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Abstract

It is well established that excessive sodium intake is related to a higher incidence of chronic diseases such as
hypertension, stroke, coronary heart disease, cardiovascular disease and gastric cancer. Although the upper limit of
the current sodium intake guideline by WHO is set at 2,000 mg/day for adults, sodium intake of Koreans is well
over 4,700 mg/capita/day implying an urgent need to develop and implement sodium intake reduction policy at the
national level. This study investigated the cost-effectiveness of the sodium intake reduction policy, for the first
time, in Korea. Analyses were performed using most recent and representative data on national health insurance
statistics, healthcare utilization, employment information, disease morbidity/mortality, etc. The socioeconomic
benefits of the policy, resulting from reduced morbidity of those relevant diseases, included lower medical
expenditures, transportation costs, caregiver cost for inpatients and income losses. The socioeconomic benefits from
diminished mortality included reductions in earning losses and welfare losses caused by early deaths. It is estimated
that the amount of total benefits of reducing sodium intake from 4.7 g to 3.0 g is 12.6 trillion Korean Won; and
the size of its cost is 149 billion Won. Assuming that the effect of sodium intake reduction would become
gradually evident over a 5-year period, the implied rate of average return to the sodium reduction policy is 7,790%
for the following 25 years, suggesting a very high cost-effectiveness. Accordingly, development and implementation
of a mid-to-long term plan for a consistent sodium intake reduction policy is extremely beneficial and well
warranted. (Korean J Community Nutr 17(3) : 341~352, 2012)
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o] 191 14 F YEF A3 20079 4,387 mg,
20084 4,553 mg, 2009 4,645 mg, 2010 4,878
mgl 2 A& ZFH Z71E o] ko™ (Ministry of Health
and Welfare/Korea Centers for Disease Control &
Prevention 2008; Ministry of Health and Welfare/
Korea Centers for Disease Control & Prevention
2009; Ministry of Health and Welfare/Korea
Centers for Disease Control & Prevention 2010;
Ministry of Health and Welfare/Korea Centers for
Disease Control & Prevention 2011), WHO2] @14+
3kx]2l 2,000 mg(World Health Organization 2003)
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o] ofddo] wgA 7] ] AFARI ] AP AR =
Yol 502 AEEAD HEF A AL A A,
AT it A 1019 T 28%7F A5 WA (salt
sensitivity) & A'd 2122 YEh} (Rhee 5 2011), 3%
B SHME 98] w00 YEF AFHZE TRAITI
QI8 A AARI Ao AlFs] e to] F2w L Qe UE

FAFE 188 HES, A A3 2 A 5
of gl 4 A0l QL mH gl 2clow e
a4 ok (He 5 1999; Cappuccio 5 2000; Tsugane
5 2004; Meneton 5 2005; Strazzullo 5 2009). 1
EF ek A3 BoRe S/hI7In EE WA g

FFHo| Folehz TEE WHE ST/ EN s
S sttt (Blaustein & Hamlyn 1991). AAIZ A4
Fel nEe BAE Y] A v AT
(INTERSALT) M uidF#e] 2 152 Auilsl®
o] w2 T1gol] vl3l 18t FHEEC] A VERTH(Stamler
1991; Elliott 5 1996; Stamler 1997). ¥4t o2} He
& MacGregor (2004) & # E3ol ujsh Weldd] Ay}
off A3 A7 AFHH 3~12 g/day HYM= &5 AA
o] vtom S5 Feto] 7hagrtal siglt.

2010 A1z Aol oJshd, f-2uetellr] 1E 44
Ao 7 APYSE AFES F 4,793H O F - 109 ¥

9.678°]% 2 (Statistics Korea 2011), 2010 5714
Azt Aol olshd, 304 o) g1 Et 71
-2 28.9%°1t (MOHW/KCDC 2011). 3kH 2008
7R EEA ) SJahd, g2 =R1e] HA) x15H] 343 933
ol 9 & YA Hgho] AA|gk 1FH|7F 1% 8,8359]
O A Mg oF 6%F 2453t (National Health
Insurance Corporation/ Health Insurance Review &
Assessment Service 2010). 1289 AsHETE o2}
UEF dAodF el o] sle ¥E5, AdaA 2g A
AR 55 B b omn) S APgn S X Y &
71 Zlo|tt.

He & MacGregor (2008)& ojg] Uzte] 23433 = 71
A Tz el gk 12 Afel] FAS, AaiF el 7

o

2 wle] Hoh A gate B WSS Wks T A
Z3H(CHD)©| F2on]3A Aagrta Elg}o:n;]. el A
AR A7) T wjel 2 ) YEF AF2ES 50 mmol
(1,150 mg) &Ik oiﬁ‘ﬁﬁ & Fo7 = Al
FE 50%, HEFOE QAN AFE 22%, 181 W

B AP0 QR APE A4S 16% 9 & Yrkn B
SISATHWHO 2003). oleld 23158 Lh=g H21ge] 2
s g8 AR A FHEI AFE] Yo}

|

4 5 91eE RelFT) o)) me) 2t el Ak 1
EF PR Q5 et 5 U] o BAow F
A7) 4R EF AR Ak AR AQsL QALY vk
S Qlek. S-eubelel e A, AR, sl 2 Akl
N UEF Al s e 4ue] wae e £
BES W) 918, VEE 4TS Zolv) A% 9er
P A0 Ak vivalel i thivl o efala I,
=5] AFekERARL UEF 1A% A7 84
2571 918l 201 1ol A4 9 228129} P71 ER
A 572 980, SAlFAslas B AR
FAFL NS AW, HEAE F e 5 uRe
RO UEF § ALHE FAsk o, BEF AT

Z0)7] SI%t Ydu LE“Z 7H‘E“ ﬂﬁ”ﬂ Al T& F
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subgroupellA 414 07 YEF A3 9l v A3 71
= 218l HESFL Q= A P EFATHWHO 2011;
WHO 2012). o] A& A 9 7 ARl 2
Al WEF Aok AH7 vl A= Y el et ks
Table 1°] ®1 ZAAF 1 JgFo] “AA 4] (critical) " &
S5t A7 A3}, “F Q37 AN AP o)A =
okO (important, but not critical)” 23k (o]s} =231 2

oz TR,

= O %
aa%
faw
Eah=pl

0 28 AE

2 AFelxs ARG AR AN 7R
oA FF e AZRHEA K (National Health
Insurance Corporation/Health Insurance Review &
Assessment Service 2009), AR QA A9
20099 % 7171 33} 2 5 1] A ejZA National Health
Insurance Corporation/Health Insurance Policy
Research Institute 2010), =184 R 2] 4k - A<
¥ 87 FZAKorea Employment Information
Service 2009), RAEXF-2] 20050 =177 Fz2At
—2]5o] g (Ministry of Health and Welfare/Korea
Institute of Health and Social Affairs 2006) X =7
) A B 5 FA(Statistics Korea 2010) AHEE
33t

UEF AF% A st A8 E
L Q)=o) FARsE A8 G791 He & MacGregor (2008)
o] A}ol] A3} Table 190 Bl Z} Aol tfjg)] o] 5]

Ak, VEF A 4 A9 13} B Selmer 5

5 PR 4 37

-7 - EHY - e -

74l - 2SS - - 212 - 343

(2000)°] Bargt =2 9fjo] o] A 7S Farskivt.

3. WO F7YdH

200949 &) 98] Tl 191 19 FHit YEF AF e
oF 4.7 go]1 (Ministry Health and Welfare/Korea
Centers for Disease Control & Prevention 2010),
o1F ATl FOR BUT AS 191 T Fit 27 WA
.8_ °k 11.75 go]q. o] oi:rLoﬂ/qg x}7]x4o] 14.15?.. H‘zqak
Z:r Zﬂzﬂ/] xLxﬂ Ej;‘qe zs]_—TLo] °§°kﬂ—47]—r—(KOl‘ean
Nutrition Society 2010) el #A|AJE A1) VEF Z-74
Al 1.5 g9 260el) s 3 g0 9] Mg, o]
BR2 GAsH= 35 It Bl Fgskaa sk,

i

t}. Joffres & (2007)01 HUrE‘rOJ% gdos st
A B AuAd ] 4.6 g AT o 1] Ak E
o] 30% sttty 939 A3l He & MacGregor
(2008)7F ®ugd sFF AFAHHE 6 g Thol e &
o FAEIREE 1 s HES e 7S (CHD)
o] FHE TAhaFo] 24% U 18%et= Ay, 18l
Tuomilehto 5 (2001)¢] ATE=LIE TIAFOZ 8 ol
A AaAFEel sk 6 g 5718 o CHD AFgE©] 56%
Z7Vslar, 71el APgES] 22% V18t Bk Ay 5
off Azt -] =HlelA 9] ald AW =2 FHE vt

FR = AT

Table 1. Diseases considered in cost-benefit analysis of sodium intake reduction policy

Category Disease (ICD"-10 code)
Hypertension Essential (primary) hypertension (110), other hypertensive diseases (111-115)
Infracranial haemorhage (160-162), cerebral infarction (163), stroke, not specified as
Stroke . 3
haemorhage or infarction (164)
Critical Acute myocardial infarction (121-122), other ischaemic heart diseases (120, 123-125), heart failure
CHD (150), atherosclerosis (170), other heart diseases (127-143, 151-152), other cerebrovascular diseases
(165-169)
oD Arterial embolismn and thrombosis (174), other diseases of arteries, arterioles and capillaries (171-
172, 177-179), phlebitis & thrombophlebitis & venous embolism and thrombosis (180-182)
Gastric cancer Malignant neoplasm of stomach (C16)
Acute and rapidly progressive nephritic, syndromes (NOO-NOT1), other glomerular diseases (NO2-
Important Renal disecse NO8), renal tubulo-interstitial diseases (N10-N16), renal failure (N17-N19), urolithiasis (N20-N23),

but not critical

other diseases of the urinary system (N25-N29, N31-N39)

Disorders of bone density and structure (M80-M85), fracture of skull and facial bones (S02),

Osteoporosis /fracture

fracture of neck, thorax or pelvis (S12, S22, S32, T108), fracture of femur (S72), fractures of other

limb (842, S52, S62, S82, S92, T10, T12), fractures involving multiple body regions (T02)

1) International Classification of Diseases (WHO 2010b)
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S8l AA 20099 A7 RS A AR (National Health
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TR2AS FYE Y AR E = SR P 2009
d AR - A1 187 F A} YRR (Korea Employment
Information Service 2010) 2} FA1% 2] 20093 A&
Eol7- %A} (Statistic Korea 2010) % ©]-&3}3it}. WA o]
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@ VolL,= W, (1 — k) / k,

9] Aol Wz AR 25, k= APE A A

otk & =FH 20099 AFTFF 7| EEA AL
o} 71 AR A AFEES 212 3]712] @el 2831

7
AR 4kl 7S Fgsislt

o]ZA o e 7HAl= AFel whet b hastoiof &t
=, g2k W2l 394 924} (estimation error) 7} &
Asl7] witel] TRt o] AP e Frr Tl 5T
#k @714 FEAD S 4o 7= ARSIt
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W} 5 Hhero = alo] gkl AR SR Al 7k
AA S ST

4. 4EE 43T 14 MO H§

JEF AT A A AR

Aol A= a2l <] Atdlel tigt AFATE elvheke] A
oll w0 A gsho 2N YEF AT 7 F22 vl &
= Adshr] Qlal, EF AFE A AR v)Ea Hel
< AAF SR EAsE AL FAst AT A Selmer &
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Table 2. Expected effect of salt intake reduction on specific diseases
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4! Tuomilehto 5 (2001)2] A7 A¥}ol] A3 $-2] =41
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Expected reduction in the Korean

Disease Joffres et al. (2007), He & MacGregor (2008), Tuomilehto et al. (2001) )
population
Basal estimate: 27.7%
Hypertension Reduction of 4.6 g/day in salt intake 30% reduction in prevalence Lower: 20.8%
Upper: 34.6%
Reduction of 6.0 g/day in salf infake ) . o
Lower: morbidity rate 24% reduction Bosal esfimate: 21.3%
Stroke - ) Lower: 16.0%
Upper: morbidity rate 36% reduction Uooer: 26.6%
Midpoint: 30% pper. £6.6%
Reduction of 6.0 g/day in salf infake . . o
Lower: morbidity rate 18% reduction Bosal esfimate: 19.1%
CHD ) ) Lower: 14.3%
Upper: mortality rate 36% reduction Uooer: 23.99%
Midpoint: 27% Pper: 25.7%
Reduction of 6.0 g/day in salf infake . . o
Lower: morbidity rate 17% reduction Bosal esfimate: 15.2%
Vb Upper: mortality rate 26% reduction Lower: 11.4%
pper. ° Upper: 19.0%

Midpoint: 21.5%

Gastric cancer, renal disease,
osteoporosis / fracture

Reduction of 6.0 g/day in salt intake mortality rate 18% reduction

Basal estimate: 12.8%
Lower: 9.6%
Upper: 16.0%
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718 A7} Ql=7bell o8l 5792 4= 3lt). Rosen(1986)
o] HAMA Az} o] (theory of equalizing differentials)

4 g wdow sl 2498
ApgAh 52 72 VO R Sjol, 49l TR SR AR
& A sl ZAENE PGk UEE 4AY 28T 5
3 AR B 22o] 5] AAA 7P AP O QAL

P PAEES Falo] AL F Yor, F A AL

3Z
=

2 3] 7HA 9} kel d g8

(Table 4) °F 10x 9o% 453t (Table 5).
) MY UL BN 2t - Ao A = 3) HEE MAT YA IE AFHA HFHY 21t
AAAREL A2 o] elof] AP 7HAe] AAARl a3= AAAREL p2]of] ofsf 7 APgAF 7HA 8] Al g vh=
Fohe the T3 W 4k 7H (value of life) 5 5+ wdARl Aejolar, 4Ho) 72 4% AFgR; 240 A
ek oIk 4e) 7BA vk o] gl Wl ) Eahe AlgA) o] S1A el 3]l Welo] v
Q0] ZALES 9Iste] Frhoz Hols gl & Eg Fololh wehd F Helsh FAK WelS o4
5 (foregone earnings due to death) ol 2= 7iido] &} APgA} AR QI8 v 214 AAadE 9T 4= 3
ohu], b o= & 7ole] Ao] el wek F71 Th AR} AR 13k 17k BlEIA) AR F R oF 9%
o7 P 5= = 2k UEE (utility from extended  4,0009] 9.2 FHEITH Table 6).
life) & REQFeh= 7doltt. olejst W52 g slo7 kA = 3
AR Z1e ghe] 7HgkaL & 4= 9lom, o= Zt Zijle] ARl 4. HEE NFT UL M H G FF
o) wER ANY UEE Tl Slal e e FUle ® Swe) YEF AADE B A8 98 getont &
Table 3. Estimated reduction in health-care costs
Estimate Lower Upper
Outpatients 1.,125,408,630 844,675,299 1.,406,141,962
Inpatients 682,645,930 512,121,348 853,170,511
Transportation 148,368,908 111,374,025 185,363,792
Caregiver for inpatients 244,907,723 183,802,671 306,012,775
Income loss 297,568,569 223,355,238 371,781,901
Total 2,498,899,761 1,875,328,581 3,122,470,941
unit: 10° won (in 2009)
Table 4. Estimated reduction in cost of death based on human capital approach
Age (y) Gender Estimate Lower Upper
Male 11 13
0-19
Female 10 12
Male 128 96 160
20 -39
Female 70 52 87
Number of deaths Male 1,103 828 1,379
40-59
reduced Female 395 296 493
> 60 Male 4,515 3,387 5,644
Female 5,476 4,109 6,844
Male 5,758 4,319 7,196
Sub-total
Female 5,950 4,464 7,436
Male 550,716,789 413,073,104 688,360,474
Economic effects Female 92,585,138 69,467,575 115,702,701
Total 643,301,927 482,540,679 804,063,175

unit: 10° won (in 2009)
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Table 5. Estimated reduction in cost of death based on the estimated value of life

Estimate Lower Upper
Male 4,816,212,555 3,612,699,424 6,019,725,687
Economic effects Female 5,273,5641,915 3,956,636,402 6,590,447,428
Total 10,089,754,470 7.569,335,826 12,610,173,114
unit: 10° won (in 2009)
Table 6. Overall benefits of sodium intake reduction
Estimate Lower Upper
Medical cost 1,808,054,560 1,356,796,647 2,259,312,473
Benefits from reduced Non-medical cost 393,276,632 295,176,697 491,376,567
health-care cost Indirect cost 297,568,569 223,355,238 371,781,901
Sub-fotal 2,498,899,761 1,875,328,581 3,122,470,941
. Direct cost 643,301,927 482,540,679 804,063,175
Bzng;;s 223’? reduced Indirect cost 9,446,452,543 7,086,795,148 11,806,109,939
Sub-total 10,089,754,470 7.569,335,826 12,610,173,114
Direct cost 3,142,201,688 2,357,869,260 3,926,534,116
Total benefits Indirect cost 9,446,452,543 7,086,795,148 11,806,109,939
Sub-fotal 12,588,654,231 9,444,664,408 15,732,644,055

unit: 10° won (in 2009)

FAFE A A AR deR 9= o (WHO
2010a; Korea Food & Drug Administration/Korea
Health Industry Development Institute 2012) %l

Soll 285 vl8o] 19979 FAle] ZHA = Azt 2907t
2] (USD) ol A= 7o g 2435191, JEF A e
e A O R Qs BAshs A Sl tigh Wi Bl gt

AN TR E 7EE AZEEE 4= Qlnk 94 diFulAl Al o® <ld)] A7F 1,400 2] 48 £ n]go] vk
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Table 7. Estimated cost of sodium intake reduction policy

2009 (1997)
Low Middle High
Campaigns & development of new products with less salt 1.9(1.4) 3.9(29) 7.6( 57)
Norway (million USD)  Welfare losses from taxation/subsidization 0(0.0) 18.7 ( 14) 191.1 (143.0)
Total 1.9(1.4) 22,6 (16.9) 198.7 (148.7)
Norway (10° won) Total 2,185,000 25,990,000 228,505,000
Korea (10° won) Total 12,498,200 148,662,800 1,307,048,600
unit: million USD, 10° won (in 2009)
Table 8. Rate of refumn (%) to investment in sodium intake reduction
Costs
Low Middle High
Upper 28,903 2,430 276
Direct benefits Estimarte 23,130 1,945 221
Lower 17,356 1,459 166
Upper 115,809 9,736 1,107
Total benefits Estimarte 92,666 7,790 886
Lower 69,523 5,845 665

A2 AR 2ol o] ulgel $8 115098 Hgato] o Lol thal L= HA 71 YA v]-ge) R4S
o) TR R AAY Bk 9G] 208 N84S F SskA e Fap) 5del 44 YO et
48 A3k Table 7o 291 vhe} Pok 5 A 0§ F 3 /P9t 2590 22 A 182 ARSI 5
R FAAE Tele ) o 1,4900] fo] heE=-Row A 1 5golst ke, Aol e 5] 2

B o] o3| s S Hely) ug 2 gke) 7

A= FYe T WO H|E-S o] &ato] YER AHZF A Ois] UEF AT 7 B3] FoES ARkt

gAe] ol ES ARSIt 7 E Alktel] QlojA] A9

FIF ARE O E il A YepbEAE 7MY Fa vt 9l ni At

ot 94 ks 711kl IAIGe] FUst AT FelES Al

Atz Q18 A L] et S744 0= vERtA] AE A S A A YEF AHF A 2] 77 Hxot 2

HE S i GER A APtk 7S Ho] 98] S YEF Eat AFEe] 191 1Y 3 gom vt

TRIst A ol B vd AIshs HelS vid £2QF = Fojxiohd, o]of whE B o] fHES] AR st

H]-§-0 % thro] ARkl 4= olvk. e EF AHF g A b Y8889 FAash AP AR Qg A58

2 A g AARE AIRRE Fa ARA R UeRd TAE TS UER AFH A AR 218 el 9

7Fs/do] stk o] - A0 f=olEo] AR AAl 7l J/H|E A 2% 50009 Ak APdH]E 79 6,400

© St AR ol S B Flojt)h wieka] o S xFste] F 3% 1,4009 do® F= STk (Table

Aol gt ARA 0 Z Yehhs 499 o8 AXES § 6). B3 A7 u|F ARl AAEYE $lelA oF 9% 4,000
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T2 2 d el AR AAEIE v A Aok iy, 9] VX R FAF APEAF 140 AAlanE g9 UEF A
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