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Abstract 

Aims: To examine the association between impaired fasting glucose (IFG)/type 2 

diabetes and mortality as well as to explore any interactions with dietary intake 

patterns in a Chinese population.  

Methods: We followed 2849 Chinese adults aged 20 years and older for 10 years. 

Fasting plasma glucose was measured at baseline in 2002. Dietary patterns were 

constructed using factor analysis. Hazard ratios (HRs) and 95%CI were calculated by 

Cox proportional hazards analysis (all-cause mortality) and competing risks 

regression (cardiovascular disease (CVD)).  

Results: Of the 2849 participants, 102 had diabetes and 178 had impaired fasting 

glucose (IFG) at baseline. We documented 184 deaths (70 CVD deaths) during 

27,914 person-years of follow-up. Diabetes was associated with death from all-

causes (HR 2.69, 95% confidence interval (CI) 1.62 - 4.49) after adjusting for socio-

demographic and lifestyle factors. Diabetes had a HR of 1.97 (95% CI 0.84-4.60) for 

CVD death. IFG had 83% increased risk of all-cause mortality. Among those with 

low and high intake of a vegetable rich dietary pattern, the HR of IFG/diabetes for 

all-cause mortality were 3.25 (95%CI 1.95-5.44) and 1.38 (95% CI 0.75-2.55) (p for 

interaction 0.019), respectively.  

Conclusions: Diabetes and IFG are associated with a substantial increased risk of 

death in Chinese adults. Dietary patterns associated with a high intake of vegetable 

was associated with a decrease in the risk of mortality for those with IFG/diabetes.  

 

Key words: Diabetes, mortality, Chinese, cohort study, dietary pattern  
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Introduction 

The world is facing a diabetes epidemic with 415 million people living with diabetes 

[1].  China is one of the countries with the highest prevalence of diabetes [2, 3]. It is 

well known that people with diabetes have a lower life expectancy. In Western 

countries, numerous data show that diabetes increases the risk of mortality, especially 

from cardiovascular disease (CVD) [4-8]. However, studies in Asia in this area are 

limited [9]. Several studies have been conducted among the Chinese population 

outside the mainland of China [10-13]. In China, most of the studies on the 

association between diabetes and mortality are hospital-based clinical studies or from 

chronic disease registries [14, 15]. There is only one general population based study-

the Da Qing IGT and Diabetes Study, which was conducted in northern China, [16] 

and was based on a trial population.  

White rice has a high glycemic index and a high intake of refined rice increases the 

risk of diabetes [17]. Compared with wheat as the staple food, rice intake is inversely 

associated with weight gain and high blood pressure [18]. Findings from Japan 

suggest that high rice intake is not associated with the risk of all-cause mortality in the 

general population [19]. However, the interaction between rice intake, rice based 

dietary patterns and IFG/diabetes in relation to mortality has not been studied in Japan 

or elsewhere. The aim of this study was to assess the interaction between IFG/diabetes 

and 10-year mortality as well as to explore any interactions with dietary intake 

patterns among Chinese adults in southeast China.    
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Methods  

Study population 

The Jiangsu Nutrition Study (JIN) is an ongoing cohort study investigating the 

association of nutrition and other factors with the risk of non-communicable chronic 

disease [20, 21]. The sample was based on a subsample of the Chinese national 

nutrition and health survey representing Jiangsu province and the year 2002 was used 

as a baseline. The rural sample was selected from six counties (Jiangyin, Taichang, 

Shuining, Jurong, Sihong and Haimen). The urban sample was selected from the 

capital cities of the two prefectures (Nanjing and Xuzhou). In 2002, 2849 adults aged 

20 and above had fasting blood samples analysed for plasma glucose and 

haemoglobin at the study sites.  

The study was conducted according to the guidelines laid down in the Declaration of 

Helsinki, and all procedures involving human subjects/patients were approved by 

Jiangsu Provincial Centre for Disease Control and Prevention. Written informed 

consent was obtained from all the participants. 

Data collection and measurements 

Participants were interviewed at their homes by health workers using a standard 

questionnaire.  

Categories of glucose metabolism We defined diabetes as fasting plasma glucose 

(FPG)>7.0 mmol/l or having known diabetes (self-reported doctor diagnosed). 

Impaired fasting glucose (IFG) was defined as FPG between 5.6 and 6.9 mmol/l 

without known diabetes. FPG <5.6 mmol/l was defined as normal fasting glucose 

(NFG) [22]. 

Dietary measurements –Frequency of use and quantity of intake of 33 food groups 

and beverages during the past year was assessed using a validated food frequency 
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questionnaire (FFQ) [23]. Dietary patterns were constructed using factor analysis. 

Four dietary patterns were identified. Factor 1 (‘macho’) was characterised by various 

kinds of animal foods and alcohol. Factor 2 (‘traditional’) loaded heavily on rice and 

fresh vegetables and inversely on wheat flour. Factor 3 (‘sweet tooth’) had high 

loadings of cake, milk, yoghurt and beverages. Factor 4 (‘vegetable rich’ pattern) had 

high intake of whole grains, fruits, vegetables, wheat flour, milk, eggs and fish but a 

low intake of rice (Supplement Figure 1). Participants were assigned pattern-specific 

factor scores. Scores for each pattern were calculated as the sum of the products of the 

factor loading coefficients and standardized weekly intake of each food associated 

with that pattern. Detailed description of the dietary pattern identification has been 

published elsewhere [23]. In the analyses, each dietary pattern was dichotomised as 

low and high intake based on factor scores. 

In addition to the FFQ based food intake calculation, food intake including rice intake 

were assessed using a 3-day weighed food record (WFR) which recorded all foods 

consumed by each individual, on three consecutive days (including one weekend) 

(N=2832). At the beginning and end of the 3-day survey, health workers weighed all 

the food stocked in the household. Each day, all purchases, home production, and 

processed snack foods were weighed and recorded. Food intakes of each individual in 

the household were recorded in detail each day.  During the interview, the health 

workers would check any intake value for a particular food that fell below or above 

the usual intake value by the population in the region. For the current study, rice 

intake (presented as raw rice, g/d) for each individual was calculated based on the 3-

day records. We did not consider under- and over-reporting of energy intake as an 

issue of concern because any unreliable data was checked by the health workers 

during the survey. Food consumption data were analysed using the Chinese Food 
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Composition Table [24] . In the analysis, rice intake was divided by total energy 

intake and further recoded into tertiles. 

Covariates Cigarette smoking was assessed by asking frequency of daily cigarette 

smoking. Alcohol consumption was assessed by asking the frequency and amount of 

alcohol/wine intake. Information on physical activity was collected using a validated 

physical activity questionnaire covering a time period of one year [25]. Active 

commuting (walking or cycling to and from work) was categorized into three groups: 

none, 1- 30 min per day and more than 30 min per day. Daily leisure time physical 

activity was classified into two categories (yes, or no). Sedentary activity (reading, 

watching TV, using computer, and playing video games) was categorised into three 

groups (<1 hour/d, 1-2 hours/d and >2 hours/d). Occupation was recoded into manual 

or non-manual based on a question with 12 occupational categories. Among people 

with known diabetes/dyslipidaemia, whether dietary change was used to manage the 

condition was asked. Hypertension was defined as systolic blood pressure above 

140 mmHg and/or diastolic blood pressure above 90 mmHg, or using antihypertensive 

drugs. Overweight was defined as BMI ≥24 kg/m2.  

Death ascertainment The underlying cause of mortality was defined according to the 

World Health Organization International Classification of Disease, 10th revision 

(ICD-10). Information of death was collected in 2012 by household visit as well as by 

linking with the death registry database in the local Centre for Disease Control and 

Prevention. Thus, the identification of death was virtually complete. CVD mortality 

included ICD-10 codes I00–99. Cancer mortality was defined as ICD-10 C00–97.  

Statistical analysis 
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The chi square test was used to compare differences in categorical and ANOVA in 

continuous variables. For each participant, person-years of follow-up were calculated 

from the date of baseline survey to the date of death or the date of last follow-up (1 

December 2012), whichever came first. The association between diabetes/IFG and the 

risk of CVD was analysed using competing risks regression (stcrreg syntax in Stata) 

and the association between diabetes/IFG and all-cause mortality was analysed using 

Cox proportional hazard models, adjusting for multiple covariates. Two models 

assessed the association between diabetes/IFG and mortality. The first model 

controlled for age (continuous) and gender; the second model further adjusted for 

sociodemographic and lifestyle factors, chronic diseases (anaemia, BMI, and 

hypertension), and intake of energy, fat and fibre. As the sample size in the full model 

was 2757 (96.8% of the whole sample), we did not impute the missing data. Due to 

the low number of deaths, we also modelled a combined diabetes/IFG to reflect 

abnormal glucose tolerance. The proportional hazards assumption in the Cox model 

was assessed with graphical methods and with models including time-by-covariate 

interactions. In general, all proportionality assumptions were appropriate.  

Interactions between diabetes/IFG and lifestyle factors (dietary patterns, rice intake, 

smoking, alcohol drinking, and physical activity), sociodemographic factors (sex, 

occupation, residence, and income), and overweight were conducted by adding a 

multiplicative term in the fully adjusted models. Results were presented graphically. 

As all the members in the household were invited to participate in the study, we used 

a cluster-robust variance estimator [stata command: vce(cluster clustvar)] to 

accounted for the clustering at the household level in the estimation of the variance. 

This estimator relaxes the assumption of independence of the observations and 

produces the correct standard errors. Statistical significance was considered when P < 



8 
 

0.05 (two-sided). All analyses were performed using Stata 14 (Stata Corp., College 

Station, TX, USA).  
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Results 

Of the 2849 participants, 102 and 178 had diabetes and IFG respectively at baseline.  

Their mean age was 47.0(SD 14.5) years. Table 1 shows the sample characteristics by 

glucose metabolism categories. About half of those with diabetes reported dietary 

change to manage chronic disease. However, this figure was only 6% among those 

with IFG. The mean intake of raw rice was above 100 g per 1000 kcal across all 

categories of glucose metabolism.  

We documented 184 deaths (70 CVD deaths and 63 cancer deaths) during 27,914 

person-years of follow-up. The overall all-cause mortality was 6.6 per 1000 person-

years. The crude all-cause mortality was 5.8, 12.4 and 17.6 per 100 person-years 

among those with NFG, IFG and diabetes, respectively. Figure 1 shows the age 

adjusted cumulative mortality by baseline glucose metabolism categories.  

Diabetes (vs. NFG) was associated with death from all-causes (HR 2.69, 95% 

confidence interval (CI) 1.62-4.49) after adjusting for sociodemographic and lifestyle 

factors (Table 2). Additional adjustment for diet change slightly attenuated the HR 

for all-cause mortality to 2.59 (95%CI 1.46-4.59) (data not shown). Participants with 

diabetes at baseline had a HR of 1.97 (95% CI 0.84-4.60) for CVD death. Compared 

with NFG, IFG had increased risk of all-cause mortality (HR 1.83, 95%CI 1.13-2.97).  

When IFG/diabetes was combined, the HRs associated with all cause and CVD 

mortality were 2.12 (1.44-3.12) and 1.68 (0.87-3.24), respectively (Table 2) 

Interactions 

A vegetable rich dietary pattern was inversely associated with all-cause mortality (for 

1 SD increase of factor score, HR for all-cause mortality was 0.82 (95%CI 0.67-0.99)) 

in the fully adjusted model. There was a significant interaction between vegetable rich 
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dietary pattern and IFG/diabetes in relation to all-cause mortality (p for interaction 

0.019) (Figure 2). The HRs of IFG/diabetes for all cause-mortality were 3.25 (95%CI 

1.95-5.44) and 1.38 (95% CI 0.75-2.55) among those with a low and high intake of 

vegetable rich dietary pattern, respectively. No interaction between other dietary 

patterns and IFG/diabetes was found. There was a trend of increasing HRs of 

IFG/diabetes for all-cause mortality with the increase of rice intake, although p for 

interaction was not statistically significant (using rice intake as a continuous variable, 

p for interaction 0.199). With the increase of income, the HRs of IFG/diabetes for all-

cause mortality decreased (p for interaction 0.193). Among those with low income, 

IFG/diabetes had a HR of 2.52 (95%CI 1.43-4.43) for all-cause mortality.   

There was no significant interaction between diabetes and residence or overweight in 

relation to mortality.   
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Discussion 

In this general population based prospective study, we found that both diabetes and 

IFG are associated with a substantial increased risk of all-cause mortality in Chinese 

adults. Compared with those with NFG, all-cause mortality risk in those with diabetes 

increased two and half times. Furthermore, there was a ~80% increased mortality 

from all-cause among those with IFG. We also detected an interaction between 

diabetes and vegetable rich dietary pattern in relation to mortality. In those with 

diabetes who had a low intake of vegetable rich pattern had an increased risk of 

mortality compared to those who had a high intake of the pattern. However, 

overweight and residence (urban/rural) were not associated with any increase in risk 

of mortality for those with diabetes. 

A two to three times excess risk of mortality has often been found among those with 

diabetes as compared with those without diabetes [10, 16]. Reductions in all-cause 

mortality among those with diabetes have occurred over time [26]. The latest data 

from Sweden suggest that the overall excess risk of death had dropped to a 

historically low level of 15% [8]. In the Da Qing Study, the age-adjusted relative risk 

of death from all causes in those with diabetes was three times higher compared with 

those without diabetes [16]. However, the Da Qing study started in 1980’s and over 

the past three decades there has been substantial development in the primary and 

secondary prevention of diabetes. Surprisingly, the excess risk of mortality in our 

study remained as high as 2.69 times.  It may underline the poor control of glycemic 

level [3] as well as other risk factors among persons with diabetes in China. In our 

study, the prevalence of smoking was similar to the national average [27], A very low 

proportion of patients reported undertaking leisure time physical activity. 

Furthermore, the consumption of refined wheat rice was high. In the IFG and diabetes 
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groups, the raw rice consumption was 117 g and 106 g per 1000 kcal, respectively. 

These unhealthy lifestyles may lead to the poor control of glycemic level and 

contribute to a high proportion of mortality among people with IFG/diabetes in China. 

The interaction between diabetes and income suggest that those in the disadvantaged 

population should be given priority for intervention. 

The interaction between diabetes and vegetable rich dietary pattern is consistent with 

current knowledge about the beneficial effects of fruit, vegetable, and whole grain. 

The pattern is inversely associated with rice intake. It is also consistent with current 

knowledge about the relationship between rice intake and diabetes [17]. Rice has a 

high glycemic index and has been previously found to be associated with an increased 

risk of hyperglycemia in the cohort [18]. In general, a diet with a high glycemic index 

impairs glycemic control. It has been shown that poor glycemic control increases the 

risk of mortality [8].  

Overall, our study suggests a beneficial effect of engaging in physical activity and a 

high intake of vegetable rich dietary pattern among those with diabetes.  Because the 

prevalence of favourable lifestyle factors in the population is low, there appears an 

opportunity that lifestyle modification will be able to reduce a substantial number of 

premature deaths among those with diabetes.  

Several limitations in our study should be acknowledged. Firstly, although we had 5-

year follow-up, due to the high attrition rate, we decided not to incorporate the data at 

follow up. During a 5-year follow-up, 125 developed IFG/diabetes among 1056 

participants with NFG at baseline. Therefore, our study may underestimate the risk of 

mortality among those with diabetes or IFG. Secondly, due to the small number of 

deaths, we could not further analyse mortality due to specific CVD outcomes due to 
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lack of statistical power.  We also note that the number of deaths among those with 

diabetes was low and this has led to some uncertainty in our findings, especially for 

CVD mortality. However, despite this, the magnitude of the HR of diabetes for all 

cause and CVD mortality are in line with several well-established studies suggesting 

that our results are not likely to be due to chance. Education was positively with the 

intake of vegetable rich dietary pattern in the sample, but income was inversely 

associated with vegetable rich dietary pattern (data not shown).   Thus the interaction 

between vegetable rich dietary pattern and IFG/diabetes could be confounded by 

socioeconomic status. Although we have adjusted for education and income in the 

multivariable model, residual confounding is still possible. Furthermore, dietary 

intake was not continuously measured during follow-up. The eating habits could 

change during the ten-year period. Finally, in our study, diabetes was based on fasting 

glucose and self-reported known diabetes. It is known that the prevalence of 

undiagnosed diabetes is high in China. An underestimation of the prevalence of 

diabetes is highly likely and this may affect the outcomes of the study. 

The strength of the study is the face to face based interview by well-trained health 

workers at baseline as well as the use of 3-day WFR to measure energy and nutrients 

intake. The study included both urban and rural participants. It can be generalized in 

the study population to the province with over 70 million residents. However, whether 

the findings can be generalized in the whole Chinese population is not clear.    In 

conclusion, diabetes and IFG are associated with an increased risk of death in Chinese 

adults. A high intake of vegetable rich dietary pattern is associated with decreased risk 

of mortality for those with diabetes. There is no interaction between the rice based 

traditional dietary pattern and IFG/diabetes. 
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Figure legends 

Figure 1 Age adjusted cumulative incidence of all-cause mortality according to glucose 
categories: the Jiangsu Nutrition Study. 

 

Figure 2 Adjusted HR of IFG/diabetes (vs. NFG) for all-cause mortality according to 
sociodemographic and lifestyle factors. 

Except for stratification variables, all models adjusted for age, gender, , intake of energy, fat and fibre, 
smoking (0, 1-19, ≥20 cigarettes/day), alcohol drinking (no, 1-2 times/wk, 3-4 times/wk, daily), active 
commuting (no, 1-29 minutes/day, ≥30 minutes/day), leisure time physical activity (no, 1-29 
minutes/day, >30 minutes/day), sedentary activity(<1 hrs/day, 1-1.9 hrs/day, 2-2.9 hrs/day, ≥3 
hrs/day), education (low, medium, high), occupation (manual/non-manual), BMI(liner and square 
terms) and hypertension.  

P values were for interactions between IFG/diabetes and sociodemographic and lifestyle factors. 
Using rice intake as continuous variable, p for rice and IFG/diabetes interaction was 0.199. 

Supplement Figure 1 Factor loadings of dietary patterns 

Factor loadings <|0.3| were not shown. 
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Table 1 Baseline characteristics of sample according to categories of glucose metabolism 

 
NFG IFG Diabetes p-value

N 2569 178 102 
 

Age (years) 46.3 (14.4) 52.5 (13.8) 55.8 (12.3) <0.001 

BMI (kg/m2) 23.3 (3.4) 25.0 (3.6) 25.8 (3.8) <0.001 

Overweight 37.2 58.4 65.7 <0.001 

Men 45.8 47.2 46.1 0.94 

Low income 33.4 25.7 18.6 <0.001 

Low education 47.8 48.0 44.1 0.95 

Manual job 55.1 40.4 23.5 <0.001 

Hypertension 26.6 49.4 54.9 <0.001 

Urban dwellers  23.6 30.9 50.0 <0.001 

Smoking 27.2 25.0 29.7 0.69 

Alcohol drinking 24.7 24.2 22.8 0.89 

Having exercise 8.9 12.9 31.4 <0.001 

Diet change to manage 

NCD  3.6 6.2 49.0 <0.001 

Intake of food and 

nutrients     

  Rice (g/1000 kcal) 109.6 (60.2) 117.0 (61.2) 106.3 (53.2) 0.23 

  Energy (kcal/d) 2371.2 (684.7) 2193.5 (631.1) 2108.6 (766.4) <0.001 

  Fat (g/d) 81.0 (37.1) 78.6 (36.4) 79.9 (38.4) 0.695 

  Protein (g/d) 72.8 (23.6) 70.2 (22.2) 71.8 (29.3) 0.371 

  Carbohydrate (g/d) 328.2 (107.2) 295.3 (91.4) 267.9 (108.0) <0.001 

Dietary pattern scores     

   Macho -0.00 (0.99) -0.01 (1.24) 0.02 (0.91) 0.967 

   Traditional -0.02 (1.01) 0.09 (0.89) 0.37 (0.98) <0.001 

   Sweet tooth -0.01 (1.00) 0.12 (1.06) 0.08 (0.94) 0.179 

   Vegetable rich  -0.02 (0.96) -0.02 (1.23) 0.56 (1.38) <0.001 

Values are % or mean (SD)  
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Table 2 HRs (95 CIs) for all-cause and CVD   mortality according to categories of glucose 
levels: Jiangsu Nutrition Study 

  
 Mortality Risk, HR 

(95% CI)  

 
Deaths      
n (%) 

Age and sex 
adjusted 

Multivariable 
adjusted* 

All-cause mortality    

  NFG 146(5.7) 1.00 1.00 

  IFG 21(11.8) 1.54 (0.98 - 2.42) 1.83 (1.13 - 2.97) 

  Diabetes 17(16.7) 1.79 (1.09 - 2.96) 2.69 (1.62 - 4.49) 

  IFG/diabetes combined 38(13.6) 1.64(1.16 - 2.33) 2.12(1.44 - 3.12) 

CVD mortality    

  NFG 54(2.1) 1.00 1.00 

  IFG 9(5.1) 1.72 (0.82 - 3.63) 1.53 (0.70 - 3.37) 

  Diabetes 7(6.9) 2.09 (0.86 - 5.06) 1.97 (0.84 - 4.60) 

  IFG/diabetes combined 16(5.7) 1.87(1.02 - 3.41) 1.68(0.87 - 3.24) 

 *adjusted for age, gender, intake of energy, fat and fibre, smoking (0, 1-19, ≥20 cigarettes/day), 
alcohol drinking (no, 1-2 times/wk, 3-4 times/wk, daily), active commuting (no, 1-29 minutes/day, 
≥30 minutes/day), leisure time physical activity (no, 1-29 minutes/day, >30 minutes/day), sedentary 
activity(<1 hrs/day, 1-1.9 hrs/day, 2-2.9 hrs/day,≥3 hrs/day), education (low, medium, high), income 
(low, medium, high), occupation (manual/non-manual), BMI(linear and quadratic terms) and 
hypertension. 
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Figure 1 Age adjusted cumulative incidence of all-cause mortality according to glucose 
categories: the Jiangsu Nutrition Study. 
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Figure 2 Adjusted HR of IFG/diabetes (vs. NFG) for all-cause mortality according to 
sociodemographic and lifestyle factors. 
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Supplement Figure 1 Factor loadings of dietary patterns 
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