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Objective: The plant-based diet index (PDI) has been proposed as a gauge of diet healthfulness. This study assessed the relationship between the PDI, and the “healthful” hPDI and “unhealthful” uPDI, and weight loss in the context of Mediterranean and vegan diets in overweight adults.

Methods: In a cross-over trial, 62 overweight adults followed a Mediterranean and a low-fat vegan diet for 16 weeks in random order, separated by a 4-week washout. Body weight was the primary outcome. In a secondary analysis, three-day dietary records were analyzed, PDI indices were calculated. Their correlation with changes in body weight was assessed, using Spearman correlations.

Results: Compared with no change on the Mediterranean diet, PDI significantly increased on the vegan diet; effect size: +7.6 (95% CI +4.1 to +11.0); p < 0.001. The hPDI score increased on both diets; effect size: +3.8 (95% CI −0.0 to +7.6); p = 0.05. The uPDI score decreased on the Mediterranean diet, while it increased on the vegan diet; effect size: +11.9 (95% CI +8.9 to +14.8); p < 0.001. In the first 16 weeks of the study, across both diets, changes in PDI and uPDI were negatively associated with changes in body weight, i.e., increases in PDI and uPDI were associated with weight loss: r = −0.32; p = 0.01; and r = −0.47; p < 0.001, respectively. These associations remained significant even after adjustment for changes in energy intake. No association was observed between changes in hPDI and changes in body weight.

Conclusion: These findings suggest that, replacing animal products even with the “unhealthful” plant-based foods on a vegan diet was associated with weight loss.

Clinical trial registration: ClinicalTrials.gov, identifier NCT03698955.
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Introduction

People following plant-based diets have been shown to have lower body weight and lower cardiometabolic risk (1, 2). Based on observational data, an attempt has been made to categorize the healthfulness of omnivorous diets, based on their inclusion of plant-derived foods, generating the plant-based (PDI), unhealthful (uPDI), and healthful (hPDI), dietary indices (3). However, a previous randomized trial in overweight adults showed that replacing animal products with plant foods from both the “healthful” and “unhealthful” categories was associated with weight loss (4). These findings were confirmed by a very well-controlled metabolic ward study (5). However, the potential role of PDI, hPDI, and uPDI in the context of the Mediterranean and a vegan diet, and their association with weights loss in overweight adults, has yet to be explored. The data from randomized clinical trials can deepen our understanding of the PDI concept from observational studies.

This secondary analysis of a randomized crossover trial, which compared a Mediterranean and low-fat vegan diet head-to-head in overweight adults (6), tested the associations of PDI, uPDI, and hPDI with changes in body weight.



Methods

The overall study methods have been described earlier (6). Briefly: this randomized, cross-over trial took place between February and October 2019 in Washington, DC. The protocol was approved by the Chesapeake Institutional Review Board. All participants provided written informed consent.

Overweight participants were randomized in a 1:1 ratio into 2 groups, one starting with a Mediterranean diet for 16 weeks, followed by a 4-week wash-out period, and then switching to a low-fat vegan diet for 16 weeks, while the second group received the interventions in the opposite order (Supplementary Figure 1). Participants were assessed at weeks 0, 16, 20, and 36.

The vegan group was asked to follow a low-fat vegan diet consisting of fruits, vegetables, grains, and legumes. The Mediterranean diet was based on the PREDIMED protocol (7), which includes ≥2 servings/day of vegetables, ≥2–3 servings/day of fresh fruits, ≥3 servings/week of legumes, ≥3 servings/week of fish or shellfish, and ≥3 servings/week of nuts or seeds, and favors lean white meats over red meats. Participants were instructed to use extra virgin olive oil (50 g daily) as their main culinary fat. No instructions on energy intake or processed food consumption were given to either group.

At weeks 0, 16, 20, and 36, a detailed food record was filled out for three consecutive days (two weekdays and one weekend day) and analyzed by a registered dietitian certified in the Nutrition Data System for Research (8). PDI scores were calculated, using the method of Satija et al. (3): “healthful” plant-based foods include fruits, vegetables, whole grains, nuts, legumes, oils, coffee and tea, and “unhealthful” plant-based foods include fruit juice, sugar-sweetened beverages, refined grains, potatoes, and sweets (3). Average daily intake in each of these categories was converted into quintiles, and category-specific food consumption at each timepoint in the study was assigned a score of 1 to 5 based on quintiles of food consumption for all participants at study start (week 0). For the PDI, plant-based food groups were awarded positive scores, while animal-based food groups were assigned reverse scores. The hPDI allocated positive scores to “healthful” plant-based food groups, with “unhealthful” plant-based and all animal-based food groups receiving reverse scores. Conversely, the uPDI assigned positive scores to “unhealthful” plant-based food groups, with reverse scores applied to “healthful” plant-based and animal-based food groups. The summed scores across the 17 distinct food groups were used to compute the respective indices for each participant. Physical activity was assessed by the International Physical Activity Questionnaire (IPAQ) (9).


Statistical analysis

The statistical analysis was performed in all participants with complete data across all timepoints by a statistician blinded to dietary interventions. Treatment effect was quantified by comparing changes from baseline (from week 0 to week 16, and from week 20 to week 36), within study participants while on Mediterranean versus vegan diet, using paired t-tests (an approach yielding estimates and significance levels identical to a mixed model analysis controlling for participant). Thus, the reported treatment effect is the mean difference between each participant’s outcomes on the vegan versus the Mediterranean diet. Carryover effect was then assessed by comparing treatment effects by the first diet that each participant received using two-sample t-tests (an approach equivalent to testing for an interaction between treatment and first diet in an analysis of variance model). Spearman correlations were used to assess the relationship between changes in body weight and changes in PDI, hPDI, and uPDI in the first 16 weeks of the study (as a conservative estimate in the context of a crossover study), across the study diets, first unadjusted, and then adjusted for changes in energy intake. After Bonferroni correction, p-values less than 0.008 (0.05/6) were considered significant. All results are presented as means with 95% confidence intervals (CI).




Results

Of 506 people screened by telephone, 62 met participation criteria and were randomly assigned to start with the Mediterranean (n = 32) or the vegan diet (n = 30) diet (Supplementary Figure 1). As reported earlier (6), physical activity was similar on both diets (p = 0.84).

Compared with no change on the Mediterranean diet, PDI significantly increased on the vegan diet; effect size: +7.6 (95% CI +4.1 to +11.0); p < 0.001. The hPDI score increased on both diets, with a trend to a bigger increase on the vegan diet; effect size: +3.8 (95% CI −0.0 to +7.6); p = 0.05. The uPDI score decreased on the Mediterranean diet, while it increased on the vegan diet; effect size: +11.9 (95% CI +8.9 to +14.8); p < 0.001 (Table 1). There was no significant carry-over effect in either of the indices (Supplementary Table 1).


TABLE 1 Changes in PDI, hPDI, and uPDI and their food components during the study comparing a Mediterranean and low-fat vegan diet.


	Index
	Mediterranean baseline
	Mediterranean final
	Δ Mediterranean
	Vegan baseline
	Vegan final
	Δ Vegan
	Treatment effect
	p-value

 

 	PDI 	55.9 (53.7–58.2) 	56.8 (54.7–58.9) 	+0.9 (−1.5 to +3.3) 	52.4 (50.2–54.5) 	60.8 (58.4–63.2) 	+8.5 (+6.2 to +10.8)*** 	+7.6 (+4.1 to +11.0) 	<0.001


 	hPDI 	58.7 (56.3–61.2) 	65.2 (63.1–67.4) 	+6.5 (+3.7 to +9.3) 	57.9 (55.8–59.9) 	68.1 (66.7–69.6) 	+10.3 (+8.2 to +12.4)*** 	+3.8 (0.0 to +7.6) 	0.05


 	uPDI 	56.7 (55.1–58.3) 	51.6 (49.2–54.0) 	−5.1 (−7.3 to −2.9)*** 	55.9 (54.0–57.7) 	62.7 (61.3–64.0) 	+6.8 (+5.0 to +8.6)*** 	+11.9 (+8.9 to +14.8) 	<0.001


 	“Healthful” plant foods (points)


 	Fruits 	3.2 (2.8 to 3.5) 	3.4 (3 to 3.7) 	0.2 (−0.2 to +0.6)* 	2.8 (2.5 to 3.2) 	3.2 (2.8 to 3.6) 	0.4 (0 to +0.7)* 	+0.2 (−0.4 to +0.7) 	0.4173


 	Vegetables 	3.3 (2.9 to 3.7) 	3.6 (3.2 to 4) 	0.4 (−0.1 to +0.8)* 	2.9 (2.6 to 3.3) 	3.4 (3 to 3.8) 	0.5 (0 to +0.9)* 	+0.1 (−0.4 to +0.6) 	0.7007


 	Whole grains 	3.2 (2.8 to 3.6) 	3.6 (3.2 to 4) 	0.4 (−0.1 to +0.9)** 	3 (2.6 to 3.4) 	3.7 (3.3 to 4.1) 	0.7 (+0.2 to +1.1)** 	+0.3 (−0.4 to +1) 	0.4173


 	Nuts 	2.2 (1.9 to 2.6) 	3.1 (2.7 to 3.5) 	0.9 (+0.4 to +1.3) 	2.5 (2.1 to 2.8) 	2 (1.7 to 2.3) 	−0.5 (−1 to 0) 	−1.3 (−2.1 to −0.6) 	0.0006


 	Legumes 	2.8 (2.4 to 3.3) 	3.2 (2.7 to 3.7) 	0.4 (−0.2 to +0.9)*** 	2.4 (2 to 2.8) 	3.7 (3.3 to 4.2) 	1.3 (+0.8 to +1.9)*** 	+1 (+0.2 to +1.8) 	0.0159


 	Vegetable oils 	3.2 (2.8 to 3.5) 	4.3 (3.9 to 4.6) 	1.1 (+0.7 to +1.6)*** 	2.9 (2.5 to 3.3) 	1.6 (1.3 to 1.9) 	−1.3 (−1.8 to −0.9)*** 	−2.4 (−3.2 to −1.7) 	<0.0001


 	Coffee/Tea 	2.8 (2.4 to 3.2) 	2.5 (2.1 to 2.8) 	−0.4 (−0.7 to 0) 	2.7 (2.3 to 3.1) 	2.5 (2.1 to 2.9) 	−0.2 (−0.5 to +0.1) 	+0.1 (−0.4 to +0.7) 	0.6340


 	“Unhealthful” plant foods (points)


 	Fruit juice 	2.8 (2.4 to 3.3) 	2.8 (2.3 to 3.2) 	−0.1 (−0.7 to +0.5) 	2.4 (2 to 2.8) 	2.7 (2.3 to 3.1) 	0.3 (−0.2 to +0.9) 	+0.4 (−0.4 to +1.2) 	0.3079


 	Sugar sweetened beverages 	2.3 (1.9 to 2.7) 	1.8 (1.5 to 2.1) 	−0.5 (−0.9 to −0.1)*** 	2.3 (1.9 to 2.7) 	1.5 (1.2 to 1.8) 	−0.8 (−1.2 to −0.4)*** 	−0.3 (−0.8 to +0.2) 	0.2849


 	Refined grains 	2.8 (2.5 to 3.2) 	1.7 (1.4 to 2) 	−1.1 (−1.6 to −0.6) 	2.5 (2.2 to 2.9) 	2.2 (1.8 to 2.5) 	−0.4 (−0.8 to +0.1) 	+0.7 (+0.1 to +1.4) 	0.0232


 	Potatoes 	2.7 (2.2 to 3.1) 	2.1 (1.8 to 2.5) 	−0.5 (−1.1 to 0) 	2.3 (1.9 to 2.7) 	2.1 (1.7 to 2.5) 	−0.2 (−0.8 to +0.3) 	+0.3 (−0.5 to +1.1) 	0.4286


 	Sweets 	3 (2.6 to 3.4) 	2.4 (2 to 2.7) 	−0.6 (−1.1 to −0.1) 	2.8 (2.4 to 3.1) 	2.9 (2.5 to 3.3) 	0.1 (−0.4 to +0.6) 	+0.7 (0 to +1.4) 	0.0370


 	Animal foods (points)


 	Animal fats 	3.4 (3 to 3.8) 	3.9 (3.6 to 4.2) 	0.5 (0 to +0.9)*** 	3.4 (3.1 to 3.8) 	4.8 (4.6 to 4.9) 	1.4 (+1 to +1.8)*** 	+0.9 (+0.3 to +1.5) 	0.0032


 	Dairy 	3.5 (3.1 to 3.9) 	3.8 (3.5 to 4.1) 	0.3 (−0.1 to +0.8)*** 	3.2 (2.8 to 3.5) 	4.9 (4.8 to 5) 	1.7 (+1.4 to +2.1)*** 	+1.4 (+0.8 to +2) 	<0.0001


 	Eggs 	3.5 (3.1 to 3.9) 	3.4 (3 to 3.8) 	−0.1 (−0.6 to +0.4)*** 	3.3 (2.9 to 3.6) 	4.9 (4.8 to 5) 	1.6 (+1.2 to +2)*** 	+1.7 (+1.1 to +2.3) 	<0.0001


 	Meat 	3.1 (2.8 to 3.5) 	4.9 (4.8 to 5.1) 	0.4 (0 to +0.9)*** 	3.1 (2.8 to 3.5) 	4.9 (4.8 to 5.1) 	1.8 (+1.4 to +2.2)*** 	+1.4 (+0.8 to +2) 	<0.0001


 	Seafood 	3.3 (2.9 to 3.7) 	3.6 (3.2 to 4) 	0.3 (−0.3 to +0.9) 	3.3 (2.9 to 3.7) 	3.7 (3.2 to 4.1) 	0.4 (−0.1 to +0.9) 	+0.1 (−0.9 to +1) 	0.9146





Data are means and estimated treatment effects with 95% confidence intervals. p-values for treatment effect are from a two-sample t-test comparing mean changes between participants in each treatment arm. *p < 0.05, **p < 0.01, and ***p < 0.001 for within-group changes from baseline assessed by paired comparison t-tests.
 

In the first 16 weeks of the study, across both diets, changes in PDI and uPDI were negatively associated with changes in body weight, i.e., the increase in PDI and uPDI were associated with weight loss: r = −0.32; p = 0.01; and r = −0.47; p < 0.001, respectively. These associations remained significant after adjustment for changes in energy intake: r = −0.33; p = 0.01, and r = −0.43; p < 0.001, respectively. No association was observed between changes in hPDI and changes in body weight (Table 2).


TABLE 2 Spearman correlations between changes in body weight and changes in PDI, hPDI, and uPDI in the first 16 weeks of the study, across the study diets.


	Δ PDI
	Δ Body weight

 

 	PDI 	r = −0.32; p = 0.01


 	PDI, adj. for energy intake 	r = −0.33; p = 0.01


 	hPDI 	r = −0.10; p = 0.43


 	hPDI, adj. for energy intake 	r = +0.04; p = 0.78


 	uPDI 	r = −0.47; p < 0.001


 	uPDI, adj. for energy intake 	r = −0.43; p < 0.001





After Bonferroni correction, p-values less than 0.008 (0.05/6) are considered significant.
 



Discussion

This randomized cross-over trial demonstrated that compared with the Mediterranean diet, PDI and uPDI were significantly increased on a vegan diet. Increases in PDI and uPDI were associated with weight loss, independent of energy intake.

In a large observational study, higher PDI and hPDI scores correlated with a reduced risk of type 2 diabetes; however, no correlation was observed for uPDI (10). Similar results came from a metabolomic analysis (11). This is, of course, not surprising, because the PDI was developed by identifying dietary factors associated with diabetes in these same cohorts. Furthermore, a systematic review and meta-analysis revealed a trend toward lower body mass index and lower waist circumference with higher PDI scores (12). A previous randomized clinical trial in overweight adults showed that the increase in all three plant-based indices correlated with weight loss. Replacement of animal foods with plant foods, either “healthful” or “unhealthful” resulted in weight loss (4).

The current study confirms these findings, and shows that the majority of the PDI, hPDI, and uPDI scores (5.5 points for each) came from avoiding animal foods on a vegan diet. Furthermore, reducing the consumption of oils and nuts further increased the uPDI score by 3.7 points on a vegan diet. These findings suggest that replacing animal products with plant-based foods, and reducing the consumption of oil and nuts, may be successful strategies for weight loss. These foods are rich in fiber, have a lower energy density, and have been shown to stimulate glucagon-like peptide-1 (GLP-1) secretion and enhance satiety (13).


Strengths and limitations

The strengths of the current trial include a randomized, cross-over design. The duration of the study was sufficiently long enough for adaptation to both diets. Considering the participants were residing at home and preparing their own meals or eating at restaurants, our results are applicable outside the research setting, in free-living conditions. The study also has limitations. The food consumption and PDI indices were calculated based on self-reported diet records. The participants were volunteers and may not represent the general population, although they may represent the population of individuals seeking to lose weight.




Conclusion

In conclusion, replacing of animal-based foods with plant-based foods was associated with weight loss, even in the context of “unhealthful” foods as defined by the PDI. The findings suggest that the PDI is not a clinically useful measure in the context of vegan diets.
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