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is dismally low. This is usually consumed during the second half
of pregnancy. Also, the prevalence of asthma in Indian children
has been reported to be 7.2%.8 Though the incidence of asthma in
India is among the lowest in the world, an increase in the
prevalence of asthma has been reported.9,10

The implications of this study may be difficult to ascertain.
Although asthma is a serious and long-term condition, it is
treatable. Moreover, the benefits of taking folic acid supplements
during the periconceptional period or in early pregnancy,
particularly with regard to prevention of birth defects such as
spina bifida and pregnancy-associated anaemia in developing
countries possibly outweigh the risk of developing asthma. More
studies, preferably randomized controlled trials, would be needed
to ascertain the relationship between maternal folic acid intake
and childhood asthma.
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SUMMARY
The benefits of a low salt diet in reducing blood pressure (BP) and other
risk factors for cardiovascular diseases (CVD) are well established. In
this study, the authors project the population health impact of dietary
salt reduction by 3 g/day (1200 mg of sodium) and its relative cost-
effectiveness compared with primary and secondary prevention for
CVD. Three computer simulations were done using the Coronary
Heart Disease (CHD) Policy Model, a state-transition (Markov cohort)
model. The study population of American adults >35 years of age was
divided into three groups: blacks, non-blacks and the entire American
population. Each group was further stratified according to age (<65 and
>65 years), sex and presence or absence of hypertension.

The intervention used in the model was reduction in dietary salt
intake by 3 g/day. The primary projections were annual reductions in
(i) the incidence of CHD, (ii) new and recurrent myocardial infarctions

(MIs), (iii) incidence of stroke, and (iv) all-cause mortality. The
secondary projection was cost-effectiveness of the intervention
compared with that of treating patients with hypertension and
calculated as cost per quality-adjusted life year (QALY) gained. The
beta-coefficients for CVD risk factors were derived from the national
datasets, and the Framingham Heart Study and Framingham Off-
Spring Study were used for estimating the primary projections. Data
from a large meta-analysis and clinical trials were used for the lower
and higher estimates of systolic BP, respectively. The simulations
were run assuming a linear effect of salt reduction on BP and greater
responses in the higher risk groups: blacks, those with hypertension
and the elderly (>65 years of age). Sensitivity analysis was done using
Monte Carlo simulations. The effects of the intervention were
compared with specific public health and clinical strategies for
reducing CVD risk by modelling 50% reduction in smoking and
environmental exposure to tobacco, 5% decrease in body–mass index
of obese adults and standard prescribed treatment with statins and
antihypertensive drugs.

The model projected that a populationwide reduction in dietary
salt by 3 g/day would reduce the incidence of CHD by 60 000–
120 000; myocardial infarction by 54 000–99 000; stroke by 32 000–
66 000 and all-cause mortality by 44 000–92 000. Such a decline was
found in all age, sex and race groups; however, the anticipated
relative benefits were higher for the middle-aged and elderly
population, and for blacks. The projected relative reduction in stroke
was higher for women, especially black women (9%–15% reduction)
and all-cause mortality was relatively low in young and middle-aged
adults. Sensitivity analysis showed that if the high risk groups were
not comparatively more salt-sensitive, the overall effects would be
decreased, but CVD events would still be lower in the black population,
which has a higher prevalence of hypertension. These positive
impacts were either equivalent to or greater than those projected for
the specific public health and clinical interventions. Such a dietary
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intervention will be cost-effective at the population level resulting in
an estimated annual gain of 194 000–392 000 QALYs and healthcare
cost savings of US$ 10–24 billion. The authors projected that the
gains in QALY per dollar spent will be higher than those in treating
all patients with hypertension, and the Federal Government would
save costs in Medicare and other healthcare programmes even if it
were to bear the entire cost of a regulatory programme. Further, even
a more modest reduction of 1 g of salt per day was projected to cause
a large difference in the incidence of CVD events at the population
level and its cumulative benefits over a decade would be equivalent
to that achieved through a reduction of 3 g/day.

COMMENT
This study has major implications for India as the prevalence of
CVD is high, affecting mainly the young adult population.1 It is
estimated that 118.2 million people in India were hypertensive in
the year 2000 and the prevalence is projected to increase to 213.5
million by 2025.2 A large case–control study (INTERHEART)
showed that hypertension is an important risk factor for CVD.3

Previously, another multicentre case–control study (INTERSALT),
conducted in different population groups in 32 countries across
the world, showed a significant positive association of high salt
consumption and hypertension, even after controlling for other
known risk factors.4,5 Further, an epidemiological study done in a
southern Indian population demonstrated a significant association
of dietary salt and CVD.6 The mean dietary salt intake among
Asian Indians has been estimated to be 8.5 g/day, but consumption
varies in the range of 4.9–13.5 g/day across diverse population
groups primarily due to different traditional methods of cooking
and eating habits.6 Therefore, there is a case for reducing dietary
salt intake at the population level in India.

Though a randomized controlled trial (RCT) to measure the
benefits of reduced salt intake by 3 g/day would have provided
unquestionable evidence, the Markov cohort model used in this
study is a well-established model to address epidemiological
questions using hypothetical cohorts based on existing data within
a short period of time. However, it is important to understand the
two limitations of this model:

1. It is like a laboratory experiment through simplification of real
world conditions and because of this the study cannot address
the uncertainty of generalizing differential effects of salt
reduction on age and race.

2. Markov’s model lacks memory termed as the ‘Markovian
assumption’. While moving participants of the hypothetical
cohort from one state to another during the modelling cycles,
it does not take into account the history of the participants. All
chronic diseases have a protracted course and multiple
determinants; thereby, as acknowledged by the authors, the
assumption of a linear relationship between the intervention
and effects could have accentuated the results on cost-
effectiveness and diluted the effects on CVD incidence.

While this modelled projection highlights the ethnic differences
on impact of dietary salt reduction of 3 g/day, the INTERSALT
study did not find a huge difference across its study population.
The relationship between sodium excretion and blood pressure
varied within a very small range; 100 mEq of sodium or 6 g of salt
per day was associated with an average difference of 3–6 mmHg
in systolic blood pressure across the population.4

Therefore, a population level approach through a common
intervention can infer equivalent benefits to the diverse population
of India. Further, this projection study successfully demonstrates
that measures at the population level for reducing risk factors can
result in greater gains in life-years and higher reduction in disabilities.

Finally, though there is robust evidence of the impact of dietary
salt intake on blood pressure,4,7,8 policy changes in India will have
to transcend three major challenges. First, it will be hard to change
the entrenched traditional cooking and eating habits and, therefore,
policy changes should be accompanied by sustained health promotion
through community participation. Second, salt is used as a vehicle
for iodine supplementation, which has resulted in a substantial
reduction in the prevalence of iodine deficiency disorders.9 Therefore,
there will be a need for consultation among experts in identifying
methods to reduce salt intake without having an impact on iodine
consumption. Lastly, salt is an emotive issue for Indians from the
historical perspective of the ‘Salt Satyagraha’ (the salt movement
led by Mahatma Gandhi) and hence will pose some political
challenge. However, the overwhelming evidence provided by this
and other studies necessitates the need to re-visit the existing salt
policies and modify them appropriately to reduce salt intake.
Consideration should be given to contextual issues in Indians and
allaying the concerns of special interest groups such as paediatricians
and endocrinologists.
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