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Abstract: Cardiometabolic risks were increasing in Fukushima residents after the Great East Japan
Earthquake. We examined the association between dietary patterns and cardiometabolic risks in
those aged ≥16 years. Dietary patterns were derived by principal component analysis for participants
who underwent at least one diet assessment using a short-form food frequency questionnaire during
2011–2013 and a health checkup in 2014 and 2015 (n = 15,409 and 14,999, respectively). In 2014,
the adjusted prevalence ratio (PR) and 95% confidence interval (CI) in the highest versus lowest
quartile of accumulative mean scores were 0.97 (0.96–0.99) for overweight/obesity, 0.96 (0.95–0.97) for
total cholesterol (TC) ≥ 220 mg/dL, 0.96 (0.95–0.98) for low-density lipoprotein cholesterol (LDL-C) ≥
140 mg/dL, and 0.97 (0.96–0.99) for triglycerides ≥ 150 mg/dL for a vegetable diet and 1.03 (1.01–1.04)
for TC ≥ 220 mg/dL and 1.02 (1.01–1.04) for LDL-C ≥ 140 mg/dL for a juice/milk diet. In 2015,
we found consistently significant associations for the vegetable and juice/milk diets, and the PR and
95% CI were 0.99 (0.98–1.00) for HDL-C < 40 mg/dL for a meat diet. The continuous promotion of
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the vegetable pattern diet is necessary to reduce cardiometabolic risks, particularly dyslipidemia,
in Japan.

Keywords: dietary pattern; food frequency questionnaire; cardiometabolic risk; Fukushima Health
Management Survey

1. Introduction

With a worldwide shift in dietary patterns, the current health status of the population has also
shifted to a “pandemic” of obesity and increased cardiometabolic risks [1]. The Great East Japan
Earthquake in March 2011 affected the health status of the residents in the disaster areas, with increased
cardiometabolic risks, such as overweight/obesity, hypertension, diabetes mellitus, and dyslipidemia,
being reported [2–4]. The prevalence of hypertension peaked one year after the disaster and showed
a decline tendency [4]; the body weight/waist circumference was increasing with a deterioration
of the high-density lipoprotein cholesterol level among relocated survivors even more than one
year post-disaster [3]. Currently, ischemic heart disease in Fukushima has the highest prevalence
in Japan, being twice that of the national average. However, the association between diet, the most
important, modifiable risk factor, and increased cardiometabolic risks after the disaster has not been
fully investigated yet.

Changes in nutrient intake might be difficult to evaluate and reflect over time. Studies on
dietary patterns more resembling actual eating behaviors and focusing on multiple food groups have
methodological advantages compared to studies based on a single dietary product or nutrient [5–7].
One reason is that some highly correlative or interactive nutrients might have strong enough effects to
be detected [5–7]. Therefore, foods eaten in combination are more suitable for learning about people’s
dietary behaviors [5].

Controlling and modifying lifestyle risk factors is effective in maintaining good health. A high
intake of fruits and vegetables, salads, rice, chicken, fish, cereals, and low-fat dairy products appears to
be effective in lowering blood pressure (BP) [8,9] and glycated hemoglobin levels [10]. Snacks increase
the risk of hypercholesterolemia [11], while a Mediterranean diet [12,13] and Dietary Approaches to
Stop Hypertension (DASH) [14] are inversely associated with metabolic syndrome (MetS). However,
few studies have reported on a relationship between dietary patterns and hypertension, glucose
intolerance, blood lipid profiles, and MetS in Japanese populations, which are mainly found in
middle-aged and older people [10,15–17]. In this study, we hypothesized that stable dietary patterns
might affect late health conditions in adults. We reported dietary patterns identified using the
Fukushima Health Management Survey (FHMS) between 2011 and 2013 and the associations between
dietary patterns and cardiometabolic risks in residents of Fukushima, Japan aged more than 16 years
old in 2014 and 2015. This would be the first comprehensive study to assess the dietary pattern and to
investigate the associations between adhering to dietary status and broad cardiometabolic risks in a
population from the disaster area since 11 March 2011.

2. Materials and Methods

2.1. Study Participants

The FHMS was initiated in 2011 after the Great East Japan Earthquake. The target population
comprised 210,189 residents living in the evacuation zones along the radiation disclosure areas. Overall,
88,613 participants (42.2%) responded to the survey questionnaires in the 2011 fiscal year. The details
of the study protocol and baseline profiles were described earlier [18]. We used data of individuals
aged ≥16 years from the Mental Health and Lifestyle Survey 2011, 2012, and 2013, conducted as part
of the FHMS and including a self-administrated questionnaire on social and demographics, medical



Nutrients 2020, 12, 129 3 of 18

history, and lifestyle and a food frequency questionnaire (FFQ) (n = 172,664). This study was approved
by the Committee for Ethics at Fukushima Medical University, Japan (nos. 1316, 1319, and 29064).

2.2. Dietary Intake Assessment

We used a short-form FFQ with 19 food items to determine the food intake during the 6 months
preceding the survey date. The FFQ was a valid and modified version of the Hiroshima and Nagasaki
Life Span Study [19]. We divided the 19 food items into 8 food groups: non-juice fruit/vegetable (fruits,
green vegetables, red and orange vegetables, and light-colored vegetables), fruit/vegetable juice, meat
subgroup (chicken, beef/pork, and ham/sausages), soybean product (fermented soybean, soy milk, miso
soup, tofu, and boiled beans), fish (raw and cooked), and dairy (milk, yogurt, and lactobacillus drinks).
We asked the participants how often they consumed individual food items, with six response choices
for frequency: none, <1 time/week, 1–2 times/week, 3–4 times/week, 5–6 times/week, or every day.

2.3. End-Point Determination

We retrieved data from the comprehensive health checkups conducted in 2014 and 2015 as
part of the FHMS and including cardiometabolic factors: overweight/obesity, hypertension, fasting
blood glucose, hemoglobin A1c (HbA1c1), triglycerides, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and MetS.

We defined the cardiometabolic factors as follows: overweight as body mass index (BMI) ≥
25 kg/m2; hypertension as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥
90 mmHg, or the use of antihypertensive medication; high fasting blood glucose as fasting plasma
glucose ≥ 126 mg/dL; and glucose intolerance as HbA1c1 ≥ 6.5%. Participants who met the following
criteria were diagnosed with dyslipidemia: HDL-C < 40 mg/dL, LDL-C ≥ 140 mg/dL, total cholesterol
[TC] ≥ 220 mg/dL, or high triglycerides ≥ 150 mg/dL, while MetS was defined according to the Japanese
Diabetes Association guidelines of 2005: waist circumstance ≥ 85 cm in males and ≥90 cm in females,
plus two or more of triglycerides ≥ 150 mg/dL, HDL-C < 40 mg/dL, SBP ≥ 130 mmHg or DBP ≥
85 mmHg, and raised fasting blood glucose ≥ 110 mg/dL.

2.4. Statistical Analysis

In the Mental Health Surveys, FFQs were available only in 2011, 2012, and 2013. We excluded
pregnant women (n = 1793) and those with cerebrovascular and cardiovascular disease or cancer,
currently or historically (n = 33,269). In all, 18,173 and 17,973 individuals underwent health checkups
in 2014 and 2015, respectively. We analyzed those aged ≥16 years who underwent at least one wave of
FFQ diet assessment in 2011, 2012, or 2013 and underwent a health checkup in 2014 or 2015. For those
who did not answer some dietary questions (13.0% missed one and 4.4% missed two questions in the
2014 dataset, while 13.2% missed one and 4.4% missed two questions in the 2015 dataset), we replaced
the missing values by using the median value of frequency for that food item by survey year and
sex [20]. Finally, we enrolled 15,409 participants in 2014 and 14,999 participants in 2015 with dietary
and health checkup data into this study (Figure S1 in Supplementary Materials). For the frequency of
dietary intake of each food group, we used the daily midpoint for the frequency category, for example,
we assessed ‘3–4 times/week’ as 0.5 times/day [20].

We derived dietary patterns and considered the primary independent variables across the three
waves (2011–2013) from 19 food items without alcohol consumption using principal component analysis
(PCA). We used Varimax rotation with the identified dietary patterns to improve their interpretability.
We selected factor numbers mainly according to eigenvalues > 1.5, scree plots, and factor interpretability
and considered food items with absolute factor loadings ≥0.3 to account for each component [21].
We labeled the derived dietary patterns as vegetable, juice/milk, and meat on the basis of food items
with high factor loadings on each dietary pattern. The eigenvalues of the vegetable, juice/milk, and meat
dietary patterns were 4.191, 1.751, and 1.571, respectively, in the 2014 dataset and 4.159, 1.782, and
1.559, respectively, in the 2015 dataset. The cumulative variance explained was 39.54% in the 2014
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dataset and 39.47% in the 2015 dataset. Cronbach’s alpha coefficient for each dietary pattern indicated
a higher internal reliability of these measures: 0.798 for vegetable, 0.810 for juice/milk, and 0.815 for
meat in the 2014 dataset and 0.796 for vegetable, 0.809 for juice/milk, and 0.813 for meat in the 2015
dataset. We derived almost the same factors from PCA by sex; therefore, we only reported dietary
patterns for the total participants.

At each wave, we assigned the participants pattern-specific dietary pattern scores, which we
calculated as the sum of the products of the factor loading coefficients and standardized intake of food
items. Higher scores represent a closer resemblance of a participant’s diet to the identified pattern [22].
We also calculated the mean of the cumulative dietary pattern scores of each participant for each dietary
pattern in order to better reflect the long-term diet and reduce the dietary measurement error [23].
Finally, we categorized the accumulative means of dietary pattern scores in 2014 and 2015 into quartiles.

With regard to the covariates at the baseline for multivariable adjustment, we selected the first
available value of a variable if an individual had participated in more than two diet surveys between
2011 and 2013. We considered the potential confounding factors mainly based on the previous
publications of FHMS [4,20]. We classified the education status into elementary, junior high, high
school, vocational university, and university and above; smoking history into never, former, and current;
and alcohol consumption into never, occasional, and regular. As there were no questions on smoking
history and alcohol consumption for participants aged between 16 and 19 years, we assigned a unique
category for these two variables in order to include the participants in the multivariate analysis. We also
grouped physical activity into none, 1 time/week, 2–4 times/week, and every day and resident places
post-earthquake into living in a shelter or temporary house, an apartment or rental house, and at
relatives’ or in one’s own house. We measured depression using the Japanese version of the Kessler
Psychological Distress Scale (K6), with higher scores signifying a worse mental health status (range:
0–24), grouped as low (K6 < 13) or high (K6 ≥ 13) [20].

We tested the differences between the social, demographic and cardiometabolic risk proportions
using the chi-square test and the differences in health checkup values using nonparametric analysis of
variance (ANOVA) across quartile categories. We used Poisson regression with robust error variance to
derive prevalence ratios (PRs) and 95% confidence intervals (Cis) to measure the associations between
the means of the dietary pattern scores (with the first quartile as the reference) and each cardiometabolic
risk, adjusted for age (continuous), sex, education, smoking history, alcohol consumption, physical
activity, change of residence, and depression status. We assess the linear trend across quartiles by
assigning the median value of dietary pattern score as a continuous variable. We analyzed all data
using SAS statistical software ver. 9.4 for Windows (SAS Institute, Cary, NC, USA). All p-values
reported were two-sided, and p < 0.05 was considered statistically significant.

2.5. Sensitivity Analysis

We conducted the first sensitivity analysis for 9674 participants in 2014 and 9241 participants
in 2015 to derive dietary patterns and test associations; these individuals had undergone all three
waves of diet assessment. We conducted the second sensitivity analysis after removing the individuals
hospitalized or taking medicine for hypertension, diabetes, or hyperlipidemia, to test the associations
for hypertension (n = 9692 in 2014; n = 9336 in 2015), high glucose and HbA1c (n = 13,990 in 2014;
n = 13,557 in 2015), and dyslipidemia (n = 11,555 in 2014; n = 11,007 in 2015). Excluding the individuals
with all three conditions, we had 6350 subjects in 2014 and 6002 subjects in 2015 for testing associations
for the BMI and MetS.

3. Results

Figure 1 shows the dietary patterns with food group loadings graphically. The first dietary pattern,
named ‘vegetable’, was positively loaded for food groups of vegetables, fish, fruits, bean products
(tofu, fermented beans, boiled beans, and miso soup), and rice and negatively loaded with fruit juice,
vegetable juice, and bread. The second dietary pattern, named ‘juice/milk’, was positively loaded
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for groups of vegetable juice, fruit juice, yogurt, soymilk, fruits, milk, boiled beans, and bread and
negatively loaded for beef/pork, miso soup, and rice. Meanwhile, the third dietary pattern, named
‘meat’, was positively loaded for chicken, beef/pork, and ham/sausage and negatively loaded for
yogurt, soymilk, fruit, miso soup, and fermented bean.
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The characteristics of the participants in the 2014 and 2015 datasets were very similar. Tables 1–3
show the social and demographic characteristics of participants at the baseline for 2011, 2012, and 2013
and their health checkup details of 2014 and 2015 according to the quartiles of each dietary pattern score.
The median age of all participants was 62 years. Women were the domain participants. Participants
with a higher education level were less likely to consume the vegetable pattern diet but more likely to
consume the juice/milk and meat pattern diets (p-values < 0.001). Participants with frequent physical
practices were more likely to consume the vegetable and juice/milk pattern diets but were less likely
to consume the meat pattern diet (p-values < 0.001). Participants were less likely to consume the
vegetable pattern diet if they were living in shelters/temporary houses/rental houses (p < 0.001).

The SBP level, hypertension proportion, and fasting blood glucose level were higher in participants
with higher vegetable dietary pattern scores but were lower in participants with higher meat dietary
pattern scores. The proportion of LDL-C ≥ 140 mg/dL and triglycerides ≥ 150 mg/dL declined along
ascendant quartiles of the vegetable and meat dietary pattern scores. TC and LDL-C levels showed
similar decreased trends in the vegetable dietary pattern and increased trends in the juice/milk dietary
pattern. The proportion of hypertriglyceridemia decreased with an increase in vegetable and juice/milk
dietary pattern scores. The HDL-C level was positively correlated with juice/milk dietary pattern
scores, while the MetS proportion was negatively correlated with the meat dietary pattern scores.

The cumulative mean score of three dietary patterns during 2011–2013 was compared by
cardiometabolic risks in 2014 (Table S1). In this univariate analysis, the vegetable pattern score was
significantly lower in those with overweight, TC ≥ 220 mg/dL, LDL-C ≥ 140 mg/dL, and triglycerides ≥
150 mg/dL, but was higher in those with hypertension, fasting blood glucose ≥ 126 mg/dL, and HbA1c1
≥ 6.5% compared with the corresponding counterpart (p-values < 0.05). The juice/milk pattern score
was significantly lower in those with overweight, HDL-C < 40 mg/dL, triglycerides ≥ 150 mg/dL, and
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MetS, but higher in those with TC ≥ 220 mg/dL and LDL-C ≥ 140 mg/dL (p-values < 0.05). Except for
LDL-C ≥ 140 mg/dL, the meat pattern score was significantly higher in those with cardiometabolic risk
(p-values < 0.05). Similar results were observed in 2015 (Table S2).

Tables 4 and 5 show the associations between accumulative dietary pattern mean scores and
metabolic risk with multivariable adjustment. In 2014 (Table 4), the vegetable dietary pattern (Model
2) was inversely associated with overweight, hypertension, TC ≥ 220 mg/dL, LDL-C ≥ 140 mg/dL,
triglycerides ≥ 150 mg/dL, and MetS, with significant decreasing trends. Participants in the highest
quartile, compared with the lowest quartile, of vegetable pattern scores had a 2–4% reduction of
these cardiometabolic risks. The first sensitivity analysis showed significantly inverse associations in
participants with all three waves of available FFQs. The second sensitivity analysis showed significant
but not persistent associations of vegetable dietary pattern scores with overweight, hypertension,
and MetS.

In addition, we observed a significantly positive association of TC ≥ 220 mg/dL and LDL-C ≥
140 mg/dL with the juice/milk dietary pattern. Those in the highest quartile compared with those
in the lowest quartile of juice/milk patterns scores had a 2–3% increased risk. The first sensitivity
analysis showed a significantly positive association of TC ≥ 220 mg/dL, while the second sensitivity
analysis showed a significantly positive association of impaired blood glucose control, TC ≥ 220 mg/dL,
and LDL-C ≥ 140 mg/dL.

In 2015 (Table 5), the vegetable dietary pattern was inversely associated with overweight,
hypertension, dyslipidemia, and MetS. Those in the highest quartile compared with those in the lowest
quartile of vegetable pattern scores had a 1–4% reduction of these cardiometabolic risks (Model 2).
The second sensitivity analysis showed no significance of overweight, hypertension and MetS and a
significant inverse association of the vegetable dietary pattern with high blood glucose and impaired
blood glucose control. In 2015, sensitivity analysis showed that the juice/milk dietary pattern scores
were positively associated with TC ≥ 220 mg/dL and LDL-C ≥ 140 mg/dL. We also observed an inverse
association of the meat dietary pattern with HDL-C < 40 mg/dL and triglycerides ≥ 150 mg/dL; in the
second sensitivity analysis, the significance remained for HDL-C < 40 mg/dL.

Participants with a family history of stroke, heart disease, diabetes, and cancer constituted 23.5%,
19.2%, 15.3%, and 32.1%, respectively, of the populace in 2014 and 25.7%, 19.3%, 15.6%, and 32.4%,
respectively, of the populace in 2015. We repeated the above multivariate analysis with added dummy
variables of the family history of stroke, heart disease, diabetes, and/or cancer for further adjustments;
the statistically significant PRs and 95% CIs remained for each cardiometabolic risk factor in 2014 and
2015 (data not shown).

We also conducted stratified analysis by age group (≥45 years), sex, weight, smoking history,
and alcohol consumption, but the significant associations between the accumulative dietary pattern
mean scores and the cardiometabolic risk factors did not change (data not shown).
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Table 1. Characteristics of participants (2011–2013) and their health checkup results (2014–2015) stratified by the cumulative means of vegetable dietary pattern scores.

2014 (n = 15,409) 2015 (n = 14,999)

All Q1 Q2 Q3 Q4 p-Value All Q1 Q2 Q3 Q4 p-Value

Age (years) 62 (52, 69) 53 (37, 62) 61 (49, 67) 64 (57, 70) 68 (62, 73) <0.001 62 (52, 69) 53 (38, 62) 61 (49, 67) 64 (57, 70) 68 (62, 73) <0.001
Women (%) 60.6 57.8 57.2 61.0 66.4 <0.001 61.1 56.6 59.5 61.8 66.6 <0.001

Education ≥ vocational
university (%) 24.4 27.5 25.5 21.7 22.8 <0.001 24.5 27.4 26.2 21.4 23.1 <0.001

Current smoker (%) 14.8 23.8 17.0 11.0 7.5 <0.001 14.9 23.7 16.7 11.9 7.4 <0.001
Current alcohol drinking (%) 45.1 47.2 48.2 44.6 40.5 <0.001 45.9 49.2 47.3 45.4 41.5 <0.001

Physical activity ≥ 2
times/week (%) 41.3 24 35.7 46.6 58.9 <0.001 41.0 24.2 35.5 45.7 58.5 <0.001

Distress scale ≥ 13 (%) 12.3 14.4 11.8 11.3 11.6 <0.001 12.3 15.0 11.5 11.3 11.3 <0.001
Live at

shelter/temporary/rental house
(%)

44.6 52.7 45.9 41.1 38.6 <0.001 45.2 52.9 45.9 43.0 38.9 <0.001

BMI (kg/m2) 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 25) 0.354 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 25) 0.007
BMI ≥ 25 kg/m2 (%) 30.1 31.3 30.6 30.0 28.6 0.071 30.1 31.6 31.4 30.2 27.2 <0.001
Hypertension (%) 44.8 33.4 43 49.3 53.6 <0.001 45.9 35.2 44.7 50.1 53.4 <0.001

SBP (mmHg) 126 (114, 136) 122 (110, 132) 124 (114, 134) 128 (116, 136) 128 (118, 138) <0.001 126 (116, 136) 122 (112, 132) 126 (114, 134) 128 (118, 136) 130 (120, 138) <0.001
DBP (mmHg) 74 (68, 80) 74 (66, 80) 74 (68, 80) 74 (68, 80) 74 (68, 80) 0.036 74 (68, 80) 74 (68, 82) 74 (68, 82) 74 (68, 80) 74 (68, 80) 0.929

Fast blood glucose (mg/dL) 96 (89, 104) 93 (87, 101) 95 (89, 103) 96 (90, 105) 97 (91, 106) <0.001 96 (90, 105) 94 (88, 103) 96 (90, 105) 97 (90, 106) 97 (91, 107) <0.001
Fast blood glucose ≥ 126

mg/dL (%) 6.1 5.2 5.7 6.8 6.6 0.01 6.1 5.2 6.1 6.4 6.8 0.014

HbA1c1 (%) 5.5 (5.3, 5.8) 5.4 (5.2, 5.7) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.6 (5.3, 5.8) <0.001 5.5 (5.3, 5.8) 5.4 (5.2, 5.7) 5.5 (5.3, 5.8) 5.6 (5.3, 5.8) 5.6 (5.4, 5.9) <0.001
HbA1c1 ≥ 6.5% (%) 6.6 5.6 6.1 7.3 7.4 0.002 7.3 6.2 7.2 7.6 8 0.024

Total cholesterol (mg/dL) 229 (204, 258) 231 (203, 262) 230 (204, 259) 230 (204, 258) 227 (203, 254) <0.001 230 (204, 258) 229 (203, 261) 231 (206, 259) 229 (204, 257) 229 (204, 254) 0.010
Total cholesterol ≥ 220 mg/dL

(%) 59.2 60 59.8 59.4 57.8 0.181 59.5 58.6 60.9 59.9 58.7 0.143

LDL-C (mg/dL) 120 (101, 141) 121 (100, 144) 121 (101, 142) 120 (100, 141) 120 (101, 139) 0.005 120 (101, 141) 121 (100, 143) 122 (102, 142) 120 (101, 141) 119 (101, 139) 0.007
LDL-C ≥ 140 mg/dL (%) 27 29.2 27.9 26.3 24.7 <0.001 26.8 28.6 27.6 26.1 25.0 0.002

HDL-C (mg/dL) 59 (50, 70) 59 (50, 70) 59 (50, 70) 60 (50, 71) 60 (51, 70) 0.318 60 (50, 71) 60 (50, 71) 59 (50, 70) 60 (50, 71) 60 (51, 71) 0.098
HDL-C < 40 mg/dL (%) 5.3 5.8 5.3 5.3 4.9 0.370 5.4 6.2 5.3 5.4 4.5 0.011
Triglycerides (mg/dL) 93 (67, 131) 93 (64, 136) 92 (66, 132) 94 (68, 132) 92 (68, 126) 0.586 92 (66, 131) 91 (63, 135) 94 (67, 133) 92 (67, 130) 91 (68, 125) 0.216

Triglycerides ≥ 150 mg/dL (%) 18.1 19.9 18.6 18.2 15.6 <0.001 17.8 20.1 18.2 17.7 15.1 <0.001
Metabolic syndrome (%) 9.2 9.2 10.5 9.7 7.5 0.067 9.6 10.3 10.9 9.7 7.7 0.096

Vegetable dietary pattern score 0.01 (−0.66,
0.68)

−1.11 (−1.46,
−0.86)

−0.31 (−0.48,
−0.15)

0.34 (0.18,
0.50)

1.12 (0.88,
1.43) <0.001 0 (−0.67,

0.67)
−1.12 (−1.46,
−0.87)

−0.32 (−0.48,
−0.16)

0.33 (0.17,
0.49)

1.11 (0.87,
1.43) <0.001

Results expressed as a median (25th and 75th percentile) or a percentage. p-Values resulting from nonparametric ANOVA comparing the median or chi-square test comparing proportions
across the four quartiles. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; ANOVA, analysis of variance.



Nutrients 2020, 12, 129 8 of 18

Table 2. Characteristics of participants (2011–2013) and their health checkup results (2014–2015) stratified by the cumulative means of juice/milk dietary pattern scores.

2014 (n = 15,409) 2015 (n = 14,999)

All Q1 Q2 Q3 Q4 p-Value All Q1 Q2 Q3 Q4 p-Value

Age (years) 62 (52, 69) 61 (48, 68) 62 (51, 69) 62 (51, 70) 64 (55, 71) <0.001 62 (52, 69) 61 (50, 67) 62 (51, 69) 62 (52, 69) 63 (55, 70) <0.001
Women (%) 39.4 48.8 59.2 65.4 69.0 <0.001 61.1 50.1 60.4 65.0 69.1 <0.001

Education ≥ vocational
university (%) 24.4 20.9 22.6 26.5 27.5 <0.001 24.5 21.2 23.1 25.8 27.9 <0.001

Current smoker (%) 14.8 22.5 15.0 11.9 9.9 <0.001 14.9 22.4 14.7 12.2 10.5 <0.001
Current alcohol drinking (%) 45.1 53.7 45.3 43.3 38.2 <0.001 45.9 54.7 45.5 44.0 39.3 <0.001

Physical activity ≥ 2
times/week (%) 41.3 33.4 37.3 43.1 51.4 <0.001 41.0 32.2 37.3 43.7 50.7 <0.001

Distress scale ≥ 13 (%) 12.3 11.2 12.0 12.3 13.6 0.013 12.3 11.8 12.6 11.9 12.8 0.428
Live at

shelter/temporary/rental house
(%)

44.6 42.9 44.8 44.8 45.8 0.096 45.2 44.3 45.1 45.0 46.3 0.187

BMI (kg/m2) 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 25) 23 (21, 26) 0.017 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 25) 23 (21, 26) 0.002
BMI ≥ 25 kg/m2 (%) 30.1 31.2 31.1 28.8 29.4 0.052 30.1 32.0 30.4 28.6 29.6 0.012
Hypertension (%) 44.8 44.5 44.7 44.2 45.8 0.626 45.9 48.0 45.9 44.4 45.1 0.012

SBP (mmHg) 126 (114, 136) 126 (114, 136) 126 (114, 136) 125 (114, 135) 126 (115, 135) 0.055 126 (116, 136) 126 (116, 136) 126 (116, 136) 126 (114, 136) 126 (116, 136) 0.169
DBP (mmHg) 74 (68, 80) 74 (68, 82) 74 (68, 80) 74 (68, 80) 74 (68, 80) 0.004 74 (68, 80) 76 (68, 82) 74 (68, 81) 74 (68, 80) 74 (68, 80) <0.001

Fast blood glucose (mg/dL) 96 (89, 104) 96 (89, 104) 96 (89, 104) 95 (89, 104) 96 (89, 104) 0.575 96 (90, 105) 96 (90, 106) 96 (90, 104) 96 (89, 105) 96 (90, 105) 0.145
Fast blood glucose ≥ 126

mg/dL (%) 6.1 6.4 6.0 5.9 6.1 0.696 6.1 6.1 6.1 6.2 6.0 0.960

HbA1c1 (%) 5.5 (5.3, 5.8) 5.5 (5.3, 5.7) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) <0.001 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.6 (5.3, 5.9) <0.001
HbA1c1 ≥ 6.5% (%) 6.6 6.3 6.6 6.3 7.2 0.364 7.3 6.7 7.0 7.3 8.0 0.166

Total cholesterol (mg/dL) 229 (204, 258) 227 (201, 257) 228 (204, 258) 229 (204, 257) 232 (207, 260) <0.001 230 (204, 258) 227 (201, 257) 229 (204, 257) 230 (205, 258) 232 (207, 259) <0.001
Total cholesterol ≥ 220 mg/dL

(%) 59.2 57.0 58.6 59.0 62.3 <0.001 59.5 57.2 58.5 59.7 62.6 <0.001

LDL-C (mg/dL) 120 (101, 141) 118 (98, 139) 120 (100, 142) 121 (101, 142) 122 (103, 143) <0.001 120 (101, 141) 118 (99, 139) 120 (100, 141) 121 (101, 142) 122 (103, 143) <0.001
LDL-C ≥ 140 mg/dL (%) 27 25.0 27.7 27.7 27.8 0.012 26.8 24.9 26.2 27.4 28.7 0.002

HDL-C (mg/dL) 59 (50, 70) 58 (49, 70) 59 (50, 70) 60 (51, 71) 60 (51, 71) <0.001 60 (50, 71) 58 (49, 70) 59 (50, 70) 60 (51, 71) 61 (51, 72) <0.001
HDL-C < 40 mg/dL (%) 5.3 6.4 5.3 5.1 4.4 0.001 5.4 6.2 5.5 5.5 4.3 0.005
Triglycerides (mg/dL) 93 (67, 131) 93 (66, 135) 93 (67, 131) 90 (65, 128) 94 (68, 131) 0.002 92 (66, 131) 93 (67, 134) 92 (67, 131) 90 (64, 130) 93 (67, 129) 0.007

Triglycerides ≥ 150 mg/dL (%) 18.1 20.0 17.8 16.4 18.1 0.001 17.8 19.0 17.9 17.1 17.0 0.078
Metabolic syndrome (%) 9.2 9.9 9.4 9.1 8.6 0.295 9.6 10.6 9.4 9.3 9.3 0.342
Juice/milk dietary pattern

score
−0.15 (−0.64,

0.47)
−0.94 (−1.16,
−0.78)

−0.4 (−0.51,
−0.28)

0.13 (−0.02,
0.28)

1.02 (0.69,
1.55) <0.001 −0.14 (−0.65,

0.46)
−0.95 (−1.17,
−0.78)

−0.4 (−0.52,
−0.28)

0.13 (−0.01,
0.28)

1.02 (0.69,
1.57) <0.001

Results expressed as a median (25th and 75th percentile) or a percentage. p-values resulting from nonparametric ANOVA comparing median or chi-square test comparing proportions
across the four quartiles. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; ANOVA, analysis of variance.
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Table 3. Characteristics of participants (2011–2013) and their health checkup results (2014–2015) stratified by the cumulative means of meat dietary pattern scores.

2014 (n = 15,402) 2015 (n = 14,998)

All Q1 Q2 Q3 Q4 p-Value All Q1 Q2 Q3 Q4 p-Value

Age (years) 62 (52, 69) 65 (60, 72) 63 (55, 70) 61 (48, 68) 57 (40, 66) <0.001 62 (52, 69) 65 (59, 71) 62 (55, 69) 61 (49, 68) 58 (40, 67) <0.001
Women (%) 60.6 57.1 57.6 63.1 64.6 <0.001 61.1 56.6 58.2 64.2 65.6 <0.001

Education ≥ vocational
university (%) 24.4 18.0 22.9 26.2 30.3 <0.001 24.5 18.0 23.0 26.5 30.5 <0.001

Current smoker (%) 14.8 11.5 14.6 16.5 16.6 <0.001 14.9 11.8 15.2 16.4 16.3 <0.001
Current alcohol drinking (%) 45.1 43.8 47.0 45.2 44.4 0.004 45.9 44.8 48.7 45.8 44.2 0.001

Physical activity ≥ 2
times/week (%) 41.3 47.8 41.2 38.4 37.7 <0.001 41.0 46.9 41.7 38.4 36.9 <0.001

Distress scale ≥ 13 (%) 12.3 12.5 12.5 11.9 12.3 0.810 12.3 12.8 11.8 12.1 12.5 0.532
Live at

shelter/temporary/rental house
(%)

44.6 43.8 45.4 44.6 44.6 0.66 45.2 44.3 45.2 45.4 45.7 0.743

BMI (kg/m2) 23 (21, 26) 23 (21, 26) 23 (21, 26) 23 (21, 25) 23 (21, 26) <0.001 23 (21, 26) 24 (21, 26) 23 (21, 26) 23 (21, 25) 23 (21, 26) <0.001
BMI ≥ 25 kg/m2 (%) 30.1 31.6 32.1 27.8 29.0 <0.001 30.1 31.4 31.0 28.6 29.5 0.024
Hypertension (%) 44.8 53.5 47.4 41.5 36.8 <0.001 45.9 54.7 48.1 42.7 37.9 <0.001

SBP (mmHg) 126 (114, 136) 128 (118, 138) 126 (116, 136) 124 (112, 134) 122 (111, 134) <0.001 126 (116, 136) 128 (120, 138) 128 (116, 136) 126 (114, 134) 124 (112, 134) <0.001
DBP (mmHg) 74 (68, 80) 75 (68, 81) 74 (68, 82) 74 (66, 80) 73 (66, 80) <0.001 74 (68, 80) 76 (69, 82) 74 (68, 82) 74 (68, 80) 74 (67, 80) <0.001

Fast blood glucose (mg/dL) 96 (89, 104) 97 (91, 106) 96 (90, 104) 95 (89, 103) 94 (88, 102) <0.001 96 (90, 105) 98 (91, 107) 96 (90, 105) 95 (89, 104) 94 (88, 103) <0.001
Fast blood glucose ≥ 126

mg/dL (%) 6.1 7.1 6.1 6.0 5.1 0.007 6.1 7.4 5.8 6.1 5.2 <0.001

HbA1c1 (%) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.7) <0.001 5.5 (5.3, 5.8) 5.6 (5.4, 5.9) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) 5.5 (5.3, 5.8) <0.001
HbA1c1 ≥ 6.5% (%) 6.6 7.8 6.8 6.3 5.5 0.001 7.3 8.6 7.0 7.3 6.2 <0.001

Total cholesterol (mg/dL) 229 (204, 258) 229 (204, 257) 230 (204, 259) 231 (205, 259) 227 (201, 257) 0.002 230 (204, 258) 229 (205, 257) 232 (205, 259) 231 (205, 258) 227 (201, 257) <0.001
Total cholesterol ≥ 220 mg/dL

(%) 59.2 59.9 60.1 60.4 56.6 0.001 59.5 59.2 61.7 60.3 57.0 <0.001

LDL-C (mg/dL) 120 (101, 141) 120 (101, 140) 121 (101, 142) 121 (102, 142) 119 (99, 141) 0.020 120 (101, 141) 119 (101, 140) 120 (101, 141) 121 (102, 142) 120 (99, 141) 0.120
LDL-C ≥ 140 mg/dL (%) 27.0 25.9 27.2 28.3 26.7 0.139 26.8 26.0 26.5 27.8 26.9 0.323

HDL-C (mg/dL) 59 (50, 70) 58 (49, 69) 59 (50, 70) 60 (51, 71) 61 (51, 71) <0.001 60 (50, 71) 58 (49, 69) 60 (50, 70) 60 (51, 71) 61 (51, 72) <0.001
HDL-C < 40 mg/dL (%) 5.3 6.3 5.7 4.6 4.6 0.001 5.4 6.6 5.5 5.1 4.2 <0.001
Triglycerides (mg/dL) 93 (67, 131) 97 (71, 134) 94 (68, 133) 91 (65, 129) 87 (63, 127) <0.001 92 (66, 131) 97 (72, 135) 94 (68, 134) 91 (65, 130) 87 (62, 124) <0.001

Triglycerides ≥ 150 mg/dL (%) 18.1 18.6 19.0 17.5 17.2 0.107 17.8 19.1 19.0 17.2 15.8 <0.001
Metabolic syndrome (%) 9.2 10.2 10.7 8.8 7.3 <0.001 9.6 10.7 10.3 9.3 8.4 <0.001
Juice/milk dietary pattern

score
−0.16 (−0.60,

0.46)
−0.87 (−1.09,
−0.72)

−0.39 (−0.49,
−0.28)

0.11 (−0.03,
0.27)

0.99 (0.68,
1.48) <0.001 −0.16 (−0.61,

0.45)
−0.88 (−1.10,
−0.73)

−0.38 (−0.49,
−0.27)

0.12 (−0.03,
0.27)

1.00 (0.69,
1.48) <0.001

Results expressed as a median (25th and 75th percentile) or a percentage. p-Values resulting from nonparametric ANOVA comparing median or chi-square test comparing proportions
across the four quartiles. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; ANOVA, analysis of variance.
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Table 4. Prevalence ratios (PRs, 95% CIs) for cardiometabolic factors in 2014 by quartiles of accumulative means of dietary pattern scores during 2011–2013, FHMS.

BMI ≥ 25
(kg/m2) Hypertension

Fasting Blood
Glucose ≥ 126

(mg/dL)
HbA1c1 ≥ 6.5% TC ≥ 220

(mg/dL)
LDL-C ≥ 140

(mg/dL)
HDL-C < 40

(mg/dL)
Triglycerides ≥

150 (mg/dL) MetS

Vegetable

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.98 (0.97–1.00) 1.00 (0.98–1.01) 0.99 (0.98–1.00) 0.99 (0.98–10) 0.99 (0.97–1.00) 0.99 (0.97–1.00) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 1.00 (0.98–1.01)
0.97 (0.96–0.99) 0.99 (0.97–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.97 (0.96–0.99) 0.97 (0.96–0.99) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 0.99 (0.97–1.00)
0.96 (0.94–0.98) 0.98 (0.96–0.99) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 0.96 (0.94–0.97) 0.96 (0.94–0.97) 0.99 (0.98–1.00) 0.96 (0.95–0.98) 0.97 (0.95–0.99)

p trend <0.0001 0.005 0.525 0.993 <0.0001 <0.0001 0.018 <0.0001 0.0003

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.00) 0.99 (0.98–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 0.99 (0.97–1.00) 0.99 (0.97–1.01) 0.99 (0.98–1.00) 0.99 (0.97–1.00) 1.00 (0.98–1.01)
0.98 (0.97–1.00) 0.99 (0.97–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.98 (0.96–0.99) 0.98 (0.96–0.99) 0.99 (0.98–1.00) 0.99 (0.98–1.01) 0.99 (0.97–1.00)
0.97 (0.96–0.99) 0.98 (0.97–1.00) 1.00 (0.98–1.01) 1.00 (0.99–1.01) 0.96 (0.95–0.97) 0.96 (0.95–0.98) 0.99 (0.98–1.00) 0.97 (0.96–0.99) 0.98 (0.96–0.99)

p trend 0.002 0.01 0.609 0.964 <0.0001 <0.0001 0.182 0.003 0.004

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.01) 0.99 (0.97–1.01) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 0.98 (0.97–1.00) 0.98 (0.96–1.00) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 0.99 (0.97–1.01)
0.99 (0.97–1.01) 0.97 (0.96–0.99) 0.99 (0.98–1.01) 0.99 (0.98–1.01) 0.97 (0.95–0.98) 0.97 (0.95–0.99) 1.00 (0.98–1.01) 0.98 (0.96–1.00) 0.98 (0.96–1.00)
0.97 (0.95–1.00) 0.98 (0.96–1.00) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 0.96 (0.94–0.98) 0.96 (0.94–0.99) 0.99 (0.98–1.00) 0.97 (0.95–0.99) 0.96 (0.94–0.98)

p trend 0.028 0.008 0.333 0.664 <0.0001 0.002 0.159 0.007 0.0001

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.98–1.03) 0.99 (0.98–1.01) 1.00 (0.99–1.00) 1.00 (0.99–1.00) 1.00 (0.98–1.01) 0.99 (0.97–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.02) 1.01 (0.99–1.02)
0.99 (0.96–1.01) 0.98 (0.97–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.98 (0.97–1.00) 0.98 (0.96–1.00) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 0.99 (0.98–1.01)
0.97 (0.95–1.00) 1.00 (0.98–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.00) 0.96 (0.95–0.98) 0.96 (0.94–0.98) 0.99 (0.98–1.00) 0.98 (0.96–1.00) 0.99 (0.98–1.01)

p trend 0.027 0.909 0.068 0.483 <0.0001 <0.0001 0.062 0.037 0.224

Juice/Milk

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.99–1.02) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.01 (0.99–1.02) 1.02 (1.00–1.03) 1.00 (0.99–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.02)
0.99 (0.98–1.01) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.02 (1.00–1.03) 1.00 (0.99–1.01) 0.98 (0.97–1.00) 1.00 (0.99–1.02)
1.00 (0.98–1.01) 0.98 (0.97–1.00) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.03 (1.01–1.04) 1.02 (1.00–1.03) 0.99 (0.98–1.00) 1.00 (0.99–1.02) 1.00 (0.99–1.02)

p trend 0.34 0.017 0.715 0.062 0.0004 0.062 0.151 0.805 0.686

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.02) 1.00 (0.98–1.01) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (0.99–1.02) 1.02 (1.00–1.04) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02)
1.00 (0.98–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.02 (1.00–1.04) 1.00 (0.99–1.01) 0.99 (0.98–1.01) 1.01 (0.99–1.02)
1.00 (0.98–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.03 (1.01–1.04) 1.02 (1.01–1.04) 0.99 (0.98–1.00) 1.01 (1.00–1.03) 1.01 (0.99–1.02)

p trend 0.837 0.128 0.668 0.172 <0.0001 0.018 0.227 0.125 0.462
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Table 4. Cont.

BMI ≥ 25
(kg/m2) Hypertension

Fasting Blood
Glucose ≥ 126

(mg/dL)
HbA1c1 ≥ 6.5% TC ≥ 220

(mg/dL)
LDL-C ≥ 140

(mg/dL)
HDL-C < 40

(mg/dL)
Triglycerides ≥

150 (mg/dL) MetS

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.03) 1.00 (0.98–1.02) 1.00 (0.98–1.01) 1.00 (0.99–1.02) 1.00 (0.98–1.02) 1.01 (0.99–1.03) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 1.01 (0.99–1.03)
0.99 (0.97–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.02) 1.00 (0.99–1.01) 1.01 (0.99–1.03) 1.02 (1.00–1.04) 0.99 (0.98–1.00) 0.98 (0.96–1.00) 1.01 (0.99–1.03)
1.00 (0.98–1.02) 0.99 (0.97–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02) 1.02 (1.00–1.04) 1.01 (0.99–1.04) 0.99 (0.98–1.01) 1.00 (0.98–1.02) 1.00 (0.98–1.02)

p trend 0.481 0.313 0.864 0.71 0.008 0.192 0.332 0.769 0.789

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.01) 1.01 (0.99–1.03) 1.00 (0.99–1.00) 1.00 (0.99–1.00) 1.01 (1.00–1.03) 1.02 (1.01–1.04) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 0.98 (0.97–1.00)
1.01 (0.99–1.03) 1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (1.00–1.01) 1.02 (1.00–1.04) 1.03 (1.01–1.05) 1.00 (0.99–1.01) 0.99 (0.98–1.01) 0.99 (0.97–1.00)
1.00 (0.98–1.03) 1.00 (0.98–1.02) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.04 (1.02–1.05) 1.04 (1.02–1.06) 0.99 (0.98–1.01) 1.01 (0.99–1.03) 0.99 (0.97–1.00)

p trend 0.494 0.854 0.574 0.008 <0.0001 <0.0001 0.313 0.351 0.187

Meat

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (0.99–1.03)
0.98 (0.97–1.00) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.03) 1.02 (1.00–1.03) 0.99 (0.98–1.00) 1.00 (0.98–1.01) 1.00 (0.98–1.01)
1.00 (0.98–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.02) 0.99 (0.98–1.00) 1.00 (0.98–1.01) 0.99 (0.98–1.01)

p trend 0.246 0.143 0.752 0.453 0.695 0.695 0.16 0.578 0.21

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.03) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.03)
0.99 (0.97–1.00) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.02 (1.00–1.03) 0.99 (0.98–1.00) 1.00 (0.98–1.01) 1.00 (0.98–1.02)
1.00 (0.98–1.02) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 0.99 (0.98–1.00) 1.00 (0.99–1.02) 0.99 (0.98–1.00) 1.00 (0.98–1.01) 1.00 (0.98–1.01)

p trend 0.493 0.257 0.715 0.452 0.14 0.719 0.143 0.535 0.334

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.03) 1.00 (0.98–1.02) 0.99 (0.98–1.00) 0.99 (0.98–1.01) 1.01 (1.00–1.03) 1.01 (0.99–1.03) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.03)
0.98 (0.96–1.00) 0.99 (0.97–1.01) 1.00 (0.99–1.02) 1.00 (0.98–1.01) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 0.99 (0.98–1.01) 0.98 (0.97–1.00) 0.99 (0.97–1.01)
1.00 (0.98–1.02) 1.00 (0.98–1.02) 0.99 (0.98–1.01) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 1.00 (0.98–1.02) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 1.00 (0.98–1.02)

p trend 0.591 0.739 0.719 0.275 0.147 0.903 0.257 0.11 0.929

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.03) 1.00 (0.98–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.98–1.02) 1.00 (0.98–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 0.98 (0.97–1.00)
0.98 (0.96–1.00) 1.00 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (1.00–1.03) 0.99 (0.98–1.00) 1.00 (0.98–1.02) 0.99 (0.98–1.01)
1.00 (0.98–1.03) 1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.98 (0.97–1.00) 1.00 (0.98–1.01) 0.99 (0.98–1.00) 1.00 (0.98–1.02) 1.00 (0.98–1.01)

p trend 0.66 0.437 0.956 0.732 0.029 0.606 0.179 0.848 0.817

Significant PR (95% CI) and p trend <0.05 were highlighted in bold. Model 1: Adjusted for age and sex. Model 2: Model 1 + Smoking history + Alcohol consumption + Education +
Physical activity + Depression + Living place. Sensitivity 1: Participants in all three waves of the FFQ in 2011, 2012, and 2013. Sensitivity 2: Model 2 participants without a history of
hypertension (for hypertension), diabetes (for fasting blood glucose and impaired glucose control), hyperlipidemia (for TC, LDL-C, HDL-C, and triglycerides), and the three together (for
MetS and overweight). PR, prevalence ratio; CI, confidence interval; FHMS, Fukushima Health Management Survey; BMI, body mass index; FFQ, food frequency survey; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome.
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Table 5. Prevalence ratios (PRs, 95% CIs) for cardiometabolic factors in 2015 by quartiles of dietary pattern scores during 2011–2013, FHMS.

BMI ≥ 25
(kg/m2) Hypertension

Fasting Blood
Glucose ≥ 126

(mg/dL)
HbA1c1 ≥ 6.5% TC ≥ 220

(mg/dL)
LDL-C ≥ 140

(mg/dL)
HDL-C < 40

(mg/dL)
Triglycerides ≥

150 (mg/dL) MetS

Vegetable

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 0.99 (0.97–1.00) 0.99 (0.98–1.00) 0.98 (0.97–0.99) 1.00 (0.98–1.01)
0.98 (0.96–0.99) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.01) 0.99 (0.97–1.00) 0.97 (0.96–0.99) 0.99 (0.98–1.00) 0.97 (0.96–0.99) 0.98 (0.96–1.00)
0.95 (0.93–0.97) 0.97 (0.96–0.99) 1.00 (0.98–1.01) 0.99 (0.98–1.01) 0.97 (0.96–0.99) 0.96 (0.94–0.98) 0.98 (0.97–0.99) 0.95 (0.94–0.97) 0.97 (0.95–0.99)

p trend <0.0001 0.0001 0.396 0.262 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 0.99 (0.97–1.00) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 1.00 (0.98–1.01)
0.98 (0.96–1.00) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 0.99 (0.98–1.01) 0.99 (0.98–1.00) 0.97 (0.96–0.99) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 0.99 (0.97–1.00)
0.96 (0.94–0.98) 0.98 (0.96–0.99) 0.99 (0.98–1.01) 0.99 (0.98–1.00) 0.98 (0.96–0.99) 0.96 (0.95–0.98) 0.99 (0.98–1.00) 0.96 (0.95–0.98) 0.98 (0.96–0.99)

p trend <0.0001 0.001 0.382 0.156 0.0004 <0.0001 0.034 <0.0001 0.003

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.02) 0.98 (0.97–1.00) 1.01 (1.00–1.02) 1.00 (0.99–1.02) 1.00 (0.98–1.02) 0.98 (0.96–1.00) 0.99 (0.98–1.00) 0.97 (0.95–0.99) 0.99 (0.97–1.01)
0.99 (0.96–1.01) 0.98 (0.96–1.00) 1.00 (0.99–1.02) 1.00 (0.98–1.01) 0.99 (0.97–1.01) 0.97 (0.95–0.99) 1.00 (0.98–1.01) 0.98 (0.96–1.00) 0.99 (0.97–1.01)
0.96 (0.94–0.98) 0.97 (0.95–0.99) 1.00 (0.98–1.02) 1.00 (0.98–1.02) 0.97 (0.95–0.99) 0.96 (0.94–0.98) 0.98 (0.96–0.99) 0.96 (0.94–0.98) 0.97 (0.95–0.99)

p trend 0.0004 0.003 0.739 0.896 0.001 0.001 0.006 0.0002 0.011

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.97–1.02) 1.01 (0.99–1.02) 0.99 (0.99–1.00) 1.00 (0.99–1.00) 1.01 (0.99–1.02) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 0.99 (0.97–1.00) 1.00 (0.98–1.01)
0.98 (0.95–1.00) 1.00 (0.99–1.02) 0.99 (0.98–1.00) 0.99 (0.99–1.00) 0.99 (0.98–1.01) 0.98 (0.96–1.00) 0.99 (0.98–1.01) 0.98 (0.96–1.00) 0.99 (0.97–1.00)
0.98 (0.95–1.00) 1.01 (1.00–1.03) 0.99 (0.98–1.00) 0.99 (0.98–1.00) 0.98 (0.96–1.00) 0.96 (0.94–0.98) 0.99 (0.97–1.00) 0.97 (0.95–0.98) 0.98 (0.97–1.00)

p trend 0.03 0.203 0.02 0.028 0.008 <0.0001 0.026 0.0002 0.035

Juice/Milk

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.98–1.01) 0.99 (0.97–1.00) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.00 (0.99–1.02) 1.01 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.01)
0.98 (0.97–1.00) 0.97 (0.96–0.99) 1.01 (0.99–1.02) 1.01 (1.00–1.02) 1.01 (1.00–1.02) 1.02 (1.00–1.03) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02)
0.99 (0.98–1.01) 0.97 (0.95–0.98) 1.00 (0.99–1.01) 1.02 (1.00–1.03) 1.03 (1.01–1.04) 1.03 (1.01–1.04) 0.99 (0.98–1.00) 1.00 (0.98–1.01) 1.01 (0.99–1.02)

p trend 0.299 <0.0001 0.607 0.008 0.0002 0.001 0.243 0.751 0.285

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.98–1.01) 0.99 (0.97–1.00) 1.00 (0.99–1.02) 1.01 (1.00–1.02) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.00 (0.98–1.02)
0.99 (0.97–1.00) 0.98 (0.96–0.99) 1.01 (0.99–1.02) 1.01 (1.00–1.02) 1.01 (1.00–1.03) 1.02 (1.00–1.04) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.02)
1.00 (0.98–1.02) 0.97 (0.96–0.98) 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.03 (1.02–1.04) 1.03 (1.01–1.05) 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.01 (1.00–1.03)

p trend 0.898 <0.0001 0.594 0.029 <0.0001 0.0003 0.397 0.265 0.086
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Table 5. Cont.

BMI ≥ 25
(kg/m2) Hypertension

Fasting Blood
Glucose ≥ 126

(mg/dL)
HbA1c1 ≥ 6.5% TC ≥ 220

(mg/dL)
LDL-C ≥ 140

(mg/dL)
HDL-C < 40

(mg/dL)
Triglycerides ≥

150 (mg/dL) MetS

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.98–1.02) 1.00 (0.98–1.01) 1.01 (1.00–1.03) 1.00 (0.99–1.02) 1.00 (0.98–1.02) 1.01 (0.99–1.03) 1.00 (0.98–1.01) 0.99 (0.97–1.01) 1.02 (0.99–1.04)
0.98 (0.96–1.00) 0.98 (0.97–1.00) 1.01 (0.99–1.02) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.02 (1.00–1.04) 1.00 (0.99–1.02) 1.00 (0.98–1.01) 1.02 (0.99–1.04)
1.00 (0.98–1.02) 0.99 (0.97–1.00) 1.01 (0.99–1.02) 1.01 (1.00–1.03) 1.02 (1.00–1.04) 1.03 (1.01–1.05) 0.99 (0.98–1.01) 1.00 (0.98–1.02) 1.03 (1.01–1.05)

p trend 0.767 0.087 0.637 0.158 0.004 0.005 0.467 0.81 0.021

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.99 (0.97–1.01) 0.99 (0.97–1.01) 1.00 (0.99–1.00) 1.00 (0.99–1.01) 1.01 (1.00–1.03) 1.02 (1.00–1.03) 1.00 (0.99–1.01) 1.01 (0.99–1.03) 1.00 (0.99–1.02)
0.99 (0.97–1.01) 0.99 (0.97–1.00) 1.00 (0.99–1.00) 1.00 (0.99–1.01) 1.02 (1.01–1.04) 1.03 (1.01–1.05) 1.01 (0.99–1.02) 1.01 (0.99–1.02) 1.01 (0.99–1.02)
1.01 (0.99–1.04) 0.98 (0.97–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.05 (1.03–1.06) 1.05 (1.03–1.07) 0.99 (0.98–1.00) 1.01 (0.99–1.03) 1.00 (0.99–1.02)

p trend 0.27 0.097 0.785 0.587 <0.0001 <0.0001 0.364 0.421 0.793

Meat

Model 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.99–1.02) 1.00 (0.98–1.01) 0.99 (0.98–1.00) 0.99 (0.98–1.00) 1.02 (1.01–1.04) 1.01 (0.99–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.02) 0.99 (0.98–1.01)
0.99 (0.97–1.01) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.03) 1.01 (1.00–1.03) 0.99 (0.98–1.00) 0.99 (0.98–1.01) 0.99 (0.98–1.01)
1.00 (0.99–1.02) 0.99 (0.97–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 1.01 (0.99–1.02) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 1.00 (0.98–1.01)

p trend 0.953 0.1 0.93 0.999 0.303 0.305 0.008 0.017 0.758

Model 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.01 (0.99–1.02) 1.00 (0.98–1.01) 0.99 (0.98–1.00) 0.99 (0.98–1.00) 1.02 (1.00–1.03) 1.00 (0.99–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.02) 1.00 (0.98–1.01)
0.99 (0.98–1.01) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.01 (1.00–1.03) 1.01 (1.00–1.03) 0.99 (0.98–1.00) 0.99 (0.98–1.01) 1.00 (0.98–1.01)
1.01 (0.99–1.02) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.98–1.01) 1.01 (0.99–1.02) 0.99 (0.98–1.00) 0.98 (0.97–1.00) 1.00 (0.98–1.02)

p trend 0.593 0.21 0.943 0.91 0.211 0.368 0.008 0.017 0.957

Sensitivity 1

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.98–1.02) 0.99 (0.97–1.01) 1.00 (0.99–1.02) 1.00 (0.99–1.01) 1.02 (1.00–1.04) 1.01 (0.99–1.03) 1.00 (0.98–1.01) 1.00 (0.98–1.02) 1.00 (0.98–1.02)
0.99 (0.97–1.01) 0.99 (0.97–1.01) 1.02 (1.00–1.03) 1.01 (0.99–1.02) 1.01 (0.99–1.03) 1.01 (0.99–1.04) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 1.00 (0.98–1.02)
1.01 (0.99–1.030) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.01) 0.99 (0.98–1.01) 1.01 (0.99–1.03) 0.99 (0.97–1.00) 0.98 (0.97–1.00) 1.01 (0.99–1.03)

p trend 0.457 0.634 0.97 0.854 0.205 0.402 0.035 0.058 0.484

Sensitivity 2

1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.00 (0.98–1.02) 1.00 (0.98–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.00) 1.01 (1.00–1.03) 1.00 (0.98–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.02)
1.00 (0.97–1.02) 1.00 (0.98–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.00) 1.01 (0.99–1.03) 1.01 (0.99–1.03) 0.99 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.99–1.02)
1.01 (0.99–1.04) 1.01 (0.99–1.030) 0.99 (0.98–1.00) 0.99 (0.99–1.00) 0.99 (0.97–1.00) 1.00 (0.98–1.02) 0.98 (0.97–1.00) 0.99 (0.97–1.00) 1.00 (0.99–1.01)

p trend 0.358 0.256 0.147 0.148 0.041 0.923 0.002 0.083 0.834

Significant PR (95% CI) and p trend were highlighted in bold. Model 1: Adjusted for age and sex. Model 2: Model 1+ Smoking history + Alcohol consumption + Education + Physical
activity + Depression + Living place. Sensitivity 1: Participants in all three waves of food frequency survey in 2011, 2012, and 2013. Sensitivity 2: Model 2 participants without a history of
hypertension (for hypertension), diabetes (for fasting blood glucose and impaired glucose control), hyperlipidemia (for TC, LDL-C, HDL-C, and triglycerides), and the three together (for
MetS and overweight). PR, prevalence ratio; CI, confidence interval; FHMS, Fukushima Health Management Survey; BMI, body mass index; FFQ, food frequency survey; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome.
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4. Discussion

In this large population-based prospective study, we observed significantly inverse associations
between the vegetable dietary pattern and cardiometabolic risks, including overweight and
dyslipidemia, significantly positive associations between the juice/milk dietary pattern and high
TC and high LDL-C concentrations, and significantly inverse associations between the meat dietary
pattern and low HDL-C concentration. To our knowledge, this is the first study to comprehensively
examine the association of cardiometabolic risks with dietary patterns by longitudinal surveys in
Japanese populations. Considering the long-term effects of diets on these cardiometabolic factors,
the vegetable pattern diets might reduce the risk of dyslipidemia prominently.

The dietary patterns identified in this study were similar to those in other Japanese studies;
for example, the National Health and Nutrition Survey in 2012 (vegetable, high-bread and low-rice,
and high-meat and low-fish dietary patterns) [10], the Jichi Medical School Cohort Study (vegetable,
western, and meat dietary patterns) [15], the Ohsaki Cohort Study (Japanese, high-dairy, and animal
food dietary patterns) [24], and the Japan Collaborative Cohort Study (vegetable, dairy products, and
animal food dietary patterns) [25].

The vegetable dietary pattern in our study had similar characteristics of high intake in
the healthy/prudent dietary patterns that were most reproducible in Japanese [26–28] and other
ethnicities [29–31]. Japanese and Mediterranean diets have similar features of customarily eating
seafood, vegetables, and fruits, and instead of nuts that are commonly eaten in Western countries,
soybean and soy products are popular among the Japanese [13,32]. A recent systematic review reported
that the top three categories of the Japanese diet are soybean/soybean-derived products, seafood,
and vegetables, plus rice and miso soup [33], very similar to our study.

For the vegetable dietary pattern, our results were consistent with other studies with regard to
decreased risk of obesity [28], low HDL-C concentration [15], and high LDL-C concentration [34].
A Japanese study reported an inverse association of MetS and all its components with the intake of
folate, dietary fiber, carotene, iron, vitamin C, and potassium, which are abundant in vegetables and
fruits [17]. We obtained similar results regarding the inverse association of MetS and all its components
with the risk of hypertension [15,16] and diabetes [35] in the main analysis (Model 2). However, for
hypertension, significant associations with vegetable and juice/milk dietary patterns did not remain
in the second sensitivity analysis, which might be because 35% of participants with hypertension
were in treatment and then on a cautious diet [36]. The prevalence of using antihypertensive drugs in
middle-aged populations regardless of the evacuation status were continuously increasing between
2008 and 2014 [4]. In contrast, those who know they had hypertension but were not on medication
might relate to an increase in the consumption of vegetables [15]. Hypertension might also be
considered as being partially mediated by obesity [17] or sodium [37]; however, we did not observe
significant associations in the analysis by adding the BMI for adjustment, and data for sodium or the
sodium–potassium ratio were not available. Similar to hypertension, a lack of significant associations
in the subgroup analysis for MetS, with a much reduced sample size, needs further investigation.

When excluding participants with diabetes, we observed that the risk of high blood glucose
and impaired blood glucose control (2015) was significantly associated with the vegetable dietary
pattern. A recent study in a Korean population reported that a diet rich in vegetables, mushrooms,
seaweeds, fruits, and soy products and low in fatty fish and high-fat meat might potentially play a
protective role in type 2 diabetes development [38]. A Chinese study showed a decrease in the risk of
impaired blood glucose control by a similar healthy food pattern [39]. Soybean foods contain folate,
which decreases homocysteine and the risk of other coronary heart diseases and type 2 diabetes [40].
The combination of beans and rice has been found to be protective against obesity among Brazilian
adults [41]. The Japanese dietary pattern is reportedly associated with the intake of antioxidant
vitamins, minerals, dietary fiber, and ω−3 fatty acids [28]. Our study emphasized that traditional
Japanese food intake, like the Mediterranean diet [13], has a preventive effect on cardiometabolic risks.
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We observed a significantly positive association of the juice/milk dietary pattern with high TC
and high LDL-C concentrations in the main and sensitivity analyses. We also observed a significantly
positive association of the juice/milk dietary pattern with the risk of impaired blood glucose control in
2014 (Sensitivity 2) and 2015 (Model 2 in Table 5). This might be because of the higher intake of dairy
products and sugar-based juices, like the high-dairy [24] and bread [42] dietary patterns. The juice/milk
dietary pattern in this study can be considered the reverse of the traditional Japanese staple food
pattern [42]. Considering the diverse association in the main and sensitivity analyses and between
2014 and 2015, for both vegetable and juice/milk dietary patterns, further studies on associations with
diabetes risk are required.

For the meat dietary pattern, our results were consistent in some ways with other studies on inverse
associations with high triglycerides and low HDL-C concentrations in a Japanese population [15],
inverse associations with high TC and high LDL-C concentrations in a Korean population [43], and
increasing HDL levels with increasing meat intake in a young Brazilian population [41]. The Ohsaki
Cohort Study developed the Japanese Diet Index with nine food items, including those of the vegetable
dietary pattern in our study and green tea, beef, pork, and coffee [44]. The low saturated fat (meat)
and high ω-3 polyunsaturated fat (fish) in the Japanese diet contribute to the low prevalence of
hypercholesterolemia [45]. In this study, the meat dietary pattern that was protective against the risk
of low HDL-C concentration in the 2015 dataset, but not in the 2014 dataset, supports this notion.

One of the strengths of this study was that we computed the accumulative means of dietary
pattern scores arising from repeated FFQ surveys and could attenuate misclassifications to more
accurately reflect dietary stability [39]. On the basis of the large sample and careful handling of missing
data from FFQs [46], although small in this study, the reliability of the three patterns in our study
was higher compared to other similar studies [15]. Second, we estimated the associations of health
checkup measurements in 2014 and 2015 after dietary surveys were conducted between 2011 and 2013.
In such a longitudinal way, the associations measured were more robust than simple cross-sectional
surveys. Third, the same associations were observed for both the 2014 and the 2015 dataset, as well
in as the sensitivity analysis, which enhanced the study results. In addition, our results were more
stable in 2015 than in 2014, which might also indicate that the long-term effects of dietary patterns are
more prominent.

This study had a few limitations. Firstly, the FHMS response rates remained at ~27% [47],
in which 45% of participants had changed living places. Therefore, the representativeness of our results
might not be generalizable to the entire prefecture or the country’s population. Second, we could
not compute the food amount or nutrients to derive dietary patterns. Without nutrient intake, it is
difficult to evaluate the nutritional status, which is straightforward in the elucidation of underlying
biological mechanisms [17,48]. Also, no hormonal information such as insulin and leptin was available
for further analysis. Finally, food consumption was self-reported and the dietary report generally
underreported [21]. A total of 19 food items might not be sufficient for examining correlations between
specific foods, although the FFQs had the same food groups as other studies [49,50].

In summary, three dietary patterns were identified using three waves of food intake surveys
between 2011 and 2013. The vegetable dietary pattern might be inversely associated with
cardiometabolic risks including overweight, hypertension, and dyslipidemia, in a longitudinal
way, while the juice/milk dietary pattern might be positively associated with the risk of impaired
blood glucose control and dyslipidemia. The meat dietary pattern might also be protective against
dyslipidemia risk. The sensitivity analysis provided confirmed significant results, prominently for
the association between the vegetable pattern and dyslipidemia risk. Considering the long-term
effects of diets on cardiometabolic risks, our study may suggest that the continuous promotion of the
vegetable dietary pattern rich in traditional Japanese foods is necessary to reduce cardiometabolic
risks, particularly for dyslipidemia.
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