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This study aimed to investigate the association between adherence to plant-based dietary patterns 
and (i) novel risk factors for cardiovascular disease (CVD), (ii) major adverse cardiovascular events 
(MACE), and (iii) novel anthropometric indices among patients with type 2 diabetes. This cross-
sectional study included a randomly selected sample of 490 adults with type 2 diabetes. Dietary intake 
was assessed using a validated food frequency questionnaire (FFQ), and three plant-based diet indices 
were calculated: the overall Plant-Based Diet Index (PDI), the healthful PDI (hPDI), and the unhealthful 
PDI (uPDI). Novel cardiovascular risk factors, including Castelli Risk Index 1 (CRI-1), Castelli Risk Index 
2 (CRI-2), lipid accumulation product (LAP), atherogenic index of plasma (AIP), and CHOLINDEX (CI), 
were evaluated. MACE were defined as the occurrence of myocardial infarction, stroke, hospitalization 
due to heart failure, angioplasty, or bypass surgery. Novel anthropometric indices assessed included 
the Body Roundness Index (BRI), Abdominal Volume Index (AVI), and A Body Shape Index (ABSI). 
Associations between plant-based diet indices and study outcomes were analyzed using multivariable 
logistic regression models. Higher adherence to uPDI was associated with elevated AVI (OR = 1.64; 
95% CI: 1.01–2.65; P = 0.042). Participants in the highest tertile of the hPDI had significantly lower CI 
(OR = 0.42; 95% CI: 0.23–0.76; P = 0.004) and CRI-2 (OR = 0.43; 95% CI: 0.23–0.76; P = 0.004). Moreover, 
greater adherence to the PDI was associated with a reduced likelihood of bypass surgery (OR = 0.49; 
95% CI: 0.24–0.99; P = 0.044). Greater adherence to hPDI was associated with more favorable CVD 
risk profiles, whereas higher uPDI was linked to increased AVI. Additionally, higher overall PDI was 
associated with reduced odds of bypass surgery. These associations require confirmation in prospective 
studies.
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Type 2 diabetes mellitus (T2DM) has emerged as a significant global public health challenge, with its prevalence 
rising at an alarming rate1,2. Current projections suggest that by 2050, approximately 750 million people worldwide 
will be living with T2DM3. In Iran, the prevalence of type 2 diabetes is estimated at approximately 10.8% among 
adults, underscoring that nearly one in ten individuals is living with this condition4. T2DM affects multiple organ 
systems, with cardiovascular disease emerging as one of its most important and serious consequences, largely 
driven by chronic hyperglycemia–related vascular injury5–9. Despite the serious complications associated with 
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type 2 diabetes, it is crucial to identify the factors that influence its onset and management. While hereditary 
factors contribute to the onset of type 2 diabetes, modifiable elements, particularly diet, physical activity, and 
overall lifestyle, play a major role not only in the initiation of T2DM but also in the severity and progression of 
its complications10–12.

Among individuals with diabetes, suboptimal dietary patterns and excess body weight significantly amplify 
the chances of developing CVD13,14. These adverse dietary patterns contribute to the persistence and exacerbation 
of metabolic disturbances, including dyslipidemia and chronic hyperglycemia, which foster insulin resistance 
and elevate circulating free fatty acid levels15,16. Consequently, this disturbed metabolic milieu initiates a cascade 
of damaging processes, such as heightened oxidative stress, augmented production of advanced glycation end-
products, and dysregulated cellular signaling pathways17,18. These mechanisms converge to accelerate chronic 
inflammation, vascular endothelial dysfunction, thrombogenesis, and ultimately, atherosclerotic plaque 
formation19. Given the central role of these complications, optimizing dietary patterns is a critical and modifiable 
factor that exerts a profound influence on the management of diabetes and its related complications20,21.

Among various dietary interventions, plant-based diets, characterized by an emphasis on whole, minimally 
processed plant foods such as vegetables, fruits, whole grains, legumes, nuts, and seeds, have garnered increasing 
attention for their potential metabolic benefits22. Accumulating evidence indicates that adhering to plant-based 
dietary patterns can enhance glycemic control, decrease insulin resistance, and lead to significant reductions in 
both blood glucose and HbA1c levels22–24. Building upon these metabolic benefits, these diets are also crucial 
given the severe and persistent cardiovascular risk faced by T2DM patients25. Previous research in general 
populations has consistently demonstrated that greater adherence to PDI (Plant-Based Diet Index) is linked to 
lower levels of cardiovascular risk factors, including body weight, body mass index (BMI), and blood pressure26. 
Findings from a 2019 prospective cohort study further indicated that higher PDI adherence was associated with 
a reduced incidence of cardiovascular disease27. However, evidence regarding this association among individuals 
with diabetes remains limited. A cross-sectional study conducted in 2021 reported an inverse association 
between PDI adherence and fasting blood glucose, while no significant associations were observed for other 
cardiometabolic risk factors28. Novel anthropometric indices, including the Body Roundness Index (BRI), A 
Body Shape Index (ABSI), and an Abdominal Volume Index (AVI), provide a more accurate assessment of 
body fat distribution and cardiovascular risk than traditional measures; however, their relationship with plant-
based diet indices has not been investigated. Given the high burden of cardiovascular complications and the 
lack of studies examining the associations of plant-based diet indices with novel cardiovascular risk factors, 
major adverse cardiovascular events, and novel anthropometric indices, this study aims to investigate these 
relationships.

Method and materials
Study design and population
This cross-sectional study was conducted to explore the associations between various plant-based diet indices, 
including the PDI, the Healthy Plant-Based Diet Index (h-PDI), and the Unhealthy Plant-Based Diet Index 
(u-PDI), and novel CVD risk factors, major adverse cardiovascular event (MACE), and Novel Anthropometric 
Indices, among adults living with type 2 diabetes. Participant enrollment took place at the tertiary diabetes and 
metabolic disorders clinic affiliated with Tehran University of Medical Sciences, spanning the period from May 
2021 to September 2022. A total of 490 individuals aged 35 to 80 years with a confirmed diagnosis of type 2 
diabetes were randomly selected from patients referred to the clinic. To qualify for the study, participants were 
required to have lived with type 2 diabetes for at least two years and to fall within the predefined age range. Those 
undergoing insulin therapy, pregnant or breastfeeding women, individuals on estrogen hormone treatments, 
and patients with autoimmune diseases, acute renal or gastrointestinal conditions, or hepatic malignancies were 
excluded. Furthermore, cases with incomplete clinical documentation or with extreme reported daily energy 
intakes (< 800 kcal or > 4,200 kcal) were not considered for analysis. The study protocol was approved by the 
Human Ethics Committee of Tehran University of Medical Sciences (approval code: IR.TUMS.MEDICINE.
REC.1400.369). All procedures were conducted in accordance with the Declaration of Helsinki, and written 
informed consent was obtained from all participants before enrollment.

Dietary intake assessment
Dietary assessment was performed using a reliable and extensively validated semi-quantitative food frequency 
questionnaire (FFQ) consisting of 168 items29. An experienced nutritionist conducted in-person interviews 
to obtain comprehensive dietary histories from each participant, focusing on their usual food consumption 
over the preceding year. Reported consumption frequencies and portion sizes were converted to average daily 
intakes, which were subsequently standardized to grams per day. The processed dietary data were analyzed with 
Nutritionist IV (First Databank Division, Hearst Corporation, San Bruno, CA, USA), a specialized nutrition 
analysis software modified to reflect Iranian food items, thereby facilitating the accurate determination of 
participants’ macro- and micronutrient consumption profiles.

Plant-Based diet index calculation
We classified plant-based foods into healthy and unhealthy categories based on established epidemiological 
evidence linking specific dietary components to chronic conditions such as type 2 diabetes, cardiovascular 
disease, and certain cancers, as well as intermediary outcomes like obesity, hypertension, and inflammation30,31. 
A total of 16 food groups, including both plant and animal sources, were defined based on their nutritional 
composition and culinary usage. For each of these groups, we calculated the number of daily servings 
by summing the intake of whole foods within each category. The overall Plant-Based Diet Index (PDI) was 
constructed using the scoring system proposed by Martinez-Gonzalez et al.30, while two additional indices, the 
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Healthy Plant-Based Diet Index (hPDI) and the Unhealthy Plant-Based Diet Index (uPDI), were derived based 
on the framework introduced by Satija et al.31. Healthy plant food groups include whole grains, fruits, vegetables, 
legumes, nuts, and vegetable oils. Unhealthy plant-based groups encompassed items such as fruit juices, sugar-
sweetened beverages, refined grains, and potatoes. Animal-based groups included dairy, eggs, meat (both red 
and poultry), fish/seafood, animal fats, and other animal-derived products. Quintile cutoffs were calculated for 
each food group, and scores ranging from 1 to 5 were assigned. For the PDI, plant foods received positive scores: 
participants in the highest quintile of consumption were assigned a score of 5, while those in the lowest quintile 
received a score of 1. Animal foods were scored in reverse: higher consumption received lower scores (e.g., 1 
for the highest quintile, 5 for the lowest). In the hPDI, higher scores were given for greater intake of healthy 
plant foods, while higher consumption of unhealthy plant foods and all animal foods received lower scores. 
Conversely, the uPDI assigned higher scores for greater intake of unhealthy plant foods, with both healthy plant 
foods and animal foods scored inversely. Final index values were calculated by summing the scores across all 16 
dietary groups. Although the theoretical range for each index spanned from 16 (lowest possible adherence) to 
80 (highest adherence), observed ranges in our study were 21–74 for PDI, 26–77 for hPDI, and 31–78 for uPDI. 
It should be noted that an increase in any of these indices reflects a decreased intake of animal-based foods. 
Alcoholic beverages were excluded from index calculations due to their complex and inconsistent associations 
with health outcomes.

Biochemical indices assessment
After an overnight fast lasting 12 to 14 h, venous blood samples were obtained and analyzed using standard 
laboratory techniques to assess levels of triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), total cholesterol, and fasting blood glucose (FBS). Blood pressure 
measurements, including both systolic (SBP) and diastolic (DBP) values, were taken in a seated position by a 
trained healthcare provider using a validated sphygmomanometer.

Evaluation of novel risk factors for cardiovascular disease
By using LDL-C, HDL-C, and TG and following the formula, the novel risk factors for cardiovascular disease, like 
CRI-1 (Castelli risk index 1), CRI-2 (Castelli risk index 2), LAP (lipid accumulation product), AIP (Atherogenic 
index of plasma), and CI (CHOLINDEX), were obtained:

	
CRI − 1 = T C

HDL − C

	
CRI − 2 = LDL − C

HDL − C

	 LAP = (W C − 65) ∗ (T G) for Men

	 LAP = (W C − 58) ∗ (T G) for women

	 CI = IF T F > 400 (LDL − HDL + 1.5) ∗ T G

	 CI = IF T G < 400 (LDL − HDL) ∗ T G

	
AIP = Log

T G

HDL − C

Assessment of major adverse cardiac events (MACE)
Major adverse cardiac events (MACE) serve as a widely accepted composite clinical endpoint in cardiovascular 
research to assess the efficacy and safety of therapeutic interventions32. While definitions of MACE may differ 
across studies, a five-component MACE definition was employed in this investigation. This included myocardial 
infarction, stroke, hospitalization due to heart failure, and revascularization interventions, including angioplasty 
and bypass surgery. Cardiovascular death, although commonly part of MACE definitions, was excluded from 
this study due to the absence of such events in the study population33. Data were collected through structured 
interviews and review of medical records to ensure accuracy and completeness.

Anthropometric indices assessment
Participants’ height was measured without shoes while standing upright, with an accuracy of 0.1 cm. Weight 
was assessed barefoot and wearing minimal clothing, using a digital scale precise to 0.1 kg. Body mass index 
(BMI) was computed by dividing the weight in kilograms by the square of the height in meters (kg/m²). Waist 
circumference was measured at the narrowest area between the lower rib and iliac crest, and hip circumference 
was recorded at the widest part of the hips, both taken using a non-elastic tape with 0.1 cm precision.

The A Body Shape Index (ABSI), Body Roundness Index (BRI), and Abdominal Volume Index (AVI, all 
considered novel anthropometric indices, were determined following established methods, utilizing waist 
circumference (WC, in meters), BMI, and height (in meters), as detailed below:

	

ABSI = W C

BMI
2/

3 ∗ height
1/

2
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BRI = 364.2 − 365.5 ∗

√
1 −

(
W C
2π

)2

(0.5height)2

	
AV I = 2 (W C)2 + 0.7 (W C − hip)2

1000

Physical activity assessment
Physical activity levels were evaluated using the short form of the International Physical Activity Questionnaire 
(IPAQ), which includes seven items34. This instrument captures the frequency (days per week) and duration 
(minutes per day) of both moderate and vigorous physical activities, in addition to time spent walking and 
sitting over the previous seven days. Based on total energy expenditure, physical activity was categorized as low 
(< 600 MET-min/week), moderate (600–3000 MET-min/week), or high (> 3000 MET-min/week).

Assessment of other variables
A structured questionnaire was used to assess participants’ socioeconomic status, incorporating items related 
to marital status, educational attainment, employment status, household size, sources of income, type of 
transportation, home ownership, and other relevant factors. Each item was assigned a specific code, and a 
composite socioeconomic status score was generated by calculating the mean of these coded responses. The 
final score was scaled to range from 1 to 10, with higher values indicating higher socioeconomic status. Smoking 
status was assessed by asking participants whether they were current smokers or non-smokers.

Statistical analysis
To facilitate comparative analyses, all participants were grouped into tertiles according to their PDI, hPDI, and 
uPDI. Continuous variables describing baseline characteristics are summarized as means ± standard deviations 
and were examined across tertiles using one-way ANOVA, while categorical variables (expressed as percentages) 
were assessed with the chi-square test. To evaluate differences in dietary intake, analysis of covariance 
(ANCOVA) was employed, with adjustments made for overall energy intake, except in models where energy 
intake constituted the main variable of interest. Associations between the plant-based diet indices (PDI, hPDI, 
and uPDI) and various body shape parameters, emerging cardiovascular risk factors, and major adverse cardiac 
events were evaluated using binary logistic regression analyses. Thresholds for classification were selected based 
on established literature: ABSI at 0.08, BRI at 5.20, AVI at 17.30, AIP at 0.11, CRI-1 at ≥ 4, and CRI-2 at ≥ 
335–40. Analyses were performed using three models: an unadjusted model, Model 1 (adjusted for total energy 
intake, age, and sex), and Model 2 further adjusted for smoking status, socioeconomic status, history of chronic 
diseases, adherence to diabetes diets, educational attainment, marital status, physical activity, and supplement 
use. All statistical procedures were performed with SPSS for Windows, version 26.0 (IBM Corp., Armonk, NY, 
USA), and results with a p-value less than 0.05 were considered statistically significant.

Ethical approval
All procedures involving human participants were conducted in accordance with relevant guidelines and 
regulations, and the study protocol was reviewed and approved by the Human Ethical Committee of Tehran 
University of Medical Sciences (IR.TUMS.MEDICINE.REC.1400.185).

Consent to participate
Written informed consent was obtained from all participants prior to their inclusion in this study.

Result
Table  1 presents the baseline characteristics of participants according to tertiles of PDI, hPDI, and uPDI. 
Individuals in the highest tertile of PDI were more likely to have a higher socioeconomic status compared to 
those in the lowest tertile. Among participants with the highest hPDI scores, higher marriage rates, greater 
socioeconomic status, higher educational attainment, increased physical activity levels, lower prevalence of 
smoking, and lower hip circumference were observed compared to those in the lowest hPDI tertile. Conversely, 
those in the highest tertile of uPDI tended to be older, predominantly female (p = 0.001), and had a greater 
likelihood of smoking. Higher scores on the uPDI were positively associated with increased BRI. Conversely, 
lower uPDI adherence was significantly associated with higher LDL levels. In contrast, higher scores on the hPDI 
demonstrated a positive correlation with greater measures of CRI-1, CRI-2, CI, HC, and BRI.

Table  2 summarizes the dietary intake profiles of participants across tertiles of PDI, hPDI, and uPDI. 
Individuals in the highest PDI tertile reported significantly greater consumption of fiber, magnesium, zinc, 
chromium, calcium, vitamins K and C, whole grains, nuts, legumes, fruits, and vegetables. they also had higher 
intakes of sugar-sweetened beverages (SSBs), fruit juice, and refined grains, whereas participants in the lowest 
PDI tertile consumed more vitamin D. A comparison across hPDI tertiles revealed that those in the highest 
group had increased intakes of carbohydrates, fiber, magnesium, chromium, vitamins B9, B12, K, and C, whole 
grains, legumes, fruits, and vegetables. Conversely, they consumed less refined grains, SSBs, fruit juices, fat, 
and saturated fatty acids compared with individuals in the lowest hPDI tertile. For uPDI, participants in the 
highest tertile had significantly greater intakes of fat, saturated and polyunsaturated fatty acids, vitamin B9, 
vitamin K, nuts, SSBs, fruit juices, and refined grains. In contrast, those in the lowest uPDI tertile reported 
higher consumption of carbohydrates, fiber, magnesium, calcium, fruits, and vegetables relative to those in the 
upper tertile.
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Table 3 presents ORs and 95% CIs for novel anthropometric indices and novel risk factors across PDI, hPDI, 
and uPDI tertiles. For body shape indices, an inverse association with BRI was observed when comparing the 
highest to the lowest tertile of hPDI in the crude model and Model 1; however, this association was no longer 
significant after full adjustment. Similarly, an inverse association with AVI was detected in Model 1, comparing 
tertile 3 to tertile 1, but this relationship also disappeared in Model 2. Conversely, Individuals in the highest 
uPDI tertile had significantly greater odds of elevated AVI in the fully adjusted model (OR = 1.64; 95% CI: 1.01–
2.65; P = 0.042). No other significant associations were noted for body shape variables. Regarding novel CVD 
risk factors, a significant inverse association was found in both the crude model and Model 1 when comparing 
the highest to the lowest hPDI tertile; this association was not evident after full adjustment. Additionally, 
participants in the highest hPDI tertile had significantly lower CI (OR = 0.42; 95% CI: 0.42–0.23; P = 0.004) and 
CRI-2 (OR = 0.43; 95% CI: 0.23–0.76; P = 0.004) values in the fully adjusted model. No significant associations 
were observed for PDI or uPDI with novel CVD risk factors.

Table 4 presents ORs and 95% CIs for MACE components across PDI, hPDI, and uPDI tertiles. Comparing 
the highest to the lowest hPDI tertile, a direct association with MACE was observed in the crude and Model 
1, which was not significant after full adjustment. Participants in the highest PDI tertile were 51% less likely to 
undergo bypass in Model 2 (OR = 0.49; 95% CI: 0.24–0.99; P = 0.044); this inverse association was also evident in 
the crude and Model 1. Additionally, those in the highest uPDI tertile had increased odds of developing CHF in 
the crude and Model 1, but this association was not maintained after adjustment in Model 2.

Discussion
In this study, higher adherence to uPDI was associated with increased AVI, highlighting a potential link between 
unhealthy plant-based dietary patterns and adverse body composition. For other novel anthropometric indices, 
elevated hPDI was initially linked to lower AVI and BRI values in Model 1, though these associations were not 
maintained after full adjustment for potential confounders. Notably, participants in the highest hPDI tertile 
demonstrated significantly lower values for CRI-2 and CI, suggesting a favorable impact of healthier plant-based 
diets on novel CVD risk markers. While a decreased association with LAP was also observed in the crude and 
Model 1 analyses, this effect was attenuated after further adjustments. Regarding MACE components, individuals 
in the highest PDI category had a significantly lower likelihood of undergoing bypass surgery. Additionally, a 
higher hPDI was initially associated with a reduced incidence of MACE, but this relationship was not significant 
after comprehensive adjustment. Conversely, higher adherence to uPDI was linked to a decreased risk of CHF in 
unadjusted and partially adjusted models, an association that did not persist in the fully adjusted model.

Despite extensive research on plant-based dietary patterns, there is a notable lack of studies evaluating 
their associations with novel anthropometric indices, novel CVD risk factors, and MACE, particularly among 
individuals with T2DM. In a cross-sectional study among diabetic patients, Daneshzad et al. examined PDI, hPDI, 
and uPDI in relation to common CVD risk factors, reporting no significant associations with hypertension, BMI 
≥ 30, or elevated waist circumference28. Similarly, a study of 371 healthy adults found no relationship between 
adherence to plant-based diets and traditional vascular risk markers such as BMI, total cholesterol, waist 
circumference, or HDL41. By contrast, findings from Lotfi et al. in individuals with chronic diseases demonstrated 
that greater adherence to hPDI was linked to lower cholesterol concentrations. Furthermore, higher uPDI scores 
were significantly associated with elevated levels of certain CVD risk factors, including FBS, cholesterol, and 
LDL42. A cohort study demonstrated that higher adherence to PDI was associated with a reduced risk of CVD, 
whereas no significant associations were observed for hPDI or uPDI27. However, a 2021 meta-analysis indicated 
that both PDI and hPDI were significantly linked to lower CVD risk43. These results are generally consistent with 
the present findings, which revealed that greater adherence to PDI and hPDI was related to reductions in several 
novel risk factors and anthropometric indices that can be effective in the development of cardiovascular diseases 
in individuals with T2DM.

Higher adherence to uPDI was associated with increased AVI, an anthropometric index previously identified 
as a predictor of CVD44. Individuals in the highest uPDI tertile consumed greater amounts of refined grains 
and sugar-sweetened beverages, dietary components that have been linked to elevated CVD risk in prior 
research45,46. However, no significant associations were observed between hPDI or PDI and any of the novel 
anthropometric indices. This lack of association may be explained by the absence of significant differences in 
weight, BMI, and waist circumference across the tertiles in our study population, which may have limited the 
ability to detect meaningful relationships. Greater adherence to the hPDI was associated with lower values of 
both CRI-2 and CI. Participants in the highest tertile of hPDI also had significantly higher intakes of vitamins B9 
and B12, which may contribute to reduced homocysteine levels, a potential mechanism underlying the protective 
effect against CVD47. Adequate intake of folate (B9) and vitamin B12 is crucial for regulating homocysteine 
metabolism, as they serve as key cofactors in its conversion to methionine. Elevated homocysteine, resulting 
from deficiencies in these vitamins, is linked to increased oxidative stress, impaired endothelial function, 
inflammation, and a higher risk of thrombosis. These processes collectively accelerate atherosclerosis and 
cardiovascular disease progression47–49. Moreover, higher intake of these vitamins in the highest tertile may help 
reduce risk factors associated with cardiovascular disease48. Previous studies have demonstrated a significant 
association between vegetarian or plant-based diets and reduced risk of cardiovascular disease. However, in 
our study, we did not observe a significant relationship between plant-based diet indices and Major Adverse 
Cardiovascular Events, except for an association between PDI and bypass surgery. One possible explanation 
for this discrepancy is that most prior research has focused on healthy populations, whereas the effects of these 
diets in individuals with diabetes have not been adequately studied. The presence of a chronic condition such 
as diabetes may alter or disrupt various biological mechanisms, potentially diminishing the protective effects of 
plant-based dietary patterns on cardiovascular outcomes in this group. In type 2 diabetes, alterations in the gut 
microbiome are characterized by a reduction in short-chain fatty acid (SCFA)- producing bacteria, including 
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Variable PDI tertiles hPDI tertiles uPDI tertiles

T1
(n = 187)

T2
(n = 98)

T3
(n = 205) P-trend*

T1
(n = 195)

T2
(n = 100)

T3
(n = 195) P-trend*

T1
(n = 196)

T2
(n = 97)

T3
(n = 187) P-trend*

Novel anthropometric indices

ABSI

Crude1 1 1.24
(0.66–1.89)

0.89
(0.59–1.36) 0.616 1 1.24

(0.66–1.89)
0.89
(0.59–1.36) 0.616 1 1.47

(0.87–2.48)
1.43
(0.94–2.19) 0.087

Model I 1 1.26
(0.74–1.16)

1.27
(0.77–2.12) 0.331 1 1.26

(0.74–1.16)
1.27
(0.77–2.12) 0.331 1 1.35

(0.79–2.29)
1.21
(0.77–1.92) 0.387

Model II 1 1.35
(0.76–2.40)

1.63
(0.91–2.88) 0.092 1 1.35

(0.76–2.40)
1.63
(0.91–2.88) 0.092 1 1.49

(0.86–2.58)
1.25
(0.78–2.01) 0.330

BRI

Crude1 1 0.66
(0.39–1.12)

0.73
(0.47–1.12) 0.165 1 0.60

(0.35–1.03)
0.43
(0.28–0.66) < 0.001 1 1.50

(0.98–2.53)
1.47
(0.96–2.23) 0.069

Model I 1 0.71
(0.42–1.21)

0.77
(0.50–1.18) 0.251 1 0.62

(0.36–1.07)
0.47
(0.28–0.79) 0.005 1 1.36

(0.80–2.32)
1.2
(0.77–1.92) 0.379

Model II 1 0.85
(0.47–1.51)

0.98
(0.60–1.59) 0.950 1 0.60

(0.33–1.08)
0.61
(0.33–1.11) 0.105 1 1.59

(0.90–2.82)
1.35
(0.82–2.21) 0.224

AVI

Crude1 1 1.15
(0.68–1.94)

0.98
(0.64–1.48) 0.914 1 0.65

(0.39–109)
0.69
(0.45–1.06) 0.093 1 1.19

(0.71–1.99)
1.34
(0.88–2.05) 0.164

Model I 1 1.15
(0.68–1.96)

0.98
(0.64–1.49) 0.917 1 0.63

(0.37–1.06)
0.60
(0.36–1.00) 0.049 1 1.22

(0.72–2.06)
1.41
(0.89–2.27) 0.138

Model II 1 1.37
(0.78–2.42)

1.25
(0.79–1.97) 0.342 1 0.67

(0.39–1.17)
0.85
(0.48–1.51) 0.547 1 1.38

(0.80–2.36)
1.64
(1.01–2.65) 0.042

Novel risk factors for cardiovascular disease

AIP

Crude1 1 1.04
(0.62–1.76)

0.98
(0.64–1.48) 0.920 1 0.85

(0.51–1.41)
1.10
(0.72–1.68) 0.643 1 0.93

(0.55–1.57)
0.69
(0.45–1.05) 0.088

Model I 1 1.01
(0.60–1.71)

0.95
(0.62–1.46) 0.842 1 0.82

(0.49–1.37)
0.98
(0.59–1.64) 0.922 1 0.94

(0.55–1.61)
0.71
(0.45–1.13) 0.150

Model II 1 1.01
(0.58–1.76)

0.79
(0.50–1.24) 0.316 1 0.64

(0.37–1.10)
0.74
(0.41–1.32) 0.269 1 0.92

(0.53–1.58)
0.69
(0.43–1.11) 0.128

LAP

Crude1 1 0.88
(0.52–1.49)

0.83
(0.54–1.26) 0.390 1 0.48

(0.28–0.80)
0.63
(0.41–0.98) 0.046 1 1.41

(0.83–2.37)
1.31
(0.86–1.99) 0.199

Model I 1 0.88
(0.52–1.49)

0.83
(0.54–1.26) 0.391 1 0.45

(0.27–0.76)
0.54
(0.32–0.92) 0.019 1 1.44

(0.85–2.45)
1.37
(0.87–2.15) 0.172

Model II 1 0.91
(0.52–1.58)

0.86
(0.54–1.36) 0.526 1 0.32

(0.21–0.65)
0.60
(0.33–1.07) 0.064 1 1.48

(0.86–2.55)
1.53
(0.95–2.46) 0.075

CRI 1

Crude1 1 1.59
(0.942–2.75)

1.00
(0.66–1.52) 0.999 1 0.87

(0.52–1.45)
0.96
(0.63–1.46) 0.858 1 0.52

(0.31–0.86)
0.76
(0.50–1.18) 0.239

Model I 1 1.58
(0.91–2.73)

1.00
(0.66–1.52) 0.970 1 0.85

(0.50–1.43)
0.89
(0.54–1.48) 0.651 1 0.51

(0.30–0.86)
0.75
(0.47–1.20) 0.261

Model II 1 1.71
(0.95–3.08)

0.80
(0.51–1.26) 0.351 1 0.66

(0.38–1.14)
0.67
(0.37–1.20) 0.160 1 0.50

(0.29–0.85)
0.73
(0.45–1.18) 0.212

CRI 2

Crude1 1 1.20
(0.71–2.05)

0.95
(0.63–1.45) 0.829 1 0.81

(0.48–1.35)
0.83
(0.54–1.27) 0.411 1 0.48

(0.29–0.80)
0.74
(0.48–1.15) 0.199

Model I 1 1.16
(0.68–1.98)

0.93
(0.61–1.42) 0.729 1 0.73

(0.43–1.24)
0.61
(0.36–1.03) 0.065 1 0.50

(0.30 − 0.84)
0.80
(0.50–1.28) 0.391

Model II 1 1.20
(0.68–2.10)

0.78
(0.50–1.23) 0.300 1 0.57

(0.33–1.00)
0.43
(0.23–0.76) 0.004 1 0.49

(0.29–0.84)
0.80
(0.49–1.29) 0.388

CI

Crude1 1 1.30
(0.76–2.21)

1.02
(0.67–1.55) 0.922 1 0.77

(0.46–1.29)
0.72
(0.59–1.21) 0.298 1 0.49

(0.29–0.82)
0.73
(0.47–1.12) 0.163

Model I 1 1.24
(0.72–2.13)

0.99
(0.65–1.51) 0.950 1 0.68

(0.40–1.15)
0.54
(0.32–0.91) 0.020 1 0.52

(0.31–0.87)
0.80
(0.50–1.28) 0.396

Model II 1 1.26
(0.72–2.21)

0.92
(0.58–1.44) 0.719 1 0.065

(0.32–0.97)
0.42
(0.23–0.76) 0.004 1 0.52

(0.30–0.88)
0.84
(0.52–1.36) 0.507

Table 3.  Crude and multivariable-adjusted odds ratios (OR) and 95% confidence intervals (CIs) for novel 
anthropometric indices and novel risk factors for cardiovascular disease across PDI, hPDI, and uPDI tertiles 
(n = 490). AIP: Atherogenic index of plasma, CRI 1:Castelli risk index 1, CRI 2: Castelli risk index 2, LAP: 
lipid accumulation product, CI: (CHOLINDEX), ABSI, a body shape index; BRI, body roundness index; AVI, 
abdominal volume index. *Calculated by logistic regression. 1Unadjusted model. Model I: adjusted for energy, 
age, and gender. Model II: adjusted for energy, age, gender, smoking, socioeconomic status, chronic disease 
history, having diabetic diets, education, marital status, physical activity, and supplement use.
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those that generate acetate, propionate, and butyrate. SCFAs, through actions such as activation of GPR41/
GPR43 receptors and induction of interleukin-10 (IL-10) expression, mediate significant anti-inflammatory and 
antioxidant effects50–53. A decline in these microbial populations can therefore diminish the beneficial impact 
of dietary fiber on inflammation and oxidative stress54. Furthermore, chronic hyperglycemia in diabetes leads 
to sustained overproduction of reactive oxygen species (ROS) within the vascular endothelium. While plant-
derived polyphenols and flavonoids typically enhance endothelial nitric oxide synthase (eNOS) activity and 
promote nitric oxide (NO)- mediated vasodilation, persistent oxidative stress in diabetes causes NO to rapidly 
react with ROS, forming peroxynitrite and consequently neutralizing its vasodilatory properties55–58. These 
pathophysiological alterations may collectively contribute to the lack of a significant association between plant-
based dietary patterns and individual components of MACE observed in our study.

To the best of our knowledge, this is the first study to examine these associations in individuals with type 
2 diabetes. Another strength of our study is the incorporation of novel anthropometric indices and novel 
cardiovascular risk factors. Nonetheless, several limitations should be considered. The cross-sectional design 

Variable PDI tertiles hPDI tertiles uPDI tertiles

T1
(n = 187)

T2
(n = 98)

T3
(n = 205) P-trend*

T1
(n = 195)

T2
(n = 100)

T3
(n = 195) P-trend*

T1
(n = 196)

T2
(n = 97)

T3
(n = 187) P-trend*

MACE

Crude1 1 1.05
(0.64–1.73)

1.02
(0.68–1.54) 0.893 1 0.98

(0.60–1.60)
1.62
(1.67–2.43) 0.021 1 1.08

(0.72–1.62)
1.21
(0.73–1.99) 0.681

Model I 1 1.02
(0.62–1.69)

1.00
(0.67–1.50) 0.983 1 0.99

(0.61–1.63)
1.68
(1.02–2.74) 0.045 1 0.99

(0.64–1.53)
1.16
(0.70–1.92) 0.976

Model II 1 1.05
(0.61–1.80)

0.92
(0.59–1.42) 0.706 1 1.01

(0.60–1.70)
1.53
(0.88–2.66) 0.139 1 1.05

(0.67–1.66)
1.20
(0.71–2.02) 0.799

Angioplasty

Crude1 1 1.07
(0.63–1.79)

0.84
(0.55–1.29) 0.439 1 0.64

(0.38–1.10)
0.70
(0.46–1.07) 0.105 1 0.97

(0.57–1.64)
0.95
(0.62–1.45) 0.829

Model I 1 1.14
(0.67–1.92)

0.88
(0.57–1.36) 0.576 1 0.70

(0.4–1.20)
0.90
(0.53–1.50) 0.622 1 0.86

(0.50–1.47)
0.76
(0.47–1.21) 0.249

Model II 1 1.24
(0.72–2.14)

0.97
(0.61–1.53) 0.0903 1 0.80

(0.46–1.41)
1.09
(0.61–1.93) 0.839 1 0.88

(0.51–1.52)
0.79
(0.49–1.27) 0.336

bypass

Crude1 1 0.41
(0.17–0.99)

0.45
(0.24–0.87) 0.015 1 1.26

(0.60–2.65)
0.82
(0.42–1.60) 0.586 1 1.17

(0.56–2.42)
0.66
(0.34–1.30) 0.253

Model I 1 0.43
(0.18–1.04)

0.47
(0.24–0.91) 0.022 1 1.40

(0.66–2.99)
1.13
(0.50–2.52) 0.693 1 1.00

(0.47–2.11)
0.49
(0.24–1.02) 0.060

Model II 1 0.43
(0.16–1.10)

0.49
(0.24–0.99) 0.044 1 1.42

(0.64–3.15)
1.11
(0.43–2.84) 0.730 1 1.19

(0.55–2.59)
0.51
(0.23–1.13) 0.103

Stroke

Crude1 1 0.63
(0.06–6.15)

3.12
(0.84 − 11.54) 0.062 1 1.33

(0.21–8.11)
3.04
(0.81–11.43) 0.084 1 2.78

(0.61 − 12.69)
2.35
(0.60–9.35) 0.233

Model I 1 0.61
(0.06–6.00)

3.05
(0.82 − 11.35) 0.065 1 1.45

(0.23–9.02)
4.01
(0.85–18.77) 0.071 1 3.23

(0.68 − 15.35)
3.12
(0.70 − 13.73) 0.144

Model II 1 0.036
(0.03–4.27)

2.39
(0.60–9.59) 0.135 1 1.41

(0.21–9.16)
2.71
(0.47–15.35) 0.253 1 3.52

(0.70 − 17.69)
3.21
(0.69 − 14.78) 0.150

MI

Crude1 1 3.68
(1.19 − 11.31)

1.85
(0.62–5.53) 0.344 1 0.84

(0.21–3.35)
2.04
(0.80–5.18) 0.114 1 0.21

(0.02–1.74)
1.59
(0.67–3.78) 0.246

Model I 1 3.32
(1.06 − 10.37)

1.75
(0.58–5.24) 0.413 1 0.77

(0.19–3.08)
1.53
(0.59–4.42) 0.408 1 0.28

(0.03–2.29)
2.56
(0.96–6.81) 0.051

Model II 1 3.57
(1.12 − 11.34)

1.34
(0.43–4.19) 0.759 1 0.64

(0.15–2.61)
1.09
(0.34–3.53) 0.844 1 0.24

(0.30–1.99)
2.28
(0.86–0.) 0.084

CHF

Crude1 1 2.63
(0.61 − 10.36)

2.29
(0.59–9.38) 0.205 1 1.21

(0.53–2.77)
0.74
(0.35–1.58) 0.462 1 1.52

(0.54–4.21)
2.60
(1.17–5.76) 0.015

Model I 1 3.26
(0.61 − 15.09)

3.16
(0.79 − 11.70) 0.159 1 1.95

(0.80–4.75)
1.67
(0.71–3.93) 0.210 1 1.05

(0.35–3.16)
2.35
(1.04–5.33) 0.028

Model II 1 3.03
(0.79 − 11.53)

3.36
(0.59 − 10.74) 0.160 1 1.62

(0.65–4.01)
1.37
(0.58–3.26) 0.439 1 1.08

(0.35–3.33)
1.73
(0.73–4.09) 0.185

Table 4.  Crude and multivariable-adjusted odds ratios (OR) and 95% confidence intervals (CIs) for 
MACE components, across PDI, hPDI, and uPDI tertiles(n = 490). MACE: Major adverse cardiac events, 
MI: myocardial infarction, CHF: Congestive Heart Failure. *Calculated by logistic regression. 1Unadjusted 
model. Model I: adjusted for energy, age and gender. Model II: adjusted for energy, age, gender, smoking, 
socioeconomic status, chronic disease history, having diabetic diets, education, marital status, physical activity, 
and supplement use.
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precludes conclusions regarding causality. Additionally, the use of a food frequency questionnaire (FFQ) to 
assess dietary intake may introduce recall bias. It is also important to note that, as all participants had diabetes, 
they may have modified their usual dietary behaviors due to disease-related dietary recommendations and 
restrictions.

Conclusion
Higher adherence to uPDI was linked to increased AVI, while greater hPDI adherence was associated with lower 
CRI-2 and CI.

 Additionally, those with higher PDI had a reduced likelihood of bypass surgery. Prospective studies are 
needed to confirm these findings.

Data availability
Data supporting the findings of this study are available from the corresponding author upon reasonable request.
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