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ABSTRACT
Background: Biochemical vitamin A deficiency (VAD) is believed
to be a serious public health problem (low serum retinol preva-
lence >20%) in Indian children, justifying universal high-dose
vitamin A supplementation (VAS).
Objective: To evaluate in Indian children younger than 5 y the risk
of biochemical VAD from the Comprehensive National Nutrition
Survey, as well as dietary vitamin A inadequacy and excess over the
tolerable upper limit of intake (TUL) from national and subnational
surveys, factoring in fortification and VAS.
Methods: Child serum retinol data, corrected for inflammation,
were examined to evaluate national- and state-level prevalence of
VAD. Simultaneously, dietary intakes from the National Sample
Survey Office and the National Nutrition Monitoring Bureau were
examined for risk of dietary vitamin A deficiency against its average
requirement (AR) derived for Indian children. Theoretical estimates
of risk reduction with oil and milk vitamin A fortification were
evaluated along with the risk of exceeding the TUL, as well as when
combined with intake from VAS.
Results: The national prevalence of biochemical VAD measured
in 9563 children was 15.7% (95% CI: 15.2%, 16.3%), and only
3 states had prevalence significantly >20%. The AR of vitamin
A was 198 and 191 μg/d for boys and girls; the risk of dietary
inadequacy was ∼70%, which reduced to 25% with oil and milk
fortification. Then, the risk of exceeding the TUL was 2% and
1% in 1- to 3-y-old and 4- to 5-y-old children, respectively, but
when the VAS dose was added to this intake in a cumulative 6-mo
framework, the risk of exceeding the TUL rose to 30% and 8%,
respectively.
Conclusion: The national prevalence of VAD risk is below 20% in
Indian children. Because there is risk of excess intake with food
fortification and VAS, serious consideration should be given to a
targeted approach in place of the universal VAS program in India.
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Introduction
Vitamin A is an essential nutrient that must be provided in

the diet as it cannot be synthesized by humans. Young children
are more vulnerable to its deficiency. In low- to middle-income
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countries such as India, it is widely accepted that micronutrient
deficiencies are highly prevalent because of inadequate dietary
intake, infections, and/or chronic inflammation, which could
lead to poor absorption of the nutrient or increased catabolism.
Vitamin A deficiency (VAD) along with nutritional blindness was
prevalent in India in the 1950s and 1960s. In 1970 the National
Prophylaxis Program Against Nutritional Blindness, providing
high doses of vitamin A, was initiated to prevent nutritional
blindness due to keratomalacia. Later, with studies reporting a
beneficial impact of high-dose vitamin A supplementation (VAS)
in reducing all-cause mortality by 23% (1), the focus of this
program shifted to decreasing mortality rates, although this move
is widely debated (2, 3).

The question now remains: in a broader context, is VAD still
a significant public health problem in India that requires VAS?
This seems a reasonable question, given national progress with
reduction of infant and child mortality rates (4), immunization
coverage (5), poverty reduction (6), and recent initiation of oil and
milk fortification with vitamin A (7), underpinned by an almost
complete reduction in clinical signs of VAD in children (8–10).

The primary assessment of population VAD is performed by
examining for signs of clinical deficiency and serum retinol con-
centrations, which is a status biomarker. Until recently in India,
no nationwide survey examined serum retinol concentrations
simultaneously with inflammatory biomarkers in young children.
The Comprehensive National Nutrition Survey (CNNS, 2016–
2018) now offers this primary evidence for assessing VAD across
India in 1- to 5-y-old children (11). In addition, the dietary
intakes of the population need to be assessed. Dietary inadequacy
of vitamin A can be evaluated by comparing the distribution
of intakes with the distribution of requirement. This analysis
is problematic when the distribution of the requirement is not
explicitly defined. The requirement of vitamin A in India is
presently available only as a single value called the RDA (12),
while measuring the risk of dietary inadequacy requires definition
of the requirement distribution and the average requirement (AR)
(13).

The CNNS serum retinol data, in conjunction with dietary
intake assessments and the recently mandated cooking oil and
milk fortification with vitamin A (14), offer an opportunity
for a critical assessment of VAD and the need for the VAS
program in India. We evaluated biochemical VAD on a national
level in 1- to 5-y-old Indian children, in parallel with their risk
of dietary deficiency measured against a factorial estimate of
the distribution of vitamin A requirements. The risk was also
evaluated with theoretical enhanced vitamin A intakes coming
from fortification. Finally, an evaluation of the risk of excess
intake of retinol from fortification and VAS over 6 mo was made
against the tolerable upper limit (TUL) of intake.

Methods

Surveys used in this analysis

Three surveys were used in the present analysis: the CNNS
for serum retinol and specific rounds of dietary surveys from
the National Nutrition Monitoring Bureau (NNMB) and the
National Sample Survey Office (NSSO) for dietary intake
assessments.

The CNNS (11) was conducted in 30 states and Union
Territories of India from 2016 to 2018, using a multistage
stratified probability proportion to size sampling design, and
collected data in children aged 1 to 5 y. The number of children
with serum retinol measurements was 9563; among these, 3978
(41.6%) had received VAS within the past 6 mo, but the exact
date of receipt was not available. Their mean age was 38.1
mo; 52.6% were boys and 47.4% were girls. The prevalence
of low weight for age [underweight, weight for age z score
(WAZ), ←2 SD] was 26.2%, and that of low height for age
[stunted, height for age z score (HAZ), ←2] was 28.5%. The
children were from both urban and rural areas, as well as
from a wide range of socioeconomic statuses. Serum retinol
concentrations were measured by reverse-phase HPLC (11). No
details were provided about the instrument used, the lower limit
of quantitation (LLOQ) and upper limit of quantitation, or the
inter- and intra-assay precision. Serum retinol concentrations
were used as the biomarker for defining VAD (serum retinol <20
μg/dL) in this population, along with adjustments for C-reactive
protein (CRP), as a marker of inflammation (Supplementary
Figure 1). The CRP measurements were performed with 2
different methods of varying resolution, nephelometry and
particle-enhanced immunonephelometry (11), where the latter
high-resolution method had a LLOQ for serum CRP of 0.2 mg/L,
whereas the equivalent value for the former method was 3 mg/L.
Most measurements were made by the former, low-resolution
method. The proportion of observations that were left-censored
due to the LLOQ for both assay methods was 60%. Inflammation
adjustment was made through censoring those values associated
with high CRP concentrations (≥5 mg/L) from the data set,
correction of serum retinol values through the Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia
(BRINDA) method (15), or a new probability method, as defined
below.

A diet and nutrition survey (9) was carried out by the NNMB
in 10 Indian states in 2011–2012: Andhra Pradesh, Gujarat,
Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Tamil
Nadu, Uttar Pradesh, and West Bengal. The survey covered
2400 households in rural areas for socioeconomic status and
nutritional assessment, as well as 800 households for dietary
assessment in each state. A 1-d individual 24-h dietary recall
was collected from children from each household to yield
their reported vitamin A intakes as retinol activity equivalents
(RAEs)/d (Supplementary Figure 2). To evaluate and clean
the dietary data for underreporting, the recorded energy intake
[expressed per kilogram of body weight (BW)] was compared
with the age- and sex-specific total daily energy requirement per
kilogram of BW for 1- to 5-y-old children. The distribution of the
ratio of the energy intake and energy requirement (per kg/d) was
inspected to identify its lower 3-sigma limit at 0.55; values below
these were used for identifying and censoring underreporters
from the database.

The NSSO survey (16) covered the entire territory of India
(29 states and 6 Union Territories) from 2011 to 2012 across
all socioeconomic strata, in 7469 villages and 5268 urban
blocks, and collected data on monthly per-capita expenditure on
household food purchases of 223 food items with a recall period
of 30 d (Supplementary Figure 3). The quantities of different
foods purchased by the household were converted to their vitamin
A equivalent as RAEs/d, using the Indian Food Composition
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Table (17), and this was adjusted for the number of members
in the household and the use of consumption units (CUs) for
individual quantity of intake (18). For children aged 1–3 y and
4–5 y, the CUs used were 0.5 and 0.7, respectively, to obtain the
vitamin A intake (RAE) per CU per day. To clean the data of
underreporters, because BW and age were not available, the lower
0.5% of these data were censored, corresponding to an energy
intake of <1050 kcal/caput/d.

It is important to note that all the surveys described above
were performed before the regulations on the mandatory vitamin
A fortification of cooking oil and the voluntary vitamin A
fortification of milk were notified by the Indian government in
2018 (14).

Assessment of serum retinol values in 1- to 5-y-old children

Serum retinol values were adjusted for the CRP concentration
by the probability method of correction for inflammation (19),
which is a modification of the BRINDA correction approach
(15). Unlike the CRP-based exclusion method, these approaches
allowed for the inclusion of all serum retinol measurements,
irrespective of the presence of inflammation or infection. The
CRP measurements in the CNNS were performed with 2 different
kit-based methods of varying sensitivity as described above.
Using the original BRINDA correction approach could lead
to overestimation of the prevalence of low serum retinol due
to the left-censored CRP data arising from the less sensitive
method. Therefore, a probability method of correction for
inflammation with censored data was devised (19). Briefly, it
was an extension of the BRINDA concept and used a Monte
Carlo simulation-based regression technique to estimate the true
probability distribution accounting for random interindividual
variability in serum micronutrient biomarkers while eliminat-
ing any systematic component due to relatively deterministic
processes such as infection/inflammation that was measured by
relevant biomarkers. The prevalence of VAD was calculated from
the area under the estimated probability distribution curve of
the true random variability of serum retinol across individuals
below the defined cutoff for deficiency. The estimated probability
distribution was adjusted for survey weights within the regression
method.

The prevalence of VAD was estimated at the national and state
levels, based on the risk of deficiency cutoff for serum retinol
(<20 μg/dL). VAD in a population is considered a serious health
problem when this prevalence is ≥20% (20). However, there are
uncertainties of point estimates of prevalence due to sampling;
therefore, national and state prevalence of VAD was considered
≥20% only if the lower CI was also ≥20%. It was deemed critical
to obtain estimates of VAD that had ≥95% certainty of being
above 20% because of the potential health consequences of the
risk of excess intake from both supplementation and fortification
(see below), particularly in the broader context of improved
health indicators.

Assessment of risk of dietary inadequacy of vitamin A in 1-
to 5-y-old children

The risk of dietary inadequacy of vitamin A among children
was assessed using dietary intakes from the NNMB and NSSO
surveys. These were calculated as the sum of preformed retinol in

the diet and that coming from the transformation of β-carotene in
foods (total RAEs, μg/d), using a conversion of 8:1, based on the
Indian RDA estimation (12). The risk of inadequacy of vitamin
A intake was calculated by comparing the distribution of intakes
with the distribution of requirement of vitamin A (as described
below), for any specific age group, using the probability approach
(13). Ideally, the distribution of intakes should be corrected for
the intraindividual variability of intake; because this was not
reported in the NNMB data, a surrogate value was used from
another similar dietary survey in the state of Uttar Pradesh (21),
where the within-week intraindividual variability of vitamin A
was measured on 100 children aged 1 to 5 y (∼10% of that
sample); here, the intraindividual intake variability accounted
for ∼20% of the total intake variability (value kindly provided
by Tinku Thomas). This surrogate value was used to correct
the total intake variability recorded in the NNMB survey for
intraindividual variability (22).

These diet surveys were performed before the Indian regula-
tion in 2018, for the fortification of oil and milk with vitamin
A. In this regulation, all cooking oils in the country were
mandated to be fortified at the manufacturing stage with retinol
at a concentration of 6.0 to 9.9 μg/g oil (14). In addition,
the fortification of milk was allowed in a voluntary manner
by manufacturers, at a concentration of 27 to 45 μg/100 mL
milk (14). At present, both are scaling up rapidly, and for the
latter, the majority of milk federations (22 of 25) and producer
companies across India are fortifying milk with retinol (23). To
calculate a theoretical reduction of the risk of dietary inadequacy
when fortified vitamin A intakes were present, the oil and milk
consumption of children were estimated in the NSSO survey at
the national level (16) and then multiplied into their fortified
retinol content, respectively, to evaluate the additional preformed
retinol intake. The theoretical risk of dietary inadequacy was
calculated with either fortified oil alone or with fortified oil- and
milk-based intake added to the dietary vitamin A intake, which
was calculated as RAEs (μg/d).

Vitamin A requirement of 1- to 5-y-old children

The distribution of the requirement of vitamin A was not
available for Indian children, and only a single Indian RDA
value is provided at present (12). Therefore, the distribution of
requirements, along with an estimation of the AR and the RDA
for this age group, was estimated using the factorial approach
described by Olson (24), which is also used by the Institute of
Medicine (IOM), the Indian RDA, and the European Food Safety
Authority (EFSA) with some variations (12, 25, 26).

In the factorial method, 2 primary factors were considered: the
daily loss of vitamin A as a function of the minimum acceptable
body store and the efficiency with which the loss could be
replaced from the dietary intake (24). The former is based on
the product of 5 additional factors: first, the percentage of the
vitamin A store lost daily; second, the minimum acceptable liver
store concentration of vitamin A; third, the liver weight to BW
ratio; fourth, the reference weight for the specific age and sex
group; and fifth, the proportion of the liver vitamin A store to the
total body vitamin A store. Among these factors, specific values
were assumed for the BW and liver size in the Indian context
(Supplementary Material). An additional multiplicative factor
was needed in children, to account for retinol utilization during

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article/113/4/939/6039538 by guest on 21 Septem

ber 2022



942 Reddy et al.

growth, and was based on a growth factor calculated from tissue
accretion rates at those ages (27).

As the requirement was a multiplicative factorial method, the
distribution of the requirement was derived assuming symmetry
at log scale (lognormal). The mean and SD of all factors at log
scale were calculated assuming lognormal distributions (as the
reported CVs of some of the factors were >10%). Fixed values
were assumed for some factors when the CV was unavailable.
The mean and SD of requirement distribution (at log scale) were
estimated by combining all factors additively, assuming them to
be independent, and this yielded the AR and RDA as the median
and the 97.5th percentile of the distribution (Supplementary
Material).

Risk of exceeding the TUL of intake in 1- to 5-y-old children

The risk of toxicity with supplementary vitamin A through
VAS and mandatory fortification at a national level was also
assessed separately in 1- to 3-y-old and 4- to 5-y-old children in
the NSSO survey. This was because of different TUL values; the
TUL for vitamin A in 1- to 3-y-old and 4- to 5-y-old children
was assumed to be 600 and 900 μg/d, respectively (25). The
habitual dietary and additional preformed retinol intake that
came from fortification was calculated as detailed above. An
additional consideration was also made of the risk of excess
from the VAS dose (28) in a cumulative framework. The VAS
provides 60,000 μg of preformed vitamin A once in 6 mo. When
added to the preformed retinol intake from habitual and fortified
food over 6 mo, the theoretical exposure risk of exceeding the
cumulative 6-mo TUL (108,000 and 162,000 μg/6 mo for 1- to
3-y-old and 4 to 5-y-old children, respectively) can be calculated
by the probability method (13). The calculations of risk of
excess were made for all children from the NSSO survey as
well as for quintiles of socioeconomic status (SES) within that
survey.

Statistics

Serum retinol values are presented as mean and 95% CIs. The
estimated daily intake was presented as geometric mean (GM)
and geometric SD (GSD), owing to the skewed nature of the
distribution. The risk of inadequate and excess dietary intake
of an individual was defined as the area under the requirement
distribution curve below and above the average daily intake by the
individual, respectively. The probability of inadequate intake for
the population was then defined as the average of the individual
risk of inadequate intake (13). Other statistical considerations
are provided in the sections above. All analyses were performed
using R version 4.0.2 (R Core Team).

Results

Risk of VAD from serum retinol analyses

These analyses pertain to serum retinol values corrected for
inflammation by the probability method described above. The
geometric mean of serum retinol in the national group was 31.2
μg/dL (95% CI: 30.9, 31.6 μg/dL), and the prevalence of VAD,
based on the cutoff of 20 μg/dL, was 15.7% (95% CI: 15.2%,
16.3%). When compared with the method of censoring those

TABLE 1 Serum retinol values and prevalence of vitamin A deficiency
among children (aged 1–5 y) stratified based on locality, sex, and age
groups1

Characteristic

Serum retinol
(μg/dL),

mean (95% CI)
VAD

% (95% CI)

Urban (n = 4145) 31.6 (31.0, 32.3) 15.1 (14.0, 16.2)
Rural (n = 5418) 31.1 (30.7, 31.5) 16.0 (15.3, 16.6)
Boys (n = 5034) 31.1 (30.6, 31.5) 16.1 (15.3, 16.9)
Girls (n = 4529) 31.5 (31.0, 31.9) 15.4 (14.6, 16.2)
Stratified by year of age2

Boys (y)
1 (n = 876) 31.0 (29.9, 32.1) 15.5 (13.7, 17.5)
2 (n = 1228) 30.5 (29.7, 31.4) 16.3 (14.8, 18.0)
3 (n = 1419) 31.1 (30.4, 31.9) 15.3 (13.9, 16.7)
4 (n = 1511) 30.2 (29.4, 31.0) 17.0 (15.6, 18.5)

Girls (y)
1 (n = 788) 33.5 (32.3, 34.8) 12.6 (11.0, 14.5)
2 (n = 1082) 34.8 (33.7, 35.9) 11.0 (9.8, 12.4)
3 (n = 1315) 29.3 (28.5, 30.2) 19.8 (18.1, 21.7)
4 (n = 1344) 31.1 (30.3, 31.9) 16.5 (15.1, 17.9)

1No significant differences by binomial test for 2 proportions. VAD,
vitamin A deficiency.

2Age class interval for each year of age represents age for that year
until the next year. For example, year 1 represents children from 1 to <2 y.

serum retinol values associated with high serum CRP values, the
precision was lower and the VAD prevalence was 17.5% (95%
CI: 15.3%, 20.0%). The BRINDA method was not used here
because of the high proportion of left-censored CRP values in
the survey, and all subsequent subanalyses were made using the
probability method of correction. There were very few children
(0.4%; n = 35, normal CRP) with serum retinol values <10
μg/dL. There were no significant differences in serum retinol
values between urban and rural children, and boys and girls, or in
the prevalence of VAD between them, even after stratification at
yearly intervals for sex (Table 1). VAD prevalence in children
who reported receipt of VAS within the previous 6 mo was
11.3% (95% CI: 10.5%, 12.1%), and in those who did not, the
prevalence was 16.9% (95% CI: 16.2%, 17.7%). The geometric
mean of serum retinol concentration was 34.0 μg/dL (95% CI:
33.3, 34.6 μg/dL) in the former group, whereas in the latter, it
was 30.4 μg/dL (95% CI: 30.0, 30.8 μg/dL). When disaggregated
by geographical state, 7 states had VAD point prevalence ≥20%
by the modified BRINDA method (Figure 1). Two-thirds of
the 35 children with very low serum retinol (<10 μg/dL) came
from these 7 states. Of these 7 states, only 3 states, Jharkhand,
Mizoram, and Telangana, had a significantly higher than 20%
prevalence, that is, the lower 95% CI of the estimated VAD
prevalence was >20%.

Vitamin A requirements of children aged 1–5 y

In the present estimation of the requirement, the values used
for 2 of the factors in the factorial method were adjusted to
reflect those in Indian children; these factors (BW and liver to
BW proportion) were used in the calculation of the minimal
acceptable liver store from which daily losses occurred. The
reference BW was the age- and sex-specific median value of
the WHO growth curve (27). The liver weight to BW ratio was
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FIGURE 1 Prevalence of vitamin A deficiency among children (aged 1–5 y) across geographical states of India. NCT, national capital territory; VAD,
vitamin A deficiency.

taken as 0.034 for Indian children, based on a survey of available
literature (see Supplementary Material for a detailed description
of the factorial method). The assumed concentration in liver
tissue at which no clinical signs of VAD were observed was
taken as 20 μg/g liver tissue, at which adequate plasma retinol
concentrations are maintained and protection against VAD is
provided for ∼4 mo while on a vitamin A–deficient diet (29,
30). These values were multiplied into each other to estimate the
size of the minimal acceptable liver vitamin A store. Because the
multiplicative structure of the related factors with their respective
CV, where available, were reported to be >10%, this required a
consideration of the log requirement as the sum of the factors
in the log scale. The estimated probability distribution from this
assumption was a lognormal distribution that yielded an AR and
RDA of 198 and 421 μg/d for 1- to 5-y-old boys and 191 and 409
μg/d for 1- to 5-y-old girls. Effectively, the CV around the AR
was 40%.

Risk of dietary inadequacy of vitamin A children aged 1–5 y

The average intake of vitamin A in 1- to 5-y-old children
from the NNMB survey was 98.2 μg RAEs/d (GM), with a

GSD of 3.34 μg RAEs/d. The risk of inadequate dietary intake
of vitamin A calculated from the distribution of NNMB dietary
intakes for 1- to 5-y-old children was 70%. When the variability
of vitamin A intakes was corrected for the low intraindividual
variability of intake, the risk of inadequate intake increased
marginally to 72%. The average intake of vitamin A of 1- to
5-y-old children from the NSSO survey was 134.0 (GM) with
a GSD of 2.0 μg RAEs/d. This survey had a wider coverage and
used a food frequency approach. The average risk of inadequate
intake based on the NSSO estimate of usual intake was 69%
(Table 2). If it is assumed that, in a healthy population, the risk of
dietary inadequacy would be 50% (or lower), then in the current
CNNS survey, the expected proportion with biomarker-based risk
(low serum retinol) would be ∼20%, reasonably similar to the
observed biochemical VAD prevalence.

The average oil and milk consumption in all children from the
NSSO survey (GM ± GSD) was 14.5 ± 1.0 g/d and 83.0 ± 2.3
mL/d, respectively. The theoretical additional intake from these
sources was calculated based on the individual intake of oil alone,
or oil and milk together, and the resultant total vitamin A intake
was then evaluated for the risk of dietary inadequacy in children
in each case, by SES quintile (Figure 2). With the added intake of
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TABLE 2 Risk of inadequacy and excess vitamin A intake with fortification and supplementation in children from the National Sample Survey Office
survey (n = 100,547 households)1

Risk of inadequate intake (%) Risk of excess intake (%)

Dietary intake 1–5 y 1–3 y 4–5 y

Normal diet2 68.8 0.9 0.5
Normal diet + fortified oil2 32.5 1.8 0.9
Normal diet + fortified oil and milk 24.9 2.1 1.0
Normal diet + fortified oil and milk + VAS4 1.1 30.0 7.8

1Risk of inadequate and excess intake was calculated as in the main text. Risk of excess intake was calculated separately for 1–3 y and 4–5 y as tolerable
upper limit of intake is different for these age groups. For the VAS condition, risk of excess intake was calculated from the cumulative intake over 6 mo. VAS,
vitamin A supplementation.

2While estimating risk of excess, only the preformed retinol intake from diet was considered.
4Cumulative (6-mo) risk. The VAS provides 60,000 μg retinol/6 mo.

retinol from oil fortification alone, the risk of dietary inadequacy
dropped to 33% in all children, and with oil and milk intake
considered together, it dropped to 25%. In children from the
upper 2 quintiles of SES, it was 16% and 10%, respectively,
while in the lower 2 SES quintiles, it was 52% and 45%,
respectively.

Risk of exceeding the TUL of intake in children aged 1–3 y
and 4–5 y

For 1- to 3-y-old children in the NSSO survey, the risk of
excess with oil and milk fortification was low and was 2%,
0.2%, and 3% for all children and those from the lower and
upper 2 SES quintiles, respectively (Table 2 and Figure 2). In
4- to 5-y-old children, the corresponding proportions were 1%,
1%, and 0%, respectively (Table 2 and Figure 2). In the 6-mo
cumulative framework, the supplementary retinol from VAS and
food fortification contributed to ∼79% and 52% of the cumulative
6-mo TUL of 108,000 μg in 1- to 3-y-old and 162,000 μg in 4- to
5-y-old children. Then, the proportion of 1- to 3-y-old children at
risk of exceeding the TUL was 30% for all children and 44% and
12% for children from the highest and lowest 2 SES quintiles,
respectively. In 4- to 5-y-old children, the corresponding values
were 8%, 16%, and 1%, respectively.

Discussion
In 2016–18, the prevalence of biochemical VAD in 1- to 5-y-

old children, in a national survey conducted with strict quality
control (11) and with correction of serum retinol values for
inflammation, was 15.7% (95% CI: 15.2%, 16.3%). In only 3
states, this prevalence estimate was >20% with 95% certainty.
The prevalence of VAD was significantly lower than 20%, even
in the children who had not received VAS within the previous 6
mo. There are few other contemporary reports of CRP-corrected
serum retinol in Indian children; in a New Delhi slum in 2015,
the risk of VAD was similar at 17% in 12- to 23-mo-old children
(31). In comparison to the estimated AR (198 and 191 μg/d for
boys and girls, respectively), the risk of dietary inadequacy of
vitamin A from 2 national surveys, conducted in 2011–12, was
∼70%, or effectively, the theoretical proportion of those at risk
of clinical or biochemical consequences was ∼20%. Accounting
for mandatory (oil) and additional voluntary (milk) fortification
introduced in 2018 reduced the risk of dietary inadequacy to

33% and 25%, respectively (meaning no clinical or biochemical
consequences), whereas the risk of exceeding TUL was 2% (1–
3 y) and 0.9% (4–5 y). Considering simultaneous VAS over a
6-mo cumulative framework, the corresponding dietary risk of
exceeding the TUL was 30% and 8%, respectively.

The distribution of vitamin A requirement was explicitly
derived using the factorial method with regionally appropriate
BWs and proportions. The AR values derived approximated the
EFSA estimates (26), but were well below those proposed by
the IOM (25) and the single Indian RDA (12), and in line with
the recent suggestion on the appropriateness of EFSA values
(32). The CV around the AR was ∼40%, in contrast to the
20% assumed by the IOM (23) and 30% assumed by EFSA
(26); no formal determination of the multiplicative variance was
performed in those guidelines. However, the factorial estimate
of the requirement is fragile due to the many assumptions made
in its process. For example, it has been recently suggested
that the minimal acceptable retinol concentration in the liver
should be higher, at 28.6 μg/g liver (33). Equally, liver retinol
concentrations in adult South Asians with no apparent liver
dysfunction ranged from 5.7 to 85.8 μg/g (34), suggesting
uncertainty in the acceptable minimum liver concentration in
humans. The efficiency of dietary retinol deposition is based on 1
adult study (34), but in an earlier report in 2- to 10-y-old healthy
Indian children, whole-body retinol retention over 4 to 6 d after
a 900-μg dose of radiolabeled retinol acetate or palmitate was
∼80% (35).

After the dietary surveys and CNNS were conducted, the
mandatory fortification with retinol of all sources of cooking
oil was notified in 2018 (14), and milk producers were also
encouraged to voluntarily fortify milk. Oil fortification is being
scaled up rapidly, with ∼50% of oil manufacturers fortifying
oil (36), and the milk fortification is not far behind (∼40%)
(23). This significant intake of preformed retinol from fortifi-
cation will substantially reduce the risk of dietary inadequacy
(Table 2), whereas the risk for excess intake begins to appear in
those with high oil and milk intake, in the upper SES quintiles
(Figure 2). The latter may be an underestimate, as it is possible
that children have a higher intake of milk than adults. There is
external validity to this; a recent survey of serum retinol in 210
New Delhi urban primary school children, conducted in 2019
after oil and milk fortification had begun, but who are out of
the VAS program, documented a biochemical VAD prevalence
of 2.3% (study registration: CTRI/2019/09/02,1073; personal
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FIGURE 2 Estimates of the risk of inadequacy and excess vitamin A
intake, stratified by socioeconomic status quintiles from the National Sample
Survey Office survey (9). (A) Risk of inadequacy of vitamin A with habitual
diet alone, or with fortified oil and milk, or added VAS. (B) Risk of excess in
1- to 3-y-old children with habitual diet alone, with fortified oil, with fortified
oil and milk combined, or all with added VAS. (C) Risk of excess in 4- to
5-y-old children with habitual diet alone, with fortified oil, with fortified oil
and milk combined, or all with added VAS. See text for calculation of risk of
inadequacy and excess. Habitual diet; Habitual diet + fortified oil;

Habitual diet + fortified oil + fortified milk; Cumulative (6 mo) risk
for habitual diet + fortified oil + fortified milk + VAS. SES, socioeconomic
status; VAS, vitamin A supplementation.

communication from the principal investigator Dr RK Marwaha,
2020/06/24).

When the additional intake from VAS was also considered
in a cumulative frame, the risk of excess increases to 30% for
1- to 3-y-old. It could be debated that this calculation overes-
timates the risk, because a large part of the VAS is excreted
in the short term (37). Studies in Indian children suggest that
nearly 50% of the VAS dose is retained (35, 38); using this value
would reduce the risk to ∼10% in 1- to 3-y-old. However, in a
toxicologic frame, the risk should be based on the magnitude of
exposure, or the intake, and even though the intake here is well

below the lowest observed adverse effect level of 6000 μg/d (39),
abundant caution is required, as practiced in the setting of the
TUL value. These considerations have some external validity.
A recent isotopic super-child kinetics study from Guatemala
(39), in which sugar and oil had been fortified with retinol
for a long period of time, showed that total body vitamin A
store was in excess of 1000 μmol, which equates to >300
μg/g liver tissue. Similarly, Zambian children also showed
risk for hypervitaminosis when vitamin A supplementation and
fortification were combined with high-carotene foods (40).

Survival benefit for children younger than 5 y has been a
pivotal argument for the continuation of the VAS program. This
has been debated extensively in the Indian context (2, 3, 41),
because there was no convincing evidence of benefit in two pre-
2000 large studies (42, 43) and the relatively recent trial on a
million participants (44). Furthermore, direct extrapolation of
pooled survival benefits (12%) from the latest Cochrane review
(45) may be inappropriate in the current setting because most
included studies were conducted prior to 2000, when VAD was
florid or high, and the morbidity and mortality profiles differed.
The mortality rate for children younger than 5 y in India has now
decreased from 83.1 in 2000 to 42.4 per 1000 live births in 2017,
and the neonatal mortality rate has dropped from 38.0 to 23.5 per
1000 live births (4). With an infant mortality rate of 33 per 1000
live births in 2017 (46), a conservative estimate of the 0- to 6-
mo mortality can be made, assuming 50% of deaths between 1
and 12 mo occur during 1 to 6 mo. Then, VAS can only intervene
for 14 deaths between 6 mo and 5 y (42.4–28.4) per 1000 live
births. Thus, even the estimated 12% mortality reduction (45) has
little practical relevance currently (absolute risk difference 1.7;
95% CI: 1.0, 2.4 per 1000 live births), especially with suboptimal
programmatic coverage (47).

The results of the present analyses have profound implications
for continuing the VAS policy in India. The WHO recommends
VAS when VAD is a serious public health problem with ≥1%
prevalence of night blindness among 24- to 59-mo-old children
or ≥20% prevalence of low serum retinol (≤20 μg/dL) in 6- to
59-mo-old children (48). Because neither condition is satisfied
in contemporary India (even in those who had not received
VAS within the previous 6 mo), the universal VAS to children
younger than 5 y should be discontinued forthwith. This is
in consonance with the WHO recommendation of a broader
health context when considering the implementation of VAS
(20), such as mortality and immunization rates and a host of
ecologic factors, including data from national dietary surveys.
The alternative policy brief by the Global Alliance for Vitamin
A, which reduced the VAD prevalence cutoff to 5% or 10%
when considering the scaling back of VAS (49), is not considered
helpful because an explicit evidence-based framework for this
reduction is not apparent, while the potential for harm due to
excessive intake from overzealous supplementation is ignored.
Indeed, the possibility of hypervitaminosis, with both VAS and
recently introduced fortification, is the more urgent considera-
tion. Policy efforts also need to be directed toward sustainable
and cheap food-based interventions (e.g., green leafy vegetables),
which are needed in small daily amounts with no risk of
hypervitaminosis.

Limitations of these analyses include the lack of data on 6-
to 12-mo-old infants, but these are unlikely to be substantially
different, and continued breastfeeding constitutes a significant
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source of vitamin A intake (breast milk contains ∼50–60 μg
retinol/dL). An additional limitation is the lack of detailed
reporting on the serum retinol and CRP assays. The triangulation
of dietary intakes and serum retinol from the same data set would
have been desirable, but this was unavailable.

In conclusion, evidence from national surveys on serum retinol
and dietary vitamin A intakes, as well as an analysis of survival
benefit, indicates the need for serious consideration for adopting
a targeted approach instead of continuing with the universal VAS
in India. This should be accompanied by careful monitoring
of 6-mo to 5-y mortality trends through the ongoing Sample
Registration System (50), keratomalacia caseload data from
ophthalmic hospitals or sentinel sites, and serum retinol and
retinyl esters from repeat national surveys or regional studies in
high-burden states if cost is a limitation. Continuing universal
VAS, along with recently introduced fortification, is likely to
result in the risk of exceeding the TUL of vitamin A intake in
a proportion of children, especially those in a higher SES, as well
as wastage of scarce financial and logistic resources.
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