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Abstract

Objective: To assess the magnitude and determinants of vitamin A deficiency (VAD)
and coverage of vitamin A supplementation (VAS) among pre-school children.
Design: A community-based cross-sectional study was carried out by adopting
a multistage, stratified, random sampling procedure.
Setting: Rural areas of eight states in India.
Subjects: Pre-school children and their mothers were covered.
Results: A total of 71 591 pre-school children were clinically examined for ocular
signs of VAD. Serum retinol concentrations in dried blood spots were assessed in
a sub-sample of 3954 children using HPLC. The prevalence of Bitot spots was
0?8 %. The total ocular signs were significantly higher (P , 0?001) among boys
(2?6 %) compared with girls (1?9 %) and in older children (3–4 years) compared
(P , 0?001) with younger (1–2 years), and were also high in children of labourers,
scheduled castes and illiterate mothers. The odds of having Bitot spots was
highest in children of scheduled caste (OR 5 3?8; 95 % CI 2?9, 5?0), labourers
(OR 5 2?9; 95 % CI 2?1, 3?9), illiterate mothers (OR 5 2?7; 95 % CI 2?2, 2?3) and
households without a sanitary latrine (OR 5 5?9; 95 % CI 4?0, 8?7). Subclinical VAD
(serum retinol level ,20 mg/dl) was observed in 62 % of children. This was also
relatively high among scheduled caste and scheduled tribe children. The rate of
coverage of VAS was 58 %.
Conclusions: The study revealed that VAD is a major nutritional problem and
coverage of VAS was poor. The important determinants of VAD were illiteracy,
low socio-economic status, occupation and poor sanitation. Strengthening the
existing VAS programme and focused attention on dietary diversification are
essential for prevention of VAD.
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Determinants

Vitamin A deficiency (VAD) is the leading cause of pae-

diatric blindness and a major determinant of severe

infections and mortality among children in the develop-

ing world. There are an estimated 130 million pre-school

children with subclinical VAD defined by serum retinol

concentration of ,20 mg/dl or ,0?7 mmol/l(1). The ocular

signs of VAD include night blindness, conjunctival xero-

sis, Bitot spots, corneal ulceration, keratomalacia and total

blindness. Several studies have revealed that there is a

positive association between VAD and increased respira-

tory infections(2,3), diarrhoea, measles and childhood

mortality(4–9). VAD compromises the immune system in

40 % of children in the developing world and contributes

to one million deaths of young children each year(10,11).

VAD is the most common cause of preventable blind-

ness and is estimated to account for 2 % of total blindness

in India(12,13). According to WHO, about 60 000 children

go blind each year due to VAD in India(14,15). Considering

the implications of VAD among children, the Government

of India launched a massive-dose vitamin A supple-

mentation (VAS) programme in 1970. The programme is

sponsored by the Ministry of Health and Family Welfare,

Government of India and the beneficiaries include chil-

dren in the age group of 9–59 months. Administration of

the first two doses of VAS is linked to routine immunisa-

tion to improve its coverage(16) following the guidelines

of WHO. Under the programme, the first vitamin A dose

of 30 000 mg is administered along with the measles
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vaccination (9 months) while the second dose of 60 000 mg

is given with the booster dose of DPT (diphtheria, pertussis

and tetanus) and polio (15 months). Subsequent doses

are given twice annually up to the age of 5 years. The

programme is being implemented round the year.

Despite the existence of the VAS programme for more

than three decades, VAD still persists in many districts

and states of India(12) and this leads to a national debate

on the contribution of this programme to alleviating VAD.

However, a significant decline has been observed in

the prevalence of severe ocular forms of VAD such as

corneal ulcer and keratomalacia, while Bitot spots continues

to be a major public health problem among pre-school

children(17–22).

There are no large-scale community-based studies on

VAD at a national level, except sporadic studies on ocular

signs or subclinical VAD, in India. Such data are essential

to design various strategies for VAD prevention and

control. Therefore, the present study was carried out by

the National Nutrition Monitoring Bureau (NNMB) among

rural pre-school children in eight states during 2002–2005.

Part of the data of the study pertaining to the states of

Maharashtra, West Bengal and Madhya Pradesh has been

published elsewhere(23–26). An attempt has been made in

the present paper to arrive at the national estimates on the

prevalence and determinants of VAD.

Materials and methods

Sampling design

A community-based cross-sectional study was carried out

among rural pre-school children by adopting a multistage,

stratified, random sampling procedure in eight states,

i.e. Andhra Pradesh, Karnataka, Kerala, Madhya Pradesh,

Maharashtra, Orissa, Tamil Nadu and West Bengal, during

2002–2005 (Fig. 1). The NNMB has been carrying out

national surveys periodically on ‘diet and nutrition’ in ten

major states since 1975. The NNMB studies utilise robust

sampling procedures such that there is a probability of

about 75% of India’s population being included in the

study(19).

Computation of sample size

Ocular signs. A sample size of 8777 pre-school children

was arrived at for each state for determining clinical

VAD based on the prevalence of Bitot spots of 1 %(18) with

95 % confidence interval and a relative precision of 20 %.

*

8 states

India
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Madhya
Pradesh

Orissa West
Bengal

16 strata from each state 

1 3 4 5 6 10 161514131211
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One stratum: 1·8 million population based on agro-climatic condition

State-wise coverage of sample

7

8

Kerala

Tamil
Nadu

Karnataka Andhra
Pradesh

Maha-
rashtra

Madhya
Pradesh

Orissa West
Bengal

1 2 3 4 5 6

Kerala

Households 6080 7256 5302 6508 5740 5388 5733 6225
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Fig. 1 Flowchart of the sampling procedure of the community-based cross-sectional study carried out to determine the magnitude
and determinants of vitamin A deficiency and coverage of vitamin A supplementation among Indian pre-school children. *Blood
sample was obtained from every 20th child seen for clinical examination; yknowledge and practices (K&P) were assessed for every
25th mother. The coverage in Gujarat and Uttar Pradesh was ,50 % of the target sample and therefore the data of these two states
were not included in the present analysis
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A design effect of 2 was considered for national-level

estimation of sample size.

Serum retinol concentrations. No design effect was

considered for estimation of sample size for the pre-

valence of low serum retinol concentrations. A sample

size of 400 was considered for each state based on the

following parameters. We assumed 50 % prevalence of

low serum retinol concentrations ,20 mg/dl(4) with 95 %

confidence interval and a relative precision of 10 %.

Selection of strata

Each state was divided into twenty to fifty strata based on

agro-climatic variables and size of the population in the

state(27); one district or part of the district of population

1?8 million was considered as one stratum. For the pre-

sent study, a total of sixteen strata were randomly selected

from each state.

Selection of villages

From each stratum, five villages were randomly selected.

Thus, a total (sixteen strata 3 five villages) of eighty

villages were selected in each state (Fig. 1). The coverage

in two (Gujarat and Uttar Pradesh) out of the ten states

was ,50 % of target samples and, therefore, the data were

not included in the present analysis.

Selection of subjects

Each selected village was divided into five geographical

areas based on natural lanes or streets to give a spatial

representation of the village. Households belonging to

economically weaker sections of society such as sched-

uled caste/scheduled tribe (SC/ST) communities, who

generally live in a group, constituted one of the five areas.

All the households including pre-school children in each

geographical area were enumerated. The required num-

ber of children to be covered from each of the selected

villages was determined on the basis of probability pro-

portional to population size (PPS) of the village. The

required number of children was covered randomly from

all five geographical areas of the selected village. The first

household with a pre-school child was selected randomly

and the required number of children was covered con-

tiguously from each geographical area. All the mothers of

children from whom the blood samples collected were

covered for nutrition knowledge and practices related to

vitamin A.

Ethical issues

The study protocol, including the methodology, was

approved by the Scientific Advisory Committee of the

National Institute of Nutrition (Indian Council of Medical

Research; ICMR) and the Steering Committee of NNMB,

which consisted of public health specialists (medical),

epidemiologists, biostatisticians, nutritionists and social

scientists. The study was also approved by the Institu-

tional Ethical Review Board. Written informed consent

was obtained from either parent of all children covered in

the present study.

Training of the investigators

Each state team consisted of medical officers, nutritionists

and social workers. They were trained at a central refer-

ence laboratory (CRL) of NNMB for 3 weeks in identifi-

cation of signs and symptoms of VAD, data collection on

nutrition knowledge and practices of mothers, collection

of dried blood spots (DBS), and packing, storing and

transporting the same from the field to the laboratory.

Care was taken to achieve acceptable intra- and inter-

individual agreement within the team members and

between the state teams for all of the investigations pro-

posed in the present study. A mock survey was carried

out in respective states before initiation of the actual

survey. To ensure the quality of the data, frequent

supervisory visits were made by the team members.

Socio-economic and demographic characteristics

Information on household sociodemographic character-

istics such as community type, literacy status of parents,

occupation, type of house, size of land holding, type of

family, family size and availability of basic amenities

(drinking water, disposal of garbage and sanitary latrine)

were collected in all selected households with the help of

a pre-tested and validated proforma.

Community system in India

The Government of India has classified some of its citi-

zens based on their social and economic conditions as

scheduled caste (SC), scheduled tribe (ST) and other

backward classes (OBC). The SC and ST are Indian

population groups that are explicitly recognized by the

Indian Constitution and also often called ‘underprivileged

sections of the society’.

Clinical examination for ocular signs

Clinical examination for identification of ocular signs of

VAD such as conjunctival xerosis, Bitot spots, corneal

xerosis, corneal ulcer and keratomalacia was carried out

on a total of 71 591 pre-school children from 48 232

households by the trained investigators. History of night

blindness among pre-school children was also obtained

from their mothers, using local words for night blindness

(e.g. Recheekati, Rathondi). This information was also

elicited by asking mothers if their children had any diffi-

culty in playing and/or identifying objects in dim light,

especially at sunset.

Knowledge and practices

Information on knowledge and practices of 2681 mothers

of index children on signs and symptoms, causes and

consequences of VAD and causes of non-receipt of VAS

was also collected with the help of a pre-tested and

validated questionnaire.
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Collection of dried blood spots and estimation

of serum retinol

Free-flowing blood from finger puncture was collected in

an encircled area on special chromatography filter paper.

Two such drops of blood were collected on the same

filter paper from each subject. The blood spot was air

dried for 1 h in a box. The DBS samples were then

wrapped in black paper, packed in an envelope containing

desiccant and sent to CRL by courier, every third day. On

arrival, the samples were preserved in a deep freezer at

2208C until analysis. Retinol levels were estimated by the

HPLC method(28) at the National Facility for DBS Technology

established at the Institute and validated with Craft

Technologies, Wilson, NC, USA(29). The maximum duration

of storage of any sample before analysis was about

6 months. The stability of retinol in DBS was checked for

a period of about 1 year and samples were found to retain

retinol levels comparable to the initial levels.

Statistical methods

Data were analysed using the SPSS for Windows statistical

software package version 16?0?2 (SPSS Inc., Chicago, IL,

USA). Although the survey was carried out in ten states, due

to logistical problems the coverage in the states of Gujarat

and Uttar Pradesh was ,50% of target samples and therefore

these data were not included in the present analysis.

The data are presented in the form of prevalence of

VAD by age and gender. Bivariate analysis was performed

by the x2 test, to study the association between the pre-

valence of Bitot spots, low serum retinol levels and different

sociodemographic variables. Comparisons of means and

percentages between groups were made with the t test

where appropriate. The significance levels quoted are two-

tailed. Logistic regression analysis was carried out, after

adjusting for age, to assess the risk of developing Bitot spots

and variables such as community, religion, literacy status,

occupation and household amenities were included in

the equation as independent variables. Data presented in

the text include percentages, mean, standard deviation and

median values, and 95% confidence intervals. For all tests,

P , 0?05 was considered significant.

Results

Coverage and profile of the sample

A total of 71 591 children (51?2 % boys) were covered

from 48 232 households in eight states for clinical

assessment and a sub-sample of 3954 children for serum

retinol (Fig. 1). The majority of children (42?0 %) belon-

ged to OBC communities, followed by forward castes

(28?2 %) and more than a quarter of them belonged

to either SC (19?4 %) or ST (10?4 %). The proportion of

the underprivileged population (SC/ST) was very high in

the states of Madhya Pradesh (40?8 %) and West Bengal

(40?3%). In a majority of households, the major occupation

of the household head was labour (45?3 %), followed by

agriculture and service/business 1 others (27 % each).

The family size was two to four members in about half of

the households. Overall, the prevalence of illiterate adult

women was about 52 %, its proportion was very high in

the states of Madhya Pradesh (76?4 %) and Karnataka

(71?0 %). A sanitary latrine was present in about a quarter

of households, the prevalence being highest in the state

of Kerala and very low in Orissa (7?7 %) and Madhya

Pradesh (8?6 %; Table 1).

Ocular signs and symptoms of vitamin A

deficiency

State-wise prevalence of clinical signs and symptoms of

VAD among pre-school children is presented in Table 2.

The overall prevalence of night blindness, the earliest

symptom of VAD, was 0?3 % and it was highest in the

states of Maharashtra (1?1 %) and Madhya Pradesh

(0?8 %). The prevalence of conjunctival xerosis among

pre-school children was 1?8 % and it was highest in the

states of Madhya Pradesh (4?9 %), followed by West

Bengal (3?7 %) and Karnataka (2?2 %). Overall, the pre-

valence of Bitot spots was 0?8 %. In six out of eight states

surveyed, the prevalence of Bitot spots was higher than

0?5 %; it was the highest in the state of Madhya Pradesh

(1?4 %), followed by Maharashtra (1?3 %) and Andhra

Pradesh (1?2 %). The national-level prevalence of ocular

signs and symptoms of VAD was 2?3 %, being higher in

the states of Madhya Pradesh (6?6 %) and West Bengal

(3?8 %) compared with the other states.

The prevalence of VAD by age group and gender is

presented in Table 3. The prevalence of all forms of

Table 1 General characteristics of the pre-school children surveyed
in rural areas of eight states in India, 2002–2005

Variable n % P value

Gender
Boys 36 624 51?2 ,0?001
Girls 34 967 48?8

Community
Scheduled tribe- 7468 10?4 ,0?001
Scheduled caste- 13 886 19?4
Backward caste 30 023 42?0
Others-

-

20 214 28?2
Occupation of father

Labour 32 462 45?3 ,0?001
Cultivator 19 361 27?0
Service/business 14 207 19?9
Othersy 5561 7?8

Family size
2–4 32 807 45?8 ,0?001
$4 38 784 54?2

Adult female literacy
Illiterate 37 406 52?3 ,0?001
Literate 34 124 47?7

Sanitary latrine in the house
Absent 54 242 75?8 ,0?001
Present 17 349 24?2

-Socially underdeveloped and economically poor.
-

-

Forward caste.
yArtisan such as blacksmith, goldsmith, tailor, basket maker.
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clinical symptoms and signs of ocular VAD was sig-

nificantly (P , 0.001) higher among boys (2?6 %) com-

pared with girls (1?9 %) and was observed at all ages

(Fig. 2). The prevalence of Bitot spots increased with age

(0?1–1?4 %).

Mean serum retinol concentrations

The mean serum retinol concentration was 18?3 (SD 9?92)

mg/dl, ranging from 2 mg/dl to 90 mg/dl. No gender

differentials were observed in the mean retinol con-

centration. However, it was significantly (P , 0?05) lower

Table 2 Prevalence (%) of ocular signs and symptoms of vitamin A deficiency (VAD) by state among rural pre-school
children, India, 2002–2005

State n Night blindness Conjunctival xerosis Bitot spots Total VAD

Kerala 8329 0?0 0?1 0?0 0?1
Tamil Nadu 9197 0?1 0?2 0?5 0?6
Karnataka 8627 0?2 2?2 0?7 2?8
Andhra Pradesh 9327 0?2 1?3 1?2 2?1
Maharashtra 8646 1?1 1?3 1?3 1?9
Madhya Pradesh 8777 0?8 4?9 1?4 6?6
Orissa 9460 0?1 0?3 0?3 0?4
West Bengal 9228 0?2 3?7 0?6 3?8
Pooled 71 591 0?3 1?8 0?8 2?3

Table 3 Prevalence (%) of ocular signs and symptoms of vitamin A deficiency (VAD) by age and gender among rural
pre-school children, eight states in India, 2002–2005

Age/gender n Normal Night blindness Conjunctival xerosis Bitot spots Total VAD

Gender
Boys 36 624 97?4 0?4 2?1* 0?9* 2?6*
Girls 34 967 98?1 0?3 1?4 0?6 1?9

Age (years)
1 13 906 99?7 0?0a 0?2a 0?1a 0?3a

2 16 768 98?8 0?2b 1?0b 0?4b 1?2b

3 17 359 97?6 0?4c 1?8c 0?8c 2?4c

4 23 558 95?8 0?6d 3?2d 1?4d 4?2d

Pooled 71 591 97?7 0?3 1?8 0?8 2?3
P value – – ,0?001 ,0?001 ,0?001 ,0?001

a,b,c,dPrevalences within a column with unlike superscript letters were significantly different among ages (P , 0?001).
*Prevalence was significantly different from that in girls: P , 0?001.
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Fig. 2 Ocular prevalence of vitamin A deficiency (VAD) by age and gender ( , boys; , girls) among rural pre-school children, eight
states in India, 2002–2005. Gender differentials were observed in all age groups of children, except 1-year-olds (**P , 0?01;
***P , 0?001)
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among children above 4 years of age (17?5 mg/dl) com-

pared with younger ages (19?0 mg/dl).

Subclinical vitamin A deficiency

The overall prevalence of subclinical VAD (serum retinol

,20 mg/dl) among pre-school children was about 62 %

and it was significantly higher (P , 0?01) in the children

aged 4 years old (65.6 %) compared with all other ages

(58–60 %). There were no gender differentials observed in

the prevalence of serum retinol ,20 mg/dl (Table 4).

However, it varied from state to state and it was highest in

the states of Madhya Pradesh (88 %) and Kerala (79 %),

while it was lowest in Karnataka (52 %) and Tamil Nadu

(49 %). It increased with increasing age in all of the states,

except in Madhya Pradesh, Maharashtra and Orissa.

Determinants of vitamin A deficiency

Determinants of Bitot spots and serum retinol ,20 mg/dl

are presented in Table 5. The proportion of pre-school

children with Bitot spots was significantly higher

(P , 0?001) among ST and SC (1?2–1?4%) than in the other

communities (0?4–0?6%). The prevalence was significantly

higher (P , 0?001) among the children of labourers (1?0%),

illiterate mothers (1?1%) and households with larger family

size (0?9%).

The proportion of children with serum retinol ,20 mg/dl

was significantly higher (P , 0?05) among the children

belonging to ST (74?1%) than among all other communities

(58–63%). Children of illiterate mothers (62?8%) and in

households where the head’s occupation was service/

business (64?2%) or labour (62?7%) showed marginally

higher prevalences of serum retinol ,20 mg/dl.

The risk of VAD and its association with different

determinants (socio-economic factors) was compared

by calculating odds ratios with unconditional logistic

regression and adjusting for age and gender (Table 6).

The odds of having Bitot spots was significantly higher

among the pre-school children who belonged to SC

(OR 5 3?8; 95 % CI 2?9, 5?0) or ST (OR 5 3?1; 95 % CI 2?3,

4?2) compared with other communities after adjusting for

age. Similarly, the risk of Bitot spots was significantly

higher among children of Hindu religion (OR 5 3?0; 95 %

CI 1?9, 4?7) compared with the children of Muslims and

others. The risk was significantly higher among the chil-

dren of labourers (OR 5 2?9; 95 % CI 2?1, 3?9) compared

with other occupations. The odds of having Bitot spots

was significantly higher among children from households

with family size of more than four members (OR 5 1?5;

95 % CI 1?2, 1?8) compared with family size of two to four.

The odds of having Bitot spots was also significantly

higher among the children of illiterate mothers (OR 5 2.7;

95 % CI 2?2, 3?3) and children from households without a

sanitary latrine (OR 5 5?9; 95 % CI 4?0, 8?7). The odds

ratio for serum retinol ,20 mg/dl was 1?5 times higher

(OR 5 1?5; 95 % CI 1?0, 2?3) among children who did not

receive at least one dose of VAS compared with those

Table 5 Determinants of Bitot spots and subclinical vitamin A deficiency (VAD; serum retinol ,20 mg/dl) among rural
pre-school children, eight states in India, 2002–2005

Variable n Bitot spots (%) P value n Subclinical VAD (%) P value

Community
Scheduled tribe 7468 1?2 ,0?001 370 74?1 ,0?001
Scheduled caste 13 886 1?4 676 57?7
Backward caste 30 023 0?6 1646 62?9
Others- 20 214 0?4 1242 58?8

Occupation
Labourer 32 462 1?0 ,0?001 1762 62?7 0?088
Cultivators 19 361 0?6 1081 59?4
Service/business 14 207 0?4 794 64?2
Others-

-

5561 0?5 309 58?6
Family size

2–4 32 807 0?6 ,0?001 1795 60?5 0?143
$4 38 785 0?9 2139 62?8

Female literacy
Illiterate 37 406 1?1 ,0?001 2037 62?8 0?153
Literate 34 124 0?4 1897 60?6

-Forward caste.
-

-

Artisan such as blacksmith, goldsmith, tailor, basket maker.

Table 4 Serum retinol concentrations (mg/dl) and prevalence (%)
of subclinical vitamin A deficiency (VAD; serum retinol ,20 mg/dl)
by age and gender among rural pre-school children, eight states in
India, 2002–2005

Age/gender n Mean SD Median Subclinical VAD

Gender
Boys 1985 18?5 10?2 17?2 60?8
Girls 1949 18?0 9?6 16?5 62?8

Age (years)
1 562 19?0a 10?15 17?6 58?2a

2 929 18?4a 10?58 16?8 60?4a

3 1096 18?7a 10?13 17?4 60?1a

4 1347 17?5b 9?10 16?0 65?6b

Pooled 3954 18?3 9?92 16?8 61?8

a,bMean values within a column with unlike superscript letters were
significantly different among ages (P , 0?05).
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who received it. Similarly, it was double (OR 5 2?0; 95 %

CI 1?5, 2?6) among children of ST communities and 1?2

times higher (OR 5 1?2; 95 % CI 1?0, 1?4) among children

belonging to backward classes (Table 6).

Knowledge and practices of mothers

About half (41 %) of mothers of the pre-school children

were aware of night blindness followed by total blindness

(8 %) and Bitot’s spots (4 %) as the manifestations of

VAD. About 12 % of mothers attributed ocular signs and

symptoms of VAD due to vitamin A deficiency and 14 %

due to dietary inadequacy of vitamin A. About 10 % of the

mothers stated that VAD could be prevented through

dietary modification by including leafy vegetables, yellow

and orange coloured fruits, and animal foods in the diet

of the child. In the case of VAD, about a third of mothers

stated that they had consulted doctors for treatment.

About 58 % of mothers stated that their children had

received at least one dose of VAS during the preceding

year, while only a quarter of them had received the

stipulated two doses of vitamin A in the reporting year.

More than a third of mothers stated they were not aware

of the existence of the VAS programme and half of them

reported that their children were never offered the VAS

and that time and place of VAS were not convenient.

However, half of the mothers knew that VAS is beneficial

for eye health of the child. Only 13 % of mothers reported

they had received health and nutrition education on signs

and symptoms (5?3 %), the consequences of severe VAD

(4?4 %), the VAS programme (6?5 %) and the consumption

of green leafy vegetables and fruits (9?7 %).

Discussion

The present study, perhaps for the first time in India, has

provided a large database on the vitamin A status of rural

pre-school children by covering state-representative

samples. Although the prevalence of severe forms of

ocular signs such as corneal ulcers and keratomalacia has

in general become very rare, the milder forms of ocular

signs such as Bitot spots, conjunctival xerosis and night

blindness are still prevalent among children in developing

countries(30). In the present study the prevalence of Bitot

spots was above 0?5% in six out of eight states surveyed.

The lower prevalence of Bitot spots in the state of Orissa

may perhaps be due to the large coverage of children by the

VAS programme as a special drive along with pulse polio

immunisation during the period of the survey.

The prevalence of Bitot spots is in fact above the WHO

cut-off level for considering VAD as a public health pro-

blem and signifies that it is still a public health problem

among pre-school children of India(21,31). However, the

prevalence of ocular signs of VAD observed in Indian

states is lower than the figures reported from other

developing countries like Ethiopia (2?2 %) in Africa(32).

This may be due to the implementation of VAS.

The study revealed that although the prevalence of

ocular signs of VAD among pre-school children in rural

areas is low, the prevalence of subclinical VAD defined

by serum retinol ,20 mg/dl is extremely high (62 %).

A National Institute of Nutrition/WHO/UNICEF study

carried out in the same period also showed a high pre-

valence of low serum retinol levels in Orissa (63?8 %) and

Andhra Pradesh (52?3 %)(33). The prevalence of retinol

concentrations ,20 mg/dl was highest in the states of

Madhya Pradesh and Kerala compared with the remain-

ing states. These figures are higher than those in other

developing or underdeveloped countries like Sri Lanka

(8?2 %)(34), Columbia (14 %)(35), Nigeria (29?5 %)(36) and

Ethiopia (51 %)(32).

In developing countries, the major source of vitamin A

is through dietary intake of foods rich in provitamin A.

However various surveys have indicated that poor intakes

of animal-source foods and fruits and vegetables rich

in provitamin A carotenoids(37), coupled with a low fat

intake, results in VAD(35,38) especially among young

children(39).

The RDA(37) for retinol in pre-school children is 400 mg

or 3200 mg for b-carotene considering a conversion ratio

of 1:8. This is achievable through a sufficient intake of

Table 6 Risk factors associated with the prevalence of Bitot spots
and subclinical vitamin A deficiency (VAD; serum retinol ,20 mg/dl),
adjusted for and gender among rural pre-school children, eight states
in India, 2002–2005

Bitot spots Subclinical VAD

Variable OR 95% CI OR 95% CI

Community
Others- 1?0 1?0
Scheduled tribe 3?1* 2?3, 4?2 2?0* 1?5, 2?6
Scheduled caste 3?8* 2?9, 5?0 0?9 0?8, 1?1
Backward class 1?6* 1?9, 2?4 1?2* 1?0, 1?4

Religion
Muslim 1?0 1?0
Buddhist 0?9 0?4, 2?2 0?9 0?6, 1?5
Hindu 3?0* 1?9, 4?7 0?7* 0?5, 0?8

Occupation
Business/service 1?0 1?0
Labourer 2?9* 2?1, 3?9 0?9 0?8, 1?1
Cultivator 1?8* 1?3, 2?5 0?8* 0?7, 1?0
Others-

-

1?4 0?9, 2?3 0?8 0?6, 1?1
Family size

2–4 1?0 1?0
$4 1?5* 1?2, 1?8 1?1* 1?0, 1?3

Female literacy
Literate 1?0 1?0
Illiterate 2?7* 2?2, 3?3 1?1 0?9, 21?2

Sanitary latrine
Present 1?0 1?0
Absent 5?9* 4?0, 8?7 0?8* 0?7, 1?0

Vitamin A supplementation
Received 1?0 1?0
Not received 2?7 0?4, 16?7 1?5* 1?0, 2?3

*OR was significantly different from that of the reference category: P , 0?05.
-Forward caste.
-

-
Artisan such as blacksmith, goldsmith, tailor, basket maker.
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either animal foods or yellow fruits and vegetables, along

with an adequate amount of fat for micellarization,

absorption and bioconversion of b-carotene to vitamin A.

In the absence of informed dietary diversification, it may

be extremely difficult to meet the RDA for vitamin A in

pre-school children, necessitating VAS. Surveys carried

out in different parts of India suggest a low consumption

of these foods(40–42) and NNMB surveys have revealed

that 88 % of children are not meeting even 50 % of the

suggested dietary intake of vitamin A(37). Thus these diet

surveys are also supporting the need for VAS and to

enhance its coverage in India.

We observed a higher prevalence of VAD among chil-

dren of the older age group compared with younger age

groups. This may reflect a cumulative effect of poor

dietary intake and non-coverage in the older children for

VAS. This finding formed the basis for the Ministry of Health

and Family Welfare, Government of India to modify the VAS

programme by extending the age of beneficiaries from 36 to

59 months from 2007(43).

In developing countries, there are socio-economic and

cultural determinants that can also lead to low dietary

intakes, especially of micronutrients(37,40). The association

between the prevalence of Bitot spots and different

sociodemographic factors revealed that the prevalence

was significantly (P , 0?001) higher among children

belonging to socio-economically underdeveloped sections

of society such as SC/ST communities. Also, those pre-

school children residing in households with no sanitary

latrine had a higher prevalence of both ocular signs of

VAD and low serum retinol levels, observations that are

consistent with other studies(44).

The VAS programme for pre-school children has been

in operation in India for more than three decades but the

rate of coverage was reported as low(45). Children with

ocular signs of VAD have been reported to be at greater

risk of morbidity than those without(46). The effect of

VAS on morbidity and mortality has been controversial

because of the inconsistent results(6,47). This could be due

to the adoption of varying degrees of ocular signs of VAD

to define the impact and it is conceivable that VAS is likely

to have a greater effect in areas where VAD is highly

prevalent. However, considering the magnitude of both

ocular and low serum retinol levels in Indian states, it may

be logical to consider universal rather than targeted VAS.

Moreover, only a very small percentage (13 %) of the

mothers received nutrition education on VAD and most of

the mothers were unaware of the VAS programme. There-

fore there is a need to strengthen and devise innovative

methods of nutrition education.

It is well known that high morbidity rates in a population

can precipitate ocular signs of VAD by decreasing intake and

absorption, and increasing excretion, of retinol. Although we

have not assessed morbidity in the present study, based on

investigations carried out in the same population, a 5% rate

of acute morbidity like fever, diarrhoea, dysentery and

respiratory infections in 2001(20) and a 15% rate in 2005(22)

have been reported. Thus, morbidity may not be influencing

serum retinol to any significant extent.

According to the third National Family Health Survey

(2005–2006), the rate of national coverage for at least one

dose of vitamin A (linked with immunisation) is ,50%(48).

However, the national consultation on vitamin A recom-

mended strengthening of the ongoing VAS programme

linked with routine immunisation to achieve 90% coverage

for at least the first two doses(49).

The present results reiterate that VAD still exists as a

public health problem in India, the rate of VAS coverage is

very poor and dietary intakes of vitamin A are negligible.

There is a need for continued efforts to improve the

vitamin A status of pre-school children by strengthening

the existing VAS programme(50) and duly addressing the

logistical problems appropriately(51). VAS is the simplest

way to improve vitamin A status and is the favoured

strategy in areas where the problem is widely prevalent.

In countries like India, where deficiencies of multiple

micronutrients are not uncommon, supplementation with

multiple micronutrients may also be considered along

with dietary diversification, which would undoubtedly

be the most logical and sustainable strategy to prevent

VAD(52,53). Furthermore, fortified staple foods should be

considered in all of the supplementary feeding programmes

aimed at pre-school children(54).

Limitations of the study

C-reactive protein and worm load were not investigated

in the present study.
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