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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: 40–70 years) 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 [CI]: 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% CI: 0.65–0.98; p = .035). Additionally, the score of uPDI was positively related 
to FBS (OR = 1.23; 95% CI: 1.00–1.53; p = .01), total cholesterol (OR = 1.23; 95% 
CI: 1.01–1.49; p = .061), and low-density lipoprotein (OR = 1.39; 95% CI: 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  |  INTRODUC TION

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, Fe2+, zinc, vitamins A, B12, 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 40–70 years 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 40–70 years, 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 
(<800 kcal or > 4200 kcal/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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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 10–14 h 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 

F I G U R E  1  Flow diagram of the study.
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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 
et al., 2019).

2.5  |  Statistical analyses

BMI ≥30 kg/m2, SBP ≥135 mmHg, DBP ≥85 mmHg, FBS ≥126 mg/
dl, TG ≥150 mg/dl, total cholesterol ≥200 mg/dl, LDL-C ≥ 130 mg/
dl, HDL-C ˂ 40 mg/dl for men and 50 mg/dl for women, TG to HDL 
ratio ≥5, and total cholesterol to HDL ratio ≥3 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, B9, 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 B9, 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 B9, 
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 

Variables Male Female p value

Age (years) 56.20 ± 7.74 55.50 ± 8.01 .01

Education (years) 5.56 ± 5.01 2.48 ± 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.

TA B L E  1  Baseline characteristics of the 
participants.
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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 [CI]: 0.65–0.98; p = .035) 
and cholesterol to HDL ratio (OR = 0.74; 95% CI: 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% CI: 1.01–1.55; p = .01), total cholesterol 
(OR = 1.24; 95% CI: 1.0–1.50; p = .05), and LDL (OR = 1.40; 95% CI: 
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 PDI 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 (Quiñones 
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 
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(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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