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(" Breast feeding and vitamin A deficiency among children attending a

diarrhoea treatment centre in Bangladesh: a case-control study/
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Abstract
Objective-To determine the effect of breast

feeding on the risk of xerophthalmia in children aged
6 months to 3 years attending a diarrhoea treatment
centre in Bangladesh.
Design-Case-control study based on stratified

analysis (Mantel-Haenszel) and multivariate analysis
(logistic regression) of data from a treatment centre
based surveillance system.
Setting-A large diarrhoea treatment centre in

Dhaka, Bangladesh.
Patients-2687 children aged 6 months to 3 years

representing a 4% systematic sample of all children
in this age group treated yearly at the centre over
three consecutive years. 66 of the children were
cases of xerophthalmia (that is, they had Bitot's
spots or corneal lesions or night blindness or
night blindness plus conjunctival xerosis or any
combination ofthese) and the remaining 2621 did not
have signs or symptoms of vitamin A deficiency.
This second group served as controls.
Main outcome measure-Xerophthalmia and

breast fed at onset of diarrhoea or presentation.
Results-The odds ratio relating breast feeding to

vitamin A deficiency after adjustment for a large
number of confounding variables (0-26 (95% confi-
dence interval 0-14 to 0.49); p<0-001) reflected a
74% reduction in the risk of vitamin A deficiency
among breast fed children. The estimated reduction
of risk did not decline with age, and some 49% of
children aged 24-35 months were still being breast
fed. The odds ratio relating breast feeding to
xerophthalmia in the third year of life (0.35 (95%
confidence interval 0-35 to 0.86) reflected a 65%
reduced risk ofvitamin A deficiency. Other important
risk factors or prognostic indicators for xeroph-
thalmia as identified by multivariate analysis were
recent measles, prolonged diarrhoea, severe protein
energy malnutrition, and poor socioeconomic
state.
Conclusions-These results indicate that breast

feeding was associated with a substantial reduction
of the risk of vitamin A deficiency extending to the
third year of life and support the recommendation
that mothers in developing countries should be
advised to breast feed for as long as possible.
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Introduction
Nutritional blindness due to vitamin A deficiency is

an important public health problem in Bangladesh' as
in many other developing countries. In a prospective
study in Bangladesh the prevalence of active corneal
lesions was 10 times the 1/10 000 World Health
Organisation's public health threshold.' Every year
worldwide an estimated 10 million children under the
age of 6 years develop some degree of xerophthalmia
and about a million of them go blind.' Furthermore,
two studies in Indonesia showed that children with
mild signs of vitamin A deficiency have a substantially
higher mortality than children who do not have such
signs4 and that vitamin A supplementation at the
community level reduces mortality by 30% compared

with controls. Hence evaluation of factors which
protect a child from vitamin A deficiency assumes great
importance. I report a case-control study in which
multivariate analysis was used to examine the effect of
breast feeding on the risk of xerophthalmia in children
attending a diarrhoea treatment centre in Bangladesh.

Subjects and methods
Detailed information on a systematic sample of 4%

of all patients-that is, every 25th of 60 000 to 90 000
patients a year-attending a diarrhoea treatment centre
of the International Centre for Diarrhoeal Disease
Research, Bangladesh (ICDDR,B), in Dhaka has been
maintained since 1980 as a special research project on a
hospital based surveillance system.6 Methods of data
collection have been described.6 Patients are treated in
an outpatient area. Those who require further care are
admitted to a short stay treatment unit or to a hospital
ward if longer stay or more complicated care is thought
necessary.

After initial care the patient or a guardian is inter-
viewed by a specially trained health assistant and
uniform information on sociodemographic features,
antecedent history, prevailing symptoms, and previous
treatment recorded. A doctor performs a physical
examination at the time of admission and records the
data on a form. Each patient is weighed and measured
before discharge. A rectal swab for culture and a stool
sample for microscopy are sent to the laboratory. If a
patient is admitted additional details are recorded on a
form until discharge. Data forms are then carefully
checked by experienced health workers and entered
into a mainframe computer (IBM System 34). Specially
trained staff have been assigned exclusively to this
project.
A large poor community in the city of metropolitan

Dhaka uses this centre for the primary treatment of
diarrhoea as services are free (including meals) and no
other hospital in the city admits patients with diarrhoea
or dysentery. Therefore, these patients largely repre-
sent the urban poor. All children aged 6-35 months
entered into the surveillance system during 1983-5
were included in this analysis. A total of 3208 children
were evaluated. Patients with Bitot's spots or corneal
lesions or night blindness plus conjunctival xerosis or
night blindness and any combination of these were
cases of vitamin A deficiency. In an earlier study of this
population night blindness was a useful indicator of
vitamin A deficiency.7 To minimise misclassification
bias 161 patients with only conjunctival xerosis were
excluded from the analysis. Controls were all other
children in whom signs of xerophthalmia were
absent.

STATISTICS AND CONFOUNDING VARIABLES

Data from the mainframe computer were down-
loaded into a microcomputer and validated by visual
and logical checks by using the statistical package for
the social sciences (SPSS) PC+ and then analysed for
crude odds ratio and Mantel-Haenszel statistics' by
using the software EPI INFO (Centers for Disease
Control, Atlanta, Georgia). Unconditional logistic
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regression analyses were carried out with the software
EGRET (epidemiological graphics, estimation, and
testing package).

For calculating sample size we considered the effect
of lack of breast feeding on the risk of xerophthalmia
and wished to detect an odds ratio of 3 0 with a power
of 80% at the 5% level of significance. One fifth of the
mothers did not breast feed, so we needed 87 cases
(including an allowance of 25% for confounders) for
one control per case. For multivariate analysis 66 cases
and 2621 controls were available. We were therefore
restricted to 66 cases but had many more controls. If
we included all the controls we then needed only
44 cases. If we wished to detect a smaller odds ratio of
2-5 then the calculated number of cases was 65 when
using all available controls. Therefore, with the avail-
able number of cases and controls we calculated that we
should be able to detect an odds ratio of 2 5 for the
effect of lack of breast feeding on xerophthalmia in
these children. In other words, using all the available
cases and controls we should be able to detect a
reduction in the risk of vitamin A deficiency of 60% or
more.
A crude odds ratio was calculated for the association

between breast feeding and vitamin A deficiency signs
(xerophthalmia). This 2 x 2 table was then stratified by
each of the likely confounding variables one at a time
and a Mantel-Haenszel summary odds ratio calculated
and compared with the crude odds ratio.8 Confounders
for which the Mantel-Haenszel odds ratio deviated
from the crude odds ratio were then entered into an
unconditional logistic regression model. In addition,
variables thought to be biologically plausible con-
founders but which did not meet the above criteria
were also entered into the model. The logistic regression
analysis included 2687 children (66 cases, 2621 con-
trols). Of 360 patients who could not be included
because of incomplete records, 11 had xerophthalmia
and in 70 information on breast feeding was missing.
Breast fed children were those who were either ex-
clusively breast fed or receiving other foods in addition.
Non-breast fed children were those who were not
receiving any breast milk at the time of onset of the
current illness.

Confounding variables adjusted for (see table) were
age, nutritional state, family income, duration of
diarrhoea, mother's education, use of contaminated
surface water for any purpose, recent history of
measles, concomitant chest infection, dehydration,

Multivaniate analysis ofbreastfeeding and reduced nisk ofvitamin A deficiency in children aged 6-35 months
attending treatment centre for diarrhoea in Dhaka, Bangladesh*

Odds ratio
Explanatory variable* (95% confidence interval) p Value

Breast fedt (variable of interest) 0-26 (0-14 to 0 49) <0 001
Older age:

24-35 months 3-8 (1-6 to 8 9) 0-002
12-23months 1-8(0-8to40) 0-163
(Reference category 6-1 1 months)

Malnutrition (% National Centre for Health Statistics median):
<60% weight for age 3-8 (1-8 to 8-0) <0-001
60-70% weight for age 0-72 (0 28 to 1 8) 0 5
(Reference category >70%)

Poverty (family income <£17 per month) 2-64 (1-3 to 55) 0 009
Diarrhoea duration:
>14 days 3 5 (1-8 to 6 8) <0-001
10-14 days 5-3 (2-2 to 12-5) <0-001
(Reference category 69 days)

Used contaminated surface water for any purpose 1-6 (0 9 to 3-0) 0-123
Lack of mother's education (no formal school education) 2-2 (0-9 to 51) 0-076
Measles in recent past 3-5 (1-6 to 7-6) 0-002
Concomitant chest infection 2-7 (1-3 to 6- 1) 0-006
Presence of stomatitis 1-7 (0 7 to 4 2) 0-222
Moderate or severe dehydration 0-68 (0 35 to 1-26) 0-218
Female sex 0-79 (0-43 to 1-46) 0-461
Shigellosis 1 1 (049to2-26) 0-889

Constant term -5906.
Likelihood ratio statistic on 16 degrees of freedom = 3331 62; p<0001.
*Logistic regression model. Xerophthalmia was dependent variable.
tDefined as children who were exclusively breast fed or who continued breast feeding but were receiving other foods
at time of attendance at treatment centre or up to time of onset of current illness.
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Percentages of breast fed controls and vitamin A deficient children in
three age groups. Crude odds ratios for association between breast
feeding and vitamin A deficiency in age groups 6-11 months, 12-23
months, and 24-35 months were 0 33, 0-27, and 0 35 respectively.
Age stratified Mantel-Haenszel summary odds ratio for association
between breast feeding and vitamin A deficiency 0-32 (95% confidence
interval 0 18 to 0-55)

presence of stomatitis, sex, and positive stoool culture
for shigellas.

Results
Of the 66 children (2 1% of all 3208 evaluated) with

xerophthalmia, eight had corneal lesions, 12 Bitot's
spots, three both Bitot's spots and night blindness, 23
conjunctival xerosis plus night blindness, and 20 night
blindness alone. The youngest child with night blind-
ness was aged 12 months. Overall, roughly 2415 (81%)
controls and 30 (46%) vitamin A deficient children
were currently being breast fed. The unadjusted odds
ratio indicated that breast feeding was associated with a
reduced risk ofvitamin A deficiency signs ofabout 80%
(odds ratio 0 20; 95% confidence interval 0-12 to 0 34).
After adjusting for a large number of confounders in
the logistic regression model (table) breast feeding was
still associated with a 74% reduction (odds ratio 0-26;
95% confidence interval 0-14 to 0 49) in vitamin A
deficiency signs.

In children with increasing age the proportion with
vitamin A deficiency signs increased and the rate of
breast feeding decreased. Age stratified breast feeding
rates, however, were consistently higher in controls
than in vitamin A deficient children (figure). The odds
ratios relating breast feeding to vitamin A deficiency
for age groups 6-11 months (0 33; 95% confidence
interval 0 09 to 1-27), 12-23 months (0 27; 0-11 to
0-67), and 24-35 months (0-35; 0 35 to 0-86) reflected a
67-73% reduced risk of vitamin A deficiency in breast
fed children in these age categories.

In children who did not have a recent history of
measles the odds ratio relating breast feeding to
xerophthalmia was 0-17 (95% confidence interval 0-10
to 0-31), which reflected an 83% reduced risk. In those
who had had measles recently, however, the odds ratio
was 0-42 (95% confidence interval 0-10 to 1 81),
reflecting only a 58% reduced risk and indicating that
recent measles could overwhelm the protective effect
of breast feeding. Similarly, in children with a short
duration of diarrhoea (nine days or less) the odds ratio
was 0-18 (95% confidence interval 0 09 to 0 04)
whereas in persistent diarrhoea (duration over 14 days)
the odds ratio was 0 30 (0 -12 to 0 76).
The same trend was shown for concomitant chest

infection. In children without chest infection the odds
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ratio was 0-17 (95% confidence interval 0-09 to 0 31)
whereas in those with chest infection the odds ratio was
0 30 (0 09 to 1 01). In children with severe protein
energy malnutrition (less than 60% of weight for age)
the odds ratio was 0 27 (95% confidence interval 0 14
to 0-54) whereas in better nourished children (over
70% of weight for age) the odds ratio was 010 (0-03
to 0 37). As expected, in the multivariate analysis
these variables were also significant risk factors for
xerophthalmia.

Discussion
Breast feeding is generally regarded as protective

against xerophthalmia in infants and young children.9
At least two reports have provided evidence on the
association between lack of breast feeding and the risk
ofxerophthalmia in children. In Indonesia 358 children
under 5 years of age with Bitot's spots were compared
with 340 age and sex matched controls and also with
34 576 clinically normal children under 5 years of age
representing 96% of urban slum and rural preschool
children. The authors found that breast feeding was
less common in the children with Bitot's spots than in
controls (p<0 001)."'
We further analysed these data of Tarwotjo et al'°

using a Mantel-Haenszel procedure,' and the results
were revealing. The age stratified summary odds ratio
(Mantel-Haenszel) for an association between Bitot's
spots and lack of breast feeding was 2-82 (95%
confidence interval 1 52 to 5 74) when cases were
compared with age and sex matched controls and 3 8
(2-96 to 8-8) when compared with the much larger
group ofcommunity controls. These findings indicated
a threefold to fourfold increased risk of vitamin A
deficiency in non-breast fed children. Confounding
effects of variables other than age and sex were not
evaluated. The results, however, were similar to ours
from logistic regression analysis of the surveillance
data-namely, lack of breast feeding was associated
with about a fourfold increased risk of vitamin A
deficiency.after adjusting for a large number of con-
founders.

In a case-control study on the association of xeroph-
thalmia with breast feeding and weaning patterns in
children aged 24-71 months in southern Malawi 152
children with xerophthalmia were compared with 151
clinically normal children matched for age (within 12
months), sex, and village of residence." Children
with xerophthalmia had begun weaning with porridge
sooner (p=005), had stopped breast feeding earlier
(p<0-01 for 24-47 months old), had a shorter weaning
interval- that is, the duration between the introduction
of porridge and stopping breast feeding-(p<0 005),
and had been fully weaned longer (p<0025) than
controls. These findings imply a protective role of
breast feeding against xerophthalmia in early childhood
but give no estimate of its magnitude.

EFFECT OF POSSIBLE MISCLASSIFICATION OF CASES

This study included children with night blindness
only among the cases of vitamin A deficiency, which
raises the possibility of misclassification of cases. Three
questions must therefore be answered, concerning (a)
the reliability of ascertaining night blindness in young
children, (b) the reliability of night blindness as an
indicator of vitamin A deficiency, and (c) the effect
of misclassification on the analysis of results. The
youngest child in the series with night blindness was 1
year old.

Night blindness (commonly called "Rat kana"
locally) is well recognised in the Indian subcontinent.
On careful questioning of parents (as routinely done by
experienced interviewers in this surveillance project) a
history of night blindness in young children is usually

qualified by statements that the child is unable to find
or reach for familiar objects at night. Hence the
population's awareness of the condition together with
careful interview techniques assure a high degree of
accuracy in ascertaining night blindness. Similar
findings were reported by Sinha and Bang in a
prospective community study. 12

Night blindness is a recognised complication of
xerophthalmia (coded XN in the international classifi-
cation),'2a and one validation study has been conducted
in this population.' In the absence of practical and
objective measures of dark adaptation (a function
known to be affected by vitamin A deficiency) and
given that vitamin A deficiency is hyperendemic in this
population a carefully elicited history ofnight blindness
in the absence of any eye disease may be considered to
be a generally reliable indicator ofvitamin A deficiency.
It remains possible, however, that a few children with
night blindness may not have had vitamin A deficiency
and were therefore misclassified as cases.
What would be the effect of misclassification on the

results of this case-control analysis? In general terms
random and independent errors of classification tend to
diminish the apparent degree of association between
two variables."3 14 The effect of classifying a non-case
as a case would be to bias the estimate of the odds
ratio towards unity." This will always be true if the
misclassification is non-differential-that is, the
probability of a child being wrongly classified as a case
being independent of whether the child is breast fed or
not. Hence if such misclassification occurred in this
study the measured protection by breast feeding would
be underestimated.

This paper reports a semiquantitative estimate of the
role of breast feeding in preventing xerophthalmia in
children using multivariate analysis and adjusting for a
large number of confounding variables. Subjects were
an unbiased sample of patients attending a treatment
centre for diarrhoea which provides primary care to a
large poor urban population. In the absence of any
other free hospital in the city which admits patients
with diarrhoea and dysentery an overwhelming major-
ity of the urban poor with diarrhoea have no option but
to attend this treatment centre. The results of the
analysis are therefore generally applicable to the urban
poor.

Vitamin A deficiency is hyperendemic in Bang-
ladesh.l Hence the estimated association between
breast feeding and vitamin A deficiency was likely to be
conservative because some children in the control
group probably had subclinical vitamin A deficiency.
Furthermore, the control group included children who
had stopped breast feeding at variable intervals after
birth, so that some of those who had stopped recently
may have been partially protected."

CAUSE AND EFFECT RELATION

In Bangladesh a large proportion of children are
breast fed for long periods. In this sample nearly 49%
of children aged 24-35 months were still being breast
fed. Thus in terms of the whole population the effect
of breast feeding in reducing vitamin A deficiency
should be substantial provided that a cause and effect
relation exists. A cause and effect relation is plausible
because (a) breast feeding would precede the develop-
ment of vitamin A deficiency for the obvious reason
that breast feeding starts soon after birth, (b) mothers'
milk contains a substantial amount of vitamin A," and
(c) even older breast fed children may be receiving as
much as 400-600 ml mothers' milk a day. "7I
A recent study showed that the vitamin A concen-

tration in the breast milk of poor mothers in periurban
Bangladesh may be as high as 10-1 44tmol/l,22 so an
estimated average intake of, say, 400 ml breast milk a
day could provide at least 30-40% of a child's daily
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requirement of vitamin A. In Bangladesh green leafv
vegetables are considered inappropriate food for
young children, but not for adults. Also, these food
items are regarded as inferior. In a male dominated
society, therefore, women are likely to consume more
of green leafy vegetables while men consume more of
socially attractive foods.

This case-control study used an analytical approach
to evaluate the role of breast feeding. The multivariate
analysis (table), however, also showed several other
factors to have a strong association with xerophthalmia
in children. A confounding variable was also a risk
factor for the study disease (xerophthalmia) and was
associated with the study variable of primarv interest
(breast feeding). The odds ratio associated with any
particular confounding variable in the logistic model
(table) was therefore interpreted to indicate the degree
of its association with xerophthalmia. The risk of
xerophthalmia was 3 5 times higher (p=0002) in
children with a recent history of measles, 3-8 times
higher in severely malnourished children (p<0001),
and 2-7 times higher (p=0006) in children with
concomitant chest infection. With respect to socio-
economic factors xerophthalmia was 2 6 times higher
(p=0O009) in children from low income families and
2 2 times higher (p=0076) in children of illiterate
mothers. The estimated relative risk for each of the
above factors was adjusted for all other factors in the
logistic model. This analysis therefore identified several
other important risk factors or prognostic indicators
for xerophthalmia in children. Altogether 30 (46%) of
the children with xerophthalmia were being breast fed.
Possible explanations for lack of protection in these
children included infections like measles and acute
respiratory infections, which might overwhelm the
protective effect; that they were receiving much smaller
amounts of breast milk; and that the vitamin A
concentration in the mothers' milk was low (presum-
ably owing to deficient intake hy'the mother).

Conclusion
In conclusion a strong positive association was found

between breast feeding and lack of xerophthalmia up to
3 years of age after adjusting for a large number of
likely confounders. A cause and effect relation was
suggested by the temporal sequence, consistency with
other reports, strength of the association after adjusting
for likely confounders, and obvious biological plausi-
bility (the vitamin A concentration in mothers' milk).
Breast feeding may also indirectly prevent vitamin A
deficiency by protecting the child against recurrent
infections like diarrhoea and acute respiratory tract
infection.

In this poor urban population of Bangladesh the
prevalence of breast feeding up to the third year of life
was remarkably high. It is therefore likely that any
substantial reduction in the rate of prolonged breast
feeding might lead to a pronounced increase in the
prevalence of xerophthalmia. This has important
implications for the promotion of breast feeding and
its duration and supports the conclusion of a recent
review on breast feeding and child survival that
underprivileged mothers should be advised to breast
feed for as long as possible.23 To enable mothers to
effectively breast feed for a long period it is important
to promote child spacing, which has other obvious
benefits. A recent suggestion that breast feeding should
stop at around 18 months"4 is not appropriate for
Bangladesh and other developing countries where
vitamin A deficiency is endemic.
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