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Objectives: To evaluate the effect of vitamin A supplementation 24 h after delivery on breastmilk retinol
concentration.
Methods: Fifty low income women were randomly assigned to a single oral dose of 209 mmol of Vitamin A or
none at delivery. Maternal serum and breastmilk retinol levels and infant morbidity and anthropometry were
serially assessed.
Results: Mean (95% CI) serum retinol levels increased in the supplemented mothers at 2.77 (2.3, 3.2) compared
to 1.15 (0.9, 1.4) mmol/l in controls (P< 0.05) and remained at a signi®cantly higher level of 1.59
(1.4, 1.8) mmul/l compared to 1.33 (1.8, 1.5) mmol/l in the control group (P< 0.001) up to a period of three
months. Breastmilk retinol concentration was also greater at 24 h after supplementation, mean (CI) 11.34
(9.0, 13.7) mmol/l, compared to 2.95 (2.3, 3.6) mmol/l in the control group (P< 0.0001), and remained higher for
the next six months at 1.06 (0.9, ,1.3) mmol/l compared to 0.73 (0.6, 0.8) mmol/l in the control group (P< 0.02).
Infants of the supplemented mothers had reduced mean duration of respiratory tract infection of 3.1 (2.7, 3.5)
days compared to 3.7 (3.3, 4.2) days (P< 0.03) and mean incidence of febrile illness 0.1 (0.1, 0.1) compared to
control infants 0.3 (0.3, 0.3) days, (P< 0.002).
Conclusion: Vitamin A supplementation of malnourished mothers maintains higher breastmilk retinol con-
centration for at least six months and reduces the duration of respiratory tract infection and febrile illness in their
breastfed infants.
Sponsorship: The study was supported by the International Centre for Diarrhoeal Disease Research and the
United States Agency for International Development.
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Introduction

A close relationship exists between vitamin A de®ciency
and increased diarrhoeal morbidity and mortality in chil-
dren (Sommer et al, 1983). Moreover, vitamin A status may
be affected adversely by high incidence of diseases such as
diarrhoea, dysentery, measles and acute respiratory tract
infection (Sommer et al, 1987). Women in developing
countries have an average daily intake of vitamin A that
is less than half and average serum retinol that is less than
70% of the women in the developed countries respectively
(Newman, 1993). The vitamin A status of most newborn is
marginal, and those whose mothers have inadequate vita-
min A intake appear to be at particular risk (Shilali et al,
1989; Greene, 1991).

In a recent study of 85 primarily breastfed Bangladesh
infants 60% and 65% were observed to have a low vitamin
A status according to serum retinol and relative dose
response respectively (Wahed et al, 1996). In Bangladesh,
a signi®cant proportion of children suffer from moderate to
severe malnutrition (UNICEF, 1996) and a large proportion
(1.1%) of young children six months to 59 months suffer
from vitamin A de®ciency such as night blindness (HKI,
1995). Nearly 50% of the newborns in Bangladesh are of

low birth weight (Hassan et al, 1995) and are therefore
likely to be vitamin A de®cient as measured by hepatic
stores (Robinson et al, 1977). Protection of infants from
vitamin A de®ciency may be ensured by breast feeding
when there is adequate retinol concentration in the breast-
milk. The retinol concentration of mothers' milk is
adversely affected by a poor maternal nutritional status
and dietary intake. In this context, even breastfed infants
may not be protected from vitamin A de®ciency because of
a lower vitamin A content of their mothers milk. Malnour-
ished Bangladesh mothers have reduced breastmilk output
and a breastmilk of lower nutritive values including
reduced retinol concentration (Brown et al, 1986). It is
not known whether vitamin A supplementation to mal-
nourished mothers at delivery can improve retinol content
of breastmilk or result in any other bene®ts to the mothers
or their breasted infants. To examine the impact of post-
partum supplementation of a single megadose of vitamin A
on breastmilk, we conducted the following prospective,
randomized controlled trial with or without 209 mmol
(200 000 I.U.) of Vitamin A in a group of mothers from
a low-income peri-urban village near Dhaka city.

Materials and methods

Description of the study population
Nandipara is a densely populated peri-urban village situ-
ated ten kilometer northeast of Dhaka city with a popula-
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tion of approximately 3000 in an area of about four square
kilometers. The number of under-®ve children is about 500.
Among the inhabitants, 70% of men were day laborers,
20% were rickshaw pullers, 5% were carpenters and 5%
were service holders. Fifteen percent of the women were
day laborers and 85% were housewives. The average
income of a family was 1500 taka per month (1 US$�
Taka 42). Ninety percent of the women had no formal
school education and most of the houses had earthen walls
with thatched roofs. The average family size was 4.5.
Water and sanitation systems were poor with only 20%
of the people having hand-pump tube well water for
drinking and cooking, while the rest of the population
used water from ditches. Excreta disposal was indiscrimi-
nate.

Study groups A cohort of 50 pregnant women in their last
trimester aged 16±35 yr. from a low socioeconomic envir-
onment were selected for the study. Informed and written
consent were obtained after explanation of the study
procedure. Antenatal evaluation was conducted and tetanus
toxoid vaccine was given to all mothers by trained health
workers. Free delivery kits containing antiseptic devices
and the services of traditional birth attendants were made
available for the subjects in the study. Women were
randomly allocated to either the intervention or control
group. Subjects of the intervention group were supplemen-
ted with 209 mmol retinol at 24 h after delivery by a trained
health worker. Iron syrup was given (60 mg elemental iron
daily) to both treatment and control groups for a period of
nine months after delivery. Details of baseline information
of the mothers were collected by home visits in the
beginning of the study.

Collection of data

Anthropometry and morbidity Body weight and height of
the mothers were measured at delivery followed by
monthly weighing for the next nine months. Weight of
the women was taken by a Seca Balance (Seca Corp.
Columbia, MD, USA) with 100 g sensitivity and body
weights of the newborn babies and infants were taken
with a Salter scale (Salter Industrial Measurement Limited,
UK) with 100 g divisions. Body mass index of the women
(BMI) was calculated using the formula:

� Weight �kg�
Height �m�2

For collection of data on morbidity and taking anthropo-
metric measurements, one male and one female worker
(called health assistants) were previously trained in
ICDDR,B on accuracy in data collection, on morbidity
and anthropometry. They were again standardized by the
Principal Investigator and were rehearsed in the ®eld prior
to commencement of study. Local traditional birth atten-
dants were trained for providing antenatal, natal and post
natal care to the study participants. They were also trained
how to collect cord blood in dark glass tubes for the
purpose of retinol estimation. They collected the cord
blood only when the delivery was at home during very
late or early hours of the day (10 pm to 5 am). At all other
times the cord blood was collected by health workers and
sent to central laboratory at ICDDR,B. Venous blood
samples were always collected by the investigators. The

morbidity data on diarrhoea, fever, respiratory tract infec-
tions and other illnesses were recorded through alternate-
day home visits by health workers. Subjects were asked
about the presence of illness or that of infants. The health
workers recorded the presence of illness by examination at
each visit. Clinical services were made available for neces-
sary treatment of the study subjects through a weekly clinic
and when necessary.

De®nitions of illness: (Rahamatullah et al, 1991)

Episode of diarrhoea � 1 d in which � 3 stools of
watery or lose consistency or any loose stool with blood.

Episode of upper respiratory infection (URI) � 1 d of
cough or nasal discharge or purulent ear drainage.

Episode of lower respiratory infection (LRI) � 1 d of
combination of cough with indrawing of the lungs. Three
or more symptom-free days differentiate episodes of diar-
rhoea or respiratory tract infections.

Measles Clinical signs of maculopapular skin rash with
its typical distribution, and fever with cough, coryza or
conjunctivitis was de®ned as measles.

Fever Rise of body temperature above 39�C axillary for a
period of 48 h or more was de®ned as fever.

Vitamin A de®ciency (VAD) Vitamin A de®ciency in
mothers was regarded with the presence of night blindness,
bitot's spot, corneal xerosis or corneal ulcer. In infants up
to nine months, conjunctival xerosis, bitot's spots or
corneal ulcers were regarded as VAD.

Ear infection (a) Acute: serous/suppurative was charac-
terized by presence of earache (or persistent crying on
tugging at the ears) and examination with the otoscope
reveals a hyperemic, opaque bulging tympanic membranae
or purulent discharge. (b) Chronic: serous/mucoid/purulent:
Symptoms of dull pain for a long period, fever with
purulent discharging or otoscopic examination reveals
perforation of tympanic membrane with or without purulent
discharge.

Laboratory procedures
Three ml of cord blood was collected for pre-dose estima-
tion of retinol and retinol binding protein (RBP) approxi-
mately 24 h after delivery. Women randomized to the
intervention group were given a vitamin A capsule 24 h
after delivery and after the pre-dose collection of venous
blood. Post dose venous blood and breastmilk samples were
obtained after 24 h, one month, three months and nine
months for determination of retinol and retinol binding
protein. Breastmilk was collected at the middle of breast-
feeding between 9 and 11 am. Test tubes containing
breastmilk and blood samples were protected from expo-
sure to light, placed in a cool box, and transferred within
four hours to the central laboratory and stored at 720�C for
laboratory estimation at a later date. Dietary intake of
energy and vitamin A was estimated by a 24 h recall
method before collection of blood and breast-milk samples
of vitamin A. Food content of retinol equivalents and
energy were estimated from the Indian Food Tables (Gopa-
lan et al, 1982). Retinol concentrations of serum and
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breastmilk were estimated by spectrophotometry with stan-
dard precautions to prevent decomposition of retinol in
presence of oxygen and ultraviolet rays. The retinol stan-
dard was furnished as the USP reference standard. Retinol
in serum and breastmilk was quantitated according to the
modi®ed method of Neeld and Pearson, (1963) in which
vitamin A rests with a chromogenic solution (chloroform:
TFA, 2:1). Serum RBP was estimated by the gel diffusion
method in Partigen plates (Boehringer, Germany). A stan-
dard curve was prepared for each batch of samples. The
curve was linear and the intraassay variation was between
98±102%. To check the within batch variation, a pool
serum was used in seven different batches, and the coef®-
cient of variation was 4.2%. The reproducibility of the
assay was assessed using a serum of known value mixed
with a standard. The recovery percentage was between 95±
105%.

Data analysis
Data were checked by the investigators before entry into a
microcomputer and analyzed using SPSS/PC� software
package (USA). Group means were compared with the
student's t-test when distribution was normal and by a
Mann-Whitney U test when data was non-normally dis-
tributed. Statistical signi®cance was accepted at 5% prob-
ability.

Results

The supplemented and control groups were comparable
with respect to age, body weight, nutritional and socio-
economic status (Table 1). Study mothers were malnour-
ished as indicated by a mean body mass index of 18.3.
Infants born to mothers of both groups had comparable
birth weights (2.6 vs 2.7 kg, P� 0.08). The median dietary
intake of retinol equivalent before the collection of blood
samples was comparable between the control and supple-
mented groups (39 vs 43 mmol; P� 0.53) except at delivery
when the supplemented group had lower dietary intake due
to reduced intake by a larger proportion of subjects. Dietary
intake was substantially less during the delivery period and
there was a wide variation in dietary intake within the
groups. Mean cord blood retinol level was low at delivery
(0.72 vs 0.66 mmol/l) and increased at 24 h after delivery
(1.38 vs 1.18 mmol/l, P� 0.8) before supplementation.
After 24 h of supplementation, mean serum retinol levels
increased signi®cantly (2.77 vs 1.15 mmol/l; P< 0.0001)
and then gradually decreased. The mean increase of serum
retinol level remained signi®cantly higher up to a period of
three months in the supplemented group (1.59 vs
1.33 mmol/l, P< 0.05). After three months of supplementa-
tion, serum retinol levels remained comparable between the
groups (Table 2).

Breastmilk retinol concentration increased signi®cantly
to a higher concentration in supplemented mothers at 24 h
after the dose and was signi®cantly greater than the control
group. A gradual decline of retinol was observed in both
groups of mothers after birth, although in the supplemented
groups the mean retinol level in breastmilk was maintained
at a signi®cantly higher level until six months compared to
the unsupplemented women (Table 3). The body mass
index of the supplemented mothers remained comparable
with those of the unsupplemented mothers during the nine
month follow-up period (data not shown). Mean body
weight after delivery was 41.1 vs 39.3 kg (P� 0.8) respec-
tively for supplemented and control groups. There was no
signi®cant difference in body weights during the subse-
quent 9 months of follow-up. Serum retinol binding protein

Table 1 Comparison of baseline data between the supplemented and
control mothersy

Supplemented n� 25 Control n� 25

Age (y) 24.8 (22.7, 26.9) 22.7 (21.1, 24.3)
Body weight (kg) 41.1 (38.9, 43.3) 39.3 (37.4, 41.2)
BMI {Wt/Ht(m)2} 18.5 (18.2, 18.8) 18.0 (18, 18)
Income (Taka/month)a 1546 (1423, 1669) 1701 (1537, 1865)
Family size 5.0 (4.68, 5.32) 4.3 (3.9, 4.7)
Body Wt. (kg) of the newborn 2.6 (2.4, 2.8) 2.7 (2.5, 2.9)

a Taka 42�US$ 1.0.
yMean (95% con®dence interval).

Table 2 Comparison of serum vitamin A levels (mmol/l) between the supplemented and control mothers

Supplemented
(n� 25)

Control (n� 25) Statistical signi®cance
(P value)

Prior to supplementation 1.38 (1.22, 1.55) 1.18 (0.94, 1.41) 0.26
24 h after supplementation 2.77 (2.34, 3.20) 1.15 (0.92, 1.38) 0.0001
1 Month 1.97 (1.76, 2.18) 1.35 (1.12, 1.58) 0.001
3 Months 1.59 (1.43, 1.76) 1.33 (1.17, 1.49) 0.05
6 Months 1.54 (1.27, 1.80) 1.36 (1.22, 1.50) 0.24
9 Months 1.29 (1.13, 1.46) 1.35 (1.20, 1.50) 0.77

Mean (95% con®dence interval).

Table 3 Breastmilk retinol levels (mmol/l) of supplemented and control mothers

Supplemented
(n� 25)

Control
(n� 25)

Statistical signi®cance
(P value)

Prior to supplementation 3.20 (2.53, 3.88) 3.08 (2.24, 3.92) 0.99
24 h after supplementation 11.34 (8.95, 13.71 2.96 (2.29, 3.64) 0.0001
1 Month 1.92 (1.64, 2.20) 1.24 (0.99, 1.48) 0.001
3 Months 1.34 (1.12, 1.57) 1.12 (0.91, 1.34) 0.01
6 Months 1.06 (0.87, 1.27) 0.73 (0.64, 0.83) 0.02
9 Months 0.94 (0.76, 1.13) 1.09 (0.73, 1.46) 0.31
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(RBP) concentration in both the groups were comparable at
delivery (data not shown) and a gradual fall after the ®rst
month was noticed in both groups. As with body weight,
there were no signi®cant differences in RBP levels between
the groups during the nine month follow up period.

No signi®cant differences were observed in either the
number of episodes or in total days of diarrhoea, respiratory
tract infection or fever between the groups of mothers at
delivery or at any time during the follow up (Table 4).
Among other types of illnesses, a signi®cant number of
women in the control group developed pedal oedema
compared to none in the vitamin A supplemented group
(6 vs 0, P< 0.04). A high proportion of infants were
breastfed in both groups during the study period (92% vs
96% in supplemented and unsupplemented group respec-
tively).

The infants of supplemented mothers had signi®cantly
shorter episodes of respiratory tract infection (3.1 vs 3.7 d,
P� 0.03) compared to those of the control group (Table 5).
The infants of supplemented mothers also had a lower
mean number of episodes of fever (0.1 vs 0.3, P< 0.002).
However, there was no signi®cant impact of maternal
retinol supplementation on infant growth rate during the
nine month follow up period.

Discussion

Our study shows certain clear bene®ts of postpartum high
dose vitamin A supplementation to mothers and to their
breastfed infants. Yet there are some limitations of this
study which deserves consideration. Infant's serum retinol
levels were not determined as it was not considered suitable
in our ®eld condition. Secondly, the sample size might not
have been large enough to detect differences in incidence
and prevalence of infectious diseases in mothers or infants.
Lastly, the design of the study was randomized but not
placebo-controlled or masked. There was no bias in mor-
bidity data collection as the health workers were not aware
of the objective of the study. Further the retinol status of
blood or breastmilk were also unknown to the health
workers.

Potential health and nutrition bene®ts of Vitamin A
supplementation of adult women has not been thoroughly
evaluated. Vitamin A supplementation in adult populations
especially in lactating women of developing countries
highly endemic for infectious diseases combined with
dietary deprivation are dif®cult to evaluate. Moreover,
there is no available information on retinol metabolism in
malnourished women and the response to the demands of
lactation, stress and infection. Variable dietary intake of
provitamin A is likely to cause ¯uctuations in both blood
and breastmilk levels of retinol (Lesher et al, 1947)
although it was not apparent in the present study. In
addition, infectious diseases affect vitamin A metabolism,
and our study subjects were found to suffer from such
illness frequently.

This observation is similar to that of a study in Indone-
sian women who received a large dose of vitamin A
postpartum which resulted in an increased serum retinol
for six months and that was maintained for eight months
(Stoltfuz et al, 1993). The longer duration of improved
serum retinol in the Indonesian women compared to our
study population is most likely because the former received
a dose of vitamin A nearly 1.5 times greater than the
Bangladeshi mothers (312 mmol vs 209 mmol) and the
dose was given later (1±3 weeks) after delivery. Further,
the Indonesian women were not as vitamin A de®cient as
our subjects as indicated by baseline blood retinol concen-
trations.

Brown et al (1982) noted that Bangladesh infants
receive approximately 70% of their vitamin A requirements
from breastmilk. A sustained retinol concentration in
breastmilk for up to six months after maternal supplemen-
tation as in our subjects would therefore be expected to

Table 4 Comparison of cumulative morbidity between vitamin A
supplemented and control mothers

No. of cumulative episodes (Cumulative
duration of illness in days)

Diarrhoea RTI Fever

1 Month preceding delivery
supplemented Nil 8 (18) 2 (5)
control Nil 7 (53) 1 (8)

After supplementation
0±1 month

supplemented 3 (12) 15 (66) 6 (23)
control 2 (15) 11 (87) 4 (12)

0±3 months
supplemented 10 (27) 23 (82) 10 (30)
control 2 (15) 25 (125) 10 (28)

0±6 months
supplemented 12 (36) 39 (126) 17 (54)
control 5 (27) 49 (177) 19 (72)

0±9 months
supplemented 13 (42) 61 (261) 27 (162)
control 8 (52) 68 (262) 28 (110)

Table 5 Comparison of episodes of illnesses in children during the follow-up mean episodes/duration per child-week of
observation (95% con®dence interval)

Illness observation Supplemented child-weeks
n� 515

Unsupplemented child-weeks
n� 522

Statistical signi®cance
(P-value)

Diarrhoea episodes 0.12 (0.09, 0.15) 0.11 (0.08, 0.14) 0.59
Diarrhoea duration (days) 0.74 (0.53, 0.95) 0.71 (0.50, 0.92) 0.78
ARI episodes 0.42 (0.38 0.46) 0.45 (0.41, 0.49) 0.51
ARI duration 3.1 (2.7, 3.5) 3.7 (3.25, 4.15) 0.03
Febrile illness episodes 0.1 (0.09, 0.11) 0.3 (0.27, 0.30) < 0.002
Episodes of measles 0.004 (0, 0.01) 0.002 (0, 0.01) 0.55
Epsiode of vitamin A de®ciency 0.01 (0, 0.02) 0.02 (0, 0.04) 0.64
Episodes of ear infection 0.01 (0, 0.01) 0.01 (0, 0.02) 0.70
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provide substantial bene®ts to the infants since more than
85% of Bangladeshi infants continue to be breastfed
through the ®rst year of life (Baqui et al, 1993). Breastmilk
retinol declined during the ®rst month of lactation in both
the supplemented and unsupplemented groups and most
likely re¯ects the increased concentration of this as well as
many other nutrients known to exist in colostrum compared
to more mature breastmilk. Of interest, while the absolute
blood retinol concentrations were higher in the supplemen-
ted women, there was a pattern of decreasing serum retinol
concentration beginning at 24 h after the megadose that
continued through the third postpartum month in the
supplemented but not unsupplemented women. It is possi-
ble that this decline re¯ected an increased maternal utiliza-
tion of greater available vitamin A stores as the result of the
supplementation. Alternatively, it might be due to increased
mobilization and maternal loss of vitamin A stores through
breastmilk or perhaps to a reduction in RBP. The fall of
serum RBP concentrations in both groups of women might
also be ascribed to a diversion of protein synthesis toward
breastmilk proteins or perhaps to a relative state of protein
de®ciency due to the low intake of dietary protein in this
population (Hassan et al, 1990).

Vitamin A supplementation of older children is known
to reduce infectious disease mortality (Sommer et al, 1986;
Rahmatullah et al, 1990). While our sample size is too
small to thoroughly de®ne changes in morbidity due to our
intervention, we utilized a uniquely intensive alternate-day
surveillance to increase the sensitivity of the morbidity
assessment. The effect of the maternal vitamin A supple-
mentation on infant morbidity was mixed. The incidence of
ARI was comparable between the groups, but duration of
ARI was shorter in the infants of the supplemented mothers
suggesting improved recovery from ARI due to the supple-
mentation. Similarly, the incidence of unspeci®ed febrile
illness was less in infants of supplemented compared to
unsupplemented mothers. Adequate vitamin A nutriture is
known to be necessary for a variety of physiologic func-
tions that might explain the improved recovery, including
the maintenance of epithelium and normal immune func-
tion. While our study showed certain effects of supplemen-
tation on morbidity, no effect on mortality was apparent
given our study design. However, a recent study from this
Centre (ICDDR,B) documented signi®cant reduction in
mortality among exclusively and predominantly breasted
infants of mothers supplemented with high-dose vitamin A
after delivery (de Fransisco et al, 1994). This latter study
did not detect a reduction in morbidity in these infants most
likely because the collection of morbidity data was infre-
quent at monthly intervals. The observed reduction in
certain morbidity characteristics in our study is even
more striking given our small sample size, and implies a
strong effect of the maternal supplementation.

Concerns have been registered about employing high
dose vitamin A supplementation of young infants primarily
because of the potential for toxic symptoms (Gopalon C,
1994). In this regard, supplementation of mothers with a
large dose of vitamin A immediately after delivery as in our
study has shown a safer alternative public health strategy to
improve the vitamin A status of young infants. The promo-
tion of exclusive breastfeeding of infants, particularly
within the ®rst several months of life, would be additionally
important to realize maximum bene®ts of this strategy.
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