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Abstract

To study the impact of income change—specifically rapid income growth—on diet behavior over time and by
socioeconomic level, we used data from a prospective study of China begun in 1989 (followed up in 1991, 1993 and
1997). The subpopulation used in this study included 5783 subjects aged 20—45 years old from 3129 households. Dietary
intakes were measured using a combination of the weighing method and three consecutive 24-h recalls. Detailed income
and price data were collected, and predicted household per capita income was used in multivariate longitudinal
random-effects models that described the consumption of several food groups and nutrients. Income elasticity was used
to measure the changes for the effects of income over time on (a) the probability of consuming any food and (b) the
quantity of food consumed. The structure of the Chinese diet is shifting away from high-carbohydrate foods toward
high-fat, high-energy density foods. The variation in the income effects that we uncovered indicated that important
changes in income effects took place between 1989 and 1997, with the changes varying considerably by socioeconomic
status. These shifts in income effects indicate that increased income might have affected diets and body composition in a
detrimental manner to health, with those in low-income groups having the largest increase in detrimental effects due to
increased income. Extrapolating from our estimates, higher income levels in the future could lead to the reversal of the
health improvements achieved in the last two decades, if diet-related noncommunicable diseases cannot be controlled.
© 2004 Elsevier Ltd. All rights reserved.
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Introduction

Throughout the developing world, there has been a
marked transition in dietary and physical activity and
overall body composition patterns in the past half
century. Particularly, in the past decade, we have seen a
rapid shift toward a pattern of nutrition more linked
with noncommunicable diseases than undernutrition in
developing countries (Popkin, 2002). Economic growth
has succeeded in significantly reducing poverty and
accelerating the nutrition transition. The number of
absolutely poor people (living on less than $1 a day) in
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developing countries fell from 1.3 billion to 1.2 billion
and the proportion of people living in extreme poverty
(daily expenditures less than the cost of a basic food
basket) fell from 29% to 23% over the past decade
(World Bank, 2002). The annual growth rate of the
gross domestic products (GDP), in China, for example,
was 8% in the past two decades—the highest rate in
recent world history. As a result, the proportion of the
absolutely poor population in China decreased sharply
from 80% in 1978 to less than 12% in 1998; the
proportion of the extremely poor decreased from 20%
to 6% during the same period (State Statistical Bureau,
2002).

Following rapid economic and social change, the pace
of the nutrition transition accelerated in developing
countries. The prevalence of obesity and diet-related
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noncommunicable diseases (DR-NCD) increased far
more quickly in developing countries than in Western
countries (Popkin, Paeratakul, Zhai, & Ge, 1995a).
From the perspective of development, the effects of
increased income have generally been viewed as bene-
ficial, since higher income is associated with better
quality diets, better health care, better child growth, and
lower morbidity and mortality from infectious diseases.
On the other hand, as income increases, dietary changes
typically include higher energy and fat intakes, increased
consumption of animal foods and processed foods—
which may not be healthful. Many researchers who
explored the effects of socioeconomic status (SES) on
nutrition focused on measures of undernutrition, un-
desirable pregnancy outcomes, or infant mortality.
Although other researchers who documented income—
health relationships focused either on estimating
overall income-nutrient intakes or on child health-
related behaviors—such as infant feeding and growth
(Sharkey et al., 2002; Giskes, Turrell, Patterson, &
Newman, 2002), more attention has been paid to the
effects of poverty (Nelson, 2000; Doran and Evers,
1997; Block, Norris, Mandel, & DiSogra, 1995).
However, the issue of potential detrimental effects of
income on diet has rarely been explored. Few research-
ers focused on (a) outcomes such as obesity or
cardiovascular diseases (CVD), (b) risk factors for
DR-NCD, (¢) how income change impacts decision-
making for food consumption or (d) how food structure
shifts as income increases (Guo, Mroz, Popkin, & Zhai,
2000; Popkin, Paeratakul, Zhai, & Ge, 1995b). This
paper will present such issues and their implications on
public health.

Data and methods
Survey design

Analysis was based on data of the China Health and
Nutrition Survey, an ongoing longitudinal project with
5783 subjects aged 20—45 years old from 3129 house-
holds in 1989 and followed up in 1991, 1993, and 1997.
A multistage, random cluster process was used to draw
the sample in eight provinces in China. Counties in the
eight provinces were stratified by income (low-, middle-,
and high-) and a weighted sampling scheme was used to
randomly select four counties in each province. In
addition, the provincial capital and a lower income city
were selected. Villages, townships (within the counties),
and urban and suburban neighborhoods (within the
cities) were selected randomly. The survey framework
contained 190 primary sampling units consisting of 32
urban neighborhoods, 30 suburban neighborhoods, 32
townships, and 96 villages.

Diet data

We collected diet data at both the household and
individual levels. Household food consumption was
determined by a detailed examination of changes in
inventory from the beginning to the end of each day—
for three consecutive days, in combination with a
weighing technique. The three consecutive days, during
which detailed household food consumption data were
collected, were randomly allocated from Monday to
Sunday. Chinese food scales with a maximum limit of 15
kilograms (kg) and a minimum of 20 grams (g) were
used to weigh the food. All purchases, home production,
and processed snack foods were weighed and recorded.
Preparation waste (e.g., spoiled rice, discarded cooked
meals fed to pets or animals) was estimated when
weighing was not possible. At the end of the survey, all
remaining foods were again weighed and recorded.

Dietary intake at the individual level was surveyed by
24-h recalls for the same three consecutive days by
asking individuals to report all food consumed each day
away from home and at-home, on a 24-h recall basis. We
linked household food consumption with individual
consumption based on the percent of individual
consumption of any food as a proportion of that the
household used. Also, we adjusted individual reported
consumption by the amount weighed at the household
level—if there was a large difference of consumption
between the household and individual levels.

Income data

Detailed demographic, economic, time-use, labor-
force participation, asset ownership, and expenditure
data were obtained. Income was approximated from the
survey in three ways: (a) through responses to direct
questions about income, (b) through the summation of
net receipts from all reported activities, and (c) through
responses to questions about expenditures. Full income
from market and nonmarket activities was imputed. In
analysis, income and price variables were deflated (by
the consumer price index) to Chinese currency (mea-
sured in 1980 yuan). To reduce the potential biases due
to measurement errors, we log-transformed the mea-
sured household per capita income and predicted it with
a set of community and household variables. We then
used the predicted income and its square as income
measures in the analysis of food consumption. Separate
income regressions were conducted for each of the four
survey years.

Price data
We had three sources of price data: (a) state store

price, (b) authority price records, and (c) free market
price (including local markets and super markets).
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Individual-owned supermarkets and free markets have
gradually replaced state stores since 1989 and people
usually buy food and commodities in the free markets.
The free market price became the most informative in
terms of affecting consumption decisions; therefore,
only free market prices were used as independent
variables in all models.

Analysis methods

We used a two-step procedure to estimate the effects
of income on food consumption because determinants of
the decision to consume any given food often differed
from the determinants of how much to consume. First,
we examined the yes—no consumption decision for a
given food and second, the quantity consumed—for
those who consumed that food. This two-step procedure
can provide more accurate estimations (Haines, Guilk-
ey, & Popkin, 1988). The consumption measures,
probability and quantity, were separately regressed on
predicted log-household per capita income.

Income elasticity was used to measure the effects of
income on food consumption. Income elasticity mea-
sures the relationship between a change in quantity
consumed and a change in income (i.e., Income
Elasticity =Percent change in consumption/Percent
change in income). Income elasticity defines three types
of food: inferior, normal and superior or luxury foods.
Inferior foods have a negative elasticity which means
that food consumption decreases as income increases.
Superior or luxury foods have a positive elasticity.
Normal food has an income elasticity near zero, which
means the consumption is unresponsive to a change in
income.

There are two kinds of effects in cross-sectional time-
series data: (a) the cross-sectional effects reflected in the
differences between subjects and (b) the time-series, or
within-subject effects reflected in the changes over time
for the subjects. Only random-effects models can
estimate both effects simultaneously (Stata Corp.,
2001). We built (a) random-effects probit models to
predict the probability of consuming any given food
group and (b) time-series random-effects regression
models to predict the quantity of food consumption.
When we predicted the effects of income on food
consumption, we controlled for a set of time-varying
variables (e.g., key food prices, kerosene and gasoline
prices, family size, age, education, etc.) and time-
invariant variables (e.g., urban residence, region of
residence, etc.). We used a bootstrap sampling and
estimation procedure to estimate the statistical precision
measures for the estimated income elasticity as functions
of income levels (e.g., point-wise standard errors and
95% confidence intervals). The advantage of the boot-
strap strategy is described elsewhere (Efron and
Tibshirani, 1993; Davison and Hinkley, 1997). We used

SAS version 8.2 software to manage and clean the
datasets and Stata version SE 7 software to implement
all analyses.

Results

Before examining the regression analyses relating
changes in diet patterns to income, we first examined a
few basic trends in Chinese diets over time with a special
emphasis on how these trends varied across broadly
defined income groups. The overall trends we uncovered
indicated that there were substantive shifts in the diet
towards more high-fat, more animal products, and
lower consumption of traditional foods. After establish-
ing these basic trends, our regression analyses high-
lighted the importance and significance of income to
explain these changing patterns.

Dietary structure is changing

Total energy intake is decreasing. The Chinese
government initiated a series of food policies to abolish
government food procurement and rationing system
beginning in 1988. As a result, the food supply improved
quickly and diverse foods became available. The first
panel of Table 1 presents average energy intakes by
income levels in 1989, 1991, 1993, and 1997. The first
change in diet patterns can easily be seen in total energy
intakes. Overall energy consumption decreased substan-
tially from 2651.2kcal per person per day in 1989 to
2544.5kcal in 1997. The decreasing trend is different
across income groups. Total energy intakes were always
lower in the high-income tertile, but declines were larger
for the low- and middle-income tertiles. There was a
227.5 kcal decrease from 1989 to 1997 in the low-income
tertile, but only an 86 kcal decrease in the middle-income

Table 1
Energy intake and consumption of high-fat diet, adults aged
20-45yr, 1989-1997, China

Income tertile 1989 1991 1993 1997

Energy Intake (kcal per day)

Low income 2822.1 2808.6 2703.7 2594.6
Mid income 2612.7 2713.9 2601.1 2526.7
High income 2519.9 2600.7 2486.6 2509.6
Average 2651.2 2707.2 2596.4 2544.5

High-fat diet consumption (% of sample that consumed a diet
with >30% energy from fat)

Low income 7.4 7.9 10.5 17.5
Mid income 14.1 18.1 22.1 36.9
High income 20.1 32.8 43 59.8
Average 13.8 19.6 25.2 37.5
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tertile. Energy intake was stable in the high-income
tertile, decreasing only 10.3 kcal.

Consumption of a high-fat diet is increasing. The
second panel of Table 1 presents changes in those
consuming a high-fat diet over time. We defined a high-
fat diet in this study as one with energy from fat higher
than, or equal to, 30% of total energy (WHO, 1990,
2002). The average incidence of high-fat diets rose from
13.8% to 37.5% in the eight-year span. The average
incidence in the high-income tertile of high-fat diets in
1997 was almost three times higher than that in 1989
(59.8% vs. 20.1%); it more than double in the low- and
middle-income tertiles. Combined with the changes in
energy levels, the diets have been shifting from higher
energy into higher fat diets.

Consumption of traditional foods is decreasing. Chinese
traditional foods were characterized by many staple
foods (i.e., rice, wheat and wheat products), as available,
with a small amount of vegetables and a few animal
foods. Table 2 contains the average consumption for
flour, rice, animal products, and edible oil by income
tertiles across time. As income improved, although the
proportion of the population who consumed staple
foods increased, the consumption of these staples
decreased from 1989 to 1997, with the largest declines
taking place for those in the low-income tertile. For

Table 2
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example, average rice consumption per consumer
decreased 110.1g per day (469.9 vs. 359.8g) in the
low-income tertile, while only decreasing by 38 g per day
(329.7 vs. 291.7 g) in the high-income tertile.

Consumption of animal foods is increasing. Animal
foods were luxury foods in China and only a few rich
people could regularly consume them before 1988, but
more people can afford them now. The proportion of
people who ate animal foods increased from 91.9% in
1989 to 97.1% in 1997 in the high-income tertile and
from 63.8% to 72.7% in the low-income tertile. The
average per capita consumption of animal products
increased by about 30% for all three income tertiles. The
absolute increases were largest for the high-income
tertile; their intake level and the increase were almost
twice that of those in the lower income group (Table 2).
The main source of animal foods was pork and pork
products—about 70% of the total animal foods
consumed before the 1980s. Pork consumption de-
creased significantly in the past two decades, while
shares of poultry, beef, and mutton increased signifi-
cantly (results not shown in this paper, see Du, Lu, Zhai,
& Popkin, 2002).

Consumption of edible oil is increasing. Plant oil and
lard were included as edible oil in this study. Since the
price of edible oil was cheaper than before, it became

Consumption of some food groups, adults aged 20-45yr, 1989-1997, China

Income tertile Mean intake per capita

Proportion of sample consuming

Mean intake per consumer

(2d7) (%) (2d7)

1989 1991 1993 1997 1989 1991 1993 1997 1989 1991 1993 1997
Consumption of flour and flour products
Low income 1774 2155 2495 2185 523 62.2 71 72.4 3394 346.5 3514 3017
Mid income 1842 1743 1662 152 69.7 69.2 70.2 72.6 2644  251.7 2368 2094
High income  159.4 156.6 124.5 129.6 75.7 78.2 73.1 75.7 210.5  200.1 170.3 171.3
Average 173.7  182.1  180.1 166.7 65.9 69.9 71.4 73.6 263.6  260.6 252.1  226.6
Consumption of rice and rice products
Low income 3453 331.6 298.1 2894 735 73.5 73.2 80.5 469.9 4512 4074  359.8
Mid income 3155 3328 3241 306.7 822 86.8 85.3 90.7 383.8 3835 3797 3382
High income  299.8  299.1 297.5 273.1 909 91.6 93.2 93.6 329.7 3265 3192 2917
Average 3202 321.1  306.6 289.8 82.2 84 83.9 88.3 389.5 3825 3654 3283
Consumption of animal source foods (pork, poultry, beef, mutton, fish, eggs, dairy)
Low income 61.4 67.6 71.2 82.7 63.8 71.7 66.8 72.7 96.3 942  106.6  113.8
Mid income 107.2 1202  118.7 137.5 828 85.6 83.7 88.8 129.5 140.3 142 154.9
High income  145.1 164 187.4  209.1 919 93.1 97.3 97.1 157.8 176.2 1925 2152
Average 1046 117.3 1258 143.1 79.5 83.5 82.6 86.2 131.5 140.5 1523 166
Consumption of edible oils
Low income 20.2 33.8 34.6 438 813 99.2 99.9 100 24.8 34.1 34.6 43.8
Mid income 24.4 42.1 40.1 439 855 99.8 99.8 100 28.5 42.2 40.2 43.9
High income 25.2 49 47.2 51.6  85.1 99.9 99.8 100 29.6 49 47.4 51.6
Average 23.2 41.6 40.7 464 84 99.6 99.8 100 27.7 41.8 40.7 46.4
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more affordable, even for low-income people. The
proportion of people who consumed edible oil increased
from 84% in 1989 to 100% in 1997. The average
quantity consumed nearly doubled for all income
tertiles, with the average amount per consumer increas-
ing by two-thirds on average across income groups.
Although edible oil consumption was lower in the low-
income tertile than in the high-income tertile (43.8 vs.
51.6 g per day), it increased by 76% in the low-income
tertile—much faster than in the high-income tertile
(40%).

These aggregate statistics point out some of the most
important changes in Chinese diets during the 1990s.
While the incidence of high-carbohydrate staple food
consumption increased, this was met with a substantial
decline in the amount consumed per consumer. Most of
the largest declines in the overall consumption of these
staples occurred in the lowest income groups. As more
people consumed these foods, the amount being
consumed declined. A different situation emerged for
the relatively high-fat animal foods and edible oils.
While there were similar increases in the incidence of
consumption of these high-fat foods, the average
quantities consumed clearly increased for all income
groups. Apparently diets became more varied with
everyone consuming more types of foods, but this
change occurred as the source of calories shifted from
high-carbohydrate foods to high-fat foods.

Overweight and obesity are increasing

Table 3 displays the prevalence of overweight and
obesity (body mass index [BMI] >25) by income groups.
We combined overweight (BMI>25) and obesity
(BMI>30) in this study because experts from WHO
(Asia—Pacific Region) recommended that lower BMI
cutoff points for overweight and obesity of 23 and
25kgm™2, respectively, should be used in Asia (Inoue
and Zimmet, 2000). The prevalence of overweight and
obesity was positively associated with income; it was
about twofold higher in the high-income tertile than in
the low-income tertile (19.6% vs. 10.9%). The average

Table 3
Combined prevalence of overweight and obesity (BMI>25),
adults 2045 yr, 1989-1997, China (%)

Income tertile 1989 1991 1993 1997
Low income 6.3 6.6 9.5 10.9
Mid income 9.1 11.7 10 14.7
High income 10.7 13.6 13.5 19.6
Average 10.3 10.6 10.9 15.4

Note: Combined overweight and obesity prevalence based on
WHO (Asia—Pacific Region) recommendation.

prevalence increased by 50% in the eight-year period,
but in the low-income tertile it increased over 70%. The
increase trends paralleled the shifts of dietary structure
just documented.

Mortality of diet-related noncommunicable diseases is
increasing

Following the nutrition transition, the pattern for
death causes is shifting away from infectious diseases
toward DR-NCD. The specific mortality of hyperten-
sion increased from 8.2 to 13.5 per 100,000 between 1984
and 1999, CVD from 153.2 to 193.0, diabetes from 5.1 to
15.4, and cancer from 116.2 to 140.5, respectively. This
shift is noteworthy, as it seems to be concurrent with the
increase in DR-NCD related to the circulatory system
and cancer. Furthermore, the increase in the total
mortality since the 1990s should not be overlooked.
There was no clear increase in the total mortality before
1990, but an increase of 34.7 per 100,000 thereafter.

Impacts of income change on food consumption vary over
time and across income groups

We use random effects models to demonstrate that
variations in income are significant determinants of the
components of the basic diet trends just discussed. We
examine how the propensity to consume any of the food,
and how the quantity consumed (given some consump-
tion), varies with income. In all regressions we used the
same set of explanatory variables, which includes a set of
food prices, age, gender, residence, and urbanization
index. Given the nonlinear nature of the income effects
we uncovered, the actual parameter estimates are not
very informative; instead we report the implied impacts
of income on the consumption and information about
statistical significance of these effects in graphical form.
Specifically, we present graphs describing how the
income elasticity of the consumption varies across
income levels in both 1989 and 1997 for each of these
consumption outcomes. We also present graphs display-
ing the eight-year change in the income elasticity by
income level. All graphs contain point-wise 95%
confidence intervals (bands) for the estimated income
elasticity, or for their changes over time and follow the
same format for displaying the elasticity by income level
and their changes over time.

Flour and rice products have become inferior goods.
The first graph in Fig. 1a displays the income elasticity
for the probability of consuming any flour products in
1989. Our model specifications incorporate nonlinear
income effects, resulting in elasticity that can vary by
income level. The bands about the income elasticity
define point-wise 95% confidence intervals for the
elasticity estimates. The second graph in Fig. 1a presents
similar information for the income elasticity in 1997.
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Fig. 1. (a) Income elasticity for the probability of flour food consumption. (b) Income elasticity for the quantity of flour food

consumption.

The third graph in the figure presents the change in the
income elasticity at each income level.

The probability of consuming any flour products was
quite responsive to income in 1989, with the incidence
for the poor being higher than that for the nonpoor for
the incidence of consuming flour products. By 1997,
however, this elasticity declined to almost zero at all
income levels, implying that decisions about whether to
consume any flour products were nearly independent of
ones income. From the third graph in Fig. 1a we see that
these changes in the income elasticity were statistically
significant over much of the relevant income range. One
interpretation of this change over time is that income in
1997 was high enough for almost everyone that it was
not a limiting factor in one’s decision to consume any
flour products.

Fig. 1b presents the income elasticity and its changes
for the amount of flour products consumed (among
those who consumed some flour). The income effects are
much different than for the incidence of flour consump-
tion. The amount of flour consumed in 1989 (first graph)
was only weakly related to one’s income level, with the

point estimates suggesting that flour products were
inferior goods over most of the relevant income range.
In 1997 (second graph) the quantity of flour products
consumed indicated that they were clearly an inferior
good with a statistically significant negative elasticity
over almost the entire income range. The change in the
income elasticity (third graph) indicates that the
decrease in the elasticity was statistically significant at
lower income levels.

If one could extrapolate from 1997 to the future
from these estimates, it would appear that future
income increases would have almost no impact on
whether or not an individual consumes any flour
products. The quantity of flour consumed, however,
would fall with income increases for those in the
lower income levels, where the elasticity is quite
negative. But at higher income levels, where the
income elasticity approaches zero, there would be no
further reductions in flour product consumption.
Future income increases could lead to large declines in
overall flour product consumption, but would eventually
level out.
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We conducted a similar analysis for the consumption
of rice products. While higher income levels in 1989 led
to increased incidences of rice consumption, by 1997 this
incidence elasticity was close to zero at all income levels.
The decline in the elasticity for higher income levels was
statistically significant. Extrapolating from the 1997
elasticity estimates, higher income in the future will not
lead to more people consuming rice products. This is
nearly identical to the implications for flour consump-
tion, the other staple food analyzed here. The income
elasticity for rice consumption tends to be small and
insignificant over the entire income range. The results
suggest that higher future income will do little to
increase the incidence of rice consumption, and the
quantity consumed will undergo only small increases at
most, and possibly slight decreases. In conjunction with
the results we found for flour product consumption,
higher future income will lead to overall declines in the
consumption of these two staple goods.

Animal food intakes increased as income increased. As
seen in Fig. 2a, the probability of consuming any animal
foods in 1989 and 1997 was strongly related to increased

income, with higher income people being much more
likely to consume animal foods. The change in income
elasticity, however, was quite small over time. Fig. 2b
indicates that the quantity of animal foods consumed,
given some consumption, was significantly related to
income in both 1989 and 1997, with an elasticity of
about 0.4. Again extrapolating from the 1997 results,
higher income in the future could lead to many more
individuals consuming some animal foods, with more
increases in the amount consumed.

Among all animal foods, the difference of income
elasticity for the propensity and quantity of pork
consumption between low-income and high-income
people was not significant. Low-income people had a
much higher income elasticity for the propensity of
consuming poultry, beef and mutton, and for the
quantity of beef and mutton consumed in 1997. Overall,
it appears that future income increases may lead to more
people consuming chicken, beef and mutton, and there
will be quite large increase in the amount of beef and
mutton consumed, but slight declines in the amount of
chicken consumed.
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02 0.2 0.2
0,
95% Cl Upper 95% CI Upper
95% CI Upper,
2 95% CI Lower 2 95% CI Lower 2
S S, s,
= 0 = ; — — —
3 8 " 3
w w w
95% CI Lower
-0.2 -0.2 -0.2

558 595 6.32 6.68 7.05 7.41 7.78 8.15 8.51

5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51

5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51

(@ Log per capita household income Log per capita household income Log per capita household income
1989 1997 1997-1989
0.8 0.8 0.8
95% CI Upper
95% CI Upper
0.4 4 0.4 0.4 4
> > > 95% CI Upper
35 S o
=] = 95% CI Lower =
[%2] (%2} [%2]
© © ©
] 95% CI Lower i o /
0 T T — T P~ T 0 T T — T T 0 T —T— T — T
95% CI Lower
04 0.4 -0.4
558 595 6.32 6.68 7.05 7.41 7.78 8.15 851 5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51 5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51
(b) Log per capita household income Log per capita household income Log per capita household income

Fig. 2. (a) Income elasticity for the probability of animal food consumption (b) Income elasticity for the quantity of animal food

consumption.



1512 S. Du et al. | Social Science & Medicine 59 (2004) 15051515
In 1989 In 1997 1997-1989
1 1 1
0.8 4 0.8 4 0.8 4
95% CI Upper 95% C1 Upper
0.6 0.6 0.6
2 2 2
) ] °
@ 04 4 95% CI Upper @ 04 4 @ 04 4
w w w
0.2 4 0.2 4 0.2 4
95% CI Lower
0 , — e 0 — — ,
95% CI Lower /95;/0 Cl Lower \
0.2 02 02

5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51

Log per capita household income

5.58 5.95 6.32 6.68 7.05 7.41 7.78 8.15 8.51

Log per capita household income

5.58 5.956.32 6.68 7.05 7.41 7.78 8.15 8.51

Log per capita household income

Fig. 3. Income elasticity for the probability of high-fat diet consumption.

Edible oil consumption is inelastic. While the earlier
analysis indicated that edible oil consumption comprised
a significant fraction of fat consumption, there does not
appear to be a strong relationship between edible oil
consumption and income. Given that in 1997 nearly
everyone consumed some edible oil, our analysis for this
food group only focuses on the amount consumed. In
both 1989 and 1997, the income elasticity for edible oil
consumption was quite small, and in no instance was the
elasticity significantly different from zero. The changes
of elasticity were not significant. Future income in-
creases might have a slight impact on the consumption
of edible oils.

High-fat diets become superior goods at all income
levels. Fig. 3 examines the relationship between income
and the incidence of a high-fat diet. In 1989, the income
elasticity was small and insignificant, and no income
level displayed any compelling evidence that higher
income would lead to an increased incidence of high-fat
diets. By 1997, however, dramatic changes had taken
place. The elasticity was about 0.4 over the entire
income range, implying that a doubling of income would
lead to a 40% increase in the incidence of high-fat diets.
The elasticity is significant over nearly all of the income
range for 1997, and the changes in elasticity from 1989
to 1997 were significantly different from zero over the
middle portion of the income distribution. Extrapolating
from the 1997 income effects, future income increases
might be associated with large increases in the incidence
of high-fat diet.

Discussion

Income change effects. This study provides further
evidence that the nutrition transition is accelerating in
developing countries and that the burden of disease
related to poor diets may be shifting to the poor.

The total energy intake is decreasing among all
income groups, a rather unique trend in China, while
most other developing countries reported an increas-
ing trend. The energy intake from fat is quickly
increasing.

The structure of the Chinese diet is changing with
improved income, particularly in the low- and middle-
income groups. The Chinese diet is shifting away from
traditional foods—rice, wheat and wheat products—
toward high-energy density, high-fat and low-fiber diets.
People in the low-income group have the highest
decrease in cereal food intakes.

The impacts of income changes on dietary behavior
differ over time. For example, in 1997 the quantity of
beef and mutton consumption would have increased by
20% if people in the low- and middle-income groups
received an extra 10% income, while the consumption
would not have changed significantly for the same
income groups in 1989.

The impacts of income change over time on dietary
behavior are also different for the different income
levels. For example, the income elasticity for the
probability of consuming any poultry increased for all
income groups, but the change was much smaller (and
insignificant) for those with low income than for those
with high income.

These dynamic changes are consistent with those
found in other countries. A key issue is the social burden
of disease. These results indicate that the poor in China
will more rapidly increase their shift into the high
noncommunicable disease category than the rich and it
is likely that the burden of obesity will begin to shift
toward the poor. This result is borne out in cross-
country research on this topic.

Increased income effects. This study found that
increased income might affect diets and body composi-
tion in a manner detrimental to the health of the
populations at all income levels, with many of the largest
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changes taking place in the lower- and middle-income
groups. The poor people in developing countries are
following their richer counterparts in making changes to
their dietary behavior. These changes seem to be linked
with a great potential for poor health.

First, the prevalence of overweight and obesity
paralleled the changes of dietary structure seen with
increased income. It almost doubled in the eight-year
period (1989-1997), even in the low-income groups.
China seems to be rapidly relinquishing its traditional
staple foods of rice, wheat and wheat products. Edible
oil intake increases unabated, as does the intake of other
animal products. In China, foods are always stir-fried
while cooking; stir-frying has a high potential to add oil,
which is one of the reasons that fat intake increases
rapidly. The level of fat intake in China is much
higher than in South Korea, although China’s Gross
National Product (GNP) was less than 1/14 the GNP in
South Korea in 1996. The overall proportion of
energy from fat increased quickly, reaching an overall
average of 27.3% and 32.8% for urban residents in
1997, respectively. Over a third of Chinese adults and
60.1% of those in urban areas consumed over 30% of
their energy from fat (Du et al, 2002). China is
experiencing the nutrition transition much sooner and
at a much lower level of GNP than the United States
and Western European countries (Drewnowski &
Popkin, 1997).

Second, the overall 1999 death rates among urban
residents increased to a higher rate than in the early
1970s. The main reason was an increase in mortality
from DR-NCD such as CVD, diabetes, and cancers.
This shift is astounding, as morbidity and mortality
from DR-NCD increased much faster than the decreases
from infection and parasite diseases. The latter diseases
are already at a very low level and are not expected to
disappear within a short time, while it seems there are no
limitations for the increase in the former (DR-NCD)
and can reach a very high level in a very short time. The
cases of CVD in China and India were already greater
than the total cases in all other developed nations
(Reddy, 2002). DR-NCD have become the major
sources of adult death and have resulted in the increases
of mortality in China.

We should pay more attention to the poor when we
make any nutrition policies, because the poor are more
vulnerable to the effects of income change.

First, the current nutrition transition seems to be
occurring faster among poor people than among the
rich. Food demand in the past was more price- and
income-sensitive among the poor than among the rich
(Timmer, Falcon, & Pearson, 1984). However, due to
the low prices and the affluent food supply, even the
poor can afford more fat and animal source foods. In
the United States, dietary change exhibits a pattern of
health-conscious behavioral change (Popkin, Siega-Riz,

& Haines, 1996), but, such a pattern of health-conscious
behavior does not seem to be occurring in the
developing world. When people—particularly the
poor—receive extra income, the first goal is to improve
their diet. However, our results verify diet improvement
always means extra edible oil, pork, or other meats.
Poor people may also have the potential to be exposed
to high-fat, high-energy density junk foods (Reidpath,
Burns, Garrard, Mahoney, & Townsend, 2002). Many
studies reported SES proved to be inversely associated
with BMI (Sundquist and Johansson, 1998; Alaimo,
Olson, & Frongillo, 2001; Mellor and Milyo, 2001;
Marmot, 2001).

Second, physical activities in daily life have been
reduced greatly due to advances in technology and
transportation (Bell, Ge, & Popkin, 2001). Also, poor
people may be more vulnerable to such changes as they
have a “‘lack of social participation”. Income could be
causally related to health through the effect on social
participation and the opportunities to control life’s
circumstances (Marmot, 2002; Lynch et al., 1998).
Although China has achieved remarkable economic
progress, income disparity and health inequality
have increased. The poor Chinese may not be
able to afford leisure activity or physical activity in
gyms; as a result, they may spend more time
watching TV and playing electronic games. We did
not measure physical inactivity in this study. The
proportion of TV set ownership can be used to measure
changes in daily physical inactivity; clearly TV
ownership represents a major potential source of
inactivity. The highest increase of TV ownership—from
40% in 1989 to 78% in 1997—was found among the
lower-income groups (Du, Lu, Wang, Zhai, & Popkin,
2001).

The Chinese diet is shifting away from the traditional,
most healthful diet in the world, toward one that most
high-income countries are attempting to change, and
other countries may be able to bypass. Multivariate
analyses of this study show that extra income is
associated with a greater increase in high-fat diets,
particularly among the poor. An increased income starts
to show its potential detrimental effects on the health of
a large population in most developing countries. People
in low-income groups are more vulnerable to these
effects. Many DR-NCD emerged first in higher SES
groups and also declined first in the same groups, such
as CHD, CVD, and stroke (Mackenbach, Kunst,
Cavelaars, Groenhof, & Geurts, 1997), while the
morbidity and mortality still increased in low SES
groups. The gap in morbidity and mortality of DR-
NCD among SES has widened (Drever, Whitehead, &
Roden, 1996; Guralnik, Land, Blazer, Fillenbaum, &
Branch, 1993). Health improvements of the last two
decades may be reversed if DR-NCD cannot be
controlled.
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