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Background. It has been posited that both metabolically healthy obesity (MHO) and metabolically unhealthy obesity (MUHO)
could be emergent from diet and inflammatory markers. *us, we sought to investigate the influence of plant-based diet on MHO
andMUHO phenotypes mediated by inflammatory markers in overweight and obese women.Methods. *is cross-sectional study
was conducted on 289 women aged ≥18 years, with a body mass index (BMI) ≥25 kg/m2. Dietary intake was measured using 147
item food frequency questionnaire, as well as anthropometrics and biochemistry panel, in all participants. Metabolic health
phenotypes were considered using Karelis score, while plant-based diet indices (PDI) were evaluated based on 18 food groups,
where healthy and unhealthy PDI were identified. Results. Accordingly, 26.9% of women had MHO and 73.1% had MUHO
phenotypes. After adjusting for potential confounders, TGF-β1 had a significant inverse association with hPDI (β: −0.28; 95% CI:
452.99, −85.25; P: 0.004). Moreover, we found that women with higher hPDI had lower odds of MUHO (OR: 0.95; 95% CI: 0.39,
2.30; P: 0.03). Regarding the mediatory effect of the inflammatory markers, TGF-β1 (P: 0.73), IL-β1 (P: 0.14), and MCP1 (P: 0.51)
played a role in decreasing the odds of MUHO among hPDI tertiles. Conclusion. *ere was a significant inverse relationship
between adherence to hPDI and MUHO phenotype in overweight and obese Iranian women. *is association appeared to be
mediated by TGF-β1, IL-β1, and MCP1.

1. Introduction

Obesity remains a leading public health concern all over the
world and is associated with incidence of several major
chronic diseases such as cardiovascular disease, type 2 di-
abetes, hypertension, dyslipidemia, and some types of cancer
[1]. A systematic review and meta-analysis, in 2019, reported
that the prevalence of obesity in Iranian older adults was
21.4% [2]; where there are criteria based on population- and
country-specific cut-off point for Iranians to evaluate obe-
sity, including body mass index (BMI)≥ 30, waist

circumference (WC)≥ 91 cm for women, and ≥89 cm for
men, and abdominal obesity, demarcated by increases in
subcutaneous, deep subcutaneous, and intra-abdominal
visceral adipose tissue [3–5]. In addition, individuals may be
classified, metabolically, as having either healthy or un-
healthy obesity on the basis of phenotypes.

Indeed, the metabolically healthy obesity (MHO) phe-
notype has been defined as favorable lipid profile as well as
normal or slight changes in insulin sensitivity, while in
metabolically unhealthy obesity (MUHO), these criteria are
affected abnormally [6]. Some studies have indicated that an
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intermediate-stage risk of metabolic disorders is evident in
individuals with MHO in comparison with MUHO [7, 8].

It has been demonstrated that obesity and inflammation
have a strong relationship, such that excessive fat mass can
lead to an inflammatory response and increase markers of
inflammation, such as transforming growth factor beta 1
(TGF-β1), interleukin-β1 (IL-β1), and monocyte chemo-
attractant protein-1 (MCP-1). *e proinflammatory cyto-
kines in obesity, emergent from the adipose tissue, are
produced by infiltrating macrophages, as well as TGF-β1
having a role in the regulation of inflammation, immune
function, and glucose homeostasis [9–11]. *us, the adop-
tion of a lifestyle is important to prevent chronic inflam-
mation and other complications that might develop in
obesity and chronic disease related to obesity.

According to cohort study, adopting a healthy plant-
based diet may reduce the risk of cardiovascular disease in
the general population, irrespective of genetic susceptibility
[12]. Higher consumption of saturated fatty acid, salt, sugars,
excessive alcohol, and low intake of fruit, vegetables, fiber,
omega-3, and egg consumption are factors contributing to
chronic disease [13, 14]. However, one review study amounts
of eggs consumed by adults have no significant influence on
systolic and diastolic blood pressure [15]. To reduce the
inflammation factors and chronic diseases, higher intake of
healthy plant foods (vegetable and fruit), instead of un-
healthy foods (refined grains, sweets, and desserts), is useful
[16, 17]. A review study shown that nut consumption es-
pecially walnut is contributing to weight reduction and
control weight by reduction of fat absorption and appetite
[18]. In a randomized controlled trial, significant im-
provement in weight and BMI was observed in the inter-
vention group which had plant-based diet compared to the
group with normal care [19] Moreover, Kahleova et al., also
observed a significant association between a plant-based diet
with changes in body weight and body composition [20].
Empirical research has demonstrated that dietary patterns
may be associated with inflammatory mediators and obesity
as an inflammatory-related disease [21–24]. For instance, the
positive impacts of dietary patterns, including Mediterra-
nean, Dietary Approaches to Stop Hypertension (DASH),
and plant-based diet (PBD) on inflammation, obesity, MHO,
andMUHO have been elucidated by several studies [25–28].
Moreover, a review article suggested that PBD could reduce
some inflammatory markers, such as IL-6 and C-reactive
protein (CRP), but not TNF-α [26]. *is type of dietary
pattern has been defined as having high intake of fruits,
vegetables, grains, and legumes, all of which could lead to
reductions in both inflammation and obesity [29]. However,
to our knowledge, the effect of PBD on MHO and MUHO
has not yet been examined. Furthermore, dietary inflam-
matory index, in which the consumption of food items can
increase body inflammation such as saturated fatty acid,
trans fatty acids, and refined grains, has been shown to be
positively associated with fat mass and concentration of
MCP-1 [30]. *us, adherence to a PBD may be associated
with an improvement in obesity-related inflammatory
profiles and prevention of chronic disease risks. To the best
of our knowledge, this is the first study designed to assess the

relationship between a healthy plant-based diet and meta-
bolic obesity phenotype, in addition to investigating the
mediating role of inflammatory markers (TGF-β1, IL-β1,
MCP1) in overweight and obese Iranian women. *us, we
sought to investigate the influence of plant-based diet on
MHO and MUHO phenotypes which are mediated by in-
flammatory markers in overweight and obese women.

2. Methods and Materials

2.1. Study Population. *is cross-sectional study was con-
ducted using multistage simple random sampling and
participants consisted of 289 women recruited from 20
Tehran Health Centers in 2018. Indeed, 20 health centers
were randomly selected from all health centers of the Tehran
University of medical sciences. Sampling was such that
people who referred to Tehran health centers, if they met the
inclusion criteria, were randomly selected to enter the study.
Inclusion criteria were age ≥18 years old, with a body mass
index (BMI) ≥25 kg/m2, without history of hypertension,
had no intake of alcohol and opiate drugs, not being
pregnant, not being in menopause, not having acute or
chronic infection, and exclusion criteria were having history
of cardiovascular disease, thyroid, cancer, diabetes, liver, and
kidney disease, and smoking. In addition, participants who
had been following any arbitrary special dietary regimen, as
well as those with chronic disease(s) affecting their diet, or if
their daily energy intake was <800 kcal or >4200 kcal [31],
were excluded. All participants were asked to provide
written informed consent prior to participation, and the
study was approved by the ethics committee of Tehran
University of Medical Sciences (IR.TUMS.VCR.-
REC.1395.1234). We calculate the study sample prior to the
study. *e sample size was computed according to the
following formula:

n � [(Z1 − α + Z1 − β) ×√1 − r2]/r)2 + 2) � 289, (1)

where β� 0.95 and α� 0.05, then, with 95% confidence and
80% power, and r� 0.37.

2.2. Anthropometric Measurements. Body composition, in-
cluding weight, fat, and leanmass, and waist-to-hip ratio was
assessed using a bioelectric impedance analyzer (In Body 770
scanner, Korea) [32]. Also, height was measured to the
nearest 0.5 cm by nonelastic tape, while BMI was calculated
as weight (kg) divided by height (m2). WCmeasurement was
performed at the level of the umbilicus after exhalation.
According to the World Health Organization (WHO) cri-
teria for classification of weight, BMI ≥25 kg/m2 was con-
sidered as overweight, and ≥30 kg/m2 as obesity [33].

2.3. BiochemistryMeasurements. Blood samples were drawn
after 12 hours of overnight fasting to assess low-density
lipoprotein (LDL-C), high-density lipoprotein (HDL-C),
triglycerides (TG), homeostatic model assessment (HOMA),
C-reactive protein (CRP), TGF-β1, IL-β1, and MCP-1, using
ELISA.*e serum was separated and stored at a temperature
of −70°C until the analyses were carried.
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2.4.Metabolic Health Phenotypes. Karelis criterion was used
to estimate metabolic health, considering the following:
TG≤ 1.7mmol/L or use of lipid-lowering drugs, HDL-C
≥1.3mmol/L, LDL-C ≤2.6mmol/L, HOMA ≤2.7, and CRP
≤3.0mg/L [34]. Subsequently, participants were categorized
into two groups as metabolically healthy obesity and un-
healthy obesity phenotypes [35, 36], where meeting three or
more of the preceding components equated to an unhealthy
phenotype.

2.5. Dietary Intake Measurement. Dietary intake was col-
lected using a 147-item semiquantitative food frequency
questionnaire (FFQ), where its validity and reliability were
previously affirmed in an Iranian population [37]. *e av-
erage consumption frequency was considered as over the
past year on a daily, weekly, and monthly basis. Household
measures were taken into account for portion sizes and then
converted to grams [38]. *e food composition table (FCT)
of the US Department of Agriculture (USDA) was used to
evaluate energy and nutrients. *e Iranian FCT was con-
sidered for local foods that were not present in the USDA
FCT. Moreover, total daily energy intake was examined by
considering the sum of each food item energy.

2.6. Plant-Based Diet Scores. Plant foods were categorized
into healthy and unhealthy groups based on epidemiological
knowledge concerning the relationship between food items
with obesity and inflammation [26]. First, we generated 18
food groups consisting of animal foods (butter/lard, dairy,
egg, fish/seafood, meat, and miscellaneous animal-based
foods), healthy (whole grains, fruits, vegetables, nuts, le-
gumes, vegetable oils, and tea/coffee), and unhealthy plant
foods (fruit juices, SSBs, refined grains, potatoes, and sweets/
desserts), in line with nutrient and standard culinary fea-
tures. *en, daily values and the number of servings for
entire foods incorporated in each of the 18 food groups were
summed. In this study, we generated an overall plant-based
diet index (PDI) based on the algorithm developed by
Martinez-Gonzalez et al. [39], and as suggested by Satija
et al. two fitted versions of a healthful plant-based diet index
(hPDI), and an unhealthful plant-based diet index (uPDI)
[40]. *e cut points for the tertiles were calculated for each
18 food groups with an assigned score between 1 and 3 for
each tertile. To achieve each participant’s indices, we
summed the 18 food group scores. *e observed score
ranges for PDI, hPDI, and uPDI, were <51, 51–57, and >57,
respectively, across the groups. It is worth mentioning that a
higher amount of all indices is indicative of a lower intake of
animal foods. Moreover, alcoholic beverages were not in-
cluded in our indices due to their diverse association with
several health outcomes.

2.7. Physical Activity Measurement. *e international
physical activity questionnaire (IPAQ), validated in Iranian
women adults, was used to assess physical activity levels [41].
*e participants were asked to answer questions such as the
time they spent on walking, moderate, and vigorous physical

activity during the last week. *en, the time of each physical
activity was converted to minutes per week and calculated as
metabolic equivalent of task (MET/minutes/week).

2.8. Other Covariates Assessments. Demographic charac-
teristics including age, sex, income, marital status, supple-
ments consumption, socioeconomic status, education, and
occupation status were collected. In addition, systolic and
diastolic blood pressure (SBP and DBP) were evaluated after
15-min rest, using a Mercury sphygmomanometer.

2.9. Statistical Analysis. Participants were categorized
according to tertiles of PDI and hPDI scores (tertiles 1:< 51,
tertiles 2 : 51–57, and tertiles 3 :>57) and uPDI score (tertiles
1 :<45, tertiles 2 : 45–51, and tertiles 3 :>51). Kolmogor-
ov—Smirnov test and histogram were used to determine the
normal distribution of the data. All variables with normal
distribution were analyzed by parametric tests. One-way
analysis of variance (ANOVA) for continuous variables and
chi-square analysis for categorical variables were used to
compare subject characteristics and dietary intake across
tertiles of plant-based diet score and were reported as mean
(SD). Analysis of covariance (ANCOVA) was used to ex-
amine demographic characteristics, anthropometric mea-
surements, clinical assessments, and dietary intake across
tertiles of PDI, hPDI, and uPDI score, adjusting for age,
BMI, physical activity, energy intake, occupation status,
economic status, supplement consumption, and income. To
examine the association between plant-based diet score and
MHO and MUHO, binary logistic regression was used, and
reported as odds ratio (OR) and 95% confidence interval
(CI). Moreover, linear regression was used to examine the
association of MHO and MUHO across the tertiles of PDI,
hPDI, and uPDI scores and reported as β and CI, and ad-
justed in model 2, including age, BMI, physical activity,
energy intake; model 3, with occupation, economic status,
supplement consumption, income; and using the Barrett
method. Mediation analysis was performed to assess the
mediating effects of TGF-β1, IL-β1, and MCP1 in models 4,
5, and 6, respectively. In the current study, SPSS software
version 26 (Chicago—United State) was used for data
analysis, and a P-value <0.05 was, a priori, considered
statistically significant.

3. Results

3.1. Study Population Characteristics. In total, 289 women,
including 65 MHO (26.9%) and 177 MUHO individuals
(73.1%), with a mean age and BMI of 36.5 years old and
31.05 kg/m2, respectively, were recruited in the present
study.*emean (SD) height and weight of participants were
161.26 (5.92) cm and 80.70 (12.24) kg, respectively.

3.2.GeneralCharacteristicsofParticipantsacross theTertilesof
PDI, hPDI, and uPDI Scores. General characteristics of
participants, across the tertiles of PDI, hPDI, and uPDI
scores in overweight and obese women are shown in Table 1.
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Participants with a higher score of hPDI were more phys-
ically active (P � 0.001), and those with a higher score of
uPDI used less supplements (26.7%, P � 0.03). Also, indi-
viduals with a higher score of uPDI had a lower BMI
(P � 0.02) and WHR (P � 0.02), after controlling for age,
BMI, physical activity, and energy intake. *e hs-CRP level
was significantly higher across higher scores of PDI after
adjusting confounders (P � 0.02). However, no significant
mean differences were found in IL-β1, MCP1, and TGF-β1
across PDI, hPDI, and uPDI.

3.3. Dietary Intake of Participants across the Tertiles of PDI,
hPDI, and uPDI Scores. Dietary intake of participants across
the tertiles of PDI, hPDI, and uPDI scores in overweight and
obese women are presented in Table 2. Participants in the
highest tertiles of PDI had higher intake of polyunsaturated
fatty acid (PUFA), linoleic acid, linolenic acid, calcium, zinc,
vitamin C, folate, total fiber, whole grains, fruits, dairy, and
legumes (P< 0.001). In addition, higher adherence of hPDI
was associated with lower intake of PUFA, linoleic acid,
linolenic acid, potassium, iron, magnesium, selenium, vi-
tamin C, folate, total fiber, fruits, vegetables, nuts, legumes,
and sea foods (P< 0.001). Furthermore, women with the
highest score of uPDI consumed higher cholesterol, refined
grain, and lower SFA, MUFA, potassium, calcium, mag-
nesium, zinc, vitamin A, β carotene, vitamin D, thiamin,
vitamin B6, vitamin B12, whole grain, vegetables, dairy,
legumes, sea foods, and animal oils (P< 0.001) (Table 2).
However, other dietary factors across tertiles of PDI, hPDI,
and uPDI showed no significant results.

3.4.Associationof InflammatoryMarkerswithPDI, hPDI, and
uPDI Scores. Table 3 details the association of inflammatory
markers, including IL-β1 (pg/ml), MCP1 (pg/ml), and TGF-
β1 (pg/ml), with PDI, hPDI, and uPDI scores in overweight
and obese women. In the crude model, none of the in-
flammatory markers were associated with PDI, hPDI, and
uPDI. After adjusting for age, BMI, physical activity, energy
intake, occupation, economic status, supplement con-
sumption, income, there was no significant association of IL-
β1 and MCP1 with PDI, hPDI, and uPDI. However, TGF-β1
had a significant inverse association with hPDI (β: −0.28;
95%CI: 452.99, −85.25; P � 0.004), but not with PDI
(crude� β: −0.04; 95% CI:−182.20, 96.34; P � 0.54;
adjusted� β: 0.02; 95% CI: −190.70, 246.09; P � 0.80) and
uPDI (crude� β: 0.11; 95% CI: −42.27, 271.78, P � 0.15;
adjusted� β: 0.16; 95% CI: 37.57, 384.44; P � 0.10).

3.5. Association of MHO and MUHO Phenotype across the
Tertiles of PDI, hPDI, and uPDI Scores. *e association of
MHO and MUHO phenotypes across the tertiles of PDI,
hPDI, and uPDI scores in overweight and obese women are
shown in Table 4. *ere were no significant associations
between MUHO phenotypes with the tertiles of PDI, hPDI,
and uPDI scores in the crude and adjustedmodels (P> 0.05).
In model 2, with adjustment for age, BMI, physical activity,
and energy intake, there was a significant P-trend for

lowering odds from second (OR: 1.83; 95% CI: 0.70, 4.81; P:
0.04) to third tertiles of hPDI (OR: 0.93; 95% CI: 0.42, 2.06;
P: 0.04), compared to the first tertile. Even after further
controlling with occupation status, economic status, sup-
plement consumption, and income in the third model, there
were significant decreasing odds of MUHO vs. MHO with
moving from second (OR:1.75; 95%CI: 0.62, 4.89;P: 0.03) to
third tertiles (OR: 0.95; 95% CI: 0.39, 2.30; P: 0.03) as
compared to the first tertile. *is demonstrated that women
with a higher score of hPDI had lower odds of MUHO.

3.6. Association ofMHOandMUHOacross theTertiles of PDI,
hPDI, and uPDI Scores Mediated by Inflammatory Markers.
*e association of MHO and MUHO phenotypes across the
tertiles of PDI, hPDI, and uPDI scores mediated by in-
flammatory markers in overweight and obese women is
presented in Table 5. According to Barrett model for as-
sessment of mediation effects, three inflammatory markers,
including TGF-β1, IL-β1, and MCP1, were included in the
models of adjustment. A significant P-trend of 0.03 for odds
of MUHO across hPDI tertiles was attenuated in the model
adjusted with inflammatory markers; TGF-β1 (P-trend:
0.73, P-value: 0.89), IL-β1 (P-trend: 0.14, P-value: 0.17), and
MCP1 (P-trend: 0.51, P-value: 0.60). A nonsignificant
P-trend for odds of MUHO across PDI tertiles remained in
the model adjusted with inflammatory markers, highlighting
that TGF-β1 (P-trend: 0.15, P-value: 0.32), IL-β1 (P-trend:
0.30, P-value: 0.50), andMCP1 (P-trend: 0.56, P-value: 0.63)
possessed limited mediating ability, with increasing odds of
MUHO among PDI tertiles. P-trend for odds of MUHO
across uPDI tertiles remained nonsignificant in the model
adjusted with inflammatory markers. Moreover, scores of
uPDI increased nonsignificantly from the second to third
tertiles, after controlling for MCP-1 (P-trend: 0.63, P-value:
0.85), TGF-β1 (P-trend: 0.38, P-value: 0.68), and IL-β1
(P-trend: 0.86, P-value: 0.74). *ereby suggesting limited
mediating effectiveness of the three inflammatory markers.

4. Discussion

In this cross-sectional study, we presented, for the first time,
the relationship between a healthy plant-based diet and
metabolic obesity phenotype, in addition to investigating the
mediating role of inflammatory markers (TGF-β1, IL-β1,
MCP1), in overweight and obese women.

In the present study, hPDI and uPDI had no significant
association with MHO and MUHO in the crude model, but
after adjusting confounders, we noticed that women with
higher adherence to hPDI, had a lower risk of MUHO
phenotype. Kouvari et al. demonstrated that higher ad-
herence to a plant-based diet was associated with a greater
probability of long-term maintenance of a healthy metabolic
state. In addition, the healthful or unhealthful food choices
within this pattern appeared to strongly predict car-
diometabolic condition in women [42].

In our study, we investigated the potential mediatory
role of TGF-β1 in the association between healthy plant-
based diet and metabolic phenotype obesity. Indeed, after
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adjusting for potential confounders, TGF-β1 had a signifi-
cant inverse association with hPDI, in addition, the hs-CRP
level was significantly higher across scores of PDI after
adjusting confounders.*e findings of Pourreza et al.’s study
also support our findings, where the authors asserted that
PDI was significantly associated with TGF-β1, in addition to
a strong inverse association between adherence to hPDI and
hs-CRP, and a significant positive association between uPDI
and hs-CRP [43]. In contemporary work, in a cross-sectional
study containing 240 middle-aged women, hPDI was sig-
nificantly associated with reduced inflammatory biomarkers
compared to uPDI [16]. *e previous studies were shown
consumption of healthy plant foods (vegetable and fruit),
instead of unhealthy foods (refined grains, sweets, and
desserts), can reduce the inflammation factors and chronic
diseases [16, 17].

In another study, Kim et al. indicated that individuals in
the highest quintile of uPDI had greater odds of metabolic
syndrome (MetS) than those in the lowest quintile. Higher
uPDI score was associated with higher odds of hyper-
triglyceridemia in men, and abdominal obesity, high fasting
glucose, and hypertriglyceridemia in women, which was
consistent with our study [44]. Moreover, in the present
study, higher scores of uPDI were significantly associated
with higher BMI, WHR, body fat percentage, TG, and LDL-
C. One randomized controlled trial, showed significant
reduction in weight and BMI in the intervention group
which consumed plant-based diet compare to the group with
normal care [19]. Also, Kahleova et al. observed a significant
association between a plant-based diet and body weight
reduction and body composition changes [20].While in Kim
et al. the positive associations between unhealthy plant-
based diets and the components of MetS, such as abdominal
obesity, high fasting glucose, and hypertriglyceridemia, were
observed only in women. Moreover, the median score of
uPDI was moderately higher in women than men in the
highest quintiles of uPDI, and the authors posited that
women may have consumed more unhealthy plant foods,
such as refined grains (e.g., white rice or noodles), than men
[44].

*ere are various mechanisms through which plant-
based diets may be associated with obesity and inflamma-
tion. Indeed, plant-based diets may reduce body fat through
decreased caloric intake and increased energy expenditure
due to increased thermogenesis. Polyphenols and unsatu-
rated fatty acids can affect the liver, muscle, and adipose
tissue, to help upregulate the expression of peroxisome
proliferator-activated receptor (PPAR), which augments
oxidation leading to a reduced circulating pool of free fatty
acids (FFAs), thereby reducing the accessibility of FFA for
adipose tissue uptake and hypertrophy. Reduced use of
saturated fats, which are commonly derived from animal-
based foods, may also contribute to better insulin sensitivity
[45]. Plant-based foods are a major source of phytochem-
icals, which can act as ligands, substrates, inhibitors, and
cofactors for multiple enzymes [46]. *e use of phyto-
chemicals, particularly polyphenols, which are available in
various plant foods (e.g., berries, grapes, onions, apples,
cacao, green tea, soy, and whole grains), are associated with
decreased mortality and chronic disease risk [47–50].
Adopting a plant-based diet has been shown to reduce
cardiovascular disease risk in the general population, re-
gardless of genetic susceptibility [12]. Based on a review
study, walnut consumption has been associated with weight
loss and weight control by reducing fat absorption and
appetite [18]. Polyphenols are hydroxylated bioactive
compounds that can also affect body fat, and an inverse
association between polyphenol utilization and body weight
has been reported [51, 52]. *e food compound of an un-
healthy plant-based diet may have higher intakes of unde-
sirable nutrients and lower intakes of micronutrients and
antioxidants, which can unfavorably affect metabolic syn-
drome and its (co)factors. Moreover, a high intake of added
sugar from unhealthy plant foods would negatively affect
lipid metabolism, glucose control, and weight gain [53],
while decreased dietary fiber may impact glycemic control,
insulin sensitivity, and lead to increases inflammation. In-
deed, these effects could be related to reduced inflammation
and oxidative stress [54, 55]. Hence, plant-based diets may
provide advantages in the inhibition of chronic disease

Table 3: Association of inflammatory markers with PDI, hPDI, and uPDI scores in overweight and obese women (n� 289).

PDI
P-value hPDI

P-value uPDI
P-valueβ 95% CI β 95% CI β 95% CI

TGF-β1
Model 1 −0.046 (−182.204, 96.348) 0.544 −0.128 (−250.583, 19.523) 0.093 0.110 (−42.275, 271.783) 0.151
Model 2 0.014 (−180.109, 206.647) 0.892 −0.201 (−347.819, −22.570) 0.026 0.121 (−59.211, 316.404) 0.178
Model 3 0.028 (−190.705, 246.097) 0.802 −0.286 (452.996, −85.258) 0.004 0.161 (37.575, 384.440) 0.106

IL-β1
Model 1 0.044 (−0.024, 0.035) 0.710 0.002 (−0.03, 0.03) 0.989 0.015 (−0.035, 0.040) 0.901
Model 2 0.051 (−0.031, 0.043) 0.738 −0.075 (−0.047, 0.07) 0.593 0.066 (−0.030, 0.049) 0.628
Model 3 0.090 (−0.030, 0.052) 0.592 0.036 (−0.036, 0.045) 0.823 −0.044 (−0.049, 0.036) 0.762

MCP1
Model 1 −0.062 (−2.712, 0.993) 0.361 −0.004 (−1.914, 1.791) 0.948 0.008 (−1.98, 2.241) 0.903
Model 2 −0.127 (−4.258, 0.669) 0.152 −0.094 (−3.351, 0.811) 0.230 0.040 (−1.708, 2.952) 0.599
Model 3 −0.087 (−4.145, 1.580) 0.378 −0.095 (−3.712, 1.038) 0.268 0.115 (0.007, 1.949) 0.059

Abbreviations: CI, confidence interval; IL-β1, interleukin-beta 1; MCP1, monocyte chemoattractant protein-1; TGF-β1, transforming growth factor beta 1.
Linear regression was used. Model 1: crude Model 2: adjusted for age, BMI, physical activity, energy intake. Model 3: adjusted for model 2 further with
occupation status, economic status, supplement consumption, income.
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beyond decreased fat mass. Systemic concentrations of
proinflammatory mediators are known to be higher in obese
(BMI 30 kg/m2) vs. normal-weight persons [56, 57]; indeed,
the elevated abdominal fat mass is related to a chronic in-
crease of the circulating concentrations of inflammatory
mediators containing multiple acute-phase inflammatory
proteins including CRP [58, 59]. It should be noted that the
liver and the lymphoid organs are generally the main
production sites of these inflammatory mediators, but in
obesity, adipose tissue becomes the main producer, resulting
in chronic and permanent local and systemic inflammatory
[60].

*e present study possesses numerous strengths and
limitations. First, to the best of our knowledge, this is the first
study to have evaluated the association between a healthy
plant-based diet and metabolic phenotype obesity and also
investigated the potential mediating role of inflammatory
markers (TGF-β1, IL-β1, and MCP1) in overweight and
obese Iranian women. Second, another strength of this study
is the recruitment of a large sample of obese and overweight
individuals. In addition, dietary intake was assessed using a
locally validated questionnaire, the FFQ which was com-
pleted via interview with an experienced dietitian to mini-
mize measurement errors. Nevertheless, despite these
strengths, we must acknowledge some limitations in the
present study. First, the cross-sectional nature of this study
limited the ability to suggest a causal relationship between a
healthy plant-based diet and metabolic phenotype obesity.
Second, small errors may be present in the dietary assess-
ment, mostly due to misremembering the data and mis-
classification errors. *ird, because our study only included
women, the results are not generalizable to men, although
clearly this was not the aim of the study.

5. Conclusion

In conclusion, a higher hPDI score was associated with a
lower MUHO phenotype in overweight and obese Iranian
women, which could be mediated by TGF-β1, IL-β1, and
MCP1. Based on these data, consumption of a plant-based
diet containing unrefined and whole plant-foods may have
beneficial health effects. It is vital to consider the quality of
plant foods consumed in the general population for the
improvement of health outcomes.

Abbreviations

BMI: Body mass index
DBP: Diastolic blood pressure
FBS: Fasting blood sugar
HDL: High density lipoprotein
hPDI: Healthful plant-based diet index
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study,” American Journal of Clinical Nutrition, vol. 100,
no. suppl_1, pp. 320S–328S, 2014.

[40] A. Satija, S. N. Bhupathiraju, E. B. Rimm et al., “Plant-based
dietary patterns and incidence of type 2 diabetes in US men
and women: results from three prospective cohort studies,”
PLoS Medicine, vol. 13, no. 6, Article ID e1002039, 2016.

[41] D. R. Bassett Jr., “Commentary to accompany,”Medicine and
Science in Sports and Exercise, vol. 35, no. 8, p. 1396, 2003.

[42] M. Kouvari, D. B. Panagiotakos, C. Chrysohoou et al.,
“Healthful and unhealthful plant-based dietary patterns and
their role on 10-year transition to metabolically unhealthy
status in obese participants of the ATTICA prospective
(2002–2012) study,” European Heart Journal, vol. 41,
no. Supplement_2, 2020.

[43] S. Pourreza, Z. Khademi, A.Mirzababaei et al., “Association of
plant-based diet index with inflammatory markers and sleep
quality in overweight and obese female adults: a cross-sec-
tional study,” International Journal of Clinical Practice,
vol. 75, no. 9, Article ID e14429, 2021.

[44] H. Kim, K. Lee, C. M. Rebholz, and J. Kim, “Association
between unhealthy plant-based diets and the metabolic
syndrome in adult men and women: a population-based study
in South Korea,” British Journal of Nutrition, vol. 125, no. 5,
pp. 577–590, 2021.

[45] R. S. Najjar and R. G. Feresin, “Plant-based diets in the re-
duction of body fat: physiological effects and biochemical
insights,” Nutrients, vol. 11, no. 11, 2019.

[46] C. J. Dillard and J. B. German, “Phytochemicals: nutraceut-
icals and human health,” Journal of the Science of Food and
Agriculture, vol. 80, no. 12, pp. 1744–1756, 2000.

[47] J. Rienks, J. Barbaresko, and U. Nöthlings, “Association of
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