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Abstract

Vitamin A deficiency (VAD) is increasingly being recognized as a public health
problem among pregnant and lactating women in developing countries.
Programs which emphasize increasing the production and consumption of
locally available carotenoid-rich foods represent a long-term strategy to
prevent VAD and promote reproductive health. Consumption of carotenoid-
rich foods has long been considered to maintain adequate vitamin A status;
however, this tenet has been recently challenged by studies showing lack of
apparent improvement of vitamin A status to dietary interventions that
routinely provide foods containing provitamin A carotenoids. This lack of
effect could be real or due to poor responsiveness of presently used
biochemical indicators of vitamin A status. This proposed study will be a
randomized trial to evaluate the efficacy of consuming provitamin A-rich
foods in one prepared, on-site meal per weekday for 3 months on total body
vitamin A stores and other aspects of vitamin A status in marginally
nourished lactating women in rural Northeast Thailand. Approximately 400
lactating women, 2-18 months post-partum, will be screened in the
population for marginal vitamin A status by a tier of indicators beginning from
low intake or history of night blindness or impaired dark adaptability followed
by low serum retinol (<0.70 umol/L). Their marginal vitamin A status will be
confirmed by the modified relative dose response test (MRDR > 0.06) at
baseline period. Assuming a prevalence of low serum retinol of ~20%, 90
women will be identified and recruited, matched by serum retinol and month
post-partum (± 1 month) and randomized in a block fashion into three groups
(n, =30) to receive daily cooked (fat-added) meal and snack with (1) dark
green leafy and yellow/orange vegetables and fruits, (2) beta-carotene-
enriched rice chips and (3) non-enriched rice chips. Groups 1 and 2 will
receive ~3.6 mg of beta-carotene (providing '600 ug RE) per day. Prior to
and following the intervention hepatic vitamin A reserves will be estimated
by isotopic dilution techniques (over a 4-week equilibration period), and other
indicators of vitamin A status (serum and breast-milk retinol and carotenoid
panel, MRDR, CIC, dark adaptometry). In addition, serum C-reactive protein
and maternal anthropometry will be measured. Food consumption data based
on 24-hour recall for 3 randomized days will be collected every 2 weeks to
assess routine intakes of vitamin A, fat and other nutrients. Morbidity will
be monitored on a weekly basis throughout the study. Between-group
comparisons will provide a basis for (1) estimating the adequacy of local diets
to improve or maintain total body stores of vitamin A in women during
lactation and (2) assessing the validity and responsiveness of widely used
measures of vitamin A status in this high-risk group.
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1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Vitamin A deficiency affects approximately 230 million children in developing
countries [1]. Severe or clinical deficiency results in progressive stages of eye lesions or
xerophthalmia leading to blindness [2]. Mounting evidence revealed that mild to moderate
or subclinical deficiency posed individuals at increased risk from infectious diseases and
childhood mortality [3]. In addition, vitamin A deficiency is increasingly being recognized
as a public health problem among pregnant and lactating women in developing countries
[4,5].

Vitamin A deficiency has existed in Thailand for many years particularly among rural
people and low-income dwellers. While severity of the problem has declined in most
regions, several surveys have revealed a high prevalence of subclinical vitamin A deficiency
in rural areas of Thailand 16]. A 1990 survey in Northern and Northeastern Thailand, for
example, indicated that approximately one-fifth of preschool children in these regions
experience subclinical vitamin A deficiency as evidenced by low liver stores estimated by
the relative dose response (RDR) and abnormal conjunctival epithelium examined by
conjunctival impression cytology (CIO [7]. A different picture, however, emerged from the
lower region of Southern Thailand where cases of infant xerophthalmia and keratomalacia
in preschool children were reported in 1991 and 1992 [8]. Since then, a vitamin A
supplementation program has been launched and targeted at infants and preschool children
in high risk areas. This intervention in coordination with food-based dietary intervention
efforts have resulted in no new reported cases of clinical vitamin A deficiency. At present,
based on WHO's new prevalence classification, Thailand has been categorized as a country
with moderate subclinical vitamin A deficiency [9]. In regard to vitamin A deficiency among
pregnant and lactating women, a small scale survey conducted in 1987 found a history of
night blindness among 8 and 10% of pregnant and lactating women, respectively [6].
Recent dietary surveys in 1989 and 1991 of lactating women in the northeast Province of
Ubon showed the average vitamin A intakes to be 253 and 333 RE/day representing 25 and
33% of Thai RDAs, respectively (Viriyapanich T, unpublished observations). These data
suggested that a considerable proportion of lactating women in the rural northeast are at
risk of vitamin A deficiency and may benefit from dietary intervention programs.

Increasing production and consumption of locally available carotenoids-rich foods
represents an appropriate long-term strategy to prevent chronic, subclinicai vitamin A
deficiency and promote reproductive and child health. Rural communities depend primarily
on plant sources rich in provitamin A carotenoids (dark green leafy vegetables and
yellow/orange fruits and vegetables) for their vitamin A supply. Although consumption of
carotenoid-rich foods has long been considered to maintain adequate vitamin A status, this
tenet has been recently challenged by a study showing lack of apparent improvement of
vitamin A status to dietary interventions that routinely provide provitamin A carotenoids in
the form of dark green leafy vegetables [10]. These findings could be due to poor
responsiveness of presently used biochemical indicators of vitamin A status or the closer-to-
normal vitamin A status (and thus, non-responsiveness) of the studied population. To clarify
the extent of impact on vitamin A status to be expected from improved dietary provitamin
A intake, we propose to conduct a randomize trial to evaluate the efficacy of consuming
provitamin A-rich foods as on-site meals on total body vitamin A stores and other aspects
of vitamin A status in marginally nourished lactating women in rural Northeast Thailand.

2. SPECIFIC AIMS

The goals of this study are to increase total body stores of vitamin A, vitamin A
status and breast-milk vitamin A levels of marginally nourished lactating women through
regular consumption of a local diet rich in provitamin A carotenoids; to demonstrate the
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utility of estimating total body vitamin A stores by stable isotope dilution; and to
demonstrate the ability of stable isotope methods to provide a "gold standard" for
evaluating other measures of vitamin A status in high-risk populations.

Specifically, this randomized trial will:

a. Assess the efficacy of daily meals containing provitamin A-rich vegetables and fruits
given five days per week for twelve weeks in improving total body vitamin A stores
and other aspects of vitamin A status in lactating women;

b. Test the ability of stable isotope dilution to show changes in apparent total body
vitamin A stores and breast-milk concentrations of vitamin A in response to known,
varied dietary intakes of beta-carotene and;

c. Evaluate the sensitivity and specificity of other common measures of vitamin A
status (i.e., serum retinol, dark adaptometry, impression cytology, breast-milk retinol)
against estimates of total body stores, and changes in body stores, of vitamin A
obtained by deuterated retinol measurement in lactating women.

3. METHODS

This randomized, controlled dietary vitamin A trial will be conducted in several rural
villages in the remote northeastern provinces of Ubon and Srisaket where anemia and low
vitamin A intakes during pregnancy and low infant birth weight are widely prevalent.

3.1. Subjects

All lactating women, 2-18 months post-partum, as well as pregnant women during
the third trimester, living in 50 to 80 villages (n"400 women) will be screened for risk of
vitamin A deficiency by being positive for any of the following: reporting a dietary vitamin
A intake of < 50% of the Thai RDA, providing a current history of night blindness, or
testing positive for impaired dark adaptation using a portable instrument developed at
Institute of Nutrition at Mahidol University, Thailand (INMU). Approximately 180 high-risk
women are expected to be identified during this screening. This group will undergo further
testing for marginal vitamin A status as evidenced by serum retinol concentrations below
0.70 umol/L. Inadequate vitamin A nutriture will be confirmed later by estimating apparent
vitamin A stores by the modified relative dose response (MRDR) (11). It is expected that
slightly more than half, or approximately 100 women, will have an MRDR value J>. 0.06
(indicative of marginal liver stores) and will be eligible for study. The purpose, procedures,
expected benefits and risks will be explained to these women following guidelines approved
by Thai and US institutional review boards and they will be asked to participate in the trial.
Based on prior research experience in this region we anticipate that "90% of all eligible
women (n = "90), will provide signed consent and agree to be enrolled into the trial. On
enrollment, these women will receive a demographic {e.g., age, reproductive history) and
socio-economic status (e.g., education, literacy, household assets, etc.) assessment.

3.2. Intervention trial

The trial will evaluate the impact of different dietary regimens on maternal stores of
vitamin A and other aspects of vitamin A status. Total body vitamin A stores will be
assessed in enrolled women by deuterated retinol (d4) isotopic dilution and dietary intake
will be estimated during a 42-day dilution period. Thereafter, subjects will undergo baseline
assessment for vitamin A, hematologic and anthropometric status, morbidity, and other
exposures. They will then be randomized to receive one of three dietary groups [daily meal
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and snack with (a) provitamin A-rich vegetables and fruit providing "3.6 mg beta-carotene,
(b) beta-carotene enriched rice chips ("3.6 mg beta-carotene), or (c) non-enriched rice chips
as a control regimen] five days per week for 12 weeks. Following the intervention period,
vitamin A, hematologic and anthropometric status will be reassessed and a repeat 42-day
isotope dilution measurement will be carried out to determine the absolute and relative
impacts of each dietary regimen on total body vitamin A stores and vitamin A status.

3.4. Baseline assessment

Prior to beginning the intervention all enrolled women will be given a single tracer
dose of 5 mg of deuterated retinol (d4) in an oil base in two gelatinous capsules. On the
same day subjects will be evaluated for dietary intake (focusing on food sources of
preformed and pro-vitamin A carotenoids), anthropometry and recent morbidity. Blood will
be drawn 3, 28 and 42 days later, centrifuged and the serum frozen on the same day for
later determination of isotope dilution. Twenty-four hour dietary intake on randomly
selected 3-day intervals will be periodically assessed during this time in order to assess
relative constancy in vitamin A intake (and thus, assumed total body vitamin A pool) among
groups during this time period. Once isotope levels are obtained subjects will be rank-
ordered according to their fractional disappearance [11] of tracer on day 3 of the post-
dosing "window" during which plasma disappearance curve is sensitive to stores. Liver
stores will be estimated from the Furr equation [13] based on obtained levels of the d4
tracer in serum on day 28 and the fractional catabolic rate derived from the terminal slope
calculated for the interval between days 28 and 42. On day 42 subjects will also undergo
baseline assessment for vitamin A status (serum and crematocrit-adjusted breast-milk retinol
and carotenoids), serum C-reactive protein level, hematologic (Hb and serum ferritin) and
anthropometric status (weight, height, mid-upper arm circumference and tricipital and
subscapular skinfolds thicknesses) and dark adaptometry by light intensity detection at
INMU and pupillary response threshold detection at Johns Hopkins University (JHU) [14].
They will then be randomized to treatment groups prior to beginning the dietary trial 1-3
days later.

3.5. Randomization

Following baseline assessment (day 42), subjects will be matched by serum retinol
concentrations and month postpartum ( + /- 1 month) and then randomly assigned to one
of three dietary treatment groups, blocked on every 15th assignment. There will be n, =
30 per group, a number that will be sufficient to test differences in estimated total body
stores and other outcome measures among groups using large-sample approximation tests
of statistical significance. Randomization is expected to provide, on average, experimental
groups that are comparable with respect to estimated total body vitamin A stores, vitamin
A, hematologic status and anthropometric status as well as potential confounding
influences.

3.6. Dietary Intervention

Subjects will be given a daily meal and a take-home snack every weekday for 12
weeks according to one of three dietary regimens:

1) A rice or noodle meal with cooked dark green leafy vegetables (e.g., ivy gourd,
Chinese swamp cabbage, amaranth) or other provitamin A-rich vegetables {e.g., carrot,
yellow sweet potato, ripe pumpkin) plus a carotenoid-rich fruit snack {e.g., ripe papaya, ripe
mango) providing a total of "3.6 mg of beta-carotene per day;
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2) A rice or noodle meal containing non-provitamin A vegetables with beta-carotene
enriched rice chips plus a take-home snack with no provitamin A (providing a total of "3.6
mg of beta-carotene per day); or

3) A rice or noodle meal containing non-provitamin A vegetables with non-enriched
rice chips plus a take-home snack with no provitamin A.

All three dietary menus will contain approximately 8-12 grams of added fat per day.
Aliquots of each group of carotenoid-rich foods will be analyzed for carotenoid profile {i.e.,
beta-carotene, alpha-carotene, lutein/zeaxanthin, cryptoxanthin and lycopene).

During this 12-week intervention period dietary assessment by semi-monthly,
random, 3-day 24-hour recalls will be conducted to monitor and adjust outcomes for
consumption patterns, including levels of dietary substitution that may be practiced by
subjects. In addition, weekly histories of morbidity, medicinal use, smoking and alcohol use
will be recorded to adjust for possible influences on dietary intake and vitamin A stores and
status.

3.7. Follow-up assessment

At the end of the intervention subjects will be reassessed for serum and breast-milk
retinol and carotenoid levels, serum acute phase protein level (C-reactive protein), Hb and
serum ferritin, MRDR, dark adaptation (by both the INMU and JHU methods) and
anthropometry. A subsequent tracer dose of 5 mg of deuterated retinol (d8, in order to
avoid confounding of values by residual d4 concentrations from baseline) will be
administered to all subjects, followed by blood sampling at 3, 28 and 42 days following the
loading tracer dose. As done at baseline, subjects will again be evaluated for dietary intake
(to account for potential vitamin A pool dilution) and recent morbidity during this follow-up
period.

3.8. Laboratory analyses

Serum and breast-milk retinol and carotenoids and food carotenoid profile will be
determined by high performance liquid chromatography , serum C-reactive protein and
ferritin by ELISA technique and hemoglobin by standard chemistry method. All analyses will
be carried out at the INMU laboratory facilities in Salaya Campus following standard and
quality control procedures using both internal and certified reference materials to monitor
protocol and control a day-to-day variation.

Isotope specimens will be placed under liquid nitrogen and shipped to the Center for
Human Nutrition at the Johns Hopkins School of Public Health for analysis by gas
chromatographic-mass spectrometry (VG TRIO 3 GC-MS).
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