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Abstract

Background Metabolic syndrome (MetS) is a common chronic disease with several complications. Given that, stud-
ies on the association of plant-based diet indices (PDIs) with risk of MetS among adults with obesity, are limited, we
aimed to examine the association between PDIs (including overall PDI, healthy PDI (hPDI), unhealthy PDI (uPDI)) and
MetS in Iranian adults with obesity.

Methods InTabriz, Iran, a total of 347 adults between the ages of 20 and 50 participated in this cross-sectional
research study. We created an overall PDI, hPDI, and uPDI from validated semi-quantitative food-frequency question-
naire (FFQ) data. To investigate the association between hPDI, overall PDI, uPDI, and MetS and its components, a
binary logistic regression analysis was performed.

Results The average age was 40.78 +9.23 years, and the average body mass index was 32.62 +4.80 kg/m? There
was no significant association between overall PDI (OR: 0.87; 95% Cl: 0.54-1.47), hPDI (OR: 0.82; 95% Cl: 0.48-1.40),
and uPDI (OR: 0.83; 95% Cl: 0.87-2.46) with MetS, even after adjustment for confounders. Moreover, our findings
showed that participants with the highest adherence to uPDI had a higher chance of hyperglycemia (OR: 2.50; 95%
Cl:1.13-5.52). Also, this association was significant in the first (OR: 2.51; 95% Cl: 1.04-6.04) and second (OR: 2.58; 95%
Cl: 1.05-6.33) models, after controlling for covariates. However, in both adjusted and crude models, we did not find

a significant association between hPDI and PDI scores and MetS components such as high triglyceride, high waist
circumference, low High-density lipoprotein cholesterol, raised blood pressure, and hyperglycemia. Moreover, those in
the top tertile of uPDI had higher fasting blood sugar and insulin levels when compared with those in the first tertile,
and subjects in the last tertile of hPDI compared with participants in the first tertile had lower weight, waist-to-hip
ratio, and fat-free mass.

Conclusion We found a direct significant association between uPDI and odds of hyperglycemia in the whole popula-
tion of study. Future large-scale, prospective studies on PDls and the MetS are necessary to confirm these findings.

Keywords Plant-based diet, Metabolic syndrome, Obesity, Plant-based diet index

*Correspondence:

Mahdieh Abbasalizad Farhangi

abbasalizad_m@yahoo.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-023-01358-7&domain=pdf

Vajdi et al. BMC Endocrine Disorders (2023) 23:109

Introduction

Metabolic syndrome (MetS) is a growing concern for
the health and well-being of adults worldwide. MetS is
linked to a number of conditions, including abdominal
obesity, endothelial dysfunction, glucose intolerance, dys-
lipidemia, insulin resistance, and hypertension (HTN),
which are directly associated with an increased risk
of type 2 diabetes (T2DM) and cardiovascular disease
(CVD) [1-3]. Its prevalence in the world is estimated to
be around 3.3% of the whole population and 29.2% of the
population obesity [4]. Furthermore, the risk of diabetes
and MetS has increased five-fold in people with obesity
compared with normal-weight people [5]. Current stud-
ies indicate that 33.7% of Iranians over the age of 20 have
MetS, with women being more affected than men (42%
versus 24%) [6]. MetS is a multifactorial condition caused
by the complex interaction of lifestyle, environmental
and genetic variables (Fig. 1) [7].

The establishment of healthy dietary patterns is one
of several important factors that influence MetS status.
Therefore, educating and encouraging adults to improve
their diet quality by increasing the intake of healthy plant-
based diets could be useful to prevent and treatment of
MetS and its complications [8, 9]. According to certain
research, patients who limit their intake of animal-based
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meals have positive metabolic profiles, including lower
blood pressure, lower fasting blood sugar (FBS), and
lower body mass index (BMI) [10, 11], but others showed
no association [12, 13] or contrary relations [14—16]. The
majority of these previous studies focus on the effects of
a vegetarian diet, which is a subset of a plant-based diet
(PBD). In addition, the consumption of plant foods, par-
ticularly less-healthy plant meals such as those high in
processed carbohydrates or sugar processed carbs, has
not been considered.

New plant-based indices (PDIs) have been offered as a
strategy for dominating this field. A PDI that highlights
intake of all plant foods while minimizing intake of ani-
mal foods; a healthy plant-based diet index (hPDI) that
prioritizes consumption of plant foods associated with
enhanced health outcomes, such as vegetables, fruits,
and whole grains [17-19]. An unhealthful plant-based
diet index (uPDI) focuses on the intake of unhealthy
plant foods [19]. Numerous studies employing these indi-
ces have shown that stronger adherence to the hPDI, PDI,
and the pro-vegetarian diet index is related to a lower risk
of HTN, T2DM, and CVD, as well as reduced weight gain
[19-21]. In an observational cohort study done by kim
et al. [22] on MetS patients in South Korea. The results of
this study illustrated that consumption of healthier plant
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foods (vegetables, fruits, nuts, whole grains, tea, coffee,
and legumes) compared to relatively fewer healthy plant
foods (potatoes, sugar-sweetened beverages, sweets,
refined grains, salty foods) useful for prevention of MetS.

Besides, previous studies have also indicated that a
plant-rich diet has been associated with MetS [23, 24],
but the association of PDIs with MetS and its compo-
nents in Iranian adults with obesity has been not yet
studied and the link between PDIs and MetS remains
unclear in obese adults. This cross-sectional study
focuses mainly on the importance of PDIs as a modifiable
risk factor for MetS. Therefore, in the present study, we
aimed to explore the association of PDIs (including over-
all PDI, hPDI, uPDI) to MetS and its components in Ira-
nian adults with obesity.

Method

Patients participating in the study

This cross-sectional study included 347 obese adults
(58.2% men and 41.8% women). When estimating sample
size, the dependence between food quality indices and
obesity was considered a crucial dependent variable. The
sample size was projected to be 340 using the G-power
program with a correlation coefficient (r) of 0.25,
a=0.05, and power of 80% [25, 26]. Using the approach
of convenience, samples were obtained via announce-
ments. All research participants were questioned by a
competent nutritionist. The participants in this study
were obese adults with metabolic syndrome aged 20 to
50 years with a BMI of 30 to 40 kg/m? Under the age
of 18, people with a history of weight change of 5 kg or
more in the last six months, pregnant women, lactating
women, acute inflammatory disease, people with chronic
diseases namely cancer, cardiovascular diseases, diabetes,
liver or kidney diseases or chronic infections, thyroid dis-
eases, people with a history of alcohol or drug abuse and
users of slimming drugs were excluded from the study.
This research was approved by the ethics committee of
Tabriz University of Medical Sciences (IR.TBZMED.
REC.1400.454 and grant number: 72003). Before partici-
pating in the trial, all patients provided written consent
after being fully informed.

Anthropometric assessment and general features

Nutritionists collected information about participants’
gender, age, educational level, smoking, and matrimonial
status via questionnaires. House ownership, family size,
educational attainment, and employment status were
each collected via face-to-face interviews as independ-
ent indicators of individuals’ socioeconomic status. The
gathered total score was divided into three classes: high,
medium, and low based on socioeconomic status tertiles
[27]. Using a validated self-administered Depression,
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Anxiety, and Stress Scale-21 Items questionnaire, the
degree of depression was evaluated [28, 29]. Body weight
was determined using a Seca (Germany) scale with a
resolution of 0.1 kg, and height was determined using a
stadiometer with a resolution of 0.1 cm. The waist cir-
cumference (WC) was measured using a constant ten-
sion tape in a standing position halfway between the iliac
crests and lower rib borders. The BMI was calculated by
dividing weight by the square of height (kg/m?). To get
the waist-hip ratio (WHR), the WC was divided by the
hip circumference. Using a BIA analyzer (Tanita, BC-428,
Tokyo, Japan), fat mass (FM) and fat-free mass (FFM)
were defined. Patients’ diastolic and systolic blood pres-
sure (DBP and SBP) were measured twice after 15 min of
sitting using a conventional mercury sphygmomanom-
eter, and their average was determined.

Description of MetS

In our study MetS was defined when three or more of the
following components were met [30]: FBS > 100 mg/dl or
using anti-diabetic drugs; High-density lipoprotein cho-
lesterol (HDL-C) <50 mg/dl in women and <40 mg/dl in
men; TG > 150 mg/dl or use of anti-lipid drugs; SBP > 130
mmHg or DBP>85 mmHg or use of antihypertensive
drugs and WC > 95 cm for both genders, according to the
new cut-off points for the Iranian adult population [31].

Physical activity (PA) assessment

The International PA Questionnaire-Short Form (IPAQ-
SF) was used to test PA levels in official Persian [32,
33]. This questionnaire has already been translated and
validated for the Iranian adult population. Based on the
information supplied by the people, the MET value was
computed by taking into consideration the kind, quantity,
and duration of weekly activities. At least 8.0 MET was
regarded as intense physical activity, 4.0 MET as moder-
ate, and walking at 3.3 MET [34].

Dietary evaluation and determination of the plant-based
diet index

Using a validated semi-quantitative food frequency
questionnaire (FFQ) containing 147 food items, dietary
intake information was collected [35]. Nutritionists
with expertise in the field requested patients who par-
ticipated in the research to pick the number of servings
and the frequency with which they consumed each item
over the previous year, monthly, weekly, yearly, or daily.
A home scale was used to convert the portion sizes into
grams. We utilized the Food Composition Table (FCT)
from the USDA for our nutritional and energy study
since the Iranian FCT does not give too much informa-
tion [36]. These were converted to daily intakes and
dietary information was utilized to develop three types
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of PDIs: an overall PDI, a high PDI, and a low PDIL. We
created 18 food groups based on nutrient and culinary
similarities among healthy plant foods (whole grains,
vegetables, fruits, tea, nuts, legumes, or coffee), fewer
healthy plant foods (potatoes, sugar-sweetened bever-
ages, refined grains, desserts, sweets, or fruit juices), and
animal foods (fish or seafood, eggs, meat, dairy, other
animal-based foods). The sorting of mixed-composition
foods was based on the component that predominated.
According to their food intake, participants were sorted
into quintiles, which were then assigned negative or posi-
tive scores. Subjects scoring in the top quintile of a given
food group were awarded a 5, while those scoring in the
bottom quintile were awarded a 1. This scoring pattern
was flipped by employing inverse scores. On the PDI,
plant-based food categories received positive values, but
animal-based food categories received negative values.
On the hPDI, healthier plant-based food groups were
assigned positive values, whereas less healthy plant-based
food groups and animal-based food groups were assigned
negative values. Positive values were assigned to less
healthy plant food categories for the uPDI, whereas nega-
tive values were assigned to healthy plant food categories
and animal food groups. The indices were computed by
aggregating the scores for the 18 food categories.

Biochemical assessment

Following a fast of 12 h, venous blood was drawn from
all participants, centrifuged for 10 min at 3000 rpm, 4 °C,
and frozen at -75 °C until analysis. Total cholesterol (TC),
triglyceride (TG), FBS, and HDL-C levels were all tested
using a commercially available kit (Pars Azmoon, Tehran,
Iran). Serum low-density lipoprotein-cholesterol (LDL-
C) was calculated using the Friedewald technique [37].
ELISA was used based on the manufacturer’s instructions
to measure serum levels of insulin (BTL, Shanghai City,
China).

Statistical analyses

We analyzed the data using version 21 SPSS (Inc., Chi-
cago, IL). P-values below 0.05 were used to establish
the statistical significance of the study. Tertiles of PBD
indices were utilized to classify every topic. As the ref-
erence class, the first tertile of PBD indices was used.
Mean and standard deviation (SD) were used to describe
quantitative data, whereas percentages were employed to
express qualitative factors. One-way analysis of variance
(ANOVA) and Chi-squared tests were used to compare
quantitative and categorical variables across tertiles of
PBD indices, respectively. The odds ratio (OR) and 95%
confidence interval (CI) for MetS and its components
across tertiles of PBD indices were determined utilizing
binary logistic regression with adjusted models. In the
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first model, adjustments were made for education, sex,
marital status, age, smoking status, occupation, and phys-
ical activity [38, 39]. Energy consumption was modified
further in the second model.

Results

Participant characteristics

General characteristics of the individuals across ter-
tiles of hPDI, PDI, and uPDI are accessible in Table 1.
The study included 347 participants (202 males and 145
females) with obesity, and the mean +SD age of the sub-
jects was 40.78 +£9.23 years and the mean+SD of BMI
was 32.62+4.80 kg/m?. The prevalence of MetS in our
participants was 40.82%. Although most baseline varia-
bles were similar in the tertiles of PDI, participants in the
last tertile of PDI compared with participants in the first
tertile had higher WHR and higher intake of fat, carbo-
hydrate, and protein (P<0.05). Participants with the low-
est hPDI score were significantly younger (P=0.01) than
those with the highest score. They had also lower weight
(P=0.04), WHR (P=0.04), FEM (P=0.03), and intake
of fat, carbohydrate, and protein (P<0.05). Participants
in the last tertile of hPDI compared with participants in
the first tertile were older and had lower weight, WHR,
FEM, and a lower intake of fat, carbohydrate, and protein
(P<0.05). Moreover, there were significant differences in
gender, socioeconomic status, and education level across
tertiles of hPDI (P<0.05). Participants in the last tertile of
uPDI compared with participants in the first tertile had a
higher intake of fat, carbohydrate, and protein (P <0.05).
No further differences were found in the general charac-
teristics of participants among tertiles of uPDI (P> 0.05).
As shown in Figs. 2, 3 and 4, we did not observe any sta-
tistically significant difference in biochemical parameters
across tertiles of PDI, hPDI (P> 0.05). However, those in
the top tertile of uPDI had higher FBS and insulin con-
centrations when compared with those in the bottom ter-
tile (P<0.05).

Association between PDIs and MetS and its components

Multivariable-adjusted OR and 95% CIs for MetS and
its components according to tertiles of uPDI, PDI, and
hPDI are shown in Table 2. In the crude model, a higher
score of uPDI was directly associated with the risk of
hyperglycemia (OR: 2.50; 95% CI: 1.13-5.52). Also, this
association was significant in the first (OR: 2.51; 95%
CIL: 1.04-6.04) and second (OR: 2.58; 95% CI: 1.05-6.33)
models, after controlling for covariates. However, no sig-
nificant association was found between uPDI and risk
of MetS and high WC, high TC, high TG, low HDL-C,
and elevated blood pressure in crude and adjusted mod-
els. No significant association was found between PDI
and hPDI and risk of MetS (OR: 0.87; 95% CI: 0.54—1.47,
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Fig. 4 Metabolic variables (HDL-C, and LDL-C) of participants across tertiles of PDI, hPDI, and uPDI

OR: 1.46; 95% CI: 0.87-2.46, respectively) and its com-
ponents. After adjustment for covariates, including age,
sex, occupation, marital status, education, smoking sta-
tus, physical activity, and energy intake, the association
remained unchanged.

Discussion

To the best of our knowledge, the current cross-sectional
study is the first to examine the association between PDIs
and MetS and its components in Iranian adults with obe-
sity. In this adult sample, there was no significant asso-
ciation between hPDI and PDI scores and MetS and its
components, whereas a high uPDI score was associated
with an increased risk of hyperglycemia. This associa-
tion remained significant even after considering potential
covariates. Moreover, those in the top tertile of uPDI had
higher FBS and insulin levels when compared with those
in the first tertile and participants in the last tertile of
hPDI compared with participants in the first tertile had
lower weight, WHR, and FEM.

Our results were compared with those from several
studies assessing the relationship between MetS risk
and: (1) overall diet, which includes animal-based and
plant components, or (2) vegetarian diets. In line with
our study, Huo et al. [40] in a cohort study in Chinese
adults also revealed no significant relationship between
uPDI and MetS, however, they found an inverse asso-
ciation between the hPDI and MetS. They reported

that participants in the highest quintile of hPDI score
had a 20% lower risk of developing high WC and had a
28% lower risk of developing MetS. Compared with the
findings of a study on a PBD and MetS in South Korea
(KoGES cohort), when adjusting for lifestyle and demo-
graphic variables, participants with the highest score of
uPDI (diets high in sugars, salted vegetables, and refined
carbohydrates, and low in healthy animal and plant
foods) had a 44% greater risk of having incident MetS
compared to those with the lowest score of uPDI, nev-
ertheless they did not find a relationship between MetS
and hPDI [22]. In the SUN cohort study, they showed a
robust negative relationship between the healthy pro-
vegetarian food pattern and overweight/obesity inci-
dence, while these were not significant for the unhealthy
pro-vegetarian food pattern [41]. The vegetarian food
pattern was calculated likewise to the PDIs in our study.
Contrary to the results of earlier studies, this study did
not support the relationship between PDIs and with risk
of having MetS [42—44]. The observed results are differ-
ent from findings obtained from the Persian Kavar cohort
study (PKCS) conducted among healthy Iranian individu-
als, showing a significant inverse relationship between
hPDI and MetS, low serum HDL-C, and hyperglycemia
[44]. However, in line with our results, several studies
conducted in South Korea have currently shown no sig-
nificant association between hPDI and MetS [22, 45].
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The differences between our findings and the previous
research could be due to Iran’s nutrition transition as a
middle-income country. The conventional Iranian cuisine
comprises a variety of food items, including fruits, veg-
etables, dairy products, poultry, meat, fresh leafy greens,
and nuts [46]. Transitioning to a Western dietary pat-
tern may have unfavorably affected Iranians’ dietary pat-
terns. Western diets tend to contain larger portion sizes,
which can lead to excessive energy consumption and an
increased risk of obesity and its related diseases [47]. Fur-
thermore, Western diets characterized by a high intake of
processed and red meat are related to a higher incidence
of MetS [48, 49]. We did not find an association between
hPDI and MetS or its components. However, subjects
in the last tertile of hPDI compared with participants in
the first tertile had lower weight, WHR, and FFM. These
results were as expected, as earlier research has reported
favorable relations between weight and adherence to a
hPDI [20, 50]. Probably, higher plant food consumption
in subjects that is already consuming a PBD may not
cause clinically significant metabolic responses. Moreo-
ver, the detected associations with hPDI may have been
inconsequential owing to a distinct categorization of food
items in the present investigation, as certain plant-based
foods that are less healthy could not be distinguished
from those that are healthy. Different study designs,
participants’ characteristics, geographical regions, lack
of adjusting for possible confounding factors, different
sample sizes, and types of bias might explain the differ-
ences between our results and those of previous research.
Generally, more research using the PDI, uPDI, and hPDI
might help resolve these discrepancies.

MetS, characterized by hypertension, insulin resist-
ance, abdominal obesity, low-grade inflammation, and
dyslipidemia. The biological rationale for the possible
relationship of PBD on MetS risk might be as follow:
lower intake of meat, animal fats, and animal-based foods
and higher consumption of healthy plant- foods such as
fruits, vegetables, vegetable oils, whole grains, nuts, and
legumes is accompanied with higher consumption of
antioxidants, polyunsaturated fatty acids, fiber, isofla-
vones, phytochemicals, calcium, vitamins, all of which
being inversely associated with obesity and its related
diseases [51]. The synergic effects of these healthy foods
can have beneficial effects on MetS and its components.

One of the biological treatments that are involved in
decreasing MetS and its complications is a low level of
inflammation status. Low consumption of fruits, vegeta-
bles, and whole grains is related to increased inflamma-
tory markers [52]. Findings from a meta-analysis of PBDs
and its association with inflammatory markers revealed
that intake of a vegetarian-based diet was related to
lower CRP, and fibrinogen levels compared with those
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following a mixed omnivorous diet [53]. Moreover, a
cross-sectional study among Iranian women with obe-
sity also shown that higher hPBD adherence was related
to lower transforming growth factor and CRP levels [54].
Fiber consumption positively changes the microbiota and
increases gut barrier function and anti-inflammatory
molecules [55]. Dietary fiber has been revealed to decline
plasma TC by binding to bile acids and dietary choles-
terol in the intestinal tract, resulting in reduced choles-
terol absorption [56]. Moreover, n-3 polyunsaturated
fatty acids contained in fish have been revealed to pos-
sess cardioprotective, anti-inflammatory, and hypotri-
glyceridemic propertie [57]. Monounsaturated fatty
acids from nuts and olive oil can be anti-inflammatory
in PBD, mainly by replacing saturated fat consumption
[58]. Polyphenols may prevent the development of MetS
by lowering plasma glucose, blood pressure, body weight,
and improving dyslipidemia [59, 60]. Isoflavones, have
anti-inflammatory effects and potentially protect against
MetS by preventing the onset of dyslipidemia, hyper-
glycemia, and hypertension [61]. Furthermore, phyto-
chemicals modify inflammation by several mechanisms,
such as modulating mitogen-activated protein kinase,
inhibiting arachidonic acids pathways and nuclear fac-
tor kappa-B [62]. Thomas et al. [60] reviewed the effects
of different types of PBDs on weight, insulin resistance,
dyslipidemia, hypertension, and low-grade inflammation.
They concluded that vegan diets are effective in reducing
weight and inflammatory markers, moreover, lacto-ovo-
and lacto-vegetarian diets, that contain antioxidants and
nutrients that improve inflammation and dyslipidemia,
seem to provide positive effects for MetS.

Consumptions of dietary antioxidants might improve
glucose metabolism by reducing glucose absorption and
improving insulin sensitivity [63]. Furthermore, micro-
nutrients such as vitamin C, magnesium, and potas-
sium have been shown to improve insulin sensitivity, and
blood pressure, and protect against inflammatory and
oxidative stress [64—66]. Nevertheless, increased con-
sumption of added sugars can lead to adverse effects on
weight, blood pressure, lipid metabolism, and glycemic
control, particularly high dietary fructose can increase
hepatic de novo lipogenesis [67]. PBDs have a low energy
density and low-energy food consumption is important
for weight control and can decrease the incidence of
abdominal obesity [68, 69]. Such a diet could have so sev-
eral positive effects on health such as helping weight loss
or maintenance, insulin regulation, improving lipid pro-
file, and reducing blood pressure [17-19].

In recent years, the development of big retail supply
of food has preferred energy-dense and processed foods
over than fresh ones, with high salt, fat, and sugar con-
tent [70]. An increasing body of evidence shows that local
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food environments might affect health status [71-73].
It is consequently possible to speculate that length of a
food supply chain might affect MetS and its components.
Soummer et al. [70] in an observational study in South-
ern Italy demonstrated thate length of food supply chain
plays a key role in determining the risk of MetS in a pop-
ulation adhering to the Mediterranean diet. Moreover,
they reported that short supply chains is associated with
a lower prevalence of MetS and insulin resistance is sig-
nificantly more common among long supply chain sub-
jects compared with short supply chains individuals.

Key elements of PBDs associated with reduced risk of MetS
There may be numerous dietary components of PBDs
that are working together to have a positive and signifi-
cant effect on MetS. These include both food groups and
nutrients that are usually lower in PBDs (meat, saturated
fat, and energy intake) or higher in PBDs (fiber, vegeta-
bles, and fruits) [74]. This may be one reason why PBDs
may be protective against the development of MetS. One
dietary benefit of following PBDs may be consuming a
diet lower in energy content, as compared with omniv-
orous diets. In numerous studies comparing vegetar-
ian diets with omnivorous dietary patterns, significant
weight loss has occurred in the absence of significantly
different alterations in reported energy consumption
between groups [75, 76]. Moreover, in a cohort study
BMI was found to be highest among omnivores and low-
est among vegans; however energy consumption did not
significantly differ among the groups [77]. Several studies
have detected that diets high in saturated fat are related
to increased risk of developing MetS. Both experimental
[78, 79] and observational [77, 80] studies have consist-
ently revealed lower saturated fat consumption among
people following a vegan diet, as compared with omni-
vores. People following vegetarian diets tend to have
higher vegetable and fruit consumption than those fol-
lowing omnivorous diets [81, 82]. High intake of veg-
etable and fruit can provide individuals with important
antioxidants, which may help to prevent inflammation
and oxidative stress. Moreover, vegetables and fruits are a
good source of fiber, which can also help with preventing
MetS and CVDs [83]. A study of Spanish adults revealed
that dietary fiber consumption was related to a reduction
in weight and WC [84], and dietary fiber can significantly
reduce energy intake. Furthermore, energy consumption
may be affected by dietary fiber in particular by changes
in satiety and hunger signals. Absorption of water by
soluble fibers could lead to a higher amount of viscous
gel formation, higher satiety, and slower gut transit time
[85]. Moreover, fiber can stimulate the fecal defecation
of bile acids, thus lowering serum TC and improving the
lipid profile [86]. However, higher glycemic index and a
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load of such an unhealthy diet might cause a decrease in
satiety and an increase in hunger signals [87]. Processed
and red meat consumption has been related to increased
risk of MetS and T2DM [88, 89]. Exclusion of meat from
the diet, which occurs when an individual follows a vege-
tarian or vegan diet, is one potential approach to mitigate
the risk of developing MetS. Even people following PBDs
consume less animal protein than do omnivores, while
intakes are even lower among those following PBDs [77].

Strengths and limitations

Several strengths of this study include an adjustment for
several confounding factors in the analysis, being the first
study among adults with obesity, and using a validated
FFQ and energy-adjusted values of all food groups for
constructing PDIs. Certain plant-based foods, such as
refined grains, potatoes, and sugar-sweetened beverages,
have an adverse effect on health status [90, 91]. Thus, the
study examined the impact of a comprehensive plant-
based diet on MetS and analyzed the influence of healthy
and unhealthy plant-based foods separately. However,
some potential limitations also need to be kept in mind
when interpreting results. The present study was car-
ried out in a cross-sectional design, which is prone to
misclassification, selection bias, recall bias, and response
bias and would not allow us to infer causality. Although
we used a validated FFQ, reporting of dietary consump-
tion can still be subject to measurement error. There-
fore, the results of this study may not represent all adults
with obesity. Moreover, although we adjusted for sev-
eral covariates, we could not control for some unknown
and residual covariates, which could lead to confound-
ing bias. Lastly, different cooking methods can have an
influence on the nutritional value of plant food products,
however the effects of cooking methods were not consid-
ered in the study.

Conclusion

In conclusion, our study of adults with obesity revealed
a positive correlation between elevated uPDI scores
and an increased risk of hyperglycemia. The study find-
ings indicate that there was no significant association
between PDI or hPDI and MetS or its components in
the adult population with obesity. Additional prospec-
tive research on the relationship between PDI and MetS
is required to validate the observed associations.

The findings of the present investigation indicate a
positive correlation between increased adherence to
uPDI score and a higher risk of hyperglycemia. Nonethe-
less, comprehending this correlation could be facilitated
by considering the nutritional composition. The dietary
makeup of an individual with upper percentile dietary
intake (uPDI) may consist of elevated consumption of



Vajdi et al. BMC Endocrine Disorders (2023) 23:109

plant-based foods that are deemed less healthy, includ-
ing but not limited to confectioneries, fruit juices, pro-
cessed grains, sugary desserts, and starches that have
been sweetened with sugar. Conversely, the consumption
of antioxidants and micronutrients may be comparatively
lower, which could potentially have a negative impact
on the development of metabolic syndrome (MetS) and
its associated components. These foods have a high gly-
cemic index and several studies have reported that high
glycemic index foods increase fat storage and therefore
increase visceral adiposity and weight [92]. A study in the
US reported that women with higher dietary consump-
tion of lipids and lower dietary consumption of micronu-
trients (vitamins A, E, C, and folate) had a raised risk of
MetsS [93].
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