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Abstract

Adherence to plant-based diets is recommended to prevent and control chronic dis-
eases. However, not all plant-based foods are healthy for this purpose. This study
investigated the relationship between plant-based diets and risk factors for cardio-
vascular diseases (CVDs) in adults with chronic diseases. This cross-sectional study
was performed on 3678 males and females (age range: 40-70years) with chronic dis-
eases who participated in the Kharameh cohort study. A validated semiquantitative
food-frequency questionnaire was used to calculate the plant-based diet index (PDI),
healthy plant-based diet index (hPDI), and unhealthy plant-based diet index (uPDI).
Lipid profile, fasting blood sugar (FBS), blood pressure, and anthropometric indices
were measured. Multivariable-adjusted logistic regression analysis was performed to
determine the association between plant-based diets and CVDs risk factors. Higher
adherence to the PDI was inversely associated with the level of FBS (odds ratio [OR]
=0.42; 95% confidence interval [Cl]: 0.33-0.53; p <.001). A significant decrease was
observed for total cholesterol in those with higher adherence to hPDI (OR = 0.80;
95% Cl: 0.65-0.98; p =.035). Additionally, the score of uPDI was positively related
to FBS (OR = 1.23; 95% Cl: 1.00-1.53; p =.01), total cholesterol (OR = 1.23; 95%
Cl: 1.01-1.49; p =.061), and low-density lipoprotein (OR = 1.39; 95% ClI: 1.13-1.71;
p =.009). It was concluded that adherence to PDI and hPDI was related to a lower
level of FBS and total cholesterol, respectively. Moreover, the findings suggested that
regular intake of the uPDI was correlated with some risk factors for CVDs in adults

with chronic diseases.
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1 | INTRODUCTION

Cardiovascular diseases (CVDs) are among the leading causes
of mortality and the main causes of health system costs
(Abdulmuhsin, 2016). In addition, the prevalence of CVDs has in-
creased in recent decades. Numerous investigations have shown
that the control of CVD risk factors, such as blood pressure, blood
lipids, obesity, and blood sugar, could lead to the improvement of
patients’ complications (Khunti et al., 2018; Randhawa et al., 2020;
Shmakova et al., 2022).

Lifestyle risk factors, such as smoking, inadequate physical ac-
tivity, alcohol consumption, and unhealthy diets, are modifiable and
known factors for the control of some chronic noncommunicable
diseases (Bauman, 2004; Farazian et al., 2019; Wu et al., 2015). Diet
plays a key role in the incidence and control of chronic diseases.
Various studies on the relationship of plant- and animal-based diets
with chronic diseases have reported different results. Some stud-
ies have shown that restricting animal foods and consuming more
plant-based foods could reduce body mass index (BMI), blood pres-
sure, blood sugar, or inflammation (Hematdar et al., 2018; Picasso
et al., 2019; Yokoyama et al., 2014). However, another study showed
that the moderate consumption of animal foods, such as red meat,
has not adversely affected cardio-metabolic factors (Hassanzadeh-
Rostami et al., 2021), and some others have not reported any asso-
ciation (Chiang et al., 2013; Vinagre et al., 2013; Yang et al., 2011).

In comparison to omnivorous diets, vegetarian food regimens are
full of fibers, phytosterols, magnesium, Fe3+, folic acid, vitamins C
and E, omega-6 polyunsaturated fatty acids (PUFAs), phytochemi-
cals, and antioxidants but low in total fat and saturated fatty acids
(SFAs), sodium, Fe?*, zinc, vitamins A, B,,,and D, and little or no cho-
lesterol (Borazjani et al., 2022; Kamalipour & Akhondzadeh, 2011).
Therefore, plant-based diets could have numerous healthy effects
(Jalilpiran et al., 2017; Wang et al., 2015). Recently, it has been known
that not every plant food retains the same beneficial features. Some
plant foods, such as refined grains and sweetened beverages, have
adverse effects on health (Hemler & Hu, 2019). In general, due to the
contradictory results and limitations of previous studies, the present
study examined three types of plant-based diet indices, including
the general plant-based diet index (PDI), healthy plant-based diet
index (hPDI), and unhealthy plant-based diet index (uPDI), and their
relationships with blood lipids, blood pressure, glycemic control, and
anthropometric indices in patients with chronic disease.

2 | METHODS

2.1 | Study design and study population

The present cross-sectional study was carried out on the informa-
tion of participants of the Kharameh cohort study. The Kharameh
cohort study is a branch of Prospective Epidemiological Research
Studies in Iran (PERSIAN) (Poustchi et al., 2018) in which 10,663
individuals aged 40-70years were enrolled from 2014 to 2017

(Rezaianzadeh et al., 2021). Demographic information, physical ac-
tivity, smoking status, and medical history of the participants were
assessed in the PERSIAN cohort study. Additionally, physical ex-
aminations (i.e., weight, height, waist circumference [WC], hip cir-
cumference [HC], systolic blood pressure [SBP], and diastolic blood
pressure [DBP]), biochemical assessments (i.e., fasting blood sugar
[FBS], total cholesterol, triglyceride [TG], high-density lipoprotein
[HDL], low-density lipoprotein [LDL], and alkaline phosphatase), and
dietary evaluation were performed (Nikbakht et al., 2020).

Inclusion criteria for the Kharameh cohort study were the age
of 40-70years, living in Kharameh for the last 9 months, and having
Iranian nationality. In addition, having a history of one or more types
of CVDs (heart failure, angina, and myocardial infarction), hyperten-
sion, or diabetes was needed to be included in the present study.

Participants with mental disorders or untreated illnesses in the
acute phase and also who did not complete the assessments were
excluded from the study. Furthermore, we excluded the data of
the participants who under- or over-reported their energy intakes
(<«800kcal or>4200kcal/day) (Figure 1). This study was approved by
the Ethics Committee of Shiraz University of Medical Sciences, Fars,
Iran (code: IR.SUMS.REC.1399.1115).

2.2 | Dietary intake and plant-based
diet assessment

Dietary intakes were collected using a 130-item semiquantitative
food-frequency questionnaire (FFQ). Consistent with household
measures, the records from completed FFQs were transformed into
grams. Then, energy and nutrient intakes were calculated using the
adapted version of Nutritionist IV for Iranian software (version 7.0;
N-Squared Computing).

In this study, Satije et al. approach was used to calculate the PDI,
hPDI, and uPDI (Satija et al., 2016). A total of 130 food items were
categorized into 18 food groups; then, the food groups were divided
into three principal categories, including healthy plant foods (i.e., whole
grains, nuts, vegetables, vegetable oils, fruits, legumes, and tea/coffee),
unhealthy plant foods (i.e., refined grains, sugar-sweetened drinks,
fruit juices, potatoes, and sweets/desserts), and animal foods (i.e.,
egg, dairy, fish/kinds of seafood, animal fats, meat, and miscellaneous
animal-based foods). In the PDI and hPDI, the maximum and minimum
intakes of plant foods and healthy plant foods received scores of 10
and 1, respectively. In the uPDI, scores of 1 and 10 were considered for
maximum and minimum intakes of unhealthy plant foods, respectively.
Rankings were summed up to get a score ranging from 18 to 180 for
each of the PDI, hPDI, and uPDI. Overall, a higher score for each index
indicated higher adherence to that dietary pattern.

2.3 | Anthropometric and biochemical assessments

The trained workforce measured participants’ height, weight, WC,
HC, and blood pressure. Height, weight, HC, and WC were measured
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Total population of Kharameh region
(N=61580)

All people aged 40 to 70 in the Kharameh region were invited to participate in the Persian cohort study of
the Kharameh branch

—_

10663 people participated in
the study of the Kharameh
cohort

Participants with one or more
types of CVD (heart failure,
angina, and myocardial
infarction), diabetes, or
hypertension (N=3724)

- Living in Kharameh

- Being Iranian

- Aging 40-70 years

Exclusion criteria:

- Untreated illnesses in the acute phase

- Mental disorders including mental retardation

- Reluctance to participate

1 | Inclusion criteria:

- Not completing the assessment

—

N
Missing data for diet, physical examinations, or biochemical
assessments (N=06)
J
N
Energy intake <800 or >4200 Kcal (N=31)
J

The final sample for analysis of the association between plant-based index diets with
cardiovascular disease risk factors (N=3687)

FIGURE 1 Flow diagram of the study.

to the nearest 0.1 cm or 0.1 kg in light clothing with no shoes. BMI
was calculated by dividing the weight by height squared. Blood pres-
sure was measured after a 10-min rest in the sitting position using a
standard calibrated sphygmomanometer (Riester Model, Germany).
For laboratory assessments, after 10-14h overnight fast, a 20-ml
blood sample was taken from each participant. Serum separation
was done in a minimum of 30 min or a maximum of 2 h. Then, 0.5 ml of
serum was used to do the biochemical tests, and the remaining was
transferred to cryotubes for storage at —~80°C until further analyses.
Serum FBS, TG, and cholesterol were measured using the Mindray

BS-380 device by Pars Azmoon kits. HDL, TG, and total cholesterol
levels were determined using an enzymatic technique, and LDL level

was calculated by Friedewald formula (Friedewald et al., 1972).

2.4 | Covariates

We considered age, gender, physical activity, educational level,
and smoking status as covariates. Demographic characteristics, in-
cluding age, gender, educational level, and smoking status of the
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participants, were obtained by a questionnaire. The duration of the
participants’ education was asked to determine their educational
level. The participants’ smoking status was determined by answer-
ing yes or no. Participants’ daily physical activity was assessed by
a self-reported validated questionnaire. Participants reported the
time spent on all activities such as sleeping, running, and walking
on a typical day (24 h), during the previous year. Each activity was
given a value in metabolic equivalent tasks (METs), and then total
metabolic equivalent tasks per day were computed (Kazemi Karyani
etal., 2019).

2.5 | Statistical analyses

BMI 230kg/m?, SBP 2135mmHg, DBP 285mmHg, FBS 2126 mg/
dl, TG 2150mg/dl, total cholesterol 2200mg/dl, LDL-C>130mg/
dl, HDL-C < 40mg/d| for men and 50 mg/dl for women, TG to HDL
ratio 25, and total cholesterol to HDL ratio 23 were considered as ab-
normal levels (Huang, 2009; Kohansal et al., 2022; Salcedo-Cifuentes
et al., 2020). All data were analyzed using SPSS for Windows soft-
ware (version 20.0), and a p-value less than .05 was considered
statistically significant. The Kolmogorov-Smirnov test was used to
examine the normal distribution of the variables. For comparing the
baseline characteristics between the male and female patients, an
independent-samples t-test and chi-squared test were used for con-
tinuous variables and categorical variables, respectively. One-way
analysis of variance was used to compare the intake of nutrients
and food groups across the quartiles of plant-based diet indices (i.e.,
PDI, hPDI, and uPDI). Two different multivariable logistic regression
models were used to assess the relationship between plant-based
diet indices and odds of CVD risk factors. Gender, age, physical ac-
tivity, total energy intake, and smoking status were included in the

regression models as confounders.

3 | RESULTS

The data of 3687 participants with one or more types of CVDs,
hypertension, or diabetes were included in the analysis (Figure 1).
Table 1 shows the baseline characteristics of the participants. Male
participants had higher age (p =.01), educational level (p <.001),
weight (p <.001), height (p <.001), and physical activity (p =.004).
However, female participants had higher WC, HC, and waist-to-hip
ratios (p <.001 for all).

According to Table 2, the participants in the highest PDI quartiles
had higher intakes of carbohydrates, fiber, omega-6/omega-3 fatty
acid (FA), beta carotene, vitamin E, C, B,, potassium, and magnesium
(p <.001 for all, except for vitamins E and B9). In addition, the partic-
ipants in the highest PDI quartiles had lower intakes of energy, pro-
tein, fat, cholesterol, SFAs, monounsaturated fatty acids (MUFAs),
calcium, and selenium (p <.001 for all).

The highest consumption of energy, carbohydrate, fiber, ome-
ga-6/omega-3 FA, PUFAs, beta carotene, vitamin E, vitamin C, vita-
min B, potassium, and magnesium and the lowest consumption of
protein, cholesterol, trans fatty acids, and selenium were observed
in the highest hPDI quartile (p <.001 for all). Moreover, the highest
intake of energy, carbohydrate, omega-6/omega-3 FA, vitamin B,,
calcium, and selenium and the lowest intake of protein, fat, fiber,
cholesterol, trans fatty acids, SFAs, MUFAs, PUFAs, beta carotene,
vitamin E, vitamin C, potassium, and magnesium were observed in
the highest uPDI quartile (p <.001 for all, except for omega-6/ome-
ga-3 FA) (Table 2).

Adherence to the PDI was significantly associated with higher
consumption of fruits, vegetables, legumes, vegetable oils, tea/cof-
fee, fruit juices, potatoes, sugar-sweetened beverages, and sweet
desserts and lower consumption of animal fat, dairy, egg, fish/
seafood, meat, and animal-based foods (p <.001 for all, except for

fruits and fruit juices). Furthermore, adherence to the hPDI was

TABLE 1 Baseline characteristics of the

Variables Male Female ELIE participants.
Age (years) 56.20 +7.74 55.50 +8.01 .01
Education (years) 5.56 +5.01 248 +3.24 <.001
Weight (kg) 74.55£12.46 68.02 +11.64 <.001
Height (cm) 170.36 +6.77 156.46 +5.55 <.001
Waist circumference (cm) 97.50 +11.43 99.67 +11.34 <.001
Hip circumference (cm) 100.89 +7.29 102.19 +8.97 <.001
WHR 0.96 £0.06 0.97 £0.07 <.001
Physical activity (Met. h/day) 37.74 +7.64 36.87 +3.31 .004
Smoking

Yes 571 (84.7%) 103 (15.3%) <.001

No 603 (20%) 2410 (80%)

Abbreviations: FBS, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; TC, total cholesterol; TG, triglyceride; WHR, waist to hip ratio.

Note: Values are mean +standard deviation (SD) or number (percent).p-value less than .05 was
considered significant. Independent-samples t-test for continuous and chi-squared test for

categorical variables was done.
All p values and p trends are bolded.
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significantly associated with higher consumption of whole grains,
fruits, vegetables, nuts, legumes, vegetable oils, and tea/coffee and
lower consumption of refined grains, potatoes, sugar-sweetened
beverages, sweet desserts, animal fat, dairy, egg, fish/seafood,
meat, and animal-based foods (p <.001 except for dairy and fish/
seafood). In addition, the participants in the highest quartile of the
uPDI had higher levels of refined grains (p <.001), potatoes (p =.03),
sugar-sweetened beverages (p =.009), and sweet desserts (p <.001)
and lower intakes of whole grains, fruits, vegetables, nuts, legumes,
vegetable oils, animal fat, dairy, egg, fish/seafood, meat, and animal-
based foods (p <.001 for all, except for vegetable oils) (Table 3).

As shown in Table 4, adherence to the PDI was related to a lower
level of FBS (p <.001) in the crude and adjusted models. However,
there was no significant association between adherence to the PDI
and any CVD risk factors. Additionally, after adjusting for gender,
age, energy intake, smoking, and physical activity, higher scores of
the hPDI were associated with a lower total cholesterol level (odds
ratio [OR] = 0.80; 95% confidence interval [Cl]: 0.65-0.98; p =.035)
and cholesterol to HDL ratio (OR = 0.74; 95% Cl: 0.57-0.95; p =.05).
In the adjusted model, the scores of the uPDI were positively re-
lated to FBS (OR = 1.25; 95% Cl: 1.01-1.55; p =.01), total cholesterol
(OR =1.24; 95% Cl: 1.0-1.50; p =.05), and LDL (OR = 1.40; 95% Cl:
1.13-1.72; p =.009).

4 | DISCUSSION

In the present study, participants in the highest quartile of PDI had
lower FBS levels. Furthermore, adherence to hPDI was associated
with lower total cholesterol levels and cholesterol-to-HDL ratio.
However, adherence to uPDI was associated with elevated levels of
FBS, total cholesterol, and LDL.

The benefits of plant-based diets for cardiovascular health have
been shown in numerous studies. A meta-analysis by Huang et al.
reported that vegetarians have lower mortality from coronary heart
disease (CHD) (Huang et al., 2012). Another meta-analysis of five
cohort studies demonstrated that vegetarians had a 24% lower risk
of CHD mortality compared to nonvegetarians (Key et al., 1999). The
above-mentioned studies have defined vegetarian diets as consum-
ing no or very limited amounts of meat and its products, which mim-
ics the PDI presented in the current study.

Recently, it has been noticed that not every plant food has the
same beneficial features. Accordingly, healthy (i.e., mostly whole
grains, fruits, vegetables, nuts, legumes, vegetable oils, and tea/
coffee) and unhealthy (i.e., sugar-sweetened beverages, fruit juices,
refined grains, potatoes, and desserts) plant food indices have been
designed. In the present study, we found that PDI and hPDI were
related to lower cholesterol and FBS levels, thereby tipping the bal-
ance in favor of heart health. Nevertheless, the uPDI was related
to elevated cholesterol, LDL, and FBS levels. High level of choles-
terol in the circulation, especially those carried via LDL, is a major
cause of heart disease. It causes the accumulation of fatty deposits
within the arteries, which reduces the blood flow to the heart and

other critical organs, and increases the risk of stroke or heart attack
(Clarke et al., 1997). LDL is also prone to oxidation which could fur-
ther complicate the situation (Holvoet, 2004). On the other hand,
a constant high blood sugar level, which is usually ensued from
poor food choices, could also produce the same outcomes. Studies
showed that high blood sugar often goes hand in hand with elevated
blood pressure and cholesterol levels (Cheung & Li, 2012).

Generally, our findings were in agreement with previous studies.
Bhupathiraju et al. in a cross-sectional study showed that adherence to
the PDIl and hPDI was inversely associated with LDL levels. Also, adher-
ence to the PDI, but not hPDI, was inversely associated with FBS levels
(Bhupathiraju et al., 2022). Another cross-sectional study showed that
plant-based diets were associated with more optimal blood lipid con-
centrations (Martin et al., 2022). Furthermore, Shin et al. showed that
the highest adherence to uPDI had 22% greater odds of dyslipidemia
and 48% higher odds of hypertriglyceridemia in Korean adults (Shin &
Kim, 2022). A meta-analysis of observational studies and clinical trials
revealed that adherence to vegetarian diets was associated with lower
serum LDL, HDL, and total cholesterol levels (Yokoyama et al., 2017).

In addition, a cohort study on South Korean adults revealed that
high adherence to the hPDI was inversely associated with the risk
of dyslipidemia characterized by high levels of TG, LDL, and choles-
terol. Nonetheless, adherence to the uPDI resulted in a remarkable
significant increased risk of lipid disorders (Lee et al., 2021). Another
cohort study in South Korea showed that the uPDI was associated
with a higher risk of metabolic syndrome; however, participants
with the highest adherence to the PDI had a lower FBS level (Kim
et al., 2020). Furthermore, a case-control study by Zamani et al. fol-
lowing an overall plant-based diet was associated with a lower risk of
gestational diabetes (Zamani et al., 2019).

Several mechanisms have been introduced to justify the above-
mentioned findings, most of which center around the beneficial com-
ponents of plant-based diets. Similar to the case in the present study,
greater adherence to the PDI and hPDI often marks a dietary plan
high in fiber, antioxidants, unsaturated fats, and some micronutri-
ents. Dietary fiber could decrease glucose absorption and impose a
beneficial effect on glucose metabolism. It also enhances cholesterol
removal by binding cholesterol and bile acids (Brown et al., 1999).
Other nutrients, such as vitamin C and magnesium, could also in-
crease insulin sensitivity which resulted in better glycemic control.
Moreover, high amounts of polyphenols in healthy plant foods im-
prove the lipid profile by inhibiting the oxidation of LDL (Quifiones
et al., 2012). Additionally, decreased intake of animal-based foods,
associated with higher adherence to all three plant-based indices in
this study, results in a consequent low intake of saturated fat and
heme iron, which could also justify the benefits of the PDI and hPDI
on FBS and lipid profile (de Oliveira Otto et al., 2012).

On the other hand, adherence to the uPDI usually results in
lower consumption of fibers and antioxidants, including vitamins C
and E and beta carotene, which were particularly lower in the par-
ticipants with the highest adherence to the uPDI. Low consumption
of antioxidants could lead to endothelial dysfunction and oxidative
stress, which ultimately pave the way for the development of CVDs



1303

-WILEY

LOTFI ET AL.

‘pap|oq aJe spuaJy d pue sanjea d ||y
‘pasn uaaq sey YAONY Aem-auo
JUEDIJIUSIS PAISPISUOD SEM GO UBY3 SS3| dN[EA d *J0J12 plepue)s F ueaw aJe sanjeA’Xapul 3121p paseq-jueld Ayijeayun ‘|Qdn xapui 3aip paseq-jueld ‘|Qd xapul 3a1p paseq-jueld Ayjeay ‘|ddy :suoljeinaiqqy

(P/8) spooy
100> ZT0F¥0Z 910F/Z€ 9T0FISE 6T0F6LE 100> vIOF68T ¥I0FC8Z 8TOFGPE 9T0F06€E 100> YIOFIET T10FLLT LTOF6ZE 6L0F9TY paseq-fewuy
90TF 6607 v60F 10TF 8UTF 90TF 5607 0607 2607 ¥8'0F €0TF
100> €Ty 62705 ETES TLLS 100> S vy 805 9L'ES vZLS 100> 224 091y 0T¥s  LOTF¥9 (P/8) s1€3N
(P/8) spooy
100> STOFI8T LI0FOLT LIOF8TE 610FZZH 100" 2TOFZST LI0F 98T 9T0OFYOE STOFSSE 100> ETOFERT STOFL9T 6T0FZEE 0TOFITY €35 10 ysi4
¥S0F €507 95°0F 09°0% 79°0¥ 6v'0F 95°0F €507 Er'0F LyOF 65°0F 79'0F
100> 99°6T 5681 LL1e 1S12 100> €0'eT 891 $8°02 €8vC 100> €971 9TLT (10T 6192 (P/3) 333
yF YLy eevF oLYF ST IYF EerF €6€F eF TUYF 067F IYF
100> 64181 vL6TT  BSEET 8Y0S7 200 [5'90T 66'v2C SL0ZZ 981 100> S569T  S8'90T ST 10%9Z (P/8) Aute@
100> 600F £60 600F8ST 6007897 TI0F96T 100> 800F890 OTOFEST OTOFL8T 600F68T 100> SOOFLLO LOOFLTT OVOF¥9T ET0FOVT (P/8) 384 [EWIUY
65TF 6UTF 20TF 8TTF vLTF vTTF 8UTF 20TF €ETF T 9TTF TUTF
100> zesy 06Ty 85°8¢ 859 100> s8'ee v6'8¢ 88y 10€r 100> 19'%S vy 601 6167  (p/3) s1ass9p 109ms
9TEF 8LTF €0eF T T 88T wLTE 1T eeTF L6TF 95°CF (p/8) s98esandq
600 ze'59 8L'99 8879 pI'SS 100> £F [y9€ 66y orTL 8ee8 100> 6008 6L°09 1509 Sv'ZS pauaj2ams-Iesns
L8°0F 180F TL0F L 0F $8°0F vL0F vL0F 9L0F v80F LLOF LLOF ZLoF
€0’ 9TLT sL'sT 15°'5T 10%7 100> 0581 €L'€T LLLe 9L6T 100> Lzee 6592 (€T 62°02 (p/8) sa01€30d
6rTF 9Ty 09°eF LSYF vT9F 65T iads 16€F 99y BEVT 067+ 89V
100>  SZ8YS  8ES8Y  L[K'99Y z9'eey 100> ETShY 18y 8USer  LS€6Y 6T 86eLy 8T8y Sov8y bS8y (p/8)sueid pauyay
80" 8Z0FSST 9T0F/8T 1E0F ST 6T0FHCT TV WOFS8T ZZ0F ST 8T0F8CT 920FCyT 10T 8TOFLIT 820FTE€T SE0FYST STOFSET (P/8) s921nf 31n13
8L8LF  E6LIF  wyLIF  OVOTF €0LZF  88'8LF  06LIF  L6ELF 1022F  S691F  08'8IF  [T9TF
L 1wlZL  STeEL L6L0L 990, 1007 szor8 s8'88L €682 09799 100> L1626 YIYSL zrery  sTess  (p/3)99y0dpuees)
€07 €07 1€0F 0e07F o+ Ze0¥ 007 STOF €€0F 007 €07 0€0F
v0' 1261 9791 65T €191 100> YL 9¥'91 er9t vl 100> S6LT £v'91 ze'st 8EYT  (P/8) 110 2|qe3a8an
69'0F 99°0F €9°0F vL0F T0TF 89°0F L50F 85°0F TL0F €9°07F 0L0F 1L0¥
100> 6TYT LELT vT'6T 157€ 100> v8'ze 1962 vE9z 1992 100> 060¢ 0L'6T e 9e (P/8) sawin3a
100> 9T0F8YZ 9T0F98°€ [IOFLEY LIOFLL¥ 100> SZTOFLI'S 8TOFELY 9T0FS9E ITOFELE 8 8LOFvI'y STOF66€ STOFEQE 8TOFOLE (P/8) SINN
8LLF (TLF 0997 669F €e6F LL9F or'9F Lr9F oLLF 0r9F Lr'8F 9T
100> 0800y  [8'89F  L688Y vy'S1S 100> 5T'85S Tresy 990wy €561y 1007 85°01S SL69Y e9r  8e6eEY (P/8) s31qe3989A
€8'G¥ 6T 69'GF €T9F ST8F pT9F YIS €T9F v8'ST 29'9F 18°GF
100> ST15C 9€LIE  TTYYE 8979¢ 100>  £8'€8¢ 9T6EE LY'96T STELVET SO0 99°2€¢ 86'92¢ €726 8TY0E (P/8) sunug
6LTF 66TF 18TF vITF oeeF 6LTF 0z1F 9TF 99TF 98'TF 10CF 0zTF
100> 89'61 v1'1e or'se Trsy 100> S€'SS 6508 £e'sT €L 6L sgee £9'v€ e €02 (p/3)sureis djoym
anjend 0 €d o 10 anjead 0 €d 4] 10 onjend 2o €d 4] 10 sdnoss pooy
1adn 1ady Iad

'$2102s |ddN ‘IAdy ‘Idd 40 sa|13denb ayj ssoJoe sayejul sdnois pooy Jo 0143 plepuels pue uesjy € 379dV.L



LOTFI ET AL.

WILEY-

1304

(TL1 (et (191

600" ‘€T'T)6ET ‘€60)STT ‘90T)IET 00T
(05T (621 (8T

G0 ‘TOT)¥ZT ‘88°0)90T ‘€60)ETT 00T
(67'T ¥eT (vt

90" ‘TOT)ETT ‘T60)TTT ‘960)LT'T 00T
(oT'T (621 (LT'T

GS° ‘P£'0)06'0 ‘88°0)90°T ‘08°0)/60 00T
(60T (621 (oz't

6 ‘v£°0)06'0 ‘88°0)90°T ‘Z80)660 00T
(SS°T (se'T (0T'T

100 ‘TOT)SCT £80)60T ‘0L0)880 00T
(eS'T (8T (eT'T

10" ‘00T)ECT 68°0)TT'T ‘CL0)060 00T
(setT (127 (ss'tT

9/° ‘8L0)E0T '69'0)C60 ‘060)8T'T 00T
(seT (6T'T (0s'T

G/ ‘8L0)€0T ‘89°0)060 ‘88°0)STT 00T
(szT (91T T

79" ‘08°0)00T ‘¥£0)€60 ‘€60)9TT 00T
(9z'T (ZT'T (ov'T

v, ‘I80)TOT ‘SL0)¥60 ‘T60)ETT 00T
(01T (90T w1

9T ‘¥£'0)060 ‘T£0)/80 ‘€8°0)I0T 00T
(£0T (TTT (ee'T

0T° ‘€£°0)88°0 ‘SL0)Z60 ‘060)60T 00T

puann d 70 €0 o) 10

Iadn

$24025S |ddN pue ‘|ady ‘|ad 40 saji3enb ssoude ||\ g pue “esns poojq Suiisey

44

90

L0’

45

60

LT

€T

L0’

€T

0’

S0

puasy d

(TT'T (60T (Z11 (621 (0z'1 (ov'T
‘TL0)68°0 ‘€L0)68°0 6401960 00T #8° ‘G8°0)SOT ‘V/0)T60 ‘T6O)¥T'T 00T
(960 o't (T0'T (£TT (S60 (€1
‘$9°0)64°0 ‘TL0)98°0 ‘0L0)¥80 00T 8T 6£0)960 ‘G9°0)8/0 ‘88°0)/0T 00T
(860 (90T (SO'T (621 #0'T (o¥'T
‘69'0)08'0 ‘€£°0)88°'0 ‘TL0)/80 00T 7. ‘88°0)90'T ‘T,0)98°0 ‘G60)9TT 00T
(¥t (te1 (60'T (zzt (eTT ezt
‘66'0)9T'T ‘060)60T ‘SL0)T60 00T /8 ‘€8°0)TOT ‘8£0)¥60 ‘€8°0)I0T 00T
(ov'T (oeT (60T (czT w1 (zz1
‘$6'0)ST'T ‘060)80°T ‘S£0)060 00T 16 ‘€8°0)T0T ‘6£0)S60 ‘€8°0)IT0T 00T
(Te'T (8T (980 (€50 (990 (£8°0
‘¥8'0)SOT ‘T60)ETT ‘S50)690 00T TOO> ‘€€0)Ty0 ‘€¥0)€S50 £SO TL0 00T
(€eT (ev'T (2870 (ss0 (690 (T60
‘68'0)90'T ‘¥6'0)ST'T £S0)TZ0 00T TO0> ‘PE0)EY'0 ‘SF0)950 ‘090€L0 00T
(VAR (TT (91T (LS°T (921 wz1
‘69°0)£8°0 ‘v/°0)L60 ‘00T)6ZT 00T 0Z° ‘T60)0TT ‘€£0)960 ‘0L0€60 00T
(Z11 (ZT7T (1 (05T (ozT (0z'T
‘69°0)£8'0 ‘v/'0)L60 ‘660)8CT 00T 9¢" ‘88°0)ST'T ‘0L0)260 ‘8900060 00T
(oT'T (90T (ev'T (seT (oz'T (61T
'69°0) /80 ‘6900580 ‘¥60)9TT 00T 12" £80)80T ‘££0)960 ‘SL0)¥60 00T
(€T'T (cTT (87T (2w (8T'T (tzT
‘T£'0)68°0 ‘CL0)060 ‘860)0ZT 00T LS /80)80°T £L0)S60 ‘£L0)960 00T
(s (8e'T (eTT (0T (8T'T (A
‘S6'0)8T'T  ‘¥60)¥T'T  ‘LL0)€60 00T YT 69°0)¥8'0 ‘6£°0)960 £L0)S60 00T
T (set w1 (€T'T (62T (€TT
‘96'0)8T'T ‘€60)CT'T ‘6£0)560 00T 69" ‘9£°0)€6'0 ‘88°0)Z0°T ‘€8°0)TOT 00T
40 €0 4e) 1O puand 140} €0 t4o) 10
1ady 1ad

apnJD
(Ip/8w)271a1

paisnipy

apnJD
(1p/8w) |0J23S3|0YD [EJOL

paisnipy

apniD
(Ip/8w) S3pHAISIIL

paisnipy

apnJD
(Ip/3w)sg4

paysnipy

apnu)
(BHwwW) dga

paisnipy

apnu)
(BHww) dgs

paisnipy

apniD
(W) INg

sa|qelep

‘ainssald poojq ‘aj1y04d pidi| 10§ S|D %G6 PUE SOI3ed SPPO pajsnipe pue apnid  37dVL



1305

-WILEY

LOTFI ET AL.

‘pap|oq aJe spuaJ} d pue sanjea d ||y
‘uolssaidau 213s130] Aq paulelqQ ‘Supjows pue ‘A}AI}oe [edisAyd ‘ASiaua |e10] ‘Xas ‘93 40 paisnipy ‘1D %G6 PUE Ol1ed ppo aJe sanjeA Xapul 321p paseq-jue|d Ayjjeayun ‘|gdn @4nssaud poojq 21j031sAs ‘49S
Xapul 3a1p paseq-jue|d ‘|dd ‘u1ajoadodi| AjiIsuap-mo| ‘1T xapul 3a1p paseq-jue|d Ayjjeay ‘|ady -uiaroadodi| Ajisuap-y3iy “JQH -4e3ns poojq 3uijses ‘sg4 ‘e4nssaud poojq d1jolselp ‘dgq :suoljeina.iqqy

(6S°T (T¥r'T (6¥7'T (60 wT'T (660 wT'T (82T (ev'T
80" ‘660)9Z'T ‘68°0)¢T'T ‘#60)8T'T 00T G0 /S0 ¥/0 ‘TL0)060 ‘€90)620 00T €¢" ‘T/0)060 ‘08°0)TOT /80)ITT 00T paisnipy
(€91 Wy (00T (eT'T (#60 (To't (cTT (sT'T
90" ‘TOT)6CT (¥8°0)90T ‘T60)¥T'T 00T ¥T° ‘19°0)84°0 ‘T£0)680 ‘090)SZ0 00T G0° ‘€9°0)08°0 ‘T/0)68°0 £/L0)80 00T apniD
onjed J@H/|0493s3]0YyD
(tzt 9vT (621 (ST (seT (20T (0¥'T (og'1 (Te'T
06" ‘TL0)€60 ‘88°0)€T'T Z£0)00T 00T €T ‘T160)8T'T ‘€8°0)90T ‘¥90)280 00T /S ‘€8°0)80'T ‘8/°0)TO'T ‘8/0)T0T 007 paisnipy
(zet (8e'1T (8C'T (71 (62°1 (To'T ¥z'1 (Cam (VAR
G8 ‘€/0)¥60 ‘€8°0)/0T ‘£L0)660 00T 8T° ‘88°0)¥T'T '6/0)T0T ‘090)8/0 00T 2L ‘9L0)960 ‘TL0)TL0 ‘0L0)T60 00T apniD
ones 1aH/oOL
(80T (czz'1 (cT1 (ev'T (ov'T (62T (ov'T (ceT (Y
7€ ‘04°0)/8°0 ‘08°0)660 ‘€£01060 00T €T° ‘T60)STT ‘€60)¥T'T ‘G80)S0T 00T Z¢ ‘T60)ETT /80)/0T ‘I80)T0T 00T paisnlpy
(60T (oT'T (90T ¥eT (62T (91T (oT'T (90T ¥0'T
€ ‘€L0)68°0 ‘€/0)68°0 ‘001980 00T 6C° ‘88°0)60'T £80)90T ‘8/°0)560 00T 7€ ‘€£°0)060 ‘2/0)/80 ‘89°0)¥8°0 00T apniD
(Ip/3w) 21aH
(cL1 (8€'T (65T (oT'1 (£0T #T'T (0z'T (S0T (ceT
600" ‘€TT)O¥'T ‘060)TT'T ‘YOT)8CT 00T 6T ‘1,°0)88°0 ‘C/0)880 ‘9/01€60 007 /€ ‘6/°0)/60 ‘69°0)68°0 /80)/0T 007 paisnlpy
pussy d 70 €0 [4e} TO puand i4e] €0 4e) 1O puand 149} €0 4e) 10 sa|qeliep
Iadn 1ady 1ad

(penuiuod) ¥ 379VL



LOTFI ET AL.

1306
—I—Wl LEY-

(Liu et al., 2005). Moreover, the regular consumption of added sug-
ars, another common characteristic of the uPDI, can lead to poor
glycemic control and lipid metabolism (Fried & Rao, 2003).

However, the present study failed to find a significant correla-
tion between none of the plant-based diet indices with blood pres-
sure, TG, and HDL, among which the lack of association with blood
pressure could be the most controversial factor in previous studies.
Clinical trial studies abound as to the efficacy of plant-based diets in
lowering blood pressure (Crimarco et al., 2020; Jenkins et al., 2008;
Rouse et al., 1986).

By recruiting a large number of participants and using validated
questionnaires, the present study could further broaden the under-
standing of how plant-based indices interact with single individual
CVD risk factors. However, the current study suffers from some
limitations. First, the recall bias in reporting dietary intake can af-
fect the results. The cross-sectional nature of this study was another
limitation as it prevented from inferring causality. Moreover, there
might have been some other potential confounders affecting the
results which could not be measured or adjusted, such as lack of ox-

idized LDL measurement and the information on medicine intake.

5 | CONCLUSION

The present study demonstrated that adherence to the PDI and hPDI
was associated with more optimal blood glucose, cholesterol levels,
and cholesterol to HDL ratio. Nevertheless, the uPDI was related to in-
creased FBS, cholesterol, and LDL levels. The findings of this study fur-
ther support the knowledge regarding the benefits of dietary patterns
mainly composed of healthy plant-based foods, such as whole grains
and vegetables, while discouraging the regular intake of unhealthy

plant foods, including refined grains and sugar-sweetened beverages.
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