
Time Trends of Dietary and

Lifestyle Factors and Their

Potential Impact on Diabetes

Burden in China
Diabetes Care 2017;40:1685–1694 | https://doi.org/10.2337/dc17-0571

OBJECTIVE

To examine the secular trends in risk factors, estimate their impacton type2diabetes

burden from 1991 to 2011, and project trends in the next 20 years.

RESEARCH DESIGN AND METHODS

Risk factor distributions were based on data from the China Health and Nutrition

Survey 1991–2011. Diabetes cases attributable to all nonoptimal levels of each risk

factor were estimated by applying the comparative risk assessment method.

RESULTS

In 2011, high BMI was the leading individual attributable factor for diabetes cases in

China responsible for 43.8 million diabetes cases with a population-attributable

fraction of 46.8%. Low whole-grain intake and high refined grain intake were the

leading dietary risk factors in China responsible for 37.8 million and 21.8 million

diabetes-attributable cases, respectively. The number of attributable diabetes cases

associated with low physical activity, high blood pressure, and current smoking was

29.5, 21.6, and 9.8 million, respectively. Although intakes of low-fat dairy products,

nuts, fruit, vegetables, and fish and seafood increased moderately over time, the

average intakewas below optimal levels in 2011 andwere responsible for 15.8, 11.3,

9.9, 6.0, 3.6, and 2.6 million diabetes cases, respectively. Meanwhile, intakes of

processedmeat, redmeat, and sugar-sweetened beverage showed increasing trends

over time and were responsible for 2.8, 1.8, and 0.5 million diabetes cases, respec-

tively, in 2011.

CONCLUSIONS

A high BMI and low intake of whole grains but high intake of refined grains are the

most important individual risk factors related to Chinese diabetes burden; low phys-

ical activity and high blood pressure also significantly contributed.

Rate of type 2 diabetes (T2D) in China has increased rapidly in a short period (1,2).

Based on data from national surveys, the estimated prevalence of diabetes was

0.9% in 1980 (3), 2.5% in 1994 (4), and 2.6% in 2002 (5). Just 1 decade later, the

prevalence of diabetes rapidly increased to 9.7% in 2007 (1) and 10.9% in 2013 (2). Of

note, the recent estimate of diabetes prevalence included an additional criterion based

on glycated hemoglobin A1c (2). Over 90 million adults with diabetes lived in China,

which was one-fourth of patients with diabetes worldwide (1,2). Compared with

Western populations, diabetes in China is characterized by rapidly increased rates in

1
Department of Nutrition, Harvard T.H. Chan

School of Public Health, Boston, MA
2
Channing Division of Network Medicine, De-

partment of Medicine, Brigham and Women’s

Hospital, Harvard Medical School, Boston, MA
3Department of Biostatistics, Gillings School of

Global Public Health, University of North Caro-

lina, Chapel Hill, NC
4Department of Nutritional Epidemiology, Na-

tional Institute of Nutrition and Health, Chinese

Center for Disease Control and Prevention, Bei-

jing, People’s Republic of China

Corresponding author: Frank B. Hu, nhbfh@

channing.harvard.edu.

Received 24 March 2017 and accepted 19

September 2017.

This article contains Supplementary Data online

at http://care.diabetesjournals.org/lookup/

suppl/doi:10.2337/dc17-0571/-/DC1.

This article is featured in a podcast available at

http://www.diabetesjournals.org/content/

diabetes-core-update-podcasts.

© 2017 by the American Diabetes Association.

Readers may use this article as long as the work

is properly cited, the use is educational and not

for profit, and the work is not altered. More infor-

mation is available at http://www.diabetesjournals.

org/content/license.

Yanping Li,
1
Dong D. Wang,

1

Sylvia H. Ley,1,2 Malik Vasanti,1

Annie Green Howard,3 Yuna He,4 and

Frank B. Hu1,2

Diabetes Care Volume 40, December 2017 1685

C
LIN

C
A
R
E
/E
D
U
C
A
T
IO
N
/N

U
T
R
IT
IO
N
/P
S
Y
C
H
O
S
O
C
IA
L

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://d

ia
b
e
te

s
jo

u
rn

a
ls

.o
rg

/c
a
re

/a
rtic

le
-p

d
f/4

0
/1

2
/1

6
8
5
/5

2
6
3
2
8
/d

c
1
7
0
5
7
1
.p

d
f b

y
 g

u
e
s
t o

n
 2

6
 A

u
g

u
s
t 2

0
2
2

https://doi.org/10.2337/dc17-0571
http://crossmark.crossref.org/dialog/?doi=10.2337/dc17-0571&domain=pdf&date_stamp=2018-02-24
mailto:nhbfh@channing.harvard.edu
mailto:nhbfh@channing.harvard.edu
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc17-0571/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc17-0571/-/DC1
http://www.diabetesjournals.org/content/diabetes-core-update-podcasts
http://www.diabetesjournals.org/content/diabetes-core-update-podcasts
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license


recent years, onset at a relatively young

age, low BMI, and very low rates of aware-

ness and treatments (6,7).

Based on studies in Western countries,

diabetes is a largely preventable disease

with an estimated population-attributable

risk of 91% for lifestyle factors (8). This

suggests that, in theory, most cases of

diabetes in the population could be pre-

vented by adherence to a low-risk life-

style, including a healthy diet, physical

activity, not smoking, moderate alcohol

consumption, and maintaining a healthy

body weight. Clinical trials have con-

verged to support the importance of life-

style factors in the prevention of T2D (9).

The China Da Qing Diabetes Prevention

Study (9) indicated that lifestyle inter-

vention groups, through improvements

in dietary quality and physical activity

and maintaining a healthy body weight,

had a 51% lower incidence of diabetes

during the 6-year active intervention

period and a 43% lower incidence over a

20-year period compared with control

subjects.

Given the trends in diabetes preva-

lence in China, it would be of great inter-

est to investigate the burden of diabetes

attributable to various lifestyle factors to

conform current public health policies

and provide guidance for future disease

prevention and health promotion strate-

gies in the country. However, to date

there has been no comprehensive esti-

mation of the time trends of lifestyle fac-

tors and their related diabetes burden

among the Chinese population. There-

fore, using data from an ongoing open

cohort of the China Health and Nutrition

Survey (CHNS) (10), we described the

time trends in dietary and other lifestyle

risk factors related to diabetes from

1991 to 2011 and estimated the number

of diabetes cases attributable to below

optimal levels of these risk factors.

RESEARCH DESIGN AND METHODS

Study Population

The CHNS (10) is an ongoing prospective

household-based study that includes

multiple age groups across nine rounds

of data collection, including 4,400

households with a total of 26,000 indi-

viduals in nine provinces. The CHNS was

initiated in 1989 and conducted follow-up

visits in 1991, 1993, 1997, 2000, 2004,

2006, 2009, and 2011, with data pub-

licly available at http://www.cpc.unc

.edu/projects/china.

The CHNS applied a stratified probabil-

ity sampling method to sample the study

population (10). Briefly, the CHNS used a

multistage, random cluster design in nine

provinces (Liaoning, Jiangsu, Shandong,

Henan, Hubei, Hunan, Guangxi, Guizhou,

and Heilongjiang). Within each province,

two cities (one large and one small, usu-

ally the provincial capital and a lower-

income city) and four counties (stratified

by income: one high income, one low in-

come, and two middle income) were se-

lected. Within cities, two urban and two

suburban communities were randomly

selected. Within counties, one commu-

nity in the capital city and three rural vil-

lages were randomly chosen. Twenty

households per community were then se-

lected for participation.

The 1989 CHNS surveyed 15,917 indi-

viduals, and the 1991 CHNS surveyed only

individuals belonging to the original

sample households, which resulted in

a total of 14,778 individuals. From the

1993 CHNS, all new households formed

from sample households who resided

in sample areas were added to this

sample. From the 1997 CHNS, besides

the original sample households and

newly formed households, additional

households and communitieswere added

to the study sample to replace those no

longer participating (10). We excluded

data from the 1989 wave because it en-

rolled only adults 20–45 years of age. We

also excluded the data for three mega-

cities from the comparison of time trends,

as those data were available only in 2011.

Additionally, we excluded participants

who were pregnant or ,20 years of age

at the time of the survey.

Measurements

Age, sex, primary occupation category,

highest educational level achieved, and

smoking status were self-reported in

each wave. Dietary information was col-

lected by 3-day dietary recalls in addition

to using a 3-day food-weighed method to

assess cooking oil and condiment con-

sumption. Nutrient intakes were calcu-

lated using the China food composition

tables (FCTs). Specifically, FCT-1991 was

used for dietary data from the 1997 and

2000 waves; FCT-2002/2004 was used

for dietary data from the 2004, 2006,

2009, and 2011 waves. We did not in-

clude the dietary data from 1991 or

1993 because the food codes in those

data sets did not match the food codes

in the FCTs (the matching codes were

not released). We evaluated energy-

adjusted dietary intake for each dietary

factor using the residual method to

2,000 kcal/day (11).

Following standardized procedures,

trained health workers measured the

weight and height of all participants using

calibrated equipment (seca 880 scales

and seca 206 wall-mounted metal tapes)

(12). BMI (kg/m2) was calculated as

weight (kg) divided by height squared (m
2
).

Each participant’s seated systolic blood

pressure (SBP)wasmeasured on the right

arm (with the lower edge of the cuff

placed ;25 mm above the elbow) using

standard mercury sphygmomanometers

by experienced physicians who attended

a 7-day data collection training session

and passed a comprehensive reliability

test (13). SBP was measured at the first

detection of a pulse sound (Korotkoff

phase 1). Three measurements were ob-

tained with a 30-s interval between cuff

inflations if the first measurement was

normal. Otherwise, participants were re-

quested to rest for 10–30 min before a

second measurement was made (13).

The mean value of three measurements

was used.

Participants self-reported physical ac-

tivity on a questionnaire that solicited de-

tailed information on occupational and

domestic activities (14). The total number

of MET hours per week was calculated by

multiplying theMET values of activities by

the time spent on the activity. We also

categorized study participants into differ-

ent physical activity levels according to

their MET minutes per week (0: ,600;

1: 600–3,999; 2: 4,000–7,999; 3: $8,000

MET minutes) (15).

Comparative Risk Assessment Method

We applied population-level comparative

risk assessment to calculate the popu-

lation attributable risk (16); that is, the

proportion of the diabetes burden that

would have been prevented during a

period of analysis if the distribution of

specific risk factor exposure had been

changed to a hypothetical alternative dis-

tribution while holding other risk factors

constant. We conducted all analyses sep-

arately (12 groups in total): by sex and

age group based on age at measurement

(20–29, 30–39, 40–49, 50–59, 60–69,

and $70 years). We restricted analyses

to participants$20 years of age because

of limited data on the effects of these risk
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factors and fewer T2D cases among youn-

ger participants.

For the comparative risk assessment

analysis, we included data from different

sources, including the following: 1) the

current distribution of risk factor exposure

in each wave; 2) the etiological effects of

risk factor exposures on diabetes; 3) an

alternative theoretical minimum risk expo-

sure distribution (TMRED); and 4) the total

number of diabetes cases in the population.

Risk Factor Selection

We selected 14 dietary and lifestyle risk

factors for which 1) sufficient evidence

was available on the presence and mag-

nitude of probable causal relationships

with diabetes; 2) available intervention

strategies existed to modify exposure of

risk; and 3) data on risk factor exposure

were available in the CHNS without sys-

tematic bias. Based on these criteria, we

selected 14 factors that included high

SBP, high BMI, low physical inactivity, cur-

rent tobacco use, and 10 dietary risk fac-

tors. Table 1 summarizes these 14 risk

factors, their optimal level (TMRED), and

sources of the relative risk (RR) used for

the estimation of diabetes burden.

Etiological Effects of Risk Factors on

Diabetes

Data on etiological effects of risk factor ex-

posures on diabetes were extracted from

the most recent systematic reviews and

meta-analyses. The identified observational

studies in these meta-analyses used multi-

variable adjustment for other risk factors in

order to reduce potential bias from con-

founding. For each risk factor-diabetes as-

sociation, we derived the same RR for

males and females and across age groups,

except where empirical evidence indicated

that the RR differed by sex or age (17,18).

Optimal Exposure Distribution

We used TMRED as the alternative optimal

exposure distribution to assess the propor-

tion of diabetes cases associated with all

nonoptimal levels of exposure (16). The

TMRED for smoking was zero (e.g., no

tobacco smoking). For variables where

the exposure of zero is physiologically im-

possible, such as in BMI, SBP, diet, and

physical activity, the optimal distribution

for each factor was characterized based on

observed levels associated with the lowest

disease risk in epidemiological studies of

clinical end points or the levels observed in

low-exposure populations (15,16,19). We

also considered recommended intake lev-

els for dietary factors from the Chinese

Dietary Guidelines (20). The SD of the

TMRED was estimated from the optimal

distributions in the Global Burden of Dis-

eases study (15,16,19), which was 10% of

the mean for dietary factors and physical

activity.Themodelingassumednoadditional

health benefits beyond the optimal popula-

tion distribution of the TMRED (15,16,19).

Total Diabetes Cases

The figures for diabetes cases in China

were extracted from the publicly avail-

able age- and sex-specific prevalence of

diabetes (1) in combination with the age-

and sex-specific population data from the

2010 Population Census of the People’s

Republic of China.

Statistical Analysis

Standardization

The mean (SD) or percentage of each risk

factor was calculated by sex and age

groups in each wave, and then we calcu-

lated the overall sex and age standardized

distribution of each risk factor using the

2010 Chinese Population Census data as

the standard to describe the overall trends

for each factor over time.

Projection

Future trends of 14 risk factors for 2012–

2031 were projected based on data for

participants with more than three re-

peated measurements during 1991–

2011 using a random-effects model within

each stratumofageand sex. Theproportion

of three or more repeated measurements

was 53.8% for dietary factors and 53–54%

for other factors.

The T2D burden attributable to spe-

cific/individual risk factors was estimated

by assuming a causal relationship be-

tween each risk factor and T2D and then

calculating the population-attributable

fraction (PAF) (16) to estimate the propor-

tional reduction in T2D cases that would

occur if risk factor exposure had been re-

duced to an alternative level based on the

total effects of the risk factor.

For risk factors measured continuously

(blood pressure, BMI, and dietary fac-

tors), we computed PAFs using the fol-

lowing equation:

PAF ¼

Rm

x¼0

RRðxÞPðxÞdx2
Rm

x¼0

RRðxÞP9ðxÞdx

Rm

x¼0

RRðxÞPðxÞdx

where x = exposure level; P(x) = actual

distribution of exposure in the population;

P9(x) = alternative distribution of exposure

in the population; RR(x) = RR of diabetes

at exposure level x; and m = maximum

exposure level. The discrete version of

the same estimator for PAF was ap-

plied to smoking that was measured in

categories.

The PAF related to each risk factor for

diabeteswas calculated by joint classifica-

tions of sex and age groups (12 groups in

total). We calculated the number of dia-

betes cases attributable to each risk fac-

tor by multiplying its PAF by the total

number of cases.

RESULTS

The estimated number of T2D cases

was 93.6 million in 2011 (Supplementary

Table 1). From the combination of the

extracted RRs (Table 1), the total number

of diabetes cases, and the distribution

of risk factors, our estimation indicated

that high BMI was the leading individual

attributable factor for diabetes cases in

China,whichwas responsible for 43.8mil-

lion diabetes cases in 2011 (Fig. 1), with

an estimated PAF of 46.8%. In the sensi-

tivity analysis, diabetes burden estimates

based on the lower and upper limits of

the RRwere 39.4 and 46.8million, respec-

tively (Supplementary Fig. 1). The average

BMI among adults$20 years of age was

21.7 kg/m2 (SE 0.14) in 1991, which in-

creased to 23.5 kg/m2 (SE 0.15) in 2011,

and was projected to be 25.2 kg/m2 (SE

0.21) in 2031 (Fig. 2A and Supplementary

Table 2). The increase in BMI was esti-

mated to be responsible for 22.3 million

diabetes cases from 1991 to 2011 and

was estimated to be responsible for an-

other 10.2 million diabetes cases from

2011 to 2031 (Fig. 2A).

Based on the repeated measurements

of the CHNS, we observed a drastic de-

cline in physical activity levels (Fig. 2B).

The average physical activity level among

adults $20 years of age was 379 MET

hours/week (SE 10.2) in 1991, which de-

creased to 190.3 MET hours/week (SE

6.6) in 2011 (Fig. 2B). The number of di-

abetes cases attributable to physical in-

activity was 16.4, 29.5, and 42.4 million

in 1991, 2011, and 2031, respectively

(Fig. 2B). An increasing trend was ob-

served for average SBP, which increased

from 119 mmHg in 1991 to 123 mmHg in

2011. The number of diabetes cases at-

tributable to high SBP was 16.8, 21.6, and

30.4 million in 1991, 2011, and 2031, re-

spectively (Fig. 2C). A declining trend in

current smoking was estimated to result

care.diabetesjournals.org Li and Associates 1687
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in 2.0 million fewer diabetes cases during

1991–2011 and was projected to prevent

an additional 1.3 million cases during

2011–2031 (Fig. 2D), primarily among

males (Supplementary Fig. 2). The PAF

of smoking on the risk of diabetes in

2011 was 18.1% among males and 1.3%

among females (Supplementary Fig. 2).

We classified dietary factors into the

following two groups: moderate compo-

nents (lower intake is preferred), includ-

ing refined grains, red meat, processed

meat, and sugar-sweetened beverages

(SSBs); and adequate components (higher

intake is preferred), including whole

grains, low-fat dairy products, fruits,

vegetables, nuts, and fish and seafood.

The average intake levels are listed in

Supplementary Table 2.

The average daily intake of refined

grains among Chinese adults $20 years

of age was 442 g/day (SE 7.2) in 1997,

which decreased to 348 g/day (SE 4.8) in

2011 (Fig. 3A.a). However, the average

intake of whole grains was 4 g/day in

1997 and 4.6 g/day in 2011 (Fig. 3B.a).

Despite a decrease in the number of di-

abetes cases attributable to both refined

and whole grains, a low intake of whole

grains and a high intake of refined grains

remained the leading dietary risk factors

for diabetes in China. In 2011, the esti-

mated number of diabetes cases attribut-

able to the low intake of whole grains and

the high intake of refined grains was 37.8

million and 21.8 million, respectively (Fig.

1). The consumption of red meat (from

54.7 g/day in 1997 to 80.0 g/day in

2011), processed meat (from 2.1 g/day

in 1997 to 3.7 g/day in 2011), and SSBs

(from 0.5 g/day to 4.2 g/day) showed

increasing trends over time, although

overall consumption levels remained

relatively low (Fig. 3A.b–d).

In 2011, the mean intake levels of Chi-

nese adults $20 years of age were

0.2 g/day (TMRED 300) for low-fat dairy

products, 5.4 g/day (TMRED 114) for

nuts, 68.0 g/day (TMRED 300) for fruit,

320.7 g/day (TMRED 400) for vegetables,

and 31.0 g/day (TMRED 40) for fish and

seafood (Fig. 3B.b–f). Insufficient intake

levels of these dietary factors were esti-

mated to be responsible for 11.3, 9.9, 6.0,

3.6, and 2.6 million diabetes cases, re-

spectively, in 2011 (Fig. 1). Intake levels

of these adequate components increased

Table 1—Sources and magnitudes of RRs for the effects of diabetes

Risk factors TMRED 6 SD

RR of diabetes

Sources‡

Exposure

metric, units

Age

(years/

sex*) RR (95% CI)

Lifestyle andmetabolic risk

factors

High BMI 21 6 1 kg/m
2

Hartemink N et al., Am J

Epidemiol, 2006

BMI per kg/m
2
increase 1.18 (1.16–1.20)

Physical inactivity 133 6 13 MET h/week Smith A et al., Diabetologia,

2016

Total activity per

10 MET h/week

decrease

1.05 (1.03–1.08)

High blood pressure 115 6 6 mmHg Emdin C et al., J Am Coll

Cardiol, 2015

SBP per 20 mmHg

increase

20–50 2.00 (1.96–2.04)

51–70 1.49 (1.47–1.51)

71–90 1.14 (1.11–1.17)

Smoking Current smoking Pan A et al., Lancet Diabetes

Endocrinol, 2015

Yes vs. no M 1.42 (1.34–1.50)

F 1.33 (1.26–1.41)

Moderate dietary factors

Diet high in SSBs No dietary intake of SSBs Imamura F et al., BMJ, 2015 per 250 g/day more 1.13 (1.06–1.21)

Diet high in red meat 100 6 10 g/week Pan A et al., Am J Clin Nutr, 2011 per 100 g/day more 1.19 (1.04–1.37)

Diet high in processed

meat

No dietary intake of

processed meat

Pan A et al., Am J Clin Nutr, 2011 per 100 g/day more 1.51 (1.25–1.83)

Diet high in refined grain 200 6 20 g/day** Hu EA et al., BMJ, 2012 per 63.2 g/day more§ 1.11 (1.08–1.14)

Adequate dietary factors

Diet low in whole grain 125 6 12.5 g/day** Aune D et al., Eur J Epidemiol,

2013

90 g/day less 1.47 (1.25–1.72)

Diet low in low-fat dairy

products 300 6 30 g/day** TongXet al., Eur J ClinNutr, 2011 245 g/day less 1.11 (1.05–1.18)

Diet low in vegetables 400 6 40 g/day Wang P et al., J Diabetes

Investig, 2016

250 g/day less 1.10 (0.99–1.22)

Diet low in fruit 300 6 30 g/day Wang P et al., J Diabetes

Investig, 2016

100 g/day 1.028 (1.01–1.04)

Diet low in nuts 114 6 14 g/week Afshin A et al., Am J Clin Nutr,

2014

16.2 g/day 1.15 (1.07–1.23)

Diet low in fish and

seafood 40 6 4 g/day** Wu J et al. (Asia), Br J Nutr, 2012 per 100 g/day less 1.12 (1.02–1.23)

F, female; M, male. *For all age groups and both males and females if not specifically indicated. **2016 Chinese Dietary Guidelines for grain 250–400

g/day; combinedwith 2015 AmericanDietary Guidelines regarding at least half of grain intake is whole grain, so the TMRED level ofwhole grain is set up as

at least 250/2 = 125 g/day and TMRED of refined grain is atmost of 400/2 = 200 g/day. 2016 Chinese Dietary Guidelines: 40–75 g/day for fish and seafood

and dairy products of 300 g/day, we set up TMRED of fish and seafood of at least 40 g/day and low-fat dairy of 300 g/day. §Per 158 g/day cooked rice (dry

weight = 158/2.5 = 63.2). ‡The full reference list for this table is listed in the Supplementary Data online.
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over time, but the average intake remained

below TMRED levels (Fig. 3B).

CONCLUSIONS

The current study comprehensively ex-

amined a wide range of lifestyle factors

among a large and representative adult

Chinese population and estimated the

number of diabetes cases attributable to

those factors in China.Modifiable risk fac-

tors, including high BMI; physical inac-

tivity; high blood pressure; a diet low in

whole grains, low-fat dairy products,

fruits, vegetables, nuts, and fish and sea-

food but high in refined grains, red meat,

processed meat, and SSBs; as well as

smoking, accounted for the majority of

diabetes cases. Although we observed

modest improvements in the intake levels

of multiple dietary components and

smoking, overall diet quality still fell short

of optimal goals and smoking prevalence

was still high. These modest improve-

ments could not counteract the increas-

ingburdenof diabetesdue tounfavorable

concurrent changes in BMI, physical inac-

tivity, and blood pressure.

The continuous upward trend in BMI

among the Chinese population has

moved China from 60th and 41st place

for males and females in the worldwide

ranking of the number of severely obese

individuals in 1975 to 2nd place for both

sexes in 2014 (21). Our estimation indi-

cated that high BMI was the leading attrib-

utable individual factor for diabetes inChina

with a PAF of 46.8%. This is consistent with

a previous cohort study in China that ob-

served a population-attributable risk of

42.9% for BMI $25 kg/m
2
in relation

to diabetes risk (22). Overweight andobe-

sity have been reported to be responsible

for 77% of diabetes cases in a Finnish

population (23) and for 46% of diabetes

cases inmales (61% in females) in a Span-

ish population (24). Our estimated diabe-

tes burden attributable to high BMI is

likely to be underestimated. This is be-

cause the etiological effect of BMI was

derived mostly from European popula-

tions; Chinese individuals tend to have a

higher diabetes risk and increases in in-

sulin resistance and other diabetes risk fac-

tors per unit increase of BMI (6,25,26).

However, the only direct comparison

study of diabetes risk with per unit in-

crease of BMI did not observe a signifi-

cant difference between Chinese and

Caucasian populations (27).

Grains are a staple food among the

Chinese population, constituting a domi-

nant portionof daily calorie consumption.

Itwas estimated that in China 79.9–88.8%

of the population consumes rice daily,

whereas 63.3–80.2% consume wheat-

based items daily (28). Although carbohy-

drates continue to provide themajority of

daily calories in the Chinese population,

the intake of carbohydrates decreased

from 68.8% of total energy in 1991 to

60% in 2004 (29). In comparison, the

U.S. population consumed ,50% of en-

ergy from carbohydrates, which in-

creased from 44.0% in 1971 to 48.7% in

2006 (30). The majority of grains con-

sumed in China are refined, including

white rice and refined wheat flour, which

was a major contributor to the dietary

glycemic load of the diet (31). Greater re-

fined grain intake has been consistently

associated with an increased risk of dia-

betes (32,33). Conversely, greater intake

of whole grains was associated with a

lower risk (32,33). Comparedwith refined

grains, whole grains have a lower glyce-

mic index and contain higher amounts of

dietary fiber, contributing to a lower risk

of diabetes (34). A higher intake of whole

grains has also been associated with im-

proved insulin sensitivity (35). The inverse

association between the intake of whole

grain and prospective weight gain (36)

might be another potential mechanism

underlying the relationship between

whole grains and diabetes. Replacing re-

fined grain stapleswithwhole-grain foods

for health promotion in Chinawill be chal-

lenging but not impossible because

coarse whole grains were the basis of tra-

ditional carbohydrate staple diets before

the introduction of advanced technologies

used in the agricultural sector and food in-

dustries to popularize refined grains. Pro-

moting the health benefits of whole-grain

foods could change societal attitudes to-

ward them(37), and the favorablenutrient-

to-price ratio of cereals (whole grain)

may be promoted as an affordable

strategy to increase their purchase

(38). As observed in an initial focus group

and taste test study among middle-aged

Chinese adults, the main cultural barriers

to the acceptance of brown rice were the

perception of rough texture, unpalatable

taste, and higher price, whereas the

majority of participants were willing to

switch to brown rice if the cost were af-

fordable (39).

We observed a gradual increase in the

intake of red and processed meat, which

have been positively associated with the

risk of diabetes (40). Although we ob-

served moderate increases in the intake

of several healthy dietary factors, includ-

ing fruits, vegetables, nuts, low-fat dairy

products, and fish and seafood, the over-

all consumption levels remained rela-

tively low and the overall dietary quality

was not optimal (41). Our previous

study (42) identified a traditional Chinese

dietary pattern characterized by high re-

fined grain intake and another dietary

pattern characterized by a higher intake

of foodswith an animal source; bothwere

Figure 1—Diabetes cases attributable to 14 individual risk factors in 2011.
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Figure 2—Time trends and estimated diabetes cases attributable to high BMI (A), low physical activity (B), high SBP (C), and smoking (D). Themean (SE) of

each risk factor distribution at each time point was standardized by age and sex distribution using the 2010 Chinese Population Census data as the

standard.
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Figure 3—Time trends andestimateddiabetes casesattributable toahigh intakeofmoderate dietary components (A) anda low intakeof adequate dietary

components (B). A.a: Refined grain. A.b: Processedmeat.A.c: Redmeat.A.d: SSBs. B.a: Whole grains. B.b: Low-fat dairy products. B.c: Nuts. B.d: Fruit. B.e:

Vegetables. B.f: Fish and seafood. Solid bars represent diabetes cases; circles representmean values; and bars represent SEs of each risk factor distribution

at each time point, which were standardized by age and sex distribution using the 2010 Chinese Population Census.
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associated with a higher risk of diabetes

among the Chinese population, which

was partially explained by their effects

onBMI and central body adiposity. Cumu-

lative exposure to a healthy dietary pat-

tern was associatedwith a lower diabetes

risk compared with those with unhealth-

ier dietary pattern scores (43).

Physical activity is a key lifestyle factor

for the prevention and management of

diabetes. Our study indicated that de-

creasing physical activity, which was re-

sponsible for almost one-third of the

diabetes cases in 2011,was the third lead-

ing individual factor attributable to diabe-

tes. The average level of physical activity

in Chinese adults in 2011 was less than

half of that in 1991. Declines in overall

physical activity were largely driven by

reductions in occupational physical activ-

ity, decreases in domestic activities, de-

clines in active transport, and increases

in sedentary activities (14). The average

occupational physical activity level fell

from 382 MET hours/week in 1991 to

264 MET hours/week in 2011 among

adult men and fell from 420 MET hours/

week in 1991 to 243 MET hours/week in

2011 among adult women (14). The do-

mestic activity level decreased during the

same period in both males and females

(44). Physically active forms of transpor-

tation, including bicycling and walking as

the dominant forms of transportation in

China, were gradually replaced by more

passive forms such as cars, motorcycles,

and buses. Although the levels of leisure-

time physical activity increased continu-

ally (45) in China with the national and

local physical activity promotion cam-

paigns (46), the overall physical activity

level was still low. It is estimated that

half an hour of daily moderate-intensity

physical activity is required for diabetes

prevention (47), which is difficult to

achieve through leisure-timephysical activ-

ity alone (48). Maintaining an active life-

style is encouraged to prevent diabetes in

China, including but not limited to brisk

walking, bicycling, working around the

house or yard, and standing or walking

while working (14,44,46).

The strengths of the current study in-

clude the originality and high response

rate of the CHNS (88%); this survey is

the only large-scale longitudinal study of

its kind in China (10). Our study was the

first population-level long-term analysis

of diabetes-attributable cases associ-

ated with dietary and lifestyle factors

using comparable methods. Our estimates

were based on the most recent and best

available evidence on risk factor-diabetes

associations, derived primarily from meta-

analyses. Sampling representativeness is an

issue to be considered when interpreting

Figure 3—(Continued).
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our results. The CHNS sample was not de-

signed to be representative of China but to

be a random selection able to capture a

range of demographic conditions, eco-

nomic development, and health indicators

(10). The randomly selected households

in nine provinces have provided a broad-

based indication of the trends taking

place in China.

Some methodological limitations also

need to be acknowledged when inter-

preting our results. First, the total number

of diabetes cases attributable to multiple

factors could not be obtained by simple

summing because the models for PAF as-

sume that each factor was independent

but the estimated diabetes burden attrib-

utable to each individual factor was not

mutually exclusive. However, interaction

andmediation effects between factors on

the risk of diabetes were possible. For

example, the diabetes burden associated

with physical inactivity and the intake of

highly refined grain and red meat might

be mediated by their effects on BMI,

whereas smoking and BMI may additively

interact in the risk of T2D (49). Thus, the

total number of diabetes cases attribut-

able to multiple factors could not be

summed because of joint distributions

and shared pathways through interaction

or mediation. Novel methods and solid

evidence–based joint RRs are warranted

for future studies to estimate the diabe-

tes burden associated with joint distribu-

tions of multiple interrelated risk factors.

Instead, our results can be considered the

best estimates of the total effect of in-

dividual risk factors, including upstream

determinants and downstream media-

tors (50). Second, the etiological effects

of risk factors on diabetes that were used

in this study were derived from meta-

analyses, which primarily contain studies

from Western populations. However, af-

ter carefully adjusting for potential con-

founding variables in the observational

studies included in these meta-analyses,

the associations represent the underlying

physiologicalmechanisms, which are gen-

erally similar across different popula-

tions (51–53). Future estimations based

on meta-analyses of Asian or specifically

among Chinese populations are war-

ranted when more data become avail-

able. Third, our estimation of diabetes

burden is based on the theoretical ideal

level of the individual factor in combina-

tion with the effect size for the individual

factor estimated from the meta-analysis

of prospective studies. Our findings of the

large diabetes burden associated with

lifestyle factors highlighted the impor-

tance of primary prevention before dia-

betes occurs. However, our estimation

based on the comparative risk assess-

mentmodel could not prove that changes

in these factors could reduce diabetes risk

in the same way since the impact of re-

ducing risk is different from the etiology

of identifying associations. However, it

should still be acknowledged that second-

ary prevention strategies to reduce the

impact of diabetes among patients with

diabetes should also be emphasized in

China where more than half of patients

with diabetes are undiagnosed (1,2). How

to improve the awareness, treatment,

and control rate of patients with diabetes

in China is warranted in future studies.

In conclusion, high BMI and a diet high

in refined grains but low in whole grains

are the leading factors contributing to the

diabetes burden in China. High blood

pressure and low physical activity were

also important contributors. Increased

intake of fruits, vegetables, low-fat dairy

products, and fish and seafood, as well as

decreased smoking prevalence contrib-

uted to a slight reduction in the diabetes

burden from 1991 to 2011. However, the

current levels of these factors remain sub-

optimal. In order to slow down or even

stop the increasing diabetes epidemic

in China, health promotion strategies

should include replacing refined grains

with whole grains; increasing the popu-

larization of low-fat dairy products or

replacing whole-fat with low-fat or fat-

free dairy products; increasing the intake of

fruits, vegetables, nuts, and fish and sea-

food; and developing environments condu-

cive to walking and bicycling. Targeted

interventions for smoking cessation are still

warranted and with the rapid Westerniza-

tion of the Chinese diet, the consumption of

red meat, processed meat, and SSBs should

also be targeted in future interventions to

prevent diabetes in China (54). These find-

ings can be used to help inform policy

strategies for diabetes prevention at the

population level.
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