseline levels of 
sodium consumption,1 so that proportional reductions 
might be similar. In comparison, for certain Asian 
nations such as China, substantial amounts of sodium 
are added at home, making education and media efforts 
more relevant. Nevertheless, even with an up to fivefold 
increase in total costs, our multinational investigation 
suggests that a government supported program to 
reduce sodium intake would be highly cost effective for 
nearly every country in the world.

Our findings were robust to differing thresholds for 
optimal sodium intake. While the precise optimal level 
of sodium intake remains uncertain,25  to our knowledge 
ours is the first cost effectiveness analysis to evaluate 
the relevance of this uncertainty to policy. We found 
that this threshold influences relative cost effectiveness 
only in countries with the lowest intakes, with little 
effect in most others. For example, cost effectiveness 
ratios increase notably in Sub-Saharan Africa when the 
threshold is raised from 2.0 g/day to 3.0 g/day, but rela-
tively little in most other nations (table 2).

Strengths and limitations of this study
Our analysis has several strengths. The model used 
comparable and consistent methods to estimate cost 
effectiveness in 183 countries, including contemporary 
data on age, sex, and nation specific distributions of 
sodium consumption, blood pressure, and rates of car-
diovascular disease. Blood pressure effects of sodium 
reduction were derived from meta-analysis of random-
ized trials, accounting for differences by age, race, and 
hypertension; and the cardiovascular effects of blood 
pressure lowering from pooled analysis of prospective 
studies, accounting for age. The modeled intervention 
included a realistic scale-up trajectory and target 
sodium reduction. The cost estimates incorporated 
country specific demographic, economic, and health 
data, together with results from cross country non-
traded input price regressions, to produce credible esti-
mates of national prices. We incorporated uncertainty 
in multiple input parameters (measures of sodium 
exposure, distributions of blood pressure, effects of 
sodium on blood pressure, effects of blood pressure on 
cardiovascular disease) by multi-way probabilistic 
Monte Carlo simulations, and additional uncertainty in 
intervention effectiveness and intervention costs by 
separate sensitivity analyses. 

Potential limitations should be considered. The esti-
mates of sodium consumption, blood pressure levels, 
and rates of cardiovascular disease were based on raw 
data covering most but not all of the global population, 
with hierarchical estimation of the remainder.1 39 40  Our 
estimates of health benefits accounted only for cardio-
vascular disease, whereas high sodium intake is also 
associated with vascular stiffness, renal dysfunction, 
and stomach cancer, independent of blood pressure lev-
els.41-43  We did not account for possible unintended con-
sequences of the intervention, such as changes in 
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population choices of overall foods consumed. We did 
not model health system savings from averted 
cardiovascular disease events. Better cardiovascular 
health may produce compression of disease and costs 
into the last years of life, reducing overall morbidity and 
lifetime costs, but modeling such potential health tran-
sitions and treatment costs for every nation globally is 
not yet feasible. We did not evaluate potential effects on 
disparities within countries; for instance, food product 
reformulation to reduce sodium intake in England has 
been estimated to reduce socioeconomic inequalities in 
cardiovascular disease.44  Our models are based on a 10 
year intervention period including planning, develop-
ment, and staged implementation. Over the longer term, 
intervention costs may decrease, while lifetime health 
benefits might also increase. Thus, these findings 
should be considered a platform on which to base inter-
mediate term policies, recognizing that longer term 
effectiveness should also be evaluated. Our assumptions 
about intervention implementation may differ in various 
real world situations, producing larger or smaller costs 
and effect sizes. However, our analyses of the sensitivity 
of our findings to variations in costs and effectiveness 
demonstrated that overall cost effectiveness was highly 
robust to alternative assumptions. We did not evaluate 
other potential strategies to reduce sodium intake, such 
as mandatory quality standards, taxation, complemen-
tary state or community initiatives, or multi-component 
approaches, such as seen in Japan and Finland.45-47 
These might produce similar or even greater reductions 
in sodium intake at less cost, but are also perhaps less 
feasible in certain nations.

Conclusions
Even without incorporating potential healthcare sav-
ings from averted events, we found that a government 
supported, coordinated national policy to reduce popu-
lation sodium intake by 10% over 10 years would be 
cost effective in all and extremely cost effective in nearly 
all of 183 nations evaluated.
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