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A B S T R A C T 

Background and Objectives: Although the anti-inflammatory effects of phytochemicals have been supported by 

several in vitro studies, their biological actions from regular diets are mixed. This study aimed to use dietary 

phytochemical index (DPI), as a food-based framework to assess dietary phytochemical intake and to understand its 

association with hs-CRP in a sample of Iranian women. Evaluation of the relationship between hs-CRP and several 

anthropometric indexes were also assessed. 

Materials and Methods: A total of 170 visibly healthy premenopausal women with the mean age of 35.2 were selected 

from health centers of Tehran via multistage cluster random sampling. The usual dietary intakes were assessed using a 

semi-quantitative food frequency questionnaire and dietary phytochemical intake was determined. General linear model 

was used to compare hs-CRP levels between tertile of DPI. Spearman correlation was used to assess the relationship 

between hs-CRP and the obesity indexes. 

Results: The mean of DPI was 28.54. Significant spearman correlation coefficients were found between hs-CRP and WC 

(0.43), BMI (0.35), Waist to hip ratio (0.30), visceral adiposity index (0.28) (spearman’s coefficient of correlation). No 

difference was found for hs-CRP concentration among different tertiles of dietary DPI, after adjustment for confounding 

factors including BMI, WC, and physical activity (P for trend= 0.964). 

Conclusions: The result of the present study showed that hs-CRP is associated with several central obesity indexes but 

no association was found between hs-CRP and dietary phytochemical index. Further studies using other biomarkers of 

inflammation and dietary assessment methods are needed to clarify the health effects of flavonoids in humans. 
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Introduction 

Non-communicable diseases (NCD) including 

cardiovascular disease (CVD) is the most leading 

cause of death worldwide (1) including Iran (2). 

Beside conventional CVD risk factors, hs-CRP, a 

marker of inflammation, has been demonstrated to be 

an independent predictor of CVD (3, 4). Therefore, 

identification of dietary and lifestyle factors that may 

impact hs-CRP levels may have implication for 

prevention of CVD (5).  

Although phytochemicals, chemical compounds 

produced by plants, are among dietary factors that 

have been proposed to be protective against CVD 

through suppressing inflammation in many in vitro 

and human trial studies(6, 7), the exact association of 

regular phytochemical content of human diet with 

clinical inflammation is not yet fully investigated. 

Previous studies have evaluated the relationship 

between dietary intake of phytochemicals and 

biomarkers of disease risk including inflammation, 

mostly focusing on separate food groups (8, 9) or 

specific classes of phytochemicals (10-13). As people 

consume a wide variety of foods, not isolated 

phytochemicals, adding a holistic approach which 

integrates all phytochemical components and takes 
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into account the phytochemical and nutrients 

synergistic effects may be of more importance (14-

16). Furthermore, although the reductionist approach 

might unravel the mechanistic aspects of food and 

health relationships, using the holistic methods, 

besides having a reductionist look, could result in 

more relevant public health messages. It also can be 

used as a more practical tracking tool in public health 

research for monitoring diets and their health effects 

(15, 17-19).  

Up to now, dietary phytochemical index (DPI), a 

priori food based dietary score has been developed to 

specially assess combined effects of all 

phytochemicals, and it is defined as the percent of 

dietary calories derived from foods rich in 

phytochemicals (20, 21). Among the existing studies 

that focus on the relationship between DPI and health 

outcomes, only one previous study has examined the 

association between inflammatory biomarkers and 

dietary PI which was conducted among a small 

sample of American population (22). This study 

aimed to use dietary PI as a food-based framework to 

assess phytochemical intake and to understand its 

association with hs-CRP in a sample of Iranian 

women. The relationship between hs-CRP and 

anthropometric indexes was assessed too.  

Materials and Methods 

Study population: The sample consisted of 170 

visibly healthy premenopausal women (age range: 20-

48) attending the health centers in Tehran. The 

multistage cluster random sampling was used to 

recruit these women. Shahid Beheshti University of 

Medical Sciences covers 3 main regions in Tehran 

(North, East and West). Each region (strata) has 21 

health centers (clusters). Three health centers were 

randomly chosen from the East, 3 health centers from 

the West and 2 centers from the North of Tehran. The 

number of subjects in each health center was then 

calculated based on the proportion of coverage of 

each health center and then subjects were randomly 

selected from the sampling frame in each randomly 

selected center. For detection of the weakest 

correlation (r=0.3) with α error=0.05 and β error=0.1, 

the total sample size required was 114 (n=114). 

However for improving the precision of the study, the 

sample size was increased to 170 subjects in our study 

(23) 

Premenopausal is defined as being menstruated in 

a usual pattern in the last 3 months and not 

experiencing removal of the uterus and/or 

ovaries(24). Those who had a history of cancer or 

autoimmune, liver or renal dysfunctions, diabetes, 

hypertension, hypothyroidism, hyperthyroidism, 

infection during the past six months, or being 

pregnant, lactating, and experiencing menopause were 

excluded from the study. Other exclusion criteria 

were as follows: use of any medications and 

supplements known to influence the variables studied 

(lipid-lowering drugs, contraceptive drugs, herbal and 

antioxidant Supplements, probiotic supplements, 

antibiotics, hormone replacement therapy), a 

restrictive diet or any change in dietary patterns (12). 

The participants with elevated hs-CRP above 10 mg/L 

were excluded, possibly indicating an acute 

inflammation (25), however no one had hs-CRP 

above 10 mg/L. 

After considering the exclusion criteria, Among 

190 people who were invited, 170 of them agreed to 

participate in the study and written consent was given 

by each subject. The procedures of this study were 

approved by the medical Ethics Committee of Tabriz 

University of medical sciences as well as Shahid 

Beheshti University of medical sciences. 

Assessment of dietary intake: Usual Dietary intake 

was assessed using a 168 item validated semi 

quantitative food frequency questionnaire tailored 

specifically for the Iranian population. During an face 

to face interview, each participant was asked to report 

how often, on average, he/she has eaten each food 

item on a daily, weekly and monthly basis over the 

previous year (26). Portion sizes of consumed foods 

were converted to grams by using household 

measures (27). Energy intakes were computed using 

the Iranian food composition table (FCT) (28) and US 

Department of Agriculture's (USDA FCT) using N4 

software. The USDA food composition data included 

in the Nutritionist 4 software (First Databank; Hearst, 

San Bruno, CA, USA) was used to calculate the 

energy and nutrient content of foods. For Iranian food 

items which are not included in Nutritionist 4, such as 

kashk (a dairy food), the IFCT was used. 

DPI was calculated using the formula DPI= [daily 

energy derived from phytochemical-rich foods 

kcal/total daily energy intake kcal) × 100]. Dietary 

phytochemical index (DPI) included different 

phytochemical rich food groups including whole 

grains (whole wheat bread, oat and bulgur), fruits 

(red, yellow and orange fruits), vegetables (dark green 

vegetables, red/orange vegetables, starchy vegetables 

and other vegetables), natural fruit and vegetable 
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juices, tomato sauces, soy products (soy bean), nuts 

(peanut, almond, walnut, pistachio and hazelnut), 

legumes (lentil, beans, chickpea, split bean, mung 

bean and vicia faba),olive and olive oil. Potato was 

not considered as a vegetable group due to its low 

phytochemical content(20). 

Biochemical measurement: Blood samples were 

drawn after 12-14 hours of fasting and then 

centrifuged for 10 min at 3,000 rpm to separate 

serum. Serum aliquots were stored at −70 °C until the 

day of analysis. Hs-CRP was estimated by ELISA 

[Diagnostics Biochem Canada Inc (DBC), Ontario 

Canada] in the research laboratory of Endocrine 

research Center of Shahid Beheshti Medical 

University. Serum total cholesterol (TC), triglyceride 

(TG), and high-density lipoprotein cholesterol (HDL-

C), were assayed using commercial kits (Pars 

Azmoon Inc, Tehran, Iran) by enzymatic methods and 

a Selectra 2 auto-analyzer (Vital Scientific, 

Spankeren, Netherlands). 

Assessment of other variables: Physical activity was 

determined using a self-reported-based questionnaire 

(29) and expressed as metabolic equivalent hours per 

day (MET-h/day) (30). Height was measured using a 

stadiometer (Seca, model 206, Hamburg, Germany) 

fixed to the wall, without shoes and headdress using 

the Frankfort Plane Technique (31).Weight was 

determined to the nearest 0.1 kg using a digital scale 

(Seca 707, Hamburg, Germany), while the participant 

had light clothing and were barefoot. Body mass 

index (BMI) was calculated by dividing weight by 

height squared (kg/m
2
). Waist and hip circumferences 

were measured using a Seca 201 measuring tape 

according to the World Health Organization (WHO) 

protocol (32). The waist-to-hip ratio (WHR) was 

calculated as WC divided by hip circumference (both 

in cm). The visceral adiposity index was calculated 

using the formula for Females: [VAI=(WC/ 36.58 + 

(1.89 × BMI) × (TG/ 0.81) × (1.52/ HDL)](33). 

Statistical analysis: Statistical analysis was 

performed with SPSS 21 for Windows (SPSS Inc., 

Chicago, IL). The normality of data was tested by 

one-sample Kolmogorov–Smirnov test. PI index was 

assigned as tertile intakes, based on their 33th, 66th, 

99th values, and general linear model (GLM) was 

used to compare the mean (±SE) values of hs-CRP 

(dependent variables) and phytochemical rich foods 

across groups (fixed factor) after adjustments for 

confounding factors, including BMI, WC, and 

physical activity. Spearman correlation was used for 

the association between hs-CRP and central obesity 

indexes. 

Results 

The characteristics of the study participants across 

tertiles categories of PI are shown in Table 1. 

Individuals in the highest tertile of PI were 

significantly older. No significant differences were 

observed in physical activity, BMI, WC, waist to hip 

ratio, VAI and energy intake within groups 

investigated. Hs-CRP significantly correlated with 

age, BMI, WC, Waist to hip ratio and visceral 

adiposity index (Table 2). 

Table 3 compares the mean intake of 

Phytochemical-rich foods across tertiles of PI after 

adjusting for age. There was an increasing trend in 

dietary intakes of fruits, vegetables, whole grains, 

olive and olive oil across tertile categories of dietary 

PI (p ≤ 0.001).  

The relation between PI and plasma hs-CRP 

concentrations is shown in Table 4. No difference was 

found for hs-CRP concentration among different 

tertiles of dietary PI, after adjustment for confounding 

factors including age, WC and physical activity.

 

Table 1. Baseline characteristics of participants across tertiles of energy adjusted flavonoid intake 

 

Variables 

Tertiles of dietary phytochemical index 

First tertile 

(n=56) 

Second tertile 

(n=75) 

Third tertile 

(n=57) 

P for trend1 

 0-23.76 23.76-31.2 >31.21  

Age (years) 32.60± 0.83* 36.21± 0.82 36.94± 0.82 <0.001 

Physical activity (Met-hour/day) 44.72± 0.45 44.55± 0.45 43.70±0.45 0.32 

Body mass index (kg/m2) 27.93± 0.61 28.01±0.59 28.11±0.59 0.86 

Waist circumference (cm)  87.82± 1.24 90.14±1.20 88.61±1.21 0.39 

Waist to hip ratio  0.83±0.07 0.84±0.07 0.84±0.07 0.69 

Visceral adiposity index  367.90±37.84 419.00±36.56 361.75±36.85 0.47 

Total energy intake (kcal/day) 2290± 72.98 2203±72.34 2269±72.34 0.84 
*Data are presented as mean ± SE 

P-value for linear trend over tertiles of intake 
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1
biomarkers in apparently healthy woman , anthropometric indexes and biochemicalCRP-hsCorrelation of  Table 2.

 

  Variables Correlation coefficient P value 

Age (years) 0.17 0.02 

Physical activity(Met-hour/day) -0.03 0.652 

Waist circumference (cm) 0.43 <0.001 

Body mass index (kg/m2) 0.35 <0.001 

Waist / hip ratio 0.30 <0.001 

Visceral adiposity index 0.28 <0.001 

1. Spearman test 

 

Table 3. Dietary intake of phytochemical rich food groups to tertiles of dietary phytochemical index  

 

Variables 

Tertiles of dietary phytochemical index 

First tertile 

(n=56) 

Second tertile 

(n=75) 

Third tertile 

(n=57) 

P for trend1 

Dietary phytochemical index 

(percent) 

19.14± 0.58* 27.15± 0.57 39.17± 0.57 <0.001 

Carbohydrate (% of total energy)  56.03±0.74 58.51±0.72 58.98±0.72 0.014 

Total fat (% of total energy) 32.605± 0.77 30.283±0.75 30.08±0.75 0.038 

Total protein (% of total energy) 13.419±0.29 13.65±0.28 14.20± 0.28 0.149 

Fruits (gr/day) 284.033±25.537 425.937±25.312 554.177±25.312 <0.001 

Vegetables (gr/day) 271.485±20.797 350.031±20.613 378.155±20.613 <0.001 

whole grain(gr/day) 22.7± 6.7 30.3±6.6 81.1±6.6 <0.001 

Olive and olive oil(gr/day) 1.2± 0.5 2.3±0.5 3.3±0.5 0.004 

Cereals (gr/day) 38/0± 4.3 53.2±4.3 49.1±4.3 0.081 

Soy (gr/day) 3.1±0.6 3.7±0.6 3.9±0.6 0.412 

Nuts (gr/day) 37.8±3.3 10.0±3.3 8.2±3.3 0.971 
*Data are presented as mean ± SE 

Glm analysis, independent variable: tertiles of DPI, dependent variable: dietary intakes, P-value for linear trend over tertiles of intake, adjusted for Age 

 
Table 4. General linear model of the association between hs-CRP and dietary phytochemical intake measured by the dietary 

phytochemical index (DPI). 

variable Tertiles of dietary phytochemical index 

First tertile 

 (n=56) 

Second tertile 

(n=57) 

Third tertile  

(n=57) 

P for trend1 

hs-CRP  

(mg/L) 

2.77 (2.02-3.52)* 

 

2.51 (1.79-3.24) 2.81 (2.08-3.53) 0.964 

Glm analyses after controlling for age, BMI and waist circumference. Independent variable: tertiles of DPI, dependent variable: log hs-CRP * mean (95CI) 

 

Discussion 

Despite the higher intakes of some kinds of 

phytochemicals rich groups in the highest tertile of 

DPI in comparison with lower tertile, no significant 

differences in hs-CRP levels were seen across tertiles 

of dietary phytochemical index. The results of the 

present study is consistent with the findings of Vincet 

et al, which showed no significant relationship 

between dietary phytochemical index and hs-CRP in 

54 American individuals aged 18-30 (22). As tea was 

the main contributor of total flavonoids intake with 

the mean intake of 3.12 (cup/day) in our population 

(data not published), not taking into account 

noncaloric herbal teas in DPI might lead to the null 

association. Mixed results on the anti-inflammatory 

activity of phytochemicals in humans may also be due 

to their low absorptions. Furthermore, differences in 

gut microbiota composition and the food matrix may 

affect phytochemicals bioavailability and eventually 

its efficacy (34, 35). Therefore, more studies on 

dietary intake of phytochemicals and its health effects 

among different ethnic groups needs to be carried out. 

Applying different measures for estimations of 

phytochemical intakes focusing on separate food 

groups (8) or specific classes of phytochemicals using 

different databases (10-13) may link to different 

results (16, 36). In this regard, studies aiming to 

explore biochemical biomarkers reflecting dietary 

intake of phytochemicals are required and also to 

validate dietary driven data might be helpful (37).  

The anti-inflammatory effects of phytochemicals 

in human diet may be different from those gained 

from experimental studies due to the use of non-

physiologically relevant forms or concentrations of 

phytochemicals (38). Low serum levels and chemical 
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modifications of dietary phytochemicals in vivo may 

affect their biological activities (39). It seems that the 

biological health benefits of phytochemicals is mostly 

through their prebiotics acts in humans (40). 

The secondary aim of the present study was to 

evaluate the relationship between hs-CRP and 

anthropometric variables. A positive association 

between hs-CRP and visceral obesity indices 

including VAI are in line with some previous studies 

(41, 42). The positive association between obesity and 

hs-CRP highlights the need for policy making 

practices to prevent obesity in Iranian population.  

Potential confounding factors that assumed to 

affect VAI or hs-CRP were controlled as excluding 

criteria.When interpreting the results of the present 

study, inherent limitations within the cross- sectional 

design of the study as well as the measurement errors 

of dietary data (43) needed to be considered. To 

reduce clinical inflammation via dietary 

modifications, more research is suggested to develop 

dietary models considering nutrition effects, cultural 

acceptance and the affordability considerations (16, 

44). 

Conclusion 

The result of the present study showed that hs-

CRP is associated with several indexes of central 

obesity but no association was found between hs-CRP 

and dietary phytochemical index. More studies using 

other biomarkers of inflammation and dietary 

assessment methods are needed to clarify the 

conflicting health effects of flavonoids in humans. 
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