EFFECT OF DIETS PREPARED BY USING
SODIUM- REDUCED CONDIMENT ON LOWERING
BLOOD PRESSURE IN HYPERTENSIVE PERSONS

WEERAWAN LIMMANON

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE (NUTRITION)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2006

ISBN 974-04-7160-9
COPYRIGHT OF MAHIDOL UNIVERSITY



Thesis
Entitled

EFFECT OF DIETS PREPARED BY USING
LOW SODIUM CONDIMENTS ON LOWERING
BLOOD PRESSURE IN HYPERTENSIVE PERSONS

ol

Frof. M.R. Jisnuson’Svasti, Ph.D
Dean
Faculty of Graduate Studies

o Wenaom Limmamgn.
Miss. Weerawan Limmanon
Candidate

-------------------------------------

Asst Prof. Wantanee Kriengsinyos, Ph.D, RD.
Major-Advisor

ISP,

Assoc.Prof. Prapaisri Sirichakwal, Ph.D
Co-Advisor

Assoc Prof. Emom Wasantwisut, Ph.D.
Chair

Master of Science Programme in Nutrition
Faculty of Medicine, Ramathibodi Hospital
and Institute of Nutrition



Thesis
Entitled

EFFECT OF DIETS PREPARED BY USING
LOW SODIUM CONDIMENTS ON LOWERING
BLOOD PRESSURE IN HYPERTENSIVE PERSONS

was submitted to the Faculty of Graduate Studies, Mahidol University
For the degree of Master of Science (Nutrition)

Sukit Yamwong,
Member

%:m [ ~]‘

Prof. M.R. Jisnuson Svasti, Ph.D

Dean
Faculty of Graduate Studies

Mahidol University

on
April 10,2006
....... Wamawsar, Ui
Miss. Weerawan [immanon
Candidate

Ubnfecns [ sy

Asst Prof. Wantanee Kriengsinyos, Ph.D.,, RD.
Chairman

Assoc Prof. Emom Watsantwisut, Ph.D.
Chair

Master of Science Programme in Nutrition
Faculty of Medicine, Ramathibodi Hospital
and Institute of Nutrition

Prof. Rajata Rajatanavin M.D_F.ACE.
Dean

Faculty of Medicine, Ramathibodi Hospital
Mahidol University



ACKNOWLEDGEMENT

I would like to express my sincere gratitude and very appreciation to my
advisor, Assist. Prof. Wantanee Kriengsinyos for her noteworthy kindness, patience,
guidance, encouragement and constructive criticism during the course of this thesis.
Similarly, I am thankful to the co-advisor, Assoc. Prof. Prapaisri Sirichakwal and Prof.
Surat Komindr for their helpful guidance.

| wish to thank Dr. Sukit Yamwong, Faculty of Medicine at Ramathibodi
hospital for kindness in suggestions for improvement, and who was the external
examiner of the thesis defense.

I would like to thank Mrs. Wanphen Russameesopaphorn for her help, valuable
suggestions of statistical analysis and thanks everybody in Department of Food
Chemistry, Institute of Nutrition for their contribution in laboratory and technical
assistance.

I would like to thank Mahidol University, Ampol food processing factory and
Thepphadungporn factory for their facilitation of data collection. Special thank is
extended to Mr. Somjai Klinkuan, Miss Rungrat Jamjan for their help and encouragement
during data collection. Thanks also go to all subjects who were the samples in this study
for their participation.

I am grateful to Thai Health Foundation for the research grant.

Finally, I am grateful to my family for their financial support, entirely care, and
love.

Weerawan Limmanon



Fac. Of Grad. Studies, Mahidol Univ. Thesis / iV
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ABSTRACT

Epidemiological research has reported that dietary sodium is an important contributor
to the pathogenesis of hypertension. Reduced sodium intake is widely prescribed for
hypertensive persons to control blood pressure. The primary objective of this thesis is to study
the effect of diets prepared by using low sodium condiments on lowering blood pressure.
Eighteen hypertensive men and women (25-56 yrs) were included in the study approved by the
Committee on Human Research of Mahidol University. Baseline systolic and diastolic blood
pressures were 147.9 + 12.4 and 96.6 + 9.0 mmHg, respectively. The study was a randomized
crossover trial consisting of a 1-week run-in period, followed by two 4-week intervention
periods, normal-sodium condiment (NSD) and low-sodium condiment diets (LSD), separated
by a 1-week washout period. Sodium intake during the LSD (2,506.0 + 343.8 mg/d), which
was significantly lower than that of the NSD (3,840.8 + 557.0 mg/d). Inversely, potassium
intake was significantly higher during the LSD (3,567.5 + 497.2 mg/d) compared with that of
the NSD (2,090.7 + 495.3 mg/d). Systolic and diastolic blood pressures were significantly
decreased during the run-in period compared to the baseline. Further significant reduction in
systolic blood pressure was observed either during the control (137.7 + 18.0 mmHg) or low-
sodium condiment (132.0 + 17.0 mmHg) diet. A small decrease in diastolic blood pressure
was observed during low-sodium condiment diet, but did not reach significance. Self-
recorded home blood pressure measurement revealed that diurnal systolic blood pressure was
approximately the same throughout the study. However, the diurnal diastolic blood pressures
at just waking up was greater than that at just before sleeping during the run-in and NSD, but
were not different during the LSD period. There were positive correlations between sodium
and potassium intakes and urinary sodium and potassium excretions, corresponding to 75.6 %
and 67.8 % of their intakes, respectively.

These results suggest that reduced sodium intake using low sodium condiments
instead of the regular ones is capable of decreasing systolic blood pressure in hypertensive
persons.

KEY WORDS : DIET / LOW SODIUM CONDIMENTS / BLOOD PRESSURE
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CHAPTER |
INTRODUCTION

The prevalence and incidence of hypertension (HT) has been increasing in both
developed and developing countries. Data from The National Health and Nutrition
Examination Surveys 111 (NHNES I1l) indicated that the prevalence of HT in U.S.
adults increased from 24 percents (approximately 43 million people) in 1988-1991 to
28.7 percents in 1999-2000 (1). In some European countries e.g. Italy, Sweden,
England, Spain, Finland, and Germany found that HT prevalence was average 44.2
percents (2). In Thailand, public health statistics from 1997 to 2004 showed that
prevalence and mortality rate of HT were increasing every year (3-10). Recently, in
2004 the prevalence of hypertension people was 389.3 per 100,000 population,
increased 2 fold when compared with that of 1999 (6, 10). A preliminary survey
conducted by the Institute of Nutrition, Mahidol University (June, 2003) indicated that
approximately 14 percents of Mahidol University staff has had HT.

The problem with HT is that most of the patients have no symptoms, which is
why HT is known as the “Silent Disease” or “Silent Killer”. It can lead to sudden
death and chronic disability, e.g. cardiovascular disease, myocardial infarction, stroke,
congestive heart failure, and end-stage renal disease (11-15). Mortality rate of HT and
stroke is one of the sixth priorities of non-communicable disease (NCD). It increased
from 5.10 per 100,000 population in 2002 to 5.41 per 100,000 population in 2003 (9,
10). Therefore, prevention and control of HT becomes an important goal to reduce the
incidence of HT, and its complications (16). In meta-analysis study, 10-12 mmHg
decreased in systolic blood pressure (Systolic BP) and 5-10 mmHg decreased in
diastolic blood pressure (Diastolic BP) reduced mortality rate from cardiac disease to
20 percents (17).

Epidemiological research during the past decades has reported that dietary
sodium (Na) is an important contributor to the pathogenesis of HT (18). Higher blood
pressure (BP) had been observed in population with higher Na intake. Furthermore, it

has been found that Na restriction of hypertensive patients resulted in a significant
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reduction of BP (19-21). The current recommendation of World Health Organization
(WHO) (22) and the seventh report of the Joint National Committee (JNC VII) (21)
for prevention and control HT is to consume Na no more than 2,400 mg/d
(approximately 6 g of sodiumchloride). In Thailand the suggestion of moderate Na
intake has been endorsed as part of the food based dietary guidelines since 1995. To
date, there is a little data of the actual intake of Na intake in Thai population.
However, it is likely that Thai people consume higher Na than the recommendation.
The relevant data from the Ministry of Public Health, Thailand indicated that using
condiments in Thai population has been increased from 7 g/d/person in 1960 to 20.3
g/d/person in 1995 (23, 24). The regular condiments such as fish sauce, soy sauce,
flavored sauce, oyster sauce, are high in Na, ranging from 1,000 to 1,600 mg per
serving (15 g). Around 98 percent of Thai people add condiments everyday (24).
Therefore, the suggestion of “do not add condiments during eating” has been provided
during diet therapy especially for hypertensive individuals. Although this suggestion
seems to be easy, it is likely difficult for many people to follow due to unpleasant-
flavor foods. The low-tasty Na condiments may be an alternative successive way to
reduce Na intake of Thai people, and perhaps reduce risks of hypertension and

cardiovascular disease. Currently there is no data to support this issue.

Objective
To study the effect of diets prepared by using low-sodium condiments on

lowering blood pressure in hypertensive persons.

Specific objectives
The specific objectives of the present study were as follow:
1. To determine sodium and potassium contents in diets prepared by using normal
and low sodium condiments.
2. To investigate the effect of low sodium restriction on systolic and diastolic blood
pressure by using low-sodium condiments.
3. To investigate diurnal blood pressure along the day during the intervention period.
4. To investigate the relationship between sodium, potassium intake and urinary

sodium, potassium excretion.
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CHAPTER IT
LITERATURE REVIEW

2.1 Definition of hypertension
HT is usually defined as a systolic BP of 140 mmHg or greater and/or a
diastolic BP of 90 mmHg or greater (22).

2.2 Classification of hypertension

HT can be categorized on the basis of severity and etiology as follow.

2.2.1 Classification by severity
According to the JNC VII, BP can be classified as normal,
prehypertension and HT stage 1 and 2 as shown in Table 2.1 (21). The diagnosis of
HT is made when diastolic BP on at least 2 subsequent visits is > 90 mmHg or systolic
BP is consistently > 140 mmHg (average of two or more BP measurements).
Individuals with prehypertension tend to maintain pressures that are above average for
the general population and are at greater risk for development of definite HT events

than the general population.

Table 2.1 Classification of blood pressure for adults aged 18 years and older by INC
VIIL

Category Systolic BP Diastolic BP
(mmHg) (mmHg)
Normal <120 and <80
Prehypertension 120-139 or 80-89
Hypertension
Stage 1 140-159 or 90-99

Stage 2 >160 or >100
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World Health Organization- International Society of Hypertension
(WHO-ISH) recommended and classified HT in adults, as optimal, normal, high-
normal, grade 1, 2, 3 and isolated systolic HT as shown in Table 2.2 (22). BP must be
measured at least twice and found that it is high before diagnosis of hypertension.
Borderline HT becomes a subgroup within grade 1 and isolated systolic HT. Isolated
systolic HT is defined as systolic BP > 140 mmHg and diastolic BP < 90 mmHg.
When patient’s systolic and diastolic blood pressure fall into different categories, the

higher category should be applied.

Table 2.2 Classification of blood pressure for adults aged 18 years and older by
WHO-ISH

Category Systolic BP Diastolic BP
(mmHg) (mmHg)
Optimal <120 <80
Normal <130 <85
High-normal 130-139 85-89
Grade 1 hypertension (mild) 140-159 90-99
Subgroup : borderline 140-149 90-94
Grade 2 hypertension (moderate) 160-179 100-109
Grade 3 hypertension (severe) >180 >110
Isolated systolic hypertension >140 <90
Subgroup : borderline 140-149 <90

2.2.2 Classification by etiology
HT is classified according to etiology as primary or essential HT, in
which the cause is unknown; or secondary to a specific disorder, such as renal disease,

neoplasia, or pregnancy. More than 90 % of the cases of HT are essential HT (25).

2.3 Pathophysiology of hypertension

BP is the force of blood against the arterial blood vessel. BP is the product of
the cardiac output (CO) and the total peripheral vascular resistance (TPR). This
relationship can be written as the equation: BP = CO X TPR. As shown in Figure 2-1,
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the pathophysiology of HT is the consequence of increased cardiac output and/or
peripheral vascular resistance, resulting from the alteration of sympathetic nervous

system, renal function, renin-angiotensin system, hormone and mechanism of other

factors.
Excess Reduce Stress Genetic Obesity Endotherium
sodium nephron alteratio Derived
intake number T Factors
Sympathetic <> Renin Cell ‘
Nervous over  Angiotensin Membrane Hyper-
activity excess alteration  insulinemia
Renal Decrease d
sodium filtration
retension surface
T Fluid volume Venolus
constriction
T T T Vv
Preload Contractility Functional Structural
| | constriction hypertrlophy
BLOOD = CARDIAC OUTPUT X PERIPHERAL RESISTANCE
PRESSURE (CO) (PR)
HYPERTENSION = Increased CO and/or Increased PR
/L Autoregulation 41\

Figure 2-1. Pathophysiology of hypertension adapted from Kaplan’s clinical
hypertension (25).

CO is the blood volume that the heart pumps to the human body in one minute.
CO increases if stroke volume and the heart contractility increase. Stroke volume is
blood volume before the heart pumps. Stroke volume increases as the effect of
vasoconstriction and fluid retention consequently from high Na intake and Na
retention of renal. In a stress situation, heart contractility increases and peripheral
vascular resistance increases from deterioration of vessels and other factors such as

renin-angiotensin excess, cell membrane alteration, hyperinsulinemia that affect from
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stress, genetic alteration, obesity, and hyperthelium derived factors. The
autoregulation can be described that with increased CO, more blood flows through the
tissue than is required, and the increased flow delivers extra nutrients or removes
additional metabolic products; in response, the vessels constrict, decreasing blood flow
and returning the balance of supply and demand to normal. Thus, PR increases and
remains high by the rapid induction of structural thickening of the resistance vessels

(25).

2.4 Factors influencing blood pressure

The factors influencing BP in primary HT are divided to 2 main factors.

2.4.1. Non-modifiable factors: age, gender, ethnicity, and genetic
Aging
Arterial pressure tends to increase with aging in most populations, thus
effecting to increase the incidence and prevalence of HT in the elderly. These
increases in pressure most often involve systolic and pulse pressure, whereas diastolic
pressure tends to decrease or remains at the same level. The relation between age and
BP has been demonstrated in many cross-sectional or longitudinal studies (1, 26, 27).
In the Framingham Heart Study, the incidence of HT was shown to increase from 3.3
% in men between 30 and 39 years of age to 6.2 % in men between 70 and 79, and
from 1.5% to 8.6 % in women of comparable ages (28). The prevalence of HT also
increased with age; it was about 25 % in 40- to 50-year-old men and increased to well

over 50% after the age of 60 years (28).

Ethnicity
Ethnicity also plays an important role in the pathogenesis of HT. The
prevalence of HT is higher in African-Americans than in other ethnic groups. The
incidence of HT has been reported to be comparable in Mexican-Americans and non-

Hispanic whites but is lower in Asian-Americans (29).
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Gender
The prevalence and incidence of HT are slightly higher in men compared
to those of women. This gender difference is greater in the young and middle-aged

population, but it decreases or even reverses in older subjects (28).

2.4.2. Modifiable factors: body mass index (BMI), smoking, alcohol
intake and dietary intake

Body mass index
Relationship between BMI and BP has been well established in both
cross-sectional and longitudinal studies. Large intervention trials of Hypertension
Prevention Collaborative Research Group demonstrated a decrease in the incidence of
HT and reduction in systolic and diastolic BP after reducing body weight (30). A 4 %
reduction in body weight over 3 years resulted in a decrease in both systolic and
diastolic pressure of 2.4 and 1.8 mmHg, respectively (31). Similarly, the Trial of
Hypertension Prevention, Phrase I (TOHP-I) study, conducted in a cohort of 35 to 54
year old men and women demonstrated a reduction of 2.9 and 2.3 mmHg in systolic
and diastolic BP, respectively, after weight loss of 3.9 kg over an 18-month period of

follow-up (32).

Smoking
The relation between smoking and HT still remains to be established (21).
Nevertheless, both systolic and diastolic BP are increased after a single cigarette (33).
In the heavy smoker consuming two or three or more packages per day, arterial

pressure may be increased most of the time (33).

Alcohol consumption
Fuchs et al (34) studied effect of alcohol consumption on the incidence of
HT in 8,334 black and white American men and women in a 6-year follow up. The
risk of developing HT was found to be higher in all subjects when the alcohol
consumption was greater than 210 g/wk. Ethanol intake lesser than 210 g per week

was a risk factor for HT only in black men (34). Moreover, reduction in alcohol
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consumption was associated with a mean decrease of 3.31 mmHg for the systolic BP

and 2.04 mmHg for the diastolic BP (35).

Dietary factors
Dietary factors are among the most potentially modifiable determinants of
BP level and the occurrence of HT. The relationship between electrolyte and BP level
is complex and controversial. So far, most research in this area has focused on effect
of Na and K intakes on BP level. More recently, interest has broadened to include the
effect on BP of dietary calcium (Ca) and magnesium (Mg) intakes. The relationships

between dietary factor and BP have been described in next session.

2.5 Dietary factors and hypertension
2.5.1 Sodium and blood pressure

There is considerably evidence relating Na intake to BP. Analysis of the
international study of electrolyte excretion and blood pressure (INTERSALT)(36-38),
which included more than 10,000 subjects across 52 centers around the world, showed
a significant relation between salt intake, BP, the upward slop of BP with age, and the
prevalence of high BP. For individuals, the within-population analyses demonstrated
that the relationship between Na excretion and BP was similar for nonhypertensive
and all participants, indicating that varying degrees of salt sensitivity of BP occur
throughout the population. Overall the principle observations in INTERSALT were
that (1) for individuals, a difference of 100 mmol (equivalent to 2,300 mg or 5.9 g
sodiumchloride) per day in Na intake was associated with a difference of 3 to 6 mmHg
in systolic BP; and (2) for populations, a 100 mmol/d lower Na intake was associated
with attenuation of the rise in systolic BP by 10 mmHg in person aged 25 to 55 years.
It was also found that in several isolated, preliterate population in 4 remote
INTERSALT samples in which Na excretion was low, there was little of no HT, and
no upward slope of HT with age.

A positive relation between dietary Na and BP has been shown from
observational studies in humans. Comparison of BP between Yi farmers who had or

had not migrated to an urban area and a group of Han residents of the same urban area
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found that BP raised very little with age in the Yi farmers but increased with age in Yi
migrants and Han residents. (39)

Randomized, controlled trials provide compelling evidence for a causal
relationship between dietary Na and BP. Despite reservations about the limitations of
meta-analyses, 2 recent meta-analyses document consistent reductions in BP in
response to lowered intake of Na (13, 40). In one meta-analysis of 32 trials, estimated
median reductions of 24-h urine Na excretion across trials were 76 mmol (1,748 mg)
and 106 mmol (2,430 mg) in hypertensive and nonhypertensive subjects, respectively;
overall reductions of systolic and diastolic BP were 1.9/1.1 mmHg in nonhypertensive
subjects and 4.8/2.5 mmHg in hypertensive subjects (13). Similarly results were
found in a second meta-analysis of 52 trials. The estimated median reductions of Na
excretion across trials were 79 mmol (1,817 mg) and 133 mmol (3,059 mg) for
nonhypertensive and hypertensive subjects, respectively; overall reductions of BP
were 1.6/0.5 mmHg in nonhypertensive subjects and 5.9/3.8 mmHg in hypertensive
subjects (40). The reductions in BP by a diet lower in Na are more prominent in
hypertensive than in nonhypertensive individuals. In a recent 18-month study, He et al
demonstrated a net reduction (compare with the control group) of 3.3 mmHg and 1.7
mmHg for systolic and diastolic BP, respectively. Results form He et al (41) and
Benetos et al (42) and showed that low dietary Na intake significantly lowered BP
when compared with normal dietary Na intake. This report is in line with the
Cappuccio study (15) which found that decreased Na intake to 80 mmol (1,840 mg)
effected both SBP and DBP reduction of 7.2/3.2 mmHg, respectively.

The Trials of Hypertension Prevention (TOHP) evaluated the effects of
nonpharmacological therapy BP in adults with high-normal BP. In phase I, systolic
and diastolic BP were significantly reduced in separate groups treated with weight loss
or reduction of NaCl intake over 18 months (32, 43). The results of phase I were the
basis for phase Il of TOHP, which more extensively evaluated the effects of weight
loss and reduced Na intake, alone and in combination, on BP over 3 to 4 years in
overweight adults with high-normal BP (30). Compared with BP in a usual-care
control group, at 6 months, systolic and diastolic BP were both significantly reduced

by weight loss alone (6.0/5.5 mmHg) and lowered Na intake alone (5.1/4.4 mmHg).
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At 6 months, hypertension incidence was 7.3% in the usual care group, 4.2% in the
weight loss group, 4.5% in the reduced-Na group, and 2.7% in the combined weight
loss-reduced-Na group. Beyond 6 months, the interventions were less effective for
maintaining both weight loss and lowered Na intake, and the impact on BP was also
lessened. At termination of the study there were small but significant reductions in
systolic BP in the weight loss and low-Na group, whereas reduction of systolic BP in
the combined-intervention group (weight loss and low Na) did not achieve statistical
significance. Reduction of diastolic BP was significant only in the weight loss group.
The incidence of hypertension during the entire course of the study was significantly
lower in each of the 3 intervention groups (approximately 38%) than in the usual-care

group (44%).

There is considerable evidence that NaCl, rather than sodium per se, is
responsible for the known adverse effects of dietary salt. Many people doubted
whether other form of Na such as sodium citrate, sodium bicarbonate or sodium
phosphate could effect to raise BP. McCarty (44) concluded that many studies in both
animal and human indicated that, other sodium salt such as sodium citrate, sodium
bicarbonate or sodium phosphate have not effects to increase in vascular volume, and
BP by Na-retention since the retention of Na and subsequent development of HT
depend on the presence of an appropriate chloride (Cl). Indeed, if dietary CI is
severely restricted, the renal tubular Na K-ATPase must do disproportionate part of
the work required to retain Na, whereas when Cl intake are more ample, Na, K, 2Cl
co-transport can play the role in this regard (44). However, sodium citrate and other
sodium salt do share one important property with NaCl; that when administered to
humans consuming a low salt diet, they markly suppress the production of rennin and
angiotensin II, and dampen the activity of the sympathetic nervous system. The
available evidence suggests that their impact in this regard may be somewhat less

dramatic than that of NaCl.

Salt sensitivity and salt resistance.
One importance reason for difference in findings across both observational

and experimental studies may be that individuals vary in their susceptibility to the
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effect of Na on BP. Usually, salt sensitivity is considered a categorical parameter,
with salt-sensitive individuals being defined as those with a difference in mean arterial
pressure (MAP) between low and high-Na diet >10%, and salt-resistant subjects those

in whom MAP does not increase or shows an increase <5% under Na loading (45-47).

Blacks have been consistently shown to have a greater frequency of salt
sensitivity than whites. Weinberger et al (48)observed that 73% of black hypertensive
patients were salt sensitive compared with 56% of a white hypertensive group; but in
the normotensive population, the frequency of salt sensitivity among blacks (36%) was
similar to that seen among whites (29%). Similar observations of a greater frequency
of salt sensitivity among blacks have been reported in other studies. Increasing salt
sensitivity has been noted with increasing age in several such studies (48-51). This
relationship appears to be stronger in hypertensive than in normotensive individuals
(49). In the large epidemiological INTERSALT study (52), the relationship between
Na excretion and BP was most notable when examined on the basis of age. Moreover,
Sullivan et al (49) has recently reported observations in subjects who were followed
for at least 10 years after the initial classification of salt sensitivity. They found that
salt-sensitive individuals had a rise in BP over time, which was significantly greater
than in those who were salt resistant. An influence of sex has been suggested by some
investigators (53) who found salt sensitivity among female hypertensive patients but
not in males when changed from a diet containing 15 g/d salt to one containing 3 g/d.
Other investigators have not confirmed this effect of sex on salt sensitivity (48, 51). In
view of the age-related effect cited by many investigators (54-56), such a separate sex
effect may be difficult to discern. Another possible explanation is that since women
are typically lighter in weight than men and since all of the studies examining salt
sensitivity have administered a uniform amount of Na to all subjects in each phase of
the study, women may have received a greater salt load on a body weight basis than

did men, thus making it more likely that a response would be observed in women.

Mechanisms of sodium and hypertension.
The mechanisms by which Na intake may increase BP still not completely

understood. Blaustein and grim (57) explained that when more Na is ingested than the
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kidneys are able to handle (excrete), there is a (transient) slight positive Na balance; as
a result Na, chloride, and water are retained, resulting in an expansion of plasma
volume (Fig. 2-2). The initial physiologic responses include the increased secretion of
atrial natriuretic peptides (ANP) and the digitalis-like substance (natriuretic hormone),
and inhibition of vasopressin and aldosterone secretion. The net effect directly
enhanced natriuresis and diuresis, and a reduction in plasma volume, with no
significant effect on BP. However, if there is a continuing tendency to Na retention
and volume expansion, the capacity of the aforementioned mechanisms to control
plasma volume will be exceeded; then, the chronically elevated level of natriuretic
hormone will inhibit the sodium pumps in the arterial and venous smooth muscle cells
and in the sympathetic neurons. The increased venous tone will help to reduce plasma
volume directly by reducing central venous volume. Arterial tone will be increased by
direct action of natriuretic hormone on the arterial smooth muscle and, indirectly, via
the hormone's action on the sympathetic neurons. Initially, of course, BP will be
maintained in the normal range (but will be labile) because of the compensating
cardiovascular reflexes. Once the capacity of these reflexes to control BP is exceeded,
however, the BP will begin to rise; this will induce a pressure natriuresis to help

restore plasma volume to normal (Fig. 2-3).

Na+, Cl-, H,O retension

asma volume expans ion \

T ANP irluretlc hormone sopressm altiosterone

—
Y

Promote natriuresis and diuresis

plasma volume decreased ( little effects to blood pressure )

Figure 2-2 Mechanism of blood pressure increasing when sodium load (57).
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natriuretic hormone

arterial vascular smooth cell venous smooth muscle cell sympatetic neurons

Tarterial tone Venoﬁls tone sympathetic activity

Tarterial blood pressure ﬁlliﬁg

T ANP, natriuretic hormone

Effect to increased blood pressure

Figure 2-3. Effect of natriuretic hormone to increased blood pressure (57).

From plasma rennin activity study in 20 essential hypertension, definded
subjects into 2 groups: salt sensitive and salt resistance. The study found that Na load
from 25 to 250 mmol/d in salt sensitive effected to increased BP by increased CO,
change in distribution of local blood flow (blood circulated into liver and kidney was
constant whereas blood circulated into skin was increased) and difference in vascular
resistance (contraction of abdominal organ, tight of hemodynamic characteristic) (58,
59)). The change in vascular resistance similar to the defense response of sympathetic
overactivity (58, 59). In salt sensitive people when they were on high salt diet (360
mmol/d), the increase in MAP was observe in accordance with the increase in

norepinephrine and angiotensin II (60).

2.5.2. Potassium and blood pressure.
Both epidemiological and clinical studies have strongly suggested that an

increase in K intake also lowered BP (38, 61-63).
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In INTERSALT, the relationship between urinary K and BP was
explored in 52 centers (38). Results demonstrated that 40 mmol increase in urinary K
excretion was associated with 1.8 and 1.2 mmHg lower levels of systolic and diastolic
BP, respectively.

In a clinical study, Franzoni et al (61) demonstrated that supplement
potassium aspartate 30 mmol/d in hypertensive subjects was significantly lower
systolic and diastolic BP 12/8 mmHg. This was supported by the conclusion of 2
recent meta-analyses of clinical trials that oral K supplement (60 to 120 mmol/d)
lowered BP by 1.8/1.0 mmHg in nonhypertensive subjects and 4.4-8.2/2.5-4.5 mmHg
in hypertensive subjects (62, 63). This suggested that the magnitude of the BP-
lowering effect was greater in hypertensive than in nonhypertensive persons and more

pronouced in persons consuming a diet high in Na.

2.5.3. Dietary Approaches to Stop Hypertension and blood pressure

The Dietary Approaches to Stop Hypertension (DASH) trial
demonstrated that a diet that emphasizes fruits, vegetables, and low-fat dairy products,
that includes whole grains, poultry, fish, and nuts, that contains only small amounts of
red meat, sweets, and sugar-containing beverages, and that contains decreased amount
of total and saturated fat and cholesterol lowered BP substantially both in
normotensive and hypertensive persons (64, 65).

In a randomized, multicenter study, the DASH trial (65) evaluated the
effects on BP of 3 dietary patterns over 8 wk in 459 adults with high-normal BP or
mild HT. The dietary interventions were (1) a control diet with K, Ca, and Mg levels
close to the 25™ percentile of US consumption; (2) a diet rich in fruits, vegetables; and
(3) a “combination” diet rich in fruits, vegetables, and fat-free or low-fat dairy
products or DASH diet. The Na intakes in 3 these dietary pattern were about 3,000
mg/d. The study diets were relatively high in K, Ca, and Mg content. Compared with
the control diet, the study diets also were higher in fiber, protein, carotenoid, and
folate, and lower in total fat, saturated fat, and cholesterol. Systolic and diastolic BP
were significantly reduced by the diet enrich with fruits and vegetables (2.8/1.1

mmHg) compared with the control diet. Reduction in BP was even greater extent by
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the DASH diet (5.5/3.0 mmHg). The greater effect of the DASH diet was manifested
in both hypertensive (11.4/5.5 mmHg) and normotensive (3.5/2.1 mmHg) persons.
One DASH trial (64) including 8-wk feeding study the average BP reduction
in systolic and diastolic BP were 11/6 mmHg among those with HT and 4/2 mmHg
among those without HT with the greatest reduction in black HT persons. The
response of BP almost certainly is not attributable to the influence of a single nutrient.
Compared with the control diet, the DASH diet has an increase in Ca content, a lower
Na content (3,000 mg/d), 173 % higher Mg, 150 % higher K, 240 % higher fiber, and
30% higher protein. Other non-targeted nutrients were also higher e.g. vitamin A, B
(66), C, and E, folate, riboflavin, phosphorus, and zinc (67). Although it was not
designed to identify the effective nutrients of the diets on BP, the DASH trial

convincing reaffirmed the importance of multiple factors in the diet for BP control.

2.5.4. Other dietary factors and blood pressure

The relation between Ca intake and BP has also been examined in meta-
analyses. One meta-analysis pooled data from 22 clinical trials involving Ca
supplements of 400 to 2,160 mg/d (66). It showed a decrease in systolic BP of 0.5
mmHg for trials involving normotensive persons and 1.7 mmHg for trials involving
hypertensive persons. A second meta-analysis of 33 trials involving Ca supplements
of 1,000 to 2,000 mg/d showed a reduction in systolic BP of 1.3 mmHg in
normotensive participants (68). These data indicate that Ca supplementation has a
small effect on SBP level in hypertensive persons and an uncertain effect in
normotensive individuals.

There are inconsistent findings associating Mg with BP level. A recent
review of 20 observational studies concluded that the evidence suggested an inverse
association between Mg intake and BP level (69). However, recent controlled clinical

studies showed no significant effect of Mg on BP (70).

2.6 Management of hypertension

The primary goal of managing HT is to prevent morbidity and mortality from
cardiovascular disease (CVD). Treating SBP and DBP to target that are less than
140/90 mmHg is associated with a decrease in CVD complications. In patients with
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HT with diabetes or renal disease, the BP goal is less than 130/80 mmHg (Figure 2-
4)(21, 71). Management of HT includes lifestyle modifications and pharmacological

treatments.
Lifestyle
modification
Not at goal BP (<140/90 mmHg or <130/80
mmHg for person with DM or kidney disease
I
Initial drug choice
I
I I
HT without compelling HT with compelling
indications indications
|
' ' :
Stage [ HT Stage [ HT Drug for the compelling
Thiazide -type diuretics 2 drugs combination for indications
for most most (see table 2.4)
May consider ACE- (usually Thiazide -type Other hypertensive drugs
inhibitor, ARB, diuretics and ACE- (diuretics, ACE-inhibitor,
B-blocker,CCB or inhibitor or ARB or ARB, B-blocker, CCB)

combination B-blocker or CCB as needed
I
v

Not at goal BP

!

Optimized doses or add additional drug until
goal BP is archived

Figure 2-4 Algorithm for treatment of hypertension adapted from the seventh
report of INC (21).

2.6.1 Lifestyle modifications
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Adoption of healthy lifestyles by all individuals is critical for the
prevention of high BP and an indispensable part of the management of those with HT.
Major lifestyle modifications shown to lower BP include weight reduction in those
individuals who are overweight or obese (30, 41); adoption of DASH eating plan (31),
which rich in K and Ca (72); dietary Na reduction (31, 72, 73); physical activity (74,
75); and moderation of alcohol consumption (35) (Table 2.3). Lifestyle modifications
decrease BP, enhance antihypertensive drug efficacy, and decrease cardiovascular risk.

Combinations of 2 or more lifestyle modifications can achieve even better results.

Table 2.3 Lifestyle modifications to manage hypertension.

Modification Recommendation Approximate SBP

reduction, range

Weight reduction Maintain normal body weight 5-20 mmHg/ 10 kg

(Body mass index 18.5-24.9 kg/m®) weight loss
Adopt DASH eating ~ Consume a diet rich in fruits, vegetables, 8-14 mmHg
plan and low-fat dairy products with reduced

contents of saturated and total fat
Dietary sodium Reduced dietary sodium intake to no 2-8 mmHg
reduction more than 100 mmol (2.4 g sodiumor 6 g
sodium chloride)
Physical activity Engage in regular aerobic physical 4-9 mmHg
activity such as brisk walking (at least 30
minutes pre day, most day of the wk)
Moderation of alcohol Limit consumption to no more than 2 2-4 mmHg
consumption drinks per day (1 Oz. or 30 mL ethanol
(e.g. 24 Oz. beer, 10 Oz wine, or 3 Oz
80-proof whiskey) in most men and no
more than 1 drink per day in women and

lighter-weight persons

2.6.2 Pharmacological Treatment
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Excellent clinical trial outcome data prove that lowering BP with
several classes of drugs, including angiotensin-converting enzyme (ACE) inhibitors,
angiotensin-receptor blockers (ARBs), B-blockers, calcium channel blockers (CCBs),
and thiazide-type diuretics, will all reduce the complications of HT (17, 76-82).

Thiazide-type diuretics have been the basis of antihypertensive therapy in
most outcome trials (17). In these trials, including the recently published
Antihypertensive and Lowering Treatment to Prevent Heart Attack Trial (79), diuretic
have been virtually unsurpassed in preventing the CVD complications of HT.
Diuretics enhance the antihypertensive efficacy of multi-drug regimens and are more
affordable than other antihypertensive agents. Despite these findings, diuretics remain
underused (83).

Thiazide-type diuretics should be used as initial therapy for most patients
with HT, either alone or in combination with one of the other classes (ACE inhibitors,
ARBs, B-blockers, CCBs). The list of compelling indications requiring the use of
other antihypertensive drugs as initial therapy are listed in Table 2.4. If a drug is not
tolerated or is contraindicated, then one of the other classes proven to reduce
cardiovascular events should be used instead. Most patients with HT will require 2 or
more antihypertensive medications to achieve their BP goal. Addition of a second
drug from a different class should be initiated when use of a single drug in adequate
doses fails to achieve the BP goal. When BP is more than 20/10 mmHg above goal,
consideration should be given to initiating therapy with 2 drugs, either as separate
prescriptions or in fixed dose combinations (Figure 2-3). The initiation of drug
therapy with more than 1 agent may increase the likelihood of achieving the BP goal
in a more timely fashion, but particular caution is advised in those at risk for
orthostatic hypotension, such as patients with diabetes, autonomic dysfunction, and
some older persons. Use of generic drugs or combination drugs should be considered

to reduce prescription costs (21).
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Table 2.4 Clinical trial and guideline basis for compelling indications for

individual drug classes.

High risk conditions Recommended drugs

with compelling Diuretic p-blockers ACE ARB CCB Aldosterone
indication* inhibitor antagonist
Heart failure X X X b¢ X

Post myocardial infraction X X X
High coronary disease risk X X X X

Diabetes X X X X X

Chronic kidney disease X X

Recurrent stroke prevention X X

* Compelling indications for antihypertensive drugs are based on benefits form

outcome studies or existing clinical guidelines.
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Study population

The hypertensive subjects were recruited from the screening BP of staffs at
Mahidol University (Salaya campus), Ampol food factory and Thepphadungporn
factory staff. BP measurement was repeated twice for anyone who was high and
interested to join the study. Study subjects were enrolled sequentially in groups; the
first group began in June 2004, and last group started in January 2005.

The inclusion criteria were:
1. Age between 20 and 60 years.
2. Essential hypertension newly diagnosed or previously diagnosed according to
JNC VII criteria (systolic BP is in the range of 140-160 mmHg, and/or diastolic BP
90-95 mmHg on more than three separate occasions).

3. They were not taking any vitamin or mineral supplements.

The exclusion criteria were:

1. Heart disease.

2. Kidney s disease or impaired renal function (mean plasma creatinine

concentration >200 mmol/l).
3. Edema from whatever cause.
4. Pregnancy.

5. Person, who were on a special diet.

The study protocol was approved by the Committee on Human Research of
Mahidol University. Written inform consent was obtained from all subjects after an

oral explanation of the study.
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3.2 Study design
The study consisted of 2 phases including 1) a 3-wk pre-experimental phase

and 2) a 9-wk experimental phase.

1. Pre-study phase (3 wk): This phase was divided into a 2-wk baseline and 1
wk run-in period.
Baseline (2-wk period): Subjects consumed their own usual diets. The
following activities were performed:

o In the first week, subjects were asked to record their usual intakes for 3
days. The example of 24-h dietary record is in Appendix A. The 24-h dietary records
were calculated for energy, macronutrient, Na and K intakes by IMMUCAL program
version ND 2. These data were used to estimate energy of diets provided during the
study period.

. In the last week, subjects collected 24-h duplicate meals along with 24-
h urine collection for 3 days. The duplicate meals and 24-h urine were analyzed for
Na and K.

. Menu items used during the experimental period were selected by
individual subject based on their merit. The example of the menu item questionnaire
is in Appendix B.

Run-in (1-wk period): Subjects consumed diet (using regular condiments)
prepared by the researchers. The diet was a seven-day rotating menu. This was done
in order to allow all subjects to adjust to the regimen and establish energy need.
Estimation of energy requirement was calculated by using the Harris Benedict
equation (85) plus an activity factor. Amount of foods provided was also changed or
adjusted proportionately to have enough food and maintain body weight of individual
subject. Lunches were consumed in the Institute of Nutrition or their workplace.
Subjects picked up dinner, breakfast at lunch for home consumption. Weekend meals
were picked up on Friday and kept in refrigerator. Subjects warmed their foods before

eat followed the instructions given by a researcher.
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2. Study phase

The study was a randomized crossover controlled feeding trial consisting of
two 4-wk feeding periods, separated by a 1-wk washout period, in which subjects were
free to consume self-selected diets. Subjects were randomly assigned to receive either
the normal sodium condiment diet (NSD), or low-sodium condiment diet (LSD) for 4
wk. At the end of this period, the study diet was stopped for 1 wk; a crossover was
then made, with subjects in group | take the NSD before LSD and subjects in group Il
take LSD before NSD. Based on the randomization, there were eight subjects who
were in group 1, and the rest were in group 2. The diagram of study protocol is shown
in Figure 3-1.

Lunches were consumed in the Institute of Nutrition or their workplace.
Subjects picked up their food the same protocol as that of the run-in period.
Researcher provided fish sauce or soy sauce for individual subject day to day in which
they could add to their foods based on their merit. Amount of condiments added by

individual subject was recorded every day.

Control diet Low sodium
4 wKk. Washout condiment diet
1 wk 4 wK.
Baseline Run-in
2 WK. 1 wk
Low sodium Control diet
condiment diet Washout 4 wk.
4 wk. 1 wk

Figure 3-1. Study protocol

3.3 Study diet

A fourteen-day rotating menu was developed for individual subject based on
their preference and energy need. The information obtained during the run-in period
was the basis for the developing the study menu. Examples of the menus used in this

study are shown in Appendix C. Major nutrient composition (energy, protein, fat
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carbohydrate and fiber) of each menu was calculated by using INMUCAL program
version ND 2.

Na and K contents of all condiments used in this study were analyzed. These
values (appendix D) were used in the INMUCAL program to calculate Na and K
contents in each menu.

The preliminary study of sensory evaluation of the developed menus using
normal-Na condiments was conducted in order to obtain food menus that would be
well-accepted by the subjects. The same 14-day rotating menu was given to the
subjects either in the NSD or LSD. The only difference was the use of low-Na
condiments to substitute for the regular ones.

All subjects agreed to consume only and all the foods presented to them. The
only exceptions were water, juice (no added Na), tea, coffee and fresh fruits,
depending on individual eating habit. The amount of beverage (except water) or fruits
taken was recorded daily. In order to make foods more favorable to them, subjects
were allowed to add extra condiments provided by the researcher into their
experimental diets while the amount of all added condiments were recorded and
calculated.

Raw ingredients used during the study period were purchased in bulk from
the same market to decrease variation due to processing batches.

Compliance to diets was evaluated in detail by the researcher during each
appointment and also by regular 24-h urinary Na excretion analysis at the middle and

at the end of each period.

3.4 Measurement
1. Height and body weight
Measurement for height (Ht) was done with a microtoise. Body weight (BW)
was measured using beam balance scale with light clothing and without shoes at the
beginning of the study. BW was recorded weekly by using the same beam balance
scale. Readings of Ht and BW were taken to the nearest 1-centimeter and 0.1 kg,

respectively.



Weerawan Limmanon Materials and Methods / 24

2. Blood pressure

Prior to the study, each sphygmomanometer was calibrated by a specialist in
The Medical Instrument Department, Ramathibodi Hospital. The digital
sphygmomanometer used by individual subject was validated with a mercury
sphygmomanometer every Monday. Subjects were asked to measure BP themselves
by using their own digital sphygmomanometers after the researcher measured BP by
using mercury sphygmomanometer. The readings from these two instruments were
compared.

The standard BP was measured by the same researcher after lunch everyday
on the right arm in a sitting position using the same mercury sphygmomanometer
(after rest for 5 minutes). Korotokoff sound 1 was used for systolic and sound 4 for
diastolic. Home BP was measured by the subjects themselves using NISSEI digital
BP measurement model 157. All subjects were well instructed and standardized the
way to measure BP by this instrument. For each record the mean from 3
measurements was used. Stressful occurrences such as illness, accidents or crises
were recorded and these readings were excluded.

Baseline BP was defined as the average of the three preintervention
measurements taken on three separate occasions at least 2 days apart. BP at each week
during the intervention period was defined as the average of the BP measured on
Tuesday, Wednesday and Thursday.

Diurnal blood pressures were self measured for 3 times a day: just after
waking up, before dinner, and just before sleeping on the right arm and sitting position
(after resting for 5 minutes). Diurnal BP at each week during the intervention period
were taken in the same manner as the standard BP.

3. 24-h urine collection
Subjects were asked to collect complete 24-h urine sample for continuous 3
days, every two weeks. Subjects received verbal and written instruction (Appendix E)
on the technique of collecting 24-h urine sample. On the first morning of the urine
collection, subjects were asked to discard their first urine specimen and from then on
to collect all specimens for the next 24 h, including the first urine specimen of the next
day. The urine was collected in plastic containers without any preservative for 24-h

and kept in cool area. Prior to the urinary collection, every subject was given a urine
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container which had a name tag written on it. The tight lid was rechecked to prevent
any leak that may happen. In addition, the urine container was kept upright position
all the time and put inside a fixed fabric container during the transportation.

Urinary volume was measured on each collection day, and 30 mL of urine was
aliquoted in five plastic bottles and kept frozen at -20 °c for further analysis of Na and
K. During each collection period, the subjects were asked whether urine collection
was completed, or any leaking during the 24-h collection. Completeness of urine
excretion was ascertained on the basis of the 24-h creatinine excretion. Na and K
levels in urine were analyzed by AOAC method (86) using flame Atomic Absorption
Spectrometry (Model Spectr AA-20, Varian Associates, Australia). Creatinine
concentrations in urine were analyzed by the Jaffe method (87).

4. Blood collection

Blood screening was done during the first week of pre-study phase. If there
were any abnormal values that affected the study, subjects were informed and
excluded from the study. Blood samples were collected at the end of each study diet
for routine analysis. Blood samples were drawn from 7:00 A.M. to 8:00 A.M. after an
8-h overnight fast. An 11 mL blood sample was taken by venipuncture. Blood was
drawn into two safety tubes: 4 mL containing EDTA for plasma and 7 mL without
anticoagulant for serum. Blood samples were centrifuged within %2 to 1 hr of the
blood drawn to separate plasma and serum. All samples were stored at 4-7 °C during
transportation to the Pathophysiology Department of Ramathibodi Hospital for further
analysis.

5. Stress status
Stress status of individual subject was evaluated by a stress level
questionnaire (Appendix F) developed by Psychiatry Department, Ministry of Public
Health at the end of each study period.

3.6 Statistical analysis

Statistical for the Social Science (SPSS) for window Release 13.0, Standard
Version was used to perform statistical analyzes. The data of each variable was tested
the normality of the distribution using the Kolmogorov-Smirnov test before further

analyses. The statistical significance was considered at P-value less than 0.05.
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Comparison of dietary nutrients intake, Na and K intakes between the NSD and LSD
were analyzed by using paired t-test. The average BP on Tuesday, Wednesday and
Thursday during run-in, wk 1, wk 2, wk 3 and wk 4 of the NSD and LSD were used to
represent BP in each week. Repeated measure of ANOVA models adjusted for age
and BMI was used to test BP responded at the end of each intervention diet, weekly
change in both systolic and diastolic BP during the NSD and LSD, the change of
diurnal BP between time of the day and the difference of urinary Na and K excretion
between each intervention diet. Least significant difference was used to compare
multiple comparisons. Comparison of the changes in both systolic and diastolic BP at
the same time of each intervention diet was analyzed by using paired t-test. In
addition, carry over effect was determined by comparison of the initial BP between the
NSD and LSD using pair t-test. The average of 3-d Na, K intake and urinary Na, K
excretion at wk 2 and wk 4 of each diet were used to test the correlation. Pearson]s
correlation was used to determine correlations between Na or K intake and urinary Na

or K excretion.
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CHAPTER IV
RESULTS

Eighteen hypertensive subjects according to the criteria of JNC VII were
enrolled in the study. There were 15 stage | hypertensive subjects who had recently
been diagnosed, one stage | hypertensive with diabetes mellitus also took diabetes
mellitus medication (glybenclamide 5 mg in the morning and evening) and 2
hypertensive subjects took antihypertensive medications. One person took prazosin 1
mg and hydrochlothiazide 50 mg in the morning and the other took nifedipine 30 mg
in the morning. There was no change in doses or types of medication before starting
study for at least 3 months and during the study. All subjects completed the study. No
one took any supplements or drink any alcohol during the study. There was one

subject who smoked a curl of cigarette after meal everyday.

Part | General characteristics of participants at baseline.

General characteristics of the participants at baseline of the study are shown in
table 4.1. The subjects consisted of 9 females and 9 males. Their mean age, BW and
body mass index (BMI) with standard deviation were 44.4 + 8.2 years, 64.6 + 11.1 kg
and 24.6 + 3.0 kg/m?, respectively. Systolic and diastolic BP were 147.9 + 12.4
mmHg and 96.6 + 9.0 mmHg, respectively. Mean baseline energy, Na and K intakes
of all subjects, which was calculated from 3-day 24 h dietary records before beginning
the study were 1,456.4 + 312.91 kcal/d, 2,907.9 + 966.1 mg/d and 1,230.2 + 413.4
mg/d, respectively. Cholesterol intakes from the same dietary records of male subjects
was 301.2 + 174.4 mg/d, which was significantly higher than that of female (103.6 +
96.1 mg/d).

Baseline stress score and blood biochemistry of all participants were in
normal ranges except that plasma cholesterol of all subjects and triglyceride in male
were slightly higher than the reference ranges (Table 4.2). Baseline creatinine and uric

acid values of male were also slightly higher than that of female.
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Table 4.1 General characteristics of subjects at baseline.

Parameters Male Female Total

Sex: Female/Male 9 9 18

Age (yrs) 438+95 45.0+ 7.1 44.4 +8.2
Height (cm) 164.8+ 6.7 157.4 +6.7 161.1+7.5
Weight (kg) 714+11.1 57.8+6.0 64.6 +11.1
BMI (kg/mz) 26.0+3.0 23.3+26 246 +3.0
Stress score (unit) 9.3+55 120+74 10.7 +6.5
Systolic blood pressure (mmHg) ! 149.4 + 13.6 146.4 + 11.6 1479+ 12.4
Diastolic blood pressure (mmHg) ! 98.7+ 8.3 944 +9.5 96.6 +9.0
Energy intake (Kcal/d) 2 1434.5+ 366.6 1481.4 +294.2 1456.4 + 312.9

Energy distribution (% of total calories) 2

Carbohydrate 58.9 +9.3 63.9 +9.8 61.2+9.2

Protein 16.0 + 3.6 13.3+3.7 147+ 3.7

Fat 25.1+6.1 229+6.9 241+6.1
Dietary fiber (g/d) > 8.0+4.3 9.6+ 4.4 8.8+4.1
cholesterol (mg/d) G 301.2+174.4 ® 1036 +96.1 g 209.0 + 166.1
Sodium intake (mg/d) 2 2921.9+1251.3 2892.0+711.4 2907.9 + 966.1
Potassium intake (mg/d) 7 1346.8 +423.6  1097.0+ 423.2 1230.2 +413.4

Data are presented as means + SD.

! average of 3 measurements at screening using a standard sphygmomanometer.
2 calculation from 24-h dietary record for 3 days.(n=15)

The different superscripts mean significant difference at P<0.05, paired t-test
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Table 4.2 Blood biochemistry of subjects at baseline.

Parameter Male Female Total Normal range*
Sodium (mmol/L) 1419+2.7 1411 +15 141.5+21 136.0- 145.0
Potassium (mmol/L) 43+0.1 39+04 41+04 35-55
Cholride (mmol/L) 104.4 +3.0 103.9+2.6 104.2 + 2.7 98.0 - 107.0
Bicarbonate (mmol/L) 25.1+2.0 249+ 3.8 25.0+3.0 22.0-29.0
Calcium (mmol/L) 24+0.1 23+0.1 24+0.1 2.2-2.62
Glucose (mmol/L) 5.0+ 0.6 56+2.1 573 Y5 42-6.4
Total protein (g/L) 78.1+4.0 77.8+4.1 77.9+3.9 64.0 - 82.0
Albumin (g/L) 46.8 +3.4 456 +3.1 46.2 +3.2 43.1-53.3
Alkaline phosphatase (U/L) 74.7 + 15.3 70.3+32.4 725+ 247 50 - 136
AST (U/L) 31.1+165 211+ 4.4 26.1+12.8 8.0 - 40.0
ALT (U/L) 62.6 +41.2 39.4+6.7 51.0+31.0 6.0 -48.0
BUN (mmol/L) 44+11 3.6+0.8 40+1.0 25-6.4
Creatinine (umol/L) 85.2+13.8 % 536 +7.8 b 69.4 +19.6 53.0 - 115.0
Uric acid (mg/dL) B2 R 6019 20-7.0
Cholesterol (umol/L) 59+1.0 g 1.0 58+1.0 3.8-5.2
Triglyceride (mmol/L) 21+10 1.4+0.7 1.8+0.9 0.34-1.7

Data are presented as means + SD.
The different superscripts mean significant difference at P<0.05, paired t-test

*normal range based on Harrison’s Internal Medicine (88).

Part I1. Diet adherence and dietary intake.

All subjects ate intervention diets, the NSD and LSD, provided by researcher
every day without any problems. They also ate extra fruits and milks in which they
normally ate before participating in this study. There were three subjects who
consumed other kinds of foods, including bread, glutinous rice streamed with banana
and coconut milk, fish ball, fried fermented pork, noodle, salapao sai moosub (Thai),
etc. during both study periods. Extra food items eaten by subjects were recorded daily
and calculated for their nutritive values including Na and K contents by using
INMUCAL program version ND 2 and reported in Table 4.3.



Weerawan Limmanon Results / 30

Average actual dietary nutrient intakes consumed by subjects during each
intervention period are shown in table 4.3. There were no significant differences in
energy intake, percentage of energy distribution, dietary fiber and cholesterol intake
between the NSD and LSD. Na intake during the LSD was approximately 2,500 mg
(108.7 mmol), which was lower than that of the NSD (3,840 mg or 167.0 mmol).
Inversely, K intake was approximately 1.5 times significantly higher during the LSD
compared with that of NSD.

Table 4.3 Actual daily nutrient intakes of subjects during the study periods.

Variables NSD LSD
Energy (kcal)

Experimental diet 1663.9 + 306.2 1676.5 + 315.5

Extra foods eaten by subjects 215.5 + 255.4 225.0+247.4

Total 1879.4 + 435.6 1900.1 + 416.5
Energy distribution (% of total calories)

Carbohydrate 48.8 +10.9 50.7 +9.9

Protein 214+11.1 20.3+11.4

Fat 33.5+5.8 328+7.9
Dietary fiber (g) 10.1+8.0 10.8+9.8
Cholesterol (mg) 210.9+94.2 200.5+101.3
Sodium (mg)

Experimental diet 3343.4 + 313.9 a 2104.0 + 205.8 b

Extra foods eaten by subjects 4975 + 353.3 402.1 +218.6

Total 3840.8 + 557.0 ° 2506.0 + 343.8"
Potassium (mg)

Experimental diet 1815.7 + 229.1 b 3043.3+ 3514 é

Extra foods eaten by subjects 275.0 +375.9 524.9 + 236.8

Total 2090.7 +495.3 b 3567.5 +497.2 4
Sodium:potassium ratio 19+0.3 a 0.7+0.1 b

Data are presented as means + SD.

The different superscripts mean significant difference at P<0.05.
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Na intake during both the NSD and LSD mainly came from the condiments
used during the cooking process and added during eating. Fifteen subjects added fish
sauce, whereas the rest (two subjects) added soy sauce. Amounts of condiments added
during the NSD (5.7 + 5.0 g.) and LSD (6.2 + 4.5 g.) were not different.

Table 4.4 Amount of condiments including their sodium and potassium contents

added in the experimental diets during eating.

Variables NSD LSD

Table condiments added during eating (g) B/ +5.0 6.2+45
sodium content (mg) 404.8 + 355.7 303.6 +211.2
potassium content (mg) 62.0 + 96.2 308.4 + 235.6

Data are presented as means + SD.

Food ingredients contributed approximately 18.7 % and 29.1 % of total Na
intake in the NSD and LSD, respectively. K intake during the NSD mainly (88.9 %)
came from the food ingredients, whereas K intake during the LSD derived
approximately equal amounts from both food ingredients and condiments used during
the cooking process (Figure 4.1). However, total Na and K intakes either in the NSD
or LSD were less than the upper limit of recommendation. In the present study, using
low Na condiments substitute for the regular ones could decrease Na intake by 1,340
mg/d (42.6%) and increase K intake by 1,463 mg/d.
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Figure 4-1 The proportions of sodium and potassium intakes derived from food

ingredients and condiments used during the cooking and eating

Part I11. Effects of sodium restriction by using low sodium condiments substitute
for normal sodium condiments.
1. Body weight and stress score

Body weight did not significantly change and stress scores were in a normal
range throughout the study (Table 4.5).

Table 4.5 Body weight and stress score of subjects at the end of each intervention diet.

Variables NSD LSD
Body weight (kg) 64.6 + 11.0 64.2 +10.8
Stress score (units) 9.7+4.1 9.7+54

Data are presented as means + SD.
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2. Blood biochemistry

All blood biochemical profiles were within normal ranges except that plasma
cholesterol and triglyceride were slightly higher than the reference ranges. However,
these values were not different from the baseline. All blood biochemical profiles did
not differ between the NSD and LSD (Table 4.6).

Table 4.6 Blood biochemistry of subjects each intervention diet.

Variables NSD LSD Normal range*
Sodium (mmol/L) 141.1+1.6 141.6 +2.3 136.0 - 145.0
Potassium (mmol/L) 42+04 42 +04 35-55
Cholride (mmol/L) 103.8 +1.8 104.1+2.1 98.0 - 107.0
Bicarbonate (mmol/L) 25.0+3.0 25.0+2.2 22.0-29.0
Calcium (mmol/L) 24+0.1 22+0.3 2.2-2.62
Glucose (mmol/L) K043 51+1.38 42-6.4
Total protein (g/L) DOERT Gh 77.8+3.9 64.0 - 82.0
Albumin (g/L) 46.2+2.6 483 + 9.4 43.1-533
Alkaline phosphatase (U/L) 721+ 321 76.5 +29.5 50 - 136
AST (U/L) 247+ 17.7 22.6+12.4 8.0-40.0
ALT (U/L) 49.3+35.7 46 +25.8 6.0 - 48.0
BUN (mmol/L) 45+0.7 46+09 25-6.4
Creatinine (?mol/L) 73.8 + 20. 73.9+25.2 53.0-115.0
Uric acid (mg/dL) 6.2+2.2 6.2+21 20-7.0
Cholesterol (?mol/L) 6.1+0.9 59+0.9 3.8-5.2
Triglyceride (mmol/L) 20+2.0 1.6+0.8 034-17

Data are presented as means + SD.
* normal range based on Harrison 's Internal Medicine (88).

3. Blood pressure

Comparisons of BP from baseline until the end of the study are shown in
table 4.7. Both systolic and diastolic BP were significantly lower at run-in compared
with initial period. After 4 wk of either NSD or LSD, systolic BP decreased by 5.3
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mmHg (95% ClI, -1.6 to —-9.0) and by 5.7 mmHg (95% ClI, -1.7 to -9.5), respectively.
Diastolic BP decreased from run-in period slightly by 1.4 mmHg (95% ClI, 0.6 to -3.4)
and 2.7 mmHg (95% ClI, 0.3 to -5.8), respectively. Similarly, mean arterial pressures
(MAP) were significantly lower at run-in compared with baseline. Further reduction
in MAP was observed either in the NSD or LSD. However, MAP during the NSD and
LSD was not significantly different.

Table 4.7 Blood pressure response at the end of each intervention diet.

Blood pressure (mmHg) Baseline Run-in NSD LSD
Systolic 147.9+12.4% 143.0+159° 137.7+180° 1320+17.0°
Diastolic 96.6+9.0% 914+111° 900+124° 887+90°"
Mean arterial * 113.7+20° 1086+30° 1059+31° 103.1+28°

Data are presented as means + SD.

The different superscripts mean significant difference at P<0.05, repeated measure ANOVA
adjusted for age and body mass index.

*MAP calculated from (SBP+2DBP)/3

Changes in the BP during each week of each intervention diet were
investigated as shown in figure 4.2. BP of the first day of each intervention diet was
used as the initial value for the comparison. Using pair t-test, the initial systolic BP of
the NSD (138.4 + 18.6) and LSD (139.1 + 19.5) was not different. However, the
initial diastolic BP of the LSD (94.5 + 11.8) was significantly higher than that of NSD
(90.1 + 83.1).

There was no change in either systolic or diastolic blood pressure in any week
during the NSD diet. For the LSD, both systolic and diastolic BP significantly
reduced by the end of wk 1 compared with the initial value, with no further change in
these parameters was observed after that. Pattern of change in MAP during the NSD
and LSD was the same as that of diastolic BP. Differences in the reduction of systolic
BP between the NSD and LSD were significant at wk 1, wk 3 and wk 4, whereas the
difference in the reduction of diastolic BP between two diets was observed only at wk
1.
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Data are presented as means + SEM.

Different superscripts mean difference within the same diet (P < 0.05), repeated measure

ANOVA adjusted for age and body mass index.
* significant difference from NSD at the same time (P<0.05), paired t-test.

Figure 4-2 Systolic (A), diastolic (B), and mean arterial (C) blood pressure from the
initial until the end of each intervention diet.
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The change in category of BP in these subjects after on NSD or LSD was
observed and demonstrated in Table 4.8. Based on the JNC VIl criteria and classified
by systolic BP, there were approximately 50 % of subjects (4 out of 8) in group Il
changing from stage | hypertension to prehypertension after completing the NSD diet,
and increased to 75 % when they continued with the LSD. Moreover, systolic BP of
one subject in this group turned to normal during the LSD. When classified the
category of hypertension by using the diastolic BP, there were still 50 % of subjects in
this group changing from the stage | hypertension to prehypertension after the NSD,
but there was no further change in the category of hypertension when they continued
with the LSD.

For the group I, 50 % of subjects improved from stage | hypertension to
prehypertension during the run-in phase either classified by systolic or diastolic BP.
When they completed the first phase (LSD) and classified the category of hypertension
by using systolic BP, around 40 % of subjects were still in the stage | hypertension,
whereas the rest of subjects improved to prehypertension (30%) and normal blood
pressure (30%). When they returned to NSD during phase 2, there was one subject
who was normal blood pressure during the LSD turned to prehypertension, otherwise
were the same. Similar trend was observed when classified category of hypertension

using the value of diastolic BP.
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Table 4.8 Change in category of blood pressure classified by systolic (A) and diastolic

(B) blood pressure after completing each phase of the study

Group Category of BP Phase of the study
Baseline  Run-in Phase  Phase 2*
1*
A. Classified by systolic BP
Group | Stage | hypertension 10 5 4 4
Prehypertension - 5 3 4
Normal - - 3 2
Group Il Stage | hypertension 8 3 4 1
Prehypertension - 5 4 6
Normal - - - 1
B. Classified by diastolic BP
Group | Stage | hypertension 10 5 5 4
Prehypertension - 4 3 4
Normal - 1 2 2
Group Il Stage | hypertension 8 4 3 3
Prehypertension - 3 4 4
Normal - 1 1 1

*Phase 1 and 2 were the study phase based on group of the subjects;
Group I: subjects were on LSD at phase 1 and NSD at phase 2
Group I1: subjects were on NSD at phase 1 and LSD at phase 2

4. Diurnal blood pressure

Diurnal BP during the intervention studies were measured and recorded by
individual subjects using NISSEI digital BP measurement. The validation of this
measurement with the mercury sphygmomanometer was done and found that the
values of BP reading by these two devices did not differ (Data not shown). Systolic
BP was approximately the same throughout the day. However, the diastolic BP were
different between just after waking up and just before sleeping during the run-in and

NSD, but there was no difference in these measurements during the LSD.



Weerawan Limmanon Results / 38

Table 4.9 Diurnal systolic and diastolic blood pressures at each intervention diet

Time
Variable Morning Evening Before bed
Blood pressure (mmHg)
Systolic
Run-in 137.7+11.8 137.5+16.1 135.3+15.9
NSD 134.2 +16.0 134.3+15.7 131.8+16.5
LSD 130.8 + 16.3 131.4 + 17.4 129.7 +17.1
Diastolic
pyn-in 94.6+96" 89.7 +11.6 " 87.7+121"
NSD 91.3+109° 89.0+11.8° 87.2+12.4°
LSD 87.7 +12.7 86.0 + 12.4 85.6 +13.5

Data presented as means + SD.
Different superscripts mean significant difference within the same diet period (P<0.05),
repeated measure ANOVA adjusted for age and body mass index.

Part IV. Urinary sodium and potassium excretion

Urinary creatinine excretions of all subjects were in the normal range indicated
completeness of 24-h urine collection. Mean 24-h urinary Na and K excretions during
the second and fourth week of each diet were not different. Thus, the average of
excretions between week two and four were used for the comparison. Mean urinary
Na excretion at baseline was 2,899 mg/24 h (126.0 mmol/24 h), a value higher than
that found while participants ate NSD. During the LSD phase, 24-h Na excretion
decreased from the NSD phase by 558 mg/24 h (24.3 mmol/24 h). Mean urinary K
excretion during the NSD was 1,180 mg/24 h (30.3 mmol/24 h), and increased to
1,802 mg/24 h (46.2 mmol/24 h) during the LSD. The mean urinary Na to K ratio was
3.6 at baseline, and decreased significantly during the NSD and LSD.
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Table 4.10 Daily urinary sodium, potassium and creatinine excretions of subjects
during each intervention diet

Time Na (mmol/d) K (mmol/d) Na/K ratio Cr (mmol/L)
Baseline 2899.4 + 1008.0 ® 939.1+477.1°  36+14°%°  84+35
NSD

wk 2 2486.4 + 856.6 1133.8 + 671.4 27+13 8.2+3.9

wk 4 2675.4 + 1083.7 1226 +622.3 2.5+ 1.0 9.2+4.3
average 2580.9 + 967.5° 1179.9+367.9° 26+11°  87+41
LSD

wk 2 2093.6 + 746.1 1904.3 + 1003.2 1.3+06 8.5+3.9

wk 4 1984.2 +583.8 1698.7 + 765.7 14+0.7 8.7+34
average 2038.9+6625°  18015+8857°  14+06°  8.6+36

! Average of three 24-h urine collection.
Data are presented as means + SD.

Different superscripts mean significant difference within the same column (P < 0.05), repeated
measure ANOVA adjusted for age and body mass index.

Na intake and K intakes were positively correlated to the 24-h urinary Na and
K excretions (Figure 4-3 and 4-4). Excretion of Na and K were 75.6 % and 67.8 % of
their intakes, respectively.

Urinary sodium (mg/d)
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Figure 4-3 Correlation of sodium intake and 24- h urinary sodium excretion
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CHAPTER V
DISCUSSION

This present study investigated the effect of Na restriction by using low Na
condiments on blood pressure in hypertensive persons. The randomized crossover
design was used in order to prevent the sequence of intervention diet (NSD or LSD)
on outcome parameters. However, it is likely that there was a carry over effect in the
present study. The diastolic BP of the first day (used as the initial BP) of the LSD was
significantly higher than that of the NSD (Figure 4.2 B), whereas there was no
difference in the initial systolic BP of these two diets. Seven of ten subjects in group |
(who started with the LSD first and followed with the NSD after washout) had lower
diastolic BP at the initial of the NSD compared with that of LSD (see raw data in
appendix G). This phenomenon demonstrated that the one-wk washout period in this
study was not enough. The possible carry over effect in the present study may be
apparently smaller treatment effect.

One limitation of this study was that the diet during the washout period was
subject’s self selected diet, whereas the diet during the run-in period was the
controlled normal sodium condiment diet prepared by the researcher. These two
different diets prior to the NSD or LSD may affect the initial BP differently.

There was no change in body weight and level of stress between the NSD and
LSD. Energy intake and distribution between these two diets were also the same.
Only significant difference was the amounts of Na and K intakes. Therefore, the
changes in either systolic or diastolic blood pressure observed in the present study
came from the amount of Na and K intakes.

Although one subject of this study smoked a curl of cigarette after meal, it is
unlikely to affect his BP because pattern of his smoking did not change throughout the
study.

Using low Na condiments substitute for the regular ones in the present study
could reduce Na intake approximately 1,300 mg (58 mmol) per day. The low Na
condiment diet also reduced in systolic BP (5.7 mmHg) and DBP (1.3 mmHg).
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Systolic BP in the LSD was lower than that in the NSD, and diastolic BP tended to
downward in the LSD (table 4.7). From this study, using low Na condiments
substitute for normal Na condiments during the cooking process effect to reduce in
daily Na intake from 3,143 mg to 1,803 mg and increase in daily K intake from 232
mg to 1,695 mg.

According to our results, systolic BP and diastolic BP decreased 5.7/1.3
mmHg with a reduction of 1,300 mg (58 mmol) of Na. In consistent with results of
Cutler et al (13), who reviewed 32 randomized trials and concluded that 2,300 mg
(100 mmol) reduction of Na intake was associated with a BP fall of 5.8/2.5 mmHg
systolic and 2.3/1.4 mmHg diastolic in hypertensive and normotensive subjects,
respectively. Cuppucio (15) found in his study that a modest reduction in Na intake of
1,840 mg (80 mmol) produced a reduction in both systolic and diastolic BP of 7.2/3.2
mmHg. Korhonen's study (89) also showed that during the salt restriction diet, urinary
Na excretion decreased 1,700 mg (74 mmol), and resulted in significant decrease of
7.1 and 4.2 mmHg in systolic and diastolic BP, respectively.

Furthermore, dietary intervention in the present study included not only a
reduction in dietary Na, but also a marked increase in dietary K. This combined
approach exerted a greater BP lowering effect than Na reduction alone (63, 90). K
intake in this study increased about 1,400 mg (36 mmol). This was consistent with the
Franzoni’s study (62) who found that supplementing 30 mmol of potassium aspartate
per day in hypertensive subjects significantly reduced systolic and diastolic BP of 12/8
mmHg. A meta-analysis of 33 trials by Whelton and He (64) reported a fall in supine
BP of 3.1 mmHg systolic and 2.0 mmHg diastolic with a 1.5 to 1.6 higher increase in
K excretion than in this study. In Gelegnse study (91) , which combined the effect of
Na, K and Mg found that when daily Na intake was lower by 870 mg (38 mmol), K
intake was raised by 700 mg (18 mmol), and Mg intake was estimated to be raised by
245 mg (7 mmol) affected to reduction in SBP 7.6 mmHg and DBP 3.3 mmHg.

The present study found that both systolic and diastolic BP decreased during
the run-in period. The reason for the reduction in BP in the run-in period was not
clear. The possible explanation was the lower amount of Na intake during the run-in
period comparing to that during the baseline. Subjects were on the normal sodium

condiments diet prepared by the researcher during the run-in period in order to allow



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 43

all subjects to adjust to the regimen and establish energy need. However, this diet was
likely to have lower sodium content comparing to their habitual intake in which the
consumed at baseline. The baseline urinary Na excretion (2,899 mg/d) was greater
than urinary Na excretion in the NSD (2,580 mg/d). Urinary Na excretion during the
run-in period was not collected. However, the diet during the run-in period was the
same as that of the NSD. Another possible explanation was that there might be some
difference in the dietary pattern between the run-in period and the habitual diet at
baseline. The researcher tried to set daily menus with all balanced food groups
recommended in the Thai food based dietary guideline. This dietary pattern may be
better than the original pattern of individual subjects consumed before entering the
study, and this may improve their blood pressure.

Most of the participants demonstrated excellent adherence to low Na diets
provided in this study. They may readily accept the rationale for the reduced Na
intake and the taste of low Na diets was acceptable. However, some participants had
difficulty adherence to the experimental diet. This may be due to the limited variation
of food choices.

According to the eating pattern of Thai people, condiments are the major
source of daily Na intake (92). The proportions of daily Na intake from canned food,
instant food and pickled food in Thai are small (92). Daily Na intake in the present
study, either the NSD or LSD, also mainly came from condiments. Na intakes from
condiments in the NSD and LSD were 3,143 and 1,803 mg, (82 and 71 % of total Na
intake), respectively. The condiments were used mainly during the cooking process,
approximately 71 and 59 % in the NSD and LSD, respectively. Around 11-12 % of
condiments either the NSD or LSD was added by subjects at the table during eating.
Daily Na intake from food ingredients was 719 mg (18% of total Na intake) and 727
mg (29% of total Na intake) during the NSD and LSD, respectively. The proportions
of Na intake from different sources in the present study reflected the common sodium
pattern eating in general Thai populations since all menus used in this study were
commonly consumed. However, the sources of daily sodium intake in this study were
somewhat different from the western style. The major source of Na in western diet is
processed food or preserved food such as bread, ham, sausage, and pizza. On average,

the natural Na content of food is about 10 %, while discretionary Na use provides
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another 5 to 10 % and approximately 75 % of total Na intake is from addition of Na
during product manufacturing (93).

Most Thai people usually consume foods that are prepared from fresh
products such as vegetables, meats and cooked with condiments. The use of low Na
condiments substitute for the regular Na condiments seemed to be practical and
effective in improving the compliance in BP control. The major advantage is that it
does not require substantial change in dietary habits of an individual. In addition, the
use of low Na condiments helps controlling the Na intake within the recommendation
(94). However, there is also a limitation of this approach for a person who has
problem with K excretion such as kidney disease. The use of low Na condiments
could increase K intake. Therefore, the amount of low Na condiments used should be
aware. In this study, average daily K intake was about 2,100 mg and 3,600 mg in the
NSD and LSD, respectively. Although the K intake was increased from using low Na
condiments, the available K intake was not more than the current recommendation
(94).

The amount of extra condiments in which provided by the researcher during
the experimental diets did not differ during the NSD and LSD (Table 4.4). This
demonstrated that the salty taste of the LSD was not different. The food leftover either
in the NSD or LSD was small and not different indicated the subjects’ well
acceptability of these two diets.

The diurnal BP was used to show BP of participant in the other time because
BP at lunch which detected by researcher may be affected by the white coat situation
(25). This study is first to show diurnal variation in BP from self-recorded home BP
measurement. Several studies (95-98) from ambulatory blood pressure monitoring
(ABPM) showed a similar diurnal variation, reaching the highest level during the
morning and declining to reach a lowest at about midnight. A recent study that
examined the 24-h ABPM of 379 hypertensive patients found 2 peaks in BP, one in
the morning and one in the evening. Assessment of individual patient’s sleeping times
showed that 75% of participants had an afternoon nap while undergoing 24-h ABPM.
This period of time was associated with a significant drop in systolic and diastolic BP
close to the levels of the nighttime period (98). Thus, both the morning’s peaks of BP

seemed to be activity dependent because of all occurred on awaking. White (99)
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concluded that the majority of patients with essential HT, the BP rise steeply at the
time of awakening in association with mental and physical activity. BP remains at its
highest levels during the 8-h post awakening and then will ordinarily decline with rest,
relaxation, or sleep. The mechanism responsible for the phenomenon cannot be
classified by the nature of the present investigation.

24-h urinary Na excretion is the most accurate way to estimate dietary Na
intake (100). However, it is important to have complete 24-h urine collection. Two
methods have been suggested for this assessment: the creatinine and p-amino benzoic
acid test (PABA). The use of creatinine is based on the assumption that excretion per
kg body mass is constant. This method is often used in clinical and population-based
studies because the sample collection procedure and laboratory measurement are
simple. The consistency of daily creatinine excretion is, however, still a matter of
debate. Several studies indicated that the coefficient of variation of day-to-day
creatinine excretion in well-motivated healthy subjects ranged from 5% up to 13%
(101, 102). A new method, the PABA test was developed by Bingham et al (102,
103). This test is based on recovery in the urine of three oral 80-mg capsules or tablets
of PABA taken with meals. The use of the PABA check test was suggested to be a
more sensitive and reliable verification of the completeness of 24-h urine collection
than creatinine.

Nevertheless, many studies (101, 104) suggested that when urine was
consciously collected, creatinine excretion would be remarkably constant, and could
be used as a reliable marker for the completeness of 24-h urine collection. Therefore,
we decided to use 24-h creatinine excretion in this study. Before the study, full
information on the technique for 24-h urine collection was carefully given in oral and
written instructions as well as demonstration to each participant. Creatinine excretion
of subject in the present study was in a normal range (8.2 to 9.2 mmol/d). The
coefficient of variation in the creatinine excretion in this study was approximately 25.5
%. The possible explanation about the variation of urinary creatinine of this study was
variation in body weight, surface area and day to day variations in meat consumption
may also partly contribute to the variation in creatinine excretion in individuals.

The percentage of dietary Na was excreted in 24-h urine in the present study
was 75.6 %. Other studies reported that 83% (100) and 86% (105) of Na intake,
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estimated from dietary records, was excreted in the urine, whereas apparent absorption
of Na was 98.5% (105). The percentage of K excreted in the urine was less than
urinary Na excretion both in this study (67.8%) and other study (77%) (105). Urinary
K excretion was lower than urinary Na excretion because apparent absorption of K
was less than Na (84.5%) (105) and about 15 % of K intake is lost in the feces (106)
whereas, about 90 to 98 % of Na intake excreted via urine (94). Probably the
insensible losses, which we did not assess, rather than a physiological conservation or
retention of Na, may explain the possible balances in our subjects but this method is
more expensive.

One possible reason to explain the lower of urinary Na and K excretion found
in this study was the difference in the climate. The current study was in tropical
country, whereas others were in cold countries. Na and K excretion via sweat
depended on heat acclimation (94). For this reason, sweat Na and K losses in this
study may be higher than other studies, hence reduced Na and K excretions in urine
were observed.

According to our result, urinary Na/K ratio was lower during the LSD (1.4 +
0.6) compared with NSD (2.6 + 1.1). The use of low Na condiments can lower urinary
Na/K ratio to nearest 1. This reduction of urinary Na/K ratio would help to lower BP.
Data from the INTERSALT study have identified the relationship between BP and
urinary Na/K ratio that BP has been more closely related to the ratio of urinary Na to
K. The INTERSALT analysis also showed that a reduction of the 24-h urinary Na to
K ratio from 3:1 (170 mmol of Na/ 55 mmol of K) to 1:1 (70 mmol of Na/70 mmol of
K) was associated with a 3.4 mmHg reduction in systolic BP (107).
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CHAPTER VI
CONCLUSION

This study demonstrated that restricted Na intake by using low Na
condiments substitute for the regular condiments augmented lowering BP in
hypertensive persons. BW throughout the study was stable. The energy intake,
energy distribution during the run-in, low Na diet (LSD) and normal sodium diet
(NSD) periods were not significantly different. The only change was the amount of
Na and K intake. The diet during the run-in period was the same as that of NSD. Na
intake during low Na and normal Na period were about 2,500 mg/d (109 mmol) and
3,800 mg/d (165 mmol), respectively. K intake during low Na and normal Na period
were about 2,100 mg/d (54 mmol) and 3,600 mg/d (92 mmaol), respectively. The data
showed that using low Na condiments substitute for the regular condiments
contributed to decrease in Na intake from condiments about 1,300 mg/d (57 mmol),
and increased K intake from condiments about 1,500 mg/d (38 mmol). However, Na
and K intake derived from food ingredients during both NSD and LSD periods did not
change. The results showed that both systolic and diastolic BP were significantly
decreased during the run-in period. Further significant decrease in systolic BP was
observed either on normal or low Na condiments. Small decrease in diastolic BP
during LSD was observed but did not reach significance.

Self-recorded home blood pressure measurement showed that, systolic BP
was approximately the same throughout the study. However, the diastolic BP at just
waking up was greater than that at just before sleeping during the run-in and the NSD,
but there was no difference during the LSD period.

The relationships between Na, K intake and urinary Na, K excretion of this
study were positive correlation. Urinary Na and K excretions were 75.6 % and 67.8 %
of their intakes, respectively.

In conclusion, the uses of low Na condiments substitute for the regular ones in

this study could modulate reduction of Na intake to the recommended level (2,400
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mg/d) and was able to decrease BP in hypertensive people. Therefore using low-Na

condiments could serve as an effective choice for a person who needs to control BP.

Limitation of this study.
1. There was limited number of subjects participating in this study.
2. This study could not control the environmental factors since the study
was conducted under free-living condition.

3. Diets during the run-in and washout period were different.
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