16 16 7

RFHKS 61 (0331)
DASH £ OF&JEMF « FE-Na Fll R R 12 S 7= fEHT
BRI 2238 AR Z IR ER (4 7 B T 3K 52 R SR B [ SR A 52 R B DR R BE N B 27

R, BE, KBV O % B 25T DASH (Dietary Approaches to Stop
Hypertension) £ OREERhE VA 40 INC-VII THHELEI N TWDE N, ZORKEE
B IZBH 5 T uy,

DASH-Sodium Trial (Z& /I L7=xf%% 2> bue—/L&H#E (n=187) & DASH &#*
(n=188) IZHEAELIZIERY /7)., BREEBIELY 3 VXL ELERFEET VX LAIAT
30 HMFoEE S, BHOKKHEIZ 24 BFREE 2 fif7T, JR¥ Na HEitE e
Lic, MRl P )e, Mtz R Na PR g & Lo e-FlRih# 22> ha—u
ﬁ DASH BN EI THiZ, DASH B OJE-FIRM#E~DR B2 LT,

JE MGHEHIAERS mmHg) 1, SEEIREN R, . K~ T 51000
T, 2> ha—) LA T TlE 133+1/83+1, 130+1/82+0.5,126+1/80+0.4, DASH & T
Tl 126+1/80+0.5, 125+1/80+1.123+1/79+0.5 & MifFHIFITEMRANTIKR T L7z, [
FRIZI/RH Na HEiftE (mmol/day) 1FEBHELZ KL T, =2 ba— /L& FT 14044,
10443, 6242, DASH & FC 144+4, 107+4, 64+3 L2k L7z, = b —/ & F
TOE-FIRIFRIL, x -O17 (mmHg) 23 & =8 (97.2+0.9) TIEFH M) £# (92.2+0.6)
I LA RICAFIRAL L Tz, & ([mmol/day]l/mmHg) &, & Il EAE CIE & i
JEREL V (23.1+£3.4 vs 37.946.8, p=0.022) AEIZ/NE <, BIFE TIMERS L 0 K

ZMETH 72, DASH BDE-FIRIFE~DOIREHETT D&, x- O 22{b3E
% L7 < (94.1#05 vs 93.2+0.6 mmHg, p=0.22), X 2 HF EICH K E -
(29.5+3.4 vs 64.9£13.1 [mmol/day]/mmHg, p=0.0002),

DASH EOREEZFIT, REEBIENZWZERE L, LR > T DASH &%
IR CIIBEEREICKFET 2 MEOLR), >F ) BEBZMEITHEGT L, E-Fl
JREARIC R T 220H L LA D E, DASH BliIx-UR 2R EIEDLZ L7, M
TEMR S, BERTFRT N U LAFIRIE-HICE S Z L2 7R1ET %5, DASH &
MY TERLANT T LSl Giel L 2B D ERIRIERZRET D Z L1324
WEEZBND,DASH B OFENRNBHTHEZ DS WHRETHE THL Z &
LRRIMEA L T2 Ll Th 5,






0331
DASH -Na*

DASH (Dietary Approaches to Stop Hypertension)

DASH
" DASH
34 DASH
> angiotensin
B3- Ca -
568 _ DASH
DASH
evidence
DASH-Sodium 2
2.
DASH-Sodium NIH  National Heart, Lung and Blood Institute
= DASH-Sodium
Dr. Frank . Sacks
22 SBP  120-159 mmHg
DBP  80-95 mmHg 412 2
2
DASH
b 2,100 keal

mmol/day) (Na: 100 mmol/day) (Na: 150 mmol/day) 3

- 147 -

(Na: 50
30



9 5
5 30
5 MAP  DBP 13
24 Na UnaV
9
SBP 140 mmHg DBP 90 mmHg
2 BMI 30 kg/m’
45 2
3 Na' MAP (mmHg) Uy,V (mmol/day)
R DASH DASH
DASH
X- 78,14,15
+ DASH (A) Na' (B)
(Ax B) DASH Na’
- X- MAP
UnaV MAP- DASH
- X_
Student t-
3.
Na
Un.V 412 375 Na*
1 DASH  (A) SBP: p=0.08, MAP: p=0.12
SBP MAP Na' (B)
SBP, DBP DASH (A) Na (B)

- 148 -



(Ax B) (S

BP: p=0.054, MAP: p=0.14)

DASH Na’ DASH
3 N.':IJr MAP UNaV
DASH 1 2
X_
2 - -
45
45
2 <30 kg/m’ > 30 kg/m’
DASH -
DASH -
DASH X- 94.120.5 vs 93.220.6 mmHg, p=0.022, n=375
29.5+34 64.9+13.1 (mmol/day)/mmHg (p=0.0002) 2
2 2
p=0.089 p=0.063
4.
DASH-Sodium 3 Na'
MAP (mmHg) Uy,V (mmol/day) H3
DASH Na'
18.19 5,20
DASH -
X_
7,14 )
7 DASH

- 149 -

1

DASH

p=0.055

11.16.17

DASH



Guyton
DASH
> DASH
Na*
DASH
DASH
2
x B
DASH
DASH
DASH
82628
18,30
DASH
32
DASH
5.

DASH-Sodium

24

Na*

DASH

DASH

DASH A

- 150 -

DASH

DASH
DASH

DASH

DASH

21-23

DASH

29

DASH

5.6

DASH



DASH

1. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects of dietary patterns on blood pressure.
DASH Collaborative Research Group. N Engl J Med. 1997;336:1117-1124.

2. Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on blood pressure of reduced dietary sodium and the dietary
approaches to stop hypertension (DASH) diet. N Engl J Med. 2001;344:3-10.

3. The Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. Arch Intern Med. 1997;157:2413-2446.

4. Whelton PK, He J, Appel LJ, et al. Primary prevention of hypertension: clinical and public health advisory from
the national high blood pressure education program. JAMA. 2002;288:1882-1888.

5. Saito F, Kimura G. Antihypertensive mechanism of diuretics based on pressure-natriuresis relationship.
Hypertension. 1996;27:914-918.

6. Kimura G, Abe H, Ashida T, et al. Hypotensive mechanisms of antihypertensives based on the water tank model.
Am J Hypertens. 1989;2:532-536.

7. Kimura G, Brenner BM. The renal basis for salt sensitivity in hypertension, in Laragh JH, Brenner BM (eds):
Hypertension: Pathophysiology, Diagnosis and Management. New York, Raven Press, 1995;pp 1569-1588

8. Kimura G, Deguchi F, Kojima S, et al. Antihypertensive drugs and sodium restriction. Analysis of their
interaction based on pressure-natriuresis relationship. Am J Hypertens. 1988;1:372-379.

9. Vollmer WM, Sacks FM, Ard J, et al. Effects of diet and sodium intake on blood pressure: subgroup analysis of
the DASH-sodium trial. Ann Intern Med. 2001;135:1019-1028.

10. Karanja NM, Obarzanek E, Lin PH, et al. Descriptive characteristics of the dietary patterns used in the Dietary
Approaches to Stop Hypertension Trial. DASH Collaborative Research Group. J Am Diet Assoc.
1999;99:519-27.

11. Guyton AC. Arterial Pressure and Hypertension, Circulatory Physiology 111, Philadelphia:W.B.Saunders, 1980.

12. Guyton AC. Renal function curve - A key to understanding the pathogenesis of hypertension. Hypertension.

1987;10:1-6.

-151-



13. Guyton AC. Dominant role of the kidneys and accessory role of whole-body autoregulation in the pathogenesis
of hypertension. Am J Hypertens. 1989;2:575-585.

14. Kimura G, Saito F, Kojima S, et al. Renal function curve in patients with secondary forms of hypertension.
Hypertension. 1987;10:11-15.

15. Kimura G, Brenner BM. Implications of linear pressure-natriuresis relationship and importance of sodium
sensitivity in hypertension. J Hypertens. 1997;15:1055-1061.

16. Norman RA_Jr., Enobakhare JA, DeClue JW, Douglas BH, Guyton AC. Arterial pressure-urinary output
relationship in hypertensive rats. Am J Physiol. 1978;234:R98-R103.

17. Sugai T, Nakagawa Y, Takeda K, Imai S. Arterial pressure-urinary output relationship in DOCA-saline
hypertensive rats. Am J Physiol. 1983;245:R633-R636.

18. Luft FC, Rankin LI, Bloch R, et al. Cardiovascular and humoral responses to extremes of sodium intake in
normal black and white men. Circulation. 1979;60:697-706.

19. Roos JC, Koomans HA, Dorhout Mees EJ, Delawi IMK. Renal sodium handling in normal humans subjected to
low, normal, and extremely high sodium supplies. Am J Physiol. 1985;249:F941-F947.

20. MacGregor GA, Markandu ND, Sagnella GA, Singer DRJ, Cappuccio FP. Double-blind study of three sodium
intakes and long-term effects of sodium restriction in essential hypertension. Lancet. 1989;ii:1244-1247.

21. Luft FC, Aronoff GR, Fineberg NS, Weinberger MH. Effects of oral calcium, potassium, digoxin, and nifedipine
on natriuresis in normal humans. Am J Hypertens. 1989;2:14-19.

22. Singh H, Linas SL. Potassium therapy of hypertension. Miner Electrolyte Metab. 1993;19:57-63.

23. Smith SR, Klotman PE, Svetkey LP. Potassium chloride lowers blood pressure and causes natriuresis in older
patients with hypertension. J Am Soc Nephrol. 1992;2:1302-1309.

24. McCarron DA. Role of adequate dietary calcium intake in the prevention and management of salt-sensitive
hypertension. Am J Clin Nutr. 1997;65:712S-716S.

25. Svetkey LP, Simons-Morton D, Vollmer WM, et al. Effects of dietary patterns on blood pressure: subgroup
analysis of the Dietary Approaches to Stop Hypertension (DASH) randomized clinical trial. Arch Intern Med.
1999;159:285-293.

26. Parfrey PS, Markandu ND, Roulstone JE, Jones BE, Johnes JC, MacGregor GA. Relation between arterial

pressure, dietary sodium intake and renin system in essential hypertension. Br Med J. 1981;283:94-97.

-152-



27. Parfrey PS. Salt in essential hypertension, in Sleight P, Freis ED (eds): Hypertension. Butterworth's International
Medical Reviews, Cardiology 1. London, Butterworth, 1982;pp 322-339

28. Omvik P. Pressure natriuresis in hypertension. Acta Med Scand. 1981,646(Suppl):77-89.

29. Luft FC, Miller JZ, Grim CE, et al. Salt sensitivity and resistance of blood pressure. Age and race as factors in
physiological responses. Hypertension. 1991;17 (suppl 1):1102-1108.

30. Morris RC,Jr., Sebastian A, Forman A, Tanaka M, Schmidlin O. Normotensive salt sensitivity: effects of race
and dietary potassium. Hypertension. 1999;33:18-23.

31. Brenner BM, Garcia DL, Anderson S. Glomeruli and blood pressure. Less of one, more the other ? Am J
Hypertens. 1988;1:335-347.

32. Rocchini AP, Key J, Bondie D, et al. The effect of weight loss on the sensitivity of blood pressure to sodium in

obese adolescents. N Engl J Med. 1989;321:580-585.

-153-



TABLE 1.  Urinary Sodium Excretion and Blood Pressures in Participants of DASH-Sodium Trial

Diet Control Diet DASH Diet Effects of
Sodium
DASH Diet Intervention Interaction
Group Sodium Intake Lower Intermediate  Higher Lower Intermediate  Higher (A) (B) (AXB)
All (n=375) (n=187) (n=188)
UpaV,mmol/d 62+2 104+3 140+4 64=x3 1074 1444 0.45 <0.0001 0.93

SBP.mmHg 1261 1301 1331 1231 1251 1261 <0.0001  <0.0001 <0.0001
DBP, mm Hg 80+04 82+0.5 83x1 79+05 801 80+0.5 0.005 <0.0001 0.001

Normotensives (n=225) n=111) =114

UpV, mmol/d 61x3 105+4 138+5 65+4 111x5 148+6 0.17 <0.0001 0.75

SBP,mmHg  122+1 12441 1271 1201 120 122+1 0.0001  <0.0001 0.0007

DBP, mm Hg 79+1 80+1 81x1 781 781 79:+1 0.006 <0.0001 0.02
Hypertensives (n=150) (n=76) (n=74)

UnaV,mmol/d 644 103+4 1446 62+4 1015 1386 0.45 <0.0001 0.85

SBP,mmHg  133%1 1381 141+1 128+1 1321 1331 0.0003  <0.0001 0.03

DBP, mm Hg 811 841 861 811 83+1 841 0.20 <0.0001 0.04
non-African American (1=163) (n=280) (n=83)

UnaV,mmol/d 573 1105 151+6 55+4 107*6 148+6 0.59 <0.0001 0.99

SBP,mmHg  126=*1 129+1 131+1 1221 1241 125+1 0.001 <0.0001 0.054

DBP, mm Hg 801 821 821 791 801 801 0.02 <0.0001 0.40
African American (n=212) (n=107) (n=105)

UpV,mmol/d 66+4 1004 133+5 715 108+5 14126 0.18 <0.0001 0.90

SBP,mmHg 126*1 1311 1341 1241 1261 128+1 0.001 <0.0001 0.0003

DBP, mm Hg 79+1 82+1 841 79+1 811 81x1 0.08 <0.0001 0.001
Age=45 years (n=148) (n=66) (n=82)

Up,V,mmoV/d 624 1075 1418 715 107=x5 1407 0.63 <0.0001 0.63

SBP,mmHg  123*1 1261 128+1 1221 1231 124+1 0.08 <0.0001 0.002

DBP, mm Hg 80+1 82+1 821 801 811 811 0.25 <0.0001 0.047
Age>-45 years (n=227) n=121) (n=106)

Uy, mmol/d 62+3 1034 1405 58+4 107x5 1475 0.60 <0.0001 0.26

SBP,mmHg 128+t 132+1 135+1 1241 1271 128+1 <0.0001  <0.0001 0.017

DBP, mm Hg 80+1 82+1 841 78*1 80+1 80+1 0.007 <0.0001 0.03
Nonobese (n=229) n=112) n=117)

UyaV,mmol/d 57+3 102+4 1355 58+3 103x5 1365 0.84 <0.0001 0.99

SBP,mmHg 1251 129+1 132+1 123=1 1251 127+1 0.004 <0.0001 0.03

DBP, mm Hg 801 821 84+1 791 801 81+1 0.009 <0.0001 0.03
Obese (n=146) (n=75) (n=71)

UyaV,mmol/d 7144 107£5 1487 746 1156 1566 0.24 <0.0001 0.86

SBP,mmHg 1271 1311 1341 1241 1251 126+1 0.0004  <0.0001 0.0003

DBP, mm Hg 79+1 81+1 82+1 79*1 801 80+1 0.20 <0.0001 0.005
Male (n=162) (n=285) (n=77)

UnaV, mmoV/d 63+3 17x5 1575 755 12526 1747 0.02 <0.0001 0.64

SBP,mmHg  125+1 1271 131+1 1231 124+1 1251 0.007 <0.0001 0.005

DBP, mm Hg 80+1 821 831 80+1 81+1 811 0.12 <0.0001 0.07
Female (n=213) (n=102) n=111)

UnaV,mmol/d 62+4 944 1266 56+4 954 123+4 0.48 <0.0001 0.69

SBP,mmHg 1271 1321 1351 123x1 1261 1281 0.0001  <0.0001 0.002

DBP, mm Hg 7911 82+1 831 79+1 801 801 0.02 <0.0001 0.01

Data are expressed as mean=+SEM.
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TABLE 2. Pressure-Natriuresis Curve in Participants of DASH-Sodium Trial

Extrapolated x-Intercept, mm Hg

Slope, (mmol/d)/mm Hg

Subgroup Control P DASH Control P DASH
Al 94.1+0.5 0.22 93.2+0.6 295+3.4 0.0002 64.9+13.1
Normotensives 92.1+0.6 0.21 91.1x0.7 37.9+6.8 0.0048 93.5x30.7
P <0.0001 <0.0001 0.022 0.022
Hypertensives 97.2+09 0.42 96.2+0.9 231+34 0.055 38.3x10.0
Non—African American 94.9+0.8 0.065 92.9+0.8 46.7+10.8 0.089 87.7+30.8
P 0.12 0.68 0.0004 0.18
African American 93.3x0.7 0.94 93.4+0.8 21.5+26 0.0002 52.1+14.2
Age=45 years 93.7+038 0.92 93.6+0.9 435+11.7 0.063 113.6+95.3
P 0.57 0.53 0.020 0.057
Age>45 years 94.320.7 0.16 92907 244+29 0.001 47.8+8.7
Nonobese 94.2+0.7 0.13 92.7+0.7 28.5+x41 0.0495 448+85
P 0.91 0.28 0.74 0.008
Obese 94.1+0.9 0.88 93.9+0.8 30.9+6.1 0.0006 140.8+116.2
Male 93.5+0.8 0.76 93.1:09 30.6=5.6 0.0048 73.5+20.3
P 0.29 0.96 0.67 0.49
Female 94.60.7 0.17 93.2+0.7 27.8+41 0.0129 55.9+17.3

Data are expressed as mean-+SEM.
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Figure 1. Pressure-natriuresis curves in the Dietary Approaches
to Stop Hypertension (DASH) Diet-Sodium Trial. Urinary sodium
excretion rate (Un,V: mmol/d) and systemic mean arterial pres-
sure (MAP: mm Hg) were plotted on the ordinate and abscissa
for control and DASH diets. Open and closed circles represent
data for the control and DASH diets, respectively. Error bars
indicate *+1 standard errors of the means. Regression lines for 3
different amounts of sodium were Uy,V=30X(MAP-94) in control
diet, and Uy,V=65X(MAP-93) in DASH diet. DASH diet aug-
mented the slope of the pressure-natriuresis curve from 30 to
65 ([mmol/d)/mm Hg, P=0.0002) without affecting the extrapo-
lated intercept of BP axis (94 vs 93 mm Hg, P=0.22), resulting
in a decrease in sodium sensitivity of BP from 0.034 to

0.015 mm Hg/(mmol/d). Please note that the discrepancy
between data plot and estimated pressure-natriuresis curve
(line) is ascribed to the fact that we obtained a regression line
from a whole cluster of data instead of averaging the extrapo-
lated x-intercepts and slopes of the line in each participant.
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Figure 2. Pressure-natriuresis curves in subgroups: A, normo-
tensives versus hypertensives; B, non-African American versus
African American; C, age =45 years versus age >45 years; D,
nonobese versus obese; and E, male versus female. Open and
closed circles represent data for the control and DASH diets,

respectively. See legend to Figure 1 for additional explanation.



Effects of the Dietary Approaches to Stop Hypertension (DASH) Diet
on the Pressure-Natriuresis Relationship

Genjiro Kimura

Department of Internal Medicine and Pathophysiology,
Nagoya City University Graduate School of Medical Sciences

Summary

Hypotensive mechanisms of dietary approaches to stop hypertension (DASH) diet, rich in
fruits, vegetable and low-fat dairy foods, were analyzed based on the pressure-natriuresis
relationship.

Participants (n=375) were randomly assigned to control or DASH diet by using a
parallel-group design. They then ate their assigned diet for 3 consecutive 30-day intervention
feeding periods, during which sodium intake varied among the 3 levels by a randomly assigned
sequence. Urinary sodium excretion rate and mean arterial pressure were measured at the end
of each sodium intake level, and the pressure-natriuresis relationship was drawn by plotting urinary
sodium excretion rate on the ordinate and mean arterial pressure on the abscissa for control and
DASH diets.

Pressure-natriuresis relationship was linear, and mean arterial pressure was changed in
consequence of altering sodium intake. DASH diet steepened the slope of the relationship
(29.5£3.4 vs 64.9+13.1 [mmol/day]/mmHg, p=0.0002) without significantly shifting the x-intercept
(94.1 +£ 0.5 vs 93.2 + 0.6 mmHg, ns) of the relationship. The increase in the slope by DASH
diet was independent of the steepness of the slope during control diet, indicating the hypotensive
action of DASH diet was stronger in participants whose slopes were shallower and blood pressure
was sensitive to the changes in sodium intake. The hypotensive effect of DASH diet on a high
sodium diet correlated positively with both the hypotensive effect of sodium restriction (r=0.84,
p<0.01) and the increase in the slope by DASH diet (1=0.83, p<0.02).

Thus, DASH diet lowers blood pressure especially in participants with high sodium

sensitivity mainly by making blood pressure sodium insensitive through its diuretic action.
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