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evaluated and monitored for their adequacy as a

ABSTRACT

preliminary step to understand if populations require any
interventions to address the problem of nutrient
deficiency. The recommended dietary allowances (RDA)
has been used to evaluate diets of Indians over the years,
as is done across several countries. Currently, this is a
single term used for India', whereas, some other countries
have included other terms which is relevant in the presentday world considering vast changes that have occurred in
the variety of foods available. Nutrient requirements are
derived through experiments on individuals of the same

The recommended dietary allowances have been used to

evaluate and plan diets, and to measure the risk of
deficiency in individuals and populations. The terms
Average Nutrient Requirement (ANR) or Estimated
Average Requirement (EAR), Recommended Nutrient
Intake (RNI) or Recommended Dietary Allowance
(RDA) and Upper Nutrient Level (UNL) or Tolerable
Upper Limit (TUL) are important terms used while
defining intakes, particularly since they are used in the

gender, age, body size and in the case of energy and

statistical evaluation of risk in populations. It is important
to recognize that the ANR/EAR is used to assess the diets

protein, the weight and physical activity. These values are

and risk of inadequate intakes of populations while the
RDA is specifically used to assess the diet of individuals

then summarized for a population to obtain the average

in a clinical setting. Since the risk of over nutrition, or of a
particular nutrient exceeding the TUL in a population is
possible with fortification strategies, decisions on

In the initial years, dietary standards were largely set for
planning and procuring food supplies.'" Subsequently,

requirement and variability.2

over the years several terms have been used to define
requirements and to plan diets, evaluate the adequacy of

supplementation or fortification should ideally be taken
after diets are evaluated, such that a clear risk -benefit
profile of each fortification can be evaluated. Further

intake of individuals and/or populations, planning
national food supplies, nutrition labelling and food
regulations, nutrient density and nutritional quality of
foods, and for development of nutritional policies (for
example, regulatory policies on fortification). In the

biochemical investigations should also be done to
substantiate findings on intakes, by the evaluation of
biomarkers. As an example, these concepts were used to

present food environment, these terms become relevant as
they address both inadequate intakes and upper limits of

evaluate the risk of inadequate intake of folate in
Rajasthan. The risk of folate inadequacy ranged from
3.3% in girls 13 to 15 years of age to 29.8% in adult
women. Since supplementation with folate is already
operational for the vulnerable populations in India, it is

intake beyond which it could lead to risk for a nutrient.
Assessing the diets of populations becomes necessary
before more invasive biochemical tests are conducted to

worth considering whether fortification is also required to
avoid adverse effects on health.

This review aims to understand these concepts further by
analyzing data in terms of intake of folate, the vitamin

INTRODUCTION
Diets in India are diverse across regions and need to be

megaloblastic anemia. The National Iron Plus Initiative 6'7
was launched by the Government of India in the year 2013

substantiate the findings related to inadequate intakes.

which also contribute to anemia, particularly
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to effectively combat anemia and at the same time prevent
neural tube defects. Under the current program 100 n of
folic acid supplement for children 0.5 to 5 years of age,

risk of adverse health effects to almost all individuals
in the general population.
4.

400 lig for children 5 to 10 years of age, 500 lig for

Safe Intake or Adequate Intake (AI) are values that
are used when ANR or RDA cannot be determined. It
is the recommended average daily intake level based

adolescents 10 to 19 years, pregnant and lactating women

and women of reproductive age are provisions that are
recommended. Whether fortification with folic acid for

on observed or experimentally determined
approximations or estimates of nutrient intake by a
groups of apparently healthy people that are assumed

Rajasthan can be considered will also be explored.

The recommended dietary intake:
The recommended dietary intake values differ from

to be adequate. Particularly for infants, they are set as
nutrient targets based on the nutrient content of breast
milk.

country to country and could range from a single value for
a population group (as for India'), to four different values
5.

that define a 'lower reference intake', an 'average

Lower reference nutrient intake (LRNI) or Lower

requirement', a 'recommended intake' for individuals from
a specific population, and an 'upper tolerable intake'.1'8
Using experimental and epidemiological evidence most

threshold intake (LTI) refers to a value derived from
the ANR/EAR and evaluates nutrient insufficiency. It

of the reference values have been derived. The United

distribution of requirements and is sufficient to meet
the needs of the bottom 2% (in some countries 5% or
10%) of individuals.

is calculated as the ANR/EAR minus 2 SD of the

States and Canada use the term Dietary Reference Intakes
as recommended by the Institute of Medicine (IOM)9 and
other countries use various other terminologies. Thus, the

6.

term Nutrient Intake Values (NIV) was formed by the

(AMDR) is a range of macronutrient intakes that is
associated with a reduced risk of chronic diseases,

United Nations University's Food and Nutrition Program,

in collaboration with the Food and Agriculture

while providing adequate intakes of essential nutrients.
It is usually expressed as a percentage of energy, with
a lower and upper limit. In the US and Canada (IOM,

Organization (FAO), the World Health Organization

(WHO), and the United Nations Children's Fund
(UNICEF) to standardize and harmonize the terms used
across nations.
The terms that are used with the corresponding terms used

2006), the AMDR's refer to appropriate ranges of
usual intakes of individuals, whereas the WHO
standards are population mean intake goals. As per the
WHO, the mean intake goal for total fat intake is 15%

by the IOM are:
1.

The average nutrient requirement (ANR)
equivalent to the term Estimated Average

to 30% of the energy intake, and implies that it is

Requirement (EAR) used by IOM, which is used to
evaluate intakes of populations or groups refers to the
average daily nutrient intake level estimated to meet

to have intakes below 15% .10,11

acceptable for half of the individuals in a population

Evaluation of diets using ANR/EAR, RNI/RDA and
UNL/TUL
ANR or EAR:

the requirements of half of the healthy individuals in a
particular life stage and gender group.
2.

The ANR is specifically used to evaluate diets of

Recommended Nutrient Intake (RNI) equivalent to
the term Recommended Dietary Allowance (RDA) of
the IOM and which is used specifically to evaluate
individuals, refers to the daily dietary nutrient intake
level sufficient to meet the nutrient requirements of
nearly all (97-98 percent) healthy individuals of a

populations or groups. This is particularly relevant as each

individual has a particular requirement and thus in a
population a range of requirements are covered when the
average intake level of the population is considered. If the

distribution of a nutrient requirement is known in a
healthy population (representing individuals in this

specific life stage and gender group.
3.

Acceptable Macronutrient Distribution Ranges

populations), the ANR/EAR can be estimated.

Upper Nutrient Level (UNL) equivalent to the term
Tolerable Upper Level (TUL) refers to the highest
average daily nutrient intake level likely to pose no

From a public health and policy perspective it becomes
necessary to estimate the level of adequacy or inadequacy
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1998 primarily to reduce the incidence of neural tube

of diets of a population of a specific life stage and gender
and the existing level of malnutrition in a population. In
such situations using intake estimates of populations or
groups, the proportion whose usual intake of a nutrient is
less than their requirement for the same nutrient can be
calculated and hence prevalence of inadequate intakes can
be estimated.

defects, a condition.153632 The level of fortification chosen

was to eventually provide an additional 100 pg of folic
acid (1.4 mg/kg of grain) with the likelihood of a very
small proportion of population exceeding > 1 mg of folic
acid intake!" The cut off of 1 mg folic acid was chosen
as the upper level of intake as above 1 mg masking of
vitamin B12 deficiency was observed particularly in the
elderly.16 Subsequent analysis indicated that mandatory

RNI or RDA:
The RNI is a derived measure from the ANR/EAR using
the distribution or variance of the requirements, which

fortification with folic acid fortification of grains resulted
in a reduction in folate deficiency (plasma concentration

yields a standard deviation (SD). The RNI is thus

6.8 nmol/L)), and decrease in homocysteine

calculated as9- RNI/RDA=ANI/EAR+2SD

concentration (> 13 mol/L), a substantial decrease of 19%

The term is inappropriate for dietary assessment of groups
as it is the intake level that exceeds the requirement of a
large proportion of individuals within the group. Although

in neural tube defects!" The anticipated increase in
serum or plasma folate concentration was predicted to be
1.9 and 3.5 µg/L with a folic acid intake of 70 to 130 pg

the RNI for each nutrient is specified for a healthy

/day.18'2° Using reverse prediction, by using extrapolated data

population, it can be used to evaluate and plan diets in the

from two published studies on increase in fasting plasma
folate in populations not taking supplements after

clinical setting by modification or adjustment of these

requirements for the disease process, such as for

fortification Quilivan and Gregory III" reported an
increase in folate consumption by about 215 to 240

tuberculosis, and for nutrient metabolism as there are no
other standards available.

µg/day. This has led to a further concern as intakes over
200 µg/day could lead to the presence of unmetabolized
folic acid in the plasma as efficient metabolism of oral
folic acid to 5-methyltetrahydrofolate before entering the
portal blood is affected. In normal circumstances, this
form of folate gets converted to tetrahydrofolate before
retention in the cell as a polyglutamate occurs or before
conversion to other folate coenzymes. Modulation of the
enzyme methionine synthase (the only enzyme substrate
for 5-methyltetrahydrofolate) is one mechanism by which
folate homeostasis is regulated. Cobalamin is the

UNL or TUL:

Although the best way to prevent micronutrient
malnutrition is through a balanced diet, this is not always a
feasible immediate solution given that adequate access to
food and appropriate dietary habits need to be achieved.

Thus, both fortification and supplementation strategies
have been used. Given that food fortification has been able
to deliver nutrients to large populations using foods that

are routinely taken by the population either mass
fortification to reach the general population where a
micronutrient deficiency is inordinately high or targeted
fortification which is designed for specific population
subgroups is used to alleviate some of the micronutrient

coenzyme in this process and vitamin B12 deficiency could

therefore decelerate the process of methionine synthase
activity, and disrupt the pathways of utilization of the
folate substrate." The sustained presence of this
unmetabolized folate occurs with just small doses below

deficiencies."'"'" The use of the term UNL or TUL is
particularly relevant, more so now with multiple foods
being fortified and enriched and in addition, for the

200 p,g /day which could thus mask vitamin B12

vulnerable populations, supplementation being provided.
With increasing intakes above the UNL or TUL level, the

deficiency!' In the elderly, it was found that in those with

normal vitamin B12 status, high serum folate was

possibility of adverse effects increases. One of the
nutrients where some concerns have been raised on

associated with protection from cognitive impairment, but
with low vitamin B12 status, cognitive impairment was

requirements of the population exceeding the upper limit

greater.21

is folic acid.

To equate the different sources of folate consumed, the
term dietary folate equivalent (DFE) was introduced to
adjust for the increase in absorption of free folic acid

The United States had begun the process of folic acid
fortification of flour and grain products from the year
38
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Dietary intake of folate and risk of inadequate intake
in Rajasthan
The National Sample Survey Organization (NSSO)
provides food consumption data for all 29 states and 6
union territories of India. For this analysis, the ninth

compared to naturally occurring folates in foods. Thus, 1
µg of food folate is equivalent to 0.6 us of folate added to
foods or taken with food or 0.5 µg of folate supplements

taken on an empty stomach.15 An additional intake of
about 220 ug of folic acid through fortified foods as
observed post fortification in the US, would amount to

quinquennial survey of the Household Consumer

about approximately 380 ps of food folate which is close

Expenditure Surveys of the 68th round of the National

to the RNI/RDA value for adults of 400 µg/day even

Sample Survey Office (NSSO)22 conducted between July

without taking supplements:4

2011

Estimation of the risk of inadequate intakes
The risk of inadequate intakes can be calculated if the
population/group level data on usual intakes and the
requirement are available for a specific nutrient.' It is
important to define if these intakes are normally
distributed, as the techniques given below apply only to
normally distributed nutrient intakes. Statistical
techniques are used to assess this risk. Two methods are

to June 2012 was utilized. Household food

consumption of 223 food items (recall over 30 days)
collected through this survey, was used to calculate the
dietary intake of folate. The quantities of food consumed
by a household were converted to the nutrients of interest
using the Indian food composition table23 for folate. For
some items in the food list which were based on number or
cost, conversions to weight in grams was first performed

before nutrient calculations were done. The folate
calculated is the natural folate present in foods. The
household nutrient intake was then converted to

used (1) the EAR cut point method and (2) the probability

method. The latter is used when the distribution of the
requirement is skewed as for iron in menstruating women.
The EAR cut point method is a short method that has been
derived from the probability method and is calculated as:

individual nutrient intake using Consumer Units (CU)
based on the listing of the members of the household. The
consumer unit assigned to a sedentary man, aged over 20
years and of weight 60 kg was 1.0 while that of a woman of
similar age was assigned 0.8, a value of 1.0 for both males
and females between 12 to 20 years, 0.8 between 9 to 11
years, 0.7 between 7 to 8 years, 0.6 between 5 to 6 years,

Probability of inadequacy = NORMDIST (EAR, Mean
intake, SD of intake, TRUE).

Where, NORMDIST returns the cumulative probability
that the observed value of a normal random variable with
mean and standard deviation (i.e. intake) will be less than

0.5 between 3 to 4 years, 0.4 between 1 to 2 years.24

or equal to EAR.

Mapping of the intake of dietary folate was done using the
NSSO data (Figure 1).

The assumptions used to derive this are that intakes and

requirements are not correlated, distribution of

EAR

requirements is symmetrical, distribution of intakes is
more variable than the requirement of the particular

UL

so%

98%

nutrient, true prevalence is less than 8% or above 92%.

In the probability method where adjustments are made
because of the skewness of the distribution, the

120 µg

probability of inadequacy ofusual intake of each person in

150 pg

lal)

Figure 1: Folate requirement for children 1 to 3 years of age.

the group is first determined, and then the mean of the

individual probabilities (by dividing the intake

The per capita mean daily folate intake in the state of

distribution into intervals or bins) obtained to estimate

Rajasthan is 238.3 ± 64.7 14. Mapping of intakes

prevalence of inadequacy. Thus:

Cumulative probability= NORMDIST (EAR, Mean

indicated that Barmer district had the highest intakes of
dietary folate at 281.0 ± 64.7 ug, while Sirohi district had

intake, SD of intake, TRUE).

the lowest intake at 155.4± 41.9 ps followed by

The assumptions used for this method is that intakes and
requirements are not correlated and that the distribution of
requirements are known.

Dungarpur at 188.8 ± 48.2 µg. The variability across

districts in the per capita intakes of the population
therefore is evident (Figure 2).
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The risk of inadequate intakes was calculated for adult men,
women and children above the age of 1 year of age (Table 1).

inadequacy of intake is high.

The lowest risk of inadequacy was in girls 13 to 15 years
of age at 3.3% and the highest among adult women at 29.8
%. Between the ages of 4 and 15 years of age the risk of
inadequate intake was below 10%. The population groups
with risk of inadequate intakes of over 10% were adult
men and women, children 1 to 3 years and girls and boys

examined for risk of inadequate intake of folate. Results
indicated that the risk of inadequacy for dietary folate in
Rajasthan ranged from 3.3% to 29.8% depending on the

16 to 17 years of age.

women as requirements increase during these vulnerable
periods. More data on the biochemical folate status needs

As an example, the intake of folate in Rajasthan was

sub -population studied. With the highest risk of
inadequate folate intake being observed in adult women,

the risk must be even higher in pregnant and lactating

Synthesis
Nutrient requirements include several terms while the
Indian recommended dietary allowances have a single
term. The methods to evaluate diets of individuals and
populations differ and must be used appropriately. To

to be studied to corroborate the results obtained on intakes.

However, with most of the population of Rajasthan being
vegetarian, there is a likelihood that there is a high degree
of vitamin B12 deficiency and further studies on vitamin
B12 status is required. A high folate and low vitamin B12
intake during pregnancy has been shown to be associated
with birth of small for gestational age infants in a study
conducted in India!' Any decision to improve folate status
needs to be taken with lessons learned from other parts of

ensure that the population does not exceed the upper limit

of intake due to the various supplementation and
fortification programs, the first step required is to assess

the diet of the population and determine the extent of
inadequacy in the diet. This helps in determining the
extent of supplementation or fortification required if

the world. Over 52 countries, except the European
40
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Causes

Table 1: Risk of deficient intakes of folate in the population of Rajasthan
Risk of deficient
Requirement
Population number
Mean
intake of folate (%)

Adult men

6264

278.3

Adult women

3898
952

200

14.7

232.7

200

29.8

(61.6)
122.0

80

10.9

100

7.0

(74.6)

Children 1-3 years

(34.1)

Children 4-6 years

1125

166.4

Children 7 to 9 years

1078

204.4

120

5.2

851

(52.0)
245.0

140

5.8

140

5.5

150

4.8

(45.1)

Boys 10 to 12 years

(66.8)

Girls 10 to 12 years

620

Boys 13 to 15 years

718

238.2
(61.4)
269.8

(72.0)
574

260.4

150

3.3

Boys 16 to 17 years

456

(60.0)
258.6

200

21.5

Girls 16 to 17 years

399

(74.3)
266.0

200

16.5

Girls 13 to 15 years

(67.8)

countries, use mandatory flour fortification with folic
acid!' India needs to make an informed choice based on

any food fortified with folic acid needs to be provided
along with vitamin B12 needs to be carefully examined
based on appropriate evidence generated. Caution in

more detailed studies being conducted to assess diets and

deficiency status across India as regional differences

simultaneous roll out ofmultiple programs is essential and
regulatory aspects need to be put in place to avoid adverse
effects on health as intakes could cross the upper limit of
intake.

could be present. Supplementation programs such as Iron
and Folic acid supplementation in India, particularly for
children below the age of 5 years, pregnant and lactating
women and for adolescents are operational in India with

folic acid being added to reduce neural tube defects."
Unfortunately, in India records of birth defects are not

1.
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