Nutrients 2015, 7, 8072-8089; doi:10.3390/nu7095382

nutrients

ISSN 2072-6643
www.mdpi.com/journal/nutrients

Article

Associations between Dietary Patterns and Impaired Fasting
Glucose in Chinese Men: A Cross-Sectional Study

Meilin Zhang !, Yufeng Zhu !, Ping Li !, Hong Chang "2, Xuan Wang !, Weiqiao Liu 3,
Yuwen Zhang * and Guowei Huang !-*

! Department of Nutrition and Food Science, School of Public Health, Tianjin Medical University,
22 Qixiangtai Road, Heping District, Tianjin 300070, China; E-Mails: defjmmm@ 163.com (M.Z.);
zhuyufeng5580@163.com (Y.Z.); [p900221 @gmail.com (P.L.); changhong @tmu.edu.cn (H.C.);
wangxuan @tmu.edu.cn (X.W.)

2 Department of Rehabilitation and Sports Medicine, Tianjin Medical University, 22 Qixiangtai Road,
Heping District, Tianjin 300070, China

3 Health Education and Guidance Center of Heping District, 97 Hualong Road, Heping District,
Tianjin 300040, China; E-Mails: hptjjs@126.com (W.L.); zyw19830910@ gmail.com (Y.Z.)

* Author to whom correspondence should be addressed; E-Mail: huangguowei@tmu.edu.cn;
Tel.: +86-22-8333-6606; Fax: +86-22-8333-6603.

Received: 16 July 2015 / Accepted: 15 September 2015 / Published: 21 September 2015

Abstract: Few studies have examined the association between Asian dietary pattern and
prediabetes, in particular, the Chinese diet. We conducted a cross-sectional study to identify
dietary patterns associated with impaired fasting glucose (IFG) which considered a state of
prediabetes in Chinese men. The study included 1495 Chinese men aged 20 to 75 years.
Information about diet was obtained using an 81-item food frequency questionnaire (FFQ),
and 21 predefined food groups were considered in a factor analysis. Three dietary patterns
were generated by factor analysis: (1) a vegetables-fruits pattern; (2) an animal offal-dessert
pattern; and (3) a white rice-red meat pattern. The multivariate-adjusted odds ratio (OR) of
IFG for the highest tertile of the animal offal-dessert pattern in comparison with the lowest
tertile was 3.15 (95% confidence intervals (CI): 1.87-5.30). The vegetables-fruits dietary
pattern was negatively associated with the risk of IFG, but a significant association was
observed only in the third tertile. There was no significant association between IFG and the
white rice-red meat pattern. Our findings indicated that the vegetables-fruits dietary pattern
was inversely associated with IFG, whereas the animal offal-dessert pattern was associated
with an increased risk of IFG in Chinese men. Further prospective studies are needed to
elucidate the diet-prediabetes relationships.



Nutrients 2015, 7 8073

Keywords: dietary pattern; factor analysis; prediabetes; impaired fasting glucose;
men; China

1. Introduction

Impaired fasting glucose (IFG) is a common glucose disorder, and considered a state of prediabetes
associated with increased risk of diabetes [1] and complications or cardiovascular disease [2—4].
Currently, the prevalence of prediabetes in Chinese adults was 15.5%, accounting for 148.2 million
adults with prediabetes [S5]. More importantly, 5%—10% of people per year with prediabetes will
progress to diabetes [6]. Contrary to the relative irreversibility of diabetes, IFG does not typically
present with clinical symptoms and can be treated using appropriate dietary intervention measures,
thereby delaying or preventing diabetes [7,8]. Currently, many epidemiological studies focus on the
dietary pattern and diabetes. Assessing dietary patterns enables the analysis of potentially interactive
and antagonistic effects of different nutrients. The healthy balanced dietary pattern, characterized by a
diet with a frequent intake of raw and salad vegetables, fruits in both summer and winter, fish, pasta and
rice, and low intake of fried foods, sausages, fried fish, and tubers, may be negatively associated with
the risk of having undiagnosed diabetes [9]. From the Framingham Offspring Study, it was suggested
that consumption of a diet rich in fruits, vegetables, whole grains, and reduced fat dairy protects against
insulin resistance phenotypes (impaired glucose tolerance and IFG) and displacing these healthy choices
with refined grains, high fat dairy, sweet baked foods, candy, and sugar sweetened soda promotes
impaired glucose tolerance and IFG [10]. Few studies have examined the association between Asian
dietary pattern and prediabetes, in particular, the Chinese diet. Among Japanese men, a dietary pattern
characterized by frequent consumption of dairy products and fruits and vegetables but low alcohol intake
may be associated with a decreased risk of developing prediabetes [11]. From the 2002 China National
Nutrition and Health Survey, the New Affluence pattern (mainly well-to-do individuals) characterized
by living in urban areas, being less physical active, having more smokers, alcohol users, and overweight
individuals, and having a higher intake of animal foods and soybean productswas associated with a
substantially higher risk of prediabetes in Chinese adults [12].

Due to the rapid economic and social changes, Chinese dietary patterns and lifestyle have changed
substantially, we sought to determine the influence of specific dietary patterns on prediabetes in the
Chinese population. The objective of this study was to determine the association between various dietary
patterns and IFG among Chinese men.

2. Materials and Methods
2.1. Population

A total of 1615 subjects aged 20-75 years were performed routine health check-up in Health
Education and Guidance Center of Heping District, Tianjin, China in 2014. Participants with fasting
plasma glucose (FPG) concentration of 110-126 mg/dL (6.1-7.0 mmol/L) were classified as IFG [1],

those with a fasting glucose concentration <110 mg/dL (<6.1 mmol/L) were classified as normoglycemic,
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those with a fasting glucose concentration of >126 mg/dL (7.0 mmol/L) or self-reported current diabetes
treatments were excluded. The final cross-sectional study population comprised 1459 participants. The
study protocol was approved by the Ethics Committee of Tianjin Medical University. Written informed

consent was obtained from all participates.
2.2. Data Collection

Height was measured without shoes to the nearest 1 cm and weight measured in light clothing to
the nearest 0.1 kg on a beam balance scale. Body mass index (BMI) was calculated as weight in
kilograms divided by the square of the height in meters (kg/m?). Venous blood samples were taken
from all participants after an overnight fast (12 h at least) and the samples were stored at —80 °C until
assessment assays were performed. Serum total cholesterol (TC) and triglyceride (TG) were measured
by routine enzymatic methods. Serum high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) were measured using colorimetric method. Plasma glucose and lipid
levels were determined by automatic biochemical analyzer (TBA-40, Tokyo, Japan).

Information about demographic characteristics and lifestyle habits, including smoking, drinking, and
physical activity, were collected by trained interviewers. Current smokers were defined as those who
smoked at least one cigarette per day and non-smokers were defined as those who were either former
smokers or never smoked a cigarette in their lives. Those who stopped smoking for less than a year were
classified as smokers. A participant was classified as “drinker” in case of having drunk beer or any other
alcoholic beverage once a week on average during the last year, excluding those who drank beer or any
other alcoholic beverage once during festivals.

Physical activity was recorded as a three level variable (light, moderate, and heavy), as recommended
by the China Nutrition Society.

2.3. Dietary Assessment

Dietary data were collected by trained dietitians during a structured interview. A validated
semi-quantitative food frequency questionnaire (FFQ) was used to assess the dietary intake [13].
Participants were asked to report their frequency of consumption of each food item during the past month.
The food frequency questionnaire consisted of 81 items, including seven frequency categories as follows:
(1) almost never eat or drink; (2) less than once per week; (3) once a week; (4) 2-3 times per week;
(5) 4-6 times per week; (6) once a day; (7) twice or more per day. According to the similarity of nutrient
profiles and culinary usage among the foods and the grouping scheme used in other studies, we collapsed
the 81 food items into 21 predefined food groups. Information on frequency of intake and portion size
was used to calculate the amount of each food item consumed on average, using China Food Composition
Table (2009) as the database. Four three-day 24-h recalls (24h) in three consecutive days (including two
weekdays and one weekend day) were completed to determine the validity of FFQ. Nutrients intake
assessed by the FFQ and the average of 24h correlated well, with the correlation coefficients being
0.52-0.64 for macronutrients and 0.29—0.76 for micronutrients.
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2.4. Statistical Analysis

Descriptive data for study populations are presented as the median (range) for continuous variables
and as percentages for categorical variables. To compare the general characteristics according to
IFG status, continuous variables were examined using Wilcoxon rank sum test and chi-square test for
categorical variables. p trend was calculated using generalized linear models for continuous variables.
Factor analysis (principal component) was used to extract the participants’ dietary patterns among the
21 predefined food groups. To simplify the interpretation, the factors were rotated by orthogonal
transformation (varimax rotation) to maintain uncorrelated factor variables called principal factor or
patterns. After evaluating the eigenvalues (>1.5), screen plot test, and factor interpretability, three factors
were retained. Items were retained in a factor if they had an absolute correlation > 0.20 with that factor.
Tertiles were categorized across the scores of each dietary pattern based on the distribution of the scores
for all the participants and used for further analysis. Relationships between tertile categories of dietary
pattern scores and IFG status were examined using logistic regression by three different models. Odds
ratios (OR) and corresponding 95% confidence intervals (CI) were calculated. Model 1 was used to
calculate the crude OR, and model 2 was adjusted for age, BMI, total energy intake, drinking, smoking,
and physical activity. A linear trend across increasing quartiles was tested using the median value of each
quartile as a continuous variable based on linear regression. All statistical operations were performed
using SPSS Version 19.0 (IBM, Chicago, IL, USA). All reported p values were two-sided and a p < 0.05

was considered significant.
3. Results

The general characteristics of the study population according to IFG status are presented in Table 1.
Compared with participants without IFG, participants with IFG tended to be older, have higher BMI,
TC, LDL-C, FPG, and TG levels (p < 0.05).

Table 1. General characteristics of study population.

IFG Status

Characteristics No (1327) Yes (132) p!

Age (year) 41.0 (32.0-50.0) 50.0 (41.0-58.0) 0.000
BMI (kg/m?) 25.1 (23.0-27.1) 26.3 (24.4-28.5) 0.000
TC (mmol/L) 4.8 (4.3-5.3) 5.1 (4.6-5.8) 0.000
TG (mmol/L) 1.4 (0.9-2.0) 1.7 (1.2-2.7) 0.000
HDL-C (mmol/L) 1.1 (1.0-1.3) 1.1 (1.0-1.3) 0.546
LDL-C(mmol/L) 3.0 (2.5-3.5) 3.2 (2.8-3.8) 0.000
FPG(mmol/L) 5.4 (5.2-5.7) 6.4 (6.2-6.6) 0.000
Total energy intake (kcal)  2086.9 (1646.1-2603.7)  2049.1 (1595.1-2481.7)  0.827
Smoking (%) 0.067

Current 41.5 48.5

Past 12.4 15.9

Never 46.1 35.6
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Drinking (%)
Everyday
Sometimes
Past

Never

Physical activity (%)

Light
Middle
Heavy

8.7
71.4

8.0
11.9

80.8
51.5
35.2

16.7
66.7
9.1
7.6

81.0
60.3
38.8

0.015

0.970
0.136
0.525

IFG, impaired fasting glucose; BMI: Body mass index; TC: total cholesterol; TG: triglycerides; HDL-C:

high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; FPG: fasting plasma glucose;

! Analysis of Wilcoxon rank sum test or chi-squared test.

Factor analysis identified three major dietary patterns among the 21 food groups, and the associated

factor loading scores with absolute values > 0.20 are shown in Table 2. The “vegetables-fruits” dietary

pattern was characterized by high intakes of vegetables, fruits, tubers, seaweeds and mushrooms, coarse

cereals, and low intakes of alcohol. The “animal offal-dessert pattern” included high intakes of animal

offal, dessert, fast food and beverages. The “white rice-red meat pattern” included high intakes of white

rice, red meat, poultry, and eggs. Each dietary pattern explained 16.8%, 8.7%, and 7.8% of the variation

in food intake, respectively.

Table 2. Factor loadings for the three major dietary patterns derived from principal

components analysis with orthogonal rotation.

Animal Offal-Dessert

White Rice-Red

Foods/Food Groups Vegetables-Fruits Pattern
Pattern Meat Pattern
White rice —0.132 —0.077 0.628
Vegetables 0.698 0.091 0.220
Coarse cereals 0.533 —0.244 0.152
Refined wheat 0.419 —0.116 0.006
Tubers 0.618 0.036 —0.114
Fruits 0.582 0.311 0.086
Seaweeds and mushrooms 0.575 0.250 0.198
Soybean products 0.474 —0.064 0.341
Red meat —0.050 0.123 0.750
Poultry 0.108 0.161 0.610
Peanuts 0.408 0.230 —0.014
Seafood 0.354 0.454 0.039
Dairy products 0.272 0.115 —0.018
Eggs 0.206 —0.038 0.576
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Tea 0.203 0.288 —0.063

Dessert 0.167 0.636 —0.007
Condiments 0.133 0.348 0.236
Animal offal 0.090 0.648 0.115

Alcohol beverages 0.015 0.347 —0.022
Fast food 0.004 0.603 0.021
Beverages —0.094 0.595 0.053

Variance of explained (%) 16.8 8.7 7.8

Factor loadings with absolute values > 0.20 were listed in the table among 21 food groups.

The distribution of characteristics by dietary pattern score tertiles is presented in Table 3. Increasing
scores in the vegetables-fruits patterns were correlated with a decreased percent energy from fat
(p for trend <0.001), whereas the percent energy from carbohydrate increased as the score of the
vegetables-fruits pattern increased. Animal offal-dessert pattern and white rice-red meat pattern,
however, has an inverse relationship with the percent energy from fat and carbohydrate. The
vegetables-fruits pattern score was associated with a high intake of fiber and low intake of cholesterol,
whereas the dessert pattern and white rice-red meat pattern score were associated with a low intake
of fiber and high intake of cholesterol. The fatty acids were significantly associated with dietary
pattern scores. The vegetables-fruits pattern score was associated with a lower intake of total fatty
acids, saturated fatty acid and monounsaturated fatty acids, whereas the animal offal-dessert pattern and
white rice-red meat pattern score was positively associated with the intakes of total fatty acids, saturated
fatty acid, monounsaturated fatty acids, and polyunsaturated fatty acids. Regarding mineral intake, iron
intake was positively associated with the scores of the vegetables-fruits pattern and animal offal-dessert
pattern. Magnesium intake was positively associated with the scores of the vegetables-fruits pattern and
negatively associated with scores of animal offal-dessert pattern and white rice-red meat pattern. Zinc
was positively associated with the scores of the white rice-red meat pattern. Selenium was positively
associated with animal offal-dessert pattern.

Table 3. Distribution of characteristics by the tertiles of dietary pattern scores.

Vegetables-Fruits Pattern

Characteristics TL (=486 T2 (n = 486) T3 (n = 487) p Trend 2
Age (year) 38.5 (32.0-44.0) 41.0 (32.0-51.0) 45.0 (37.0-54.0) 0.000
BMI (kg/mz) 25.2 (23.1-27.3) 25.0 (22.9-27.1) 25.2 (23.5-27.2) 0.743
Energy (kcal) 1555.4 (1296.3-1889.5) 2052.6 (1752.7-2363.4) 2687.6 (2321.8-3207.0) 0.000
Fat (g) 50.0 (45.5-54.7) 48.1 (42.4-54.2) 46.8 (38.8-52.7) 0.000
Fat (% energy) 21.0 (18.5-23.9) 19.8 (17.2-22.4) 19.3 (16.3-21.3) 0.000

Protein (g) 89.4 (84.2-94.7) 89.8 (84.8-95.9) 89.0 (82.2-97.8) 0.962
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Protein (% energy) 16.9 (15.5-18.3) 16.6 (15.6-17.7) 16.1 (15.1-17.4) 0.000
Carbohydrate (g) 335.0 (312.0-350.5) 340.6 (317.1-358.8) 343.3 (315.6-369.1) 0.000
Carbohydrate (% energy) 59.8 (54.5-64.1) 62.0 (57.4-65.7) 63.1 (59.1-66.8) 0.000
Fiber (g) 19.1 (17.2-20.9) 20.6 (18.3-22.7) 22.9 (20.1-26.5) 0.000
Cholesterol (g) 564.2 (458.3-662.5) 537.5 (446.6-627.1) 498.2 (392.4-610.2) 0.000
Total fatty acids (g) 39.1 (35.1-44.7) 38.8 (32.7-46.2) 38.2 (30.8-46.1) 0.010
SFA (g) 11.7 (10.4-13.9) 11.4 (9.7-13.9) 10.9 (8.8-13.1) 0.000
MUFAs (g) 13.8 (12.3-16.1) 13.4 (11.3-16.0) 12.7 (10.2-15.3) 0.000
PUFAs (g) 10.0 (8.7-11.5) 9.9 (8.0-12.4) 10.1 (7.7-13.6) 0.096
Magnesium, Mg (mg) 444.9 (420.2-465.8) 466.3 (438.1-490.0) 497.3 (461.6-531.0) 0.000
Iron, Fe (mg) 37.8 (35.0-39.8) 37.0 (33.9-39.2) 36.8 (33.6-39.6) 0.001
Mg/Fe ratio 11.6 (11.1-12.4) 12.4 (11.6-13.3) 13.2 (12.4-14.7) 0.000
Zinc, Zn (mg) 14.4 (13.7-15.3) 14.3 (13.5-15.4) 14.4 (13.2-15.6) 0.053
Selenium, Se (mg) 65.4 (58.7-71.0) 63.9 (57.30-70.2) 60.8 (53.6-71.4) 0.088
Animal giblets-dessert pattern
Age (year) 46.0 (38.0-55.0) 41.0 (33.0-50.0) 37.5(31.0-44.0) 0.000
BMI (kg/m?) 25.0 (23.1-27.1) 25.3(23.1-27.2) 25.1 (23.1-27.2) 0.733
Energy (kcal) 1966.7 (1561.7-2397.1) 1951.0 (1564.9-2434.7) 2324.1 (1913.5-3033.2) 0.000
Fat (g) 44.7 (39.1-50.5) 48.5 (43.9-53.8) 51.4 (46.9-58.3) 0.000
Fat (% energy) 18.2 (15.5-20.9) 20.0 (17.9-22.5) 21.2 (19.3-23.7) 0.000
Protein (g) 89.9 (84.2-95.9) 90.0 (85.2-95.5) 88.5(82.4-96.4) 0.274
Protein (% energy) 16.7 (15.4-17.9) 16.7 (15.6-17.9) 16.1 (15.0-17.5) 0.000
Carbohydrate (g) 348.0 (324.4-367.2) 336.3 (314.4-353.3) 333.9 (308.5-352.0) 0.000
Carbohydrate (% energy) 63.5 (58.5-67.9) 60.8 (55.9-64.9) 61.2 (56.7-64.5) 0.000
Fiber (g) 21.3 (18.9-23.9) 20.6 (18.4-23.1) 20.0 (17.2-22.5) 0.000
Cholesterol (g) 512.0 (408.8-592.0) 535.9 (444.9-646.8) 550.8 (450.1-668.9) 0.000
Total fatty acids (g) 36.7 (30.9-43.5) 39.3 (34.6-44.7) 40.6 (34.2-49.4) 0.000
SFA (g) 10.8 (9.1-12.8) 11.6 (9.9-13.4) 11.8 (9.8-14.5) 0.000
MUFASs (g) 12.6 (10.5-14.8) 13.6 (11.6-15.5) 14.2 (11.8-16.7) 0.000
PUFAs (g) 9.6 (1.7-12.1) 10.0 (8.5-11.9) 10.5 (8.5-12.7) 0.000
Magnesium, Mg (mg) 481.5 (455.9-508.3) 462.6 (437.1-495.4) 451.0 (413.3-478.6) 0.000
Iron, Fe (mg) 37.3 (34.8-39.5) 37.5(34.5-39.9) 36.7 (33.1-39.3) 0.002
Mg/Fe ratio 12.7 (11.9-13.7) 12.2 (11.4-13.2) 11.8 (10.9-13.0) 0.000
Zinc, Zn (mg) 14.4 (13.4-15.3) 14.4 (13.6-15.3) 14.4 (13.4-15.7) 0.224
Selenium, Se (mg) 58.7 (53.0-64.9) 63.8 (58.2-69.0) 70.1 (61.9-78.7) 0.000
White rice-red meat pattern
Age (year) 45.0 (36.8-52.0) 41.0 (33.0-51.0) 38.0 (32.0-46.0) 0.000
BMI (kg/m?) 25.0 (23.1-27.1) 25.1 (23.2-27.0) 25.3 (23.0-27.5) 0.337
Energy (kcal) 1739.0 (1379.5-2209.7) 1999.7 (1662.4-2485.3) 2440.6 (2052.9-2958.4) 0.000
Fat (g) 44.6 (39.5-49.1) 48.6 (43.3-53.7) 52.4 (47.0-59.9) 0.000
Fat (% energy) 18.1 (15.3-20.6) 20.1 (17.8-22.6) 21.4 (19.4-24.0) 0.000
Protein (g) 84.7 (79.9-88.9) 90.4 (85.1-95.2) 95.3 (88.6-102.9) 0.000
Protein (% energy) 15.6 (14.6-16.7) 16.7 (15.6-17.8) 17.2 (16.1-18.6) 0.000
Carbohydrate (g) 350.7 (335.3-370.6) 337.9 (318.6-358.8) 321.0 (293.8-345.4) 0.000
Carbohydrate (% energy) 64.2 (60.3-68.8) 61.6 (57.6-65.5) 59.1 (54.5-63.4) 0.000
Fiber (g) 21.4 (19.3-23.4) 20.8 (18.5-23.3) 19.3 (16.7-22.5) 0.000
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Cholesterol (g) 468.0 (373.0-553.4)
Total fatty acids (g) 35.3 (30.3-39.8)
SFA (g) 9.8 (8.7-11.2)
MUFAs (g) 11.7 (10.0-13.1)
PUFAs (g) 9.6 (7.6-11.3)

Magnesium, Mg (mg)
Iron, Fe (mg)
Mg/Fe ratio
Zinc, Zn (mg)
Selenium, Se (mg)

475.9 (451.4-505.0)
37.2 (34.5-39.4)
12.7 (11.8-13.7)
13.5 (12.7-14.1)
64.3 (57.4-70.9)

540.6 (453.0-634.3)

38.9 (33.2-45.1)
11.5(9.9-13.3)
13.5 (11.6-15.5)
10.2 (8.6-12.4)

466.9 (439.8-495.6)

37.4 (34.4-39.7)
12.4 (11.4-13.4)
14.4 (13.7-15.1)
64.5 (57.2-70.8)

8079
603.2 (502.7-752.3) 0.000
43.3 (37.3-51.3) 0.000
13.5(11.6-15.9) 0.000
15.6 (13.6-18.3) 0.000
10.5 (8.5-13.2) 0.000
450.9 (415.0-482.3) 0.000

37.0 (34.2-39.5) 0.871

11.9 (11.1-13.0) 0.000
15.6 (14.7-16.6) 0.000
62.0 (54.9-70.5) 0.835

! Tertiles of dietary pattern scores; > p trend was calculated using generalized linear models for continuous

variables; p trend of nutrient consumption was adjusted for total energy intake. Abbreviation: SFA: saturated
fatty acids; PUFAs: polyunsaturated fatty acids; MUFAs: monounsaturated fatty acids; BMI: Body mass index.

The ORs and 95% CIs of IFG were analyzed across the tertiles of dietary pattern scores (Table 4). The
OR (95% CI) in the highest tertiles of the vegetables-fruits dietary pattern compared to those in the lowest

tertiles in crude model was 1.15 (0.75-1.75), but a significant association was observed in multivariate
model 2 (OR: 0.57, 95% CI: 0.34-0.95). Population in the highest tertile of the animal offal-dessert
pattern score had an increased risk of IFG in the multivariate-adjusted models when compared with
those in the lowest tertile (OR: 2.89, 95% CI: 1.76-4.75) in the multivariate model and this association
was stronger (OR: 3.15, 95% CI: 1.87-5.30) in multivariate model 2. The white rice-red meat pattern

was not significantly associated with IFG in any of the models.

Table 4. Distribution of characteristics by the tertiles of dietary pattern scores.

. Multivatiate Multivatiate
Dietary Pattern No. of IFG Crude Model 1 2
Model 1 Model 2
T1? 45 1.00 1.00 1.00
Vegetables-fruits T2 36 0.78 (0.50-1.24) 0.63 (0.39-1.02)  0.57 (0.31-1.09)
pattern T3 51 1.15 (0.75-1.75) 0.73 (0.46-1.15)  0.57 (0.34-0.95)
p trend * 0.151 0.700 0.013
T1 37 1.00 1.00 1.00
Animal offal-dessert T2 45 1.24 (0.78-1.95) 1.84 (1.13-2.99)  1.86 (1.14-3.02)
pattern T3 50 1.39 (0.89-2.17) 2.89 (1.76-4.75)  3.15 (1.87-5.30)
p trend 0.370 0.001 0.035
T1 49 1.00 1.00 1.00
White rice-red meat T2 48 0.98 (0.64-1.49) 1.14 (0.74-1.76)  1.13(0.73-1.76)
pattern T3 35 0.69 (0.44-1.10) 0.91 (0.59-1.53)  0.92 (0.55-1.52)
p trend 0.095 0.942 0.557

! Adjusted for age and body mass index; > Model 1 + additional adjustment for total energy intake, drinking

status, smoking status, physical activity status; > Tertiles of dietary pattern scores; * Tests for trend were

conducted by assigning the median value to each tertile of food intake as a continuous variable. Abbreviation:

IFG, impaired fasting glucose.
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4. Discussion

We examined associations between dietary patterns and IFG. We identified three major dietary
patterns: a vegetables-fruits food pattern (rich in vegetables, fruits, tubers, seaweeds and mushrooms,
coarse cereals, and low intake of alcohol), an animal offal-dessert pattern (rich in animal offal, dessert,
fast food, and beverages) and a white rice-red meat pattern(rich in white rice, red meat, poultry, and
eggs). A vegetables-fruits food pattern and an animal offal-dessert food pattern were associated with
IFG; however, a white rice-red meat food pattern was not associated with IFG.

To the best of our knowledge, there have been few studies published that have examined the
relationship between dietary patterns, derived by factor analysis, and IFG [9—-12]. The prudent dietary
pattern, which was rich in fruits and vegetables [9,14], particularly the high green leafy vegetables
intake [15], was associated with a reduced risk of type 2 diabetes. In the Da Qing study for diabetes
prevention conducted in China, a diet high in vegetables and fruits was associated with a lower incidence
of diabetes [16]. The preventive effects of fruits and vegetables have been hypothesized to be mediated
by antioxidants [17], and results of some follow-up studies have supported this hypothesis [18-20]. Our
findings on the relation between the dietary pattern reflecting vegetable and fruit intake and prediabetes
risk is in line with results of previous studies, which have shown an inverse association between
consumption of fruits and vegetables and the risk of type 2 diabetes. Our results also showed that
the vegetables-fruits pattern score was associated with high intakes of magnesium and iron. Magnesium
is an essential cofactor for multiple enzymes involved in glucose metabolism and has been discovered
to play a role in the development of diabetes [21]. Animal studies have shown that low magnesium
diet can lead to impaired insulin secretion and action [22] and magnesium supplementation decrease
the incidence of diabetes [23]. The green leafy vegetables have a high content of magnesium [24],
which could reduce the risk of prediabetes and diabetes. In the Chinese population, the main source of
iron is from plant foods, which contain mainly non-heme iron. Iron status is associated with diabetes
in China [25]. Iron overload may stimulate oxidative stress and inflammation, thus promoting the
development of diabetes [26,27]. The intake of iron was positively related to the risk of diabetes,
whilst magnesium intake was inversely related. Although our results showed that the vegetables-fruits
pattern score was associated with high intakes of iron, a strong inverse association between magnesium:
iron intake ratio and diabetes could explain this pattern was negatively associated with IFG [28]. In
our study, it was shown that the magnesium: iron intake ratio was increased across the tertile in this
pattern. Moreover, vegetables and fruits are rich in dietary fiber, which is a known protective factor
for diabetes. Recently, Frank ef al. found a dietary pattern among urban Ghanaian population, which
was characterized by a high consumption of plantain, cassava, and garden egg, and a low intake of rice,
juice, vegetable oil, eggs, chocolate drink, sweets, and red meat was related to higher serum triglyceride
concentrations and increased the risk of type 2 diabetes [29]. However, an inverse association between
cassava flour and incident diabetes was also observed in a Brazilian study [30]. As for cassava, a major
carbohydrate source in Africa, contains potentially diabetogenic chemicals, however, its consumption
could be considered in diets for the prevention and control of diabetes. The preparation methods were
diverse including cooking, frying, and pounding. The different associations of cassava with diabetes
could be explained by novel methods for the preparation of the cassava. Alternatively, the combined

consumption of cassava and rice with other food groups [31] may represent dietary diversity, which is
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inversely associated with biomarkers of type 2 diabetes [32]. In the present study, however, the tubers in
this dietary pattern were not apparently associated with IFG. The lack of an association may reflect low
consumption of tubers in the Chinese men; mean daily intake is 52.9 g for tubers (Appendix).

This study also found that an animal offal-dessert pattern characterized by high intake of animal offal,
dessert, fast food and beverages was positively associated with IFG. The animal offal are generally
high in saturated fatty acid, cholesterol, iron, and selenium, and desserts contribute importantly to
glycemic load (GL), which appear to be associated with increased IFG risk. In the Nurses’ Health
Study (NHS), Schulze et al. observed a pattern, which was high in sugar-sweetened soft drinks, refined
grains, diet soft drinks, and processed meat but low in wine, coffee, cruciferous vegetables, and yellow
vegetables, was associated with an increased risk of diabetes [33]. Desserts and sweets have been found
to be part of the Western dietary pattern associated with higher diabetes risk [34,35]. In addition, our
study showed that the animal offal-dessert pattern score was associated with a low intake of magnesium
and a higher intake of selenium and iron. A cross-sectional study in Chinese population explored a
significant positive correlation between dietary selenium intake and the prevalence of diabetes [36].
The findings of our study suggest a significant positive association between dietary selenium intake
and animal offal-dessert pattern, consistent with the conclusions of studies on associations between
dietary selenium and diabetes [37], supplementary selenium and diabetes [38], and serum selenium and
diabetes [39,40]. An increased level of dietary selenium intake may increase the release of glucagon,
which can lead to hyperglycemia [41]. Moreover, a high level of dietary selenium intake may stimulate
the release of glucagon or may induce overexpression of glutathione peroxidase 1 (GPx1), which is a
type of antioxidant selenoprotein. The high activity of GPx1 can interfere with insulin signaling, which
is critical to the regulation of glucose levels and the prevention of diabetes [42]. Thus, the animal
offal-dessert pattern was associated with an increased risk of IFG in our study.

Our findings demonstrated that the white rice-red meat pattern characterized by white rice, red meat,
poultry, and eggs was not associated with IFG. In China, white rice is a staple food and major source
of calories contributing to a high dietary GL. The cooked rice, congee (rice porridge) and rice noodle
are the three most common white rice-based foods. The Shanghai Women’s Health Study has linked
higher dietary GL, primarily from white rice, to an increased risk of diabetes [43]. However, the
association between rice intake and diabetes has been inconsistent in China [44,45]. Study in a single
province (Jiangsu China) observed a significantly positive association between white rice intake and
hyperglycemia risk, whereas no association was observed in a Hong Kong population [45]. Compared
with the refined grains (such as white rice), the coarse cereals were low in glycemic index (GI) and
rich in fiber may lower the risk of diabetes [46]. It was suggested that high intakes of refined grains
intake and usual diets with high GL diet were associated with reduced [3-cell function in pre-diabetic
Japanese-Brazilians [47]. The updated analyses from three large US cohorts and meta analyses provide
evidence that higher dietary GI and GL are associated with increased risk of diabetes, participants
who consumed diets with high GI or high GL and low cereal fiber had a nearly 40% higher risk of
compared with those whose diets were high in cereal fiber and low in GI or GL [48]. A systematic
review and meta-analysis of cohort studies of meat consumption and diabetes risks suggested that meat
consumption increased the risk of diabetes [49], particularly processed red meat was associated with

an increased risk of diabetes [50]. Eggs, generally regarded as an important dietary source of protein,
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are commonly consumed in China. Findings from some studies suggest that dietary cholesterol from
eggs leads to a modest increase in blood concentrations of total and LDL-C [51-53], which have been
found to be positively related to diabetes risk [52,54]. On the other hand, eggs contain many other
potentially beneficial nutrients, such as monounsaturated fats, minerals, essential amino acids, folate, and
other B vitamins. Moreover, consumption of eggs instead of carbohydrate-rich foods may raise HDL-C
levels and decrease blood glycemic and insulinemic responses [55]. The data from a representative
sample in Jiangsu Province, China indicate that consumption of more than 1 egg/day is associated
with significantly elevated risk for diabetes [56]. It was reported that the traditional south pattern of
rice as the major staple food in conjunction with pork and vegetable dishes was associated with lower
risk of general and abdominal obesity [57]. The rice rich “traditional” pattern was associated with
reduced weight gain in Jiangsu province of China [58]. Moreover, the “Green Water” dietary pattern,
characterized by high intakes of rice and vegetables and moderate intakes in animal foods was related
to the lowest prevalence of metabolic syndrome (MS) (15.9%) in a large-scale, nationally-representative
sample of Chinese adults [59]. However, our study showed that there was no relationship between white
rice-red meat pattern and IFG. On one hand, the factor loading of white rice in this pattern derived from
principal components analysis was 0.628, which was higher than the factor loading of coarse cereals
(0.152). Although the white rice contains higher dietary GI and GL, the consumption of white rice in
our study was 131.7 g/day (Appendix), which was lower than the southern city. The prospective study
conducted in Shanghai, China, reported a diabetes relative risk of 1.78 (95% CI: 1.48-2.15) comparing
middle-aged women who consumed >300 g/day (versus <200 g/day) of white rice [43]. On the other
hand, although the higher contribution to this dietary pattern score was red meat, poultry, and egg, the
lack of an association may reflect moderate consumption of red meat in the Chinese men; the mean daily
intake was 49.3 g for red meat, 25.1 g for poultry and 62.5 g for egg (Appendix). Additionally, we found
the white rice-red meat pattern score was associated with a low intake of magnesium and high intake
of zinc. Zinc content is highest in animal-source foods, relatively high in whole-grain cereals, and low
in refined cereals and vegetables [60]. Zinc has been postulated that zinc deficiency may aggravate the
insulin resistance in noninsulin dependent diabetes mellitus over a six year follow-up study [61]. From
above we did not conclude the white rice-red meat pattern score was associated with IFG. Further study
will be performed to determine the casual role of white rice-red meat pattern and IFG.

Several potential limitations of this study need to be highlighted. First, because of the cross-sectional
design of our study, we cannot assess the causal relationships between dietary patterns and the risk of
IFG. Second, because of the nature of the self-reporting questionnaire, recall bias exists and the food
intake may be not exact. Third, oral glucose tolerance tests were not performed, possibly leading to an
underestimate of the diagnosis of prediabetes. Finally, even though we have adjusted for confounders
that related prediabetes risk, we cannot rule out that unmeasured factors have influenced our observed
results. The health checkup center-based design leads to a study population that is not fully representative
of the general one, and thus, the generalizability of our findings may be questionable. In addition, the
lack of racial diversity limits our ability to generalize our results to other populations. Despite these

limitations, this study could reveal the relationships between dietary patterns and IFG in Chinese men.
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5. Conclusions

The vegetables-fruits dietary pattern, which was characterized by high intakes of fruits and vegetables,
and low consumption of alcohol, appears to be negatively associated with IFG in Chinese men. Whereas,
the animal offal-dessert pattern, which was characterized by frequent consumption of animal offal and
dessert might be associated with an increased risk of developing IFG in Chinese men. Further large
prospective epidemiologic studies to investigate the effect of those dietary patterns on IFG in Chinese

populations are needed in the future.
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Table A1l. Intakes of selected dietary items according to tertiles of dietary pattern score among Chinese men.

) . Vegetables-Fruits Pattern Animal offal-Dessert Pattern ‘White Rice-Red Meat Pattern
Dietary Items All subject:
T1! T2 T3 T1 T2 T3 T1 T2 T3
White rice (g) 131.7 131.7 141.8 131.7 180.2 131.7 131.7 70.9 131.7 198.5
ite rice
& (128.7-184.4) (128.7-360.4) (128.7-184.4) (65.9-184.4) (128.7-198.5) (128.7-184.4) (65.9-184.4) (64.4-131.7) (128.7-184.4) (180.2-368.8)
Vegetables (@) 309.7 209.4 304.5 458.0 308.6 291.9 337.8 278.9 304.2 358.7
‘egetables
& & (217.6-436.5) (155.6-282.4) (236.4-382.6) (361.3-612.6) (216.5-441.7) (210.8-410.8) (230.6-457.5) (195.8-384.3) (215.4-420.3) (262.2-488.9)
824 46.7 82.4 129.0 116.7 76.8 74.6 76.8 82.4 107.6
Coarse cereals (g)
(47.3-130.6) (18.7-82.4) (54.7-129.0) (82.4-188.7) (60.9-166.4) (46.7-129.0) (32.9-116.7) (32.9-116.7) (53.8-129.0) (53.8-164.7)
140.8 95.4 147.8 185.0 147.0 137.5 140.2 147.0 143.1 136.3
Refined wheat (g)
(94.5-196.4) (67.9-135.8) (107.0-194.4) (135.5-272.6) (96.3-194.6) (93.0-188.2) (94.5-206.3) (95.4-204.8) (95.5-191.2) (92.2-194.4)
Tubers (g) 529 283 529 100.5 52.0 45.1 529 45.1 529 51.1
ers (g
ubers (& (28.3-94.0) (17.9-45.1) (35.6-64.9) (52.9-141.6) (28.2-93.8) (27.3-82.8) (28.3-100.5) (27.8-100.5) (28.3-82.8) (28.3-82.8)
Fruits (g) 228.2 136.5 230.6 341.1 198.3 203.7 281.9 201.0 236.1 242.9
Tuits
£ (134.5-344.2) (89.8-210.7) (164.5-311.1) (241.3-473.2) (110.8-296.0) (120.3-308.8) (182.2-418.2) (121.6-336.5) (126.7-339.2) (147.5-355.2)
s ds and h - 15.7 8.6 15.7 28.6 12.1 132 21.4 12.1 13.2 17.5
eaweeds and mushrooms
& (8.6-27.3) (6.1-13.2) (8.6-25.0) (15.7-39.3) (7.9-25.0) (7.9-25.0) (12.1-30.3) (7.9-25.0) (8.6-28.6) (10.3-28.6)
78.8 46.4 78.8 103.1 81.2 78.8 71.5 64.5 78.8 93.7
Soybean products (g)
(46.1-127.7) (27.1-77.6) (52.4-120.3) (78.8-152.2) (46.4-139.3) (46.4-126.0) (45.1-104.0) (36.1-82.3) (46.4-116.5) (68.8-150.7)
Red t(2) 49.3 41.0 41.0 51.7 374 41.0 67.4 319 51.7 85.6
ed mea
& (31.9-81.6) (33.4-74.8) (33.4-85.3) (31.9-81.6) (19.9-71.3) (33.8-74.8) (37.4-85.6) (13.9-37.4) (34.0-71.3) (67.7-107.2)
Poultry (¢) 25.1 25.1 25.1 25.1 25.1 25.1 25.1 12.1 25.1 50.3
oultry (g
outtry (g (10.1-50.3) (10.1-30.2) (10.1-30.2) (12.1-50.3) (10.1-30.2) (10.1-30.2) (12.1-50.3) (6.0-25.1) (11.4-30.2) (25.1-70.4)
P s (@) 11.1 6.9 11.1 23.6 6.9 8.3 13.9 11.1 11.1 8.3
eanuts
& (6.9-23.6) (0.0-11.1) (6.9-23.6) (8.3-38.7) (0.0-20.9) (6.9-23.6) (6.9-34.7) (6.6-23.6) (6.9-26.4) (4.2-23.6)
Seafood () 257 222 25.1 382 21.5 237 389 257 242 27.0
calood (g (17.6-43.0) (11.8-32.5) (19.7-43.0) (22.2-69.3) (10.9-34.2) (18.6-40.8) (22.2-69.3) (17.1-43.0) (18.6-44.3) (18.6-44.3)
. 78.3 48.7 90.7 114.7 46.2 70.3 95.5 772 86.6 78.3
Dairy products (g)
(17.9-178.6) (10.5-95.5) (21.0-178.6) (46.2-199.6) (17.9-146.9) (19.1-148.0) (48.7-191.1) (17.9-178.6) (19.1-178.6) (17.9-147.0)
Eggs (2) 62.5 56.3 66.4 69.0 69.0 66.4 572 474 61.5 77.1
s
ges (8 (36.6-77.1) (28.4-73.7) (49.3-77.1) (50.3-78.0) (49.3-73.7) (49.3-77.1) (31.2-78.0) (25.9-61.2) (49.3-74.3) (69.0-94.2)
Tea (mL) 192.9 107.1 171.4 300.0 96.4 171.4 257.1 182.1 214.3 150.0
ea (m!
(21.4-364.3) (0.0-300.0) (37.5-342.9) (42.9-600.0) (0.0-321.4) (42.9-342.9) (85.7-600.0) (42.9-428.6) (42.9-385.7) (0.0-342.9)
D t(2) 144 13.2 13.9 17.5 3.1 144 323 13.2 15.2 15.3
essert
& (3.1-29.4) (3.1-23.2) (3.1-25.4) (3.143.2) (0.0-11.0) (4.3-22.8) (17.5-57.0) (0.0-27.7) (3.1-26.5) (3.1-30.6)
. 14.3 12.9 14.5 16.4 6.8 14.3 25.1 8.4 15.7 20.0
Condiments (g)
(3.5-29.6) (2.5-29.4) (2.9-29.3) (5.1-31.9) (1.4-17.8) (3.9-29.3) (13.2-32.5) (25-17.8) (4.2-29.6) (5.1-32.5)
. __ 6.4 6.4 6.4 6.4 0.0 6.4 20.6 6.4 6.4 8.1
Animal offal (g)
(0.0-15.3) (0.0-15.3) (0.0-15.3) (0.0-21.6) (0.0-6.4) (0.0-13.5) (7.9-40.7) (0.0-15.3) (0.0-15.3) (0.0-19.9)
71.4 65.9 61.8 83.2 29.6 79.6 148.2 79.1 65.4 65.4
Alcohol beverages (mL)
(0.0-233.9) (0.0-205.4) (0.0-222.6) (0.0-273.6) (0.0-107.7) (14.3-250.0) (29.6-367.9) (0.0-250.0) (0.0-219.7) (0.0-219.6)
Fast food (¢) 18.6 17.5 18.6 19.4 53 18.6 45.7 17.0 19.3 19.3
ast food (g
& (5.3-42.6) (5.3-37.3) (5.3-38.4) (5.3-47.9) (0.0-14.9) (8.9-32.3) (24.6-74.6) (0.0-37.6) (5.3-42.2) (5.3-45.7)
27.7 41.1 26.8 26.8 0.0 27.7 84.0 26.8 26.8 314
Beverages (mL)
(0.0-84.0) (0.0-84.0) (0.0-83.1) (0.0-82.1) (0.0-26.8) (0.0-68.8) (29.5-206.3) (0.0-82.1) (0.0-81.2) (0.0-133.9)

! Tertiles of dietary pattern scores.
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