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Described are the main findings of the first large-scale nutrition monitoring project carried out over a 4-
year period in China. The nutritional status of nearly 10 000 preschool children in 18 comparatively poor
rural areas in seven provinces was followed each year over the period 1986-89 in order to identify their
major nutritional problems and improve their growth and development. Physical measurements were
made and dietary surveys and biochemical tests were performed on a subsample of the children. The
proportion of stunted and underweight children was far higher than the national average. Based on the
possibilities offered by local circumstances, the prevalences of stunting and underweight were lowered
and anaemia was greatly reduced. Along with the progress in nutrition monitoring, major efforts were
made to train health workers, as well as to encourage increased production of green vegetables,
poultry, and small livestock. The wealth of information collected and the experience gained may serve
as a baseline record, the project currently being expanded to cover-100 counties throughout China.

Introduction
Along with the steady growth in agricultural produc-
tion and the rapid development of the national econ-
omy in recent years, the standard of living in China
has been raised significantly. A national nutrition
survey carried out in 1982 showed that the difficul-
ties in providing sufficient food and clothing had
basically been solved and that nutritional status had
been greatly improved (1). On the other hand, the
survey also indicated that there were still short-
comings in the diet of preschool children, whose diet-
ary intake of protein, calcium, and riboflavin was
inadequate and whose energy intake was only 90%
of the required amount.

Because of the vastness of the country and dif-
ferences in circumstances, development in China has
not been totally balanced, and there are still certain
localities where children's height and weight are less
than the national average. Recognizing these prob-
lems, the Chinese govemment launched a project in
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these disadvantaged areas aimed at evaluating the
nutritional status of children, the major problems that
remained, and trends in development. Explored also
were measures for making improvements in line with
local conditions in order to improve children's nutri-
tional status, promote their growth and development,
and reduce the prevalence of nutritional deficiency
diseases; at the same time, nutrition personnel were
trained and provided with working experience.

Materials and methods
Conducted for the first time in China, the 5-year
project (1985-89) to monitor and improve the nutri-
tional status of preschool children reported here was
a collaborative effort between the Ministry of Public
Health and UNICEF, and was carried out by the
Institute of Nutrition and Food Hygiene, Beijing, in
collaboration with the epidemic prevention stations
in seven provinces.

In order to assess growth problems in rural
areas, 18 relatively poor survey sites (townships)
with an annual per capita income of 200-500 yuan
(US$ 55-135) were selected according to their eco-
nomic and geographical conditions, level of commu-
nications, population structure, dietary habits, and
standard of living in the provinces of Guangdong,
Jiangxi, Guizhou, Sichuan, Gansu, Hunan, and
Hubei. The average annual per capita income of the
rural population in China in 1985 was 398 yuan
(US$ 107). A pilot study was first conducted in
Jiangxi Province in 1985, and formal work began in
the other six provinces in 1986.
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The survey subjects included 500 preschool chil-
dren under 6 years of age from all or a number of
villages in each survey site. Physical measurements
(height, weight and arm circumference) were taken
every year (1986-89) from May to June from a total
of nearly 10 000 children, who were examined physi-
cally for nutritional deficiency diseases. A subsam-
ple of these children was interviewed using the 24-
hour recall method to assess their diet, and blood
samples were collected from about 5000 of the chil-
dren for biochemical testing. Data were also collect-
ed on socioeconomic conditions.

The body weight of each child was measured
using a beam-balance platform scale (maximum
capacity, 50 kg; accuracy, 25-50 g); the children
wore only light underwear or clothing of known
weight, which was then subtracted from the total.
Infants unable to sit up were weighed in a container
of known weight. All the scales were adjusted to
zero before being used. A recumbent measuring
board was used for children under 3 years of age and
a stadiometer for children older than 3 years; meas-
urements were made to the nearest 0.1I cm. A spec-
trophotometer or a miniature haemoglobin photo-
electric colorimeter, which uses a cyanomethaemo-
globin method, was used to determine the haemo-
globin concentration.

The growth data were interpreted using the
international growth reference median values (2).
Height-for-age, weight-for-age, and weight-for-
height z-scores were calculated following WHO rec-
ommendations (2, 3).

Since 1985, nutrition interventions have been
implemented at all the surveillance sites. The inter-
ventions varied according to the specific situation in
the various provinces, but in general included the
following:
- Training of more than 11I 000 field workers in

different aspects of nutrition.
- Control projects for anaemia in children (mainly

involving fortified foods and iron supplements
for pregnant woman).

- Promotion of home gardening and animal raising
by increasing the varieties of and area set aside

for vegetable crops, increasing the production
and consumption of soya beans, and developing
family animal husbandry and fruit-tree cultiva-
tion.

- Popularization of knowledge on nutrition through
the mass media such as radio, bulletin boards,
slides, films, and posters. Breast-feeding was
advocated and mothers received instructions on
good baby-feeding practices.

- Dissemination of knowledge on health, with the
aim of improving the situation in rural areas and
controlling those diseases that are prevalent
among children.

- Establishment of township committees to manage
the activities related to nutrition.
The implementation of all or part of these meas-

ures during the study period was expected to have a
positive impact on indicators of child nutritional status.

Results
Physical growth and development
Height-for-age. Low height-for-age (stunting) signi-
fies a slowing of skeletal growth and is a principal
indicator of long-term nutritional experience or
growth impairment caused by malnutrition in the
past. Stunting is frequently associated with poor over-
all economic conditions, chronic or repeated infec-
tions, as well as inadequate nutrient intake (3). The
prevalence of stunting among the children in the sur-
veillance sites was >40% over the study period, with
a prevalence of severe stunting (below-3 SD from
the international reference median value) of around
14% (see Table 1). This prevalence was considerably
higher than the national average for China (32% below
-2 SD of the international reference median value)
and also higher than the national average for rural
areas (36%), as estimated in the 1987 national grow-
th survey (25). As shown in Fig. 1, there was a large
variation between provinces. The prevalence of stun-
ting was highest (>50%) in the study areas in Gui-
zou, Hunan and Guangdong and lowest (23%) in
Hubei.

Table 1: Prevalence of moderate and severe malnutrition among the study children, 1986-89
1986 1987 1988 1989

n <-2 SDa <-3 SD8a n <-2 SDa <-3 SD8a n <-2 SD8a <-3 SDa n <-2 SD8a <-3 SDa

Weight-for-age 9984 27.5 4.0 9805 28.8 4.8 8814 26.0 4.3 9144 24.4 3.8
Height-for-age 9911 42.9 14.5 9739 44.3 15.6 8753 42.0 14.4 9083 41.8 14.2

Weight-for-height 9921 2.7 0.3 9741 2.9 0.5 8757 2.5 0.3 9076 2.2 0.5
a % of children below -2 or -3 standard deviations of the WHO/NCHS international reference median values.
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Fig. 1. Nutritional status of preschool children in select-
ed poor rural areas of China, 1989.
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The height-for-age z-score distribution for Chi-
nese children was similar for both boys and girls
(Fig. 2). Compared with the reference population,
the distributions of the nutritional indicators for both
sexes are shifted to the left. The variance, as reflect-

Fig. 2. Distribution of z-scores for a) height-for-age, b)
weight-for-height, and c) weight-for-age for the Chinese
study children in 1989, compared with the international
reference values.
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ed by the spread of the distribution for each sex, is
similar to that of the reference population, suggest-
ing that most children shared similar nutritional and
socioeconomic conditions. The leftward shift in the
distributions away from the reference population
does not appear to have been caused by a subgroup
of children who were unusually short.

The prevalence of stunting among children of
different ages for each of the study years is shown in
Fig. 3. The pattern of stunting by age group was sim-
ilar throughout the study period with a steep rise in
prevalence during the first year of life up to the
40-50% level and a levelling off thereafter.

Weight-for-height. Low weight-for-height (wasting)
indicates a deficit in tissue and fat mass compared
with the amount expected for a child of the same

height or length, and may result either from failure to
gain weight or from actual weight loss. One of the
main characteristics of wasting is that it can develop
very rapidly, but under favourable conditions can be
quickly reversed. Thus, low weight-for-height is
commonly used to assess acute or recent malnutri-
tion (3).

The prevalence of wasting among the surveyed
children is within the range expected for the refer-
ence population (<3% for all 4 study years) (Table 1),
indicating that there was no significant level of acute
malnutrition. However, the distribution of z-scores,
which is similar for both sexes, is shifted slightly to
the left of that for the international reference popula-
tion (Fig. 2).

There was a lack of substantial acute undernutri-
tion in all seven provinces (Fig. 1), although as with
low height-for-age, the prevalences in Hunan and
Guizou were generally higher than those in the other
provinces. The prevalence of wasting among chil-
dren according to age group was quite different from
that for height-for-age; the prevalence of wasting
was greatest among those aged 6-24 months of age

and tended to decrease among older children (Fig. 3).

Fig. 3. Prevalence of stunting and wasting, by age
group, among the study children, 1986-89.
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Weight-for-age. Low weight-for-age (underweight)
is a combined index that reflects both height-for-age
and weight-for-height data. Thus, use of this indica-
tor alone does not permit a distinction to be made
between wasting and stunting; however, for this very
reason, it may be an appropriate index for certain
applications.

The prevalence of low weight-for-age among the
surveyed children was 24-28% for all study years,
which is higher than the national average for China
(21.3%) and also somewhat higher than the average
for rural areas (23.7%) (25); also the prevalence of
children <-3 SD of the median of the intemational
reference population was about 4% (Table 1). Gui-
zhou had the highest prevalence of underweight, fol-
lowed by Hunan and Guangdong, with prevalences
above 30%. The lowest prevalence of underweight
(12.7%) was in Hubei (Fig. 1).

The distribution of z-scores for weight-for-age is
very similar to that for height-for-age, shifted to the
left of that of the reference population, and showing
an overlap for the Chinese boys and girls surveyed
(Fig. 2). The pattem of low weight-for-age by age
group was also similar for all four study years to that
of height-for-age, with a steep rise in prevalence (up
to 30-35%) during the first year of life, followed by
a slight drop to the 25-30% level.

Table 2 shows the change in the prevalence of
the three anthropometric indicators over the period
1986-89. There was a consistent improvement in all
three indicators from 1986 to 1989.

The relationship between the children's current
nutritional status and family income, parental illitera-
cy and birth order is summarized in Table 3. Per cap-
ita income was strongly negatively correlated with
the indicators of nutritional status-the higher the
income, the lower the prevalence of stunting and
underweight. The opposite was observed for illitera-
cy, which was strongly positively correlated with

Table 2: Relative change in the prevalence of wasting,
stunting and underweight, by age group, among the
study children, 1986-89

o% change in:
Age group

(years) Wasting Stunting Underweight

<0.5 +87.5 + 1.6 -26.8
0.5-0.99 -16.7 +14.2 + 1.3
1.0-1.99 -47.8 + 8.1 -13.1
2.0-2.99 - 4.2 - 5.3 -10.2
3.0-3.99 -23.1 - 8.3 -16.1
4.0-4.99 0.0 -10.5 -17.5
5.0-5.99 +20.0 - 3.9 - 7.2

Total -18.5 - 2.6 -11.3

Table 3: Correlation coefficients between children's
nutritional status, family Income, parental illiteracy and
birth order

Correlation coefficient:

Birth order:

Income Illiteracy 1 st >2nd

Height-for-age

Male

Female

Weight-for-age

Male

Female

-0.51 a

{).53a

_0.49a

-0.41a

0.72a
40.63a 0.65a

0.70a

0.59a

0.45a
-0.68a 0.69a

a P <0.05.

nutritional status-the lower the parents' level of
education, the higher the proportion of children
stunted or underweight. Interestingly, the prevalence
of stunting and underweight was inversely propor-
tional to the proportion of first-bom children among
those surveyed (correlation coefficient, -0.63 and
-0.68, resp.). In other words, the larger the propor-
tion of firstbom children surveyed at each site, the
lower the proportion of those with low height-for-
age and weight-for-age. The opposite was observed
for birth orders of two or more, with the prevalence
of stunting and underweight being positively corre-
lated with the proportion of second or later births
(r = 0.65 and r = 0.69, resp.).

Anaemia
The prevalence of anaemia (haemoglobin <11.0 g/dl)
among the various age groups from 1986 to 1989 is
shown in Table 4. Poor iron nutritional status is a
serious problem in the study population, with the
highest prevalences being among the 6-month and 1-
year age groups. For children older than 1 year the
prevalence gradually dropped with increasing age.
Most of the anaemia cases were mild, with very few
severe cases (haemoglobin <8 g/dl).

The prevalence of anaemia among children
exhibited a downward trend over the study period.
Comparison of the prevalence in 1986 and 1989
reveals that there was a statistically significant
decrease of anaemia over the 4-year period among
all age groups (Table 4).

Dietary survey

The results of the dietary survey indicate that at 4
months of age only 5% of the infants were bottle-
fed. With the exception of four study sites in Guang-
dong and Hunan, exclusive breast-feeding rates were
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Table 4: Percentage age-specific prevalence of anaemia (haemoglobin level <1 1 g/dI) among the study children,
1986-89

Age group (years) 1986 1987 1988 1989

0.5-0.99 62.3 (704)8. b 60.2 (709) 54.2 (725) 51.0 (760)b
1.0-1.99 49.9 (1051)b 45.5 (1017) 42.6 (1225) 41.4 (1164)b
2.0-2.99 37.7 (908)b 33.7 (831) 28.3 (1149) 27.5 (1083)b
3-5.99 28.4 (1929)b 25.8 (1961) 18.8 (2576) 17.6 (2283)b
a Figures in parentheses are the numbers of children.
b P<0.01.

in the range 64-93%. Some areas in these two pro-
vinces have a high mixed feeding rate because of tra-
ditional practices. This may account, in part, for the
high prevalence of wasting among the children there.

Most children aged 6-12 months had not been
completely weaned. The commonest supplementary
foods for this age group were rice and wheat flour,
followed by sugar. Only at a few study sites were
animal milk and eggs used. Thus, inadequate nutrient
intake could be related to the high prevalence of
malnutrition within this age group. For most children
in the 1-year age group the amount of supplementary
food was greater than that for infants aged 6-12
months, but this was mainly accounted for by an
increased intake of cereals.

Children aged 2-5 years mainly ate cereals (rice
and wheat). Some potatoes or sweet potatoes and a
small amount of soya beans and bean products are
also available in most areas. The intake of vegetables
at the various sites ranged from an average of less
than 10 g per to 250 g per day. The average intake of
fruit for each age group was 22-27 g per day. Hardly
any milk was given to over-2-year-olds. The average
intake of eggs for the various age groups was
12-16 g per day, that of meat 12 g per day, and that
of fish 5 g per day.

In general, 75-89% of the energy of children
aged >2 years was provided by vegetable sources, of
which cereals accounted for 66-81%; only 5-14%
was obtained from foods of animal origin. Cereals
were also the major source for protein in the diet of
children, accounting for 60-84%; 7-23% was pro-
vided by foods of animal origin, while the proportion
provided by soya bean protein was relatively low.

The results of the study show that the energy
intake of the children was adequate (98-102% of the
Chinese recommended daily intake (RDA)), but that
intake of protein, calcium, vitamin A, and riboflavin
was only 76-81%, 23-29%, 42-75%, and 50-56%
of the RDA value, respectively.

Discussion
Children at the surveillance sites were both shorter
and lighter than the international reference popula-

tion; they also had higher prevalences of stunting
and underweight than the national averages for
China (25). This is in agreement with data from
other parts of China, indicating that beginning at the
weaning period, the growth of rural children lags
behind that of their urban counterparts (4, 5, 25).
However, there was a lack of significant acute mal-
nutrition in all seven study provinces and the preva-
lence of wasting was within the range expected for
the reference population. The combination of a high
prevalence of stunting with no evidence of wasting is
a common observation in many populations (6).

There is now sufficient evidence to demonstrate
that the growth of children from the higher socio-
economic levels in poor countries is comparable to
that of the international reference population, even
though the children in the general population of poor
countries are markedly stunted (7, 8).a Also, reports
of significant secular improvement in childhood
growth and adult height in Asian countries (9), and
studies documenting dramatic improvement in the
growth of Asian children exposed to improved envir-
onmental or nutritional circumstances (10), question
the role of genetic factors in the differences among
populations in childhood growth. The high preva-
lence of stunting among the study population is
probably related to environmental factors, mainly
nutrition and slower socioeconomic development,
and not to differences in the growth potential of
Asian children. This is supported by the strong nega-
tive correlation between the nutritional status indica-
tors and the income and parents' level of education,
and by the growth pattern of other more developed
areas of China.

The steep rise in the prevalence of stunting
among the surveyed children during their first year
of life and the steady level in the 40-50% range
thereafter, confinns the importance of correct nutri-
tion in infancy and supports the hypothesis that gen-
eralized growth failure is an active process in the

a Monteiro CA, Benicio MH, Gouvea NC. Growth and nutrition-
al status of Brazilian children: findings from the 1989 National
Health and Nutrition Survey. (Country Studies on Nutritional
Anthropometry Series) Unpublished document WHO/NUT/91.1.
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6-18-month age range and is essentially irreversible
after this (11). Future efforts to improve nutrition in
rural areas of China should therefore focus on chil-
dren about 1 year of age (12). This is very important
since longitudinal and cross-sectional studies indi-
cate that growth failure in infancy is not regained in
later childhood and adolescence (13-17).

Implementation of the various nutrition inter-
ventions could have had a positive impact on the
nutritional status of the children at the surveillance
sites. The proportion of wasted, stunted, and under-
weight children aged >2 years was reduced by vari-
ous degrees between 1986 and 1989. As expected,
weight-for-height exhibited the greatest relative
improvement, although its initial overall low level
did not leave much room for improvement. None the
less, its prevalence decreased from 6.7% in 1986 to
3.5% in 1989 (a 50% reduction) among 1-year-olds,
who had the highest baseline prevalence of wasting.
The small reduction in the prevalence of stunting
over such a short period was expected, since linear
growth is a slower process, and even under favour-
able conditions takes a relatively long time to show
improvements (3).

The high prevalence of anaemia among the
study infants and young children should be given
serious consideration. A major contributory cause
could be the low availability of iron in Chinese
cereal-based vegetarian diets, but the relative impor-
tance of other factors should be investigated. How-
ever, the significant downward trend in the preva-
lence of anaemia among the study children from
1986 to 1989 may be related to the implementation
of the projects to overcome this condition. The find-
ings suggest that integration of health promotion and
health education with the supply of fortified foods
and drugs could have a considerable effect on the
prevention and treatment of anaemia. A population-
based prevention programme is required, especially
during the first 2 years of life.

The results from the dietary survey clearly indi-
cate that there is a need for the timely and adequate
provision of weaning foods for breast-feeding infants
over 6 months of age. Attention should be paid to
increasing their intake of foods of animal origin,
such as eggs and milk. Efforts should also be made
to increase the intake of protein, calcium, and ribo-
flavin of children aged . 2 years. Under existing con-
ditions, increasing the intake of soya beans, soya
bean products, and eggs may be one way to improve
the situation. Also, further exploration of the insuffi-
cient intake of vitamin A and of ways to improve the
children's diet should be studied.

The few available studies on the growth of veg-
etarian children (18-22) provide some evidence that
a vegetarian diet, when followed early in life, may

cause nutritional deficiencies that could potentially
disrupt the growth of infants and small children;
furthermore, young children placed on extreme veg-
etarian diets may experience growth stunting (23).
Children who change from a purely vegetarian diet
to a less restrictive diet experience a marked growth
spurt over the 2-year period following the change
(22). As concluded by Jacobs & Dwyer, both height
and weight differences, but particularly height, are
affected most during the early stages of growth for
children raised on extreme vegetarian diets (24).

Nutritional requirements during crucial stages of
development must be met in order to ensure the opti-
mal growth of Chinese children living in rural areas.
A variety of measures to improve nutrition should be
explored in such areas, paying attention to pregnant
women and infants, breast-feeding mothers, and chil-
dren aged 0-3 years as priority groups.

Embodying a mass of surveillance information
and specific experience, the findings of the study
may serve as a baseline record of the current nutri-
tional status of children in poor rural areas of China,
as well as a useful reference for the implementation
of similar investigations in other areas. The improve-
ment over the 4-year study period in the general
nutritional status, based on the assessment of growth
and anaemia, is encouraging. Nevertheless, the con-
tinuation and expansion of what has already been
achieved is a considerable challenge. At present, a
second phase of the collaborative project is under
way, covering the period 1990-1994, and the number
of study sites has been increased to include a total of
100 counties throughout the 27 provinces and auton-
omous regions of China.
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Resume
Etat nutritionnel des enfants d'age
prescolaire dans les regions rurales
pauvres de Chine
Cet article d6crit les r6sultats du premier projet de
surveillance nutritionnelle a grande 6chelle realise
sur une periode relativement longue en Chine. Ce
projet avait pour objectif d'identifier les principaux
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problemes nutritionnels, d'en decouvrir les causes
et d'elaborer des mesures appropriees fond6es
sur la surveillance p6riodique de I'6tat nutritionnel
des enfants d'age prescolaire dans des regions
selectionnees, afin de I'ameliorer et de favoriser la
croissance et le d6veloppement chez ces enfants.

Les sept provinces participant au projet ont
choisi 18 communes rurales r6parties dans neuf
d6partements, afin de servir de sites de sur-
veillance dans lesquels environ 10 000 enfants
ont ete mesures et pes6s une fois par an. Des
enquetes alimentaires et des tests biochimiques
ont ete r6alis6s sur un sous-echantillon de ces
enfants, et des donn6es socio-6conomiques ont
et6 recueillies. Dans leur totalit6, les sites de sur-
veillance 6taient des r6gions relativement pauvres
des provinces concernees, et la proportion
d'enfants atteints d'insuffisance staturo-ponderale
y 6tait tres superieure a la moyenne nationale.
L'an6mie chez les nourrissons et les jeunes
enfants constituait 6galement un grave probleme.
Au bout de quatre ans d'am6liorations reposant
sur les possibilit6s locales, la proportion d'enfants
maigres et d'enfants pr6sentant un retard de
croissance staturale ou pond6rale avait diminu6
chez les plus de deux ans, et l'an6mie avait forte-
ment r6gress6 dans tous les groupes d'age.

Parallblement aux progres de la surveillance
nutritionnelle, d'importants efforts ont et6 realis6s
dans la zone 6tudi6e pour am6liorer les connais-
sances des agents de sant6 sur la nutrition. Un
mat6riel et des m6thodes didactiques uniformises
ont 6t6 utilis6s a cette fin, I'accent 6tant mis sur
les problemes actuels et sur l'amelioration de la
formation en matiere de nutrition. Dans le cadre
de leur travail quotidien, les stagiaires ont commu-
nique a la population locale des informations
concernant la nutrition, et en particulier sur l'ali-
mentation correcte des enfants. Dans tous les
sites de surveillance, la production de legumes
verts, 1'l6evage de volailles et de petit b6tail,
I'am6lioration des approvisionnements en aliments
varies et l'utilisation des m6thodes indigenes de
production de denr6es alimentaires convenant a
l'alimentation des enfants ont ete encourag6s,
compte tenu des conditions locales. Toutes ces
mesures ont eu un impact b6n6fique sur l'6tat
nutritionnel des enfants.

Par l'ampleur des donn6es de surveillance
recueillies et l'importance de l'exp6rience acquise,
ce projet peut servir de base de r6f6rence pour
l'6tat nutritionnel actuel des enfants des regions
rurales pauvres de Chine et pour la mise en place
d'investigations analogues. Le projet est en cours
d'elargissement a 100 departements r6partis dans
toute la Chine.
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