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Abstract

Objective: To examine the relationship between homestead food production and
night blindness among pre-school children in rural Bangladesh in the presence of
a national vitamin A supplementation programme.
Design: A cross-sectional study.
Setting: A population-based sample of six rural divisions of Bangladesh assessed
in the Bangladesh Nutrition Surveillance Project 2001–2005.
Subjects: A total of 158 898 children aged 12–59 months.
Results: The prevalence rates of night blindness in children among those who did
and did not receive vitamin A capsules in the last 6 months were 0?07 % and
0?13 %, respectively. Given the known effect of vitamin A supplementation on
night blindness, the analysis was stratified by children’s receipt of vitamin A
capsules in the last 6 months. Among children who did not receive vitamin A
capsules in the last 6 months, the lack of a home garden was associated with
increased odds of night blindness (OR 5 3?16, 95 % CI 1?76, 5?68; P 5 0?0001).
Among children who received vitamin A capsules in the last 6 months, the lack of
a home garden was not associated with night blindness (OR 5 1?28, 95 % CI 0?71,
2?31; P 5 0?4).
Conclusions: Homestead food production confers a protective effect against night
blindness among pre-school children who missed vitamin A supplementation in
rural Bangladesh.
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Vitamin A deficiency remains a global public health pro-

blem. WHO recently reported that an estimated 190 million

pre-school children are vitamin A deficient in low-income

countries(1). Night blindness is one of the most common

manifestations of vitamin A deficiency, which is associated

with a number of adverse health conditions such as decreased

immunity and increased mortality, especially from measles,

diarrhoea and malaria(2). Many developing countries utilize

complementary and overlapping strategies to reduce vita-

min A deficiency among children, as well as among other

members of the population, including periodic high-dose

vitamin A supplementation, fortification of foods with

vitamin A and promotion of homestead food production.

In Bangladesh, it has been shown previously that

locally produced fruit and vegetables rich in provitamin A

provide a valuable source of maternal vitamin A intake,

particularly in communities in which vitamin A-rich

food is scarce(3,4). In 2005, 65 % of households in rural

Bangladesh had a traditional home garden, and only

21 % had no garden(5). In addition, it has been shown in

South Africa that production of yellow and dark-green

leafy vegetables through the initiation of home-gardening

programmes significantly improved the vitamin A status

of pre-school children(6,7). In a national vitamin A survey

of 24 000 households in Bangladesh in 1997, it was shown

that possession of a home garden was associated with a

more than twofold reduced odds of having night blind-

ness, especially in mothers(8). The advantage of having

gardens is that even very poor and landless people can

produce food, whether it be on small patches of rented

homestead land, roof tops, in containers or on roadsides,

and with limited economic resources(8,9). Home gardens

may represent a more sustainable solution compared with

periodic high-dose vitamin A supplementation.
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Although the role of universal distribution of vitamin A

capsules in combating vitamin A deficiency in Bangladesh

is well known(10), the importance of home garden own-

ership has been less well characterized. We hypothesized

that, among children who did not receive vitamin A

recently, the risk of night blindness is greater in house-

holds that do not have a home garden compared with

those having a home garden. To address this hypothesis

we characterized the relationship between household

possession of a home garden and night blindness in

children in rural Bangladesh in the context of receiving or

not receiving vitamin A capsules.

Participants and methods

Data were collected from households that were selected

by the Nutrition Surveillance Project (NSP) in Bangladesh

from February 2001 through December 2005. The NSP

was based on the conceptual framework of UNICEF on

the causes of malnutrition(11), with the underlying prin-

ciple of providing information to guide policies and

programmes to improve nutrition in Bangladesh and

other developing countries(12). The NSP was established

by Helen Keller International and by the Institute of

Public Health Nutrition (IPHN) of the Government of

Bangladesh in 1989(13). The NSP was based on stratified

multistage cluster sampling of households in sub-districts

of administrative divisions of the country in rural areas

and slum areas of large cities. For the purpose of the

present analysis, only data from rural areas were con-

sidered. Rural data were collected from four sub-districts

of each of the six divisions of Bangladesh – Barisal,

Chittagong, Dhaka, Khulna, Rajshahi and Sylhet.

Although Chittagong Hill Tracts is administratively under

the Chittagong Division, the Hill Tracts were treated as a

special sampling frame to provide data specifically for

that area of the country for the purposes of the present

analysis. Data were collected every 2 months by two-

person field teams employed by the IPHN and various

non-governmental organizations. Throughout the period

of data collection, the sub-districts remained the same

but new households were selected for every round of

data collection. For each of the six divisions in each

round, four sub-districts were randomly chosen. From

each of the sub-districts fifteen mouza (administrative

districts) were randomly selected, and from each mouza

twenty-five households were systematically sampled. In

total, during each round, data were collected from about

10 500 households. A structured coded questionnaire

was used to record data on children aged 0–59 months,

including anthropometric measurements, date of birth

and sex. The mother of the child or any other adult

member of the household was asked to provide infor-

mation on the household’s composition, maternal age,

maternal education and weekly household expenditures,

along with other socio-economic, environmental, sanitation

and health indicators.

In the present study, families who had at least one

child aged 12–59 months were included. Families were

excluded if there was only one child ,12 months of age,

because night blindness is more difficult to assess in

infants. Birth dates of the children were obtained from

birth certificates or from other records. When not avail-

able, the birth dates were estimated using a calendar of

local and national events and converted to the Gregorian

calendar. In order to assess night blindness, data collectors

used local terms such as ‘ratkana’, ‘naitan’, ‘lali andha’,

‘aloandhari’, etc. They were also asked to mention symp-

toms of this problem to verify whether night blindness

was a familiar term in the area. This was used as a

clinical indicator of vitamin A deficiency. Children who

also had trouble seeing during the daytime were exclu-

ded. A history of night blindness has been shown to be a

reliable indicator of vitamin A deficiency, given that a

high proportion of children reporting night blindness

have low serum retinol levels also(14). In households

with more than one child having night blindness, only

the youngest was included (i.e. households were not

counted more than once). Families that were defined as

having a home garden in the last 12 months were those

who reported having a traditional garden, improved

garden or a developed garden in the last 12 months.

Traditional gardens typically grow seasonal gourd-type

vegetables in scattered plots, whereas improved gardens

are those that grow seasonal vegetables in fixed plots.

Developed gardens grow a wide variety of fruit and

vegetables (usually more than six varieties) throughout

the year.

The participation rate of families in the surveillance

system was .97 % and the main reason for non-response

was that the family had moved out of the area or was

absent at the time of interviews. Non-response because of

refusal to participate in the surveillance system was very

low (,1 %).

The study protocol complied with the principles

enunciated in the Helsinki Declaration(15). The field teams

were instructed to explain the purpose of the NSP and

data collection to each child’s mother or caregiver, and,

if present, to the father and/or household head; data

collection proceeded only after written informed consent

was obtained. Participation was voluntary and all parti-

cipants were free to withdraw at any stage of the inter-

view. The protocol was approved by the Ethical Review

Committee of the Bangladesh Medical Research Council,

and the plan for secondary data analysis was approved by

the Institutional Review Board of the Johns Hopkins

School of Medicine.

Categorical variables were compared using the x2 test.

Separate multivariable models were used to examine the

relationship between the family having a home garden

in the last 12 months and night blindness in children,
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stratified by the child’s receipt of vitamin A supple-

mentation in the last 6 months. Variables that were sig-

nificantly associated with night blindness in children were

included in the respective, final multivariable models.

Population-based weighting was used in all analyses to

account for differences in population size among the

various divisions. The level of significance in the present

study was P , 0?05.

Results

Of 158898 children aged 12–59 months in rural Bangladesh,

45606 (29%) did not receive vitamin A capsules in the last

6 months. Among children who did and did not receive

vitamin A capsules in the last 6 months, the proportions of

those with night blindness were 0?07% and 0?13%,

respectively. The demographic characteristics of house-

holds with and without night blindness in children are

shown in Table 1. Households with mothers who were

less educated, had younger children, had a lower weekly

per capita household expenditure and did not have

a home garden were more likely to have a child with

night blindness. The prevalence of night blindness was

highest in Barisal and Rajshahi and lowest in Dhaka and

Chittagong divisions.

Multivariable models are shown for the relationship

between having a home garden and night blindness in

children, stratified by receipt of vitamin A supplementa-

tion in the last 6 months (Table 2). Among children

who did not receive vitamin A, the lack of ownership

of a home garden was related to night blindness in a

Table 1 Risk factors for night blindness in children aged 12–59 months from families in rural Bangladesh

Non-vitamin A recipients Vitamin A recipients

Characteristic Cases/total % P Cases/total % P

Maternal age (years)
#22 11/11 199 0?1 0?34 14/25 864 0?1 0?6
23–26 14/12 772 0?1 20/32 578 0?1
27–30 16/9514 0?2 21/25 126 0?1
$31 20/12 112 0?2 19/29 677 0?1

Maternal education (years)
0 42/23 111 0?2 0?006 46/49 971 0?1 0?006
1–6 16/13 586 0?1 22/36 759 0?1
7–9 2/6478 0?03 4/19 065 0?02
$10 0/2100 0?0 2/6806 0?03

Ownership of a home garden in the last 12 months
No 20/9112 0?2 0?01 12/20 940 0?1 0?62
Yes 41/36 494 0?1 62/92 406 0?1

Garden type
None 30/8939 0?34 ,0?0001 20/21 118 0?09 0?85
Traditional 31/28 929 0?11 64/73 476 0?09
Improved 10/5394 0?19 15/15 520 0?10
Developed 3/1245 0?24 2/3818 0?05

Child’s sex
Female 31/21 922 0?1 0?67 35/54 115 0?1 0?94
Male 30/23 684 0?1 39/59 177 0?1

Child’s age (months)
12–23 11/14 542 0?1 0?07 10/28 215 0?04 0?04
24–35 18/11 410 0?2 20/30 859 0?1
36–47 19/9679 0?2 24/27 369 0?1
48–59 9/6969 0?1 19/19 194 0?1

Number of individuals eating food prepared from the same kitchen
0–4 20/16 080 0?1 0?69 28/40 107 0?1 0?66
.4 41/29 524 0?1 46/73 185 0?1

Weekly per capita household expenditure (quintiles)*
1 9/8421 0?1 0?65 19/19 003 0?1 0?15
2 11/8941 0?1 14/21 484 0?1
3 16/9282 0?2 18/23 204 0?1
4 15/9553 0?2 12/24 362 0?05
5 10/9408 0?1 11/25 239 0?04

Division of country
Barisal 6/5987 0?1 ,0?0001 11/16 776 0?1 0?007
Chittagong 3/6535 0?1 5/16 489 0?03
Chittagong Hill Tracts 11/6280 0?2 8/16 413 0?05
Dhaka 0/5409 0?0 6/16 945 0?04
Khulna 9/5760 0?2 11/16 694 0?1
Rajshahi 20/6330 0?3 22/16 823 0?1
Sylhet 12/9305 0?1 11/13 152 0?1

*Quintile 1 (the reference quintile) is the lowest and quintile 5 is the highest.
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multivariable logistic regression model adjusting for maternal

education, child’s age, weekly per capita household

expenditure, location, season of data collection, height-

for-age Z-score, diarrhoeal morbidity and breast-feeding

status. The relationship between having a home garden

and night blindness in children was not significant among

children who received vitamin A supplementation in

the last 6 months. Additional multivariable models were

performed to examine the relationship between garden

type and night blindness in children, stratified by receipt

of vitamin A supplementation in the last 6 months,

adjusting for potential confounders. Among children

who did not receive vitamin A, the risk of having night

blindness with a traditional, improved and developed

garden compared with no garden was: OR 5 0?30 (95 %

CI 0?16, 0?60; P 5 0?0002); OR 5 0?43 (95 % CI 0?19, 0?99;

P 5 0?05); and OR 5 0?35 (95 % CI 0?11, 1?16; P 5 0?09),

respectively. Among children who received vitamin A, the

risk of having night blindness with a traditional, improved

and developed garden compared with no garden was:

OR 5 0?72 (95 % CI 0?39, 1?32; P 5 0?29); OR 5 0?97 (95 %

CI 0?42, 2?25; P 5 0?94); and OR 5 1?01 (95 % CI 0?23,

4?54; P 5 0?98), respectively.

Discussion

The present study shows that the odds of night blindness

among pre-school children who had not received vitamin

A capsules were higher when the household did not

have a home garden. Conversely, no significant rela-

tionship was found between having a home garden and

night blindness among children who received high-dose

vitamin A capsules in the last 6 months.

These findings suggest that home gardens provide

added protection against clinical vitamin A deficiency

among children who miss vitamin A supplementation

through the national vitamin A supplementation pro-

gramme. The health benefits of homestead food produc-

tion include those from direct consumption of foods that

are good sources of vitamin A, either produced in the

garden directly or acquired with income generated from

selling some of the garden’s produce, or through reduced

morbidity created indirectly by the garden’s produce,

such as better health care, education, housing or clothes(8).

In addition, since homestead food production is tradi-

tionally a woman’s task, it can lead to empowerment of

women, which can result in an increase in the household’s

expenditure on food and health care(16). Home gardens

had no apparent protective effect against night blindness in

children who received vitamin A capsules, which suggests

that the capsules already provided sufficient vitamin A to

prevent night blindness. Because the vitamin A capsule

supplementation programme does not have 100% cover-

age and relies on government’s goodwill and financial

support, the combination of home gardens and vitamin A

capsule coverage is important for children and may be

more sustainable(17). As this concept has been shown only

in urban settings, there is a need for further substantiation

in rural environments. The home garden also provides

vitamin A to other household members. To provide ade-

quate amounts of vitamin A, however, animal sources of

vitamin A and fortified foods are also required because of

increased bioavailability and bioconversion(8).

Traditional gardens appear to confer the best protec-

tion from night blindness to children when compared

with other types of gardens and no garden at all.

Although one would expect the improved garden to be

associated with the best protection, it is possible that

there was limited power to consider this relationship

since it had the smallest sample size.

The prevalence of night blindness was lower among

children who received vitamin A capsules in the last

6 months. This observation is consistent with previous

studies that showed that vitamin A supplementation of

60 mg every 4–6 months reduces the appearance of new

cases of xerophthalmia among pre-school children by

60–90 %(18–21). Moreover, the prevalence of night blind-

ness among children who did not receive vitamin A

supplementation in the last 6 months was 0?13 %, which is

lower than previous estimates. For example, in 1982–1983

the prevalence of night blindness in children was 3?6 %

in rural settings and 2?8 % in urban settings(22). This could

be due to a number of factors. Over the past 20 years,

there has been increasing coverage of the vitamin A

capsule distribution project and improvements in overall

socio-economic status. Thus, even those children who

had not received vitamin A in the last 6 months could

have received vitamin A in previous rounds. This would

lead to an underestimation in the prevalence of the

condition and could mean that the present risk esti-

mates for the benefit of a home garden are potentially

larger than reported, making the current estimates of risk

conservative.

The analyses adjusted for factors that have previously

been associated with night blindness in children (i.e.

lower maternal education, younger children and location)

and also for differences in socio-economic status using

weekly per capita household expenditure. The associa-

tion between the family having a home garden in the last

12 months and night blindness in children was strong

Table 2 Separate multivariable models for the relationship of
ownership of a home garden in the last 12 months with night
blindness in children with and without vitamin A coverage in the last
6 months*

Vitamin A coverage OR 95 % CI P

Child received vitamin A 1?15 0?64, 2?07 0?6
Child did not receive vitamin A 2?77 1?55, 4?97 0?0006

*Separate multivariable models are each adjusted for maternal education,
child’s age, weekly per capita household expenditure, location, height-for-age
Z-score, season, diarrhoeal morbidity and breast-feeding status.
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among children without vitamin A supplementation even

after adjusting for these factors. The strengths of the

present study include the large sample size and a rela-

tively extensive database pertaining to demographic and

socio-economic indicators.

The present study has some limitations. The data from

the NSP are cross-sectional. There could be unmeasured

changes over time between ownership of a home garden

at the time the data were collected and the conditions that

originally led to the development of night blindness in

children. In an attempt to overcome this limitation, how-

ever, ownership of a home garden in the last 12 months

was chosen as the independent variable rather than current

ownership of a garden, even though both were available in

the NSP questionnaire. Further, the gap between produc-

tion and consumption of the products grown from home

gardens is unknown. This information will be valuable in

future studies in order to design policy more specifically.

Finally, although Bangladesh is fairly representative of

a rural economy in South Asia, findings from the present

study cannot necessarily be extrapolated to other coun-

tries. Future studies are needed to corroborate these find-

ings in other settings in developing countries.

In conclusion, the presence of a home garden reduced

the risk of night blindness among pre-school children,

but only among those who did not receive vitamin A

supplementation.
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