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Abstract

:

We examined the associations of dietary fiber and its source with cardiovascular risk factors in Korean adults. This cross-sectional study involved 16,792 adults from the 2013–2018 Korea National Health and Nutrition Examination Survey data. Dietary data were obtained using a 24 h recall method and used to evaluate intakes of total dietary fiber and its source and fruit consumption. Cardiovascular risk factors included obesity, abdominal obesity, metabolic syndrome, hypercholesterolemia, hypertension, and type 2 diabetes. Multiple logistic regression was used to examine the associations of dietary fiber and its source with cardiovascular risk factors by sex. Total fiber and fruit fiber intake in men were inversely associated with metabolic syndrome (Q5 vs. Q1: odds ratios (OR) = 0.69, 95% confidence intervals (CI) = 0.53–0.92 for total fiber; Q4 vs. Q1: OR = 0.76, 95% CI = 0.61–0.93 for fruit fiber). Among women, a higher intake of fruit fiber was related to a reduced prevalence of obesity (Q4 vs. Q1: OR = 0.85, p trend = 0.029) and abdominal obesity (Q4 vs. Q1: OR = 0.82, p trend = 0.026). Total fruit and whole fruit consumption was inversely associated with obesity, abdominal obesity, and metabolic syndrome in men and hypertension in women. The amount and sources of fiber are associated with metabolic diseases in Korean adults and should be considered in the context of overall dietary quality.
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1. Introduction


Dietary fiber is derived from dietary carbohydrate, which is an important source of energy for humans. The findings regarding the relationship between total carbohydrate intake and the risk for cardiovascular diseases (CVD) have been inconsistent, as dietary carbohydrate is present in various foods and has different glycemic effects [1]. In terms of food source in carbohydrates, whole grains and fruits have been reportedly associated with a reduced risk for CVD [2,3]; by contrast, refined grains and sugar-sweetened beverages have been reported to show an increased risk for metabolic diseases [4,5]. Thus, carbohydrate quality is a focus of research related to disease prevention and management [1].



In a recent comprehensive meta-analysis of carbohydrate quality measures, dietary fiber, whole grains, and the dietary glycemic index were reviewed [6]. While the dietary glycemic index was slightly or not associated with the risk for noncommunicable diseases, high fiber consumption or habitual daily consumption of whole grains was associated with a considerable reduction in the risk for noncommunicable diseases [6]. Another meta-analysis of 10 cohort studies also reported that whole grain consumption corresponds with a reduced risk of cardiovascular disease, cancer, and mortality [7]. However, there is a limitation of no standard definition for whole grains [8].



Dietary fiber has recently been a focus of research attention due to the wide availability of refined grains and the importance of the human gut microbiome [9]. A study of human subjects showed that dietary fibers from beans, fruits, and vegetables were associated with the gut microbiome composition [9]. These microbiotal changes have been reported to be associated with obesity and related disorders, such as metabolic syndrome [10].



Regarding high fiber intake and health outcomes, a high fiber intake is reportedly associated with desirable effects on cardiovascular risk factors, such as blood pressure and blood lipids [11,12,13]. A meta-analysis identified an inverse association between dietary fiber intake and metabolic syndrome in cross-sectional studies but not in cohort studies due to insufficient data [14].



Because dietary fiber is a component of dietary carbohydrate, its sources as well as its proportion of total carbohydrate intake are also important for evaluating dietary fiber. The American Heart Association recommends the consumption of fiber-rich whole grains and at least 1.1 g of fiber per 10 g of carbohydrate [15]. Fontanelli et al. [16] reported that grain consumption with at least 1 g of fiber per 10 g of carbohydrate (a 10:1 ratio) was associated with higher nutritional quality and inversely associated with cardiometabolic risk factors. AlEssa et al. [17] reported that the risk for coronary heart disease among men and women in the US was associated with the carbohydrate-to-cereal fiber ratio but not the carbohydrate-to-total fiber ratio in fully adjusted models. A previous prospective study on sources of dietary fiber reported that fruit fiber protects against metabolic syndrome, but other sources of fiber do not [18]. In a cohort study of Japanese adults, cereal and fruit fiber but not vegetable fiber intake was associated with a reduced risk for CVD mortality [19].



Previous work in Korean adults focused on the relationships between carbohydrate quantity (i.e., total carbohydrate intake, percentage of energy from carbohydrate, dietary glycemic index and glycemic load, and refined grains consumption) and metabolic syndrome and found that the percentage of energy from carbohydrate and refined grains consumption was positively associated with the prevalence of metabolic syndrome [20]. However, few epidemiologic studies have evaluated the associations of dietary fiber and its source with metabolic diseases, such as obesity, hypertension, and type 2 diabetes, in the Korean adult population, whose diets typically comprise a high carbohydrate content due to carbohydrate-rich staple foods. Therefore, we investigated the associations between dietary fiber and its source with cardiovascular risk factors in Korean adults based on national health and nutrition data.




2. Materials and Methods


2.1. Data and Subjects


This study was based on data from the 2013–2018 Korea National Health and Nutrition Examination Survey (KNHANES). The KNHANES is a cross-sectional survey, which is conducted by the Korea Centers for Disease Control and Prevention with the aim of regularly monitoring the nutritional health status of Koreans. This survey includes nationally representative samples based on a stratified, multistage probability sampling design. Health and nutrition related information are collected through health interviews, health examinations, and nutrition surveys. A detailed explanation is available elsewhere [21].



A total of 36,977 adults aged ≥20 years from the 2013–2018 KNHANES were eligible for this study. Among the 36,977 adults, individuals who had no dietary data (n = 4419), reported extreme energy intakes (<500 kcal or >5000 kcal; n = 582), had incomplete information on anthropometric or biochemical measures (n = 4417), had incomplete information on sociodemographic or lifestyle variables (n = 1674), and/or were pregnant or breastfeeding (n = 321) were excluded from the analyses. In addition, individuals who had been diagnosed or treated for dyslipidemia, diabetes, or hypertension were excluded (n = 8772) because the diseases can alter individuals’ diet. The final sample included 16792 Korean adults (6891 men and 9901 women). Figure 1 shows the flow of the study population selection. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (IRB No. 2013-07CON-03-4C, 2013-12EXP-03-5C, 2018-01-03-P-A). Written informed consent was obtained from each subject.




2.2. Assessment of Dietary Fiber and Its Source


Dietary data were obtained using a single 24 h dietary recall method. During the nutrition survey, the 24 h dietary recall was administered by trained interviewers at the participants’ households. A standardized and structured interview was conducted for each participant. Participants were asked for detailed information on all foods and beverages consumed in the past 24 h, and food models, pictures, and other visual aids were used to help participants recall quantities of foods and beverages consumed. Dietary data obtained were linked to a food composition database, which was established by the Rural Development Administration of Korea [22,23], and then energy and nutrient intake from foods and beverages was determined for each participant. A food group code provided in the dietary data of KNHANES was used to calculate the intake of a fiber source, including cereal, vegetable, and fruit. This study evaluated intakes of total dietary fiber, carbohydrate-to-total fiber ratio, cereal fiber, vegetable fiber, and fruit fiber as well as fruit consumption. Each dietary measure was categorized into quintile groups (or quartile groups) by sex for further analyses.




2.3. Assessment of Cardiovascular Risk Factors


Anthropometric and biochemical variables were measured by trained medical personnel with standard methods during the health examination. Body mass index (BMI) was calculated from the measured height and weight (kg/m2). Waist circumference was measured to the nearest 0.1 cm using a measuring tape at the umbilical level in a standing position. Blood pressure was measured three times, and the average of the last two values was used. Venous blood samples were collected from subjects after they had fasted for at least 8 h. Levels of total cholesterol, triglycerides, high-density lipoprotein (HDL)-cholesterol, and fasting blood glucose were measured using enzymatic methods with a 7600–210 automatic analyzer (Hitachi, Tokyo, Japan) in a certified clinical laboratory.



Cardiovascular risk factors evaluated in this study were obesity, abdominal obesity, metabolic syndrome, hypercholesterolemia, hypertension, and type 2 diabetes. Obesity was defined as BMI ≥ 25 kg/m2 [24]. Abdominal obesity was determined based on a cutoff for Koreans as a waist circumference ≥90 cm in men and ≥85 cm in women [25]. Metabolic syndrome was determined by the National Cholesterol Education Program Adult Treatment Panel III criteria [26] if any three or more of the following components were present: abdominal obesity (waist circumference ≥90 cm in men and ≥85 cm in women); hypertriglycerides (triglycerides ≥150 mg/dL); low HDL-cholesterol (HDL-cholesterol <40 mg/dL in men and <50 mg/dL in women); elevated blood pressure (systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg); and elevated blood glucose (fasting blood glucose ≥100 mg/dL). Hypercholesterolemia was defined as total cholesterol ≥240 mg/dL [26]. The definition of hypertension was from the Korean Hypertension Association [27]: systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg. Type 2 diabetes was determined as fasting blood glucose ≥126 mg/dL [28].




2.4. Measurements of Sociodemographic and Lifestyle Variables


Sociodemographic (e.g., age, living area, education, and household income) and lifestyle (e.g., smoking, alcohol drinking, and physical activity) information was collected in the health interview part. Current smokers were individuals who had smoked ≥100 cigarettes during their lifetime and were smoking regularly or occasionally at the time of the survey. Current alcohol drinkers were individuals who drank ≥1 glass of alcohol per month in the previous year. Physical activity was determined as “yes” if a subject engaged in walking exercise for ≥30 min on at least 5 days during the previous week.




2.5. Statistical Analyses


Statistical analyses were conducted using Statistical Analysis Systems (SAS) software, version 9.4 (SAS Institute, Cary, NC, USA). All the analyses performed in this study accounted for the effects of the complex sampling design and used appropriate sampling weights. Characteristics of the study population were presented as means with standard errors (SE) for continuous variables and frequencies and percentages for categorical variables. The t-test and Rao–Scott chi-square test were used to analyze the differences in these variables by sex. The distribution of dietary fiber and its source by quintile (or quartile) of each dietary measure was expressed as the median and interquartile range. Multiple logistic regression analyses were performed to estimate odds ratios (ORs), 95% confidence intervals (CIs), and P trend values for cardiovascular risk factors by quintile (or quartile) of each dietary measure, taking the lowest quintile (or quartile) group as the reference group. To calculate the P trend values across quintiles (or quartiles) of dietary measures, the median intake of a dietary measure in each quintile (or quartile) was entered as a continuous variable in the logistic regression model. In all of the models, age (continuous), living area (urban or rural), education (elementary school, middle school, high school, or college or more), household income (lowest, medium-low, medium-high, or highest), current smoking (yes or no), current alcohol drinking (yes or no), physical activity (yes or no), BMI (continuous), and total energy intake (continuous) were controlled as potential confounding variables. Values of p < 0.05 were considered indicative of statistical significance.





3. Results


3.1. Characteristics of the Subjects by Sex


Table 1 shows the characteristics of the study subjects by sex. The mean ages of men and women were 41.4 and 42.2 years, respectively (p < 0.001). In men, the proportions of individuals who live in a rural area and have a higher education level were higher compared to those in women. The proportions of current smokers, current alcohol drinkers, and individuals who engage in physical activity were higher in men than in women. Energy and nutrient intakes showed significant differences between men and women. Men showed higher intakes of total fiber, cereal fiber, and vegetable fiber and a higher carbohydrate-to-total fiber ratio, but a lower intake of fruit fiber, than women.




3.2. Distribution of Dietary Fiber and Its Source by Sex


Table 2 lists the intakes of dietary fiber and its source by sex. Each dietary measure was grouped into quintiles or quartiles by sex, and the median and range for each quintile (quartile) were calculated. The intake of total fiber, cereal fiber, and vegetable fiber and carbohydrate-to-total fiber ratio showed higher median values of quintile groups in men than in women. Compared to men, women had a higher median intake of fruit fiber in the quintile (quartile) groups.




3.3. Association of Dietary Fiber and Its Source with Cardiovascular Risk Factors in Men


The associations of dietary fiber and its source with cardiovascular risk factors in men are shown in Table 3. In men, total dietary fiber and fruit fiber intake was inversely associated with the prevalence of metabolic syndrome. In the highest quintile (quartile), the OR for metabolic syndrome was 0.69 (95% CI = 0.53–0.92, p trend = 0.004) and 0.76 (95% CI = 0.61–0.93, p trend = 0.011) for total fiber and fruit fiber intake, respectively. A higher ratio of carbohydrate to total fiber showed an inverse relationship with obesity and abdominal obesity. Vegetable fiber intake was positively associated with obesity. Fruit fiber intake was inversely associated with the prevalence of abdominal obesity (Q4 vs. Q1: OR = 0.74, 95% CI = 0.62–0.88, p trend = 0.001) and hypertension (Q4 vs. Q1: OR = 0.77, 95% CI = 0.61–0.97, p trend = 0.035) but positively associated with hypercholesterolemia.




3.4. Association of Dietary Fiber and Its Source with Cardiovascular Risk Factors in Women


Table 4 presents the associations between dietary fiber and its source and cardiovascular risk factors in women. In women, a high intake of fruit fiber was associated with a reduced prevalence of obesity (Q4 vs. Q1: OR = 0.85, 95% CI = 0.73–1.00, p trend = 0.029) and abdominal obesity (Q4 vs. Q1: OR = 0.82, 95% CI = 0.67–0.99, p trend = 0.026). In the highest quartile of fruit fiber intake of women, the OR for hypertension was 0.70 (95% CI = 0.54–0.90) and the OR for type 2 diabetes was 0.51 (95% CI = 0.28–0.91). Other dietary measures were not associated with cardiovascular risk factors in women.




3.5. Association of Fruit Consumption with Cardiovascular Risk Factors in Men and Women


Table 5 shows the associations between fruit consumption and cardiovascular risk factors by sex. Among men, total fruit and whole fruit consumption was inversely associated with obesity, abdominal obesity, and metabolic syndrome. A higher intake of total fruit consumption was related to the reduced prevalence of hypertension in both sexes (Q4 vs. Q1: OR = 0.78, 95% CI = 0.62–0.98 for men; OR = 0.68, 95% CI = 0.53–0.88 for women). Whole fruit intake was inversely associated with hypertension in women.





4. Discussion


This large-sample cross-sectional study of Korean adults examined the associations of dietary fiber and its source with cardiovascular risk factors, including obesity and metabolic syndrome. Total dietary fiber and fruit fiber intake were inversely associated with metabolic syndrome in men, and fruit fiber intake was inversely associated with abdominal obesity and hypertension in both men and women.



Men in the highest quintile of total fiber intake were 31% less likely to have metabolic syndrome than those in the lowest quintile. Our results are in line with a meta-analysis of dietary fiber and metabolic syndrome, which reported a pooled OR of 0.70 (95% CI = 0.61–0.82) for cross-sectional studies [14]. In addition, total fiber is reportedly inversely associated with the risk for coronary heart disease [17], insulin resistance [29,30], high blood pressure [12], weight gain [31,32], and mortality from CVD [33]. The mechanism of the benefit of dietary fiber for metabolic diseases may be high satiety, a reduced nutrient absorption rate, energy dilution, or change in the gut microbiota [34]. However, the effect of dietary fiber on cardiometabolic risk factors is also reported to differ according to its physicochemical properties, amount, and source.



Given that the recommended intake of dietary fiber for Koreans is 25 g in men and 20 g in women [35], the average intake of 26.0 g in men and 22.6 g in women in this study was adequate. Indeed, it was comparable or slightly higher than that in Japanese or Chinese adults, whose diet is similar to Koreans. Nakaji et al. [36] reported a fiber intake of 15–20 g/d for Japanese adults in the 1980s and 1990s, and Wang et al. [37] reported a fiber intake of 17–19 g/d for Chinese adults aged ≥45 years from 1991 to 2011. However, in this study, the average carbohydrate-to-total fiber ratio was 15.4 in men and 14.2 in women. This value is lower than that of Japanese adults (15.6) [29] but higher than that of US adults (11.3) [17].



The American Heart Association recommends an overall healthy dietary pattern to prevent and manage CVD, including at least 1.1 g fiber per 10 g of carbohydrate [15]. Fontanelli et al. [16] reported that foods meeting the <10:1 ratio showed high nutritional quality, and higher intakes of these foods are associated with cardiometabolic risk factors. Regarding sources of cereal fiber, the staple food for Korean adults is white rice, which means high consumption of grains but low intake of cereal fiber. Therefore, in Korean adults, dietary fiber intake should be evaluated according to carbohydrate quality, including the sources of dietary fiber.



The relationship between dietary fiber sources and metabolic diseases was inconsistent. A study of US adults reported that cereal fiber intake was inversely associated with a lower risk for coronary heart disease, whereas the ratio of carbohydrate-to-cereal fiber was significantly associated with an increased risk for coronary heart disease [17]. However, total dietary fiber showed no such association [17]. Another study of US adults in the Framingham Offspring cohort showed that the highest quintile of cereal fiber intake was associated with a 68% reduction in the prevalence of metabolic syndrome but the intakes of total fiber, vegetable fiber, fruit fiber, and legume fiber were not [30]. A study of European adults showed that total fiber intake was inversely associated with subsequent weight and waist circumference changes over 6.5 years, but fruit or vegetable fiber intake showed no association with weight change [31].



In terms of fiber source, we found that fruit fiber intake showed a significant inverse association with cardiovascular risk factors, including obesity, hypertension, and type 2 diabetes, in Korean adults. Fruit fiber intake has been reported to be significantly and inversely associated with metabolic syndrome in Iranian adults [18,38], with insulin resistance in US adults [30], and with mortality from CVD in Japanese adults [19]. In the Tehran Lipid and Glucose Study, the intakes of total fiber, fruit fiber, cereal, and legume fiber were significantly associated with a reduced prevalence of metabolic syndrome. However, after three years of follow-up, only fruit fiber intake protected against metabolic syndrome [18,38].



Other than fruit fiber, fruit consumption has been reported to have a beneficial effect on metabolic diseases in Korean adults, with studies reporting that a fruit-and-dairy dietary pattern is inversely associated with metabolic syndrome [39], higher fruit consumption is associated with a lower risk for incident hypertension [40], and whole fruit consumption is associated with a reduced prevalence of obesity [41]. Considering fruit consumption was mainly composed of whole fruit consumption in this study population, whole fruit is a key component of dietary fiber intake in Koreans, and the health benefit of fruit is attributable to fruit fiber. As dietary fiber from beans, fruits, and vegetables has been reported to relate to the gut microbiome composition [9], further studies to elucidate the effect of dietary fiber on metabolic diseases through the gut microbiome will be necessary. An intervention study for Korean adults showed that the gut microbiome and microbial metabolites were significantly different between the typical Korean diet and the typical American diet in a four-week crossover clinical trial [42], in which dietary fiber intakes in two diets were distinct (29 g vs. 24 g) [43]. In our study, fruit fiber intake (coefficient of variation (CV) = 170) showed greater variation compared to cereal fiber (CV = 93.1) or vegetable fiber (CV = 75.1) intake. According to Chen et al., the strength of the association increases as the difference between the highest and lowest category of dietary fiber increases [14].



Substantial evidence shows that dietary patterns high in dietary fiber and its major sources, such as whole grains, vegetables, and fruits, are associated with reduced risks for CVD. A recent review reported consistent beneficial effects of a Mediterranean diet and a Dietary Approaches to Stop Hypertension (DASH) diet on cardiovascular risk factors [44]. Particularly, diets high in dietary fiber are also rich in phytochemicals, including carotenoids, flavonoids, and isoflavone. The positive effects of dietary fiber on CVD risk factors observed in this study could be related to these phytochemicals [45,46,47]. A high intake of isoflavone and tofu was inversely associated with the incidence of coronary heart disease in the US cohort studies [47].



This study had several limitations. First, because of the cross-sectional design, we could not evaluate the causality of the relationship between dietary variables and cardiovascular risk factors. A longitudinal study is needed to confirm that association. Second, one-day dietary recall did not represent the usual intake of the study population. However, the quintile (or quartile) groups were used to examine the association with cardiovascular risk factors. Third, insoluble/soluble fiber intake could not be determined because of the lack of data. Instead, food sources were examined to identify the effects of the types of dietary fiber on cardiovascular risk factors. Nevertheless, the strengths of the study were the use of a large and nationally representative sample and that this was the first exploration of the associations of dietary fiber and its source with cardiovascular risk factors among Korean adults.




5. Conclusions


Among carbohydrate quality measures, our results suggest that higher intake of dietary fiber, particularly fruit fiber, ameliorates cardiovascular risk factors, such as obesity, metabolic syndrome, and hypertension, in Korean adults. In the context of overall carbohydrate intake, the amount and source of dietary fiber should be considered to improve dietary quality and reduce the risk of CVD. Further studies should evaluate the mechanism underlying the role of dietary fiber and its source in the development of CVD.
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Figure 1. Selection of the study population. 
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Table 1. Characteristics of the study subjects by sex 1.
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Total

(n = 16,792)

	
Men

(n = 6891)

	
Women

(n = 9901)

	






	

	
n

	
%

	
n

	
%

	
n

	
%

	
p-value 2




	
Age

	

	

	

	

	

	

	




	
20–29 years

	
2644

	
23.1

	
1170

	
24.5

	
1474

	
21.6

	
<0.001




	
30–49 years

	
7882

	
48.4

	
3001

	
47.8

	
4881

	
48.9

	




	
50–64 years

	
4254

	
21.8

	
1678

	
20.6

	
2576

	
23.0

	




	
≥65 years

	
2012

	
6.8

	
1042

	
7.1

	
970

	
6.5

	




	
Living area

	

	

	

	

	

	

	




	
Urban

	
14,020

	
86.9

	
5664

	
86.1

	
8356

	
87.6

	
0.005




	
Rural

	
2772

	
13.1

	
1227

	
13.9

	
1545

	
12.4

	




	
Education

	

	

	

	

	

	

	




	
Elementary school or less

	
1987

	
7.6

	
708

	
6.0

	
1279

	
9.2

	
<0.001




	
Middle school

	
1353

	
6.6

	
554

	
6.1

	
799

	
7.2

	




	
High school

	
5989

	
38.4

	
2481

	
39.6

	
3508

	
37.3

	




	
College or more

	
7463

	
47.3

	
3148

	
48.4

	
4315

	
46.2

	




	
Household income

	

	

	

	

	

	

	




	
Lowest

	
1981

	
9.8

	
817

	
9.3

	
1164

	
10.2

	
0.098




	
Medium-low

	
4041

	
23.5

	
1655

	
23.1

	
2386

	
23.9

	




	
Medium-high

	
5161

	
31.9

	
2145

	
32.6

	
3016

	
31.2

	




	
Highest

	
5609

	
34.9

	
2274

	
35.0

	
3335

	
34.8

	




	
Current smoking

	

	

	

	

	

	

	




	
Yes

	
3077

	
22.5

	
2575

	
39.1

	
502

	
5.7

	
<0.001




	
No

	
13,715

	
77.5

	
4316

	
60.9

	
9399

	
94.3

	




	
Current alcohol drinking

	

	

	

	

	

	

	




	
Yes

	
9694

	
62.3

	
4967

	
73.7

	
4727

	
50.8

	
<0.001




	
No

	
7098

	
37.7

	
1924

	
26.3

	
5174

	
49.2

	




	
Physical activity

	

	

	

	

	

	

	




	
Yes

	
6565

	
40.8

	
2776

	
41.8

	
3789

	
39.7

	
0.024




	
No

	
10,227

	
59.2

	
4115

	
58.2

	
6112

	
60.3

	




	

	
Mean

	
SE

	
Mean

	
SE

	
Mean

	
SE

	
p-value




	
Energy and nutrient intakes




	
Total energy intake (kcal)

	
2092

	
8.6

	
2411

	
12.8

	
1770

	
8.1

	
<0.001




	
% of energy from carbohydrate

	
63.2

	
0.1

	
62.4

	
0.2

	
63.9

	
0.1

	
<0.001




	
% of energy from fat

	
21.7

	
0.1

	
22.0

	
0.1

	
21.4

	
0.1

	
<0.001




	
% of energy from protein

	
15.1

	
0.1

	
15.6

	
0.1

	
14.7

	
0.1

	
<0.001




	
Total fiber (g)

	
24.3

	
0.1

	
26.0

	
0.2

	
22.6

	
0.2

	
<0.001




	
Carbohydrate: Total fiber

	
14.8

	
0.1

	
15.4

	
0.1

	
14.2

	
0.1

	
<0.001




	
Cereal fiber (g)

	
5.3

	
0.04

	
5.8

	
0.1

	
4.9

	
0.1

	
<0.001




	
Vegetable fiber (g)

	
7.8

	
0.1

	
8.7

	
0.1

	
6.8

	
0.1

	
<0.001




	
Fruit fiber (g)

	
3.4

	
0.1

	
2.9

	
0.1

	
3.8

	
0.1

	
<0.001








SE, standard error. 1 All of the analyses accounted for the effects of the complex sampling design and appropriate sampling weights of the national survey using the PROC SURVEY procedures in the SAS software. 2 p-values were calculated by the Rao–Scott chi-square test for categorical variables and by a t-test for continuous variables to test the differences in the variables by sex.
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Table 2. Distribution of dietary fiber and its source by sex 1.
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Quintile (Quartile) of Dietary Fiber and Its Source




	
Q1

	
Q2

	
Q3

	
Q4

	
Q5






	
Men (n)

	
(1378)

	
(1378)

	
(1379)

	
(1378)

	
(1378)




	
Total fiber, g

	

	

	

	

	




	
 Median ± SE

	
11.7 ± 0.1

	
18.5 ± 0.1

	
24.3 ± 0.1

	
31.4 ± 0.1

	
43.9 ± 0.4




	
 Interquartile range (Q1–Q3)

	
9.2–13.6

	
16.9–19.9

	
22.9–25.9

	
29.3–33.7

	
39.7–52.4




	
Carbohydrate: Total fiber

	

	

	

	

	




	
 Median ± SE

	
8.4 ± 0.04

	
11.1 ± 0.02

	
13.7 ± 0.02

	
16.7 ± 0.04

	
23.1 ± 0.3




	
 Interquartile range (Q1–Q3)

	
7.3–9.2

	
10.5–11.8

	
13.1–14.3

	
15.8–17.7

	
20.7–27.3




	
Cereal fiber, g

	

	

	

	

	




	
 Median ± SE

	
1.6 ± 0.02

	
3.0 ± 0.01

	
4.6 ± 0.02

	
6.7 ± 0.02

	
11.2 ± 0.2




	
 Interquartile range (Q1–Q3)

	
1.2–2.0

	
2.7–3.3

	
4.2–5.0

	
6.0–7.4

	
9.5–14.3




	
Vegetable fiber, g

	

	

	

	

	




	
 Median ± SE

	
2.8 ± 0.04

	
5.4 ± 0.02

	
7.7 ± 0.02

	
10.7 ± 0.03

	
16.4 ± 0.2




	
 Interquartile range (Q1–Q3)

	
1.8–3.5

	
4.8–6.0

	
7.1–8.4

	
9.8–11.7

	
14.3–20.2




	
Fruit fiber, g

	
(2273)

	
(1172)

	
(1723)

	
(1723)

	




	
 Median ± SE

	
0.0 ± 0.0

	
0.1 ± 0.01

	
2.0 ± 0.03

	
8.0 ± 0.2

	




	
 Interquartile range (Q1–Q3)

	
0.0–0.0

	
0.01–0.2

	
1.2–3.0

	
5.5–12.1

	




	
Women (n)

	
(1980)

	
(1980)

	
(1981)

	
(1980)

	
(1980)




	
Total fiber, g

	

	

	

	

	




	
 Median ± SE

	
9.7 ± 0.1

	
15.5 ± 0.04

	
20.5 ± 0.04

	
27.0 ± 0.1

	
39.2 ± 0.3




	
 Interquartile range (Q1–Q3)

	
7.4–11.3

	
14.2–16.7

	
19.2–21.9

	
25.2–29.1

	
34.7–47.4




	
Carbohydrate: Total fiber

	

	

	

	

	




	
 Median ± SE

	
7.7 ± 0.03

	
10.3 ± 0.02

	
12.7 ± 0.02

	
15.6 ± 0.03

	
21.6 ± 0.2




	
 Interquartile range (Q1–Q3)

	
6.6–8.5

	
9.7–10.8

	
12.0–13.2

	
14.8–16.6

	
19.3–26.0




	
Cereal fiber, g

	

	

	

	

	




	
 Median ± SE

	
1.3 ± 0.01

	
2.5 ± 0.01

	
3.8 ± 0.01

	
5.5 ± 0.02

	
9.6 ± 0.2




	
 Interquartile range (Q1–Q3)

	
0.9–1.6

	
2.2–2.8

	
3.4–4.2

	
5.0–6.2

	
8.1–12.7




	
Vegetable fiber, g

	

	

	

	

	




	
 Median ± SE

	
1.8 ± 0.02

	
3.9 ± 0.01

	
5.8 ± 0.01

	
8.3 ± 0.02

	
13.5 ± 0.1




	
 Interquartile range (Q1–Q3)

	
1.1–2.5

	
3.4–4.4

	
5.3–6.3

	
7.5–9.1

	
11.5–16.7




	
Fruit fiber, g

	
(2475)

	
(2474)

	
(2477)

	
(2475)

	




	
 Median ± SE

	
0.0 ± 0.0

	
0.5 ± 0.01

	
3.2 ± 0.02

	
8.9 ± 0.2

	




	
 Interquartile range (Q1–Q3)

	
0.0–0.0

	
0.2–1.1

	
2.4–4.1

	
7.0–13.7

	








SE, standard error. 1 All of the analyses accounted for the effects of the complex sampling design and appropriate sampling weights of the national survey using the PROC SURVEY procedures in the SAS software.
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Table 3. Associations of dietary fiber and its source with cardiovascular risk factors among Korean men 1,2.
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Quintile (Quartile) of Dietary Fiber and Its Source

	
p Trend




	
Q1

	
Q2

	
Q3

	
Q4

	
Q5




	
OR

	
OR (95% CI)

	
OR (95% CI)

	
OR (95% CI)

	
OR (95% CI)






	
Total fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.84 (0.70,1.00)

	
0.96 (0.80,1.16)

	
0.97 (0.80,1.17)

	
1.16 (0.93,1.44)

	
0.041




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.86 (0.71,1.06)

	
0.84 (0.69,1.03)

	
0.89 (0.73,1.10)

	
1.14 (0.90,1.44)

	
0.111




	
Metabolic syndrome

	
1.00 (Ref)

	
1.00 (0.79,1.28)

	
0.76 (0.60,0.98)

	
0.81 (0.62,1.06)

	
0.69 (0.53,0.92)

	
0.004




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.98 (0.71,1.35)

	
1.01 (0.74,1.39)

	
1.25 (0.91,1.73)

	
1.08 (0.76,1.52)

	
0.393




	
Hypertension

	
1.00 (Ref)

	
1.25 (0.97,1.61)

	
1.00 (0.76,1.31)

	
1.12 (0.85,1.47)

	
0.88 (0.65,1.17)

	
0.128




	
Type 2 diabetes

	
1.00 (Ref)

	
0.95 (0.57,1.59)

	
1.00 (0.62,1.61)

	
0.95 (0.57,1.58)

	
0.70 (0.41,1.19)

	
0.148




	
Carbohydrate: Total fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.88 (0.74,1.05)

	
0.84 (0.70,1.00)

	
0.67 (0.56,0.80)

	
0.76 (0.63,0.92)

	
0.002




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.85 (0.70,1.03)

	
0.86 (0.72,1.04)

	
0.72 (0.59,0.88)

	
0.74 (0.61,0.91)

	
0.004




	
Metabolic syndrome

	
1.00 (Ref)

	
1.00 (0.80,1.26)

	
1.06 (0.85,1.32)

	
1.17 (0.92,1.50)

	
1.12 (0.88,1.43)

	
0.208




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.98 (0.75,1.29)

	
0.82 (0.62,1.08)

	
0.77 (0.56,1.04)

	
0.89 (0.66,1.20)

	
0.309




	
Hypertension

	
1.00 (Ref)

	
1.02 (0.81,1.29)

	
1.07 (0.84,1.37)

	
1.14 (0.90,1.46)

	
0.88 (0.68,1.13)

	
0.399




	
Type 2 diabetes

	
1.00 (Ref)

	
0.88 (0.57,1.37)

	
0.97 (0.62,1.51)

	
0.92 (0.58,1.47)

	
1.14 (0.73,1.79)

	
0.481




	
Cereal fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
1.00 (0.84,1.19)

	
0.92 (0.77,1.10)

	
0.95 (0.79,1.13)

	
0.91 (0.76,1.09)

	
0.254




	
Abdominal obesity 3

	
1.00 (Ref)

	
1.02 (0.84,1.23)

	
0.97 (0.80,1.18)

	
0.90 (0.74,1.10)

	
0.93 (0.77,1.14)

	
0.307




	
Metabolic syndrome

	
1.00 (Ref)

	
1.08 (0.86,1.37)

	
0.88 (0.69,1.13)

	
0.92 (0.72,1.18)

	
0.92 (0.72,1.19)

	
0.327




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.97 (0.72,1.31)

	
0.94 (0.69,1.28)

	
1.20 (0.89,1.62)

	
1.07 (0.77,1.47)

	
0.392




	
Hypertension

	
1.00 (Ref)

	
0.99 (0.78,1.27)

	
0.99 (0.78,1.27)

	
0.96 (0.75,1.24)

	
1.01 (0.78,1.31)

	
0.963




	
Type 2 diabetes

	
1.00 (Ref)

	
0.91 (0.57,1.46)

	
1.09 (0.67,1.78)

	
1.03 (0.63,1.69)

	
0.92 (0.56,1.51)

	
0.823




	
Vegetable fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.83 (0.70,1.00)

	
0.91 (0.76,1.09)

	
1.00 (0.83,1.19)

	
1.28 (1.05,1.55)

	
0.001




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.77 (0.64,0.94)

	
0.96 (0.78,1.17)

	
0.92 (0.75,1.12)

	
1.04 (0.85,1.29)

	
0.229




	
Metabolic syndrome

	
1.00 (Ref)

	
0.91 (0.71,1.16)

	
0.97 (0.76,1.23)

	
0.85 (0.65,1.10)

	
0.96 (0.75,1.23)

	
0.791




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.07 (0.79,1.44)

	
0.94 (0.70,1.25)

	
0.88 (0.65,1.20)

	
0.97 (0.71,1.34)

	
0.625




	
Hypertension

	
1.00 (Ref)

	
1.11 (0.85,1.45)

	
1.15 (0.89,1.49)

	
1.11 (0.85,1.43)

	
1.15 (0.87,1.52)

	
0.430




	
Type 2 diabetes

	
1.00 (Ref)

	
0.91 (0.54,1.52)

	
0.95 (0.58,1.54)

	
0.87 (0.52,1.47)

	
1.02 (0.62,1.68)

	
0.871




	
Fruit fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.99 (0.84,1.17)

	
0.84 (0.72,0.98)

	
0.87 (0.74,1.02)

	

	
0.093




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.99 (0.82,1.18)

	
0.78 (0.66,0.92)

	
0.74 (0.62,0.88)

	

	
0.001




	
Metabolic syndrome

	
1.00 (Ref)

	
0.97 (0.79,1.21)

	
0.78 (0.63,0.95)

	
0.76 (0.61,0.93)

	

	
0.011




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.18 (0.89,1.58)

	
1.14 (0.88,1.49)

	
1.37 (1.04,1.79)

	

	
0.042




	
Hypertension

	
1.00 (Ref)

	
0.88 (0.69,1.12)

	
0.95 (0.76,1.18)

	
0.77 (0.61,0.97)

	

	
0.035




	
Type 2 diabetes

	
1.00 (Ref)

	
1.17 (0.78,1.77)

	
0.70 (0.45,1.07)

	
1.15 (0.79,1.68)

	

	
0.467








1 All of the analyses accounted for the effects of the complex sampling design and appropriate sampling weights of the national survey using the PROC SURVEY procedures in the SAS software. 2 Multiple logistic regression analyses were performed to estimate odds ratios (ORs), 95% confidence intervals (CIs), and p trend values for cardiovascular risk factors by quintile (or quartile) of each dietary measure, taking the lowest quintile (quartile) group as the reference (Ref) group. To calculate the p trend values across quintiles (or quartiles) of dietary measures, the median intake of a dietary measure in each quintile (or quartile) was entered as a continuous variable in the logistic regression model. Age (continuous), living area (urban or rural), education (elementary school, middle school, high school, or college or more), household income (lowest, medium-low, medium-high, or highest), current smoking (yes or no), current alcohol drinking (yes or no), physical activity (yes or no), BMI (continuous), and total energy intake (continuous) were controlled for in all of the models. 3 Adjusted for age, living area, education, household income, current smoking, current alcohol drinking, physical activity, and total energy intake.
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Table 4. Associations of dietary fiber and its source with cardiovascular risk factors among Korean women 1,2.
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Quintile (Quartile) of Dietary Fiber and Its Source

	
p Trend




	
Q1

	
Q2

	
Q3

	
Q4

	
Q5




	
OR

	
OR (95% CI)

	
OR (95% CI)

	
OR (95% CI)

	
OR (95% CI)






	
Total fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
1.04 (0.87,1.24)

	
0.98 (0.81,1.18)

	
1.10 (0.90,1.34)

	
1.05 (0.83,1.33)

	
0.596




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.97 (0.79,1.20)

	
1.07 (0.87,1.31)

	
0.93 (0.74,1.17)

	
0.90 (0.70,1.17)

	
0.351




	
Metabolic syndrome

	
1.00 (Ref)

	
1.20 (0.91,1.57)

	
1.31 (1.01,1.70)

	
0.86 (0.63,1.16)

	
1.05 (0.76,1.46)

	
0.497




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.98 (0.74,1.28)

	
1.20 (0.91,1.59)

	
0.98 (0.74,1.30)

	
1.17 (0.84,1.62)

	
0.412




	
Hypertension

	
1.00 (Ref)

	
1.04 (0.77,1.42)

	
1.21 (0.91,1.62)

	
0.90 (0.65,1.25)

	
0.96 (0.67,1.38)

	
0.506




	
Type 2 diabetes

	
1.00 (Ref)

	
0.68 (0.37,1.25)

	
0.82 (0.45,1.51)

	
0.79 (0.39,1.59)

	
0.92 (0.48,1.76)

	
0.918




	
Carbohydrate: Total fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.90 (0.75,1.07)

	
0.93 (0.78,1.11)

	
0.95 (0.80,1.13)

	
0.91 (0.76,1.10)

	
0.541




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.89 (0.73,1.09)

	
0.98 (0.80,1.19)

	
1.04 (0.85,1.27)

	
1.01 (0.83,1.24)

	
0.490




	
Metabolic syndrome

	
1.00 (Ref)

	
0.95 (0.73,1.24)

	
1.18 (0.91,1.53)

	
1.13 (0.88,1.45)

	
1.24 (0.94,1.63)

	
0.066




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.92 (0.73,1.17)

	
0.97 (0.75,1.25)

	
0.88 (0.68,1.14)

	
0.88 (0.67,1.15)

	
0.333




	
Hypertension

	
1.00 (Ref)

	
1.14 (0.86,1.51)

	
1.35 (1.04,1.76)

	
1.26 (0.94,1.71)

	
1.07 (0.78,1.45)

	
0.678




	
Type 2 diabetes

	
1.00 (Ref)

	
1.05 (0.59,1.88)

	
0.63 (0.35,1.13)

	
1.00 (0.56,1.77)

	
0.84 (0.45,1.57)

	
0.581




	
Cereal fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.98 (0.82,1.17)

	
0.92 (0.78,1.10)

	
0.96 (0.80,1.14)

	
1.05 (0.87,1.28)

	
0.476




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.94 (0.77,1.14)

	
0.86 (0.70,1.05)

	
0.99 (0.81,1.22)

	
1.06 (0.84,1.32)

	
0.311




	
Metabolic syndrome

	
1.00 (Ref)

	
1.14 (0.88,1.49)

	
1.19 (0.92,1.53)

	
1.13 (0.86,1.49)

	
1.08 (0.81,1.42)

	
0.923




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.92 (0.71,1.19)

	
0.84 (0.64,1.09)

	
1.00 (0.78,1.28)

	
0.85 (0.64,1.11)

	
0.419




	
Hypertension

	
1.00 (Ref)

	
1.07 (0.79,1.44)

	
1.33 (0.98,1.80)

	
1.28 (0.95,1.72)

	
1.24 (0.91,1.69)

	
0.174




	
Type 2 diabetes

	
1.00 (Ref)

	
0.71 (0.41,1.21)

	
0.67 (0.34,1.30)

	
0.65 (0.37,1.14)

	
0.62 (0.34,1.11)

	
0.188




	
Vegetable fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
1.01 (0.85,1.21)

	
1.01 (0.84,1.21)

	
0.96 (0.80,1.15)

	
1.18 (0.98,1.44)

	
0.092




	
Abdominal obesity 3

	
1.00 (Ref)

	
1.08 (0.88,1.31)

	
0.98 (0.80,1.20)

	
0.94 (0.76,1.17)

	
1.03 (0.83,1.28)

	
0.934




	
Metabolic syndrome

	
1.00 (Ref)

	
1.03 (0.78,1.37)

	
1.05 (0.80,1.38)

	
1.10 (0.84,1.45)

	
1.05 (0.79,1.39)

	
0.728




	
Hypercholesterolemia

	
1.00 (Ref)

	
0.82 (0.62,1.08)

	
0.85 (0.65,1.12)

	
1.05 (0.80,1.37)

	
0.85 (0.64,1.14)

	
0.731




	
Hypertension

	
1.00 (Ref)

	
1.08 (0.79,1.47)

	
1.31 (0.96,1.77)

	
1.22 (0.90,1.64)

	
1.13 (0.83,1.53)

	
0.555




	
Type 2 diabetes

	
1.00 (Ref)

	
0.69 (0.35,1.37)

	
0.61 (0.32,1.14)

	
1.15 (0.64,2.05)

	
1.48 (0.84,2.59)

	
0.017




	
Fruit fiber

	

	

	

	

	

	




	
Obesity 3

	
1.00 (Ref)

	
0.99 (0.85,1.15)

	
0.80 (0.69,0.93)

	
0.85 (0.73,1.00)

	

	
0.029




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.97 (0.82,1.16)

	
0.82 (0.69,0.98)

	
0.82 (0.67,0.99)

	

	
0.026




	
Metabolic syndrome

	
1.00 (Ref)

	
0.95 (0.76,1.18)

	
1.09 (0.87,1.36)

	
0.88 (0.69,1.13)

	

	
0.321




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.06 (0.83,1.35)

	
1.17 (0.93,1.47)

	
1.18 (0.93,1.49)

	

	
0.210




	
Hypertension

	
1.00 (Ref)

	
0.71 (0.55,0.93)

	
0.92 (0.72,1.18)

	
0.70 (0.54,0.90)

	

	
0.052




	
Type 2 diabetes

	
1.00 (Ref)

	
0.78 (0.47,1.30)

	
0.93 (0.56,1.54)

	
0.51 (0.28,0.91)

	

	
0.030








1 All of the analyses accounted for the effects of the complex sampling design and appropriate sampling weights of the national survey using the PROC SURVEY procedures in the SAS software. 2 Multiple logistic regression analyses were performed to estimate odds ratios (ORs), 95% confidence intervals (CIs), and p trend values for cardiovascular risk factors by quintile (or quartile) of each dietary measure, taking the lowest quintile (quartile) group as the reference (Ref) group. To calculate the p trend values across quintiles (or quartiles) of dietary measures, the median intake of a dietary measure in each quintile (or quartile) was entered as a continuous variable in the logistic regression model. Age (continuous), living area (urban or rural), education (elementary school, middle school, high school, or college or more), household income (lowest, medium-low, medium-high, or highest), current smoking (yes or no), current alcohol drinking (yes or no), physical activity (yes or no), BMI (continuous), and total energy intake (continuous) were controlled for in all of the models. 3 Adjusted for age, living area, education, household income, current smoking, current alcohol drinking, physical activity, and total energy intake.
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Table 5. Associations of total fruit and whole fruit consumption with cardiovascular risk factors among Korean adults by sex 1,2.
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Quartile of Total Fruit and Whole Fruit Consumption




	

	
Q1

	
Q2

	
Q3

	
Q4

	




	

	
OR

	
OR (95% CI)

	
OR (95% CI)

	
OR (95% CI)

	
p Trend






	
Men

	

	

	

	

	




	
Total fruit, g

	
(n = 2236)

	
(n = 1209)

	
(n = 1723)

	
(n = 1723)

	




	
Mean ± SE (CV)

	
0.0

	
12.5 ± 15.1 (121.0)

	
155.3 ± 58.4 (37.6)

	
563.2 ± 323.1 (57.4)

	




	
Median (Interquartile range, Q1–Q3)

	
0.0 (0.0–0.0)

	
5.7 (1.1–18.3)

	
151.4 (105.7–207.5)

	
462.1 (339.2–672.1)

	




	
Obesity 3

	
1.00 (Ref)

	
1.02 (0.86,1.20)

	
0.86 (0.74,1.00)

	
0.84 (0.72,0.98)

	
0.013




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.94 (0.78,1.12)

	
0.80 (0.68,0.94)

	
0.74 (0.63,0.88)

	
0.001




	
Metabolic syndrome

	
1.00 (Ref)

	
0.97 (0.79,1.20)

	
0.82 (0.66,1.00)

	
0.73 (0.59,0.89)

	
0.001




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.18 (0.88,1.57)

	
1.15 (0.88,1.50)

	
1.33 (1.02,1.73)

	
0.066




	
Hypertension

	
1.00 (Ref)

	
0.91 (0.72,1.16)

	
0.88 (0.70,1.09)

	
0.78 (0.62,0.98)

	
0.041




	
Type 2 diabetes

	
1.00 (Ref)

	
1.18 (0.78,1.78)

	
0.69 (0.45,1.06)

	
1.09 (0.75,1.60)

	
0.823




	
Whole fruit, g

	
(n = 2617)

	
(n = 828)

	
(n = 1723)

	
(n = 1723)

	




	
Mean ± SE (CV)

	
0.0

	
8.1 ± 8.4 (103.8)

	
135.1 ± 58.5 (43.3)

	
537.5 ± 323.6 (60.2)

	




	
Median (Interquartile range, Q1–Q3)

	
0.0 (0.0–0.0)

	
5.0 (1.8–11.5)

	
136.5 (82.3–186.3)

	
435.2 (305.2–642.0)

	




	
Obesity 3

	
1.00 (Ref)

	
1.01 (0.85,1.22)

	
0.92 (0.80,1.06)

	
0.85 (0.73,0.99)

	
0.023




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.99 (0.81,1.21)

	
0.81 (0.69,0.95)

	
0.78 (0.66,0.92)

	
0.002




	
Metabolic syndrome

	
1.00 (Ref)

	
0.93 (0.74,1.18)

	
0.84 (0.68,1.03)

	
0.68 (0.55,0.83)

	
<0.001




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.20 (0.88,1.63)

	
1.05 (0.82,1.35)

	
1.29 (0.99,1.67)

	
0.098




	
Hypertension

	
1.00 (Ref)

	
0.96 (0.73,1.26)

	
0.88 (0.71,1.09)

	
0.84 (0.68,1.05)

	
0.130




	
Type 2 diabetes

	
1.00 (Ref)

	
1.07 (0.65,1.77)

	
0.71 (0.47,1.09)

	
0.88 (0.60,1.28)

	
0.467




	
Women

	

	

	

	

	




	
Total fruit, g

	
(n = 2475)

	
(n = 2475)

	
(n = 2476)

	
(n = 2475)

	




	
Mean ± SE (CV)

	
0.03 ± 0.12 (365.7)

	
58.2 ± 41.9 (71.9)

	
216.5 ± 54.3 (25.1)

	
615.1 ± 348.1 (56.6)

	




	
Median (Interquartile range, Q1–Q3)

	
0.0 (0.0–0.0)

	
59.0 (13.2–94.5)

	
209.6 (167.2–262.2)

	
509.3 (394.3–706.3)

	




	
Obesity 3

	
1.00 (Ref)

	
0.95 (0.82,1.10)

	
0.84 (0.72,0.97)

	
0.86 (0.73,1.01)

	
0.062




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.97 (0.82,1.14)

	
0.77 (0.64,0.92)

	
0.86 (0.70,1.04)

	
0.084




	
Metabolic syndrome

	
1.00 (Ref)

	
1.12 (0.89,1.40)

	
0.98 (0.79,1.22)

	
0.89 (0.69,1.15)

	
0.146




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.10 (0.87,1.40)

	
1.00 (0.79,1.26)

	
1.18 (0.92,1.51)

	
0.271




	
Hypertension

	
1.00 (Ref)

	
0.74 (0.57,0.96)

	
0.93 (0.72,1.20)

	
0.68 (0.53,0.88)

	
0.023




	
Type 2 diabetes

	
1.00 (Ref)

	
0.89 (0.54,1.47)

	
0.75 (0.43,1.28)

	
0.72 (0.41,1.26)

	
0.255




	
Whole fruit, g

	
(n = 2663)

	
(n = 2287)

	
(n = 2476)

	
(n = 2475)

	




	
Mean ± SE (CV)

	
0.0

	
47.3 ± 37.3 (78.8)

	
197.7 ± 53.8 (27.2)

	
588.4 ± 345.1 (58.7)

	




	
Median (Interquartile range, Q1–Q3)

	
0.0 (0.0–0.0)

	
44.6 (6.2–78.0)

	
192.2 (151.4–236.8)

	
482.9 (375.9–666.6)

	




	
Obesity 3

	
1.00 (Ref)

	
0.92 (0.79,1.07)

	
0.88 (0.75,1.02)

	
0.86 (0.73,1.00)

	
0.092




	
Abdominal obesity 3

	
1.00 (Ref)

	
0.89 (0.75,1.06)

	
0.80 (0.67,0.96)

	
0.84 (0.69,1.02)

	
0.120




	
Metabolic syndrome

	
1.00 (Ref)

	
0.96 (0.77,1.20)

	
0.97 (0.78,1.20)

	
0.83 (0.65,1.06)

	
0.126




	
Hypercholesterolemia

	
1.00 (Ref)

	
1.20 (0.95,1.51)

	
0.91 (0.72,1.14)

	
1.23 (0.97,1.56)

	
0.227




	
Hypertension

	
1.00 (Ref)

	
0.72 (0.55,0.94)

	
0.96 (0.76,1.22)

	
0.69 (0.54,0.89)

	
0.033




	
Type 2 diabetes

	
1.00 (Ref)

	
0.96 (0.58,1.60)

	
0.70 (0.41,1.18)

	
0.80 (0.46,1.41)

	
0.421








CV, coefficient of variation; SE, standard error. 1 All of the analyses accounted for the effects of the complex sampling design and appropriate sampling weights of the national survey using the PROC SURVEY procedures in the SAS software. 2 Multiple logistic regression analyses were performed to estimate odds ratios (ORs), 95% confidence intervals (CIs), and p trend values for cardiovascular risk factors by quartile of total fruit and whole fruit consumption, taking the lowest quartile group as the reference (Ref) group. To calculate the p trend values across quartiles of total fruit and whole fruit consumption, the median intake in each quartile was entered as a continuous variable in the logistic regression model. Age (continuous), living area (urban or rural), education (elementary school, middle school, high school, or college or more), household income (lowest, medium-low, medium-high, or highest), current smoking (yes or no), current alcohol drinking (yes or no), physical activity (yes or no), BMI (continuous), and total energy intake (continuous) were controlled for in all of the models. 3 Adjusted for age, living area, education, household income, current smoking, current alcohol drinking, physical activity, and total energy intake.
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