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Data on the height, weight, age and grade level of over 3,000 children in five quite different
locations in China allow computation of how far behind in school each child is, relative to
where he should be given his age, as well as of the nutritional status variables of height-for-age,
weight-for-age and weight-for-height. This paper uses these data to estimate the impact of the
nutritional variables on the available measure of school performance. Children tend to be about
one grade further behind in rural areas than in the provincial capitals, and about one-half a
grade further behind in the provincial capitals than in Beijing. Even after controlling for
location, however, lower nutritional status (particularly height-for-age) was found to affect
school performance adversely; a one standard deviation reduction in height-for-age, for example,
would result in a child's being about one-third of a year further behind. Though results from a
geographically limited sample should be generalized only with substantial caution, and
alternative interpretations of the data are possible, it does appear likely that malnutrition in
rural China remained sufficiently prevalent in 1979 to retard the school advancement of large
numbers of children.

1. Introduction

Available evidence concerning the extent of child malnutrition in China
has recently been reviewed.' While there was no indication of severe
malnutrition in any of the regions for which data were available, the
existence of widespread moderate malnutrition was documented. The extent
and severity of malnutrition varied in the predictable way - urban areas are
substantially better oft than rural ones, high-income rural areas are better off
than low-income ones, and Northern provinces appear to be better off than
Southern ones.

The substantial prevalence of moderate malnutrition raises the question of
the extent to which its existence is a matter of concern. While severe

*The data on which this paper is based were provided to the World Bank's first economic
mission to China, which visited the country in October-December, 1980. The report of that
mission is now available [World Bank (1983)]. A more recent World Bank report [World Bank
(1984)] includes further discussion of nutrition in China. The views expressed in this paper are
those of the author and do not necessarily reflect those of the World Bank Group. Mrs.
Kalpana Mehra provided expert research assistance in the preparation of this paper.

'See Jamison and Trowbridge (1983).

0304-3878/86/$3.50 ©p 1986, Elsevier Science Publishers B.V. (North-Holland)
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malnutrition is a source of misery (and frequently death) the adverse
consequences of moderate malnutrition are less immediately evident. An
increasing stock of careful empirical research has, however, concluded that a
child's failure to grow adequately, in comparison to his genetic potential,
provides evidence of the existence of other problems. First, as with severely
malnourished children, but to a lesser extent, moderately malnourished
children succumb more readily to illness, and, when ill, are more likely to
die. Second, malnourished children have lower levels of activity and play
than do well-nourished children. For adults, lower activity levels result in
lower productivity; for children there is an adverse effect on social and
mental development. Finally, the research indicates that moderate malnu-
trition can lead to reduced school performance. This may result from direct
undernourishment of the brain, and it may result from the reduced energy
levels just referred to; in any case the effects, although potentially in part
reversible, are generally lasting.2

While there appears to have been no research in China on the effects of
malnutrition on mental development or school performance, 3 data made
available to the World Bank allow assessment of one important facet.of this
issue: do poorly nourished children fall behind others in school by failing
grades or, perhaps, by entering school late? This paper reports on the
analysis of the available data.

2. The data

The Ministry of Education in Beijing and the provincial bureaus of
education in Gansu and Jiangsu gathered height, weight and age data on all
the children in a limited number of elementary schools [two in urban Beijing,
one in Lanzhou (Gansu), one in Nanjing (Jiangsu), three in rural Gansu and
three in rural Jiangsu]. While the schools were not randomly selected, the
responsible officials did agree to sample schools that were neither unusually
good nor unusually poor; the resulting data set, on over 3,000 children,
provides a rich source for examination of regional nutrition differences and
for th- effect of malnutrition on grade attainment.

2There is an increasingly well-developed literature concerning the adverse functional conse-
quences of malnutrition; Berg (1981) and Callaway (1980) provide reviews of the evidence
concerning the costs of malnutrition for mental development, resistance to disease, economic
productivity and other functions. Two other analyses, by Winick (1976) and by Cravioto and
Delcardie (1977), provide more narrow reviews on the relation between malnutrition and mental
development. While it is difficult to separate the effects of maliutrition per se from other aspects
of a deprived environment, the evidence does strongly suggest that malnutrition retards mental
development not only through (in extreme cases) structural lesions of the brain, but, probably
more importantly, through loss of learning time, interference with learning at critical periods,
and reducing motivation. A closely related paper to this one [Moock and Leslie (1986)] found
strong effects of Nepalese children's height-for-age on the likelihood that they be enrolled in
school and, if enrolled, on their grade level relative to others of the same age.

3A review by Freeman (1978) mentions no relevant studies.
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It is perhaps worth noting that the height differences among the five
samples from Beijing, Gansu and Jiangsu probably underestimate the
differences among the populations of all children in the geographical areas
from which the samples were drawn. This is because virtually no children
drop out of primary school in Beijing and substantial numbers do in rural
areas, particularly poorer rural areas such as those sampled. Since, as this
paper shall indicate, shortness of stature is associated with grade repetition
and a history of grade repetition is likely associated with a propensity to
drop out of school, dropouts likely have a lower average height-for-age than
children in school. Asymmetry in the height distribution of children from the
sample in rural Gansu suggests (fig. 1) that there is indeed selective under-
representation in the sample of shorter children, which may result from
selective absenteeism as well as selective dropping out. (See footnote 4 for a
definition of the Z-score units utilized in fig. 1.) The effect of this bias in
sampling will be bias in the estimate of the impact of malnutrition on school
performance; in particular, actually estimated effects will be biased
downward.
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Fig. 1. The distribution of height-for-age Z-scores, rural Gansu (10-12 year old schoolchildren).
The Z-score of a child's height is its deviation from the mean height for a child of the same age
and sex in a reference population, expressed in terms of the standard deviation for the reference

population (here that of a representative sample of U.S. children).
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The measures of nutritional status that are used in the analysis are
constructed from height, weight and age, to give height-for-age, weight-for-
age and weight-for-height (for definitions of these variables see footnote a of
table 2). The sample of children showed substantial malnutrition by one
common standard, 'stunting', which is defined as having a height less than
90% of the (United States) median for children of the same age and sex.
About 35° of children in rural Gansu were stunted; at the other extreme,
fewer than 1% of children in urban Beijing were stunted. Males were slightly
higher in weight-for-age than females, but although statistically significant
the effect was quantitatively small.4 In a completely adequately nourished
population the use of a variable like height to predict school performance is
likely to be a poor measure for assessing the effect of malnutrition, since
genetic factors predominate in determining height. When, however, there is
substantial malnutrition, shortness of stature (though partially genetically
determined) is a good indicator of malnutrition.5

Since the data on each child included his grade as well as his age one can
calculate the age distribution of children by grade (table 1) as well as, for
each child, an indicator of 'grades behind'.6 A child can be behind, of course,
either because he entered school late or because he had to repeat one or
more grades. While we have no direct evidence concerning this on a child-
by-child basis, we expect that most of the reason for being behind is
repetition. (For example, at a rural elementary school visited by the author -
in Ting Xi County, Gansu Province - 13°% of all children were repeaters and
25% of the first-graders were; this was viewed as typical.) From table 1 it is
clear that large numbers of children actually are behind their expected grade.
Fewer are behind in Beijing than in the other cities, and fewer in those cities
than in the rural schools, still, even in Beijing, over half the children in first
grade are eight or older.

Table 2 shows the means and standard deviations of the variables used in
this analysis of factors influencing grade retardation.

3. Malnutrition and grade retardation

Tables 3 and 4 show the results of regression analyses predicting grade
4See Jamison and Trowbridge (1983) for more detailed discussion of the anthropometric data.

While reservations are in order about using a United States standard to measure the prevalence
of stunting in China, the analysis here is unaffected by the standard chosen since only relative
heights or weights affect the regression results. Likewise, Martorell (1982) has argued that
standardization of weight and height in units of standard deviation from a reference mean (or Z-
scores) has some advantage over the height- and weight-for-age rmeasures used here. Jamison
and Trowbridge (1983) present both measures for this sample with no evidence of differences in
conclusions.

'See Winick (1976, p. 142).
6The 'grades behind' variable is simply the grade a child should be in, given his age, minus his

actual grade.
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Table 1
Age distribution by grade: Chinese primary schools, Oct.-Nov. 1980.'

Age

Grade School Nb 7 8 9 10 11 12 13 14 ,5

I Beijing (urban) 84 45 51 4 - - - - - -
Gansu (Lanzhou) 25 40 36 20 4 - - - - -
Gansu (rural) 160 10' 34 26 21 6 1 1 - -
Jiangsu (Nanjing) 59 78 14 5 2 2 - - - -
Jiangsu (rural) 91 20 60 14 2 3 - - -

II Beijing (urban) 29 66 31 3 - - - - - -
Gansu (Lanzhou) 30 - 30 57 7 3 3 - - -
Gansu (rural) 107 - 4 18 38 26 9 4 - -
Jiangsu (Nanjing) 80 10 48 23 10 6 1 3 - -
Jiangsu (rural) 71 - 10 30 41 18 1 - - -

III Beijing (urban) 132 3 17 30 44 5 1 - - -
Gansu (Lanzhou) 34 - 3 3 59 27 9 - - -
Gansu (rural) 119 - 1 4 13 34 29 11 2 5
Jiangsu (Nanjing) 86 - 2 48 33 9 7 1 - -
Jiangsu (rural) 74 - 18 30 26 19 7 1 - -

IV Beijing (urban) 137 - - 20 51 23 5 - - -
Gansu (Lanzhou) 34 - - - 3 47 47 3 - -
Gansu (rural) 103 - - 1 4 6 31 33 13 13
Jiangsu (Nanjing) 79 - - 4 37 33 16 9 1
Jiangsu (rura') 94 - - 1 23 38 23 14 - -

V Beijing (urban) 148 - - 1 14 46 38 1 -
Gansu (Lanzhou) 31 - - - - 45 55 - -
Gansu (rural) 57 - 7 33 25 35
Jiangsu (Nanjing) 44 45 41 9 5 -
Jiangsu (rural) 96 -- 1 14 66 18 2 -

aEntries in the table show the percent of children of each grade that are of the indicated age;
age was calculated from the date of the child's birth.

bN is the number of students measured from the indicated group of schools.
'This includes one six-year-old.

deviation from available data. In each case the dependent variable is the
child's 'grades behind', and the regressions examine the effect of several
variables on 'grades behind'. In table 3 the variables include weight-for-age,
height-for-age, sex and the location of the child - urban Beijing, rural
Jiangsu, etc. The location variables are (0, 1) 'indicator' variables, e.g., the
variable 'Beijing' takes on the value '1' for a child if he is from Beijing and '0'
otherwise. In table 4, weight-for-height is also included. Only younger
children (nine years of age or younger) are included in the analyses reported
in table 4; this is because nutritionists feel that weight-for-height, which
indicates how heavy a child is relative to other children of the same height, is
a poor variable for children in or approaching adolescence. Indeed, as
Habicht, Mason and Martorell (1983) have indicated in a recent survey,
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Table 2
Means and standard deviations of variables used in the analysis.a

Schools in

Total Rural Rural
Variable sample Beijing Nanjing Lanzhou Jiangsu Gansu

Total sample
Weight-for-ageb 87.27 98.99 86.13 87.49 82.31 85.07

(17.32) (17.68) (12.04) (11.58) (11.54) (18.21)
Height-for-ageb 93.98 1)0.64 95.62 95.13 92.75 91.76

(6.44) (4.99) (4.13) (4.17) (4.28) (6.33)
Sex (1= male) 0.52 0.54 0.49 0.56 0.52 0.51

(0 = female) (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)
Age (months) 120.84 114.00 114.58 119.58 122.65 123.94

(22.95) (21.85) (21.95) (21.14) (20.54) (23.51)
Grade 2.98 3.45 2.91 3.10 3.08 2.81

(1.38) (1.37) (1.28) (1.37) (1.46) (1.34)
Grade deviation 1.56 0.52 1.10 1.27 2.40 1.99

(0.22) (0.93) (1.09) (0.79) (1.29) (1.17)
N=sample size 3,149 530 348 154 426 1,691

Young child sample
Weight-for-age 94.67 102.52 91.09 91.69 89.49 94.21

(19.02) (15.91) (10.34) (10.29) (12.59) (22.75)
Height-for-age 95.24 101.71 96.32 95.04 94.70 92.69

(6.42) (4.64) (3.88) (4.28) (4.51) (6.48)
Weight-for-height' 106.08 97.49 98.91 103.07 101.56 112.79

(23.87) (9.93) (8.26) (8.96) (11.73) (30.86)
Sex (1 =male) 0.51 0.55 0.52 0.56 0.50 0.48

(0=female) (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)
Age (months) 94.76 91.48 92.39 95.00 96.70 96.25

(8.68) (10.10) (10.13) (9.00) (6.42) (7.58)
Grade 1.66 2.15 1.74 1.58 1.54 1.48

(0.83) (1.11) (0.72) (0.57) (0.83) (0.66)
Grade deviation 0.68 -0.12 0.40 0.67 0.93 1.01

(0.84) (0.83) (0.60) (0.68) (0.73) (0.74)
N =sample size 1,015 198 137 52 122 509

aEntries in the table are means with standard deviations shown in parentheses below.
bThese variables are expressed as percent of the median value for a large sample of U.S.

children surveyed, to establish standards, by the U.S. National Center for Health Statistics; the
results are referred to as NCHS standards.

weight-for-height even among young children is a relatively poor measure in
the sense that it is non-responsive to nutrition interventions. Inclusion of
weight-for-height in this analysis allows assessment of its predictive value,
apparently less well studied by nutritionists.

Columns (1) and (2) of table 3 show very clearly the differences among
locations in grade deviation that were apparent also in tables 1 and 2. The



Table 3
Heights and weights as factors influencing school performance (dependent variable is 'grades behind').a

All schools Beijing schools Gansu schools Jiangsu schools
(N=3,149) (N=530) (N=1,845) (N=774)

Explanatory
variables (1) (2) (3) (4) (5) (6) (7) (8)

b-
Weight-for-age -0.004 -0.002 - -0.002 - -0.016

(4.22) - (0.94) - (1.85) - (5.78) -
Height-for-age -0.02 -0.02 -0.027 -0.055

- (11.39) -- (3.15) - (8.94) - (7.67)
Sex (1 =male) 0 .0 6 6 b 0 .0 6 3 b 0.085 0.090 0 .0 7 7b -0.08 0.020 0.002

(0=female) (2.28) (2.23) (1.39) (1.49) (1.99) (2.10) (0.034) (0.03)
Age (in months) 0 .0 31 b 0.031b 0.028b 0.027b 0.033b 0.033b 0.026b 0 .02 7 b

(45.96) (49.33) (19.40) (18.89) (37.67) (41.41) (17.68) (18.99)
Beijing 0.000 0.000
Gansu (Lanzhou) 0.527b 0,412" - - 0.0000 0.0000

(7.11) (5.60) - - - - -

Gansu (rural) 1.11lb 0907" - 0579b 0 493b - -
(26.57) (20.01) - (8.39) (7.22) - -

Jiangsu (Nanjing) 0.513" 0.417" - -- - 0.000 0.000
(9.07) (7.47) - - - - -

Jiangsu (rural) 0.772" 0.607 - - - 0.253" 0 .153
(14.24) (11.02) - - - - (4.20) (2.49)

Constant -2.676 0.128 -2.338 -0.435 -2.577 0.180 -0.566 3.234
0.57 0.58 0.43 0.44 0.50 0.52 0.43 0.44

aThe numbers in parentheses are the t-values.
bSignificant at the 0.05 level.



Table 4
Heights and weights as factors influencing school perforrnance - Children under nine years of age (dependent variable is 'grades behind).'

All schools (N = 1,015) Beijing schools (N= 198) Gansu schools (N=588) Jiangsu schools (N=259)
Explanatory --
variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

Weight-for-age -0.001 - - - -0.005 - - - -0.001 - - - -0.013b - -
(1.09) - - - (0.12) - - - (0.52) - - - (3.69) - - -

Height-for-age - -0.012 - -0. 0 13 b - - 030b - -0.030 - -0.004 - -0.003 - -0.034 -b-0.037b
- (3.03) - (2.97) - (2.31) - (2.34) - (0.98) - (0.66) - (3.60) - (3.89)

Weight-for-height - - 0.001 -0.0004 - - 0 0 1 6b 0.016b - - -0.001 -0.001 - - -0.004 -0.007
- - (0.71) (0.42) - - (2.71) (2.73) - - (0.90) (0.52) - - (1.2) (1.82)

Sex (i1 =male) 0.047 0.055 0.043 0.055 -0.046 -0.001 -0.075 -0.032 0.060 0.066 0.061 0.064 0.061 0.069 0.039 0.064(O=female) (1.06) (1.24) (0.96) (1.25) (0.39) (0.00) (0.64) (0.27) (1.08) (1.18) (1.11) (1.16) (0.77) (0.87) (OA9) (0O 82)
Age (in months) 0.0 1 6b 0.016b 0.017b 0 .0 1 6 b -0.007 -0.010 -0.007 -0.009 0.031 0 .030b 0 .0 3 1 b 0 .0 3 1 b 0 .0 17b 

0 .0 17 b o
0

Oi
9

b 0.017b
(6.14) (6.19) (6.58) (6.07) (1.17) (1.63) (1.14) (1.56) (8.34) (8.38) (8.55) (8.32) (3.59) (3.69) (41.1) (3.76)

Beijing 0.000 0.000 0.000 0.000 - - - - - - - - - - - -
Gansu (Lanzhou) 0.717b 0.650b 0.724b 0 5 6 4 b - - - - 0.000 0.000 0.000 0.00 - - - -

(6.51) (5.79) (6.61) (5.77) - - - - - - - - - - - -
Gansu (rural) 1.048b 

0 9 4 8 b 
1
.
0 4 5

b 0950b - - - -
0 31 0 b 0.302b 0304b 0299b - - -

(17.33) (13.62) (16.81) (13.62) - - - - (3.25) (3.15) (3.17) (3.11) - - - -
Jiangsu (Nanjing) 0.489b 0.438" 0.502" 0.435b - - - - - - - - 0.000 0.000 0.000 0.000

(6.19) (5.44) (6.45) (5.39) - - - - - - - - - - - -
Jiangsu (rural) 0.942b 0.874b 0.952b 0 .87 2 b - - - - - - - -

0Q4 3 4 b 0.397b 0.454b 0.410b
(11.38) (10.19) (11.61) (10.14) - - - - - - - - (5.36) (4.84) (5.45) (5.00)

Constant -1.511 -0.374 -1.786 -0.249 0.406 3.788 -1.172 2.141 -2.387 -1.822 -2.406 -2.022 0.116 2.209 -0.885 3.195
R2 0.31 0.31 0.31 0.31 -0.01 0.02 0.03 0.05 0.13 0.13 0.13 0.13 0.22 0.22 0.18 0.23

'The numbcr in parentheses are the t-values.
bSignificant at the 0.05 level.



D.T Jamison, Child malnutrition and school performance in China 307

coefficients for each region show the grade deviation there relative to Beijing
(which, therefore, has zeros at the appropriate entries in the table). The
coefficient on rural Gansu, for example, shows that children there are on the
average about one grade further behind than are children in Beijing. The
coefficient on age shows, as one would expect, that older children have failed
more. The negative coefficients on weight-for-age and height-for-age in
columns 1) and (2) show that the higher a child's nutritional status by either
of those measures the less far behinid he is likely to be in school; both
variables are highly statistically significant. The effect of height is particularly
strong, with a one standard deviation improvement in height being as-
sociated with a child's beinig about 0.3 years less far behind. The remaining
columns of table 3 repeat the analysis for the provincial subsamples;7 the
same general pattern of findings appears in each.

In table 4 weight-for-height is added to the analysis, both on its own and
in conjunction with height-for-age. To the extent that malnutrition's effect on
school progress is best captured by an indicator of long-term, chronic
malnutrition, then height-for-age and, to a slightly lesser extent, weight-for-
age, should be better predictors of grade deviation than is weight-for-height.
This is generally borne out in the results of table 4, where the coefficient on
weight-for-height is sometimes positive, sometimes negative, anid sometimes
statistically insignificant. It is perhaps interesting to note that weight-for-
height tends to be highest in rural Gansu and Jiangsu, where retardation
levels are highest and height-for-age is lowest. Habicht et al. (1983) have
suggested that weight-for-height may be influenced by interventions in those
(relatively rare) instances where its average value is quite low; it may also, in
those circumstances, have predictive value for school performance. In this
sample, however, it does not.

The analyses reported here are based on data sets that provide no
information on the children's home environment. It is certainly plausible that
features of the home environment that may be associated with lower
nutritional levels - such as lower income levels, lower parental education
levels, poorer hygiene, and a greater need for the child to work - may also
be directly associated with poorer school performance. 8 In addition, taller
children may simply be perceived as more mature and be more likely to be
promoted to the next grade for that reason alone. Thus the finding that

'All children from Beijing are from the urban part of the municipality. Both rural and urban
children are represented in the Gansu and Jiangsu subsamples, and the analyses for those
subsamples thus include indicator variables to show whether rural-urban differences exist within
these provinces.

8 Recent research has begun to quantify the impact of these other variables on school
attendance and performance; see Birdsall and Cochrane (1982), Cochrane and Jamison (1982),
and Jamison and Lockheed (1986). These variables are usually found to have an impact,
suggesting that their absence from the data set analyzed here will indeed lead to an
overestimation of malnutrition's impact on school performance.
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lower nutritional levels are associated with poor performance in school may
- indeed, probably does - partially reflect the correlation of nutrition with
these other variables. On the ot.ier hand, in China there is relatively little
variation in those other variables within an area served by a few elementary
schools, and the literature from outside China reports adverse effects of
malnutrition on school performance. We thus interpret these results to
suggest that there is a real effect of nutrition level on grade deviation, though
it may be less than the coefficients in tables 3 and 4 indicate.9

The typical child in our total sample had completed about three years of
school and was about 1.5 grades behind (table 2). As previously noted, a one
standard deviation improvement in average height would be expected to
reduce the number of grades behind by about 0.3 years, or 10% of the actual
years attained - suggesting that the present cost of primary schooling may be
l O' more costly than it would be if nutritional status could be increased by
about one standard deviation. As the direct cost of schooling (excluding the
cost of student time) is about $150 for the five-year primary cycle in China,
the total value of school resources that could be saved by nutrition
improvements is not insignificant on a national scale, and could be of major
importance in areas where there is substantial malnutrition.

4. Conclusion

There remains a significant amount of mild to moderate malnutrition in
China, and the analysis of this paper suggests that this degree of malnutrition
adversely affects students' school performance. Students in rural areas were
consistently further behind in school than students in urban centers, and
students in the provincial capitals of Lanzhou and Nanjing were further
behind than students in Beijing. But, wherever their location, children low in
height-for-age were consistently further behind. Children low in weight-for-
age were also behind, but weight was a less good predictor than height for
poor grade performance. There was no consistent effect of weight-for-height
on retardation. Although results from a geographically limited sample should
be generalized only with caution, it does appear that malnutrition in China is
sufficiently prevalent to retard the school advancement of large nlumbers of
children.

9It is perhaps worth noting explicitly at this point that, since the data discussed here were
collected from a school-based sample, they do not permit analysis of the extent to which being
malnourished increases the propensity to drop out of school altogether. As indicated in fig. 1,
this effect could be important in rural areas, and, to the extent that it is, it would bias this
paper's results toward underestimating the impact of malnutrition.
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