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NUTRITION IN CHINA: MALNUTRITION, NUTRITION
INEQUALITY AND NUTRITION POVERTY

This paper describes and analyzes the nutrition status of China on the base of the China
Health and Nutrition Survey data. The author discusses the decreasing nutrition level and rising
nutrition inequality and nutrition poverty in China, estimates the correlation between nutrition and
income, discloses the signicant influence of expenditure uncertainty on the nutrition level, and
advances to perfecting the social security system to reduce residents’ uncertainty expectation and
improve food consumption.
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Ban Xyeii
ITPOBJIEMMUM XAPYYBAHHSA B KUTAIL: HEAOIJAHHA,
HEPIBHICTbDb CITO2KMBAHHS 1 XAPUYOBA BIJIHICTb
Y cmamma onucano ii npoanaaizoeano npooaemu xapuysanusa ¢ Kumai 3 ypaxyeannam

OJanux OnuMyeamHs 3 0XOpOHU 300p0o8’s i xapuyeanns. Bidsnaueno mendenuito 3nudxcenns
KLAbKOCMI ma AK0CMmi Xap4uy8anHs, 3p0OCIAaHHs HePIGHOCMI 8 CNOXNCUBAHHI NPOOYKMIE i Xap1oeoi
6idnocmi, OuiHeHO KOpeaauilo Midc Xapuy8anHsm i 00X000M, POIKPUMO 6NAUE HEGUIHAYEHOCMI
00x00i6 Ha AKICMb XAPYYEaAHHA. 3aNPonoHOGAHO 3aX00u w000 600CKOHAAEHHA CUCHeMU
Couia1bHo20 3a0e3neuentst 045 3HUNCEHHs HeGU3HAEeHOCMI 00X00i6 HACeAeHHsl Ma NOKPAULeHHS
AKOCMI Xap4y8aHHs.
Karouoei caosa: xapuysanns, nepignicmeo, 0ionicms, 00x00u, HegusHauericmov 00x00i8.
Puc. 1. Taba. 7. Dopm. 7. Jlim. 15.

Ban Xyoii
ITPOBJEMBI ITMTAHUA B KUTAE: HEAOEJAHUE,

HEPABEHCTBO ITIOTPEBJIEHAA N ITUIIEBAA BEAHOCTD

B cmamoa onucanvt u npoanaauzuposanst npobaemot numanus 6 Kumae ¢ ywemom oannvix
onpoca no 30paeooxpanenuio u numanuro. Ommeuena menOeHUUs CHUNCEHUA KOAUHECMEA U
Kauecmea numaHus, pocma HepaseHcmea é nompebienuu npooyKkmos u nuuieeoi 6ednocmu,
Ouenena Koppeaauusa mexcoy numanuem u 00xXo0amu, pacKpbimo 6AUAHUE HeonpedeieHHoCmu
00x0006 Ha Kawecmeo numanus. Ilpedaoscenvt mepvl no coeepuieHcmeosanuro cucmemol
COUUAAbHO20 00ecnetenus 0451 CHUNCCHUS HeOnPeOeieHHOCHU 00X0008 HACEACHUA U YAYHULeHUS
Kauecmea numanusi.
Karouesvie caosa: numanue, nepasencmeo, Huuema, 00xoobl, HEONPeoeseHHOCHb 00X0008.

1. Introduction.

China experienced a growth miracle over the last 30 years. But the rapid growth
of Chinese economy didn't bring a significant improvement of the overall nutrition
level. Taking calorie as the substitute variable of nutrition, the average calorie intake
levels were decreasing accompanied by the per capita income growth (Du et al., 2002;
Meng et al., 2004; Ma and Zhang, 2011). Not only in China, other developing coun-
tries also had similar situations. In spite of having the period of rapid economic
growth from 1980 to 2005, the per capita calorie intakes of the Indians indicated a
declining trend by the research of Deaton and Dreze (2008). Deaton and Dreze
excluded the food price affect on the decreasing per capita calorie intake. They
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thought that it was the decline of general labor intensity which resulted in the
decrease of per capita calorie intake. There are also other interpretations on the neg-
ative correlation between calorie intake and income. One of the most popular inter-
pretations is that the calorie-income elasticity may be negative. People in developed
countries may pay much more attention to the components of diet and control the
intakes of calorie for health. But in developing countries there was a big income gap
as compared with developed countries. Many studies show the positive income elas-
ticity of nutrition demand in developing countries (Pitt, 1983; Strauss, 1984;
Alderman, 1987; Bouis and Haddad, 1992).

The existing studies mainly discuss what factors result in the decrease of average
nutrition intake. There are few studies on the demographic structure of nutrition.
That is, as income level rising, whether does the nutrition intake get much more
unequal, whether the rate of malnutrition increases or does the poverty rate of nutri-
tion get worse. This paper studies the above problems based on the China Health and
Nutrition Survey (CHNS) data. The remainder of this paper is organized as follows.
Section 2 is the data description, Section 3 presents the calculation method of
inequality and nutrition poverty. Section 4 is the statistical results. The further analy-
sis of the relationship between income and nutrition and between medical insurance
and nutrition are shown in Section 5. And we place the research conclusions in
Section 6.

2. Data Description.

The data comes from the China Health and Nutrition Survey database. The sur-
veys began in 1989 and have been carried out 8 times in 1989, 1991, 1993, 1997, 2000,
2004, 2006, and 2009, respectively. We use the calorie as the substitute variable of
nutrition. The database gives the 3 days average kcal-based calorie intake level. We
take the people who are over one year old as the research samples. As Deaton and
Dreze has pointed out that the labor intensity is the main factor of the per capita calo-
rie intake level reduction, we standardize the calorie intake level to eliminate the
impact of labor intensity and reflect the real nutritional status of China’s residents.
The method is indicated as below. Based on the Chinese Recommended Nutrient
Intake (RNI) table of calorie for genders and labor intensities with different ages edit-
ed by Chinese Nutrition Society, the value of resident's calorie intake in CHNS data-
base is divided by the corresponding RNI of calorie to get the standardized calorie
intake level. If the standardized value equals to 1, it means the present sample has
moderate calorie intake. And what means insufficient (or excess) calorie intake if it is
less (or more) than 1. The labor intensities include light physical activity, moderate
physical activity and heavy physical activity. The light physical activities include jobs
in a sitting position such as office workers or in a standing position such as salesper-
son, laboratory, teacher etc. We also take the no working ability and unemployment
as light physical activity. Moderate physical activities include the jobs such as student,
driver, electrician, metal worker etc. Heavy physical activities include the jobs such as
farmer, dancer, steel worker, athlete, loader, logger, miner, stonecutter etc. Table 1
indicates the results of standardization. From 1989 to 2009, the average standardized
level has dropped 19.8% from 1.16 to 0.93. This also suggests that the decrease of
labor intensity isn't the main factor which induced the decline of China residents'
calorie intake.
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Table 1. Standardized per capita calorie intake level of China’s residents
1989 1991 1993 1997 2000 2004 2006 2009

Samples 6580 12294 | 11863 11423 12370 10983 | 10528 | 10927
Averagelevel | 1.1552 | 1.0436 | 1.0077 | 0.9441 | 0.9489 | 0.9480 | 0.9167 | 0.9262

3. Nutrition Inequality and Nutrition Poverty: The Method.

Table 1 only shows the downtrend of the average calorie intake. It doesn't show
the demographic structure of nutrition which are presented by the nutrition inequal-
ity and poverty. That is, whether nutrition inequality gets worse and the rate of mal-
nutrition becomes greater. The nutrition inequality and poverty can be calculated
using FGT indices. The FGT indices were advanced by Foster, Greer and Thorbecke
to measure poverty in 1984. The FGT indices have some desirable properties such as
additive decomposability. The FGT poverty measures can be defined as:

Pu= ﬁ:‘%‘ (x oix, (1)

where x is the stochastic variable presenting standardized nutrition level, f(x) is its
density (roughly the proportion of the population consuming x), Z denotes the pover-
ty line which equals 1 here, and « is the sensitivity parameter which is nonnegative.
The higher are the values of a, the greater the sensitivities of the poverty measure to
inequality are. That is, if a is high, those with lower values (far below z) are given
more weight in the measure.

We describe the estimation of poverty measures P, fora =0, 1, and 2. If a =0, P,
is the headcount ratio which means the fraction of the population that lives below the
poverty line. If o = 1, P, is the average poverty gap which means the necessary amount
for people in poverty up to the poverty line rightly. And if a = 2, P, is the squared pover-
ty gap which means the weighted necessary amount for people under the poverty line.
The weight is P;. We use H, PG, and SPG to denote Py, P, and P, respectively.

The poverty indices P, can be estimated with Lorenz curves. The general quad-
ratic (GQ) Lorenz curve (Villasenor and Arnold, 1989) and the Beta Lorenz curve
(Kakwani, 1980) are the two most popular models. The GQ model fits the data much
better than the Beta model in drawing the Lorenz curve in our studies. So we choose
the GQ model to estimate the Lorenz curve and the equation is defined as:

LG-L)=af? -L )} bL-1)+c(P-L), ®)
where P is the cumulative proportion of population, L is the cumulative proportion of
stochastic variable x. Through estimating the parameters a, b, and ¢, we can calcu-

late the poverty indices based on the following equations (Datt, 1998):
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A widely used measure of inequality, namely the Gini index, is easily calculated
using the estimated parameters a, b and ¢ of the Lorenz curve. The relevant formu-
las are:

H
Gini =2 | Hfm>0
2 4m  8mJym gg n-2eym H

_e _nlp+2) r i 2m+n_ __ n
= am +8mm%m . sin r@fm<0,

e nb+2) r? . E2m+n+2\/m(a+c—1)%

(6)
Gini
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m

r+n
S, = om and U is the average value of the x, Gini is the coefficient which represents
the inequality degree of x.

4. The Estimated Results.

This paper uses an interactive software, POVCAL available as a freeware at the
website: http://iresearch.worldbank.org/PovcalNet/index.htm?0,5 worked out by
Shaohua Chen and Martin Ravallion, to estimate the calorie intake FGT indices of
China. The Gini coefficients which mean the nutrition inequality show the rising
trend. And the rise of poverty indices, H, PG, and SPG, indicate the depravation of
the nutrition poverty phenomenon. They all suggest that the demographic structure of
nutrition has been getting worse with the development of Chinese economy (Table 2).

Table 2. FGT indices and Gini coefficients (%)

Year H PG SPG Gini
1989 3699 6.73 1.85 17.74
1991 4904 8.70 2.33 15.20
1993 5532 10.79 3.15 16.12
1997 6379 13.70 4.40 15.94
2000 6414 14.88 4.98 17.93
2004 6396 15.28 5.29 18.51
2006 6712 16.95 5.97 18.35
2009 6745 16.72 5.91 18.93

The tri-relationships between average calorie intake level, nutrition inequality
and nutrition poverty can be analyzed by poverty elasticity. The poverty elasticity
refers to the percentage change in poverty in response to 1% change of the variable.
Kakwani (1990) derived the point estimates of the elasticity of poverty measures with
respect to mean value of the stochastic variable (here is mean nutrition intake level)
and the Gini index. We define them g and n, respectively. The estimation formulas

(Datt, 1998) are presented in Table 3.

Table 3. Elasticity of poverty measures with respect to the mean value and the

Gini index
e with respect to
Elasticity of Mean value Gini index
H -z/ (WHL"(H)) (1-z/ py/ (HL"(H))
PG 1-H/ PG 1+(y/ z-1)H/ PG
SPG 2(1-PG/ SPG) 2[1+(/ z-1)PG/ SPG]
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The ng is always negative. It means that the increase of average nutrition intake
could reduce the nutrition poverty definitely. The n, refers to the influence of the Gini
coefficient. It may be 0, negative, or positive. It means that the increase of Gini coeffi-
cient could be to the benefit (disadvantage) of the poverty reduction as it is negative
(positive). And if ;= 0, the improvement of the overall nutritional status can reduce the
poverty monotonically. Using 1z and 1, can define the poverty reduction index (¢) as

_ n,
=1+ —L
¢ 0 (7)

G

If ¢ > 0, the improvement of average nutrition intake level will reduce the nutri-
tion poverty, and if ¢ < O, the improvement of average nutrition intake level will
increase the nutrition poverty contrarily (Lin, 2003). The results are shown in Table 4.

The positive poverty reduction indices ¢ and negative mean value elasticity ng
suggest that the decline of overall average nutrition intake be the most important rea-
son of worsening the nutrition poverty status in China. The Gini index elasticity of H
became negative after 1997 which imply the decline in the proportion of nutrition
poverty population with the improvement of Gini indices. But the Gini index elastic-
ity of PG and SPG are always positive which mean the gaps between the actual nutri-
tion intake and the poverty line z for the malnutrition have positive relationship with
nutrition inequality. So the Gini index elasticity 1, indicate that the nutrition poverty
is stimulated by nutrition inequality. That is, the rising Gini indices make the nutri-
tion poverty more further away from the poverty line. Taking into account the
absolute value of ng is greater than the absolute value of 1;, improving the overall
nutrition level is the primary means to reduce nutrition poverty.

Table 4. Decomposition of nutrition elasticity and poverty reduction index

Year Elasticity of Mean v alrlre]t?r] (re; (;erlt; dex (1) Poverty reduction index (@)
H -3.692 0.573 0.845
1989 PG -4.499 1.853 0.588
SPG -5.265 3.127 0.406
H -3.490 0.152 0.956
1991 PG -4.638 1.246 0.731
SPG -5.475 2.326 0.575
H -2.957 0.023 0.992
1993 PG -4.125 1.040 0.748
SPG -4.851 2.053 0.577
H -2.442 -0.136 1.056
1997 PG -3.657 0.740 0.798
SPG -4.226 1.652 0.609
H -2.117 -0.108 1.051
2000 PG -3.311 0.780 0.764
SPG -3.978 1.695 0.574
H -2.076 -0.108 1.052
2004 PG -3.186 0.783 0.754
SPG -3.778 1.700 0.550
H -1.783 -0.148 1.083
2006 PG -2.961 0.670 0.774
SPG -3.678 1.527 0.585
H -1.848 -0.136 1.074
2009 PG -3.034 0.702 0.769
SPG -3.661 1.582 0.568
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5. Further Analysis.

5.1. Nutrition and Income. In many related references, income is thought to be
the most important variable influencing people nutrition. This paper divides the sam-
ples into quintile by income. The respective average nutrition intake is listed in Table
5. China has been experiencing the reform of market economy system since 1992. So
the nutrition intake differences between different income groups were very little
before 1992. Even in 1989, the average nutrition intakes of the 1st and 2nd quintile
are greater than the rest populations who have much higher income levels. The rea-
son is that Chinese people got goods through the rationing in the planned economy
period with the shortage of necessaries. And the prices for necessaries such as educa-
tion, housing, and medical treatment were controlled by government. There were no
uncertainties of income and expenditure, even the average income level was much
lower than that of today. And in addition, the lower the income is, the higher the
degree of food self-sufficiency is in shortage economy. Self-sufficiency became a kind
of advantage for food consumption in shortage economy. But the nutrition intake lev-
els of the 1st, 2nd, and 3rd quintiles indicated continuing downward trend, the 4th
and 5th quintiles then performed steadily. The differences between income groups
became greater and greater. Even in the period of short planned economy, peoples still
could achieve the Pareto improvement of food consumption through exchange. The
income may be not the primary factor which influences the nutrition intake of
China's residents. We think that the expenditure uncertainty brought by the reform of
market economy system impelled the lower income groups to scant themselves in
foods consumption. They put much more proportions of income on the precaution-
ary savings to deal with uncertainties. If China's government wants to change the
deterioration trend of nutrition, it should perfect the social security system to reduce
the residents' uncertainty expectations.

Table 5. Average nutrition intake levels by income quintiles

Year 1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile
1989 1.2311 1.155 1.1415 1.1072 1.1411
1991 1.0349 1.044 1.0319 1.0525 1.0547
1993 1.004 1.0129 1.0107 1.0079 1.0031
1997 0.9099 0.9333 0.9587 0.9671 0.9616
2000 0.913 0.9118 0.9662 0.9559 0.9974
2004 0.8727 0.9102 0.9494 0.9767 1.0113
2006 0.8775 0.8759 0.932 0.964 0.9841
2009 0.8612 0.8692 0.9294 0.9701 0.9811

We can also use the nonparametric regression for a technological test. The non-
parametric regression is a kind of regression analysis in which a research doesn't take a
predetermined form but is constructed according to information derived from the data.
The nonparametric regression can reflect the true relationship between variables better
than traditional linear and nonlinear regressions. This paper considers estimating the
unknown regression function using Nadaraya-Watson kernel regression. We set the 15%
of the range of explanatory variable as bandwidth. Here, the per_income presents the
resident's annual income level which is the explanatory variable; the calorie presents the
resident's standardized nutrition intake level which is the explained variable. Figure 1
shows the estimated regression function using Gaussian kernel.
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For the overwhelming majority samples, the resident's income doesn't indicate a
significant positive relationship with its nutrition intake in the every year nonpara-
metric regression result. But the volatilities of the lower-income groups are much
greater than of higher-income groups. Because there is a strong elasticity of substitu-
tion between various priced foods, peoples have to deal with the uncertain expendi-
ture by economizing food expenditure. But lower-income groups have more difficul-
ties in keeping their balance on food consumption and others. Government should
enhance public welfare payments to reduce uncertainty and meet the nutritional
needs of residents, especially lower-income ones. Figure 1 also indicates that the
volatilities converge to 1 gradually with the rising of income. It suggests that the high-
er the income is, the more attention people pay to diet qualities instead of quantities
to meet health needs.
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Figure 1. Estimated nonparametric regression function

5.2. Nutrition and Medical Insurance. There is a medical insurance survey in
CHNS database. This paper uses the medical insurance survey as the substitute vari-
able for expenditure uncertainty. The CHNS has seven-year survey on medical insur-
ance except 1989. First, we divide the samples into insured and uninsured and calcu-
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late the average nutrition level of every income group respectively (Table 6). Before
1993, the differences between insured and uninsured were very little. The influences
of expenditure uncertainty brought by the reform of market-oriented economic sys-
tem are so obvious that the insured have much higher nutrition intake level than the
uninsured either for the total or for the sub-groups since 1997. For the 1st income
group, the nutrition levels of insured are lower than that of the uninsured, especially
in 2004 and 2009. We think that the lowest income group has the least abilities to deal
with uncertainties. Some expenditure uncertainties except medical treatment may
have much more influence on food consumption. Second, we use the formulas from
Section 3 to estimate the nutrition inequality and poverty for insured and uninsured
respectively (Table 7). Although the poverty FGT indices have been rising since 1991,
the insured still have lower poverty than the uninsured. So how to get rid of the expen-
diture uncertainty is an effective mean to improve the overall nutrition intake level
and reduce the nutrition poverty.

Table 6. Average nutrition intake level of insured and uninsured for different
income groups
Total 1st 2nd 3rd 4th 5th
Insured UninsuredInsured Uninsured InsuredUninsure dInsured Uni nsuredlInsure dUninsured/Insured Uninsured|
19911.0553| 1.0393 |1.0093| 10445 |1.0465] 1.0454 |1.0416] 10243 | 1.059 | 1.0397 |1.0632] 1.0409
19931.0149| 1.0069 |0.9898| 1.0032 |1.0042| 1.0202 |1.0081| 1.0028 |1.0026| 1013 |1.0163] 0.9836
19970.9922| 0.9305 |0.9907| 09076 |09936| 0.9243 |0.9784| 09313 |09827| 09587 |1.0062| 0.9417
20000.9978| 0.935 |0.9473| 09058 |09119] 0.8909 |0.9786| 09551 |09855| 09547 |1.0374| 0.9688
2004 1.0072] 0.9256 |0.8649] 08662 [09389] 0.9213 [0.9749] 09392 [1.0052| 09625 [1.0636] 0.9763
20060.9681| 0.867 10.9512| 08299 |09161| 0.8604 |0.9595| 08815 |09624| 08946 | 1017 | 0.8838
20090.9279| 09103 |0.8692| 08776 |09044| 0.8572 09289 09177 |09438| 0915 ]0.9898| 0.9392

Year

Table 7. FGT indices and Gini coefficients of insured and uninsured (%)

year H PG SPG Gini
insured | uninsured | insured | uninsured | insured | uninsured | insured | uninsured

1991 45.55 50. 42 7.78 9.07 2.02 2.44 14.37 15.53
1993 | 53.40 55.69 10.03 10.99 2.89 3.22 15.51 16.32
1997 56.21 65.99 10.77 14.52 3.08 4.76 14.97 16.10
2000 | 56.09 66.17 11.34 15.84 3.51 5.38 16.34 18.23
2004 55.58 67.09 12.26 16. 44 4.01 5.76 18.13 18.46
2006 59.03 73.82 13.98 19.65 4.74 7.10 18.70 18.00
2009 | 67.34 68.45 16.67 17.16 5.88 6.13 18.99 18.32

6. Discussion and Conclusion.

Food consumption is a kind of basic consumption behavior which maintains the
body health for daily activities and improve human capital. But we find that the over-
all nutritional status of Chinese residents was worsening from 1989 to 2009 with the
rapid economic growth. And it is more serious for lower-income groups than for
higher-income groups. The population structure of nutrition can be calculated
through the estimated parameters of the Lorenz curve. The decreasing overall nutri-
tional level is coexisting with the increasing nutrition inequality and poverty. The elas-
tic analyses indicate that the deterioration of overall nutrition level is the main reason
for increasing the nutrition poverty. And the nutrition inequality also contributes to
the rise of nutrition poverty. At last, through comparing the nutrition level of differ-
ent income groups, making a nonparametric regression, and taking into account
medical insurance, we conclude that the expenditure uncertainty, not income uncer-
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tainty, is the essential reason which leads to insufficient nutrition in China. Chinese
government should reduce the residents' expenditure uncertainty through perfecting
the social security system. Only in this way, the residents would cut down the precau-
tionary savings and improve nutrition intake level. In the view of the rising uncer-
tainties during the market-oriented process in developing countries, the residents'
nutrition intake level may present an inverse U-shaped. In the beginning, the mar-
ginal utility of food consumption is the biggest. People allocate much more fractions
of their incomes on food consumption. But when food consumption is satisfied grad-
ually, the marginal utility of food consumption gets smaller and smaller and the mar-
ginal utilities of other requirements increase gradually. Rational consumers would cut
down food consumption to increase the total utility level. We also divide the samples
into urban and rural residents. The results are the same as above.

In this paper, calorie intake has some limitations as a nutrition intake while calo-
rie is extremely important. And the objective of diet is very different for various
income levels. Food consumption purpose of the poor is to satisfy the basic survival
needs. But rich people prefer to satisfy their preferences and health. If we want to
interpret what induce the decreasing calorie intake, we need to do huge statistics on
the intake of all kinds of nutrients in future studies.
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