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Abstract

To assess food based intervention of vitamin A status in children, this study
will first identify a geographic area with vitamin A deficiency in a childhood
population. After screening dietary intakes of vitamin A from 300 preschool
children aged 4-6 years, a stable isotope labeled (non-radioactive) vitamin A
dose will be ingested to those subjects with low dietary vitamin A intakes
(n = 3D48) to determine their liver stores of vitamin A. Their blood sample
will be collected 14 and 25 days after the administration of the dose. Foods
rich in pro-vitamin A carotenoids low in retinoids will then be supplied to 24
subjects in one kindergarten and the regular food low in carotenoids and
retinoids will be supplied to another 24 subjects in another kindergarten for
3 months. Two groups will take equal amounts of retinoids, protein and
energy but carotenoids from their meals. At the end of the studydO weeks
on supplementation}, a second stable isotope labeled vitamin A will be given
and blood samples will be taken.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Vitamin A deficiency remains an important public health problem in China, mainly
affecting young children and pregnant women. In 1992, the retinol equivalent intake from
the National Nutritional Survey was 476 //g in average [1]. According to the China National
Wide Nutrition Survey carried out in 1982 [2], the prevalence of vitamin A deficiency was
0.9% among 30 000 subjects. Investigations of serum vitamin A in children showed that
the prevalence of children whose serum vitamin A were below the lower limit of normal
(<7//mol/L) was 37.1%, 39.3% and 17.8%, respectively, in Hubei Province, Tianjing, and
Wuhan countryside. The percentage of urban children in Wuhan, who were vitamin A
deficient, was 10.0% in 1989. As children's dietary intake of vegetable was lower than the
adults, the insufficiency of vitamin A was found more frequently in the former.

1.1. Dietary pattern and vitamin A nutritional status of the Chinese

Results from the National Nutritional Dietary Surveys carried out in 1982 and 1992,
respectively, demonstrated that the food pattern has improved. Then, 238 134 subjects
in 27 provinces/districts were investigated in 1982 and 27 000 families in 30 provinces and
districts were also investigated in 1992. It showed that cereals and tuber intakes of male
adults decreased in 1992 whereas foods of other variety increased 11,2]. Table I shows
the food consumption of the Chinese in 1982 and 1992.

In 1982, an average dietary energy intake of male adult was 10.40 MJ. The average
dietary intakes of protein, fat, vitamin A, and B-carotene were 66.8 g, 49.3 g, 252.9 IU and
3.48 mg (the sum of vitamin A and B-carotene equals to 655 //g RE). In 1992, dietary
pattern of 99 749 subjects in 30 provinces were studied. The retinol equivalent intake was
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476//g RE on average. The Chinese dietary origin of vitamin A was mostly from B-carotene.
Before and at the early stage of founding of People's Republic of China, vitamin A deficiency
was a serious problem and one of the major causes of blindness in children. With the
development of national economy and the extension of medical care and health services
to rural areas, the vitamin A nutritional status of population has greatly improved. Hu et al.
reported that the prevalence of xerophthalmia was below 0.7%. In recent years there were
only conjunctival xerosis cases in winter, but keratomalacia was not found. In 30 000
subjects investigated in National Nutritional Dietary Survey in 1982, the diagnostic criteria
for vitamin A deficiency were the positive findings of more than 2 of the following 5
symptoms or signs: i) night blindness; ii) conjunctival xerosis; iii) conjunctival folding; iv)
follicular keratosis and v) scaly skin [2]. The prevalence of vitamin A deficiency was 0.9%
in the examined subjects. Therefore, vitamin A nutritional status of Chinese people needs
to be improved.

1.2. Nutritional status of vitamin A in Chinese children

Chang reported in 1987 that 37.1% of the 97 rural infants and children had serum
concentration of vitamin A that was lower than 0.7//mol/L, 2 .1% had serum vitamin A level
lower than 0.35//mol/L (10//g/dl). Pang reported that the average concentration of serum
vitamin A in 30 pre-school children in kindergarten was 0.92 -i,0.30 //mol/L, and 16.7% of
30 children had a serum vitamin A content that was <0.7 //mol/L, while 3.3% of 30
children had a serum vitamin A concentration <0.53 //mol/L [3]. Serum of vitamin A levels
of 774 rural children aged from 3 months to 7 years old in Tianjin in 1988 was studied.
From which, 39.3% had a serum vitamin A levels <0.7 //mol/L. Among vitamin A
insufficient children, there were positive correlation between serum vitamin A and Hb, serum
vitamin A and body height, serum vitamin A and body weight : r = 0.222, r =0.267,
r = 0.239, p<0 .01 .

Most of the rural children with serum vitamin A levels lower than 0.7 //mol/L were
aged below 2 years old. The average retinol equivalent intake was 699.6 //g in urban
children under 1 year old. Dietary intake of RE in the urban toddlers were 211-284//g.
The dietary RE intake in the rural children was prominently lower than the urban children,
especially in the toddlers. Their dietary intakes of RE were only 31.3-37.5% of Chinese
RDA. One hundred and eleven pre-school children of 3-6 years old in Wuhan city were
examined by Li et al. in 1993 and the number of children with serum vitamin A level > 1.05
//mol/L, 0 .7 - 1.05//mol/L and <0.7//mol/L were 91 (81.98%), 19 (17.1) and 1 (0.9%),
respectively [4]. The data showed that the nutritional status of children was higher than
that of 1989.

Li et al. reported the application of impression cytology method for early detection
of vitamin A status in children [4]. A slip of thin cellulose acetate was put on the
conjunctiva for 3 sec, and then was fixed, stained, and examined under microscope.
Normally, there are globate cells and small epithelial cells. The disappearance of the globate
cells and enlargement of the epithelial cells indicates vitamin A deficiency. This
investigation showed that 64.3% of children with abnormal impression cytology had low
level of serum vitamin A < 1.05//mol/L(30//g/dl), while 97.5% of the children with normal
conjunctiva impression cytology had serum vitamin A levels > 1.05 //mol/L. This result
suggested that impression cytology could identify sub-clinical vitamin A deficiency and
might be used in field investigation.

1.3. Impact of large doses of vitamin A supplementation on childhood diarrhea and
respiratory diseases

From previous study, we observed that there was a positive impact of large doses
of vitamin A supplementation on childhood diarrhea and respiratory diseases [5,6]. One
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hundred and seventy-two of 6 months to 2 years old children were randomly assigned to
either participate in a vitamin A supplementation group (n = 98) or serve as control (n = 74)
for 1 year. Capsules containing 200 00OIU vitamin A and 40 IU vitamin E were given to the
experimental group by the institute's staff 3 months after baseline examination and again
6 months later. During the 12-month study period, there was a significant reduction in the
incidence of diarrhea and respiratory diseases in the children of the experimental group as
compared to the control group. The risk of diarrhea and respiratory diseases was 2-3 and
3-4 times higher, respectively, in the control group. Eight weeks after first supplementation
the serum vitamin A level of the experimental group was higher than that of control group,
and the percentage of children whose serum vitamin A w

The Chinese dietary origin of vitamin A is mostly B-carotene. However, the
bioavailability of B-carotene and vitamin A in children is uncertain. Our current knowledge
of the human metabolism of B-carotene is limited due to the inability to distinguish newly
administered B-carotene and its metabolites from the body reserves of B-carotene and its
metabolites namely retinol, retinoic acid, and retinyl esters. It is therefore of importance
to study basic aspects of B-carotene absorption, metabolism, and its vitamin A equivalence
using isotopically-labeled B-carotene. Tang et at. has developed mass spectrometry
methods to quantify deuterated B-carotene and retinol in biological samples [7]. Using
stable isotope labeled B-carotene and vitamin A in a childhood population in a geographic
area with vitamin A deficiency, we will evaluate B-carotene bioavailability, body vitamin A
storage, and bioconversion of B-carotene to retinol.

2. METHODS

2 .1 . Scientific scope of the project, detailed work plan for first year, including
proposed methods or techniques

2.1.1. Preliminary study

2-3 mg retinyl acetate-d4 will be given to two administered non-infected child
patients, then collect blood samples at 0, 6, and 24h, and at 2, 4, 6, 9, 15, 2 1 , (25), and
35 days.

2.1.2. Study site and experimental design

The study will be conducted in Yuanyang County, Henan Province, situated in the
southern part of Beijing, where it has been identified as a geographic area with vitamin A
deficiency in childhood population. We shall cooperate with the Yuanyang County and
Xinxiang City Anti-epidemic Stations. The study was approved by the Human Subjects
Committee at the Chinese Academy of Preventive Medicine. Informed consent will be
obtained from the parents or guardian of the participating children before enrollment in the
study.

2.1.3. A screening investigation

A total of 300 pre-school kids (4-6 years old) in kindergarten will be studied.
Anthropometric measurements (height and weight) will be recorded, in which, body weight
will be measured with a digital scale, accurate to the nearest 20 g and length of the children
will be measured to the nearest 0.1cm. Parasite infestation status in these children will be
checked and a deworming pill will be given to those with positive test results. Demographic
data will be collected, including family size, parents education, social economic and smoking
status. Dietary history and 24-hour food consumption will be required in order to estimate
carotene and vitamin A intakes. A total of 48 pre-school children with low vitamin A intake
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in one kindergarten will be recruited to the study. About 24 of them in one kindergarten will
be randomly assigned as an experimental group and other 24 will be assigned as a control
group.

2.1.4. Intervention study

Vitamin A liver store of these children will be evaluated using 3 mg of retinyl
acetate-d4. Forty-eight subjects under 7 years old, in the beginning of the experiment, will
consume a 3 mg dose retinyl acetate-d4 in corn oil with a meal. The stable isotope dose
will be accurately weighed (0.0001 g) and analyzed by HPLC analysis to confirm the
contents. Serum samples (2.0 ml) will be taken at 14 and 25 days post dosing (fasting
blood), the actual days taken samples will depend on the preliminary results. If the subjects
vomit or the dose is regurgitated just after its administration the subject will not continue
the study. To ensure that there are at least 48 subjects, 60 stable isotope doses will be
included in this study.

2.1.5. The supplementation of food rich in pro-vitamin A carotenoids

In order to complete the food intake, the 48 subjects will have a daily meal in
kindergarten, which will be rich or not rich in pro-vitamin A carotenoids. Fat intakes for
subjects will be ensured in 20-25% of energy. Food intakes will be weighed using a digital
scale for 3 months. During the experiment, 4.5 mg carotene for the subjects will be
provided daily around Chinese RDA, the carotene intakes for control group will be around
2.1 mg/day (this is a general number but the actual intake in that area is probably below
2.1 mg/day). The Chinese RDA for children, and carotene content in common Chinese
foods are shown in Table II and III. Recipes for supplying carotene are shown in Table IV.
Food samples for each day will be collected to make homogenate and stored in -20°C for
measuring carotene and vitamin A contents.

The effect of food based intervention on vitamin A status in children will be
evaluated using 3 mg of retinyl acetate-d8. After two days stopping from the food
supplementation for 3 months, the subjects will consume a 3 mg dose of retinyl acetate-d8
with a meal as in the beginning, then 2 serum samples (2.0 ml) will be taken at 14 and 25
days (fasting blood), the actual days taken samples will depend on the preliminary results.
The blood samples will be sent to USA. The samples will be analyzed using mass
spectrometry at Tufts University. Blood levels of retinoids, carotenoids, albumin, and zinc
will be evaluated.

Statistics data entry will be performed in the field using an IBM-compatible PC with
dBASEII. Means, standard deviation and standard error of the means will be calculated for
all parameters.

3. RESULTS

The power of the study is estimated based on a survey carried in 1992, which
showed that in 125 children (1-5 years), the prevalence of serum vitamin A levels below
0.70//mol/L was 35.7% and the prevalence of serum vitamin A levels below 0.35//mol/L
was 11.1% in this area. The insufficiency of vitamin A was found more frequently in
Yuanyang County, Henan Province. We expect to have 6-7 subjects, who are vitamin A
deficient, in each group. We will then be able to evaluate the conversion efficiency of
carotene to hepatic vitamin A in children with vitamin A deficiency or marginal vitamin A
deficiency.
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4. PLANS FOR FUTURE WORKS

4. 1 . March - August 1996

Establish the study station with necessary facilities, equipment, and supplies
to collect, process, and store blood samples immediately and to distribute
food supplements;
Undertake a preliminary study to investigate retinyl acetate-d4 blood response
curves in two administered children and to decide the most appropriate days
to collect blood samples from the study groups.

4.2. September 1996

300 pre-school children (age 4-6 years) will be screened from parasites and
be dewormed;
Anthropometric measurements (height and weight) will be recorded;
Dietary data and demographic data will be recorded. (Evaluation of liver
storage of vitamin A using 3mg of retinyl acetate-d4.)

4.3. October - December 1996

Autumn is the best season to start the study because the foods supplied by us will
be a better source in pro-vitamin A carotenoids than their daily diet. The supplementation
of food rich in pro-vitamin A carotenoid will be carried for 10 weeks.

4.4. December 1996 - January 1997

Evaluating the effect of food based intervention on vitamin A status in children using
3 mg of retinyl acetate-d8.
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TABLE I. FOOD CONSUMPTION OF CHINESE IN 1982 AND 1992 (pg/man, day)

1992 1982

Cereals
Dry beans
Bean products
Tubers
Pork
Eggs
Fish and shrimp
Milk
Deep color vegetables
Light color vegetables
Fresh fruits
Dry fruit
Sugars, starch
Vegetable oil
Animal oil
Salt
Soy sauce

439.0
3.3
8.0

86.7
37.4
16.1
27.7
14.2

102.9
209.5

49.7
3.1
4.6

22.4
6.8

13.6
12.7

498.0
9.6
5.3

163.0
42.3

9.7
11.8

8.4
74.0

224.0
28.0

1.9
8.7

12.0
6.0

11.2
12.8

TABLE II. RECOMMENDED DAILY ALLOWANCE FOR RETINOL (Chinese Nutrition Society,
1989)

0-12m 1 year 2 year 2-3 years 4-12 years

Retinol Eqv. /yg 200 300 400 500 750

TABLE III. CAROTENE CONTENTS IN COMMON FOODS FROM CHINESE FOOD
COMPOSITION TABLE (1991) (//g%)

Food Carotene Retinol Eqv. Food Carotene Retinol Eqv.

millet 100
corn (yellow) 100
corn flour (yellow) 40
broad bean (peeled) 300
bean jelly (a dessert) 250
soy-bean milk 90
fermented bean curd 130
soybean 220
soybean powder 380
green soya bean 790
fresh kidney beans 220
tomato 550
mushroom(dry) 1640

17
17

7
50
42
15
22
37
63

132
37
92

273

sweet potato (red)
sweet potato (white)
carrot (red)
carrot (yellow)
carrot (dehydrated)
ginger
radish
spinach
spinach(dehydrated)
fennel
Chinese chives
peppery(red & small)
tangerine

750
220
4130
4010
17250
170
250
2920
3590
2410
1410
1390
180"5140

125
37
688
668
2875
28
42
487
598
402
235
232
30"857
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TABLE IV. RECIPES FOR SUPPLYING CAROTENE

Week

1

2

Food

Carrot
Fennel
Total

Spinach
Tangerine
Total

Experimental group
Consume fjg) Carotene ipg)

50
100
4410

70
50
4544

2000
2400
trace

2044
2500
trace

Food

Radish
Chinese

Cabbage
Pear

Control
Consume fjg)

50
cabbage 100

70
50

group
Carotene (yg)

trace
trace

trace
trace

Tomato 50 275
Chinese chives 30 723
Carrot 20 3450

(dehydrated product as a dessert)
Total 4448 trace

Cucumber 50 trace
Cauliflower 30 trace
Radish 20 trace

(dehydrated product as a dessert)

4

5

Fennel 90
Tangerine 50
Total 4548

Sweet potato 50
Green soya bean 40
Chinese chives 15
Carrot 20

(dehydrated product
Total 4502

2048
2500
trace

375
316
341

3450
as a dessert)

88

Cabbage
Orange

Potato
Soybean

90
50

50
40

Chinese cabbage 15
Apple 20

(dehydrated product

trace
trace

trace
88
trace
trace

as a dessert)
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