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Abstract: Plant-based diets have been suggested to be beneficial for type 2 diabetes (T2D). However,
studies investigating the association between the healthiness of a plant-based diet and T2D risk
are limited. This study explored the prospective association between scores from three different
plant-based diet indices and risk of T2D and investigated whether associations differ by demographic
and lifestyle factors in the Korean population. Data were derived from the Korean Genome and
Epidemiology Study (KoGES), a prospective cohort study initiated between 2001 and 2002. Dietary
intakes were assessed using a validated food frequency questionnaire. Scores for three plant-based
diet indices (overall plant-based diet index (PDI), healthful plant-based diet index (hPDI), and
unhealthful plant-based diet index (uPDI)) were measured. A total of 7363 Korean adults aged
40-69 years without T2D and related chronic diseases at baseline were included. Incident T2D
was defined as elevated plasma glucose (>126 mg/dL), self-report of a doctor’s diagnosis of T2D,
or use of oral hypoglycemic drug. Multivariable Cox proportional hazards models were used to
estimate hazard ratios (HRs) and 95% CIs for T2D risk. During a follow-up period of 14 years,
977 participants developed T2D. A 10-point higher score in hPDI was associated with a 14% lower
risk of T2D (HR: 0.86, 95% CI, 0.77-0.95), adjusting for potential confounders. In subgroup analysis,
inverse associations between hPDI and T2D risk were stronger in participants with a family history
of T2D (HR: 0.58, 95% CI, 0.44 0.76) or history of hypertension (HR: 0.73, 95% CI, 0.60 0.89) than those
without a family history of T2D (p interaction = 0.01) or history of hypertension (p interaction = 0.04).
Considering the quality of the plant foods may be important for the prevention of T2D in the Korean
population, which habitually consumes diets rich in plant foods.

Keywords: plant-based diets; plant food quality; type 2 diabetes; prospective study; Asian

1. Introduction

Type 2 diabetes (T2D) is a major metabolic disorder, which contributes substantially to
morbidity and mortality in the world [1]. Diet is a modifiable risk factor in the development
of T2D [2]. Plant-based diets have been known to be beneficial for the prevention and
management of T2D [3]. Several plant foods, such as fruits, vegetables, whole grains, and
legumes, are favorable for the prevention of T2D [4-6], but not all plant foods are healthy.
For instance, plant foods such as refined grains, sweets, and sugar-sweetened beverages
have unfavorable effects on the development of T2D [7-9]. Moreover, some animal foods,
such as dairy and fish may be beneficial for health outcomes [10-12].

The 2015 Dietary Guidelines for Americans recommends gradually moving to diets
rich in plant foods and progressively decrease animal food consumption [13]. The plant-
based diet indices including overall plant-based diet index (PDI), healthful plant-based diet
index (hPDI), and unhealthful plant-based diet index (uPDI), assess intakes of both plant
foods and animal foods, taking the quality of plant foods into account [14,15]. In these
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indices, animal foods are negatively weighed but differ with respect to how plant foods are
weighed. Existing studies reported that the scores from PDI or hPDI were associated with
a lower risk of cardiovascular disease, T2D, and related chronic diseases [14-17]. On the
contrary, the score from uPDI was positively associated with the risk of these metabolic
diseases [14,15,18,19]. However, the study on the association of newly established plant-
based diet indices with T2D risk is limited in the Asian population although their eating
patterns and metabolic responses may be different from the Western population [20,21].
Asians consume higher amounts of grains and vegetables and lower amounts of meat
than Western populations [21]. Different types of grains may affect glucose metabolism
differently [22,23]. Previous studies reported ethnic differences in T2D risk associated with
scores of a priori-defined dietary patterns [24,25]. One prospective study found that the
scores of PDI and hPDI was associated with a reduced risk of type 2 diabetes in Singapore
Chinese [16].

Thus, this study evaluated the associations between scores from three different plant-
based diet indices (PDI, hPDI, and uPDI) and risk of T2D and investigated whether associa-
tions differed by demographic and lifestyle factors in a large community-based cohort of
Korean middle-aged and older adults.

2. Materials and Methods
2.1. Study Population

We used the data from the Korean Genome and Epidemiology Study (KoGES), a
population-based cohort study, which aimed to explore the genetic and lifestyle factors
of T2D and hypertension among Koreans [26]. A total of 10,030 community residents
(40-69 years of age) living in Ansan and Ansung city, near Seoul, were enrolled. The
KoGES was initiated between 2001 and 2002 (baseline) and participants were followed up
biennially until 2016. The follow-up rate in the KoGES was over 90%. The Institutional
Review Boards of the Korea Disease Control and Prevention Agency and Kyung Hee
University (KHGIRB-19-398) approved the study protocol, and participants provided
written informed consent.

In the analysis, exclusion criteria included individuals with implausible energy intake
at baseline (<500 kcal/d or >5000 kcal/d) (n = 410), had cardiovascular disease or cancer
at baseline (1 = 304), did not visit in follow-up examinations (n = 841), who had T2D at
baseline (1 = 595), and who had missing data on the outcome of T2D or covariates including
education level, physical activity, cigarette smoking, alcohol consumption, baseline body
mass index (BMI), total energy intake, family history of T2D, and history of hypertension
(n = 487). The final analysis included 7393 (3466 men and 3927 women) (Figure 1).

| 10,030 participants |

> | 410 with extraordinary energy intake

| 9620 participants |

304 with cardiovascular 595 with type 2 diabetes
disease or cancer at baseline at baseline

| 8721 participants |

— 841 refused to participate follow-up

| 7880 participants |

—

487 with missing information

7393 for plant-based diet
and type 2 diabetes

Figure 1. Flow diagram of participant selection.
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2.2. Assessment of Plant-Based Diet Index Score

Participants were asked for their usual food intake with a 106-item semi-quantitative
food frequency questionnaire (FFQ). Validity and reproducibility for FFQ have been previ-
ously evaluated [27]. The correlation coefficient of nutrient density between the two FFQs
examined at a 1-year interval was between 0.22 (vitamin A) and 0.51 (calcium) (average:
0.39). The median value of correlation coefficients for nutrients between the FFQ and
the 12-day diet records was 0.39. The FFQ was assessed at baseline and visit 3, which is
the second follow-up (visit 3: 2005-2006). We applied the average of dietary intake from
two FFQs for the calculation of plant-based diet indices. When participants developed
T2D before visit 3 or did not complete the questionnaire at visit 3, we used only baseline
dietary intake. Participants were asked to report the frequency and the portion size of food
consumption over the past year. The FFQ had nine answers for frequency of consumption,
ranging from “almost never” to “3 times or more per day,” and three answers for portion
size (small, medium, or large) [28].

We applied previously reported processes for calculating three plant-based diet index
scores [15,18] (Table S1). Briefly, the food items were classified into 17 food groups based
on nutrient and culinary similarities and then the food groups were categorized into
three larger groups, which are healthy, less healthy plant and animal food group. We
distinguished between healthy plant foods and less healthy plant foods depending on
the associations of food items with disease risk [14,15,18,19]. Healthy plant foods include
whole grains, fruits, vegetables, nuts, legumes, tea/coffee, and less healthy plant foods
include refined grains, potatoes, sugar-sweetened beverages, sweets and desserts, salty
foods. Animal foods include animal fat, dairy, eggs, fish, meat, and miscellaneous animal
foods. We classified salty foods (i.e., kimchi) as less healthy plant foods due to high sodium
content. We did not separate vegetable oil and fruit juices included in the original indices
as food groups [14,15], because the oil intake was not queried in the FFQ, and fruits and
fruit juices were queried together. Alcoholic beverages were excluded from the calculation
of indices due to unclear directions of association for various health outcomes. Some mixed
dishes, such as pizza and hamburgers/sandwiches, were queried individually in the FFQ
and were categorized into miscellaneous animal foods.

After we formulated group foods, participants were ranked into energy-adjusted
quintiles. For the PDI score, participants in the highest quintile of each of all plant foods
were scored 5 while those in the lowest quintile of each of all plant foods were scored 1.
For the hPD], participants in the highest quintile of only healthy plant foods were scored 5
while those in the highest quintile of less healthy plant foods were scored 1. For the uPDI,
participants in the highest quintile of only less healthy plant foods were scored 5 while
those in the highest quintile of healthy plant foods were scored 1. For all plant-based
diet indices, animal foods were adversely scored. For instance, participants in the highest
quintile of animal fat consumption were scored 1, and those in the lowest quintile of
animal fat consumption were scored 5. Thus, higher scores in all plant-based diet indices
represented lower consumption of animal foods. After summing up the scores across these
categories for plant and animal foods, the overall diet scores were divided into quintiles for
analysis. In the present study, the Spearman correlation coefficients between PDI and hPDI
were the highest (0.44), and the correlations were —0.15 between hPDI and uPD], and 0.14
between PDI and uPDI.

2.3. Ascertainment of Type 2 Diabetes

T2D incidence was defined as having one or more of the following criteria [29]:
elevated fasting plasma glucose, use of the oral hypoglycemic drug, or current treatment
with insulin. Biochemical assessment, medical history, and medication use were identified
at biennial follow-up visits. Elevated plasma glucose was considered as >126 mg/dL.
Blood samples were collected after >8 h of fasting and the samples were stored at —80 °C
until analyses. An auto-analyzer (ADVIA 1650, Bayer HealthCare) was used to measure the
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glucose concentration enzymatically using a standardized protocol. In a reliability study, the
laboratory value of this biomarker is highly reproducible (Pearson’s correlation > 0.99) [30].

2.4. Assessment of Covariates

Information on demographic and lifestyle factors at baseline were investigated using
structured questionnaires, administered by trained interviewers. Educational level was
divided into <6, 7 to 12, and >12 years. Cigarette smoking was queried as pack-years
of cigarettes. Alcohol intake was assessed among former and current drinkers who had
consumed alcohol within one year. Physical activity was calculated using the metabolic
equivalent of task based on the types and intensity of physical activity [31]. Baseline height
and weight of participants were measured by trained staff. Height was measured to the
nearest 0.1 cm without shoes using a stadiometer (Samhwa Instrument, Seoul, Korea) and
body weight was measured to 0.1 kg in light clothes without shoes. Body mass index (BMI)
was calculated from measured weight (kg) divided by height squared (m?). We calculated
total energy intake using a food composition table from the Korean Nutrition Society [32].
History of hypertension at baseline was defined as a self-report of a doctor’s diagnosis
of hypertension.

2.5. Statistical Analysis

Baseline characteristics of participants are described as mean and standard deviation
(SD) or number and percentage (categorical variables). Food group consumption was
compared between the lowest and highest quintile of each plant-based diet indices and
was expressed as serving size per 1000 kcal.

The risk of T2D per a 10-point higher score of plant-based diet indices were tested
using multivariable Cox proportional hazards models. Age (year, continuous) and sex
(men/women) were adjusted in Model 1. Additionally, residential location (rural/urban),
education (<6, 7-12, >12 years), physical activity (MET/day, continuous), cigarette smoking
(continuous), alcohol consumption (g/day, continuous), BMI (kg/m?, continuous), total
energy intake (kcal/day, continuous), family history of diabetes (yes/no), and history of
hypertension at baseline (yes/no) were adjusted in Model 2. We selected the potential
confounding factors from the previous literature [14,18].

Next, the restricted cubic splines with 4 knots were applied to examine the shape of the
associations for plant-based diet indices. Effect modification by sex, baseline BMI, family
history of diabetes, and history of hypertension were tested with cross-product terms.

Person year was calculated as the time from baseline examination until the date of
T2D event or censoring. Censoring was defined as those who did not develop T2D until
the end date of the study or those who developed cancer or cardiovascular disease before
developing diabetes during follow—up visits. We did not consider the death of participants,
due to the unavailability of the data.

We tested the proportional hazard assumption using Schoenfeld’s residuals, which
was met [33]. All data were analyzed using SAS software, version 9.4 (SAS Institute, Cary,
NC, USA) [34]. p < 0.05 was considered significant for two-sided tests.

3. Results

During a follow-up of 82,351 person-years, 977 (13%) T2D cases were identified.
Table 1 summarizes participants’ characteristics at baseline. Individuals in the Q5 (highest
quintile) of PDI and hPDI were more likely to be older, women, to live in rural areas, had
lower education levels and cigarette smoking (modest for PDI), consuming less alcohol,
had higher BMI, were more physically active, and were more likely to have hypertension
compared to those in the Q1 (lowest quintile) of PDI and hPDI. Individuals in the Q5 of
uPDI were more likely to be older, men, to live in rural areas, had lower education levels,
higher cigarette smoking, had lower BMI, were more physically active, and were more
likely to have hypertension compared to those in the Q1 of uPDI.
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Table 1. Baseline characteristics of study participants in the lowest versus highest quintile of plant-
based diet indices.

PDI hPDI uPDI
Quintile 1 Quintile 5 Quintile 1 Quintile 5 Quintile 1 Quintile 5
Sample size, n 1451 1438 1506 1452 1586 1186
Median score (range) 44 (31-46) 58 (56—69) 43 (28-45) 59 (57-74) 43 (29-46) 62 (60-76)
Female, n (%) 673 (46.4) 875 (60.9) 542 (36.0) 1033 (71.1) 1014 (63.9) 581 (49.0)
Age, years 49.7 (8.4) 53.8 (8.9) 49.2 (8.2) 54.2 (8.7) 49.1 (7.8) 55.4 (8.9)
Residential location, 1 (%)
Rural, Ansung 618 (42.6) 830 (57.7) 496 (32.9) 834 (57.4) 394 (24.8) 939 (79.2)
Urban, Ansan 833 (57.4) 608 (42.3) 1010 (67.1) 618 (42.6) 1192 (75.2) 247 (20.8)
Education level, 1 (%)
<6 years 334 (23.0) 607 (42.2) 315 (20.9) 616 (42.4) 233 (14.7) 627 (52.9)
7-12 years 842 (58.0) 709 (49.3) 886 (58.8) 716 (49.3) 1009 (63.6) 499 (42.1)
>12 years 275 (19.0) 122 (8.5) 305 (20.3) 120 (8.3) 344 (21.7) 60 (5.0)
Cigarette smoking (pack-year) 9.5 (14.9) 8.4 (15.6) * 12.6 (16.4) 5.7 (13.1) 6.3 (13.1) 11.0 (17.1)
Alcohol intake (g/day) 11.8 (23.1) 7.1(20.1) 13.7 (26.3) 5.7 (17.8) 8.7 (20.7) 8.4 (19.0)
Body Mass Index (kg/m?) 24.4 (3.0) 24.8 (3.2) 245 (3.1) 24.8 (3.3) 24.7 (3.0) 24.3 (3.2)
Physical activity (MET/day) 21.7 (14.3) 25.9 (15.6) 21.7 (14.0) 24.8 (15.5) 20.2 (12.0) 27.2 (16.8)
Family history of diabetes, 1 (%) 179 (12.3) 140 9.7) * 160 (10.6) 143 (9.9) * 223 (14.1) 91 (7.7)
History of hypertension, # (%) 151 (10.4) 227 (15.8) 160 (10.6) 282 (19.4) 200 (12.6) 203 (17.1)

Data are expressed as mean =+ SD or n (%). PDI, overall plant-based diet index; hPDI, healthful plant-based diet
index, MET, Metabolic equivalent of task; uPDI, unhealthful plant-based diet index. * Values are not significantly
different between Q1 and Q5 group. Except for that, all values are significantly different between Q1 and

Q5 group.

Table 2 shows the food group consumption of participants in the lowest (Q1) versus
highest quintile (QQ5) of plant-based diet indices. Individuals in the Q5 of PDI consumed
greater amounts of whole grains, fruits, vegetables, legumes, tea and coffee, potatoes,
sweets and desserts, and salty foods and less amounts of refined grains, dairy, eggs, fish,
and meat compared to those in the Q1 of PDI. Individuals in the Q5 of hPDI consumed
greater amounts of whole grains, fruits, vegetables, and legumes and consumed less
amounts of refined grains, potatoes, sugar-sweetened beverages, sweets and desserts, and
all animal foods compared to those in the Q1 of hPDI. On the contrary, individuals in
the Q5 of uPDI consumed less amounts of all healthy plant foods and greater amounts of
refined grains and salty foods compared to those in the Q1 of uPDI.

Table 2. Dietary consumption of participants in the lowest versus highest quintile of plant-based diet

indices.
PDI hPDI uPDI
Quintile 1 Quintile 5 Quintile 1 Quintile 5 Quintile 1 Quintile 5
Total energy intake, kcal/day 2048 (676) 1836 (584) 2016 (594) 1850 (617) 2064 (584) 1717 (584)
Food group intake (servings/1000 kcal /week)

Whole grain 4.6 (4.4) 7.0 (4.5) 2.5(3.2) 9.9 (3.7) 7.5 (3.5) 3.6 (4.5)

Fruits 8.2(7.0) 13.2 (8.3) 7.4 (5.3) 13.7 (9.2) 14.0 (7.7) 7.0 (6.7)

Vegetables 11.9 (6.7) 18.2 (8.4) 13.5 (6.4) 16.1 (9.3) 18.5 (8.0) 10.6 (6.4)

Nuts 0.1(0.3) 0.3 (0.5) 0.1 (0.4) 0.3 (0.6) 0.4 (0.7) 0.0 (0.2)

Legumes 1.7 (1.5) 3.8 (3.0 1.9 (1.6) 3.7 (3.0) 3.3(2.0) 1.7 (2.2)

Tea and coffee 4.3 (3.8) 6.5 (4.9) 6.2 (4.7) 4.6 (4.4) 6.4 (4.4) 3.9(4.8)

Refined grains 3.3(4.6) 1.8 (2.9) 4.7 (5.0) 0.9 (1.6) 1.0(1.7) 4.6(5.4)
Potatoes 0.6 (0.6) 1.3(1.2) 1.0 (0.9) 0.8 (1.0) 0.9 (0.9) 09(1.5)*
Sugar-sweetened beverages 0.6 (1.0) 0.7 (1.0) 1.1(1.1) 0.3 (0.6) 0.6 (0.8) 0.6 (1.0) *
Sweets and desserts 3.4 (3.0) 4.8 (3.8) 5.6 (3.5) 2.6 (2.9) 3.9(2.9) 3.8(4.2)*
Salty foods 11.6 (6.2) 19.6 (8.2) 16.0 (7.5) 15.2 (8.3) 13.3 (6.2) 18.8 (9.3)

Animal fat 3.5(3.8) 35(4.4)* 5.3 (4.3) 1.9 (3.2) 4.1 (3.9) 2.8 (4.3)

Dairy 34(27) 1.8 (2.1) 3.0 (2.3) 2.1 (2.5) 3.8 (2.6) 1.3(1.9)
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Table 2. Cont.
PDI hPDI uPDI
Quintile 1 Quintile 5 Quintile 1 Quintile 5 Quintile 1 Quintile 5
Eggs 1.1 (1.0) 0.6 (0.8) 1.1 (0.9) 0.6 (0.8) 1.2 (0.9) 0.4 (0.7)
Fish 4.7 (2.7) 3.7 (2.9) 5.0 (2.7) 35(3.1) 5.9 (2.9) 2.0(1.7)
Meat 0.9 (1.1) 0.4 (0.5) 1.2 (1.3) 0.3 (0.5) 0.6 (0.7) 0.5 (0.8)
Miscellaneous animal foods 0.2 (0.3) 0.1(0.2) 0.2 (0.3) 0.1(0.1) 0.2(0.2) 0.1(0.2)
Healthy plant foods 30.8 (12.0) 48.9 (13.6) 31.7 (10.8) 48.3 (14.7) 50.2 (12.5) 26.8 (10.7)
Less healthy plant foods 19.5 (8.4) 28.2 (9.7) 28.3 (9.9) 19.7 (8.8) 19.7 (6.9) 28.8 (11.9)
Animal foods 13.8 (5.7) 10.1 (5.7) 15.8 (5.5) 8.5 (5.3) 15.8 (5.0) 7.0 (4.9)

Values are means (SD). * Values are not significantly different between Q1 and Q5 group. Except for that, all
values are significantly different between Q1 and Q5 group.

Table 3 reports the hazard ratios and 95% confidence intervals for developing T2D
according to a 10-point higher score of plant-based diet indices. In the age and sex-adjusted
model, the hPDI was not significantly associated with the risk of T2D (HR = 0.92, 95% (I,
0.83-1.02). However, in the multivariable-adjusted model, a 10-point higher score of hPDI
was associated with a 14 % lower risk of T2D after adjustment for potential confounders
(HR: 0.86, 95% CI, 0.77-0.95). When we additionally adjusted for dietary fiber or calcium,
the results remained the same. This association was reflected when the relation between
hPDI with incident T2D was visually depicted (Figure 2). However, neither PDI nor uPDI
was significantly associated with the risk of T2D.

Table 3. Hazard ratios and 95% confidence intervals for incident type 2 diabetes according to a
10-point higher score of plant-based diet indices.

Model PDI hPDI uPDI
Median (SD) 51 (5.2) 51 (6.4) 52 (7.0)
Model 1 1.04 (0.92-1.18) 0.92 (0.83-1.02) 1.06 (0.97-1.16)
Model 2 0.99 (0.88-1.12) 0.86 (0.77-0.95) 1.06 (0.96-1.18)

Model 1 was adjusted for age (year, continuous) and sex (men/women). Model 2 was additionally adjusted for
residential area (rural/urban), education (<6, 7-12, >12 years), physical activity (MET-hour/day, continuous),
smoking cigarettes (continuous), alcohol intake (g/day, continuous), baseline body mass index (kg/m?, continu-
ous), total energy intake (kcal/day, continuous), family history of diabetes (yes/no), and history of hypertension
at baseline (yes/no).

1.4

1.2

1.0

0.8

Adjusted Hazard Ratio (95% ClI)

0.6

0.4

35
Healthful Plant-Based Diet Scores

Figure 2. Association of healthful plant-based diet score with incident type 2 diabetes according to
the continuous plant-based diet score among the middle-aged and older Korean population.
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The solid lines represent the multivariable-adjusted hazard ratios for incident type
2 diabetes, modelled using restricted cubic splines with 4 knots (5th, 35th, 65th, and 95th
percentiles). The reference was set at the 5th percentile of the score. The dashed lines
represent 95% confidence intervals. The model adjusted for age (year, continuous) and
sex (men/women), residence area (rural/urban), education (<6, 7-12, >12 years), physical
activity (MET/day, continuous), cigarette smoking (continuous), alcohol intake (g/day,
continuous), baseline body mass index (kg/m?, continuous), total energy intake (kcal/day,
continuous), family history of diabetes (yes/no), and history of hypertension at baseline
(yes/no).

Additionally, when we conducted the subgroup analysis stratified by sex, baseline
BMI, family history of T2D, and history of hypertension, an inverse relationships between
hPDI and T2D risk were stronger in participants with a family history of T2D (HR: 0.58, 95%
CI, 0.44 0.76) or history of hypertension (HR: 0.73, 95% CI, 0.60 0.89) than those without a
family history of T2D (p interaction = 0.01) or history of hypertension (p interaction = 0.04).
(Table 4)

Table 4. Hazard ratios (HR) and 95% confidence intervals (CI) for incident type 2 diabetes according
to the continuous hPDI score, stratified by selected characteristics.

Healthful Plant-Based Diet Index p Interaction
Sex
Men 0.89 (0.77-1.04) * 0.85
Women 0.84 (0.72-0.97)
Baseline body mass index
>25 kg /m? 0.84 (0.73-0.96) 0.19
<25 kg/m? 0.90 (0.76-1.07)
Family history of T2D
Yes 0.58 (0.44-0.76) 0.01
No 0.92 (0.82-1.03)
History of hypertension
Yes 0.73 (0.60-0.89) 0.04
No 0.92 (0.81-1.04)

* per a 10-point higher score of healthful plant-based diet index. Adjusted for age (years, continuous), residence
area (rural/urban), education (<6, 7-12, >12 years), physical activity (MET/day, continuous), cigarette smoking
(continuous), alcohol intake (g/day, continuous), body mass index (kg/m?, continuous), total energy intake
(kcal/day, continuous), family history of diabetes (yes/no), and history of hypertension at baseline (yes/no).
MET, metabolic equivalent task; T2D, type 2 diabetes.

4. Discussion

Greater adherence to a healthful plant-based diet (captured by hPDI) was associated
with a 14% lower risk of T2D in South Korean adults after adjustment for demographic
factors, lifestyle factors, and BMI. In subgroup analyses, the inverse relationship was
stronger among participants with a family history of T2D or history of hypertension than
those without a family history of T2D or history of hypertension. However, overall plant-
based diets (captured by PDI) and unhealthy plant-based diets (captured by uPDI) were
not significantly associated with the risk of T2D. The inverse association of hPDI with the
risk of T2D highlights that greater adherence to diets higher in healthy plant foods and
lower in less healthy plant foods and animal foods may be important for the prevention
of T2D.

Several studies have explored the association between plant-based diets and T2D risk.
Three prospective cohort studies have reported that higher score of PDI and hPDI were
associated with 49% and 45% lower risk of T2D, respectively, whereas higher score of uPDI
was associated with a 16% higher risk of T2D in the US adults [14]. The current study also
showed a stronger association of the hPDI with T2D. A Singapore Chinese study showed
that higher scores of PDI and hPDI were associated with 17% and 19% lower risk of T2D,
respectively, in the middle-aged and older adults [16]. In the Rotterdam study, a higher
adherence to an overall plant-based diet was associated with a 13% lower T2D risk after
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adjustment for potential confounders in Dutch adults [3]. Kim et al. showed that great
adherence to PDI was associated with a 20% lower risk of elevated fasting glucose (>100
mg/dL) as a component of metabolic syndrome, but not with hPDI or uPDI among Korean
adults [18]. The differences in findings between the two Korean studies may be due to the
differences in exclusion criteria of participants, diagnosis criteria (e.g., blood glucose cut
point), and covariates for adjustment, although the same cohort data were used.

Unlike US adults [14], an overall plant-based diet captured by PDI was not associated
with the incidence of T2D in the Korean population. No association of PDI with T2D
shows that increasing the amount of plant foods without consideration of the quality of
plant foods may not be beneficial for the prevention of T2D in a population that habitually
consumes diets high in plant foods and low in animal foods. Based on our data, Korean
adults consumed half the amount of animal foods and more plant foods than US adults [14].
In addition, the differences in non-dietary lifestyle risk factors for T2D may be attributable
to differential effect size in T2D risk between US adults and Korean adults. Korean adults
have healthier indicators on average including lower BMI, more physical activity, and less
alcohol consumption than US adults [14].

In the current study, participants in the highest quintile of hPDI consumed greater
amounts of whole grains, fruits, vegetables, and legumes, and lesser amounts of refined
grains, sugar sweetened beverages, animal fat, and meat compared to those in the lowest
quintile of hPDI. Combinations of these food groups would contribute to reducing the
risk of T2D. In a meta-analysis, whole grains, fruits, vegetables, and soy products were
associated with a reduced risk of T2D, while refined grains, red meat, processed meat,
and sugar sweetened beverages were associated with an increased risk of T2D [35,36].
Several mechanisms have been suggested for how a healthful plant-based diet lowers the
risk of T2D. Diets rich in healthy plant foods include various favorable food components
and nutrients such as dietary fiber, antioxidants, micronutrients, and unsaturated fatty
acids [37,38], and the diet is low in saturated fatty acids and cholesterol. A meta-analysis
of clinical trials has shown that soluble fiber intake improved glycemic control in patients
with T2D [39]. Epidemiologic studies have shown flavonoids/polyphenols may have anti-
diabetic effects by increasing glucose metabolism, improving vascular functions as well as
reducing insulin resistance [40]. Polyunsaturated fatty acids are associated with improved
glycemic control and with anti-inflammatory effects [41]. In addition, another mechanism
may be related to the gut microbiome. A healthy plant-based diet may improve gut
microbiota profiles that facilitate the metabolism of dietary components, such as fiber and
polyphenols, and diminish the metabolism of microbial metabolites, such as trimethylamine
N-oxide, which are primarily found in animal originated foods [42,43]. This microbial
change may induce a reduction of T2D risk.

Interestingly, an inverse association between the healthier version of the plant-based
diet and T2D was stronger in participants who have a family history of T2D or history of
hypertension. This population may be at a higher risk of T2D, possibly due to abnormal
obesity-related body composition (higher BMI and waist-hip ratio) and genetic factors [44].
This suggests that a healthier dietary pattern may have more benefits for a vulnerable
population who are at a higher risk of T2D.

This study explored the prospective associations between different plant-based diet
indices assessed by the healthiness of plant-based diet and the risk of T2D in the Korean
population, which has traditionally consumed diets rich in plant foods. Strengths of this
study include the use of data from a community-based cohort, validated FFQ, repeated
dietary assessments, and a relatively long follow-up period. The current study also focused
on the Korean population which may have different eating habits from the population in
Western countries.

However, several limitations should be noted. Reporting of dietary intakes can be
subject to measurement error although the FFQ was validated in South Korean adults [45].
The FFQ has some mixed dishes that combine healthy plant food and less healthy plant
food and combines plant food and animal food such as Bibimbap. We queried fruit (healthy)
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and fruit juice (less healthy) together in the FFQ and data on vegetable oil intake was not
collected from the FFQ. Furthermore, the processing/cooking method was not considered
in the differentiation of healthy plant and less healthy plant foods. These food classifications
might not completely distinguish the consumption of healthy plant or less healthy plant
foods and, thus, they may have led to an attenuation of the association between uPDI and
incident T2D. Although we used the average of dietary intakes from two FFQs, there is
possibility that dietary habits of participants might have changed over time. T2D cases
might be missing because HbAlc was not included as the criteria of diagnosis. Some
person’s time may be misclassified because data on death or moving were not available.
Missing data on covariates were not imputed in the current analysis. Lastly, there may still
be residual confounding although important confounders were adjusted.

5. Conclusions

In a community-based cohort of Korean men and women, greater adherence to diets
high in healthy plant foods and low in unhealthy plant foods and animal foods in the
context of a plant-based diet was associated with a lower risk of incident T2D. These results
emphasize the importance of considering the quality of plant foods for the prevention of
T2D in Koreans. Further research confirming the associations between plant-based diet
indices and T2D in diverse ethnic populations with different dietary habits are warranted.
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