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Abstract

China has been undergoing a dramatic transition in food consumption since a few decades ago. The
composition of diet has changed significantly. We assessed the trend of dietary diversity in China with four
indicators. Count Index (Count), Dietary Diversity Score (DDS), Entropy (Entropy) and Simpson Index (Simpson)
were adopted to measure the dietary diversity of 24542 adults (>17 years) through the data of 4 rounds (2004,
2006, 2009, 2011) of China Health and Nutrition Survey (CHNS). Results indicated that dietary diversity increased
over time, and it was unequally distributed among different regions and families. Further investigation found that
it was positively associated with accessibility of food (p<0.01) and other social-economic factors such as family
income, household size, gender, age, education and region.

Introduction

Numerous literatures claimed that China is experiencing a nutrition transition: consumers’ diet
is shifting from low-fat traditional food, mainly composed of complex carbohydrates and vegetable
fibers with few animal products, to a western-styled one which is high in saturated fats, sugar and
proteins but low in fibers [1-9]. This shift significantly improved nutritional conditions of the poor
people [8], but at the same time raised great concerns over excessive nutrition intake among rich
people, given the rapid increase of overweight population in the past decades [9-11]. As a result,
healthy diet attracted rising attention from both the public and the academic [10,12].

Nutritionist generally believed that healthy diets are the most diverse ones since essential
nutrients cannot be drawn from a single type of food, but usually exist in different food resources
[13]. Current literatures have already revealed that diverse diets can protect people against chronic
diseases [14], reduce the risk of being in lack or excess of any single nutrient [15], and improve
the utility of consumers by better matching between their tastes and food characteristics, or
counteracting diminishing returns to quantity [16]. Therefore, dietary diversity could be used as
a proxy to measure dietary quality and nutritional conditions [17], and a number of studies had
developed several indicators to describe it [18-25]. On the other hand, greater food variety might
also promote excess energy intake and further increase obesity since it can stimulate appetite and
increase food consumption by increasing the enjoyability of meal [26-28]. The diminishing marginal
utility indicates that the enjoyability of eating the same food will decrease as the quantity increases.
However, when people have more diverse food, they can consume lower quantity on each food item
by substituting with similar food items. Therefore, the enjoyability of eating each food items remains
high, which can stimulate appetite and increase total food consumption.

The increasing variety of food can be attributed to various factors such as on-farm production
diversity, increasing market access and decreasing transaction cost due to searching, shopping,
traveling as well as the effect of bulk-discounting [9,16,29]. Urban citizens generally had higher
accessibility of food than their rural counterparts, owing to more centralized food facilities in their
residential areas, such as supermarkets, food markets, and restaurants. Rich people might also
have more diverse diets since they had more abundant budget. A comprehensive investigation on
dietary diversity is critical to deepen our understanding on the undergoing nutrition transition in
China. We thus adopt several widely used indicators to capture the trend of dietary diversity among
different regions in China. Further investigation on the associations between dietary diversity and
the accessibility of food as well as other factors is also conducted to explain the heterogeneity in
dietary diversity.
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Materials and Methods

Sample

We adopted the data of 4 rounds of CHNS (2004, 2006, 2009 and
2011) in this study. This survey was conducted by the University of
North Carolina at Chapel Hill (UNC-CH) and the Chinese Institute
of Nutrition and Food Safety (INFS), China Center for Disease
Control and Prevention (CCDC). The sample was drawn from 9
provinces' ( They are Guangxi, Guizhou, Heilongjiang, Henan, Hubei,
Hunan, Jiangsu, Liaoning, and Shandong). (three autonomous cities,
Beijing, Shanghai and Chonggqing was added in 2011 survey), using
a multi-stage, random-cluster process. Details about the design and
the sampling of CHNS are available elsewhere [12]. We focused
on all adults aged 18 and older in China with the research objects
consisting of 45869 persons. After excluding children and samples
with no consumption report on the twelve major food categories
(processed food are not counted in our study) listed in Chinese Food
Composition [30,31], we finally get 24542 samples, including 16115
rural respondents and 8427 urban citizens.

Measurement of individual food consumption

Individual food consumption data were recorded for three
consecutive days for all household members. Respondents were asked
to report on all the food they consumed at home and away from home
in a 24-h recall. Trained field interviewers recorded the code of food,
amount, types of meals and eating places on the previous day with
the help of food models and pictures. Detailed information about the
survey can be found elsewhere [12]. In this study, each food code is
treated as the symbol of an individual food category.

Measurement of dietary diversity

Several indicators were developed to measure dietary variety. In
general, they can be classified into two groups: the count measures
which record the number of food items, and the distribution indices
which take both the number and the distribution of food into
account [9]. Here we selected two count indices and two distribution
indicators to measure dietary diversity.

The first indicator adopted in our study is the count of individual
food (Count), which is defined as the number of individual food based
on food codes. CHNS listed 1506 individual food in 21 categories
according to China Food Composition [30,31], of which the first 12
categories (1067 individual foods) refer to major food groups and
the rest represent processed food (e.g., infant foods, cakes, fast food,
beverages and condiments). Our study only focused on staples and
excluded other food.

The second index used in our study is the Dietary Diversity Score
(DDS) developed by Kant et al. (1993), which counts the number of
food groups consumed daily. In order to estimate DDS, we follow
Liu et al. [9] to further combine the original 12 major food categories
into 6 broad groups (grains, vegetables, fruits, meat/poultry/seafood,
dairy, and beans/eggs/nuts, and relevant details are presented in
appendix B) based on similarities of nutrient composition and their
functions in diet. Following the suggestion of Kant et al. [18], we
further excluded food consumed less than the minimum amount
(25g) to avoid giving credit for the consumption of a food group
whose reported amount is too small. Therefore, the value of DDS
ranges from 0 to 6, with higher value referring to more diverse diet.

The third measure is the entropy (Entropy) suggested by Theil and
Finke [23]. Entropy is illustrated by a function of the consumption
share w,

(1) Entropy =>""w, log S
! W

Since higher value of Entrlopy refers to high dietary diversity,
the maximum diversity (logn) appears when consumption shares
are equally distributed among different categories. The share w, was
calculated according to the weight of each food group.

The last indicator, the Simpson Index (Simpson) is commonly
used in economic literatures to measure the variety. Simpson is
computed as one minus the Herfindahl index, a widely used measure
for market concentration.

(2) Simpson=1-""W;?

The value of Simpson varies from 0 (only one single food group is
consumed) to 1—% (all food groups have equal share), and higher value
refers to greater variety.

Food facilities

Food facilities refer to places where people can buy or eat food.
It was commonly used as a mark of the accessibility of food [32,33].
Adequate food facilities will lower the cost of getting access to a
variety of food. In this study we counted the total number of fast food
restaurants, indoor restaurants, food stalls, food carts, bakeries, fruit
shops, and supermarkets in the living quarters to measure the number
of food facilities, which reflects the access to food market. The more
food facilities one community has the easier access residents can get
to diversified food and diet.

Income

The income variable used in this paper is the generated per capita
income in the survey, by which both market and nonmarket activities
were accounted for [34]. All incomes were deflated in terms of the
Consumer Price Index (CPI) of 2004 for the purpose of comparison.

Data analysis

All statistical analyses were performed by using the Stata statistical
software (version 11.0). The descriptors were presented to illustrate
the distribution of diversity indices, gender, income, and food
facilities. Moreover, a comparison between rural and urban residents
was conducted on the basis of these indicators. t tests (for continuous
variables) and Chi-square tests (for binary variables) were adopted in
this study, with the significance level set to be 0.05. Finally, Pearson
correlation coeflicients were calculated to investigate the associations
of diversity measurements with income and the number of food
facilities. In addition, these associations were also demonstrated by
figures processed with locally polynomial regression.

Results and Discussion

A numbers of studies had developed different indicators to
measure dietary diversity, but only a few of them had focused on
Chinese consumers. Kim, et al. presented a Diet Quality Index-
International (DQI-I) to compare the dietary quality (including
variety) of China with that of the U.S. and found that dietary variety
was better achieved in the U.S. diet [22]. Li, et al. denoted that urban
families reported significantly greater food variety than their rural
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Figure 1: Trends of dietary diversity in China.
Note: Count, DDS, and Simpson refer to Count Number, Dietary Diversity
Score, and Simpson Index respectively. The curves (bars) are the probability
density distribution functions.

counterparts [10]. Liu, et al. investigated the impact of the accessibility
of food on dietary diversity [9]. Their results showed that higher cost
of food access negatively affects individuals’ ability to diversify their
diet. Our study went further into the topic and revealed some new
phenomena.

We first presented the descriptive analysis of dietary diversity
and food facility, as well as other variables in Table 1. Results showed
that, on average, 25.73 kinds of food were consumed by respondents
on the survey days, which belonged to 3.93 food groups. The average
value of Entropy and Simpson were 1.17 and 0.64 respectively. These
values were consistent with previous studies [9,10] that claimed
most people had a diverse diet with one or two groups missing from
their dietary record. On average, there were around 35 food facilities
(including fast food and indoor restaurants, food stalls, food carts,
bakeries, fruit shops, and supermarkets) in one community but with
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Figure 2: Distribution of four dietary diversity indices in rural and urban
China.

Note: Count, DDS, and Simpson refer to Count Number, Dietary Diversity
Score, and Simpson Index respectively. The curves (bars) are the probability

density distribution functions.

great variation (standard deviation to be 47.07). More than 40%
respondents live in community with less than 10 food facilities, while
one fourth respondents live in area which has access to more than
50 food facilities. Female respondents were slightly more than males
(54:46) in our sample objects, and we have more rural people (66%)
in our sample.

Figure 1 showed the distribution and trend of food diversity
by displaying its measurements in each year separately. All four
indicators present great variations, indicating food variety varies
across different people. Moreover, the distribution density curves of
Count, Entropy, and Simpson all shifted to the right over time; and
the DDS also concentrated on higher scores in recent years. These
changes provided strong evidence of an intensifying trend of dietary
diversity, indicating that food variety in China had improved during
this period. In addition, we also found significant regional disparity
in dietary diversity. Table 2 showed that urban residence had
significantly more diverse diet than their rural counterparts in terms
of all four indicators (p<0.05). Figure 2 displayed a clearer regional
comparison by mapping up the distribution density of diversity
indicators for two regions simultaneously in one graph. Compared to
rural residents, urban residents were more concentrated on the right.
The fraction of DDS also indicated that more urban people had highly
diverse diet.

We provided strong evidence that food diversity varied across
different people and time, and it was better achieved in urban China
than rural China. The next step was to explore the determinants of
such disparity. Current literatures have already revealed that food
variety was negatively correlated with the cost of access to food
[9,10,16]. Our data also uncovered a positive relationship between
dietary diversity and logarithm of food facilities disclosed by all four

Table 1: Descriptive analysis of dietary diversity and other variables.

Indicators | Number Share mean/SD
Count
<11 143 0.58%
11-30 18651 75.98% 25.73(7.16)
>31 5748 23.42%
DDS
<3 1620 6.60%
3-5 21540 @ 87.76% 3.93(0.97)
6 1382 5.63%
Entropy
<0.8 1907 7.77%
0.81-1.4 4701 19.15% 1.17(0.25)
>1.4 17934 73.07%
Simpson
<0.5 2073 8.45%
0.5-0.7 15083 61.46% 0.64(0.10)
>0.7 7386 30.10%
Facility
<10 10065 | 41.01%
10-50 8465 34.49% 84.87(47.07)
>50 6012 24.50%
Income
32053(43617)
Houssize:"'d 2.10(0.89)
Male 0.46(0.50)
Age 49.86(15.19)
Education 7.60(4.33)
Urban 0.34(0.47)

Abbreviations: Count: Count Number; DDS: Dietary Diversity Score;
Simpson: Simpson Index; SD: Standard Deviation, which are shown in
brackets.
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Table 2: Comparison of dietary diversity between rural and urban China.

. Rural Urban Comparison test

Variable Mean | Std. Dev. | Mean | Std. Dev. | t/chi-square p
Count 24.69 6.74 27.38 7.58 -28.66 <0.01
DDS 3.71 0.92 4.30 0.96 -48.75 <0.01
Entropy 1.11 0.24 1.29 0.23 -57.61 <0.01
Simpson | 0.62 0.10 0.68 0.08 -53.67 <0.01

Abbreviations: Count: Count Number; DDS: Dietary Diversity Score; Simpson:
Simpson Index.

Table 3: Pearson correlations between dietary diversity and income/facility.

. Facility
Indicators Correlations p
Count 0.1474 <0.01
DDS 0.2105 <0.01
Entropy 0.2556 <0.01
Simpson 0.2488 <0.01

Abbreviations: Count: Count Number; DDS: Dietary Diversity Score; Simpson:
Simpson Index.

indicators, which indicated that food variety will grow steadily with
increasing food facilities (see Figure 3). Particularly, these curves
showed an inverse trend at the end, implying that food diversity tends
to decline in communities with highly massed food facilities. The
Pearson correlations of diversity indices with facilities were presented
in Table 3. All correlations were significantly positive (p<0.05).

To further explore the impact of increasing food facility on
dietary diversity, we conducted the multivariable regression to
control the effect of other variables such as income, household
size, gender, age, education, regional and time differences on food
variety. Results were presented in Table 4. Our regression confirmed
that more food facilities were positively associated with higher food
variety (all p<0.05). Specifically, 10% increase in food facilities would
result in 2 more food items (Count), 0.56 more food groups (DDS),
and slightly increase in Entropy and Simpson indices. Results also
revealed that rich people had more diverse diet (all p<0.05), and
people lived in larger household consumed more food items but
their food consumption were unequally distributed, as shown by
the negative association between household size and Entropy and
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Figure 3: Association between dietary diversity and food facilities.
Note: Count, DDS, and Simpson refer to Count Number, Dietary Diversity
Score, and Simpson Index respectively. The curves are the fitted lines
and the grey regions are the 95% confidence intervals. Infacility refers to
logarithm of facility.

Table 4: Association between dietary diversity and food facility-full sample.

Diversity Count DDS Entropy Simpson
Intacility) 0.7983 0.1082 0.0312 0.0118
(<0.01) (<0.01) (<0.01) (<0.01)

) 0.1945 0.0562 0.0183 0.0070
In(income) (<0.01) (<0.01) | (<0.01) (<0.01)

) 0.6187 -0.0432 | -0.0099 -0.0038

Household size (<0.01) (<0.01) (<0.01) (<0.01)
Male 04171 | -0.0985 | -0.0370 -0.0130
(<0.01) (<0.01) (<0.01) (<0.01)

Age 0.0302 0.0032 <0.011 <0.014
(<0.01) (<0.01) (<0.01) (<0.01)

Education 0.2640 0.0441 0.0119 0.0041
(<0.01) (<0.01) (<0.01) (<0.01)

Urban 1.1430 0.2909 0.0883 0.0303
(<0.01) (<0.01) (<0.01) (<0.01)

y2006 0.1944 0.0954 0.0314 0.0114
(0.224) (<0.01) (<0.01) (<0.01)

42009 0.8030 0.2465 0.0742 0.0269
(<0.01) (<0.01) (<0.01) (<0.01)

y2011 1.4001 0.3083 0.0772 0.0236
(<0.01) (<0.01) (<0.01) (<0.01)

Provincial dummy Yes Yes Yes Yes

12.0958 1.9460 0.6264 0.4427

Constant (<0.01) (<0.01) (<0.01) (<0.01)
Observations 24542 24542 24542 24542
p (<0.01) (<0.01) (<0.01) (<0.01)

F test 160.96 230.68 323.90 27231
R>-adjusted 0.2013 0.2478 0.3124 0.2751

Note: p value in brackets; In() refers to the logarithm of the variables in
brackets; y2006, y2009, y2011 refer to year dummy variable.

Simpson. Moreover, female, old people, well-educated people and
urban residents were associated with higher dietary diversity.

As a sensitivity analysis, we also conducted the multivariable
regression separately for urban and rural areas. Results were presented
in Table 5. We found that rural sample disclosed very similar results
with full sample, that more food facilities was positively associated
with higher diverse diet (all p<0.05), and the marginal effects were
even greater. However, we did not find significant relationship
between food facility and dietary diversity for urban area. One
possible reason is that urban area has more advanced infrastructure
and the cost of access to food is much lower, so that urban residents’
food purchasing and consumption might not limited in their living
community. We thus substituted the community food facility with the
total food facility in the whole city and re-conducted the regression in
urban area (see right part of Table 5). Results showed that food facility
had positive impact on food variety.

Nevertheless, our data confirmed that peoplelived in communities
with higher density of restaurants and other food facilities had
more diverse diet than other people (p<0.05, see Table 2). We thus
concluded that higher access to food contributed to the increasing
food diversity in China.

As aforementioned, higher dietary diversity might promote
excess energy intake which might increase obesity. We thus further
investigate the impact of food diversity on BMI by mapping their
association in the figures (appendix A). In general, we find that
increasing food diversity is positively associated with higher BMI,
particularly when BMI is lower than 25.

Our study contributed to current literatures by providing a
comprehensive description of food diversity in China. One major
strength is that we adopted several different indicators to measure
dietary diversity over a long time period in both rural and urban
areas, and thus we revealed the trend of food diversity and its regional
differences. We presented some evidence to prove that dietary
diversity is positively associated with the number of food facilities
nearby, and argued that the increasing food diversity might be
attributed to higher food accessibility. Therefore, the implication of
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Table 5: Association between dietary diversity and food facility-Rural and urban.

Region Rural Urban Urban using city restaurants
Diversity Count DDS Entropy | Simpson Count DDS Entropy | Simpson Count DDS Entropy | Simpson
In(facility) 0.7208 0.1102 0.0332 0.0129 0.9017 0.0963 0.0256 0.0092 0.8890 0.0936 0.0249 0.0089

(<0.01) = (<0.01) @ (<0.01) | (<0.01) (<0.01) = (<0.01) & (<0.01) | (<0.01) (<0.01) | (<0.01) | (<0.01)  (<0.01)
In(income) 0.3675 0.0826 0.0258 0.0097 -0.1362 | -0.0112 | -0.0022 -<0.015 0.0040 <0.019 <0.012 <0.011
(<0.01) (<0.01) (<0.01) (<0.01) (0.086) (0.200) (0.305) (0.495) (<0.01) (<0.01) (<0.01) (<0.01)
Household size 0.7102 -0.0224 | -0.0059 -0.0027 0.3763 -0.0904 | -0.0193 -0.0066 0.3505 -0.0961 | -0.0209 -0.0071
(<0.01) = (0.040) = (0.042) | (0.031) (0.008) | (<0.01) | (<0.01) & (<0.01) (0.012) | (<0.01) | (<0.01) & (<0.01)
Male -0.2767 @ -0.0638 @ -0.0296 -0.0112 -0.6270 | -0.1512 | -0.0475 -0.0157 -0.6016 | -0.1458 | -0.0461 -0.0152
(<0.01) = (<0.01) | (<0.01) (<0.01) (<0.01) = (<0.01) | (<0.01) (<0.01) (<0.01) | (<0.01) | (<0.01) (<0.01)
Adge 0.0144 0.0011 <0.016 <0.012 0.0532 0.0057 0.0017 <0.016 0.0490 0.0048 0.0015 <0.015
9 (0.001) (0.060) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Education 0.2178 0.0371 0.0104 0.0038 0.3186 0.0499 0.0128 0.0043 0.3011 0.0463 0.0119 0.0039
(<0.01) | (<0.01) @ (<0.01) | (<0.01) (<0.01) | (<0.01) | (<0.01) | (<0.01) (<0.01) | (<0.01) | (<0.01) & (<0.01)
Y2006 0.3491 0.1234 0.0380 0.0138 -0.2330 0.0153 0.0117 0.0044 -0.0877 0.0445 0.0194 0.0070
(0.065) (<0.01) (<0.01) (<0.01) (0.431) (0.669) (0.171) (0.154) (0.768) (0.214) (0.023) (0.027)
2009 1.2322 0.3141 0.0925 0.0338 -0.0885 0.1044 0.0355 0.0122 0.0407 0.1297 0.0422 0.0144
(<0.01) | (<0.01) & (<0.01) | (<0.01) (0.771) | (0.003) | (<0.01) & (<0.01) (0.893) | (<0.01) | (<0.01) | (<0.01)
y2011 2.0878 0.3830 0.0996 0.0323 0.0794 0.1597 0.0314 0.0051 0.1899 0.1819 0.0372 0.0070
(<0.01) = (<0.01) | (<0.01) (<0.01) (0.791) = (<0.01) | (<0.01) (0.110) (0.526) | (<0.01) | (<0.01) (0.028)

Provincial dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Constant 12.4683 1.9284 0.6144 0.4352 13.7882 2.6311 0.8467 0.5275 12.6224 2.4225 0.7927 0.5102
(<0.01) | (<0.01) = (<0.01) (<0.01) (<0.01) = (<0.01) | (<0.01) (<0.01) (<0.01) = (<0.01) | (<0.01) (<0.01)

Observations. 16115 16115 16115 16115 8427 8427 8427 8427 8427 8427 8427 8427
p (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

F test 100.81 108.79 156.92 137.28 55.53 74.44 96.85 79.27 55.03 77.96 101.45 82.20
R2-adjusted 0.1803 0.1785 0.2376 0.2153 0.1841 0.2083 0.2482 0.2151 0.1864 0.2180 0.2605 0.2255

Note: p value in brackets; In() refers to the logarithm of the variables in brackets; y2006, y2009, y2011 refer to year dummy variable

policy making can be drawn like that: lower food diversity in remote
area can be alleviated by enhancing infrastructure investment in food
sectors to improve food accessibility. However, this conclusion was
not based on a thoroughgoing investigation and our future research
should probe into the causality between these variables.

Conclusions

As the primary finding of this study, we demonstrated that food
diversity in China has got improved over time in the past decade, but
there is a significant variation across different people. Our further
investigation indicated that such disparity might be attributed to
broader access to food facilities in some regions, as well as higher
income and personal characteristics.

Acknowledgments

The study was sponsored by the National Natural Science
Foundation of China (Project ID: 71473123, 81402741 & 71333008),
and BK20140904 from the Department of Epidemiology, School of
Public Health, Nanjing Medical University, as well as “A Project
Funded by the Priority Academic Program Development of Jiangsu
Higher Education Institutions (PAPD)”.

References

1. Popkin BM. Nutritional patterns and transitions. Population and Development
Review. 1993; 19: 138-157.

2. Popkin BM. The nutrition transition and obesity in the developing world. The
Journal of nutrition. 2001; 131: 871S-873S.

3. Popkin BM. Synthesis and implications: China’s nutrition transition in the
context of changes across other low- and middle-income countries. Obesity
reviews: an official journal of the International Association for the Study of
Obesity. 2014; 15: 60-67.

4. Guo X, Morz TA, Popkin BM, Zhai F. Structural change in the impact of
income on food consumption in China: 1989-1993. Economic Development
and Cultural Change. 2000; 48: 737-760.

5. Du S, Lu B, Zhai F, Popkin BM. A new stage of the nutrition transition in
China. Public health nutrition. 2002; 5: 169-174.

6.

10.

11.

12.

13.

14.

15.

16.
17.

18.

Gale F, Huang K. Demand for food quantity and quality in China. Economic
Research Service/lUSDA. 2007.

Tian X, Yu X. The demand for nutrients in China. Front Econ Chin. 2013; 8:
186-206.

Tian X, Yu X. Using semiparametric models to study nutrition improvement
and dietary change with different indices: The case of China. Food Policy.
2015; 53: 67-81.

Liu J, Shively GE, Binkley JK. Access to variety contributes to dietary diversity
in China. Food Policy. 2014; 49: 323-331.

Li L, Lin C, Cao H, Lieber E. Intergenerational and urban-rural health habits
in Chinese families. American journal of health behavior. 2009; 33: 172-180.

Gordon-Larsen P, Wang H, Popkin BM. Overweight dynamics in Chinese
children and adults. Obesity reviews: an official journal of the International
Association for the Study of Obesity. 2014; 15: 37-48.

Zhai FY, Du SF, Wang ZH, Zhang JG, Du WW, Popkin BM. Dynamics of
the Chinese diet and the role of urbanicity, 1991-2011. Obesity reviews: an
official journal of the International Association for the Study of Obesity. 2014;
15: 16-26.

Mirmiran P, Azadbakht L, Azizi F. Dietary diversity within food groups: an
indicator of specific nutrient adequacy in Tehranian women. Journal of the
American College of Nutrition. 2006; 25: 354-361.

McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu
FB, et al. Diet quality and major chronic disease risk in men and women:
moving toward improved dietary guidance. The American journal of clinical
nutrition. 2002; 76: 1261-1271.

Krebs-Smith SM, Smiciklas-Wright H, Guthrie HA, Krebs-Smith J. The effects
of variety in food choices on dietary quality. Journal of the American Dietetic
Association. 1987; 87: 897-903.

Li N. An Engel Curve for Variety. 2013.

Bukania ZN, Mwangi M, Karanja RM, Mutisya R, Kombe Y, Kaduka LU, et al.
Food Insecurity and Not Dietary Diversity Is a Predictor of Nutrition Status in
Children within Semiarid Agro-Ecological Zones in Eastern Kenya. Journal of
nutrition and metabolism. 2014; 2014: 907153.

Kant AK, Schatzkin A, Harris TB, Ziegler RG, Block G. Dietary diversity and
subsequent mortality in the First National Health and Nutrition Examination
Survey Epidemiologic Follow-up Study. The American journal of clinical
nutrition. 1993; 57: 434-440.

Citation: Tian X, Wang H, Liu C and Fan H. Increasing Food Accessibility is Positively

Associated with the Raising Dietary Diversity in China. SM J Nutr Metab. 2015; 1(1): 1009.

Cragesis


http://www.popline.org/node/327577
http://www.popline.org/node/327577
http://www.ncbi.nlm.nih.gov/pubmed/11238777
http://www.ncbi.nlm.nih.gov/pubmed/11238777
http://www.ncbi.nlm.nih.gov/pubmed/24341759
http://www.ncbi.nlm.nih.gov/pubmed/24341759
http://www.ncbi.nlm.nih.gov/pubmed/24341759
http://www.ncbi.nlm.nih.gov/pubmed/24341759
http://www.researchgate.net/publication/237512197_Structural_Change_in_the_Impact_of_Income_on_Food_Consumption_in_China_19891993
http://www.researchgate.net/publication/237512197_Structural_Change_in_the_Impact_of_Income_on_Food_Consumption_in_China_19891993
http://www.researchgate.net/publication/237512197_Structural_Change_in_the_Impact_of_Income_on_Food_Consumption_in_China_19891993
http://www.ncbi.nlm.nih.gov/pubmed/12027281
http://www.ncbi.nlm.nih.gov/pubmed/12027281
http://www.ers.usda.gov/media/200596/err32_1_.pdf
http://www.ers.usda.gov/media/200596/err32_1_.pdf
http://journal.hep.com.cn/fec/EN/10.3868/s060-002-013-0009-9
http://journal.hep.com.cn/fec/EN/10.3868/s060-002-013-0009-9
http://www.sciencedirect.com/science/article/pii/S0306919215000433
http://www.sciencedirect.com/science/article/pii/S0306919215000433
http://www.sciencedirect.com/science/article/pii/S0306919215000433
http://www.sciencedirect.com/science/article/pii/S0306919214001389
http://www.sciencedirect.com/science/article/pii/S0306919214001389
http://www.ncbi.nlm.nih.gov/pubmed/18844511
http://www.ncbi.nlm.nih.gov/pubmed/18844511
http://www.ncbi.nlm.nih.gov/pubmed/24341757
http://www.ncbi.nlm.nih.gov/pubmed/24341757
http://www.ncbi.nlm.nih.gov/pubmed/24341757
http://www.ncbi.nlm.nih.gov/pubmed/24341755
http://www.ncbi.nlm.nih.gov/pubmed/24341755
http://www.ncbi.nlm.nih.gov/pubmed/24341755
http://www.ncbi.nlm.nih.gov/pubmed/24341755
http://www.ncbi.nlm.nih.gov/pubmed/16943458
http://www.ncbi.nlm.nih.gov/pubmed/16943458
http://www.ncbi.nlm.nih.gov/pubmed/16943458
http://www.ncbi.nlm.nih.gov/pubmed/12450892
http://www.ncbi.nlm.nih.gov/pubmed/12450892
http://www.ncbi.nlm.nih.gov/pubmed/12450892
http://www.ncbi.nlm.nih.gov/pubmed/12450892
http://www.ncbi.nlm.nih.gov/pubmed/3598038
http://www.ncbi.nlm.nih.gov/pubmed/3598038
http://www.ncbi.nlm.nih.gov/pubmed/3598038
http://www.researchgate.net/publication/42857157_An_Engel_Curve_for_Variety
http://www.hindawi.com/journals/jnme/2014/907153/
http://www.hindawi.com/journals/jnme/2014/907153/
http://www.hindawi.com/journals/jnme/2014/907153/
http://www.hindawi.com/journals/jnme/2014/907153/
http://www.ncbi.nlm.nih.gov/pubmed/8382446
http://www.ncbi.nlm.nih.gov/pubmed/8382446
http://www.ncbi.nlm.nih.gov/pubmed/8382446
http://www.ncbi.nlm.nih.gov/pubmed/8382446

SMGre&up

1

2

2

2

2

2

2

2

Copyright © Wang H

9. Kennedy ET, Ohls J, Carlson S, Fleming K. The Healthy Eating Index: design
and applications. Journal of the American Dietetic Association. 1995; 95:
1103-1108.

0. Haines PS, Siega-Riz AM, Popkin BM. The Diet Quality Index revised: a
measurement instrument for populations. Journal of the American Dietetic
Association. 1999; 99: 697-704.

=

. Stookey JD, Wang Y, Ge K, Lin H, Popkin BM. Measuring diet quality in
china: the INFH-UNC-CH diet quality index. European journal of clinical
nutrition. 2000; 54: 811-821.

2.Kim S, Haines PS, Siega-Riz AM, Popkin BM. The Diet Quality Index-
International (DQI-I) provides an effective tool for cross-national comparison
of diet quality as illustrated by China and the United States. The Journal of
nutrition. 2003; 133: 3476-3484.

3. Theil H, Finke R. The consumer’s demand for diversity. Eur Econ Rev. 1983;
23: 395-400.

4. Drewnowski A, Henderson SA, Driscoll A, Rolls BJ. The Dietary Variety
Score: assessing diet quality in healthy young and older adults. Journal of the
American Dietetic Association. 1997; 97: 266-271.

(92

. Patterson RE, Haines PS, Popkin BM. Diet quality index: capturing a
multidimensional behavior. Journal of the American Dietetic Association.
1994; 94: 57-64.

6. Foote JA, Murphy SP, Wilkens LR, Basiotis PP, Carlson A. Dietary variety
increases the probability of nutrient adequacy among adults. The Journal of
nutrition. 2004; 134: 1779-1785.

27.

2

©

2

©

30.

31.

32.

33.

34.

Remick AK, Polivy J, Pliner P. Internal and External Moderators of the Effect
of Variety on Food Intake. Psychological bulletin. 2009; 135: 434-451.

. Vadiveloo M, Dixon LB, Mijanovich T, Elbel B, Parekh N. Dietary Variety Is

Inversely Associated with Body Adiposity among US Adults Using a Novel
Food Diversity Index. Journal of Nutrition. 2015; 145: 555-563.

. Sibhatu KT, Krishna VV, Qaim M. Production diversity and dietary diversity

in smallholder farm households. Proceedings of the National Academy of
Sciences of the United States of America. 2015; 112: 10657-10662.

Yang Y. China Food Composition. Beijing, China: Peking University Medical
Press. 2002.

Yang Y. China Food Composition. Beijing, China: Peking University Medical
Press. 2004.

Xu H, Short SE, Liu T. Dynamic relations between fast-food restaurant and
body weight status: a longitudinal and multilevel analysis of Chinese adults.
Journal of epidemiology and community health 2013; 67: 271-279.

Du W, Su C, Wang H, Wang Z, Wang Y, Zhang B. Is density of neighborhood
restaurants associated with BMI in rural Chinese adults? A longitudinal study
from the China Health and Nutrition Survey. BMJ open. 2014; 4: e004528.

Du S, Mroz TA, Zhai F, Popkin BM. Rapid income growth adversely affects
diet quality in China--particularly for the poor! Soc Sci Med. 2004; 59: 1505-
1515.

Citation: Tian X, Wang H, Liu C and Fan H. Increasing Food Accessibility is Positively

Associated with the Raising Dietary Diversity in China. SM J Nutr Metab. 2015; 1(1): 1009.

Cragecis


http://www.ncbi.nlm.nih.gov/pubmed/7560680
http://www.ncbi.nlm.nih.gov/pubmed/7560680
http://www.ncbi.nlm.nih.gov/pubmed/7560680
http://www.ncbi.nlm.nih.gov/pubmed/10361532
http://www.ncbi.nlm.nih.gov/pubmed/10361532
http://www.ncbi.nlm.nih.gov/pubmed/10361532
http://www.ncbi.nlm.nih.gov/pubmed/11114674
http://www.ncbi.nlm.nih.gov/pubmed/11114674
http://www.ncbi.nlm.nih.gov/pubmed/11114674
http://www.ncbi.nlm.nih.gov/pubmed/14608061
http://www.ncbi.nlm.nih.gov/pubmed/14608061
http://www.ncbi.nlm.nih.gov/pubmed/14608061
http://www.ncbi.nlm.nih.gov/pubmed/14608061
http://www.sciencedirect.com/science/article/pii/0014292183900399
http://www.sciencedirect.com/science/article/pii/0014292183900399
http://www.ncbi.nlm.nih.gov/pubmed/9060943
http://www.ncbi.nlm.nih.gov/pubmed/9060943
http://www.ncbi.nlm.nih.gov/pubmed/9060943
http://www.ncbi.nlm.nih.gov/pubmed/8270756
http://www.ncbi.nlm.nih.gov/pubmed/8270756
http://www.ncbi.nlm.nih.gov/pubmed/8270756
http://www.ncbi.nlm.nih.gov/pubmed/15226469
http://www.ncbi.nlm.nih.gov/pubmed/15226469
http://www.ncbi.nlm.nih.gov/pubmed/15226469
http://www.ncbi.nlm.nih.gov/pubmed/19379024
http://www.ncbi.nlm.nih.gov/pubmed/19379024
http://www.ncbi.nlm.nih.gov/pubmed/25733472
http://www.ncbi.nlm.nih.gov/pubmed/25733472
http://www.ncbi.nlm.nih.gov/pubmed/25733472
http://www.ncbi.nlm.nih.gov/pubmed/26261342
http://www.ncbi.nlm.nih.gov/pubmed/26261342
http://www.ncbi.nlm.nih.gov/pubmed/26261342
http://www.oalib.com/references/8207066
http://www.oalib.com/references/8207066
http://www.ncbi.nlm.nih.gov/pubmed/22923769
http://www.ncbi.nlm.nih.gov/pubmed/22923769
http://www.ncbi.nlm.nih.gov/pubmed/22923769
http://www.ncbi.nlm.nih.gov/pubmed/24755211
http://www.ncbi.nlm.nih.gov/pubmed/24755211
http://www.ncbi.nlm.nih.gov/pubmed/24755211
http://www.ncbi.nlm.nih.gov/pubmed/15246178
http://www.ncbi.nlm.nih.gov/pubmed/15246178
http://www.ncbi.nlm.nih.gov/pubmed/15246178

	Title
	Abstract
	Introduction
	Materials and Methods 
	Sample 
	Measurement of individual food consumption
	Measurement of dietary diversity
	Food facilities
	Income
	Data analysis

	Results and Discussion
	Conclusions
	Acknowledgments
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	Figure 3

