
Vol.:(0123456789)1 3

European Journal of Nutrition (2022) 61:197–209 
https://doi.org/10.1007/s00394-021-02636-7

ORIGINAL CONTRIBUTION

Prevalence of vitamin A deficiency and dietary inadequacy in Indian 
school‑age children and adolescents

Geereddy Bhanuprakash Reddy1 · Tattari Shalini1 · Santu Ghosh2 · Raghu Pullakhandam1 · Boiroju Naveen Kumar1 · 
Bharati Kulkarni1 · Avula Laxmaiah1 · Umesh Kapil3 · Sila Deb4 · Rajkumar Hemalatha1 · Anura V. Kurpad2 · 
Harshpal S. Sachdev5

Received: 13 March 2021 / Accepted: 5 July 2021 / Published online: 12 July 2021 
© Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Purpose  There are no representative estimates of vitamin A deficiency (VAD) and risk of vitamin A (VA) dietary inadequacy 
in Indian children and adolescents. To evaluate, from national surveys, the prevalence of VAD measured by serum retinol 
concentrations (< 0.7 µmol/L or < 20 µg/dL), and the risk of VA dietary inadequacy and excess intake beyond the tolerable 
upper limit (TUL).
Methods  National and state-level VAD prevalence adjusted for inflammation was estimated in school-age children (5–9 years: 
10,298) and adolescents (10–19 years: 9824) from the Comprehensive National Nutrition Survey (CNNS 2016-18). The risk 
of dietary inadequacy against age-specific average VA requirements, and excess intake against the TUL, was assessed from 
the National Sample Survey Office (NSSO 2014) data.
Results  Serum retinol concentrations increased with age (5–19 years) in both genders and were significantly lower in school-
age children (1.02 µmol/L, CI: 1.01–1.03) compared to adolescents (1.13 µmol/L, CI 1.12–1.15). The inflammation-adjusted 
prevalence of VAD in school-age children and adolescents was 19.3% (CI 18.8–19.9) and 14.4% (CI 13.9–14.9) respec-
tively, and this was > 20% in seven and four states for children and adolescents, respectively. The prevalence of VAD was 
significantly higher among children with lower socio-economic status. The risk of dietary VA inadequacy, from the NSSO 
survey, was 69 and 78% in children and adolescents, respectively. This risk reduced to 6 and 17% with VA fortified oil and 
milk intake, while the proportion of intakes exceeding the TUL became 6 and 0.5% in children and adolescents, respectively.
Conclusions  The national prevalence of VAD in school-age children and adolescents in India was just less than 20%. The 
risk of dietary VA deficiency is likely to decline substantially with VA fortified food intake, but a risk of excessive intake 
also begins to appear; therefore, a careful assessment of the risk of hypervitaminosis A is required at these ages.
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Introduction

Vitamin A (VA) is vital for a plethora of biological activi-
ties ranging from the transduction of light in visual func-
tion to embryonic development to immune function and 
indeed the maintenance of overall health [1, 2]. Profound 
VA deficiency (VAD) can lead to a spectrum of eye pathol-
ogies ranging from a milder night blindness to more severe 
clinical conditions such as Bitot spots, corneal scars, kera-
tomalacia and xerophthalmia, as well as an increased risk 
of morbidity and mortality, especially in younger chil-
dren [1, 3, 4]. The prevalence of severe or clinical VAD 
is therefore measured through clinical signs, but milder 
deficiency or sub-clinical VAD is assessed by serum reti-
nol concentrations that are lower than a diagnostic cutoff 
[5, 6]. It has been suggested that this sub-clinical VAD is 
a public health problem that requires VA supplementa-
tion when its prevalence in the population is > 20% [7, 8]. 
However, there are no recent representative or national 
estimates of the prevalence of sub-clinical VAD in Indian 
school-age children and adolescents.

A few isolated studies have reported 7–55% preva-
lence of sub-clinical VAD, based on serum retinol lev-
els, in India among school-age children and adolescents 
(1–18 years) [9–13]. However, these studies were con-
ducted between 15 and 30 years ago; dietary conditions 
in India have improved, and further, serum retinol con-
centrations were not adjusted for inflammation, which can 
lower their values and overestimate the prevalence of sub-
clinical VAD. The recent Comprehensive National Nutri-
tion Survey (CNNS, 2016–2018) [14] measured serum 
retinol and serum C-reactive protein (CRP), a marker of 
inflammation, in 1–19-year-old children and adolescents 
in a nationally representative sample, allowing for a broad 
evaluation of VAD in this group in India.

In 2020, the daily dietary VA requirement was pub-
lished for Indians [15], providing both the estimated aver-
age requirement (EAR) which represents the population 
requirement, and the tolerable upper intake level (TUL). 
These two reference values, along with national VA intake 
data from the National Sample Survey Office (NSSO 2014) 
[16], allow for an evaluation of the population risk of die-
tary VA inadequacy as well as the risk of excess intake. 
Both VAD and the risk of dietary inadequacy can be com-
pared, and recently, we have reported that the national 
prevalence of sub-clinical VAD among Indian preschool 
children (from the CNNS survey) was 15.7%, which was 
commensurate with the calculated risk of dietary VA inad-
equacy [17]. Finally, the fortification of milk and edible 
oil with VA has been operationalized in India from 2018 
[18] and could offer a significant contribution to dietary 
preformed VA intake, which needs to be modelled.

In the present study, we evaluated the prevalence of 
inflammation adjusted sub-clinical VAD and the risk of 
dietary VA inadequacy in Indian school-age children and 
adolescents. The potential contribution of VA fortified milk 
and oil in either reducing the risk of dietary inadequacy or 
contributing to an excess intake, was also assessed.

Methodology

CNNS survey, serum retinol and CRP analysis

The Comprehensive National Nutrition Survey (CNNS 
2016-18) was a community-based cross-sectional survey 
conducted among Indian children and adolescents in 29 
states and union territory of Delhi of India, during Febru-
ary 2016 to October 2018, in collaboration with UNICEF-
India and Population Council, under the supervision of the 
Ministry of Health and Family Welfare, Government of 
India. The detailed methodology of the sampling design is 
published elsewhere [14]. Briefly, a multi-stage, population 
proportional to size cluster sampling was done to enrol chil-
dren (1–4 and 5–9 years) and adolescents (10–19 years), to 
adequately represent the national, state, male–female and 
urban–rural population. For biological sampling, 50% of all 
the children and adolescents who completed anthropometry 
were selected by systematic random sampling. Children/
adolescents with physical deformity, cognitive disabilities, 
chronic illness, acute febrile/infectious illness, acute injury 
and pregnancy were excluded. Household socioeconomic 
and demographic characteristics and information on history 
of morbidity in the preceding two weeks, and anthropomet-
ric data of one child/adolescent per age group were collected 
from each household. The Wealth Index, based on posses-
sion of common household items and facilities, was com-
puted as described in the National Family Health Survey-4 
[19]. Access to facilities like drinking water, hand washing 
and sanitation was categorized based on the WHO/UNICEF 
Joint Monitoring Program guidelines [20]. Age-sex stand-
ardized height-for-age (HAZ), weight-for-height (WHZ), 
and BMI-for-age Z-scores were calculated using the WHO 
Growth Reference Standards [21].

The CNNS was conducted after obtaining due Interna-
tional Ethical approval from the Population Council’s Inter-
national Review Board, New York, USA and National Ethi-
cal approval Post Graduate Institute of Medical Education 
and Research, Chandigarh, India [14]. Informed consent and 
assent procedures were described in detail in CNNS 2016-
18 Report [14]. The details of biological sample collection, 
laboratory analysis, precision and limits of detection of 
serum retinol and CRP have been described previously [17]. 
A serum retinol cut-off of < 20 μg/dL (0.7 µmol/L) was taken 
to define sub-clinical VAD in both children and adolescents 
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[7, 8]. The prevalence of VAD was adjusted for underlying 
inflammation based on serum CRP levels as described previ-
ously [17, 22]. Serum albumin concentration was measured 
using spectrophotometric Bromocresol purple (BCP) dye-
binding method [14] and an albumin concentration < 3.5 g/
dL was diagnosed as hypoalbuminemia [23].

A total of 38,355 school-age children (5–9 years) and 
35,830 adolescents (10–19 years) were interviewed and 
anthropometric data collected. Out of this total sample, 
paired data on serum retinol and CRP measurements were 
available for 10,298 school-age children and 9824 ado-
lescents (Fig. 1). The socio-demographic characteristics 
were similar among participants in whom anthropometric 
data were collected (total sample) and the study sample 
(with paired serum retinol and CRP), except that propor-
tion of children included in the study sample was higher in 
7–9-year-old compared to 5–6-year-old (61% vs 39%, Sup-
plementary Table 1). Among school-age children, 20% were 
stunted, 24% were thin; about 10% had diarrhoea and 23% 
had fever two weeks prior to the survey. Among adoles-
cents, 27 and 23% were either stunted or thin, respectively 
(Table 1). However, the prevalence of hypoalbuminemia (a 

biomarker for chronic dietary protein deficiency) was mark-
edly low, 1.2 and 1.0%, respectively, in school-age children 
and adolescents (Table 1).

Dietary surveys (NSSO)

The National Sample Survey Office (NSSO) survey [16] was 
conducted in 29 states and 6 Union Territories of India dur-
ing 2011–2012 across all socioeconomic strata. The survey 
covered 7469 villages and 5268 urban blocks, and data on 
monthly per-capita expenditure on household food purchases 
of 223 food items was collected. This survey had a wider 
coverage and used a food frequency for assessing the dietary 
intakes. Using the Indian Food Composition Tables [24], 
the quantities of different foods purchased by the household 
were converted to their VA as retinol activity equivalents 
(RAEs/d), and this was adjusted for the number of members 
in the household and the use of consumption units (CUs) 
for the individual quantity of intake [25]. To obtain the VA 
intake (RAE/CU/day), the CUs used were 0.8 for children 
aged 5–9 y and for adolescents aged 10–12 y (boys- 1.0; 
girls- 0.9) and 13–19 y (boys- 1.1; girls- 0.9), respectively. 

Fig. 1   Flow chart for recruitment of participants in the CNNS survey and selection of samples for analyses
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Table 1   Characteristics of the 
study population (with vitamin 
A and CRP data)

Characteristics 5–9 Years 
(n = 10,298)
% (95% CI)

10–19 Years 
(n = 9824)
% (95% CI)

Age in years
 Mean (95% CI) 7.02 (6.97–7.07) 14.3 (14.2–14.4)

Sex
 Boys 51.2 (49.2–53.2) 49.5 (47.2–51.9)
 Girls 48.8 (46.8–50.8) 50.5 (48.1–52.8)

Residence
 Urban 22.9 (19.8–26.3) 24.6 (21.0–28.5)
 Rural 77.1 (73.7–80.2) 75.4 (71.5–79.0)

Wealth Index
 Poorest 17.8 (15.6–20.2) 17.9 (15.4–20.8)
 Poor 21.1 (19.1–23.1) 20.7 (18.8–22.7)
 Middle 22.4 (20.7–24.2) 21.0 (19.3–22.9)
 Rich 20.9 (19.1–22.8) 21.1 (19.3–23.0)
 Richest 17.9 (16.3–19.6) 19.3 (16.9–21.8)

Mother’s Schooling
 Primary 48.3 (45.6–51.0) 15.6 (13.3–18.3)
 Secondary 39.4 (37.1–41.7) 69.1 (66.2–71.8)
 Higher Secondary 6.7 (5.8–7.7) 10.1 (7.8–12.9)
 Graduation and above 5.6 (4.9–6.5) 5.2 (4.3–6.4)

Father’s Occupation
 Professional 9.4 (8.2–10.8) 10.8 (9.0–12.9)
 Sales and services 24.8 (22.8–27.0) 24.6 (22.7–26.6)
 Manual, Agriculture 51.6 (48.9–54.3) 48.9 (46.2–51.5)
 Others 14.1 (12.5–16.0) 15.7 (13.5–18.2)

Child schooling
 Yes 91.8 (90.5–92.9) 81.7 (79.5–83.7)
 No 8.2 (7.1–9.5) 18.3 (16.3–20.5)

Stunting
 No Stunting (HAZ < − 2SD) 79.4 (77.7–81.1) 73.3 (71.0–75.5)
 Moderate (HAZ:− 3 to − 2SD) 15.3 (13.9–16.7) 20.6 (18.6–22.7)
 Severe (HAZ < − 3SD) 5.3 (4.5–6.3) 6.1 (5.1–7.2)

Thinness
 Not present (HAZ < − 2SD) 75.5 (73.7–77.2) 76.7 (74.6–78.7)
 Moderate (WHZ:− 3 to − 2SD) 19.2 (17.6–20.8) 17.0 (15.3–18.9)
 Severe (WHZ < − 3SD) 5.4 (4.5–6.4) 6.3 (5.4–7.3)

Hypoalbuminemia (< 3.5 g/dL)
 Yes 1.2 (0.8–1.7) 1.0 (0.7–1.6)
 No 98.8 (98.3–99.2) 99.0 (98.4–99.3)

Drinking water source
 Piped and Improved 87.7 (85.4–89.6) 88.0 (86.0–89.9)
 Non-piped and Improved 8.4 (6.7–10.4) 8.4 (6.9–10.2)
 Unimproved 3.9 (3.1–5.0) 3.6 (2.8–4.7)

Handwashing
 Basic 47.2 (44.4–50.1) 47.9 (45.1–50.8)
 Limited 38.1 (35.2–41.0) 35.7 (33.0–38.4)
 No facility 14.7 (12.7–17.0) 16.4 (14.1–19.0)

Sanitation
 Improved and Not shared 40.0 (37.3–42.8) 47.7 (44.7–50.7)
 Improved and Shared 12.2 (10.8–13.9) 8.5 (7.5–9.7)
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To clean the data, the lower 0.5% and the upper 99.5% of the 
energy intake data were censored.

Assessment of risk of dietary inadequacy of VA

The prevalence of risk of dietary inadequacy of VA (%) was 
assessed as described previously [17]. Briefly, the risk of 
dietary inadequacy of VA was assessed by comparing the 
distribution of VA intakes with the distribution of estimated 
average age-specific requirements of VA [15, 26]. The age-
specific EARs of VA (RAE μg/day) were used for children 
and adolescent [15]. In a normal healthy population with 
adequate access to foods, the risk of inadequacy, with refer-
ence to the EAR, is expected to be 50% [17, 26].

Contribution of fortified milk and oil to VA intakes 
and risk of exceeding the TUL

Since the diet survey referred to above was performed before 
the gazetting of the Indian regulations on the mandatory 
VA fortification of oil (6.0–9.9 μg retinol/g oil) and volun-
tary fortification of milk (27–45 μg retinol/100 mL milk) in 
2018 [27], this could contribute a significant present intake 
of preformed VA. Therefore, we evaluated the theoretical 
reduction in the prevalence of the risk of dietary inadequacy 
and the risk of the intake exceeding the TUL, considering 
the habitual (fortified) oil and milk consumption of chil-
dren and adolescents, as described previously [17, 26]. For 
this purpose, the habitual intake of milk (128.1 ml/day; 
contributing an additional 46.0 RAE/day, if fortified) and 
oil (22.8 g/day; contributing an additional 184 RAE/day, if 
fortified) were derived from NSSO survey [16], to calculate 
a summed additional intake from these fortified foods. The 
reduction in the risk of dietary inadequacy was recalculated 
using the probability method described above [17, 26]. The 
age-specific TULs (5–8 y-900 RAE; 9–13 y-1700 RAE; 
14–18 y-2800 RAE and 19 y-3000 RAE) were considered 
in computing the risk of the fortified intake exceeding the 
TUL [15, 26].

Statistical analyses

Statistical analyses were conducted using SPSS statistical 
package (version 23, SPSS Inc., Chicago, IL, USA) and R 
version 4.0.2 (R Core Team, 2020, Vienna, Austria). Appro-
priate sampling weights were used wherever indicated to 
ensure representativeness of the estimates at the national/ 
state level as well as at the local level, such as rural, urban 
and urban slum areas in metropolitan cities. The demo-
graphic characteristics of the study sample were compared 
in terms of proportion against the same characteristics in the 
total CNNS survey to rule out possible selection bias due to 
nested sampling. Serum retinol concentrations were adjusted 
for the CRP concentration by the probability method of 
correction for inflammation [17, 22]. The prevalence of 
sub-clinical VAD along with its 95% confidence intervals 
(CIs) was estimated for the country as well as for states. 
Sub-group analyses were also performed to understand 
urban–rural, age and sex, socio-demographic and WASH 
(water, sanitation and hygiene) differentials. Serum retinol 
concentrations and dietary intake of VA were presented as 
geometric mean (GM) and geometric SD (GSD), since their 
distributions were skewed. The relation of VAD prevalence 
with age group in different states and VAD prevalence with 
state or regional gross domestic product [28] was assessed 
using the Spearman rank-order correlation.

Results

Serum retinol concentration and prevalence of VAD 
by age and sex

The GM of serum retinol concentrations was significantly 
lower in school-age children (1.02 µmol/L, CI 1.01–1.03) 
compared to adolescents (1.13  µmol/L, CI 1.12–1.15) 
(Table 2). The GM of serum retinol concentration increased 
with age in both genders from 5 to 19 years, but this, or the 
inflammation-adjusted VAD prevalence, was independent of 

Table 1   (continued) Characteristics 5–9 Years 
(n = 10,298)
% (95% CI)

10–19 Years 
(n = 9824)
% (95% CI)

 Unimproved 47.7 (44.3–51.2) 43.8 (40.5–47.1)
History of diarrhoea in the 2 weeks prior to survey
 Yes 10.0 (8.8–11.4) –
 No 90.0 (88.6–91.2) –

History of fever in the 2 weeks prior to survey
 Yes 23.5 (21.6–25.4) –
 No 76.5 (74.6–78.4) –

HAZ height-for-age, WHZ weight-for-height
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gender within each age group (Table 2). The overall (without 
consideration of age bands or gender) prevalence of inflam-
mation-adjusted VAD in school-age children was signifi-
cantly higher (19.3%, CI 18.8–19.9) than that in adolescents 
(14.4%, CI 13.9–14.9) (Table 2). The extent of increase in 
serum retinol concentrations in girls tended to plateau at 
15 years, while it continued to increase in boys (Fig. 2).

The prevalence of sub-clinical VAD was significantly 
higher among rural (14.8%, CI 14.2–15.3) compared to 
urban (13.2%, CI 12.4–14.1) adolescents (Table 3). The 

prevalence of VAD was also significantly higher among 
school-age children and adolescents with poorest wealth 
index (26.7%, CI 25.1–28.3; 17.8%, CI 16.7–19.0) and 
unimproved sanitation facility (23.6%, CI 22.7–24.5; 
18.9%, CI 18.0–19.7), and adolescents with lower mater-
nal education (11.7%, CI 11.0–12.4) (Table 3). Severely 
stunted adolescents (18.1%, CI 15.9–20.5) had signifi-
cantly higher VAD than non-stunted (14.7%, CI 14.2–15.3) 
or moderately stunted (13.8%, CI 12.8–14.9) adolescents 
(Table 3).

Table 2   Serum retinol values 
and prevalence of vitamin A 
deficiency among children and 
adolescents stratified based on 
locality, sex and age groups

*#&†‡ For serum retinol levels and VAD, respectively
a Estimates with non-overlapping CIs

Gender 5–9 years (n = 10,298) 10–19 years (n = 9824)

Serum Retinol 
(µmol/L)
Geometric mean 
(95% CI)

VAD % (95% CI) Serum Retinol 
(µmol/L)
Geometric mean 
(95% CI)

VAD % (95% CI)

Boys 1.03a

(1.02–1.04)
18.7a

(18.0–19.5)
1.14a

(1.12–1.16)
14.3a

(13.6–15.0)
Girls 1.01a

(1.0–1.02)
20.0a

(19.2–20.8)
1.13a

(1.12–1.15)
14.5a

(13.8–15.1)
Total 1.02*

(1.01–1.03)
19.3†

(18.8–19.9)
1.13#

(1.12–1.15)
14.4‡

(13.9–14.9)

Fig. 2   Serum retinol concentrations (top panel) and prevalence of VAD (bottom panel) as a function of age and gender. The line indicates geo-
metric mean and the shaded area 95% confidence bands
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Table 3   Prevalence of VAD 
in children and adolescents by 
socio-demographic and WASH 
variables

Characteristics 5–9 years
VAD % (95% CI)

10–19 years
VAD % (95% CI)

Unadjusted for 
inflammation

Adjusted for 
inflammation*

Unadjusted for 
inflammation

Adjusted for 
inflamma-
tion*

Residence
 Urban 22.2a

(18.2–26.9)
19.5a

(18.4–20.7)
15.4a

(12.5–18.9)
13.2a

(12.4–14.1)
 Rural 21.3a

(17.9–25.1)
19.3a

(18.6–19.9)
16.1a

(12.1–21.2)
14.8b

(14.2–15.3)
Currently in school
 Yes 21.7a

(18.8–24.9)
18.8a

(14.7–23.7)
16.4a

(13.8–19.3)
14.6a

(14.0–15.1)
 No 19.3a

(13.2–27.3)
26.7b

(24.0–29.5)
13.8a

(10.0–18.7)
13.8a

(12.8–14.9)
Mother’s Schooling
 Primary 23.6a

(19.9–27.8)
16.2a

(14.6–18.0)
17.3a

(10.4–27.4)
8.1a

(7.0–9.2)
 Secondary 19.6a

(16.6–23.0)
14.8a

(14.1–15.6)
15.9a

(12.3–20.3)
11.7b

(11.0–12.4)
 Higher secondary 19.5a

(14.3–26.0)
14.6a

(12.9–16.5)
8.8a

(5.1–14.7)
4.7bc

(3.9–5.7)
 Graduate and above 17.3a

(12.3–23.8)
13.3a

(11.5–15.2)
13.3a

(8.9–19.3)
7.8ad

(6.2–9.9)
Father’s Occupation
 Professional 22.7a

(16.7–30.2)
20.9a

(19.0–22.8)
17.6a

(9.8–29.7)
19.5a

(17.9–21.2)
 Sales and services 19.6a

(16.5–23.0)
19.0a

(18.0–20.1)
13.2a

(10.6–16.3)
12.0b

(11.2–12.8)
 Manual, Agriculture 21.0a

(18.0–24.4)
19.1a

(18.4–19.9)
15.0a

(12.2–18.3)
14.3bc

(13.6–15.0)
 Others 26.0a

(19.7–33.5)
20.0a

(18.2–21.8)
19.9a

(13.5–28.4)
16.1bd

(14.7–17.6)
Wealth Index
 Poorest 28.2a

(22.0–35.4)
26.7a

(25.1–28.3)
16.9a

(14.0–20.1)
17.3a

(16.0–18.5)
 Poor 22.8ab

(17.9–28.6)
22.7b

(21.4–24.1)
10.2a

(6.2–16.3)
17.8a

(16.7–19.0)
 Middle 21.2ab

(16.7–26.4)
16.5bc

(15.4–17.6)
9.7a

(5.6–16.3)
13.3b

(12.3–14.3)
 Rich 19.8ab

(16.0–24.1)
17.1bc

(15.9–18.2)
12.4a

(8.2–18.4)
12.5b

(11.6–13.5)
 Richest 15.9b

(12.8–19.5)
14.7bc

(13.6–15.8)
17.6a

(4.8–47.5)
11.4b

(10.5–12.3)
Drinking water source
 Piped and Improved 21.8a

(18.7–25.3)
19.5a

(18.9–20.2)
15.9a

(13.2–19.0)
14.6a

(14.0–15.1)
 Non-piped and Improved 21.0a

(15.4–27.9)
18.7a

(16.9–20.7)
12.6a

(9.2–17.1)
11.7b

(10.4–13.2)
 Unimproved 18.6a

(12.3–27.1)
19.0a

(16.3–21.9)
15.3a

(9.4–23.8)
15.2ab

(12.8–17.9)
Hand washing
 Basic 21.7a

(18.3–25.4)
17.9a

(17.1–18.7)
14.8a

(12.2–17.9)
13.0a

(12.4–13.6)
 Limited 19.8a

(16.5–23.6)
16.7a

(15.8–17.7)
18.4a

(14.3–23.2)
17.0b

(16.1–18.1)
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The point prevalence of VAD was > 20% in seven states 
for school-age children (Mizoram, Jharkhand, Telangana, 
Chhattisgarh, Uttar Pradesh, Bihar, New Delhi) and four 
states for adolescents (Jharkhand, Mizoram, Telangana, 
Uttar Pradesh) (Fig. 3). If the lower 95% CI was consid-
ered as the cutoff metric instead of the point prevalence 
value (meaning that the prevalence had to be significantly 
greater than 20%), the same seven states for school-age 
children, but only two states for adolescents (Mizoram, 
Telangana) had a VAD prevalence that needed some inter-
vention (Fig. 3).

A significant positive correlation of prevalence of 
VAD was found between the age ranges of 5–9 years and 
10–19 years (r = 0.858, p < 0.001) across all states (Sup-
plementary Fig. 1). Further, though not significant, a 
decreasing trend in VAD prevalence with increasing state 
GDP (5–9 years: r = − 0.197, p = 0.297; 10–19 years: 
r = − 0.241, p = 0.199) was observed among both age 
groups (Supplementary Fig. 2).

Dietary inadequacy of VA in children 
and adolescents

The overall (regardless of urban or rural residence) average 
VA intake of 5–9 y and 10–19 y old children and adoles-
cents from the NSSO survey was 179 and 221 μg RAEs/d 
(GM) with a GSD of 2.0 and 2.0 μg RAEs/d, respectively, 
yielding a prevalence of risk of inadequate intake of 69 
and 78%, respectively (Table 4). Since the expected preva-
lence of risk of an inadequate dietary intake should be 
50% in a healthy population, based on the overlapping 
distributions of requirement and intake in normalcy, the 
‘real’ risk of dietary inadequacy in the population would 
be that proportion which is over 50%. This would be the 
prevalence of dietary VA inadequacy that should reason-
ably relate to the estimate of VAD based on a biomarker. 
The risk of dietary VA inadequacy, therefore, was 19 and 
28%, respectively, for children and adolescents.

*Estimates using probability method of correction for inflammation (modified BRINDA)
abcd Estimates with non-overlapping CIs; HAZ height-for-age, WHZ weight-for-height

Table 3   (continued) Characteristics 5–9 years
VAD % (95% CI)

10–19 years
VAD % (95% CI)

Unadjusted for 
inflammation

Adjusted for 
inflammation*

Unadjusted for 
inflammation

Adjusted for 
inflamma-
tion*

 No facility 25.6a

(18.4–34.3)
18.9a

(17.3–20.6)
12.2a

(8.5–17.1)
12.3ac

(10.9–13.8)
Sanitation
 Improved and Not shared 17.3a

(15.0–20.0)
15.5a

(14.8–16.3)
12.8a

(10.6–15.3)
10.6a

(10.1–11.2)
 Improved and Shared 18.8ab

(14.0–24.7)
16.1a

(14.8–17.6)
16.9a

(12.5–22.5)
13.7b

(12.3–15.2)
 Unimproved 25.6b

(21.2–30.6)
23.6b

(22.7–24.5)
18.2a

(14.1–23.2)
18.9bc

(18.0–19.7)
Stunting
 No stunting (HAZ < − 2SD) 21.4a

(18.4–24.8)
19.1a

(18.5–19.8)
15.6a

(13.0–18.7)
14.7a

(14.2–15.3)
 Moderate (HAZ − 3 to − 2SD) 23.7a

(19.0–29.2)
21.1a

(19.6–22.6)
15.6a

(10.6–22.3)
13.8a

(12.8–14.9)
 Severe (HAZ < − 3SD) 21.9a

(15.3–30.3)
22.5a

(19.9–25.3)
18.2a

(12.5–25.7)
18.1c

(15.9–20.5)
Thinness
 Not present (WHZ < − 2SD) 21.9a

(18.9–25.1)
19.5a

(18.9–20.2)
15.5a

(12.9–18.6)
14.7a

(14.1–15.3)
 Moderate (WHZ − 3 to − 2SD) 20.8a

(16.8–25.6)
19.8a

(18.5–21.2)
15.5a

(11.6–20.4)
15.4a

(14.2–16.6)
 Severe (WHZ < − 3SD) 24.8a

(16.5–35.6)
20.1a

(17.7–22.7)
20.0a

(14.5–26.9)
14.3a

(12.5–16.3)
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The average oil and milk consumption (GM ± GSD) 
was 19.0 ± 1.7  g/d and 108 ± 3.8  mL/d in children and 
24.0 ± 1.7 g/d and 133 ± 3.8 mL/d in adolescents, respectively. 
The theoretical additional VA intake from these sources was 
calculated based on the individual intake of VA fortified oil 
alone, or fortified oil and milk together. The resultant total die-
tary VA intake was then evaluated for the risk of dietary inad-
equacy in children. With the additional retinol intake from oil 
fortification alone, the risk of dietary VA inadequacy dropped 
to 33% and 47% in children and adolescents, while with forti-
fied oil and milk intake considered together, the risk of dietary 
VA inadequacy dropped to 6 and 17%, respectively. However, 
the risk of exceeding the TUL simultaneously increased to 
4–8% in children while it was < 1.6% in adolescents (Table 4).

Discussion

The prevalence of sub-clinical VAD, adjusted for inflam-
mation, in a nationally representative sample of 5–9-year-
old children (19.3%) and adolescents (14.4%) was lower 

than 20%, indicating that VAD in these age groups is not 
a public health problem in India. The prevalence of VAD 
was, however, higher in children and adolescents with poor 
socioeconomic status. There was geographical variation, as 
seven (for school-age children) and two states (for adoles-
cents) demonstrated a VAD prevalence that was significantly 
greater than > 20%. There are no contemporary prevalence 
estimates of VAD available for these age groups in India, 
except a few studies which reported VAD prevalence of 
7–55% in Indian children [12, 13]. From the same CNNS 
survey data, the prevalence of VAD in under-five children, 
the most vulnerable group, was only 15.7% [17], which is 
in line with the VAD prevalence in older groups, where this 
might be slightly higher owing to higher requirements.

The risk of dietary inadequacy against age and gender-
specific EAR was 70–80%. It is important to note that 
the assessment of the risk of dietary inadequacy is based 
on probability, where it is expected that in a healthy nor-
mal population, with a normal variability in requirement, 
this risk should be 50%. Therefore, direct comparisons of 
the proportion of the risk of dietary inadequacy with the 

Fig. 3   Prevalence of vitamin A deficiency in children and adolescents across geographical states of India. The dot indicates mean and bars 95% 
CI. The dotted vertical lines intersecting at 20% prevalence directs the public health problem. NCT National Capital Territory
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prevalence of sub-clinical or biomarker-based deficiency 
should not be made. The theoretical frameworks that under-
lie these assessments of VA inadequacy are different. If 
comparisons between the risk of dietary inadequacy and the 
prevalence of sub-clinical deficiency must be made, then the 
comparable risk of dietary inadequacy is the proportion that 
is > 50%. Here, this translates to a risk of 20–30% which was 
somewhat comparable to the observed biomarker-based or 
sub-clinical VAD that was between 14 and 19%.

There are many variables in this comparison. First, it is 
important to note that VA is stored in the liver and utilized 
during periods of dietary deficits and that the dietary sur-
veys cannot capture such seasonal variation in intakes (for 
example, mango, with a high carotene content, is widely 
consumed in India during summer). This could account for 
some of the expected difference between the risk of dietary 
inadequacy compared to biomarker-based deficiency. In 
agreement, a study in lactating Brazilian women found 5% 
VAD based on serum retinol deficiency when the risk of 
dietary inadequacy was 58% [29].

A second variable that could affect comparisons between 
the risk of dietary inadequacy and prevalence of sub-clinical 
VAD is that the EAR values represent a central value in a 
distribution of normal requirements, and it is possible that 
the distribution could get wider if cost-less adaptation to 

lower intakes occur. As an example, a recent report of 3 
different clinical trials found that the VA intakes needed to 
maintain the liver VA stores were lower than the current 
EAR values, which could be due to physiological adapta-
tions or incorrect factorial assessments of the requirement 
[30]. Interestingly, in the present study, the dietary inad-
equacy of VA was higher in adolescents (78%) compared to 
school-age children (70%), yet the former had a lower preva-
lence of biochemical VAD (14%), this could be a reflection 
of higher EARs (determined by a factorial method) recom-
mended for this age group, against which dietary inadequa-
cies are assessed.

A third variable affecting comparisons is the assumed 
cutoff for serum retinol (< 0.7 µmol/L or < 20 µg/dL) that 
is used in the determination of sub-clinical VAD. This cut-
off is based on a small number of studies, and it has been 
suggested that the interpretation of population VAD status 
depends on the availability of reference data, preferably 
derived from ‘elite’ groups from within the population itself 
[31]. In addition, ethnic differences in serum retinol levels 
have been reported; Afro- and Asian-Americans have been 
shown to have lower serum retinol concentrations com-
pared to Caucasians [32]. Hence, in the context of observed 
age, gender and ethnicity-related differences in serum reti-
nol from multiple countries, a single serum retinol cutoff 

Table 4   Estimated effect of vitamin A fortification of oil and milk on the risk of inadequate and excess vitamin A intake in Indian children and 
adolescents

Intake data taken from the NSSO survey (n = 100,547 Households; [16])
1 Risk of inadequate and excess intake was calculated as in the main text; calculated separately for different age-groups as EAR and TUL are dif-
ferent for these age groups
2 While estimating risk of excess only preformed retinol intake from the diet was considered
3 Oil is fortified at a concentration of 6.0–9.9 µg/g, while milk is fortified at a concentration of 27–45 µg/100 ml

Age EAR 
(µg RAE/d)

TUL 
(µg RAE/d)

Risk of inadequate intake (%)1 Risk of excess intake (%)1

Normal diet Normal 
diet + fortified 
oil2

Normal diet + for-
tified oil & milk3

Normal diet Normal 
diet + fortified 
oil2

Normal diet + for-
tified oil & milk3

5–6 y 240 900 70.5 34.6 6.74 0.76 1.43 3.97
7–9 y 290 7–8 y—900

9 y—1700
67.6 31.2 5.34 1.34 3.40 8.14

Boys
 10–12 y 360 1700 37.5 8.65 0.38 0.48 1.58
 13–15 y 430 13 y—1700

14–15 y—2800
75.6 42.8 12.8 0.13 0.07 0.33

 16–18 y 480 2800 76.8 44.0 12.9 0.16 0.11 0.47
 19 y 460 3000 81.4 52.9 23.6 0.08 0.03 0.16

Girls
 10–12 y 370 1700 77.8 45.7 15.3 0.29 0.3 1.08
 13–15 y 420 13 y—1700

14–15 y—2800
78.6 47.2 16.4 0.14 0.05 0.22

 16–18 y 400 2800 80.5 51.0 20.7 0.07 0.03 0.13
 19 y 390 3000 83.5 56.9 28.1 0.04 0.009 0.05
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(0.7 µmol/L) to define VAD across all age groups may not 
be appropriate [7, 33]. This is particularly important, as the 
prevalence estimates based on these cutoffs guide national 
nutrition policies (like supplementation or fortification pro-
grams). Indeed, the higher prevalence of VAD in children 
compared to adolescents in the present study could be a 
reflection of poor specificity of serum retinol cutoffs, rather 
than the actual risk of VAD.

The wide variations in the VAD prevalence in Indian 
states are consistent with the regional dietary practices. Fur-
ther, the higher VAD prevalence in children and adolescents 
with poor socioeconomic indicators is to be expected, con-
sidering the lower nutrient-quality of foods in their dietary 
intake and their higher morbidity. That the prevalence of 
VAD correlated with each of these age groups across the 
states as well as the negative correlation trend of VAD 
with the states’ GDP, suggests an important role of socio-
economic status. Therefore, holistic societal strategies are 
needed to improve the quality of life, including the reduction 
of morbidity which predisposes children to multiple nutrient 
deficiencies and affects their growth.

In the present study, serum retinol concentrations 
increased, and VAD prevalence decreased in either gender 
between 5 and 19 years, except in females where the serum 
retinol concentrations tended to decrease beyond the age of 
11 years. This is similar to a study in Cambodian children 
and adolescents (6–18 y) which reported similar trends of 
increased serum retinol with age, the increase being pro-
portionally higher in boys than in girls [34]. Further, in 
the National Health and Nutrition Examination Survey 
(NHANES) survey, serum retinol concentrations in young 
girls (4–11 y) were found to be 0.07 µmol/L lower compared 
to boys [35]. It has also been reported that serum retinol con-
centrations were lower in adult females compared to males 
[36–38].

The retinol fortification of oil and milk in India, which 
is being rapidly scaled up since 2018, will contribute to the 
intakes of preformed VA [18]. When the intake of preformed 
VA from either fortified oil and/or milk is factored in either 
individually or in combination, the risk of dietary inade-
quacy reduced substantially, more so in children (6%) com-
pared to adolescents (17%), however, the risk of excessive 
intake beyond the TUL was increased to 3–6% in children, 
while it was 1% in adolescents. These results are consistent 
with our previous estimates of dietary inadequacy and exces-
sive intakes in under 5-year-old children due to additional 
intake from fortified foods [17]. However, there could be a 
potential social inequity in exposure to risk with fortified 
foods, as children with high SES might be affected more due 
to higher intakes of milk and oil, in addition to their habitual 
intakes, including from other fortified health beverages.

The results of the present analyses have profound impli-
cations for VA food fortification in India, as there is a 

proportion of children with some risk of excess intake, at 
least in some sections of the society. Indeed, in countries 
with long-term successful VA intervention including that of 
fortification of multiple foods, the risk of hypervitaminosis 
has already been recognised [39, 40]. VA in high doses is 
also known to interfere with other nutrients like calcium, to 
cause bone resorption and inhibit bone formation. A high 
intake of VA (retinyl palmitate) has been associated with 
the development of osteoporosis by antagonizing the rapid 
intestinal calcium response to physiological levels of vitamin 
D [41]. Studies in many Western countries have suggested 
that the current levels of VA supplementation and food for-
tification may need to be reassessed [42].

The need and definition of regulatory levels for food for-
tification are also dependent on three important considera-
tions. First is emerging evidence which suggests that the 
daily VA requirements may be lower than previously thought 
[30, 43]. Second, the ability of dietary carotene conversion 
to meet the daily requirement should be given more impor-
tance, since the regular consumption of vegetables and fruits 
have been shown to improve VA status [44, 45]. Therefore, 
concerted nutrition-sensitive agriculture and nutrition edu-
cation efforts should be made toward sustainable, afford-
able and wholesome food-based interventions (e.g., green 
leafy vegetables, dietary diversification). Third, a careful 
consideration of the ethical dimensions of public health, par-
ticularly of autonomy and equity, relating to ‘mandatory’ 
fortification is required, as this has been passed into law in 
India for oil fortification. While fortification does indeed 
reduce disparities when applied appropriately, health risk 
and disparities could be generated when mandatory forti-
fication results in the intake exceeding the TUL in some 
socioeconomic sections.

Strengths and limitations

The strength of the present study is its use of a large, quality 
controlled, recent and representative national sample, and 
triangulation of sub-clinical VAD with the risk of dietary 
VA inadequacy from large national surveys done in differ-
ent time periods. The limitation is that the biochemical and 
dietary data were not paired and data on retinol-binding pro-
tein concentration are not available.

In conclusion, these results, together with our previous 
findings on preschool-children, suggest that VAD is not a 
public health problem in India at the national level. There 
is a real possibility of the risk of exceeding the TUL for 
VA intake in a proportion of children; this calls for a care-
ful assessment of implications of VA food fortification with 
regard to deficiency and excess intake. Clearly, a dietary 
approach towards addressing VAD will be safer and ethi-
cally appropriate.
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