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ABSTRACT

Background Over the past decades, the morbidity and mortality patterns have changed
rapidly in Vietnam, with a reduction in infectious diseases in parallel with a rapid increase
in non-communicable diseases (NCDs), leading to the so-called double burden. It was
estimated thatin 2008 NCDs accounted for 75% of all deaths in Vietnam, and cardiovascular
diseases were the leading cause accounting for 40% of total mortality. Hypertension is
one of the major risk factors for cardiovascular disease, but information on the nationwide
prevalence and main determinants is lacking. There is an urgent need for appropriate

population-based interventions for hypertension control and prevention in Vietnam.

Methods and results Data of 17,213 adults aged 25-64 years from the nationally
representative 2005 National Adult Obesity Survey were used to study the prevalence
of hypertension and prehypertension and their determinants. The overall prevalence of
hypertension was 20.7% and the prevalence of prehypertension was 41.8%. Hypertension
and prehypertension were more prevalent in men than in women (25.2% vs. 15.9%).
Determinants of raised blood pressure including advancing age, overweight, alcohol use
(among men), and living in rural areas (among women) were independently associated
with a higher prevalence of hypertension, whereas higher levels of physical activity and
education were inversely associated. Age, body mass index (BMI), and living in rural areas
were independently associated with an increased prevalence of prehypertension. Among
the hypertensives, only 25.9% were aware of having hypertension and 12.2% were treated.
Among the treated hypertensives, 32.4% had their blood pressure controlled.

Overweight and obesity, important risk factors for hypertension, were investigated using
data of 14,452 Vietnamese adults aged 25-64 years from the nationally representative
2000 National Nutrition Survey and data of 17,213 adults aged 25-64 years from the
nationally representative 2005 National Adult Obesity Survey. The results showed that
the distribution of BMI across the population and in population subgroups indicated a
shift towards higher levels in 2005 as compared to 2000. The nationwide prevalences of
overweight (BMI =25 kg/m?) and obesity (BMI =30 kg/m?) were 6.6% and 0.4% respectively
in 2005, almost twice the rates of 2000 (3.5% and 0.2%). Using the Asian BMI cut-off of
23 kg/m? the overweight prevalence was 16.3% in 2005 and 11.7% in 2000. Women were
more likely to be both underweight and overweight than men in both 2000 and 2005.
Urban residents were more likely to be overweight and less likely to be underweight as
compared to rural residents in both years. The shifts from underweight to overweight were

more pronounced in those with higher food expenditure levels.



A survey on sodium intake among a rural community near Hanoi (n=121) showed that
mean 24-hour sodium excretion was 188.6 + 57.5 mmol (4.3 g), which corresponds to
an intake of salt (sodium chloride) of 10.8 + 3.3 g/day. Men had a higher mean sodium
excretion (196.8 £ 56.9 mmol/day or 4.5 g/day) than women (181.1 + 57.4 mmol/day or
4.2 g/day); 97.5% of the men and women had a salt intake higher than the World Health
Organization’s recommendation of <5 g/day. Subjects with complete urine collection had
a salt excretion of 11.7 g/day. Sodium in condiments added during cooking or eating at the
table accounted for 81% of sodium intake. Processed foods contributed 11.6% and natural
foods 7.4%. Regarding the condiments, the largest source was the mixed seasoning (‘bot
canh) 35.1% of total); 31.6% of total dietary sodium was provided by fish sauce, 7.4% by
monosodium glutamate and 6.1% by table salt.

Sodium-reduced and potassium-enriched salt and bot canh, a traditional seasoning,
were experimentally produced and underwent organoleptic testing, which showed
high acceptance. An 8-week randomized double-blind trial was carried out in 173 men
and women between 45 and 64 years of age with untreated (pre)hypertension in a rural
Vietnamese community. The intervention group that received sodium-reduced and
potassium-enriched condiments (salt and ‘bot canh’) experienced a median 24-hour
sodium excretion decrease of 28.5 mmol/d (1.6 g/d salt) compared to the control group
that received regular condiments for home food preparation and dining. The mean change
in BP in the intervention compared to the control group was -2.6 mmHg (95% Cl -4.6 to
-0.5, p=0.013) for systolic BP and -1.6 mmHg (95% Cl -3.0 to -0.2, p=0.024) for diastolic BP.
The prevalence of iodine deficiency was significantly reduced in both groups (from 66%

to 41% in the intervention group and from 72% to 36% in the controls).

Conclusion Hypertension and prehypertension are prevalentinVietnam, but awareness,
treatment, and control are low. Lifestyle modifications, including the prevention of
overweight, and the promotion of physical activity, particularly in urban areas, and the
reduction of high alcohol consumption in men, may help to prevent hypertension in
Vietnam. Between 2000 and 2005, BMI in the population shifted towards higher levels,
especially in those with higher food expenditure levels, but under nutrition was also
still prevalent in 2005. Most dietary sodium (81%) comes from adding salty condiments
during food preparation or at the table. Therefore, limiting condiments added during
cooking and at the table should be given priority. Alternatively, regular condiments may
be replaced with sodium-reduced and potassium-enriched salt and bot canh to lower BP
in (pre)hypertensive Vietnamese adults. Salt iodization should be reconsidered to ensure

adequate iodine intake of the population.
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General introduction



Chapter 1

1T INTRODUCTION

Vietnam, a developing country, is situated in South East Asia, bordering China, Laos, and
Cambodia. In 2000, Vietnam’s population amounted to 77.6 million, of which 76% lived in
rural areas.! With an average annually increase of 1.37% Vietnam’s population increased
to 83.1 million in 20052 (73% in rural areas) and 90 million in 2013 (68% in rural areas).?
Over the last decades Vietham has seen a large increase in economic growth.* As a result,
poverty was halved in the period of 1998-2004 and the general poverty rates reduced
from 37.4% to 19.5% while the food poverty rate went down from 13.3% to 6.9% in the
same period. In parallel with this economic growth urbanization rapidly increased, which
is expected to grow by more than 3% per annum (currently 3.06%) until 2020. Typical of
East Asian nations it is estimated that the urban area accounts for 70% of growth while

covering only 25% of the population.®

The morbidity and mortality patterns have changed quickly during the last decades, with
a reduction in infectious diseases in parallel with a rapid increase in non-communicable
diseases (NCDs), leading to the so-called double burden. It was estimated that in 2008 NCDs
accounted for 75% of all deaths in Vietnam.® Hence, it is clear that there is an urgent need
for better understanding of risk factors and appropriate population-based interventions

to control and prevent NCDs in Vietnam.

1.1 NCDs and cardiovascular morbidity and mortality

Globally, a total of 57 million deaths occurred during 2008; 36 million (63%) were due to
NCDs, principally cardiovascular diseases (CVD), diabetes, cancer and chronic respiratory
diseases.” Nearly 80% of these NCDs' deaths (29 million) occurred in low- and middle-
income countries (Figure 1.1). NCDs are the most frequent causes of death in most
countries in the Americas, the Eastern Mediterranean, Europe, South-East Asia, and the
Western Pacific. In low- and middle-income countries NCDs also cause mortality at a
younger age (29% of NCD deaths occur among people <60 years, versus 13% in high-

income countries).

World Health Organizations’ (WHO) projections show that NCDs will be responsible for
a significant increase of 15% in the total number of deaths between 2010 and 2020. The
greatest increase will be in the WHO regions of Africa, South-East Asia and the Eastern

Mediterranean, where the number of deaths will increase by more than 20%. The regions
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Figure 1.1 Total deaths by broad cause group, by WHO Region, World Bank income group and by sex, 2008.'

that are projected to have the greatest total number of NCD deaths in 2020 are South-East
Asia (10.4 million deaths) and the Western Pacific (12.3 million deaths).? In addition to the
longstanding challenges of curtailing infectious disease, this double burden of disease

places enormous strains on resource-deficient health systems.

The increased burden of NCDs in low-income and middle-income countries contributes
to poverty and is becoming a major barrier to development and achievement of the
Millennium Development Goals. NCDs disproportionately affect individuals who are poor,
thus increasing inequalities.” NCDs are chronic and can lead to continued expenditures
that trap poor households in cycles of debt and illness, causing health and economic
inequalities. Household costs of NCDs have a substantial macroeconomic effect. The loss
of productivity reduces a society’s effective labor force, resulting in reductions in overall
economic output. For every 10% rise in mortality from NCDs, the yearly economic growth
is estimated to be reduced by 0.5%.'° In 2008, cardiovascular diseases (CVD) were the
leading cause of death in Vietnam, accounting for 40% of total mortality.* CVD is a lifestyle-
related disease. It has been estimated that behavioral risk factors, including tobacco use,
physical inactivity, and unhealthy diet, are responsible for about 80% of coronary heart

disease and stroke."
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1.2 Raised BP

Raised BP changes the structure of the arteries. As a result, the risk of stroke, coronary heart
disease, kidney failure increases. Other complications of raised BP include heart failure,
peripheral vascular disease, and visual impairment.’ Globally, the prevalence of raised BP
in adults aged 25 and over was around 40% in 2008 according to WHO figures. Because of
population growth and ageing, the number of people with hypertension rose from 600
million in 1980 to nearly 1 billion in 2008." The prevalence of raised BP was consistently
high in low-, lower-middle- and upper-middle-income countries, all having rates of around
40% for both sexes. The prevalence in high-income countries was somewhat lower, at

35% for both sexes.'?

The Global Burden of Disease study in 2004, updated in 2008,% showed that raised BP
was the main cause of mortality worldwide, estimated to cause 7.5 million deaths, about
12.8% of the total of all annual deaths (Figure 1.2 and 1.3). Its contribution to mortality is
higher than for tobacco use (9%), high blood glucose (6%), physical inactivity (6%), and
overweight and obesity (5%)."* Raised BP is a major risk factor for CVD, and estimated to

be responsible for 62% of stroke and 49% of coronary heart disease.

Reducing BP to clinical target levels below 140/90 mmHg lowers CVD risk and cardio-
vascular complications.® The risk of CVD, however, not only increases above this cut-off

level but across the entire range of BP, starting at levels of 115/75 mmHg." Treating only

High blood pressure
Tobacco use

High blood glucose
Physical inactivity
Overweight and obesity
High cholesterol
Unsafe sex

Alcohol use -
Childhood underweight Il Highincome
Indoor smoke from solid fuels I Middle income
Unsafe water, sanitation, hygiene Low income

Low fruit and vegetable intake
Suboptimal breastfeeding
Urban outdoor air pollution
Occupational risks

Vitamin A deficiency

Zinc deficiency

Unsafe health-care injections
Iron defidency

0 1000 2000 3000 4000 5000 6000 7000 8000
Mortality in thousands (total: 58.8 million)

Figure 1.2 Deaths attributed to 19 leading risk factors, by country income level, 2004.2
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Figure 1.3 Percentage of disability-adjusted life years (DALYs) attributed to 19 leading risk factors, by
country income level, 2004.2

individuals with clinically diagnosed hypertension will therefore be insufficient to reduce
the burden of CVD related morbidity and mortality in the community. Preventive, non-
pharmacological strategies to shift the overall population BP distribution to a lower level

is therefore warranted (Figure 1.4).

7
6 50% of the population has a
blood pressure of less than 130 mmHg
compared with 110 mmHg in the ideal
5 population.

20% of the population
Is hypertensive (SBP > 140 mmHq)
compared with 0% in the ideal

Probability density (%)

Ideal population

50 10 9% 10 30 LG 170
Systolic blood pressure (mmHg)

Figure 1.4 An observed population distribution of average systolic BP (right-hand distribution) and the
ideal population distribution of average systolic BP (left-hand distribution).”
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1.3 Raised BP and modifiable lifestyle risk factors

Overweight and obesity
Obese individuals are more likely to have elevated BP,'®#?° and weight loss by means of
caloric restriction has been shown to effectively reduce BP in overweight subjects by ~1

mmHg per kilogram.”!

Overweight and obesity are associated with many physiological and metabolic changes
that promote hypertension.?? Obesity may predispose to hypertension by promoting renal
sodium retention through insulin resistance®® and it increases the risk of chronic kidney
disease, which, in turn, may promote sodium retention.?* Obesity may also be associated
with increased plasma leptin levels and resistance to leptin, abnormal plasma levels of
coagulation factors, increased reactive oxygen species, inflammation, and endothelial

dysfunction, which may also contribute to hypertension.>?

In Asian people, the direct association of overweight and obesity with cardiovascular risk
factors, including hypertension, occurs at lower weights-for-height than in Caucasians.
The overall and stratified analyses suggested optimal BMI cut-offs of 23-24, 21-22.5, and
20.5-21 kg/m? for Chinese, Indonesian, and Vietnamese adults, respectively, are the best
cut-offs for determining increased risk of hypertension for those with BMI above these
cut-offs in these populations.® It was also found that even lower BMI cut-off values (21.2
and 22.1 kg/m?for men and 21.2 and 22.9 kg/m?for women) than those recommended for
an Indo-Asian population yielded the optimal areas under the curve for the associations
with hypertension and diabetes, respectively.’' Therefore a BMI cut-off point of 23 kg/m?

has been recommended for classification of overweight in Asian populations.®

The long-term effects of fetal undernutrition on the propensity for obesity and hypertension
has also been reported. Undernourished children were more likely to become overweight
in childhood and to have a high prevalence of obesity, hypertension, and diabetes mellitus,

among other disorders, when they aged into their fifties and sixties.?

1.4 Unhealthy diet

Sodium
It has been shown that a high salt intake, low consumption of fruit and vegetable (i.e.
low potassium intake), high energy intake, excess alcohol intake, and high consumption

of saturated and trans fatty acids, low consumption of fibre and several other diet
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components, all contribute to the development of high BP. However, the strength of the
evidence may be greater for salt than for other factors.3* Overconsumption of salt has
been estimated to cause up to 30% of all cases of hypertension® and dietary salt has been
linked to various diseases including stroke,*® left ventricular hypertrophy,* kidney disease,

stomach cancer,*® renal stone formation and osteoporosis,**“ and obesity.>

Salt can raise BP by several mechanisms. There is much evidence that individuals who
develop high BP have an underlying defect in the kidneys' ability to excrete sodium.?*
Impaired ability of the kidneys to excrete sodium causes sodium and water retention,
particularly on a high salt intake, leading to volume expansion and the stimulation of
various compensatory mechanisms which also eventually cause BP to rise. Plasma sodium
is a major determinant of extracellular volume, thereby, influencing BP. At the same
time, small changes in plasma sodium may have a direct effect on BP, independent of
extracellular volume, by directly affecting the hypothalamus’s control of BP through the
local renin-angiotensin system.* The changes in BP were directly related to the changes of
intracellular sodium which affect vascular smooth muscle tension and thereby BP*? Recent
studies have shown that salt intake also affect endothelial function thus can influence BP*
Finally, high salt intake is associated with obesity through soft drink consumption3* and

therefore raise BP via the mechanism which obesity increase BP."

The average salt intake in most countries around the world is approximately 9-12 g/d,

with many Asian countries having mean intakes of more than 12 g/d.'

Based on the reductions in BP from a meta-analysis of randomized salt reduction trials,
it was estimated that a reduction of 6g/d in salt intake would reduce stroke by 24% and
coronary heart disease by 18%, which would prevent approximately 2.5 million deaths

worldwide.*

Randomized trials have demonstrated that a reduction in saltintake causes further decrease
in BP in individuals who are already on antihypertensive drug treatments. It also enhances
BP control and reduces the need for antihypertensive drug therapy.* In addition to its
effects on BP, a reduction in salt intake may have beneficial effects on the cardiovascular
system independent of BP* such as stroke,* left ventricular hypertrophy.*® Therefore,
the total effect of salt reduction on cardiovascular outcomes may be larger than those

estimated from BP falls alone ?*

The suggested global goal by WHO is to reduce salt intake to less than 5 g (2000 mg
sodium) per person per day* by 2025.%°

15
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Potassium
Potassium deficiency, even of a mild nature, may induce renal sodium retention, increase
BP, and produce salt sensitivity>'>* Meta-analyses reported that potassium supplementation

significantly lowers systolic and diastolic BP>4>

Potassium intake may lower BP by a number of mechanisms such as increase of sodium
excretion, modulate baroreflex sensitivity, directly cause vasodilation, or reduce cardio-

vascular reactivity to norepinephrine or angiotensin 11>

It has been recommended that an adequate potassium intake should be maintained to pre-
vent or treat hypertension, particularly in subjects who are unable to reduce their sodium

intake and in those who are salt sensitive or who have a family history of hypertension.>

Clinical studies concerning potassium intake support the thesis that potassium supple-
mentation (e.g. 60-120 mmol/d) lowers BP?> Meta-analyses also reported that potassium
significantly lowered systolic and diastolic BP in subjects with essential hypertension.>**’
Cappuccio and MacGregor showed that the magnitude of the BP lowering effect is greater
in patients with high BP (-8.2 mmHg [95% Cl, -9.1 to -7.3 mmHg] systolic and -4.5 mmHg
[-5.2t0 -3.8 mmHg] diastolic) and appears to be more pronounced the longer the duration

of the supplementation.>

It was reported that together with a reduction in sodium intake to about 70 mmol/day an
increase of dietary potassium to 85 mmol/ day could maintain a lower BP and reduce the
burden of CVD.*® A review by Geleijnse et al. of 40 sodium trials and 27 potassium trials in
adults with a minimum duration of 2 weeks concluded that reduced intake of sodium (-1.8
g/d) and increased intake of potassium (+1.7 g/d) could make an important contribution

to the prevention of hypertension, especially in populations with elevated BP*’

Based on these analyses, an increase in potassium intake may be included in the recom-
mendations for a non-pharmacological approach for hypertension prevention, particularly

in population with potassium deficiency.>

Other dietary factors

Magnesium: The antihypertensive effects of magnesium supplements in hypertensive
individuals are controversial. Some studies show that magnesium reduces BP**¢° whereas
other studies do not.5' The antihypertensive effects of magnesium supplementation are
smallin those studies that suggest such an effect. Further studies are required to investigate

the effect of magnesium on BP.
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Calcium: Several meta-analysis of observational studies showed an inverse relationship
between calcium intake and BP, but the size of the estimate was small with evidence
of publication bias and heterogeneity across studies.®” A number of meta-analyses
of randomized control trials indicated that calcium supplementation may reduce BP,
mainly in hypertensive patients.®? A large meta-analysis including 42 studies on the
effects of supplemental calcium reported a BP reduction of -1.44 mm Hg/ -0.84 mmHg.%
Heterogeneity in BP response after calcium supplementation may be related to the calcium
content of the background diet, with effects being observed in those with deficient diets55

and no effect in those who already have an adequate calcium intake 526366

Vitamin D: Several studies suggest that, in addition to bone mineral and divalent ion
metabolism, vitamin D may reduce insulin resistance and have vascular, renoprotective,
and anti-inflammatory effects.®”%® Hence, vitamin D may reduce BP and also prevent
or ameliorate a number of the vascular and renal complications of hypertension. The
antihypertensive effects of vitamin D seem to be particularly prominent in vitamin-D-

deficient patients with elevated BP*’

Fatty acids: A meta-analysis of 31 placebo-controlled clinical trials indicated that in people
who are assigned to a relatively high omega-3 fatty acid intake (~3 g/d), there is a significant
reduction in BP in hypertensive individuals, and little or no effect in normotensive persons.*®
There was also a dose-response relationship between fish oil (high) dose and systolic BP and
diastolic BP reduction. The hypotensive effect may be strongest in hypertensive subjects

and those with clinical atherosclerotic disease or hypercholesterolemia.

Dietary fiber: Dietary fiber is considered part of a healthy diet that may exert protective
effects on the cardiovascular system. A meta-analysis of 24 trials showed that increasing
dietary fiber intake in Western populations, where the usual fiber intake is well below
recommended levels, may help to prevent hypertension.”” Another meta-analysis
reported that increased intake of dietary fiber may reduce BP in hypertensive patients; in

normotensive individuals, there was a smaller, less conclusive, reduction in BP.”

Health-promoting diets

There has been a growing focus on the use of complex diets to prevent or treat hyperten-
sion. The composition of these diets is generally based on pre-existing evidence that
the individual constituents of these diets have preventive or therapeutic effects on

hypertension. Short-term studies indicate that specialized diets may prevent or ameliorate
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mild hypertension; most notable are the Dietary Approaches to Stop Hypertension (DASH)
diet, which is high in fruits, vegetables, and low-fat dairy products, and the DASH low-
sodium diet.?2 However, all the reported trials were of short duration (up to 8 weeks) and
thus the long-term compliance to these diets is at present unknown. The Mediterranean
diet, which is high in fruits, vegetables, and olive oil, has also been associated with a

reduced CVD risk in observational studies.”

1.5 Other modifiable BP determinants

Physical activity

Physical inactivity has been identified as the fourth leading risk factor for global mortality
(6% of deaths globally).” An inverse dose-response association between levels of
recreational physical activity and risk of hypertension has been observed in several
studies.”>”* A meta-analysis of prospective cohort studies suggested that both high and
moderate levels of recreational physical activity were associated with decreased risk of
hypertension, with a pooled relative risk (RR) of 0.81 (95% confidence interval, 0.76-0.85)
for high vs. low and RR of 0.89 (0.85-0.94) for moderate vs. low levels of activity.” Physical

activity is a key determinant of energy expenditure and fundamental to weight control.”

Alcohol consumption

Excessive alcohol intake has been shown to increase BP.%7” Positive associations of the
amount of alcohol consumed with BP and the prevalence of hypertension were found,
independent of age, years of education, smoking, and use of oral contraceptive and
antihypertensive drugs.”® The consumption of 30 g/day ethanol was associated with
increases of 1.5 and 2.3 mmHg in diastolic and systolic BP, respectively, for men, and 2.1
and 3.2 mmHg, respectively, for women. The prevalence of hypertension was higher among
those ingesting more than 30 g/day (odds ratio of 2.9, p<0.01). Reduced alcohol intake

lowered BP in randomized controlled trials by approximately 1 mmHg per glass per day.”

Although alcohol increases BP, there are epidemiological data indicating that a moderate

level of alcohol consumption could reduce CVD risk through other mechanisms.?
Smoking

Smoking may account for almost 10% of CVD.” Impairment of endothelial function,

arterial stiffness, inflammation, lipid modification as well as an alteration of antithrombotic
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and prothrombotic factors are smoking-related major determinants of initiation, and
acceleration of the atherothrombotic process, leading to cardiovascular events.®’ Cigarette
smoking acutely exerts an hypertensive effect, mainly through the stimulation of the
sympathetic nervous system.?’ There is less evidence for a chronic effect of smoking on
BP. Hypertension was associated with number of years of smoking and lifetime cigarette
consumption, but was not associated with current smoking status in a Vietnamese

population.®

2 SALT REDUCTION STRATEGIES

WHO and NCD Alliance identified salt reduction together with tobacco control, and
treatment of people at high risk of CVD as three priority cost-effective interventions to
control NCDs.*® An estimation of the effects and cost strategies to reduce salt intake and
control tobacco use was done for 23 low-and middle-income countries that account for 80%
of chronic disease burden in the developing world.?? It demonstrated that a reduction in
saltintake is more, or at the very least just as, cost-effective as tobacco control in reducing
CVD onits own.In a 10-year-period (2006-2015), a 15% reduction in mean population salt
intake could avert 8.5 million CVD deaths and a reduction in smoking prevalence could
save 3.1 million deaths. Salt reduction programs would include a voluntary reduction in
the salt content of processed foods and condiments by manufacturers plus mass sustained
media campaign aimed to encourage dietary change within households and communities.
The cost of salt reduction was estimated to be USD 0.09 per person per year, whereas the
cost for tobacco control including both price and non-price measures was USD 0.26 per

person per year.??

2.1 Saltintake and dietary sodium sources

Sodium intakes around the world are well in excess of physiological needs, which is 10-20
mmol/day.'® Most adult populations have mean sodium intakes >100 mmol/day, and for
many (particularly Asian populations) mean intakes are >200 mmol/day. Excessive sodium
intake already occurs in childhood.® In European and Northern American countries,
sodium intake is dominated by sodium added in manufactured foods (approximately
75% of intake). In many Asian countries such as in Japan (63%) and China (76%), salt
added at home (in cooking and at the table) and soy sauce were the largest sources.® If

policies for salt reduction at the population level are to be effective, policy development
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and implementation needs to target the main source of dietary sodium in the various

populations.’

2.2 Health education and dietary counselling on salt reduction

Health education has effects on salt reduction. A successful intervention study was
conducted in Portugal that achieved a difference of approximately 50% in salt intake
between 2 villages by means of health education on salt reduction. After 2 years of
intervention, there was a difference of 13/6 mmHg in BP2> A randomized community based
intervention study in 2 rural villages in Japan demonstrated that dietary counselling for

1 year reduced salt intake by 2.3 g/d and systolic BP by 3.1 mm Hg.%

The Hypertension Prevention Trial was a multicentre randomized trial designed to assess
the effects of long-term dietary changes on BP in a normotensive population for 3 years.
The dietary counselling treatments were reduction of sodium intake, increase of potassium
intake, and decrease of energy intake. At the end of the intervention, the treatment groups

had sodium intakes that were 30% to 40% lower than those of the controls.®”

TheTrials of Hypertension Prevention (TOPH 1) study was a 18 month-randomized controlled
multicentre trial testing the efficacy and effectiveness of seven non-pharmacological
interventions on BP3 Among three life-style change groups (weight reduction, sodium
reduction, and stress management), the sodium reduction group significantly lowered
24-hour urinary sodium excretion by 44 mmol and BP by 1.7/0.9 mmHg.88 A post-trial
follow-up seven years later indicated that the dietary sodium restriction group had a 35%

lower hypertension risk.8

The TOPH 2 tested interventions to promote weight loss, dietary sodium reduction, and
their combination for lowering diastolic BP, systolic BP, and the incidence of hypertension
during a 3- to 4-year period in overweight participants with high-normal BP® Urinary
sodium excretion was significantly reduced in both interventions with sodium reduction
compared to control groups at 6 and 36 months. Compared with the control group, BP
decreased 3.7/2.7 mm Hg in the weight loss group, 2.9/1.6 mm Hg in the sodium reduction
group, and 4.0/2.8 mm Hg in the combined group at 6 months (all groups, p<0.001),
with smaller reductions after 36 months. Although the BP effects declined over time,
the average risk reductions in hypertension incidence were still present after 48 months
(relative risks of 0.78-0.82).
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The DASH-Sodium Trial was a multi-centre study in which 412 adults with untreated
systolic blood pressure of 120 to 160 mm Hg and diastolic blood pressure of 80 to 95
mm Hg randomized to the intervention group received a DASH combined diet (fruit and
vegetable-rich and low fat dairy products and with reduced saturated and total fatty acid
content diet) or the Western diet (control) for 30 days each with three different dietary
sodium levels, i.e. a high-sodium diet that provided 150 mmol/d — roughly a typical
American sodium intake; an intermediate-sodium diet with 100 mmol/d — a currently
recommended maximum intake; and a low sodium intake with 50 mmol/d in a cross-
over design.” In all subgroups, the DASH diet and reduced sodium intake were each
associated with significant decreases in BP; these two factors combined produced the
greatest reductions with dose-response manner. Among nonhypertensive participants
who received the control diet, lower (vs. higher) sodium intake decreased blood pressure
by 7.0/3.8 mm Hg in those older than 45 years of age (p<0.001) and by 3.7/1.5 mm Hg in
those 45 years of age or younger (p<0.05). These BP reductions with the DASH low- sodium
diets were in addition to the BP- lowering effects of the DASH diet itself. At each level of
sodium intake, the systolic BPs and diastolic BPs were usually substantially lower with the

DASH diet as compared to the control Western diet.

2.3 Processed food reformulation of sodium content

As the consumption of processed foods rises in many countries, a change in the industry
norms to reduce the addition of salt now will have important benefits in the future, together
with government regulation.”” Mandatory and voluntary reductions in the salt content of
processed food are cost-saving interventions under all modelled scenarios of discounting,
costing and cardiovascular disease risk reversal (dominant cost-effectiveness ratios).’
Programmes to encourage the food industry to reduce salt in processed foods are highly
recommended for improving population health and reducing health sector spending in
the long term, but regulatory action from government may be needed to achieve the

potential of significant improvements in population health.

2.4 Salt substitution

Salt substitution is an approach that may contribute to the salt reduction in population
with high proportion of dietary salt intake coming from salt or salty seasoning added

to food during food preparation or at the table like many Asian populations. Reducing
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sodium, and also increasing potassium, while maintaining long lasting salty taste is an

advantage of salt substitution.

The effects of a 1:1 mixture of sodium and potassium chloride on sodium intake and BP
was studied by Mickelsen et al.®2 The results showed that sodium intake associated with
seasoning at the table was reduced with the 1:1 mixture to 44% of the amount consumed
with regular table salt, and over a 28-day period there was no tendency for subjects to
increase their use of a 1:1 mixture when used in place of regular table salt, to compensate
for their reduced sodium intakes. However, there was only a slight change in mean BP of

-1 mmHg/-1 mmHg in the mixture group vs. +1 mmHg/+3 mmHg in the controls.*?

In the Netherlands, a 6-month randomized controlled trial was done in 100 older men
and women with untreated elevated BP** The intervention group replaced over half of
the daily saltintake in foods and at the table by a mineral salt that contained 41% sodium
chloride, 41% potassium chloride and 17% magnesium salts. Urinary sodium excretion
decreased by 28% and potassium excretion increased by 22%. The net BP effect was -7.6/-
3.3 mmHg after 8 weeks of intervention, which persisted throughout the study period
(24 weeks).”

In China, a double-blind randomized controlled trial was conducted among rural
hypertensive Chinese persons with a reduced-sodium, high-potassium and magnesium
salt substitute for 12 months.** The salt substitute consisted of 65% sodium chloride, 25%
potassium chloride and 10% magnesium sulphate. The mean overall difference in systolic
BP between the randomized groups during 12 months follow-up period was 3.7 mmHg
(p<0.001) and systolic BP was significantly lower in the salt-substitute group than in normal
salt group at the 6, 9, 12 month. There was strong evidence that the magnitude of this
reduction increased over time with the maximum net reduction of 5.4 mmHg (2.3-8.5
mmHg) in systolic BP achieved at 12 months. However, there was no detectable effects
on diastolic BP** Another randomized trial used the same salt substitution in a rural north
Chinese population. For normotensive subjects, the net BP effect at 24-month follow-up
was -2/-2 mmHg.*® For subjects with hypertension, the effect on systolic BP was -4 mmHg,

with no effect on diastolic BP.>

In a Japanese study, Kawasaki et al. studied the BP effect of a sodium-reduced, potassium-
and magnesium-enriched mineral salt in 41 Japanese subjects with mild hypertension.*
Sodium contents in low-sodium seasonings compared to common salt were 59% in table

salt, 79% in soy sauce and 67% in miso. Potassium contents in low-sodium seasonings were
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77.8 times (table salt), 3.97 times (soy sauce) and 7.63 times (miso) higher than those in
normal seasonings. In the mineral salt group BP decreased significantly from 134.7/77.2 at
baseline to 127.3/73.5 mmHg at the end of the intervention period (week 5). BP reductions
were larger in hypertensive subjects than in normotensive subjects.”® Nakamura et al.
examined the BP effect of low sodium soy sauce and miso (fermented soybean paste) in
64 Japanese subjects aged 20 years and older.”” Low-sodium soy sauce and miso were
approximately 25% and 20% lower in salt content than common soy sauce and miso.
A 6.4 mmHg net reduction in diastolic BP was observed with a salt intake reduction of
approximately 10% in the low-sodium seasonings group. However, no significant change

in systolic BP was noted which is inconsistent with the previous study.”

From these RCTs, the combination of reduced sodium and increased potassium and/or
magnesium intake through reformulated salt or other seasonings seems to have a greater

effect on BP reduction than sodium reduction alone.

3 RATIONALE AND AIM OF THIS THESIS

Currently, there are only limited data on the national prevalence of hypertension and its
risk factors in Vietnam. Furthermore, the prevalence of prehypertension, which isimportant
for early prevention of hypertension and CVD, has not been reported in Vietnam. Also
information on sodium intake and dietary sodium sources is lacking, and the prevalence
and trend of overweight and obesity, important risk factors for hypertension, are not

adequately documented.

As in other Asian countries, food preparation and eating habits may contribute to the main
source of dietary sodium. Therefore, reducing sodium intake from salt and condiments
added during food preparation, cooking and at the table may be a cost effective strategy
for lowering BP in Vietnam. Nutrition education to achieve this, however, takes a long
time and is challenging since it involves behavioral changes, particularly changes in
eating habits. The use of sodium-reduced and potassium-enriched substitutes for salt and
seasonings may be a promising alternative strategy, which has not yet been investigated

in the Vietnamese population.

The aim of the current thesis is to examine BP and its determinants in the Vietnamese
population as well as to investigate a potential population-based intervention for BP

control in Vietham.
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More specifically, the following research questions are addressed:

1. Whatis the prevalence of hypertension and prehypertension and its related

risk factors in the general population of Vietnamese adults? (Chapter 2)

2. Whatis the trend of BMI distribution and national prevalence of overweight

and obesity in Viethamese adults? (Chapter 3)

3. What is the sodium intake in Vietnam, and which are the main dietary

sodium sources? (Chapter 4)

4. Does consumption of sodium-reduced and potassium-enriched salt and

seasoning in replacement of regular salt and seasoning lower sodium intake
and BP in Vietnamese adults with prehypertension and hypertension?
(Chapter 5)

In Chapter 6, the main findings are summarized and interpreted, followed by a discussion

of methodological aspects of the studies, future research directions, and the relevance

for public health.
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ABSTRACT

Background Hypertension has recently been identified as the leading risk factor for
global mortality. This study aims to present the national prevalence of hypertension
and prehypertension, as well as their association with determinants, in Vietnamese
adults.

Methods and results Nationally representative data were obtained from the National
Adult Overweight Survey 2005. This one visit survey included 17,199 subjects aged
25-64 years, with a mean BMI of 20.7 kg/m?. The overall census-weighted JNC7-
defined prevalence of hypertension was 20.7% (95% Cl 19.4-22.1); the prevalence of
prehypertension was 41.8% (95% Cl 40.4-43.1). Hypertension and prehypertension
were more prevalent in men than in women. Higher age, overweight, alcohol use
(among men) and living in the rural areas (among women) were independently
associated with a higher prevalence of hypertension, whereas higher physical activity
and education level were inversely associated. Age, BMI, and living in the rural areas
were independently associated with an increased prevalence of prehypertension.
Among the hypertensives, 25.9% were aware of their hypertension, 12.2% were
being treated, and 2.8% had their blood pressure under control; among the treated

hypertensives, 32.4% had their blood pressure under control.

Conclusion Hypertension and prehypertension are prevalent in Vietnam but
hypertension awareness, treatment, and control is low. Population-based intervention
aimed at lifestyle modifications including the prevention and reduction of overweight
and the promotion of physical activity particularly in urban areas, the reduction of
high alcohol consumption, and health education and health care reform are needed

for hypertension and control in Vietnam.
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INTRODUCTION

Hypertension has been identified as the third leading risk factor for global burden of disease
and the main risk factor for mortality."? It is the most important modifiable risk factors

for coronary heart disease, stroke, congestive heart failure, and end-stage renal disease.

The incidence of cardiovascular diseases (CVDs) is especially increasing in the emerging
economies.? Vietnam is such an emerging economy, currently now including more than
80 million inhabitants. In Vietnam, a number of nutrition-related chronic diseases such as
overweight and obesity, hypertension, cardiovascular diseases and type 2 diabetes are
rising steadily.* Hypertension data has not been well documented in Vietnam, and the
published prevalence rates have mainly been derived from small surveys.>¢ The most recent
paper reported an overall prevalence of 25.1% based on pooling of several small surveys
carried outin the period 2002-2008.” Among the hypertensives, 48.4% were aware of their
high blood pressure, 29.6% reported treatment and 10.7% had achieved blood pressure
control. Control of hypertension should be achievable in Vietnam as many effective and
low-cost treatments are currently available. Prevention of hypertension and controlling
prehypertension by non-medical means will also contribute to lessening the burden
of CVDs.8 However information on the determinants and risk groups in the Vietnamese

population is currently limited.

This study aims therefore to present the national prevalence of prehypertension and
hypertension, and their determinants, as well as levels of awareness, treatment, and control,
based on alarge nationally representative sample of Viethamese adults examined in 2005.
The findings of this study will provide input for the planning of hypertension prevention

and control in Vietnam.

METHODS

Subjects and sampling

The National Adult Overweight Survey, was conducted by the National Institute of
Nutrition of Vietnam in 2005, used a stratified two-stage sample design to obtain a
nationally representative sample of adults aged 25-64 years. The sample was selected
independently within each of Vietnam’s eight ecological regions. In the first stage, a total

of 240 clusters, each composed of about 100 households, was selected. Within the list
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of clusters, based on a 3% sample frame for each region and using sampling method of
probability proportional to size, 30 clusters were randomly selected from provinces within
theregion.Urban and rural areas were defined as indicated in the General Statistics Office’s
Vietnam List of Administrative Divisions. In rural areas, most residents gain their livelihood
from agriculture. In the second sampling stage, 72 participants aged 25-64 years were
randomly selected in each cluster and categorized equally into four age-groups (25-34,
35-44, 45-54, 55-64) and both sexes. About 3% of those selected were unavailable for
the survey, and they were replaced by other randomly selected participants. Data were
available of 17,199 adults, aged 25 to 64 years.

Blood pressure measurement

Blood pressure (BP) was measured by well-trained health workers using standard mercury
sphygmomanometer in accordance with WHO STEPS manual® and adapted by the Vietnam
National Cardiology Association.' Participants were seated for at least 15 minutes after
which BP was measured twice in mmHg. A third measurement was taken if the difference
between 2 measurements was =10 mmHg, and the average of the second and the third
measurements was used for analysis. Hypertension was defined as systolic BP (SBP) =140
mmHg and/or diastolic BP (DBP) =90 mmHg and/or self-reported current use of anti-
hypertensive medication. Prehypertension was defined as SBP =120 and <140 mmHg
and/or DBP =80 and <90 mmHg, and normotension as BP values below 120/80 mmHg
according to JNC7." An additional classification of prehypertension as SBP =129 and <140
mmHg and/or DBP >85 and <90 mmHg was presented according to the 2013 ESH/ESC
(European Society of Hypertension/ European Society of Cardiology) guideline.’? Awareness
of hypertension was defined as self-report of previous diagnosis of hypertension by a
healthcare professional. Treatment of hypertension was defined as self-report use of anti-
hypertensive medication during the 2 weeks prior to the physical examination. Control of

hypertension was recorded when the treated hypertensives had SBP/DBP <140/90 mmHg.

Data collection on risk factors

Data collected onrisk factors was in accordance with the WHO STEPS manual.? Demographic
and lifestyle factors (alcohol consumption, smoking, physical activity) were obtained by
personal interview using the adjusted WHO STEPS questionnaire. Education levels ranged

fromiilliterate, literate (bur primary school not finished), primary school, secondary school,
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high school and higher education. Data on physical activity at work, leisure time, daily
transportation and sedentary behaviors were analyzed using MET (Metabolic equivalent)-
minutes/week based on the Global Physical Activity Questionnaire as recommended by
WHO." Physical activity was classified as low, moderate and high if any combination of
walking, moderate- or vigorous-intensity activities achieving a minimum of less than
600 MET-minutes per week, at least 600 but less than 3000 MET-minutes per week and
3000 MET-minutes per week accordingly. Physical activity based on combined MET, was
classified into quartiles for use in logistic regression analysis. Alcohol intake (beer, spirits,
and wine) was converted to gram of ethanol. People who had drunk alcohol within six
months prior to the survey date were classified as alcohol drinkers. Smoking was classified
as never-smoker, ex-smokers and current smokers. Body weight was measured using SECA
electronic scale of 100g accuracy. Body height was measured using wooden stadiometer
of 1 mm accuracy. Body mass index (BMI) was computed as weight per height square (kg/
m2). Underweight, normal weight and overweight were defined as BMI below 18, 18-23, 23
and higher, respectively, as recommended for Asian populations.’ Additionally, BMI of 25

kg/m? and higher was used to facilitate international comparison regarding overweight.’

Statistical analysis

Data analysis was done using BMI-SPSS statistics 20. The complex sample procedure using
weighing factors based on the population structure stratified by ecological region, sex,
age-group and area of residence in 2004 (Census, 2004)'> was applied in order to ensure a
fully national representative reporting of the result. Thirty-two participants with extreme
height or weight and 4 subjects without blood pressure measurement were excluded. The
data therefore were available for 17,199 subjects aged 25-64 years. They were presented as
percentages with 95% confidence interval (95% Cl) for the prevalence of prehypertension,

hypertension, awareness, treatment, and control.

The size of the hypertensive population was estimated as the product of the prevalence of
hypertension of x number of population aged 25-64 years. Multiple multinomial logistic
regression analysis for polytomous outcomes was performed to analyze the relationship of
related factors with both pre-hypertension and hypertension as compared to normotension
(exclusion or inclusion of participants taking anti-hypertensive medication - which may
have altered their lifestyle - made no significant difference to the result. The multiple logistic
regression models included the risk factors such as age, area of residence, education level,

alcohol drinking, tobacco smoking, physical activity, and BMI. In the regression model for
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women, smoking and alcohol drinking were excluded because of the low incidence of their
alcohol consumption (3.5%) and tobacco use (2.3%) among women. Odds ratios (ORs) were

presented with 95% Cl. P-values for trend were also obtained from the regression models.

Ethical consideration

The Ethics committee of the National Institute of Nutrition of Vietnam approved the study.

Prior to the data collection, participants were asked for agreement to participate.

RESULTS

Of the 8474 men and 8725 women who participated in the study, 87% were rural residents.
Mean age was 44 years (range 25-64 years) (Table 2.1). Men had higher mean systolic BP
(126.0 mmHg vs. 120.4 mmHg), diastolic BP (80.7 mmHg vs. 76.6 mmHg) and BMI (20.6 kg/m?
vs. 20.8 kg/m?) than women. Most of the men smoked (82.7%) whereas very few women
(2.2%) did. Alcohol was consumed by 40.2% of the men and only 3.5% of the women. The

majority of the men and women were highly active.

Prevalence of hypertension and prehypertension

The prevalence of hypertension was 20.7% (95% Cl 19.4-22.1), and was higher in men as
compared to women (25.2% vs. 15.9%, p<0.001), but similar in the urban as compared
to rural areas (Figure 2.1). The prevalence of known hypertension was 5.4%, highest in
urban men (9.6%) and lowest in rural women (4.3%). The overall prevalence of unknown

hypertension was 15.4%, highest in rural men (19.4%) and lowest in urban women (7.8%).

Prehypertension affected 41.8% of the population (95% Cl 40.4-43.1), was more prevalent
in men compared to women (46.1% vs. 37.2%, p<0.001) and more prevalent in the rural
area compared to the urban area (43.0% vs. 33.6%, p<0.001). Only 28% of men and 47%

of women had normal blood pressure levels.

Hypertension strongly increased with age (Table 2.2). Overweight men and women had
higher prevalence of hypertension (42.8% and 29.1% when overweight defined as BMI >25
kg/m? or 50% and 34.9% with BMI =23 kg/m?) than normal weight and underweight men
and women, respectively. High alcohol consumption was associated with hypertension

in men (30.6%) but not in women.
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Table 2.1 Selected characteristics of the study population (Vietnam National Adult Overweight Survey, 2005)

Men Women P-values Overall
Characteristic (N=8474) (N=8725) (N=17199)
Age (year, Mean + SD) 442 +11.3* 441 +£11.2 0.477 4412 +11.27
Systolic blood pressure (mmHg, 126.0+18.3 120.4+18.5 0.000 123.16 + 18.59
Mean+SD)
Diastolic blood pressure (mmHg, 80.7 £ 12.1 76.6+11.6 0.000 78.61+12.01
Mean+SD)
BMI (kg/m? Mean=SD) 206+26 20.8+29 0.000 20.73+£2.74
BMI (kg/m? n, %) 0.000
BMI<18.5 1683 199 1855 219 3538 209
18.5<BMI<23 5393  65.6 5081 60.0 10474 629
BMI=23 1398 145 1789 18.1 3187 16.3
BMI=25 540 53 786 8.0 1326 6.6
1683 19.9 1855 219
Area (n, %) 0.507
Urban 2002 13.3 2065 13.2 4067 13.2
Rural 6472 86.7 6660 86.8 13132 86.8
Education (n, %) 0.000
llliterate 484 47 1189 103 1673 7.3
Literate (Primary school not 1237 142 1901 21.5 3138 17.7
finished)
Primary school 1553 212 1593 21.9 3146 215
Secondary school 3240 415 2540 342 5780  38.0
High school 1226 15.6 789 104 2015 13.1
Higher education 281 29 166 1.8 447 24
Alcohol drinkers (n, %) 3335 40.2 396 3.5 0.000 3731 225
Smokers (n, %) 0.000
Current smokers 5275 66.1 266 1.7 5541 34.8
Ex-smokers 1526 16.6 73 5 1599 8.8
Never-smokers 1550 17.3 8356 97.7 9906 56.4
Physical activity (n, %) 0.000
Low 1066 10.9 770 7.9 1836 9.4
Moderate 853 9.5 815 8.8 1668 9.2
High 6553 796 7139 833 13692 814
*Mean=SD.

Overall, prehypertension and hypertension combined affected 62.5% of adults aged 25-64
years old and increased with age (from 52.0% in 25-34 years to to 80.4% in 55-64 years).

Under the 2013 ESH/ESC guideline12 rather than the JNC7,11 the prevalence of prehy-
pertension was considerably lower, i.e., 13.7% (95% Cl 12.6—14.9) in men and 9.8% (95%
Cl 8.9-10.8) in women, and the total prevalence of combined prehypertension and
hypertension was 32.9% (95% Cl 31.3-34.6).
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Figure 2.1 Blood pressure distribution by sex and area of residence in Vietnam (National Adult Overweight
Survey 2005).

Normal: systolic BP <120 mmHg and diastolic BP <80 mmHg; Prehypertension: systolic BP = 120-139 mmHg
and/or diastolic BP = 80-89 mmHg; Hypertension: SBP =140 mmHg and/or diastolic BP 290 mmHg or anti-
hypertensive treatment. Known hypertension: hypertension awareness based on self-report of previous
diagnosis of hypertension by a health care professional. Unknown hypertension: hypertension not previously
diagnosed by a health care professional.

Determinants of hypertension and prehypertension

The results from multivariable multinomial regression analysis (Table 2.3) showed that age,
educational level, BMl and physical activity were independent risk factors for hypertension
in both men and women. Alcohol consumption was also an independent determinant of
hypertension in men. Men who consumed less than 10 g ethanol/day were less likely to
have hypertension (OR 0.74, 95% Cl 0.52-0.94) while those with consumption of more
than 30 g ethanol/day had an OR of 1.57 (95% Cl 1.23-2.02) as compared to the non-
drinkers. The differences in hypertension according to smoking habits were reduced after
adjustment. After taking into account all other risk factors, women from the rural areas

still had significantly elevated hypertension prevalence as compared to urban women.

After adjustments, age and BMI were independently associated with an increased risk of
prehypertension, similar to the association with hypertension (Table 2.3). Independent of
other risk factors, living in the rural area remained significantly associated with increased
risk of prehypertension. Additional analyses showed that under stricter definition of
prehypertension, as described above, associations with determinants were similar, but

with ORs being slightly higher.
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Hypertension awareness, treatment, and control

Among the group with hypertension, only 25.9% (95% Cl 23.3—28.1) were aware of their
condition, 12.2% (95% Cl| 10.7—13.9) were treated, and 2.8% (95% Cl 2.1-3.6) had their
blood pressure under control (Table 2.4). Thus, 32.4% of the hypertensives had their BP
under control. Awareness and treatment increased with age, but the proportionate control
among those treated declined strongly with age. Women and urban residents were more
aware, treated, and BP controlled than men and rural residents, respectively. The higher

the education level people had, the more aware of their hypertension they were.

Table 2.4 Percentage (95% Cl) of awareness, treatment and control of hypertension among hypertensive
subjects (Vietnam National Adult Overweight Survey, 2005)

Subgroups Aware Treated Controlled Controlled
among Treated

Total 259(23.3-28.1)  12.2(10.7-13.9) 2.8(2.1-3.6) 32.4(27.7-37.5)
Age group (year)

25-34 18.0 (13.4-23.7) 5.5(3.4-8.7) 3.0 (1.5-6.1) 72.9 (53.9-86.1)

35-44 21.8(18.1-26.0) 8.1(6.0-10.8) 2.8 (1.8-4.5) 47.2 (34.7-59.9)

45-54 28.0 (24.4-32.0) 13.0(10.6-15.8) 2.1 (1.4-3.3) 25.1(19.0-32.3)

55-64 33.1(29.8-36.6)  20.9 (18.4-23.6) 3.4 (2.5-4.6) 19.9 (15.5-25.1)
Gender

Male 24.4(21.5-27.5) 9.5 (8.0-11.3) 2.1 (1.5-3.1) 29.7 (24.0-36.0)

Female 28.3(24.9-32.1) 16.9(14.3-19.8) 3.8(2.7-5.2) 34.8 (28.5-41.6)
Area of residence

Urban 38.4(32.8-443) 18.8(16.1-21.8) 4.3 (2.8-6.5) 35.0 (26.8-44.3)

Rural 24.0 (21.1-27.0) 11.2(9.5-13.2) 2.5(1.8-3.5) 31.7 (26.1-37.8)
Education

llliterate 12.4(7.9-18.8) 10.0 (6.1-16.0) 2.8 (0.9-8.1) 31.6 (13.4-57.9)

Literate — not finish 19.6 (16.4-23.2) 14.6 (11.5-18.5) 3.3(1.9-5.7) 29.0 (20.8-38.8)

primary school

Primary school 20.8 (16.7-25.60 10.8 (8.4-13.7) 2.6 (1.5-4.4) 37.8 (26.8-50.4)

Secondary school 31.0 (27.3-35.0) 12.1(9.9-14.8) 2.6 (1.7-3.9) 29.4 (22.5-37.3)

High school 36.1 (29.5-43.2) 12.5(9.4-16.3) 3.2(1.7-5.8) 41.0 (29.4-53.7)

Higher education 57.9 (43.9-70.8) 14.0 (7.7-24.2) 1.0 (0.1-6.0) 35.9 (17.0-60.5)

DISCUSSION

The result from this National Overweight Adult Survey in 2005 showed that 1 in 5 people
aged 25-64 years (20.7%), i.e. more than 8 million Vietnamese adults, was hypertensive.
Hypertension was more prevalent in men (25.2%) than in women (15.9%) and higher

among older people. This pattern was consistent with the results of several small surveys
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previously reported in Vietnam.>4'¢ Son et al.” observed a higher prevalence in Vietnam, but
they included older people, and non-representative samples including more participants
from urban areas. Our national prevalence estimate is comparable to the results in other
Asian countries such as China (18%),"”'® Thailand (21.7%)'° and South Korea (22.9%).2° The
observed higher prevalence of hypertension in men was consistent with the general picture

of sex-difference in other developed and developing countries.?'

The hypertension prevalence of 20.7% in 2005 was higher than the 16.9% reported in the
Vietnam National Health Survey in 2001-2002,%* indicating an increase in hypertension
prevalence among the Vietnamese adults. An increasing trend was also reported in other
neighboring countries such as China®2* and Thailand,'® and fit the notion that hypertension

is an increasing public health burden in the emerging economies such as in Asia.®

The prevalence of prehypertension (41.8%) was as twice that of hypertension, and the current
study is the first to report on prehypertension for Vietnam. Prehypertension is an important
risk group, as the rate of progression from prehypertension to clinical hypertension was
19% over 4 years? and prehypertension is associated with a 66% increase in CVD mortality.®
A recent review reported that the overall worldwide prevalence of prehypertension as
defined by JNC7 is 38%.%” Chinese studies reported rates ranging from 30.2% to 54.4%, and
our result fits well within this range.?” Using stricter European classification, the prevalence
of prehypertension was considerably lower, as expected. It should be noted that our data
on hypertension and prehypertension were obtained from two repeated measurements
during one visit, while two independent visits are recommended in a clinical setting." It
has been shown that with a single visit the prevalence can be overestimated by 3 to 29%.%
However, other population-based surveys used single visits as well, and hence our results are
well comparable with other studies.'**?” Moreover, it has been shown that within-person
variation in the outcome variable does not affect the association with its determinants,

which is important as these may provide clues for prevention programs.

The positive associations of hypertension with age and BMI and the negative association
with educational level and physical activity observed in this national survey were consistent
with the results of previous studies in Viethamese population subgroups®”'¢ and other
countries in the region.?®3° We have previously shown that the prevalence of overweight in
Vietnamese adults was twice as high as in 2005 as compared to 2000.3' Therefore, this rapid
increase in overweight and obesity is likely to partly attribute to a considerable increase in
hypertension from 16.9% in 2001-20022? to 20.7% in the current study.
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Physical inactivity has been documented to be associated with higher risk of hypertensionin
many populations, also in Asia.>? In Vietnam, the rapid urbanization and industrialization and
modernization have brought its population to less physical activity and at work, travelling to
and from work and at leisure, and more sedentary lifestyle. Indeed, 81.4% of our population
was classified as having a high level of physical activity, but this was only 56.5% in the urban
areas (data not shown). Together with changes in the dietary pattern this induced overweight
and obesity*® and is also independently associated with increased risk of hypertension, as
our results suggest. Systematic overviews of lifestyle interventions showed that exercise was
associated with a 2.8 to 4.6 mmHg reduction in systolic blood pressure.?* Each five kilogram
of weight loss reduces systolic BP with 3.6 mmHg on average.* Therefore promoting physical

activity and weight control probably is a good option for the Vietnamese situation as well.

Among men we observed a J-type of association between alcohol consumption and
hypertension, indicating that hypertension was higher in those with higher alcohol use,
but not in those with moderate alcohol consumption. This has also been reported in other
populations.>>3¢ Alcohol intake was associated with lowering of blood pressure in several
randomized clinical trials.>* Therefore, lowering alcohol consumption in excessive alcohol

drinkers should be promoted for hypertension control in Viethamese men.

Hypertension was more common in ex-smokers, which was also reported in Vietnamese
adults.>* However, the association between hypertension and smoking was not observed
after taking other risk factors, such as BMI, into account. The absence of an association
between hypertension and smoking after adjustment for other risk factors was also reported

in other populations 202130

In many countries, hypertension seems to be more common in urban thanin rural areas due
to their higher prevalence of overweight and obesity and lower levels of physical activity
in urban area.*” Given these risk factors and also smoking, alcohol use, and education, the
prevalence of hypertension and prehypertension was higher in rural residents, especially
women. Smaller or no gaps between urban and rural areas have been observed in Thailand,
Korea, and China as well.’?03138 The 2007-2008 China national survey showed that in
economically developed regions, the prevalence of hypertension was significantly higher
among rural residents than among urban residents.® This situation might due to economic
development in rural regions, urbanization and associated lifestyle and diet under insufficient
health and nutrition education all together led to higher prevalence of prehypertension and

hypertension in rural areas than in urban areas. In the present study, we can only speculate
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regarding the cause of the higher prevalence in rural areas. Dietary factors could be involved,
but we were not able to address high sodium intake and low intake of potassium as risk factors
for hypertension. The traditional-style food preparation is still highly prevalentin rural areas,

and includes salt for preservation as refrigerators are still not widely used.

Awareness and treatment of hypertension was higher in urban areas, as expected. Overall,
awareness (25.9%) and treatment (12.2%, less than half of those aware) were low compared
to other countries in the region; in Malaysia (34.6% aware, 32.4% treated);* and in Thailand
(30.1% aware, and 23.5% treated);'® and comparable in China (24% aware, 18% treated).”
Among those treated, 32.4% had their blood pressure under control, a proportion which
was higher in women than in men, and higher in urban than in rural areas. The control rate
in Vietnam was similar to that in neighboring countries, 26.8% in Malaysia, 24% in China in
2002, and 36.6% in Thailand.

In conclusion, on the basis of the National survey data 20.7% of the Vietnamese adults had
hypertension and an additional 41.8% had prehypertension, indicating that 62.5% of the
adult population or more than 23 million people, at risk of CVDs. Among the hypertensive,
only 25.9% were aware of their condition, 12.2% were treated, and 2.8% had their blood
pressure under control. Population-based interventions aimed at lifestyle modifications
including the prevention of overweight, the promotion of physical activity, particularly in
urban areas, the reduction of high alcohol consumption, health education and healthcare

reform are needed for hypertension control and prevention in Vietnam.
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ABSTRACT

Background In developing countries, overweight prevalence is increasing while
underweight prevalence is still high. This situation is known as the double nutrition
burden. Both underweight and overweight are related to increased risk of chronic
non-communicable diseases, reduced well-being and quality of life. This study aims
to compare the prevalence of overweight and underweight among Vietnamese
adults in 2000 and 2005.

Methods The study was based on two nationally representative surveys, the
National Nutrition Survey 2000 (14,452 subjects) and the National Adult Obesity
Survey 2005 (17,213 subjects). Adults aged 25-64 years were sampled to be
nationally representative. Multiple multinomial logistic regression analysis was used
to investigate the association of underweight and overweight with socio-economic

indicators.

Results The distribution of BMI across the population and population groups
indicated a shift towards higher BMI levels in 2005 as compared to 2000. The
nationwide prevalence of overweight (BMI >25 kg/m?) and obesity (BMI =30 kg/m?)
was 6.6% and 0.4% respectively in 2005, almost twice the rates of 2000 (3.5% and
0.2%). Using the Asian BMI cut-off of 23 kg/m? the overweight prevalence was 16.3%
in 2005 and 11.7% in 2000. In contrast, the underweight prevalence (BMI <18.5 kg/m?)
of 20.9% in 2005 was lower than the rate of 25.0% in 2000. Women were more likely
to be both underweight and overweight as compared to men in both 2000 and 2005.
Urban residents were more likely to be overweight and less likely to be underweight as
compared to rural residents in both years. The shifts from underweight to overweight

were clearer among the higher food expenditure levels.

Conclusions The double nutrition burden was clearly present in Vietnam. The
distribution of BMI across the population groups generally indicated a shift towards
higher BMI levels in 2005 as compared to 2000. The prevalence of overweight was
increased while the declined level of undernutrition was still high in 2005. The shifts
of underweight to overweight were most obvious among population groups with

higher food expenditure levels.
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BACKGROUND

In developing countries the prevalence of overweight is increasing, while underweight
prevalence is still high. This situation is known as the double burden of malnutrition [1].
Although the underweight prevalence is decreasing it is still high, between 20% and
50%, in countries such as India, Bangladesh, China, Philippines, Thailand and Vietnam.
Undernutrition is associated with increased comorbidities such as osteoporosis and diabetes
[2,3]. Underweight reproductive-age women have increased risks of infertility, pregnancy
complications, and giving birth to stunted and thin babies who are more likely to suffer
from the diet-related diseases that were formerly thought to be associated with increasing
affluence, such as diabetes, coronary heart disease and hypertension. Malnourished adults
have lower work output in physical labour, earn less at work, are less productive, and are

less likely to be hired as daily wage labour compared to better nourished adults [3].

On the other hand overweight and obesity are increasing, particularly in urban areas
[4,5]. Overweight and obesity are regarded as severe risk factors for a number of non-
communicable diseases such as type 2 diabetes, cardiovascular disease and several forms
of cancer [6]. It was estimated that only 20% of chronic disease deaths occurred in high
income countries — while 80% occurred in low and middle income countries, where most
of the world’s population lives [7]. Controlling, or better even, preventing overweight and
obesity is regarded essential in the prevention of non-communicable chronic diseases.

Generally, itis clear that double burden of nutrition needs to be investigated and controlled.

Vietnam is a developing country located in South East Asia. The country covers an area of
331,000 square km, of which three fourths are highlands and mountains. With its natural
characteristics, Vietnam is divided into eight ecological regions. The population increased
from 77.6 million in 2000 to 83 million in 2005, with a decrease of its inhabitants living in
rural areas from 76% to 73% [8]. Over the period of 1993-2004, Vietnam was considered
as one of the best performers in the world in terms of economic growth [9]. Parallel
with socio-economic development, the dietary pattern and lifestyle of the Viethamese
population has been changing. The composition of the diet shifted to lower amounts of
starchy staples and higher amounts of proteins and lipids (meat, fish, other protein-rich
or high fat foods) [10]. The higher level of industrialization and modernization brings a
lifestyle with less physical activity and more sedentary habits. As a result, Vietnam is now
in a period of nutrition transition and faces a double burden of nutritional problems, both

underweight and overweight [11,12], similar as to other countries in the area.
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InVietnam, the problem of underweight or overweight have been studied mainly in specific
groups such as children and reproductive age women and with small scale studies [13].
Surveys on overweight and obesity have reported a range of adult overweight prevalences
from 8% to 18% in the period 1999-2003 [14-16]. These findings do not allow drawing
nationwide conclusions on nutritional status of adult population. Two studies documented
differences in the period 1992-2002, observing a reduction in underweight in adults
aged 18-65 years, from 31.2% in 1992 to 24.3% in 2002, and an increase in overweight
from 2% to 5.2% over this ten-year period [11,17]. The current paper aims to compare the
prevalence of overweight and underweight among Vietnamese adults in 2000 and 2005,
using the most updated nationally representative data of the National Nutrition Survey in
2000 (NNS 2000) and the National Adult Obesity Survey in 2005 (NAOS 2005). Given the

strong economic development we expect to observe considerable changes.

METHODS

Subjects and sampling

For this paper, data from the National Nutrition Survey in 2000 (NNS 2000) and the National
Adult Obesity Survey in 2005 (NAOS 2005) were used. Both surveys used a stratified two-

stage sample design.

In short, the sample was selected from the 3% household sample frame of the National
Population and Housing Census (NPHC) in 1999, which was stratified by ecological regions,
provinces and urban-rural area. The sample selection was done independently within each
of eight ecological regions. In the first stage, 30 clusters were selected with the systematic
random sampling based on the 3% sample frame. In the second sampling stage the
sampling was different between NNS 2000 and NAOS 2005. In the NNS 2000, one third of the
households in each cluster was selected by systematic sampling and all household members
were invited for data collection. In the NAOS 2005, in each cluster 72 subjects aged 25-64
years were selected randomly and equally based on 4 age groups (25-34, 35-44, 45-54
and 55-64 years) and both genders. For both surveys, selected households (NNS 2000) or
subjects (NAOS 2005) who were not able to present at the surveys were replaced by other
randomly selected households or subjects (with the same gender, age group of the same
cluster) based on the available sample frame of each cluster, as recommended [18]. Data
were available of 14,452 (NNS 2000) and 17,213 (NAOS 2005) adults, aged 25 to 64 years.
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Nutritional status measurement and assessment

Height and weight were measured by standard methods using calibrated instruments [18].
Height was measured by using wooden stadiometer with accuracy at 1 mm. Weight was
measured by using SECA electronic scale with accuracy at 100 g. Body mass index (BMI, kg/
m?) was calculated as weight (in kg) divided by body height (in m) squared. Underweight,
normal weight, overweight and obesity were classified using BMI cut-off points classified
by the WHO: <18.5 kg/m? is underweight, 18.5-24.9 kg/m? is normal weight, =25 kg/m?
is overweight and =30 kg/m? is obesity [18]. Additional cut-off points suggested to use
for Asian populations were also used, i.e.: 223 kg/m? for overweight and >27.5 kg/m? for
obesity [19].

Statistical analysis

Data analysis was done using SPSS version 15.0 (SPSS Inc. Chicago, lll). In order to ensure
afully national representative reporting of the result, both datasets were analyzed by the
complex sample procedures using weighing factors based on the population structure
stratified by ecological region, gender, age group and urban-rural area in 1999 (NPHC,
1999) and in 2004 (Census, 2004) for the datasets of NNS 2000 and NAOS 2005, respectively.

Pregnant women and under-12 month lactating mothers as well as subjects with extreme
and/orimplausible height, weight or BMI were excluded. In the dataset of NNS 2000, data
of 324 pregnant and lactating women and 15 subjects with extreme height or weight
were excluded from the analysis. In NAOS 2005 pregnant and under-12 month lactating
women were excluded in the sampling procedure. In the data analysis phase 32 subjects
with extreme height or weight were excluded. Data were therefore available on 14,452
(NNS 2000) and 17,213 (NAOS 2005) adults, aged 25 to 64 years.

The data are presented as percentages with 95% confidence interval (95% Cl), stratified
by ecological region, area of residence, age group, gender, education level and food
expenditure level. Multiple multinomial logistic regression, logistic regression for
polytomous instead of dichotomous outcomes, was used to investigate the relationship
of socio-economic factors with both underweight and overweight. Results were presented
as odds ratios (OR) with 95% Cl comparing overweight or underweight to normal weight.
Variables which were available in both datasets were included in the regression models,
i.e.age group, gender, area of residence, education level and food expenditure (asincome

proxy). The food expenditure variable was the average monthly food expenditure per capita
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(inVietnam currency). Food expenditure was categorized into 5 levels based on percentiles
with level 1 is the lowest and level 5 is the highest. The education levels ranged from
illiterate, literate, primary school, secondary school, high school and higher education.The
estimation of number of overweight or underweight population was the products of the

prevalence of overweight or underweight x number of population aged 25-64 years old.

Ethical consideration

The study was approved by the Ethical committee of the National Institute of Nutrition
- Vietnam Ministry of Health. Participants were asked for agreement to participate in
the surveys prior to the data collection. Full access to the datasets was approved by the

Vietnam National Institute of Nutrition.

RESULTS

Trend of BMI distribution

The distribution of BMI across the whole population and population groups generally
indicated a shift towards higher BMI levels in 2005 as compared to 2000 (Table 3.1).
Nationwide, the overall prevalence of overweight (BMI >25 kg/m?) and obesity (BMI >30
kg/m?) were 6.6% (95% Cl 5.9-7.4%) and 0.4% (95% CI 0.3-0.6%) in 2005, which were almost
twice the rates in 2000, 3.5% (95% Cl 3.0-4.0%) and 0.2% (95% Cl 0.1-0.2%). When applying
the suggested cut-off points for Asia, the prevalence of overweight (BMI >23 kg/m?) and
obesity (BMI =27.5 kg/m?) were 16.3% (95% Cl 15.1-17.5%) and 1.7% (95% Cl 1.4-2.0%)

Table 3.1 BMl distribution (%, 95% Cl) in adults aged 25-64 years in 2000 and 2005 by gender

BMI BMI BMI BMI BMI
N  <185kg/m? >23kg/m’ >25kg/m>  >27.5kg/m>  >30kg/m’

National Nutrition Survey 2000

Nationwide 14,452 25.0(23.5-26.5) 11.7(10.6-12.9) 3.5(3.0-4.0) 0.9(0.7-1.1) 0.12(0.1-0.2)
Male 7,044 22.0(204-23.7) 9.6(84-10.9) 2.8(2.2-34) 0.7(04-1.0) 0.1(0.0-0.2)
Female 7408 27.9(26.0-29.8) 13.7(12.3-15.3) 5.5(4.8-6.5) 1.6(1.2-2.0) 0.2 (0.1-0.4)

National Adult Obesity Survey 2005

Nationwide 17,213 20.9(19.6-22.1) 16.3(15.1-17.5) 6.6(5.9-7.4) 1.7(1.4-2.0) 0.4 (0.3-0.6)
Male 8483 19.9(184-214) 145(13.2-16.0) 5.3(4.6-6.1) 1.2(0.9-1.6) 0.4 (0.2-0.6)
Female 8,730 21.9(20.4-23.5) 18.1(16.7-19.7) 8.0(7.1-9.0) 2.2(1.8-2.7) 0.5(0.3-0.7)
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in 2005, in comparison with 11.7% (95% Cl 10.6-12.9%) and 0.9% (95% Cl 0.7-1.1%) in
2000. Based on these data, the average annual increase in overweight prevalence was
0.62%/year. In contrast to the shift to higher overweight and obesity prevalence, the
underweight prevalence (BMI <18.5 kg/m?) showed a lower level in as 2005 compared to
2000, i.e.20.9% (95% CI 19.6-22.1%) compared to 25.0% (95% Cl 23.5-26.5%), respectively.
The average annual decrease in underweight prevalence was 0.82%/year. Table 3.1 also
shows that both the prevalence of overweight and underweight were higher in women

as compared to men in both years.

Concerning area of residence, the shift from underweight to overweight was observed
in both urban and rural areas (Figure 3.1). The overweight and obesity prevalence was
higher in 2005 as compared to 2000 in both rural and urban areas with, as expected, the
highest prevalence in the urban area. The underweight prevalence was lower in 2005 as
compared to 2000 in both areas of residence, but always higher in rural area compared

to urban area in both years.

35 % 334 Urban area 35 % Rural area

02000 @2005 1 : 02000 m2005

<18.5 >=23 >=25 >=27.5 >=30 <18.5 >=23 >=25 >=27.5 >=30
BMI BMI

Figure 3.1 BMlI distribution (%; 95% Cl) in adults aged 25-64 years in 2000 and 2005 by area of residence.

Double burden of overweight and underweight by various subgroups

Figure 3.2 shows the prevalence of overweight across different subgroups of gender,
area of residence and age in 2000 and 2005. The general trend of higher rates in 2005
was observed in all subgroups (men and women, urban and rural areas and different age
groups). In both areas and genders the prevalence of overweight was generally higher with

higher age, with the highest prevalence for age group 45-54 years in both 2000 and 2005.

The underweight prevalence by different subgroupsis presented in Figure 3.3.The highest

underweight prevalence was observed in the youngest men and women (25-34 years
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Figure 3.2 Prevalence of overweight (BMI =25 kg/m?) in 2000 and 2005 by age group, sex and area of
residence.
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Figure 3.3 Prevalence of underweight (BMI <18.5 kg/m?) in 2000 and 2005 by age group, sex and area
of residence.

old) in the urban area in contrast to the oldest men and women (55-64 years old) in the
rural area, although in 2005 the differences were less pronounced as compared to 2000.
Among urban men, the underweight prevalence by age was about similar in both years,
while among rural men underweight prevalence was lower in 2005 as compared to 2000,

similar to the prevalence among urban and rural women.

Generally, underweight was less frequent among the older compared to the younger age
groups among urban men, while it was more frequent among higher age groups among
rural men. Among urban women, underweight was most prevalent among the youngest
group aged 25-34 years. Among rural women, the youngest and the oldest groups were

more frequently underweight as compared to the other age groups in both years.

The double burden of overweight and underweight across eight ecological regions in 2000

and 2005 is presented in Figure 3.4.1n all ecological regions, the prevalence of overweight
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Figure 3.4 Prevalence of underweight (BMI <18.5 kg/m?) and overweight (BMI =25 kg/m?) in 2000 and
2005 by ecological region. RRD: Red river delta, NR: Northeast, NW: Northwest, NCC: North Central Coast, SCC:
South Central Coast, WH: West Highland, SE: Southeast, MRD: Mekong river delta.

was higher in 2005 as compared to 2000. The pattern of overweight across the regions
was similar in both 2000 and 2005. The highest prevalence was found in the South-East
and Mekong river delta regions and the lowest prevalence was seen in the North-East
region, while the remaining regions did not differ much from each other. The pattern
regarding underweight was also similar in both 2000 and 2005. The highest prevalence
of underweight was observed in the Red river delta and South Central Coast, while the

lowest was found in North-West and South-East regions in both years.

Figure 3.5 shows that there were quite similar patterns regarding the prevalence of over-
weight and underweight according to education levels in 2000 and 2005. The underweight
prevalence was about similar for the four lower education levels and gradually reduced
from the of Secondary school level to the Higher education level. This contrast in under-
weight between lower and higher education levels was larger in 2005 as compared to 2000.
The prevalence of overweight gradually increased from the levels of lower education to
Secondary school and quickly raised the highest rate at the Higher education level. Also

this contrast was larger in 2005 as compared to 2000.

The prevalence of overweight and underweight by food expenditure levels are presented
in Figure 3.6. At higher categories of the food expenditure, the prevalence of overweight

was higher and the prevalence of underweight was lower, in both years.
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Figure 3.5 Prevalence of underweight and overweight by education level in 2000 and 2005.
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Figure 3.6 Prevalence of underweight and overweight by food expenditure level in 2000 and 2005.

Multiple logistic regression analysis

Table 3.2 presents the independent association of several socio-economic factors with
underweight and overweight in both 2000 and 2005, using multiple multinomial logistic

regression analysis.

62



Prevalence of overweight and underweight among Vietnamese adults

*100°0>d 12 JUDYIUBIS 4 “[eAID1UI BIUSPLUOY 3| ‘011el SPPO YO

#(YTS-TET) 61°E %(69°0-11°0) S50 LV6'T (19£-S60) vL Y %(9£°0-¥5°0) ¥9°0 068'C S [9A91
*(ES7—86'1) 00°€ %(58'0-65°0) LL'0O £V6'T (COV-L8'1) ¥6'C %(68'0—€9°0) S£°0 9/8'C ¥ [9A97
*(LLE-L¥'L) 60°C %(68'0-29°0) S£°0 or6'T #(6£'€-89°L) S¥'C %(£6'0-69°0) 280 768'C € [9A97]
#61T-10L) 61°L %(86'0-69°0) 780 9€6'C £(08'7-90°'1) TL'L (91°1-98'0) 00°L 688'C 4L
00°L 00°L £86C 00°L 00°L S68'C L [9A97
2Inpuadxs poo4
(6¥7°'1-55'0) 06'0 (80°'L-€9'0) £OL yA44 +(6£°0-ST°0) 0 (88°'L-88'0) 8T'L 608 uonesnpa Jaybiy
(#0'L-£+'0) 0£'0 (18'1-€6'0) 0E'L £10'C (€L'1-T¥'0) 69°0 £(9TT-L11) 7oL z8s’L [ooyds ybiy
#($8°0-1%°0) 65°0 #r8'1-101) 9€°L €8/'S +(£6'0-L€0) 90 #(16'1=£0°L) €V'L 0T6'S |ooyds A1epuodas
(00'L-5%'0) 89'0 #(£8'1-€0°1) 8E'L LGL'e (LE'1-5°0) L8O (¥9°'1-66'0) LT'L SLL'Y Jooyds Arewid
(LO'L-€5°0) €££'0 (¥9'1-€6'0) ¥T'L 6€L'E (S0'C-78°0) 6T°L (F¥'1-88°0) €1°L SL9'C EMCIE
00°L 00°L SL9'L 00°L 00°L 6€C'L
[9A3] UoledNP3
%(€LT-09°1) 80'C %(66'0—-19°0) 08°0 890t *(6L°€-6L1) 6ET %(76'0-€9°0) 92°0 9€8'e ueqin
00°L 00°L Srl'el 00°L 00°L 919'0L |eany
9oUSpISal JO ealy
#(€8'1-6T1)ES°L *(LE1-€0'L)9L'L 0€48 #(CST-¥9'1) €0°C *(€E9L-LEL) 9P'L 80v'L dlewsy
00°L 00°L €878 00°L 00°L ¥¥0'L SeW
J9puan
%(995°€-66'1) 99°C %99 1-GL L) ¥E'L 661l (r€T-76'0) S'L #(£6'1-8€°1) §9'L L0S'L ¥9-5S
*(19°€-91°7) 6£°C (£T1-56'0)0L°L 1407 «(SL'€-T9'1) 9T'T *(LE1-00L) SL°L 08T S-S
#(LST-8¥'L) G6'L %(£6°0—£0) 980 vSE'Y #(8LT-L11)95°L (£0°1-58°0) S6'0 VAARS Yr-G€
00°L 00°L SeEy 00°L 00°L ¥20'S 7€-5¢C
dnoib aby
WbramianQ 1ybramiapun N ybramianQ 1ybramiapun N
S00C 000¢
(1D 9%56) 4O paisnipy

S00Z pue 000z Ul 3YBiamiapun pue 1YBISMISA0 YIIM S10)0B) JUIOUO0I3-01D0S PalI3|as jo diysuonepy '€ a|qel

m
O



Chapter 3

Women were always more likely to be both underweight (OR=1.4 and OR=1.16 in 2000
and 2005, respectively) or overweight (OR=2.03 and OR=1.53 resp.). After adjustment for
education level and food expenditure level, as proxy for income, urban residents were
always less likely to be underweight (OR=0.76 in 2000 and 0.80 in 2005) and more likely to
be overweight (OR=2.39 and OR=2.08). Food expenditure level, as proxy for income, was
independently associated with underweight and overweight in both years. The higher the
food expenditure, and thus the higher the income, the more overweight (OR=1.72t04.74
and OR = 1.49 to 3.49) and the less underweight (OR = 1.00 to 0.64 and OR = 0.82 to 0.55)
was observed. Regarding educational level the results were different from the unadjusted
analyses as shown in Figure 3.5. After adjustment for food expenditure level, area, age and
gender, the higher education groups were generally more likely to be underweight and
less likely to be overweight as compared to the lowest education level. This was mainly
due to the association with food expenditure level, which was more strongly related to

underweight and overweight than education.

DISCUSSION

This study shows that the prevalence of overweight (BMI =25 kg/m?) among Vietnamese
adults aged 25-64 years in 2005 was almost twice as compared to 2000. The estimated
average increase in prevalence of overweight amounted to 0.6%/year, which was almost
twice as that of 0.3%/year over the period of 1992-2002 [11]. Based on our data, the
estimated number of subjects aged 25-64 years with overweight in 2005 amounted to
about 2.6 million (BMI =25 kg/m?) or 6.5 million (BMI =23 kg/m2).

The pattern of overweight and obesity prevalence across population groups defined by
age, gender and/or areas of residence were similar between the two periods (1992-2002
and 2000-2005), with a higher prevalence among women, urban residents, and older age-
groups. The higher estimated increase in the nationwide prevalence of overweight and
obesity and the bigger differences between urban and rural areas observed in 1992-2002
and 2000-2005 highlights the increasing problem of overweight in Vietnam, particularly

in the urban areas.

The increasing trend of overweight and obesity is not only observed in Vietnam but also
in other countries in the Asian region as well as worldwide. Fortunately, the magnitude
of the problem in Vietnam is still much less than in many of these countries, such as 29%
(1996-1997) in Hongkong [20] and 26.7% (1998) in Korea [21], which might be due to lower
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level of economic development in Vietnam. In Thailand, the National Health Examination
Survey Il showed a prevalence of overweight (BMI =25 kg/m?) in adults aged 20-59 years
of 28%, with highest values in women (33.9%) and in the urban population (34.8%) [22].
The problem of overweight and obesity is also rapidly increasing in China in all gender
and age groups and in geographical areas, particularly in the urban area, with overall
reported prevalence rates of 15% in 1992 and 22% in 2002 [23]. The higher prevalence of
overweight and obesity among women and urban residents in Thailand and China were

similar to the situation found in the present study.

The prevalence of urban overweight (BMI =25 kg/m?) in our nationwide samples is in
concordance with previous smaller studies done in Hanoi and Ho Chi Minh City which
reported overweightin 17.2% to 18.5% of adults aged 20-60 years [14-16]. In the past, the
percentage of overweight in the adults, was also higher in urban areas than in rural areas
(4.8% vs. 1.2% in 1998 and 9.6% vs. 3.5% in 2002) [17]. This higher prevalence in the urban
area may be explained by the faster economic growth. Over the period 1993-2004 Vietnam
was considered to be one of the best performers in the world in terms of economic growth
[9]. As a result, poverty rates were halved in the same period. The general poverty rates
decreased from 37% to 20%, while the food poverty rate went down from 13% to 7%. In
parallel with the economic growth, the urbanization went up and the rate of urbanization
is expected to remain above 3% per annum until 2020. It was estimated that the urban
area accounted for 70% of the growth while containing only 25% of the population
[24]. We used food expenditure as a proxy indicator of income, and this was indeed also
associated with higher overweight rates. Butindependent of food expenditure and other
demographic factor overweight was still twice as high in urban areas compared to rural
areas. In addition to higherincome, urbanization has brought changes in lifestyle and food
consumption habit which may also contribute to the higher prevalence of overweight.
In urban areas of developing countries, food scarcity may no longer be the driving force
behind energy intake. Instead, the availability of cheap, energy-dense foods (including
those from street vendors and fast food restaurants) may facilitate the consumption of
more calories. Widespread access to television would favour an indoor, sedentary lifestyle,
further reducing the average daily energy expenditure [25]. Those changes lead to an

obesogenic environment.

The prevalences of overweight and obesity differed across the eight ecological regions
but were all higher in 2005 as compared to 2000. There were several reasons for these

differences and changes, but they were likely to be closely related to socio-economic status.
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Household poverty status significantly influences food consumption and food patterns
[10]. There were considerable disparities in regional poverty and poverty reduction [9].
The South East region had the lowest poverty rate, which reduced from 12% in 1998 to
5% in 2004, and the same region was shown to have the highest and fastest increase in
the prevalence of overweight and obesity. The Northern mountains (North East and North
West), the North Central Coast and the Central Highland all have high poverty rates (50%
and above in 1998 and still over 30% in 2004) and accordingly have lower prevalence rates

of overweight and obesity.

In contrast with the increasing problem of overnutrition, undernutrition showed a
decreasing trend. The estimated average annual reduction rate was 0.8%/year in the
period 2000-2005, after an earlier reduction of underweight in adults from 31.2% in 1992
t024.3%in 2002 [11].This reduction is probably thanks to the economic development and
the considerable achievement in nutrition policy and intervention in Vietnam [26]. In our
study, food expenditure level was inversely associated with underweight. However, despite
substantial improvements in rural living standards, poverty levels were still remarkably
high in the rural area [9] in addition to the high prevalence of underweight. In the past
decades, the available data showed that the prevalence of underweight and stunting
among children aged under 5 years were very high, e.9.51.5% and 59.7% in 1985, 44.9% and
46.9%in 1994,31.9% and 34.8% in 2001 [26]. In the earlier decades, a similar or even worse
situation probably existed. This early childhood malnutrition situation may contribute to
the adult overweight nowadays [27]. Maternal and child malnutrition control should be
strengthened to reduce child undernutrition in order to prevent adulthood underweight

and overweight, as well as the related chronic diseases.

In terms of age, the highest prevalence of overweight was observed in the age category
of 45-54 years. Only for rural women, the age pattern was somewhat different, with the
highest prevalence observed in the oldest category (55-64 yrs) in 2005. The general
pattern of overweight and obesity by age agrees with survey findings from other Asian
countries [28,29]. The prevalence of underweight by age differed between urban and rural
areas. In the urban area underweight was more prevalent in the youngest group of 25-34
years, while in the rural areas it was more prevalent in the oldest age groups. This may
be explained by the immigration of young labour force from rural to urban areas due to
rapid urbanization. Those young workers are mainly unskilled, having heavy manual works
with low income. People who move from rural to urban areas usually lose the ability to

grow their own food and thus become dependent for their calories on a cash market [25].
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Interestingly, women were more likely to be both underweight and overweight as
compared to men. This pattern was also reported among Indian women [30] and among
Bangladesh rural and urban poor women [31]. This may reflect various disadvantages which
women face, such as poor nutrition care, heavy work load, physiological characteristics, and
a high prevalence of early childhood undernutrition [3]. Because of women'’s cyclical loss
of iron and childbearing, their nutritional status is particularly vulnerable to deficiencies
in diet, care, and health or sanitation services. Gender inequality exacerbates infectious
diseases among the less affluent through the pathway of childhood undernutrition. At
the same time, it exacerbates the new regime of chronic diseases among the relatively
more affluent, possibly through a pathway that has come to be known as “the Barker
hypothesis”. Gender inequality thus leads to a double jeopardy, aggravating the double

nutrition burden [32].

A steady shift is shown between underweight and overweight prevalence according to
food expenditure, independent of age, gender and education. These findings confirm the
association of economic growth with food consumption and nutritional status, particularly
in developing countries where more than 50% of income is spent on food [25]. Interestingly,
the observed higher prevalence of overweight and lower prevalence of underweight in
the highly educated group was accounted for by the other demographic factors and food

expenditure in the logistic regression analysis.

Our results indicate that it is timely and necessary to take immediate action for effective
control of underweight and early prevention of the spread of overweight and obesity
problem in Vietnam. However, programs and interventions should take the double
nutrition burden into consideration to avoid sharpening the severity of underweight
when spending efforts in reducing overweight. Appropriate interventions are needed
for specific population subgroups. Some important interventions for reducing the rate
of undernutrition may also be benéeficial in terms of reducing the burden of obesity are
promoting breast-feeding, improving nutritional status of women of reproductive age, and
reducing the rates of fetal growth retardation [33] and low birth weight [25]. Improving
the obesogenic environment in urban area by nutritional education, information and
communication for promoting healthy eating and physical activity and monitoring
food market should be intensively implemented in order to reducing underweight and
preventing overweight [25]. Reducing gender inequalities should be paid attention in
improving double burden of nutrition among women in particular and in the whole

population in general [33]. Promoting household food production with the existing
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successful VAC model (i.e. the Vegetation, Aquaculture and Cattle-breeding model),
particularly encouraging small-scale farmers and, especially women, to grow and utilize a
wide variety of food crops toward improving household food security and dietary diversity

can be an effective way for combating double nutrition burden in rural area [34].

The present study has some limitations. Data on diet, physical activity and smoking were
not available for both datasets and thus could not be adjusted for. However, with data
from the two largest recent nationally representative nutrition surveys, conducted by well
trained personnel according to a standardized protocol, the shift in the double burden of

malnutrition was clearly demonstrated.
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ABSTRACT

Objectives Dietary sodium intake in Vietnam is thought to be high, but a valid
estimate is lacking so far. This study aims to investigate urinary sodium excretion and

dietary sodium sources in a rural population of Vietnamese adults.

Design A cross-sectional survey. Simple random sampling was used to recruit subjects

for 24h urine collection and dietary assessment by 24h direct food weighing.
Setting A rural commune of northern Vietnam.
Subjects 121 men and women aged 25-64 years.

Results The mean 24-hour sodium excretion was 188.6 + 57.5 mmol (4.3 g) or 10.8
+ 3.3 g salt/day. Men had higher mean 24-hour sodium excretion (196.8 = 56.9 mmol
or 4.5 g) as compared to women (181.1 £ 57.4 mmol or 4.2 g); 97.5% of the men and
women had a salt intake higher than the WHO recommendation of less than 5 g/day.
Sodium in condiments added during cooking or eating at the table accounted for
81% of sodium intake. Processed foods contributed 11.6% and natural foods 7.4%.
Regarding the condiments, the largest source was the mixed seasoning (‘bot canh,
35.1% of total); 31.6% of total dietary sodium was provided by fish sauce, 7.4% by

monosodium glutamate and 6.1% by table salt.

Conclusions Excessive sodium intake did exist in most of the studied population.
Reducing sodium intake and particularly limiting condiments added during cooking
and at the table, responsible for 81% of total sodium intake, should be given priority
in efforts of sodium restriction for control and prevention of hypertension and related

diseases.
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INTRODUCTION

The morbidity and mortality pattern in Vietnam is rapidly changing, with a decrease
in communicable diseases in parallel with an increase in noncommunicable diseases
(NCDs).! Recent data showed that NCDs accounted for 75% of all deaths, among which
cardiovascular diseases were the first causes of death (40%).2 Hypertension was the most

common cardiovascular disease, with a prevalence of 33%in those aged 25 years and older.?

The World Health Report reviewed strategies to reduce the risks associated with cerebro-
vascular disease and hypertension and stated that in all settings population-wide salt
reduction strategies are the most cost-effective.> However, salt consumption has rarely
been investigated in Vietnam, and no study investigated the dietary sources of sodium,

which makes planning of a salt reduction strategy difficult.

So far the INTERSALT study provides the largest set of standardized data on 24-hour urinary
sodium excretion patterns around the world.* It included 52 population samples in 32
countriesin 1985-1987. Highest values of urinary sodium excretion were recorded in Tianjin,
China, with 259 mmol/d (5.95 g/d of sodium) in men and 233 mmol/d (5.35 g/d of sodium) in
women, and in Toyama, Japan, with 224 mmol/d (5.12 g/d) in men and 201 mmol/d (4.62 g/d)
in women. Values over 200 mmol/d (4.6 g/d) in men were also found in Canada, Columbia,

Hungary, Ladakh (India), Bassiano (Italy), Poland, Portugal and the Republic of Korea.

Studies published since 1988 showed that most populations appear to have mean sodium
intakes well in excess of 100 mmol/d (2.30 g/d), and in many (especially the Asian countries)
in excess of 200 mmol/d (4.60 g/d).® In addition to information on total sodium intake based
on sodium excretion, information on the dietary sources of salt (sodium) plays a critical
role in designing proper nutrition guidelines and formulating intervention strategies.
Dietary sodium comprises different sources such as natural foods, processed foods, salt
and seasoning added to foods during cooking or prior eating at the table. In industrialized
countries, most of sodium intake is via the consumption of processed foods and foods
eaten out of home, accounting for about 75% of dietary intake.® In Asian countries such
as Japan and China, however, most of dietary sodium is coming from salt and salty sauces

added during cooking or eating.’

Therefore, this study aims to investigate the sodium intake and dietary sodium sources
in a rural population of Vietnamese adults, in order to provide scientific evidence for salt

reduction planning and related non-communicable disease control and prevention.

75




Chapter 4

METHODS

Participants

Participants were 121 adults aged 25-64 years from a rural commune in the northern part
of Vietnam. Inclusion criteria were absence of history of chronic kidney or heart diseases,
no acute disease at the survey day, no current use of sodium-containing and urination
increasing drugs, no sodium-restricted diet upon medical advice, no current pregnancy
or 12-month lactation. Simple random sampling within age groups with stratification was
used to select studied subjects in order have equal number of subjects by four age-groups
(25-34, 35-44, 45-54, 55-64 years) and both sexes.

Data collection

Urinary sodium excretion was assessed by 24-hour urine collection, the gold standard for
assessment of sodium intake.? Single 24-hour urine samples were collected. The subjects
were asked to collect all urine voided during 24 hours. Urine collection ended on the same
time of the next day. Instruction for urine collection was given by the research workers to
all subjects before the survey day. Detailed written instruction was also handed out. Start
time, end time and total 24h urine volume were recorded. At the end of the 24-hour urine
collection, the subjects were interviewed with a short questionnaire to provide information
on the completeness of 24-hour urine collection. For each subject a sample of 10 ml from
total 24-hour urine was kept in cool box or refrigerator and transport to laboratory and
frozen at-20°C for later analysis. Sodium concentration in urine sample was analyzed using

ion-selective electrode potentiometry.’

Dietary sodium sources assessed by 24-hour direct food weighing® during the same 24-
hour of urine collection. OMRON digital scale with maximum weight of 2 kg and accuracy
at 0.1 g was used. Results were recorded in gram with 1 decimal. During the same 24-hour
of urine collection, all foods, condiments added during food preparation, cooking and
eaten at the table and left-over foods were weighted to know the exact amount of food
eaten by studied subjects within this 24h. Subjects were also asked to provide any foods
or drinks that the subjects had consumed out of home for weighing. Recipes of those
foods were obtained by interviewing food vendors if material or seasoning contents was

unknown.
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Anthropometric measurement (body weight and height) was measured by standard
methods using calibrated instruments.’® Height was measured by using wooden height
measurement with accuracy at T mm. Weight was measured by using SECA electronic scale
with accuracy at 100 g. Blood pressure was measured using automatic sphygmomanometer
OMRON HEM 762.

Ethical consideration

This study was conducted according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects were approved by the Ethics
committee of the National Institute of Nutrition of Vietnam. Written informed consent

was obtained from all subjects.

Statistical analysis

Data entry was done using Epidata software version 3.1 and data analysis using SPSS
version 15.0. Na intake was obtained by multiplying urinary Na concentration with total
volume of 24h urine. Volume of 24-hour urine was corrected by 24 divided by total time
of urine collection (ranged from 22-26 hours). Urinary creatinine was used to assess the
completeness of 24h urine collection. Subjects with a value for (urinary creatinine [mmol/d]
x 113)/(21 x body weight)'" of less than 0.7 were identified as having incomplete urine'.
Sodium intake from direct food weighing method was computed using the Vietnam Food
composition table (FCT) 2007, which provides sodium content of each food item. For some
food items with missing sodium content in the FCT, data from food analysis were used,
including some locally processed foods made of pork, beef, liver; salted fish and vegetables

and salty sauces and seasoning.

Mean sodium intake was based on mean 24-hour urinary sodium excretion, while sodium
sources were assessed by 24-hour direct food weighing. WHO recommends salt intake to
be less than 5 g/day or 24-hour urinary sodium excretion to be less than 100 mmol/day or
2 g/day." Dietary sodium sources composed of three groups including condiments added
during food preparation, cooking and at the table; natural foods and processed foods. The
proportions of sodium content from each group over total dietary sodium intake were
reported as mean percentage and SD. Mean difference between two groups was assessed
by t-test or Mann-Witney U test. Correlation of sodium intake between two groups was

assessed by Pearson or Spearman correlation when appropriate.
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RESULTS

General characteristics of study population are presented in Table 4.1. Mean age and BMI
were not different between men and women. Men had higher SBP and DBP compared
to women, and higher total 24-hour urine volume and 24-hour urinary creatinine

concentration.

Mean 24-hour sodium excretion was 188.6 + 57.5 mmol (4338.4 £ 1322.0 mg) or 10.8 £ 3.3
g salt/ day (Table 4.2). Men tended to have higher mean 24-hour sodium excretion (196.8

Table 4.1 Characteristics of study subjects

Men Women

Number 58 63
Number by age group (years)

25-34 15 14

35-44 14 15

45-54 15 19

55-64 14 15

Mean SD Mean SD

Age (years) 45.1 10.7 448 10.8
Body weight (kg) 55.2 6.2 48.8 6.4
Body height (cm) 162.4 6.5 152.2 57
BMI (kg/m?) 209 19 21.1 2.5
Systolic blood pressure (mmHg)* 128.9 16.1 122.7 19.5
Diastolic blood pressure (mmHg)* 80.7 11.7 76.5 10.2
24h urine volume (ml/24hour)* 1554.1 472.8 1362.6 428.7
Sodium concentration (mmol/L) 264 7.3 274 6.8
Creatinine concentration (mmol/L) 5.7 2.2 5.0 1.8

* Mann-Witney U test, p<0.05.

Table 4.2 Sodium (Na) and salt intake assessed by 24-hour urinary sodium excretion in a Vietnamese rural
population (n=121)

24-hour urinary 24-hour urinary

Na excretion Na excretion Salt intake

(mmol) (mg) (gram/day)
N Mean SD Mean SD Mean SD
Total 121 188.6 57.5 43384 1,322.0 10.8 33
Men 58 196.8 56.9 45260 1,357.6 1.3 33
Women 63 181.1 574 4,165.7 1,320.3 10.4 33
Complete urine collection* 75 204.1 56.8 46942 1,306.0 11.7 3.3
Incomplete urine collection*® 46 163.4 49.6 3,7582 11,1404 9.4 2.9

* Mann-Whitney U test, p<0.001.
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+ 56.9 mmol) as compared to women (181.1 £ 57.4 mmol, p=0.168). Sixty-two percent of
the subjects (75/121) had complete 24-hour urine collection based on urinary creatinine
excretion. These subjects had significantly higher mean 24-hour sodium excretion (204.1
+ 56.8 mmol) as compared to subjects with incomplete urine collection (163.4 + 49.6

mmol, p<0.05).

Figure 4.1 shows that 97.5% of all subjects had an estimated salt intake higher than the
WHO's recommendation of less than 5 g/day, among whom 100% of the men and 95.2%
of the women. The percentage of subjects who had salt intake at least twice as high as
the WHO's recommendation was 58.7% (65.5% in men and 52.4% in women). All subjects
with complete urine collection had a salt intake of more than 5 g/day (Figure 4.1). Among
subjects with complete urine collection, 73.3% men and 68.8% women had salt intake at

10 g/day or higher.

Table 4.3 shows that sodium in condiments added during cooking or eating at the table
accounted for 81% of dietary sodium intake. The other sources were processed food,
which contributed 11.6%, and natural foods, contributing 7.4%. Regarding condiments,
the largest source was the mixed seasoning (‘bot canh; 35.1% of total); 31.6% of total
dietary sodium was provided by fish sauce, 7.4% by MSG and 6.1% by table salt. Among
the processed foods the largest contribution was from instant noodles (7.8%), followed
by salted vegetables (1.4%). Dietary sodium from all other sources besides condiments
and processed food only accounted for 11.6% of sodium intake. Sodium intakes obtained
by direct food weighing method and 24h-urinary excretion method were significantly

correlated (Spearman correlation r=.289, p<0.001).

saltintake in all subjects @men % salt intake in completed urine group

9 Owomen
% 80 1 mmen 733 oo

70 - 65,5 70 4 @women
60 -
50 -
40 - 31,3
30 | 26,7
20 4
10 +
O i
<5g 5-<10g >=10g '5-10g' '>=10g'
salt intake (g/day) salt intake (g/day)

Figure 4.1 Distribution of salt intake by sex in a Vietnamese rural population (n=121).
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Table 4.3 Dietary Na source assessed by 24-hour direct food weighing in a Vietnamese rural population
(n=121)

Food consumption Na consumption Dietary Na source
(g/day) (mg/day) (%)
Dietary Na sources Mean = SD Mean = SD Mean = SD
Condiments added during cooking
and at the table
Mixed seasoning 6.2 54 1472.5 1294.6 35.1 215
Fish sauce 159 134 1226.8 1035.6 31.6 234
MSG 2.6 33 308.3 399.0 7.4 7.7
Pure salt 0.8 2.1 292.2 825.6 6.1 14.8
Soy sauce 0.1 1.1 5.7 63.0 0.2 1.9
Other condiments 0.8 34 21.8 1224 0.6 3.7
Total 26.3 13.9 33273 1665.1 81.0 14.0
Processed foods
Instant noodle 18.1 34.0 470.1 882.1 7.8 14.8
Salted vegetable 11.4 357 54.7 160.5 1.4 4.1
Bread 6.1 19.9 8.1 26.6 0.2 0.8
Other processed food 49.6 91.2 77.1 200.8 2.2 6.0
Total 85.2 98.6 610.0 875.1 11.6 15.2
Natural foods 1009.0 283.8 255.7 105.4 74 4.1
Grand Total 1120.43 302.84 41929 2063.6 100
DISCUSSION

With an observed mean 24-hour urinary sodium excretion of 188.6 mmol, 196.8 mmol
in men and 181.1 mmol in women, our Vietnamese intake was as high as several other
countries around the world. Liu et al. reported that mean 24-hour urinary sodium excretion
in Chinese adults in different areas ranged from 173.5 mmol to 253.7 mmol.™ In Japan,
mean 24-hour urinary sodium excretion men and women was respectively 221.2 mmol
and 194.5 mmol,’”® in US 182.7 mmol and 142.3 mmol,'® and in Brasil 214 mmol and 186.0
mmol."” Across all countries, mean sodium intakes in men were higher than in women,

largely reflecting differences in total food consumption.'™

Salt intake assessed by 24-hour urinary sodium excretion is considered a gold standard
method.®* However the completeness of 24-hour urine collection is an important issue.
Methods using urinary creatinine excretion have been commonly used, but all urinary
creatinine excretion strategies provide relatively limited information on their efficacy.'
Therefore, we presented both the urinary sodium excretion of the whole group (including

incomplete subjects) and the complete group as assessed by creatinine excretion. The
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higher urinary sodium excretion of complete urine group suggests that the actual sodium
intake in our population is likely to be higher compared to reported above, with a mean

24-hour sodium excretion of 204.1 mmol or salt intake of 11.7 g/day.

The present survey reported that at least 96% of the studied population who had 24-hour
urinary sodium excretion greater than the WHO recommended level of 100 mmol. This
situation was also observed in the vast majority of people in each of the countries (China,
Japan, UK, USA) in the INTERMAP study.™

As data from urinary sodium secretion cannot provide information on sodium sources,
we used the direct food weighing method for this purpose. The intake of dietary sodium
from food weighing provided a lower value (4192.9 mg/day) as compared to the 24-
hour urinary sodium excretion (4338.4 mg/day), which agrees with the fact that sodium
estimates based on food diaries, weighed records, or 24-hour recall approach tend to
underestimate sodium intake as compared with intakes estimated from duplicate diets
or 24h urine collections.?2 Our data showed that sodium intake obtained by direct food
weighing method and 24h-urinary excretion method was moderately, but significantly,
correlated. This confirms that using the direct food weighing method could be used to

obtain data on proportion of sodium from different dietary food sources.

Sodium in condiments which were added during cooking or eating at the table accounted
for the majority of dietary sodium (81%), which agrees with data from other Asian countries
such as China with 75% sodium from salt added in home cooking and 6.4% from soy
sauce.” In our population, table salt contributed to only 5.9% of dietary sodium, but mixed
seasoning (‘bot canh; a mix of salt, MSG and some other spices) provided a large proportion
of 35.1% of dietary sodium. Fish sauce provided the second largest contribution with 31.6%
of sodium intake. Monosodium glutamate (MSG) consumption, which contributed to 7.4%
of dietary sodium, was higher as compared to China (0.6%).” Soy sauce was not commonly
consumed, and accounted for only 0.2% of dietary sodium, which was lower than 20% in
Japan and 6.4% in China.” These results indicate that in rural population of the Red river
delta, like this studied population, reducing high-sodium condiments, particularly mixed
seasoning, fish sauce and MSG added during cooking and at the table must be targeted

as the first priority in order to reduce sodium consumption.

Instant noodle is a favorite food, particularly for breakfast, because it is a tasty, cheap and
convenient fast food. However, among the category processed foods, instant noodles

(without seasoning) contributed the largest proportion of 7.8% of dietary sodium, higher as
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compared to 4.6% (from bread and noodles) in Japan and 2.2% in China.” The contribution
of sodium from the dish of instant noodles was 12.9% if the amount of condiments which is
often added during preparation of instant noodles had been taken into account. The salted
vegetables accounted for 1.4% of sodium intake, which was lower than its consumption in
Japan (9.8%).7 Promoting less consumption of instant noodle could thus also be a mean

to achieve sodium intake reduction.

Since the physiological need of sodium is around 8-10 mmol (184-230 mg) sodium/day,
sole intake of dietary sodium from natural foods, providing about 256mg sodium/day
in our study, would meet this requirement. Therefore, under acclimatized environment,
consumption of only natural foods could provide enough sodium for body functions.
In these conditions, it may be reasonable to recommend not adding or consuming any

sodium-containing condiments during food preparation, cooking and eating.

Limitations of this study were that data collected on a small sample size in one commune
and only single 24-hour urine sample and food weighing data had been collected. However,
with well-trained data collectors and standardized protocols for urine collection and dietary
assessment, findings from this rural commune are indicative of sodium intake and dietary
sodium sources for the larger rural population, which comprises of about 75-80% of the
population, in the northern part of Vietnam. To the best of our knowledge this is the first

report on sodium excretion and dietary sources in this country.

In conclusion, excessive sodium intake did existin most of the studied population. Reducing
sodium intake and particularly limiting condiments added during cooking and at the
table (81% of total sodium intake) should be given priority in efforts of sodium restriction

for the control and prevention of hypertension and related chronic diseases in Vietnam.
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ABSTRACT

Reducing salt intake lowers blood pressure (BP), a major risk factor for cardiovascular
diseases, but few studies have investigated whether this is an effective measure in
the context of Asian developing countries. This study aims to investigate the effects
of sodium-reduced and potassium-enriched condiments on sodium intake and BP
in untreated (pre)hypertensive Vietnamese adults in a rural community, using a
randomized double-blind placebo-controlled trial. A total of 173 men and women
between 45 and 64 years of age with untreated elevated BP (systolic BP 130-160
mmHg or diastolic BP 85-100 mmHg) and free of diagnosed cardiovascular or kidney
disease were randomized into the intervention group receiving sodium-reduced and
potassium-enriched condiments (saltand‘bot canh’) and the control group receiving
regular condiments for home food preparation and dining for a period of 8 weeks.
lodine content was similar in all products at a recommended level of 20 ppm. The
average blood pressure was ~140/82 mmHg and the average daily salt intake was
~11 g/d (191 mmol/ 24-hour sodium) at baseline. During intervention, the median
24-hour sodium excretion decreased by 52.3 mmol in the intervention group and by
23.8 mmol in the control group, a net difference of 28.5 mmol (1.6 g/d salt). The mean
changein BP in the intervention compared to the control group was -2.6 mmHg (95%
Cl-4.6t0-0.5, p=0.013) for systolic BP and -1.6 mmHg (95% Cl -3.0 to -0.2, p=0.024) for
diastolic BP.The prevalence of iodine deficiency significantly reduced in both groups
(from 72% to 36% in controls, from 66% to 41% in intervention group). In conclusion,
replacing regular salt and ‘bot canh’ with sodium-reduced and potassium-enriched
condiments could make a relevant contribution to lowering BP in (pre)hypertensive
Vietnamese adults. Salt iodization should be reconsidered to ensure iodine intake of
the population. This study has ClinicalTrials.gov identifier of NCT02016404.
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INTRODUCTION

Hypertension is highly prevalent worldwide. It has been estimated that 26.4% of the
adult population had hypertension in 2000 and this would increase to 29.2% by 2025."
Accordingly the total number of adults with hypertension in 2000 was 972 million The
number of adults with hypertension in 2025 was predicted to increase by about 60%
to a total of 1.56 billion." High blood pressure accounts for 62% of strokes and 49% of
cardiovascular diseases (CVDs).2 Worldwide, 7.6 million premature deaths (about 13.5%
of the global total) and 92 million DALYs (6.0% of the global total) were attributed to high
blood pressure (BP) in 2001.2 Overall, about 80% of the attributable burden occurred in
low-income and middle-income economies.® Vietnam, a developing Asian country, is
now facing an increasing burden of hypertension and related CVDs. The World Health
Organization (WHO) reported that 33% of the Vietnamese adults aged 25 years and older

were hypertensive in 2008.*

Diets that are high in sodium adversely affect BP and could have harmful effects on CVDs,
including left ventricular hypertrophy and stroke, and renal disease.? The Cochrane meta-
analysis of randomized salt reduction trials by He et al. showed that the mean change
in urinary sodium (reduced salt vs. usual salt) was -75 mmol/24-hour (equivalent to a
reduction of 4.4 g/day salt) and with this reduction in salt intake, the mean BP change
was -4.18 mm Hg for systolic BP and -2.06 mm Hg for diastolic BP.> As recommended by
WHO, salt reduction strategies are the most cost-effective intervention and currently being
implemented in many countries for the prevention of hypertension and related CVDs.®
In addition to reducing sodium intake, an increase in potassium intake could make an
important contribution to the prevention of hypertension, especially in populations with
elevated BP’ The combination of reduced sodium and increased potassium intake by
replacing regular salt with sodium-reduced and potassium-enriched salt may have larger
BP effects than sodium or potassium alone.®'" The switch from regular salt to potassium-
enriched salt in a group of elderly veterans resulted in a 40 percent reduction in CVD

mortality and 0.3-0.9 years longer life.'?

High sodium condiments added during food preparation, cooking or at the table accounts
for the majority (63-83%) of dietary sodium intake in Asia.” In Vietham we recently
conducted a survey in a rural community and found that the mean urinary sodium
excretion was 189 + 58 mmol/ day or 10.8 + 3.3 g salt/ day, which is more than twice the

WHO recommended maximum level of 5 g/day. Urinary potassium excretion was 34 +
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13 mmol/ day (1723 + 516 mg/day), which is lower than the WHO recommendation of
90 mmol/ day (3510 mg/day)." Dietary sodium in condiments added during cooking or
eating at the table accounted for 81% of dietary sodium, and was provided by ‘bot canh;
a traditional condiment based on salt, pepper, monosodium glutamate (MSG) and herbs
(35.1%); fish sauce (31.6%); MSG (7.4%) and pure salt (6.1%). Therefore, replacing regular
condiments with sodium-reduced and potassium-enriched condiments may have potential

to reduce sodium intake and BP in Vietnam.

We conducted a randomized double-blind placebo controlled trial to investigate the effects
of sodium-reduced and potassium-enriched condiments (‘bot canh’ and salt) on BP in
untreated prehypertensive and hypertensive adults. In addition, we also investigated the
change in iodine excretion among the treatment groups as both the regular and sodium-
reduced and potassium-enriched salt and bot canh were iodized at the recommended

level of 20 ppm.™

MATERIALS AND METHODS

Subjects

Atotal of 1251 men and women between 45 and 64 years of age from a general population
in a rural community of Thanh Qai district, Hanoi, Vietnam, were screened for elevated
BP. The study was conducted between June and September 2013. Subjects (n=180, see
Figure 5.1) with untreated prehypertension to mild hypertension (systolic BP between
130 and 160 mmHg and/or diastolic BP between 85 and 100 mmHg) based on the mean
of measurements during two visits one week apart, were invited to participate in the trial.
To be eligible for the trial, the subjects had no known diagnosed or self-reported CVD or
kidney diseases. The run-in period of one week before randomization was conducted
with distribution of regular ‘bot canh’ and salt to identify subjects unlikely to comply
with the treatment and follow-up process. All subjects accepted to proceed to the trial.
The study was approved by the Ethical committee of the National Institute of Nutrition,
Vietnam Ministry of Health. All participants provided informed consent prior to the data

collection.

Treatment allocation to control or intervention group was done using block randomization
with random block-size using a computerized randomization table.’ Subjects and health

care providers were unaware of group that the subjects were assigned to. During the
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Assessed for eligibility (n=1251)

Excluded (n=1071)

+ Not meeting inclusion criteria
(n=1069)

+ Declined to participate (n=2)

A 4

Randomized (n=180)

|

l

Allocated to intervention (n=90)
+ Received allocated intervention
(n=90)

Allocated to control (n=90)
+ Received allocated control
(n=90)

J'- Lost to follow-up due to inconvenience
of 24 hour urine collection and unable
to attend regular assessment (n=4)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Discontinued intervention (starting
antihypertensive drug treatment) (n=3)

v v

Analyzed (n=90) Analyzed (n=83)
¢ Excluded from analysis) (n=0) ¢ Excluded from analysis (n=0)

Figure 5.1 Flow chart of research design.

baseline survey, 4 subjects withdrew because of the inconvenience related to 24h urine
collection. In the first trial week, another 3 subjects were excluded because antihypertensive
medication was prescribed by their general practitioners. The remaining 173 subjects (83
control and 90 intervention subjects) who completed the trial (Figure 5.1) were included

in data-analysis.

Intervention

During 8 weeks of intervention, the intervention group received iodized sodium-reduced
and potassium-enriched condiments (‘bot canh, a traditional mixture of salt (80.5%),
MSG (7.5%), sugar (6.7%) and herbs (5.3%)) and iodized sodium-reduced and potassium-

enriched salt for home food preparation, cooking and eating at the table. The control group
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received regular iodized ‘bot canh’ and salt. Sodium-reduced and potassium-enriched
condiments and regular condiments were packed in similar packages of the same weight
(except small letter A or B place on the label) so that the cooks, health-care providers and
subjects did not recognize the type of condiments. Sodium-reduced and potassium-
enriched and regular bot canh and salt were experimentally produced for this trial at the

National Institute of Nutrition of Vietnam.

The ratio of Na/K (by weight) in the Sodium-reduced and potassium-enriched salt was 33/67
andin the low sodium‘bot canh’40/60, thus the sodium-reduced and potassium-enriched
products had 67% (salt) and 60% (‘bot canh’) less Na as compared to regular products.
lodine content was similar in regular and sodium-reduced and potassium-enriched salt

and bot canh at a level of 20 ppm as recommended.™

The subjects were instructed to consume only the provided bot canh and salt, and to avoid
other high sodium condiments such as fish sauce, soy sauce, shrimp sauce and MSG. They
were instructed to record all type of condiments they consumed, their health complaints
and drugs they had taken, if any, and handed this in to the project staff every two weeks.
During the intervention, a dietitian visited the subjects at their home to make sure they
use studied condiments in food preparation, cooking and at the table and eat at least
two homemade meals every day. Subjects and research staff involved in the study were

unaware of what type of condiments the subjects used during the intervention.

Measurements

BP, pulse rate, body weight, body height and waist circumference were assessed at baseline
and during the 8-week follow-up period using the standard protocol of the WHO STEPS
guideline.” Additionally, BP was measured after 2, 4 and 6 weeks of intervention. BP was
measured using digital automatic BP monitor (OMRON HEM-762) with subjects in sitting
position, with appropriate size cuff on the left arm and the cuff at the heart level. At each
visit, after at least 15 minutes rest, three measurements of BPs were taken with 3-minute
intervals. When the last two measurements differed by more than 10 mm Hg an additional
measurement was taken and the outlying measurement was omitted. To obtain stable
estimates, baseline BP was taken as the average of at least two out of three visits before
the start of the intervention, i.e. visits for screening, one week thereafter and at baseline,

each one week apart.
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24-hour urine collection was carried out at baseline and after 8 weeks of intervention.
Start time, end time and total 24-hour-urine volume were recorded. At the end of the 24-
hour urine collection, the subjects were interviewed with a short questionnaire to provide
information on the completeness of 24-hour urine collection. Urine samples were analyzed
for sodium, potassium and calcium by ion-selective electrode potentiometry (Analyzer
ISE 5000), creatinine and albumin by spectrometry method using auto-analyzer (Beckman
Coulter, AU 480) and iodine by Camspec M107 Spectrophotometer. The completeness of
24-hour urine collection was assessed by urinary creatinine excretion, using the following
formula: urinary creatinine [mmol/d] x 113)/(21 x body weight).”® Subjects with a value

<0.7 were identified as having incomplete urine.'

Data analysis

Data were analyzed using SPSS statistics 20. BP and electrolyte excretion were expressed
as means with standard deviation. Changes in electrolyte excretion after 8 week of
intervention from baseline were compared between the intervention group and the control
group using independent t-test or Mann Whitney U test for two independent variables
when the variables were skewed. The mean BP during intervention was the average of 4

measurements of week 2, 4, 6, and 8.

The sample size of this study (173 subjects) was large enough to detect a difference in
sodium excretion of 44 mmol/day and BP of 3.0 mmHg systolic and 1.8 mmHg diastolic
with the power of 80%, SD of 8.5 mmHg for change in SBP and 4.5 mmHg for change in
DBP* and a two sided p-value of 0.05.

RESULTS

Characteristics of 173 subjects who completed the study are shown in Table 5.1. About
half of the subjects were female and the mean age was 56 years. Mean sodium excretion
at baseline was 191 + 96 mmol/24-hour, indicating a daily salt intake of 11 + 5.5 grams,
and mean potassium excretion was 45.6 + 18.5 mmol/24-hour. Baseline BP was ~140/82
mmHg. There were no significant differences in age, sex, BMI, diastolic BP, heart rate and
urinary parameters between the intervention and control group. Baseline systolic BP
was 2.2 mmHg higher in the intervention than the control group, which was statistically

significant (p=0.02).
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Table 5.1 Baseline characteristics of 173 (pre)hypertensive Viethamese adults who participated in a sodium
reduction trial, by treatment group

Control (n=83) Low-sodium intervention (n=90)

Number of women 48  (58%) 45  (50%)
Age (year) 555 +56 564 +5.1
SBP (mmHg)* 1387 £7.2 1409 £69
DBP (mmHg) 809 £6.3 826 +7.0
Pulse rate(beats/min) 819 +10.7 80.1 +123
Body weight (kg) 544 £87 550 £79
Body height (m) 1562 +7.6 1559 +7.2
BMI (kg/m?) 222 £30 225 £26
Waist circumference (cm) 798 +77 806 *6.7
Urinary parameters

Sodium (mmol/24h) 1923 £96.5 1906 *£945

Potassium (mmol/24h) 449 =174 462 +19.6

Calcium (mmol/24h) 46 (4.2) 47 (4.3)

Creatinine (mmol/24h) 103 =30 10.7 3.2

Albumin (mg/24h) 1.04 (1.02) 1.14  (1.39)

lodine (ug/24h) 83.9 (72.0) 80.6 (88.3)

Values are means + SD or median (interquartile range) in case of skewed distribution.
*P-value = 0.02 for difference between control and intervention group; all other comparisons were not
statistically significant.

Effects on sodium and potassium excretion

The changes in urinary electrolyte excretion in the intervention and control groups are
presented in Table 5.2 for subjects with complete 24-hour urine collection both at baseline
and follow-up (n=148).The data analysis with all subjects (including those did not complete
24-hour urine collection) showed similar results (Supplemental Table S5.1). During the
intervention, the reduction of 24-hour sodium excretion was significantly larger in the
intervention group compared to the control group (-52.3 mmol vs. -23.8 mmol, p=0.035),
with a net difference of -28.5 mmol (95% Cl -55.1 to -2.1), which corresponds to -1.6 g
difference in daily salt intake (95% Cl -3.2 to -1.2). The 24-hour urinary potassium excretion
after 8 weeks of intervention was significantly reduced in both groups. The reduction was
smaller in the intervention group as compared to the control group (6.5 £+ 20.6 mmol/d vs
11.3 £ 19.5 mmol/d, p=0.06) with a non-significant net difference of +4.7 mmol/d (95% CI
-0.4 to 9.8), which equals +183 mg/d.

The urinary sodium-to-potassium (Na/K) ratio increased from 4.5 to 5.0 in the control group
and decreased from 4.4 to 3.6 in the intervention group, and the difference of -1.2 (95%

Cl-2.0 to -0.5) units was significantly different between the treatment groups (p=0.001).
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Table 5.2 24-hour excretion of sodium, potassium and other parameters in 148 participants with completed

urine collections, by treatment group

Low-sodium
Control (n=75) intervention (n=73) P-value *

Sodium (mmol/24h)
Baseline 1939 £993 1938 =876 0.71
Follow up 170.1 +£81.0 1415 +64.9 0.023
Change -23.8  +126.1 -523 +88.2 0.035
P-value** 0.17 <0.001
Difference (mean, 95% Cl) -28.5 (-55.1 to-2.1)

Salt intake (g/d)
Baseline 111 £5.7 111 £5.0 0.71
Follow up 9.8 47 81 37 0.023
Change 14 £7.2 -3.0 5.1 0.035
P-value** 0.17 <0.001
Difference (mean, 95% Cl) -1.6(-3.2t0-1.2)

Potassium (mmol/24h)
Baseline 458 +17.8 46.8 +20.2 0.96
Follow up 346 *135 40.2 147 0.006
Change -11.3 £195 -6.5 £20.6 0.06
P-value** <0.001 0.002
Difference (mean, 95% Cl) 4.7 (-0.4 t0 9.8)

Na/K ratio
Baseline 45 +2.1 44 +18 0.73
Follow up 50 +1.38 36 +1.4 <0.001
Change 05 +26 -0.7 21 0.001
P-value** 0.04 0.004
Difference (mean, 95% Cl) -1.2 (-2.0 to -0.5)

Calcium (mmol/24h)
Baseline 53 30 51 £29 0.81
Follow up 46 25 40 £2.2 0.09
Change 06 £3.1 1.1 £29 0.23
P-value** 0.05 <0.001
Difference (mean, 95% Cl) -0.5(-1.5t0 0.5)

Albumin (mmol/24h)
Baseline 43 +145 6.0 £125 0.67
Follow up 88 +242 6.7 166 0.67
Change 46 +19.7 07 +£122 0.87
P-value** 0.69 0.62
Difference (mean, 95% Cl) -3.9(-9.2to0 1.5)

Creatinine (mmol/24 h)
Baseline 105 + 11.2 0.42
Follow up 111 +3 11.2 0.94
Change 06 + -0.1 =+ 0.25
P-value** 0.28 0.60

Difference (mean, 95% Cl)

-0.6 (-1.8t0 0.5)

Table 5.2 continues on next page




Chapter 5

Table 5.2 Continued

Low-sodium
Control (n=75) intervention (n=73) P-value *

lodine (ug/24h)

Baseline 1048 712 1036 *783 0.49

Follow up 1554 £96.5 1384 843 0.28

Change 50.6 +102.1 348 +95.5 0.47

P-value** <0.001 <0.001

Difference (mean, 95% Cl) -15.8 (-47.9t0 16.3)
lodine deficiency (%) (<100 pg/L)
Baseline 72.0 65.8 0.26
Follow up 36.0 411 0.32
P-value*** <0.001 0.002

*P-value from Mann-Whitney U test.
**P-value from Wilcoxon signed rank test.
***P-value from McNemar test.

Effects on BP

The changes in BP during the intervention are presented in Figure 5.2. During intervention,
systolic BP decreased on average by 7.8 mmHg in the intervention group, and by 5.2
mmHg in the control group, resulting in a net difference of -2.6 mmHg (95% Cl -4.6 to -0.5,
p=0.013). For diastolic BP the net difference in reductions during the intervention period
was of -1.6 mmHg (95% Cl -3.0 t0 -0.2, p=0.024). The intervention had not significant effect

on heart rate and BMI (Table 5.3).

=== Control === Control

150 - =@=Intervention 100 - =@=Intervention
145 - 9 1

140 - 90 -

135 - 85 1

130 - 80 -

125 75 -

120 - 70 -

115 T T 65 T T T

Week 0 Week 2 Week 4 Week 6 Week 8

Week 0 Week 2 Week 4 Week 6

Figure 5.2 Changes in SBP and DBP during the study period by treatment group.
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Other treatment effects

Treatment did not affect urinary calcium excretion in the intervention compared to the
control group (-1.1 mmol/day vs. -0.6 mmol/day, p=0.23). There were also no effects on
urinary albumin and creatinine excretion. Urinary iodine increased in both the control
and intervention group by 50.6 mmol/24h and 34.8 mmol/24-hour, respectively, but this

difference between the groups was not statistically significant (Table 5.2).

Urinary iodine excretion was not different between the treatment groups at baseline and after
8 weeks of intervention; a significant increase was observed in both groups (+50.6 umol/24h
and +34.8 umol/24-hour) (Table 5.2). The prevalence of iodine deficiency, as defined as urinary
iodine concentration below 100 pg/L, was significantly reduced in both groups, from 72% to

36% (p<0.001) in the control group and from 66% to 41% (p=0.002) in the intervention group.

DISCUSSION

This study is the first randomized double blind controlled trial on reduced sodium intake
and BP in Vietnam. We demonstrated that the use of low-sodium and high-potassium salt
and condiment (‘bot canh’) for 8 weeks reduces salt intake on average by 1.6 g/day and
BP by 2.6/1.6 mmHg.

The baseline saltintake of our study population (~11 g/d) was consistent with the estimated
salt intake of 10.8 g/d in a survey in this community in 2010 (manuscript submitted).
When considering the sodium lost via feces and sweat, the actual intake is about 12 g/d.”’
Probably, due toincreased awareness, a reduction in sodium intake was observed also in the
control group in this study. However, the intervention group that used a sodium-reduced
and potassium-enriched salt and ‘bot canh’ had a significantly 1.6 g/d larger reduction
in salt intake as compared to the control group. Similar changes in sodium intake were
observed in other trials of low-sodium, high potassium condiments or foods conducted

in the Netherlands (1.6 g/day),’ and Japan (1.4 g/day).”

The 24h urinary potassium excretion also declined in both groups, but less in the
intervention than in the control group. This reduction might due to the potassium loss in
sweat caused by high temperatures, especially for those who had hard work during the
harvest days at the follow-up survey. Note that potassium intake, as based on potassium
excretion and taking into account that about 77% is excreted in urine,*' was ~2300 mg/d

which is much less than the WHO recommended level of 3510 mg/d.™
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Our findings are in line with previous trials of sodium reduction and potassium supple-
mentation in subjects with elevated BP. A review of 40 sodium trials and 27 potassium
trials in adults by Geleijnse et al indicated that a sodium reduction of -77 mmol/d was
associated with a change of -5.2 mmHg systolic BP and -3.9 mmHg diastolic BP in the
hypertensives.” He et al. (2013) reviewed 34 randomized trials and showed that a mean
change in urinary sodium (reduced low sodium salt vs. usual salt) of -75 mmol/24 hour
(equivalent to a reduction of 4.4 g/day salt) and a change in BP of -5.4 mm Hg for systolic
BP and -2.8 mm Hg for diastolic BP>

There are two reported studies using low sodium seasonings in Asia. One double-blind
randomized placebo controlled trial evaluated the feasibility of the 6 week-use of low
sodium soy sauce and miso, 25% and 20% lower in sodium content than common soy
sauce and miso, in 64 Japanese subjects. A salt reduction of 1.4 g/day was achieved, but
overall no significant reduction in BP was found, except for a diastolic BP reduction of 6.4
mmHg in those aged 40 years and older.' Another randomized trial using a salt substitute
(65% sodium chloride, 25% potassium chloride, 10% magnesium sulphate) for 12 months
reported no change in sodium excretion but higher potassium excretion by rural Chinese
adults at high risk of CVDs. The overall difference in systolic BP was -3.7 mmHg, with no

detectable effect on diastolic BP."°

A modest reduction in population salt intake worldwide will result in a majorimprovement
in public health.?? It has been estimated that a reduction in dietary intake of sodium of 50
mmol/day would reduce the number of people needing antihypertensive therapy by 50%,
the number of deaths from strokes by 22% and the number of deaths from CHD by 16%.°
Therefore, in a population with about 80% of dietary sodium intake from high sodium
seasonings added during food preparation, cooking and at the table, such as in Vietnam,
the use of sodium-reduced and potassium enriched salt and bot canh may be a valuable

and cost-effective strategy in the prevention of hypertension and CVD.

In parallel with sodium reduction efforts to prevent hypertension and CVD, the iodine
content in salt and other seasonings has to be taken into account when salt reduction is
conducted. In the present study, despite the observed reduction in salt intake, 24-hour
urinary iodine excretions were increased in both study groups and hence the prevalence
of iodine deficiency in the study population was significantly reduced. This was due to the
iodine content in our experimental products, both regular and low sodium, which contained

the recommended level of 20-40 ppm.' Currently, salt iodization is not mandatory in
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Vietnam, therefore in parallel with iodized salt there is also non-iodized salt available on the
market. In addition to iodized salt, iodized bot canh is available in the market on voluntary
basis, but all other salty condiments are not iodized. Our finding suggests that the current
saltand seasoning commonly consumed by this population do not ensure sufficient iodine
intake. A higher iodine content for salt and bot canh is recommended or iodization should

also be applied to other condiments or other food vehicles.

A limitation of this study was the 2-mmHg difference in baseline BP between the study
groups. This difference was caused by the drop-out of 7 subjects in the control group during
the baseline survey and the first week of intervention. When analyzing all randomized
subjects, including the 7 drop-outs, there were no significant differences in baseline BP
between the intervention and control group (140.9 vs 139.5 mmHg systolic, p=0.07; 82.6 vs.
81.4 mmHg diastolic, p=0.25). Regrettably, we had no follow-up BP data for subjects who
dropped out, and therefore no intention-to-treat analysis was performed. Three out of the
7 dropout subjects in the control group left the study due to initiation of antihypertensive
drug treatment and had high baseline BPs (mean systolic BP 159.3 + 0.9 mmHg, mean
diastolic BP 97.0 + 1.7 mmHg). If these subjects had completed the study, the mean BPs of
the control group would have been higher and the larger net BP reduction could have been
observed. However, our study has its strength of a well-controlled trial and highly motivated
participants.The low-sodium salt and bot canh were easily accepted by the study subjects and
their family members, and compliance was excellent. Actually, the subjects expressed their

preference for low sodium products as compared to the commonly consumed condiments.

In conclusion, using sodium-reduced and potassium-enriched salt and ‘bot canh’ could
be an effective approach for lowering salt intake and BP in prehypertensive and mildly
hypertensive adults in Vietnam. Salt iodization should be reconsidered to ensure iodine

intake of the population.
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Supplemental Table S5.1 Mean (SD) 24-hour excretion of sodium, potassium and other parameters in

173 trial participants by treatment group

Control Intervention P_value*
(n=83") (n=90)

Sodium (mmol/d)
Baseline 192.3+96.5 190.6 = 94.5 0.97
Follow up 164.4 + 80.6 136.9 + 62.0 0.02
Change -27.8+121.6 -53.7+91.6 0.06
P-value** 0.044 0.000

Salt intake (g/d)
Baseline 11.1+£5.6 11.0+54 0.97
Follow up 9.5+46 79+3.6 0.02
Change -1.6+£7.0 —3i18153 0.06
P-value** 0.044 <0.001

Potassium (mmol/d)
Baseline 449+17.4 46.2 £ 19.6 0.82
Follow up 355+134 393+ 144 0.002
Change -11.4+£18.7 -7.0£20.5 0.06
P-value** 0.000 0.000

Na/K ratio
Baseline 45+20 43+19 0.41
Follow up 50+1.8 36+1.4 <0.001
Change 05+26 -0.£2.1 0.001
P-value** 0.06 0.004

Calcium (mmol/d)
Baseline 52+3.1 6.0+9.0 0.84
Follow up 46+26 39+22 0.075
Change -06+33 -2.1+£93 0.20
P-value** 0.032 <0.001

Albumin (mmol/d)
Baseline 43+14.2 8.0+26.6 0.55
Follow up 8.2 +£23.1 84+21.7 0.46
Change 3.8+19.1 04+136 0.59
P-value** 0.85 0.24

Creatinine (mmol/d)
Baseline 10.3+£3.0 10.7£3.2 0.43
Follow up 10.6 £4.0 10.5+3.6 0.95
Change 03+33 -0.2+3.8 0.29
P-value** 0.85 0.30

lodine (ug/d)
Baseline 104.6 £70.0 101.2+74.4 0.41
Follow up 151.5+95.8 133.2+79.2 0.23
Change 47.0 £100.2 320875 0.37
P-value** <0.001 <0.001

Supplemental Table S5.1 continues on next page
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Supplemental Table S5.1 Continued
Control Intervention P_value*
(n=83") (n=90)
% lodine deficiency (<100 pg/L)
Baseline 69.9 64.4
Follow up 37.3 35.6
P-value** <0.001 0.002

*P-value for Independent-samples Mann Whitney U test (the control vs. the intervention).
**P-value for Mc Nemar test (baseline vs. follow-up).

'8/83 subjects with incomplete urine collection.

17/90 subjects with incomplete urine collection.
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Chapter 6

This thesis addresses the public health problem of hypertension in Vietnam, with studies on
prevalence, determinants, particularly overweight and obesity trend, alcohol use, physical
activity, area of residence, age, education level, salt intake and its dietary sources, and an

intervention to reduce salt intake for lowering BP among adults.

In the present chapter we first give an overview of the main findings, followed by a
discussion of methodological aspects, public health implications and future research

directions.

MAIN FINDINGS

Hypertension was prevalent among Vietnamese adults (Chapter 2). Using data of National
Adult Overweight Survey from 2005 we showed that the national prevalence of hyperten-
sion was 20.7% (95% Cl 19.4—2.1), and the prevalence of prehypertension 41.8% (95% Cl
40.4—-43.1). Hypertension and prehypertension were more prevalent among men than
among women. Higher age, overweight, alcohol consumption (among men), and living
in rural areas (among women) were independently associated with a higher prevalence
of hypertension, whereas higher physical activity and education level were inversely
associated. Age, BMI, and living in rural areas were independently associated with an
increased prevalence of prehypertension. Hypertension awareness, treatment and control
were very low inVietnam. Among the hypertensive population, 25.9% were aware of having
hypertension, 12.2% were treated. Among the treated hypertensive patients, 32.4% had
their BP controlled (Chapter 2).

The burden of hypertension will increase when the rapid increase in overweight and
obesity continues. The distribution of BMI across the population and population groups
indicated a shift towards higher BMI levels in 2005 as compared to 2000 (Chapter 3). The
nationwide prevalence of overweight (BMI =25 kg/m?) and obesity (BMI =30 kg/m?) was
6.6% and 0.4%, respectively in 2005, almost twice the rates of 2000 (3.5% and 0.2%). Using
the Asian BMI cut-off of 23 kg/m? the overweight prevalence was 16.3% in 2005 and 11.7%
in 2000. In contrast, the underweight prevalence (BMI <18.5 kg/m?) of 20.9% in 2005 was
lower than the rate of 25.0% in 2000. The prevalences of underweight and overweight
were both higher in women than in men in 2000 and 2005. Urban residents were more
likely to be overweight and less likely to be underweight as compared to rural residents
in both years. The shifts from underweight to overweight were more clear among those

with higher food expenditure levels (Chapter 3).
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In a rural population near Hanoi, the mean 24h-sodium excretion was 188.6 + 57.5 mmol
(4.3 g) and salt equivalent urinary excretion was 10.8 £ 3.3 g/day (Chapter 4). Men had
higher mean 24h-sodium excretion (196.8 + 56.9 mmol or 4.5 g) as compared to women
(181.1 £ 57.4 mmol or 4.2 g); 97.5% of the men and women had a salt intake higher than
the WHO recommendation of <5 g/day. Sodium in condiments added during cooking or
eating at the table accounted for 81% of the sodium intake. Processed foods contributed
11.6% and natural foods 7.4%. Regarding the condiments, the largest source was the mixed
seasoning (‘bot canh; 35.1% of total); 31.6% of total dietary sodium was provided by fish
sauce, 7.4% by MSG and 6.1% by table salt (Chapter 4).

In Chapter 5 it was shown that eight-week consumption of low-sodium high-potassium
substitutes (salt and‘bot canh’) caused a net decrease in median 24-hour sodium excretion
of 28.5 mmol (1.6 g salt). The mean change in BP in the intervention compared to the control
group was -2.6 mm Hg (95% Cl -4.6 to -0.5, p=0.013) for systolic BP and -1.6 mmHg (95%
Cl-3.0t0-0.2, p=0.024) for diastolic BP.The salt and‘bot canh’provided to the intervention
and control group contained the recommended amount of 20-40 ppm of iodine, which
significantly reduced the prevalence of iodine deficiency in both groups (from 72% to 36%

in the control group and from 66% to 41% in the intervention group).

These findings highlight the need for effective prevention strategies and actions for
hypertension and overweight and obesity in Vietnam, and suggest a potential approach

to reduce the population’s salt intake by using condiment reformulation.

METHODOLOGICAL ASPECTS

Representativeness

The data used in Chapter 2 and Chapter 3 were from the 2005 National Adult Overweight
Survey (NAOS 2005) and the 2000 National Nutrition Survey (NNS 2000), which were
nationally representative surveys on 17,213 and 14,452 subjects respectively. In order
to be nationally representative and to have sufficient representation of regions, urban
and rural areas, sex and age groups, a two stage stratified sampling method with equal-

sample-size was used.

During the data analysis with SPSS the complex sample procedure was used, using

weighing factors based on the population structure stratified by ecological region, sex,
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age-group and area of residence in 2004 (Census, 2004) in order to ensure a fully national

representative report of the result.

For both surveys, only approximately 3% of selected households (NNS 2000) or subjects
(NAOS 2005) who were not able to be present at the surveys were replaced by other
randomly selected households or subjects (with the same gender, age group of the same
cluster) based on the available sample frame of each cluster, as recommended. Therefore,

the study sample was sufficiently representative of Vietnamese adults at a national scale.

Definition of prehypertension

In the current thesis, we use two common hypertension classifications, i.e. the hypertension
classification of the Seven Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC 7, launched in 2003) and the
European Society of Hypertension/ European Society of Cardiology guideline (2013 ESH/
ESQ). In the recently released JNC 8, definitions of hypertension and prehypertension not
addressed, but thresholds for pharmacologic treatment were defined.! Hypertension was
defined as SBP =140 mm Hg and/or DBP =90 mm Hg and/or self-reported current use of
anti-hypertensive medication by both JNC 7 and 2013 ESH/ESC. The cut-off points for
prehypertension defined by JNC 7 (SBP =120 and <140 mm Hg and/or DBP >80 and <90
mm Hg) was lower as recommended by the 2013 ESH/ESC guideline (SBP =129 and <140
mm Hg and/or DBP =85 and <90 mm Hg). Cohort studies have shown that the risk of CVD
beginning at 115/75 mmHg doubles with each increment of 20/10 mm Hg.? Therefore,
from the viewpoint of prevention, early recognition and life modification should be
applied and the JNC 7 classification for prehypertension was used in Chapter 2. However,
2013 ESH/ESC classification was also used to facilitate the international comparison. The
prevalence of prehypertension by 2013 ESH/ESC classification was considerably lower (i.e.,
13.7% vs. 46.1% in men; 9.8% vs. 37.2% in women), and the total prevalence of combined

prehypertension and hypertension was 32.9% vs. 62.5%.

Definition of overweight

The general overweight and obesity classification uses BMI =25 kg/m? and BMI =30 kg/m?
as cut-off values.> However, for Asian population, lower the cut-off points have been
recommended i.e. BMI 223 kg/m? and BMI >27.5 kg/m?, respectively.* This is due to the

fact that in Asian people the association of overweight and obesity with cardiovascular
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risk factors, including hypertension, starts at lower weights-for-height than in Caucasians.*
the study by Nguyen et al. computed and searched for the shortest distance on
receiver operating characteristic curves to define optimal BMI cut-offs that best predict
hypertension in the Chinese, Indonesia and Vietnamese population. The overall and sex-
stratified analyses suggested that BMI cut-offs of 23-24, 21-22.5, and 20.5-21 for Chinese,
Indonesian, and Vietnamese adults, respectively were optimal in defining the increased
risk of hypertension for these population with BMI above this cut-offs.* The use of even
lower BMI cut-off values (21.2 and 22.1 kg/m?for men and 21.2 and 22.9 kg/m?for women)
than those recommended for an Indo-Asian population yielded the optimal areas under
the curve for an association with hypertension and diabetes, respectively.® Therefore,
a BMI cut-off point of 23 kg/m? for classification of overweight has been suggested for
Asian populations.*” In this thesis, in addition to the BMI cut-off point of 25 kg/m?, the
cut-off value of 23 kg/m? was therefore used to describe the burden of BMl and associated

hypertension in the Vietnamese population.

Measurements

Measurements of all collected indicators including anthropometry, BP, salt intake and
sources and other lifestyle factors followed standardized methods by well-trained data
collectors. The WHO STEPS manual for chronic disease risk factor surveillance (2003 and
revised 2008)%° was applied to collect data on behavioural risk factors (tobacco use,
alcohol consumption, diet, physical activity) and physical measurement (body weight,

body height, BP measurements).

BP measurement

In Chapter 2, BP was measured according to WHO STEPS manual (2003).2 However, the
most updated manual® indicates that to have accurate estimates of BP three measurements
instead of two measurements should be taken during the physical examination, and
during data analysis the mean of the second and third readings should be used. By taking
a third measurement if the first and the second measurements differed more than 10
mmHg in some cases the difference with the updated manual was less. It should be noted
that our data on hypertension and prehypertension were obtained from two repeated
measurements during 1 visit, whereas two independent visits are recommended in a clinical
setting.'® It has been shown that with a single visit the prevalence can be overestimated by

3% to 29%, and the actual prevalence of (pre)hypertension in our Vietnamese population
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may therefore be lower than reported in this thesis."" However, multiple measurements
in a national survey with large sample size was difficult for logistic and financial reasons,
and other population-based surveys used single visits as well. Hence, our results are
well comparable with other studies.’>'* Moreover, it has been shown that within-person
variation in the outcome variable does not affect the strength of the association with
its determinants,' which is important because these may provide clues for prevention

programs.

In Chapter 5, baseline BP was the average of measurements from separate three visits
provided accurate BP’s values. But at follow-up, BPs were obtained with only 1 visit, hence
we may have had less power to detect the salt effect on BP due to less data on within-
person variation. However, by taking the average of BP during the trial (at week 2, 4, 6 and

8) this variation could be reduced.

Salt intake measurement

In Chapter 4, salt intake was measured by 24-hour urinary sodium excretion since it is
considered as the gold standard for assessing salt intake.’® Because of the large day-to-day
variability in sodium intakes in developed countries, a single 24-hour urine collection is
not sufficient to characterize the sodium intake of the individual.” On the other hand, as
recommended by WHO, the mean sodium excretion in populations can be estimated from
single 24-hour urine collection, with little error around the mean, by including sufficient
number of 100-200 randomly selected subjects.'® The survey was conducted on 121

participants who met this sample size requirement.

Complete urine collection, avoiding both under and over collection, is a critical issue when
estimating of 24-hour sodium excretion. The two methods generally used to evaluate the
completeness of 24-hour urine collection are measuring urinary creatinine concentrations,
or assessing recovery using p-aminobenzoic acid (PABA). Each method has its strong and
weak points. Assuming that the rate of urinary creatinine excretion is constant,'® 24-hour
excretion of creatinine has been used as a standard to exclude urine collections judged to
be incomplete.’®2' However, there is a wide range (1.7% up to 50%) in individual excretion
of creatinine related to body mass?? or muscle mass,? diet,* and physical activity,> and
diseases related to muscle breakdown.* This large intra-individual variability in creatinine
excretion and the effect of meat in the diet limit the utility of creatinine as a marker for
the completeness of 24-hour urine collections.? By comparing five reported methods of

using urinary creatinine to assess the completeness of 24-hour urine collection with the
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technique of using PABA, itis concluded that at least in well-motivated populations in which
the proportion of incomplete urine is presumed to be small, the strategy of Knuimann et
al?” using urinary creatinine, height and weight of the participant and consideration of the
self-reported collection time and missing urine volume in the estimation of total volume
shows the highest sensitivity and specificity therefore may be useful in the completeness’s

assessment of 24-hour urine collection.?®

The use of PABA has been proposed as an alternative to the creatinine method.”® At a
dose of 240 mg (80 mg three times a day with meals), the mean recovery of PABA over
a 24-hour period was 93% and the range between minimum and maximum values was
15% of the mean compared with 70% for creatinine excretion.? However, PABA recovery
was lower with renal disease and old age.*® Hydrolysis of acetylated metabolites occurs in
the urine, and the free amine groups become available for detection by chemical analysis;
a number of drugs including sulphonamides, folic acid, paracetamol, phenacetin and
furosemide contain amine groups or may be metabolized to them, and erroneously high
PABA recovery rates might therefore be obtained in individuals taking these drugs.?* The
technique relies on the participant taking their tablets as instructed at intervals during
the 24-hour period; missing a tablet, or taking the tablets at the wrong times, might
result in complete urine collections being falsely rejected.?’ Furthermore, an exhibition
of an acute allergic reaction with oedema was reported after using PABA. Thus the utility
and the safety of the PABA technique for population surveys have not been established,
which is important for a survey in an emerging economy such as Vietnam, as the costs of

PABA lab analyses are high.

In the absence of a reliable biochemical technique to validate completeness of 24-hour
urine collections, rigorous survey methods to minimize under- and also over-collection
were adopted. The INTERSALT and INTERMAP studies were large studies that adopted these
methods as well. 323 This involved both the beginning and end of the 24-hour collection
being supervised and timed by the research team, clear instruction on the method of urine
collection, explaining the importance of collecting a complete sample to each participant,
and provision of a sufficient number of standard collection jars for the 24-hour period.
Immediately before starting the collection, the participant was asked to void his or her
bladder. All urine voided from that moment onwards was to be collected until the same
time the following day when either the participant should re-visit the clinic or the end of
the collection should be supervised in the home. To prevent deterioration of the samples,

the collection jars were pre-treated with boric acid as preservative. Each participant was
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provided with a suitable bag to carry and protect the jars from spillage and to avoid
embarrassment. At about the same time the next day, the participant was asked to empty
his or her bladder completely, and the final urine specimen was collected. At this point the
collection time was recorded; collections within the range 20-28 hours were acceptable
(corrected to 24 hours in the data analysis). On completion of the urine collection, each
participant was asked a simple set of questions about completeness. If the participant
responded that “more than a few drops” of urine were lost during the collection, it was
considered invalid and the participant was asked to repeat the collection, or areplacement
participant was recruited. The total volume of urine collected was measured using a
specially-devised linear measuring scale, and the complete sample mixed thoroughly

before aliquots were taken for laboratory analysis.*?

In Chapters 4 and 5, salt intake was assessed by 24-hour sodium excretion. To ensure the
completeness of 24-hour urine collection, the above survey technique was applied and
urinary creatinine measurement was used to further assess completeness. Furthermore,
because 24-hour direct food weighing was implemented at the same time with the 24-hour
urine collection for each participant, the presence of data collectors in the households
enabled supportive supervision for urine collection (Chapter 4). Therefore the sodium
intake measurementin ourVietnamese population can be considered reliable and provides
an acceptable accurate estimate of daily salt intake. Because of the limitation of using
creatinine measurement, we decided to present the findings for both the total as the
complete urine collection only, instead of discarding the incomplete ones The subjects with
complete 24h urine collection based on urinary creatinine excretion had significantly higher
mean 24-hour sodium excretion (204.1 £ 56.8 mmol, or 11.7 + 3.3 g salt) as compared to

subjects with incomplete urine collection (163.4 £ 49.6 mmol, or 9.4 + 2.9 g salt, p<0.05).

Assessment of dietary sodium sources

Dietary sodium sources were assessed by direct food weighing method using the standard
technique* during the same time span of the 24-hour urine collection (Chapter 3). OMRON
digital scales with maximum weight of 2 kg and accuracy at 0.1 g were used and calibrated
daily. The data collectors were well-trained before the survey and closely supervised during
the data collection. The data collectors stayed in the households to weigh and record all

food items prepared for each meal, from their raw forms until ready-to-eat dishes.

Specific sources of error with regard to sodium intake by dietary survey method have

been reported, including difficulties in estimating the amount of sodium chloride added
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during cooking (including in restaurants) and at the table; variation in the proportion of salt
added during cooking that is retained by the food; salt left behind on the plate; variation
in the sodium content of manufactured foods; and variation in sodium concentration of
local water supplies.®**¢ These sources of error have been minimized in our study. All the
condiments including salt, seasonings, sauces and monosodium glutamate (MSG) added
during food preparation, cooking or adding, or dipping at the table were weighed and
recorded. The portions of foods eaten by the participants were weighed and recorded
before eating and also after eating if anything was leftover. Ready-to-eat foods bought
outside and eaten at home were all weighed and recorded. Salt content of these foods
was then computed based on the recipes and food composition table. Participants were
also asked to provide a double portion of any food that the participants had consumed
out of home for weighing. In case the participants could not provide the double portion,
an interview using local dining utensils or the album of food and portion size used for
dietary survey was used to obtain the weight of food eaten. Recipes of those ready-to-eat
foods were obtained by interviewing food vendors if material or seasoning contents was
unknown or from the Vietnam food composition table. The sodium content of processed
and restaurant foods is especially important in the developed countries, as these foods
contribute three-quarters or more of the sodium intake of a typical developed country
diet.*” However, ready-to-eat foods or processed foods were not commonly consumed
and out-of home eating was not commonly practiced in our study population, as in many
other Asian populations,?” and therefore the errors due to estimation of sodium content
from these food sources is probably small. Furthermore, instead of assessing individual
absolute amounts of sodium intake, we aimed at collecting data on average sodium content
from different food sources (natural food, processed food and added condiments). The
sodium intake estimated from the direct food weighing method and 24h-urinary excretion
method were significantly correlated, although the size of the correlation was modest
(Spearman correlation r=0.29, p<0.001) as (Chapter 3) as compared to the r=0.56 in the
global data reported.*® The quality of the food composition table for sodium content may
not be optimal, particularly processed foods without sodium content could explain for

this modest correlation.

In conclusion, the measurements of anthropometry, BP, sodium intake and its dietary
sources may be considered sufficiently accurate and reliable in the prevalence study

among Vietnamese adults described in this thesis.
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INTERPRETATION OF FINDINGS

Prevalence of hypertension and its determinants

Urban versus rural areas

In Chapter 2, the prevalence of hypertension in women aged 25-64 years was higher
in rural areas than in urban areas (16.2% vs. 13.9%). Prehypertension, however, was
more prevalent in rural than in urban areas (43.0% vs. 33.6%, p<0.001) for both sex.
Overall, prehypertension and hypertension combined affected more rural than urban
residents (63.8% vs. 54.3%, p<0.001) (Chapter 2). After adjusting for major risk factors,
the differences remained, i.e., they could not be explained by differences in BMI, physical
activity, alcohol consumption and education. This was especially clear for the women, with
adjusted ORs higher than 2. In other populations, the similar trend was also observed in
some population showing more hypertension in urban areas. For example in Thailand, a
higher adjusted prevalence of prehypertension in rural areas has been reported, again for
women,'?whereas adjusted data from Korea showed similar prevalence in urban and rural
areas.*The 2007-2008 national survey in China* showed that in economically developed
regions, the prevalence of hypertension was slightly higher among rural residents than
among urban residents (31.3% vs. 29.2%, p=0.001). The disparity in the prevalence of
hypertension between urban and rural areas disappeared when studying women (24.0%
vs. 24.0%, p=0.94) and individuals living in the northern region (31.6% vs. 31.2%, p=0.51).
Multivariable regression analysis showed that urban residence was inversely correlated with
hypertension after adjustment for sex, age, a family history of hypertension, educational
level, heart rate, overweight, obesity, central obesity, diabetes, serum triglyceride levels,
serum cholesterol levels, level of economic development. With economic developmentin
rural regions, urbanization and associated lifestyle and diet may explain the convergence
in the prevalence of hypertension between persons who live in urban settings and those

who live in rural areas.”!

We can only speculate on the causes of the higher prevalence of hypertension in women
and/or rural residents. First, Vietham has large geographic differences, with 8 ecological
regions; differences in food patterns exist across these regions as well as in rural vs. urban
areas. In urban areas, there is better economic development and education, for example
urban residents have better knowledge of, and accessibility to, modern equipment for

food preservation, such as refrigerators. In rural areas the use of salt to preserve food is
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still common practice. Moreover, due to poor economic conditions, rural people often
cook highly salty dishes to consume together with a large amount of rice in order to meet
their energy requirements. In addition, lower education in general and lack of health
information in particular might also contribute to continuing high salt consumption in

rural as compared to urban areas.

Hypertension and salt intake

In the study on the prevalence of hypertension and the association with determinants
(Chapter 2), national salt intake data were not available. Therefore, we could not confirm
the cross-sectional association of hypertension and salt intake in our population. We
conducted a separate survey to investigate sodium intake using 24-hour urine collection
in a rural community (Chapter 4). The findings indicated that the mean salt equivalent
urinary excretion was 10.8 g/d (188 mmol sodium/24 hour) which is more than twice
higher than the WHO recommended upper level of 5 g/d.*” The association of salt intake
and hypertension in Vietnamese population however was confirmed by the reduction of

both systolic BP and diastolic BP after the salt reduction intervention in Chapter 5.

Overweight and obesity

The estimated average increase in the prevalence of overweight amounted to 0.6% per
year (Chapter 2), which was almost twice as that of 0.3% per year over the period of
1992-2002.* If this trend would continue, the prevalence of overweight and obesity is

expected to double in the next 5 years.

Overweight and obesity are associated with many physiological and metabolic changes
that promote hypertension.® The findings in Chapter 2 show that using the Asian BMI
cut-off point of 23 kg/m?, overweight men and women had a 4.1 and 2.6 times higher risk
of having hypertension, respectively, compared with the normal BMI groups, independent
of age, education, area of residence, alcohol consumption, smoking and physical activity.
The cut-off point of 23 kg/m? was used to describe the association of overweight and
hypertension, since the Asian population has and increased risk for chronic diseases at
lower BMI as discussed earlier. Therefore, it is to be expected that the rapid increase of
overweight and obesity will contribute to a substantial increase in hypertension among
the Vietnamese population, particularly among urban residents and women who suffering

from more overweight and obesity (Chapter 3).
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Dietary salt intake

Ideally, national data on sodium intake and dietary sodium sources should be collected to
investigate the association of sodium intake and BP in the Vietnamese population. However,
with limited resources, in the scope of this thesis a small survey was conducted in a rural
community of Hanoi. These preliminary data indicate that salt intake in Vietnam is high,
which calls for a larger nationwide investigation into salt consumption levels and dietary
sources of salt. As presented in Chapter 3, urinary salt excretion in complete collectors
was almost 12 g/d. Holbrook et al. reported that about 86% of ingested Na is excreted into
urine at a usual room temperature.* After accounting for sweat loss, total daily salt intake
in Vietnamese adults may even amount to 13.6 g/day. This estimated sodium intake 2-3
fold higher than the WHO's recommendation (<5 g/d).* This may be responsible for high

(pre)hypertension despite relatively low BMI (21 kg/m?) in the Vietnamese population.

BP reduction after salt substitution

The participants were randomized to either the control or intervention group and socio-
economic status and other major confounders were similar in the two groups. However,
baseline systolic BP was 2.2 mmHg higher in the intervention than the control group
which is a limitation of the present trial. The trial was totally blinded with 100% of the
studied participants, health workers and data collectors were not aware of the allocated
treatments and the type of trial products that were consumed. Therefore, we can assume
that the changes in saltintake and BP resulted from use of the test products. Although the
net reduction in sodium intake was larger in the intervention group, a decrease was also
observed in the control group. This might be due to the awareness about the aim of the
study, which was explained to all participants before the study to obtain their informed

consent and fulfil the ethics requirements.

Other modifiable risk factors

Physical activity

An inverse dose-response association between levels of recreational physical activity
and risk of hypertension is well documented.***” In Chapter 2, physical activity was
independently associated with lower risk of having hypertension, in both men (OR=0.61,
95% C10.48-0.80) and women (OR=0.7, 95% Cl 0.53-0.92), respectively. Although 81.4% of
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the adult population was classified as having high level of physical activity, this proportion
was only 56.5% among urban residents. The higher level of industrialization promotes
a lifestyle with less physical activity and more sedentary habits among the Vietnamese
population. Particularly in urban areas, increasing use of transportation by motorbike, bus,
or car, instead of walking; taking lift instead of using stairs, using mechanic equipment and
machine at work and for housework, sitting long hours in front of computer and internet,
and relaxing by watching TV and online entertainment, as well as lack of space or land for
physical activity and sports, all bring people to more sedentary lifestyle. Data presented
in this thesis highlight the need for promoting physical activity, particularly among men

and the urban population, for hypertension prevention.

Alcohol

Alcoholintake increases BP in a dose response-manner.***°The prevalence or incidence of
hypertension was found to be higher in adult population from cross-sectional, population-
based and cohort studies, ingesting more than 30 g/day.***2 Similarly in our Vietnamese
population, men using >30 g ethanol/d had 1.6 times higher risk of having hypertension

than non-drinkers (Chapter 2).

Alcohol use is highly prevalent among Vietnamese men (40% high users, with beer and
spirits being most common) but not in women (3%) (Chapter 2). Our results suggest that

actions may be required to prevent excessive alcohol consumption among men.

Smoking

Hypertension was more common in ex-smokers compared to current or never smokers was
observed in several population®>*and this was also observed in our Vietnamese nationwide
study (Chapter 2). However, the association between hypertension and smoking was
not observed after taking other risk factors, such as BMI, into account. The absence of an
association between hypertension and smoking after adjustment for other risk factors
was also reported in other populations.’**>*¢ Generally, lower BP values have not been
observed after chronic smoking cessation.”” This may be due to concomitant increase in
body weight. In an earlier study on Vietnamese men hypertension was associated with
smoking in a dose-response manner when characterized as number of years of smoking
and lifetime cigarette consumption and when adjusted for age, sex, BMI and alcohol use,
but was not associated with current smoking status.>® However, with smokers accounted

for 82.7% men, and the overall prevalence of hypertension and prehypertension was 70.1%
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(current smokers) and 74.0% (ex-smokers) compared to 55.9% in non-smokers, smoking
may be related raised BP in Viethamese men, but these results warrant confirmation in

other epidemiological studies.

PUBLIC HEALTH IMPLICATIONS

The present thesis indicates that raised BP (20.7% hypertension and 41.8% prehypertension)
is a major public health problem in Vietnam, putting 62.5% (or about 24 millions) of the
adult population aged 25-64 years at increased risk of cardiovascular disease morbidity
and mortality (Chapter 2). CVD risk increases throughout the range of BP, starting already
atlevels of 115/75 mm Hg.? A large group of people fall within the clinically“normal”range
for BP (i.e. below 140 mmHg systolic) but have BP levels above optimal levels. Treatment
strategies restricted to individuals with clinically diagnosed hypertension will therefore
not be sufficient to prevent BP -related disease. The prevalence of prehypertension
among Vietnamese adults was higher than that of the overall pooled prevalence of
prehypertension worldwide (38%) or the reported 36% among Asian individuals,'* although
it must be noted that prevalence figures in this thesis may be overestimated because
they are based on non- repeated BP measurements. This is the first time prehypertension
was reported in Vietnam and results indicate the need for lowering population BP before

progression to hypertension takes place.

The reported low proportions of hypertension awareness (25.9%), treatment (12.2%) and
control (2.8%) require increased efforts regarding education, detection, and treatment.
Health communication and education should be implemented more widely and effectively
to improve knowledge and raise awareness of the population about raised BP, its causes and
consequences for better prevention and detection. Health systems, including personnel

and equipment, should be strengthened for better treatment and control of hypertension.

This thesis also indicates high risk groups for raised BP, namely men, rural residents, and
individuals who are overweight or obese, older, lower educated, physically inactive, alcohol
drinkers and high salt consumers. Prevention strategies should give priority to these
risk groups. Improving health and nutrition information, education and communication
on the morbidity and mortality burden of raised BP and its risk factors, is necessary to
raise awareness and promote appropriate lifestyle changes among Vietnamese adults.
Lowering overweight and obesity, and promoting physical activity should be given

particular attention in urban areas. Excessive alcohol consumption should be reduced to
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prevent and reduce prehypertension and hypertension among men. The reformulation
of processed foods and condiments by food industry, especially sodium reduction, will

benefit the population at large.

Saltreduction has proved to be the most cost-effective measure for prevention and control
of hypertension.® Information on dietary sources of sodium is mostimportant to plan salt/
sodium reduction. Like for many other Asian countries with the majority of dietary sodium
coming from high-sodium condiments added during cooking and at the table, reducing this
sodium source (accounts for 81% of total dietary sodium) is critical for sodium reduction
in Vietnam. High sodium condiments such as mixed seasoning (bot canh and hat nem
35%), fish sauce (31%) or soy sauce and others are important target for sodium reduction

rather than pure salt which accounted for only 6% of total dietary sodium.

Reduction of added salt/sodium requires two main strategies i.e. a population campaign
to raise consumer’s awareness and promoting behaviour change, and salt substitution.
Behaviour change requires a long process with enormous investment and efforts to achieve
impact on knowledge, perception and then behaviour change, particularly, on changing
cooking behaviour relating to salty taste eating. In this context, using sodium-reduced and
potassium-enriched salt and condiments show an advantage in reducing sodium intake
and increasing potassium intake without requiring change of cooking behaviour and salty
taste preference. Partial replacement of sodium by potassium has been implemented
by various food companies. The use of potassium containing salt substitutes has been
shown to lower sodium intake and BP in several populations.®®¢' In our studied population
(Chapter 4), discretionary salt contributed only 6.1% to total sodium intake, and therefore
bot canh, a traditional mixed seasoning which accounted for 35.1% of dietary sodium,
was also reformulated. We developed potassium containing salt and bot canh at the
National Institute of Nutrition of Vietnam. The products underwent sensory testing and
appeared to be highly accepted by the community. The potassium containing products
provided 67% (discretionary salt) and 60% (‘bot canh’) less sodium as compared to regular
products. Eight-week consumption of potassium containing salt substitutes decreased the
median 24-hour sodium excretion by 28.5 mmol/d (1.6 g/d salt) compared to the control
group (Chapter 5). The mean change in BP in the intervention compared to the control
group was -2.6 mmHg (95% Cl -4.6 to -0.5, p=0.013) for systolic BP and -1.6 mmHg (95%
Cl -3.0 to -0.2, p=0.024) for diastolic BP. With these reductions in sodium intake and BP,
it is estimated that the number of deaths from strokes would be reduced by 12.5% and

number of deaths from CHD by 9.1%.62 Hence, this is a method for sodium reduction in
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Vietnam with high potential, as discretionary sodium accounted for the main source of
sodium intake. In addition to the strategy for the reduction of discretionary salt/sodium,
appropriate strategies to reduce salt/sodium content in processed food should also be

promoted in cooperation with food industries.

Overweight and obesity are determinants of hypertension but are also through other
pathways, such as lipid metabolism and diabetes, important risk factors for cardiovascular
diseases. The estimated average increase in prevalence of overweight was double in the
period of 5 years, amounted to about 2.6 million (BMI =25 kg/m?) or 6.5 million when using
the Asian cut-off (BMI =23 kg/m?) of adults were overweight (Chapter 3). Limiting the rapid
increase in overweight and obesity will contribute to the prevention of hypertension and
cardiovascular diseases. The shift to higher BMI or the increase in overweight was observed
nationwide, but more in urban areas, women and higher income groups, and therefore
appropriate intervention strategies should be applied to these subgroups. It isimportant
to mention that Vietnam is undergoing a nutrition transition with a shift towards higher
BMI and overweight, but underweight has remained highly prevalent in all subgroups.
Particularly women are at higher risk of having both underweight and overweight
compared to men. Prevention programs and interventions should take the double burden
of nutrition problem into consideration to avoid worsening the severity of underweight
when spending efforts in reducing overweight. Interventions against early childhood
undernutrition, particularly stunting, is also required to prevent both underweight and

overweight, and hypertension and cardiovascular diseases in adulthood.®®

Salt iodization has been implemented worldwide for many years for controlling iodine
deficiency disorders. Therefore iodine deficiency should also be investigated when
implementing salt reduction interventions. The baseline data of the trial (Chapter 5)
showed that iodine deficiency was prevalent in the studied population, with 72% in the
control and 66% in the intervention group. This finding indicated that at current intake
level of salt and other high-salt condiments in this population, iodine requirements were
not met. Currently, saltiodization is not mandatory in Vietham, and in parallel with iodized
saltthere is also non-iodized salt available on the market. In addition to iodized salt, iodized
‘bot canh’is available in the market on voluntary basis, but all other salty condiments are
notiodized. Our finding suggests that the current salt and seasoning commonly consumed
by this population do not ensure sufficient iodine intake. Higher iodine content for salt
and bot canh is recommended, or iodization should also be applied to other condiments

or other food vehicles. The urinary iodine excretion of both studied groups significantly
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increased after consuming iodized salt and iodized ‘bot canh; leading to a reduction of
iodine deficiency to 36% and 41% in the control and intervention group, respectively.
Therefore, regular consumption of sufficiently iodized sodium-reduced and potassium-

enriched saltand‘bot canh'’is warranted to ensure an adequate iodine status of consumers.

FUTURE RESEARCH DIRECTIONS

The present thesis provides several directions for further research. Future studies should
investigate why raised blood pressure was more prevalent in rural areas as compared
to urban areas. Also the trend in these subpopulations is important to monitor. For the
prevention of hypertension and related cardiovascular diseases, a national data on salt
intake and dietary sodium sources, and diversity in related eating habit in different regions
are required, for better planning and implementation of sodium reduction strategies.
These strategies should focus on the discretionary sodium reduction such as development
of more variety of low-sodium salty condiments, and reformulation or replacement of
sodium content in processed foods. In addition, appropriate population interventions
for controlling the risks of hypertension, particularly overweight-obesity and promoting

lifestyle modification for the Vietnamese population are needed.

Data on Vietnamese population showed that potassium intake (45 mmol/day) (Chapter
5) met only half of the recommended dietary intake® and low calcium intake and
vitamin D deficiency were prevalent among women and children® and 52% magnesium
deficiencies among preschool children.®® Therefore studies on the role of other minerals
such as potassium, and calcium and probably magnesium in hypertension, particularly
in low consumption population like Vietham are required to arrive at a comprehensive

prevention strategy.

The thesis also pointed out that iodine deficiency were prevalent among studies
population. Therefore, iodine deficiency as well as the effectiveness of saltiodization should
be investigated. Investigation strategies such as enabling a mandatory environment, iodine

content or other condiment or food as vehicles for iodization are required.

CONCLUSION

Hypertension is a major public health problem among Viethamese adults, both in urban

and rural areas. The prevalence of prehypertension was higher than the average preva-
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lence of developing countries, and more common among rural residents, stressing the
public health significance of raised BP and its cardiovascular consequences in rural areas.
Low awareness, treatment and control of hypertension contribute to the burden of
hypertension. The double burden of nutrition still exists, with an increase in overweight and
obesity in parallel with a reduction but still high prevalence of undernutrition, particularly
in women. Different strategies of life modifications for different risk groups, such as older
age, lower education, overweight and obesity, excessive use of alcohol, physical inactivity
and urban vs. rural residents, are required to tackle the raised BP problem. With added
salt and condiments into food during food preparation and eating at the table being the
major source of dietary sodium, development and consumption of sodium-reduced and
potassium-enriched condiments such as salt and ‘bot canh’ can be a valuable strategy to
reduce sodium intake and BP in the population. lodine deficiency was prevalent among
the study participants. Salt iodization should hence be reconsidered to make mandatory,
or iodization should be extended to other condiments and food vehicles, particularly in

the context of salt reduction strategy.
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The morbidity and mortality patterns have changed quickly during the last decades, with
a reduction in infectious diseases in parallel with a rapid increase in non-communicable
diseases (NCDs), leading to the so-called double burden. It was estimated that in 2008 NCDs
accounted for 75% of all deaths in Vietnam, among which raised blood pressure caused
40% of all death. Hence, it is clear that there is an urgent need for better understanding
of risk factors and appropriate population-based interventions to control and prevent

hypertension and its related cardiovascular diseases in Vietnam.

Therefore, the aim of the current thesis is to examine BP and its determinants in the
Vietnamese population as well as to investigate a potential population-based intervention

for BP control in Vietnam.
More specifically, the following research questions are addressed:

1. Whatis the prevalence of hypertension and prehypertension and its related

risk factors in the general population of Vietnamese adults? (Chapter 2)

2. Whatis the trend of BMI distribution and national prevalence of overweight

and obesity in Vietnamese adults? (Chapter 3)

3. What is the sodium intake in Vietnam, and which are the main dietary

sodium sources? (Chapter 4)

4. Does consumption of sodium-reduced and potassium-enriched salt and
seasoning in replacement of regular salt and seasoning lower sodium intake
and BP in Vietnamese adults with prehypertension and hypertension?
(Chapter 5)

We used the national adult overweight and obesity survey to investigate the prevalence
of hypertension and prehypertension and its risk groups among Vietnamese adults in
Chapter 2. The national nutrition survey was also used to study the shiftin double burden
of nutrition from underweight to overweight and obesity among adult population in the
period of 2000 and 2005 in Chapter 3.The sodium intake and dietary source in Vietnamese
diet was reported in Chapter 4. The sodium-reduced and potassium-enriched salt and
a Vietnamese traditional seasoning ‘bot canh” has been developed and their effects on
reducing sodium intake and BP has been investigated in a randomized double blind
clinical trial and documented in Chapter 5. The results, methodological issues, public

health implications and future research direction were discussed in Chapter 6.
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Hypertension and prehypertension were prevalent among Vietnamese adults,
particularly in men with overweight and excessive alcohol consumption, rural women

and those with lower physical activity and education levels.

In Chapter 2 we investigated the national prevalence of hypertension and prehypertension,
as well as their association with determinants, in Vietnamese adults. The overall census-
weighted JNC7-defined prevalence of hypertension was 20.7% (95% Cl 19.4-22.1);
the prevalence of prehypertension was 41.8% (95% Cl 40.4-43.1). Hypertension and
prehypertension were more prevalent in men than in women and more prevalent in
rural than in urban areas. Higher age, overweight, alcohol use (among men) and living in
the rural areas (among women) were independently associated with a higher prevalence
of hypertension, whereas higher physical activity and education level were inversely
associated. Age, BMI, and living in the rural areas were independently associated with an
increased prevalence of prehypertension. Among the hypertensives, 25.9% were aware
of their hypertension, 12.2% were being treated, and 2.8% had their blood pressure
under control; among the treated hypertensives, 32.4% had their blood pressure under

control.

There was a shift to higher prevalence of overweight and obesity and lower preva-

lence of underweight among Vietnamese adults in 2005 as compared to 2000.

Overweight and obesity or BMI was strongly increased the risk of raised blood pressure
as shown in Chapter 2, therefore in Chapter 3 we explored the trend of BMI distribution
and national prevalence of overweight and obesity in Vietnamese adults between 2000
and 2005 among different groups. The distribution of BMI across the population and
population groups indicated a shift towards higher BMI levels in 2005 as compared to
2000. The nationwide prevalence of overweight (BMI =25 kg/m?) and obesity (BMI =30
kg/m?) was 6.6% and 0.4% respectively in 2005, almost twice the rates of 2000 (3.5% and
0.2%). Using the Asian BMI cut-off of 23 kg/m? the overweight prevalence was 16.3% in
2005 and 11.7% in 2000. In contrast, the underweight prevalence (BMI <18.5 kg/m?) of
20.9% in 2005 was lower than the rate of 25.0% in 2000. Women were more likely to be
both underweight and overweight as compared to men in both 2000 and 2005. Urban
residents were more likely to be overweight and less likely to be underweight as compared
to rural residents in both years. The shifts from underweight to overweight were clearer

among the higher food expenditure levels.
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Excessive sodium intake did exist in most of the studied population and condiments

added during cooking and at the table responsible for 81% of total sodium intake.

Although having lower prevalence of overweight and obesity raised blood pressure
(hypertension and prehypertension) was more prevalent in rural than in urban areas.
Therefore sodium intake, with well-established association to raised blood pressure, and
dietary sodium sources were investigated using 24-hour urine and 24-hour food weighing
methods in a rural population (Chapter 4). The sodium intake was estimated from 24-hour
sodium excretion in urine. The mean 24-hour sodium excretion was 188.6 + 57.5 mmol
(4.3 g) or 10.8 + 3.3 g salt/day. Men had higher mean 24-hour sodium excretion (196.8 +
56.9 mmol or4.5 g) as compared to women (181.1 £57.4 mmol or 4.2 g); 97.5% of the men
and women had a salt intake higher than the WHO recommendation of less than 5 g/day.
Sodium in condiments added during cooking or eating at the table accounted for 81%
of sodium intake. Processed foods contributed 11.6% and natural foods 7.4%. Regarding
the condiments, the largest source was the mixed seasoning (‘bot canh; 35.1% of total);
31.6% of total dietary sodium was provided by fish sauce, 7.4% by monosodium glutamate
and 6.1% by table salt.

Replacing regular salt and‘bot canh’ with sodium-reduced and potassium-enriched
condiments could make a relevant contribution to lowering sodium intake and blood

pressure in (pre)hypertensive Vietnamese adults.

The effects of using sodium-reduced and potassium-enriched salt and ‘bot canh; a
Vietnamese traditional condiment, on the sodium intake and blood pressure in (pre)
hypertensive Viethamese adults have been explored by a randomized double-blind
placebo-controlled trial reported in Chapter 5. During intervention, the median 24-hour
sodium excretion decreased by 52.3 mmol in the intervention group and by 23.8 mmol in
the control group, a net difference of 28.5 mmol (1.6 g/d salt). The mean change in BP in the
intervention compared to the control group was -2.6 mmHg (95% Cl -4.6 to -0.5, p=0.013)
for systolic BP and -1.6 mmHg (95% Cl -3.0 to -0.2, p=0.024) for diastolic BP. In addition,
ensuring the iodine concentration in salt and condiments led to significant reduction of
the prevalence of iodine deficiency in both groups (from 72% to 36% in controls, from

66% to 41% in intervention group).

In conclusion, raised blood pressure, including hypertension and prehypertension, is a
nationwide public health problem in Vietnam. Overweight and obesity group, men with

excessive alcohol use, and rural residents are high risk groups for raised BP while groups
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of higher physical activity and higher education levels are at a lower risk. Double burden
of nutrition exists with the shift from underweight to overweight among different groups
nationwide but to a larger extent in urban areas than in rural areas. Most of the (studied)
population has excessive sodium intake and most of dietary sodium intake comes from
sodium added during cooking and at the table. Therefore, in parallel with appropriate
interventions to control body weight and alcohol use and the promotion of physical activity
and nutritional education, replacing regular salt and condiments (i.e. ‘lbot canh’) with
sodium-reduced and potassium-enriched salt and condiments could be a valuable public

health measure to lower sodium intake and blood pressure in the Vietnamese population.
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Tom tat

Mé hinh bénh tat va t&r vong da thay déi nhanh chéng trong may thap ky vita qua, song
song vai viéc giam cac bénh nhiém trung la su gia tdng nhanh chéng cac bénh man tinh
khong lay, dan dén tinh trang dugc goi la ganh nang kép. Theo udc tinh, & Viét Nam nam
2008 c6 khoang 75% truong hgp ti vong la do cac bénh man tinh khong lay, trong dé
40% la do tang huyét ap. Ré rang van dé cap bach dat ra la can phai co hiéu biét rd rang
hon vé cac yéu t6 nguy cd va cac can thiép cong déng phu hop dé phong chéng ting

huyét ap va cac bénh tim mach lién quan & Viét Nam.

Do d6, muc tiéu ctia luan van nay la tim hiéu vé huyét 4p va cac yéu t6 lién quan & quan
thé dan cu Viét Nam, cling nhu nghién clu can thiép cong déng tiém nadng nham kiém

sOat huyét ap & Viét Nam.
Cu thé hon, cac cau héi nghién cliu sau sé dugc tim hiéu:

1. Tylé tang huyét ap va tién tang huyét ap & quan thé dan cu trudng thanh

Viét Nam la bao nhiéu va cac yéu t6 lién quan la gi? (Chuong 2).

2. Xuhuéng phan b6 BMI va ty 1é thira can va béo phi & ngudi trudng thanh
Viét Nam la bao nhiéu? (Chuong 3)

3. Kh&u phan natri cia ngudi Viét Nam 1a bao nhiéu va dau la nguén cung

cap natri chinh trong khau phan? (Chuong 4)

4. Viéc sit dung muéi va gia vi gidm natri va b8 sung kali thay thé cho mudi
va gia vi thédng thudng cé lam gidm lugng natri tiéu thu trong khau phan
va huyét ap clia ngudi trudng thanh Viét Nam c6 tang huyét ap va tién
tang huyét ap khéng ? (Chuong 5).

S8 liéu tir cudc Téng diéu tra thita can va béo phi & ngudi truéng thanh nam 2005 dugc st
dung d@é tim hiéu ty 1& tang huyét ap va tién tang huyét ap cing nhu cac nhém nguy co &
Nngudi trudng thanh Viét Nam dugc trinh bay & Chuong 2. Cudc Téng diéu tra dinh duéng
toan quéc nam 2000 cling dugc st dung dé nghién cuu su dich chuyén ganh nang kép
vé dinh dudng tir nhe can sang thira can va béo phi & ngudi trudng thanh trong giai doan
2000 va 2005 dugc trinh bay 6 Chuong 3. Khdu phan natri va ngudn cung cap natri khau
phan trong ché d6 an clia ngudi Viét Nam dugc trinh bay & Chuong 4. Muéi va bét canh
(mét loai gia vi truyén théng phé bién cla Viét Nam) dugc lam gidm ham luong natri va
b6 sung kali da dugc phat trién va hiéu qua cla viéc tiéu thu loai mudi va bot canh nay
t6i viéc gidm kh&u phan natri va huyét ap dugc nghién cliu trong mét nghién ciru thit

nghiém lam sang ngau nhién, mu kép, c6 d6i chiing dugc trinh bay & Chu'ong 5. Két qua,
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cac van dé vé phuang phap nghién ciu, ting dung trong linh vuc stic khée cdng déng va
dinh huéng nghién ciiu trong tuong lai dugc ban luan & Chuong 6.

Tang huyét ap va tién tang huyét ap phé bién & ngudi truéng thanh Viét Nam, dic
biét & nam gi6i thira cadn va uéng qua nhiéu rugu, phu nirnéng thén va nhiing nguai

¢6 miic hoat déng thé luc thap, trinh dé hoc van thap.

Chuong 2 trinh bay vé ty |é tdng huyét ap va tién tang huyét ap, va cac yéu t6 lién quan
& ngudi trudng thanh Viét Nam. Theo phan loai ctia JNC 7, ty 1& tang huyét ap la 20,7%
(95% Cl 19,4-22,1), ty 1& tién tang huyét ap la 41,8% (95% Cl 40,4-43,1). Tang huyét ap va
tién tang huyét 4p phé bién & nam nhiéu han & nit va & ndng thon nhiéu han thanh thi.
Tudi cao han, thifa can, uéng rugu, bia quéa nhiéu (& nam gidi) va séng & néng thon (ddi
VvGi n(t gidi) lién quan doc lap vai ty 1é tang huyét ap cao han, trong khi dé muc hoat dong
thé luc va trinh d6 hoc van cao hon lai c6 quan hé ngugc chiéu vdi ty 1é ting huyét ap.
Tudi, BMIva séng & néng thén c6 quan hé ngugc chiéu vai ty |é tién ting huyét ap. Trong
s6 nhiing ngudi tang huyét ap, chi c6 25,9% biét ban than bi tang huyét ap, 12,2% dugc
diéu tri, va 2,8% kiém soat dugc huyét ap; trong sé nhitng ngudi bi tang huyét dp dugc
diéu tri, c6 32,4% kiém soéat dugc huyét ap.

C6 su dich chuyén sang ty lé thira can va béo phi cao hon song song véi ty 1é nhe
can thap hon & ngudi trudng thanh Viét Nam trong vao nam 2005 so v6i nam 2000.

Thita can va béo phi hay BMI cao hon lam tang rd rét nguy co tang huyét ap dugc trinh
bay & Chuong 2, do d6 Chuong 3 tap trung di vao tim hiéu xu hudng phan b6 BMI va
ty lé thua can va béo phi & ngudi trudng thanh Viét Nam trong gia doan 2000 va 2005 &
cac nhom déi tugng khac nhau. Su phan bd BMI theo cac quan thé dan cu cho thay su
dich chuyén vé phia BMI cao han vao nam 2005 so vSi nam 2000. Ty |é thua can (BMI =25
kg/m?) va béo phi (BMI =30 kg/m?) lan lugt la 6,6% va 0,4% vao nam 2005, gan gap doi
50 VGi ty 1é cila nam 2000 la 3,5% va 0,2%. Néu dung ngudng phan loai BMI khuyén cao
cho ngusi chau A 1a 23 kg/m? thi ty |é thiia can la 16,3% nam 2005 va 11,7% ndm 2000.
Nguac lai, ty 1é nhe can (BMI <18,5 kg/m?) la 20,9% nam 2005 thap han 25,0% nam 2000.
Phu n{t c6 nguy co cao han d6i vai ca tinh trang nhe can 1an thua can so véi nam gidi &
ca hai thai diém 2000 va 2005. Ngudi dan thanh thi ¢c6 nhiéu nguy c¢g thira can hon va
it nguy ca nhe can hon so vaéi ngudi dan néng thén & ca 2 thai diém. Su dich chuyén tur
nhe can sang thira can dugc quan sat thay ré hon & cac nhém co chi phi cho an uéng cao
hon.
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Khau phan thiia natri ton tai & hau hét quan thé nghién ctiu va natri cé trong gia vi

cho vao trong qua trinh nau an va trong lic an chiém t6i 81% téng khau phan natri.

Mac du ty lé lé thira can va béo phi thap hon, tang huyét ap va tién tang huyét ap van
phé bién & vung néng thén han ving thanh thi. Do vay, khdu phan natri, vén da dugc
chi ra c6 méi lién quan véi tang huyét ap, va ngudn cung cap natri khdu phan da duagc
nghién ctu st dung phuong phap thu thap nudc tiéu 24 gid va can dong truc tiép thuc
pham ché bién va tiéu thu trong cling 24 gi & cdng déng dan cu ndng thon (Chuong 4).
Kh&u phan natri dugc udc tinh tir lugng natri bai tiét trong nudc ti€u trong 24 gid. Natri
bai tiét trong nudc ti€u 24 gid trung binh 12 188,6 + 57,5 mmol (4,3 g) hay la 10,8 +3,3 g
mudi/ngay. Nam gigi cé muic bai tiét natri 24 gid trung binh cao hon (196,8 + 56,9 mmol
hay 4,5 g) so véi n{ giGi (181,1 = 57,4 mmol hay 4,2 g); 97,5% nam gidi va n{ gidi c6 muc
tiéu thu mudi cao han muic khuyén nghi cia T6 chiic y té thé gidi la 5 g/ngay. Natri trong
gia vi dugc cho vao trong qua trinh ndu hoac trong khi an chiém téi 81% téng lugng natri
khau phan. Thuc pham ché bién sdn dong gop 11,6% va thuc pham tu nhién déng gép
7,4% t6ng luong natri khdu phan. Riéng vé gia vi, phan déng gop I6n nhat 13 tir bot canh

(35,1% t6ng s6), nudc mam (31,6%), mi chinh 7,4% va mudi an 6,1%.

Thay thé mudi va bot canh théng thuong bang mudi va bét canh giam natri va bé
sung kali c6 thé déng gép vao viéc giam khau phan natri va huyét ap 6 ngusi truéng

thanh Viét Nam c6 tinh trang tién ting huyét ap va tang huyét ap.

Hiéu qua cla viéc dung mudi va bdt canh (mot loai gia vi truyén théng phé bién & Viét
Nam) gidm natri va b6 sung kali t&i khau phan natri va huyét ap & ngudi truéng thanh
Viét Nam c6 tién tang huyét ap va tang huyét ap, dugc nghién cru trong mét thi nghiém
lam sang ngau nhién, mu kép, c6 déi chiing duoc trinh bay & Chuong 5. Trong qua trinh
can thiép, lugng bai tiét natri nudc tiéu 24 gid gidm 52,3 mmol & nhém can thiép va 23,8
mmol & nhom chiing, véi su khac biét vé muic do giam la 28,5 mmol (1,6 g mudi/ngay).
Su thay d6i trung binh vé huyét dp & nhém can thiép so véi nhom chiing 1a -2,6 mmHg
(95% Cl -4,6 to -0,5, p=0,013) d6i v&i huyét ap tam thu va -1,6 mmHg (95% ClI -3,0 to -0,2,
p=0,024) d6i vai tam truong. Ngoai ra, viéc dam bao ham lugng i6t trong mudi va bot
canh da gép phan giam ty I1é thi€u i6t & ca hai nhom nghién ctu (tlr 72% xudng 36% &

nhom chiing va 66% xuéng 41% & nhém can thiép).

Tém lai, tang huyét ap va tién tang huyét ap, la mot van dé stc khoée cong déng & Viét
Nam. Nhém ngudi thira can va béo phi, nam gidi uéng qua nhiéu rugu, bia, va ngudi dan

vling néng thén la cac nhom ¢ nguy co cao mac tang huyét ap trong khi cdc nhém cé
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hoat déng thé luc cao hon, trinh d6 van hoa cao hon thi c6 nguy co méc thaphon. Ganh
nang kép vé dinh duéng ton tai véi su dich chuyén tirtinh trang nhe can sang thita can &
cac nhém dan cu khac nhau trén toan quéc, nhung véi muc dé dich chuyén I6n hon & cac
vlung thanh thi so v&i néng thén. Hau hét ngudi dan trong quan thé dan cu (dugc nghién
cttu) ¢4 khiu phan natri thira va hau hét natri trong khau phan dén ti natri dugc cho vao
trong qua trinh ndu an va trong ldc an. Do dé, song song vai cac can thiép phu hgp dé
kiém soat can nang va sit dung d6 uéng c6 cén va cac can thiép khuyén khich hoat déong
thé luc va truyén théng gido duc dinh dudng, gidi phap thay thé mudi va gia viman (nhu
b6t canh) théng thudng véi mudi va bét canh gidm natri va bé sung kali ¢6 thé la mot
gidi phap dinh duéng cong déng hiéu qua nham gidm khau phan natri va gidm huyét ap

cho quan thé dan cu Viét Nam.
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Samenvatting

De afgelopen decennia zijn de morbiditeits- en mortaliteitspatronen in ontwikkelingslanden
sterk veranderd. De prevalentie van infectieziekten is afgenomen, terwijl chronische ziekten
juist zijn toegenomen. Er is nu sprake van een ‘double burden of disease’ ten gevolge
van onder- en overvoeding. In 2008 werd geschat dat 75% van alle sterfte in Vietnam
veroorzaakt werd door chronische ziekten. Naar schatting 40% was te wijten aan een
verhoogde bloeddruk (hypertensie) in de bevolking. Er is daarom dringend behoefte aan
inzicht in de onderliggende risicofactoren voor hypertensie zodat geschikte interventies

ontwikkeld kunnen worden ter preventie van hart- en vaatziekten in Vietnam.

De onderzoeken beschreven in dit proefschrift hebben als doel de bloeddruk en de
determinanten van bloeddrukin een Vietnamese populatie in kaart te brengen. Ook wordt

de effectiviteit van een bloeddrukverlagende interventie bestudeerd.
Dit proefscrhift wil antwoord geven op de volgende onderzoeksvragen:

1. Wat is de prevalentie van (pre-)hypertensie en wat zijn risicofactoren
voor hypertensie bij volwassenen in de algemene Vietnamese bevolking?
(hoofdstuk 2)

2. Watisdetrendin detijd in‘body massindex’ (BMI) en wat is de prevalentie
van overgewicht en obesitas bij volwassenen in de algemene Vietnamese
bevolking? (hoofdstuk 3)

3. Hoe hoog is de zoutinname in Vietham en wat zijn de voornaamste voe-

dingsbronnen van natrium? (hoofdstuk 3)

4. Leidthetgebruik van natriumbeperkt en kaliumverrrijkt zout en specerijen
tot een lagere natriuminname en een lagere bloeddruk bij Vietnamese

volwassenen met (pre-)hypertensie? (hoofdstuk 5)

Om de prevalentie van hypertensie en prehypertensie en de risicogroepen voor
hypertensie te onderzoeken hebben we gebruik gemaakt van het’Nationale overgewicht-
en obesitasonderzoek’in Vietnam (hoofdstuk 2). Om de ‘double burden’ten gevolge van
wijzigingen in de voeding en de verschuiving van onder- naar overgewicht tussen 2000 en
2005 te onderzoeken werd gebruik gemaakt van de’Nationale voedselconsumptiepeiling’
in Vietnam (hoofdstuk 3). De zoutconsumptie en bronnen van natriuminname in het
Vietnamese voeding staan in hoofdstuk 4 beschreven. Om het bloeddrukeffect van
een natriumbeperkt en kaliumverrijkt zout en een traditionele Vietnamese smaakmaker

(‘bot canh’) op de bloeddruk te bestuderen is een gerandomiseerde, dubbel-blinde trial
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uitgevoerd (hoofdstuk 5). De resultaten, methodologische knelpunten, implicaties voor
de volksgezondheid en mogelijkheden voor toekomstig onderzoek worden in hoofdstuk

6 besproken.

Hypertensie en prehypertensie kwamen vaker voor bij Viethamese mannen met
overgewicht en obesitas, bij vrouwen in landelijke gebieden, bij mensen met minder

lichamelijke activiteit en bij lager-opgeleide personen.

Hoofdstuk 2 beschrijft zowel de prevalentie van hypertensie en prehypertensie als de
risicofactoren voor hypertensie in de volwassen Vietnamese bevolking. De gewogen JNC
7-gedefinieerde’ prevalentie van hypertensie was 20,7% (95% betrouwbaarheidsinterval
(BI): 19,4-22,1) en de prevalentie van prehypertensie was 41,8% (95% Bl 40,4-43,1).
Hypertensie en prehypertensie kwamen vaker voor bij mannen dan bij vrouwen en
kwamen ook vaker voor in landelijke gebieden dan in stedelijke gebieden. Leeftijd,
overgewicht, alcoholconsumptie (voor mannen) en het wonen in landelijke gebieden (voor
vrouwen) waren onafhankelijk geassocieerd met een hogere prevalentie van hypertensie.
Lichamelijke activiteit en opleidingsniveau waren invers geassocieerd met hypertensie.
Voor prehypertensie werden directe associaties gevonden met de leeftijd, BMI en het
wonen in landelijke gebieden. Binnen de totale groep hypertensieven was 25,9% zich
van hypertensie bewust, werd 12,2% ervoor behandeld en had 2,8% de bloeddruk onder
controle. Binnen de groep behandelde hypertensieven had 32,4% de bloeddruk onder

controle.

Tussen 2000 en 2005 nam in Vietnam de prevalentie van personen met overgewicht

en obesitas toe terwijl de prevalentie van personen met ondergewicht afnam.

Een hogere BMI, overgewicht en obesitas waren sterk geassocieerd met een toename
van het risico op hypertensie (hoofdstuk 2). Om deze reden hebben we de trend in de
tijd in BMI en de prevalentie van overgewicht (BMI =25 kg/m?) en obesitas (BMI =30 kg/
m?) bij Vietnamese volwassenen in de periode 2000-2005 onderzocht (hoofdstuk 3). De
BMl liet in gehele bevolking en in subgroepen een stijging zien. In 2005 had 6,6% van de
bevolking overgewicht en 0,4% had obesitas, bijna het dubbele ten opzichte van 2000
(respectievelijk 3,5% en 0,2%). Wanneer de Zuid-Aziatische BMI-grens van 23 kg/m? werd
gehanteerd had 16,3% van de bevolking overgewicht in 2005, vergeleken met 11,7% in

2000. Daarentegen was de prevalentie van ondergewicht (BMI <18,5 kg/m?) in 2005 lager

1 Chobanian AV et al. The seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: The JNC 7 report. JAMA 2003;289:2560-72.
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dan in 2000 (20,9% vs. 25,0%). Er waren meer mannen dan vrouwen die ondergewicht of
overgewicht hadden, zowel in 2000 als 2005. Personen in stedelijke gebieden hadden een
hogere kans op overgewicht en minder kans op ondergewicht dan personen in landelijke
gebieden. De verschuiving van ondergewicht naar overgewicht was duidelijker zichtbaar

bij personen die meer geld uitgaven aan voedsel.

De inname van natrium was voor het grootste deel van de populatie boven de aan-
bevolen maximale hoeveelheid. Zoute producten toegevoegd tijdens het koken of

aan tafel waren verantwoordelijk voor 81% van de totale natriuminname.

De prevalentie van overgewicht en obesitas was lager in landelijke gebieden dan in ste-
delijke gebieden. Desondanks was de prevalentie van verhoogde bloeddruk (hypertensie
en prehypertensie) hoger in landelijke gebieden. Daarom werden de zoutconsumptie
en de bronnen van natriuminname binnen een populatie woonachtig in een landelijk
gebied onderzocht. Dit werd gedaan door middel van 24-uurs urineverzamelingen en
de 24-uurs gewogen voedselconsumptiemethode (hoofdstuk 4). De gemiddelde 24-uurs
natriumexcretie was 188,6 + 57,5 mmol (4,3 g), wat overeenkomt met 10,8 £ 3,3 g zout
per dag. Mannen hadden een hogere 24-uurs natriumexcretie (196,8 + 56,9 mmol, of 4,5
g) dan vrouwen (181,1 £ 57,4 mmol, of 4,2 g). Van de bevoking had 97,5% een natriumin-
name boven de aanbeveling van de Wereldgezondheidsorganisatie (WHO) van maximaal
5 g per dag. Zoutproducten die toegevoegd werden tijdens het koken of aan tafel waren
verantwoordelijk voor 81% van de totale natriuminname. Bewerkte voedingsmiddelen
waren verantwoordelijk voor 11,6%, en natuurlijke voedingsmiddelen voor 7,4%. Kruiden
en specerijen leverden 35,1%, vissaus 31,6%, mononatriumglutamaat 7,4% en tafelzout

6,1% van de totale natriuminname.

Het vervangen van regulier keukenzout en ‘bot canh’ door natriumbeperkte en
kaliumverrijkte alternatieven kan een relevante bijdrage leveren aan het verlagen

van natriuminname en de bloeddruk bij (pre)hypertensieve Viethamese volwassenen.

De effecten van een natriumbeperkt en kaliumverrijkt zout en‘bot canh’(een traditionele
Vietnamese smaakmaker) op de natriuminname en bloeddruk werd in een gerandomiseerde,
dubbel-blinde interventiestudie onderzocht (hoofdstuk 5). Tijdens de interventie daalde
de mediane 24-uurs natriumexcretie met 52,3 mmol in de interventiegroep en met 23,8
mmol in de controlegroep. Dit is een nettoverandering van 28,5 mmol (1,6 g zout) per
dag. De gemiddelde bloeddrukverandering in de interventiegroep ten opzichte van de

controlegroep was -2,6 mmHg (95% BI -4,6 tot -0,5, p=0,013) systolisch en -1,6 mmHg
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(95% BI-3,0 tot -0,2, p=0,024) diastolisch. Daarnaast zorgde de toevoeging van jodium aan
het zout en de ‘bot canh’voor een significante daling in de prevalentie van jodiumtekort
in beide groepen, van 66% naar 41% in de interventiegroep en van 72% naar 36% in de

controlegroep.

Conclusie

Een verhoogde bloeddruk of (pre-)hypertensie vormt in Vietnam een belangrijk volks-
gezondheidsprobleem. Personen met overgewicht en obesitas, mannen die veel alcohol
consumeren en personen die in landelijke gebieden wonen zijn de belangrijkste risico-
groepen voor een verhoogde bloeddruk. Personen met een hogere lichamelijke activiteit
en een hogere opleiding hebben een lager risico op een verhoogde bloeddruk. Er is sprake
van een ‘double burden; die zich kenmerkt door een verschuiving van ondergewicht en
ondervoeding naar overgewicht en overvoeding. Dit geldt met name bij personen in
stedelijke gebieden. Het grootste gedeelte van de onderzochte populatie consumeert
teveel zout, waarbij het meeste natrium wordt toegevoegd tijdens het koken of aan
tafel. Geschikte interventies om lichaamsgewicht en alcoholconsumptie te beperken en
lichamelijke activiteit en voedingskennis te stimuleren dienen ontwikkeld te worden in
Vietnam. Hierbij kan het vervangen van regulier keukenzout en een smaakmaker als ‘bot
canh’door natriumbeperkte en kaliumverrijkte alternatieven een waardevolle maatregel

zijn om de bloeddruk in de bevolking te verlagen.
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