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Introduction
Prediabetes has been defined as a 
progression from normal range of glucose 
tolerance to clinical type  2 diabetes 
mellitus  (T2DM). It represents a stage 
of impaired glucose tolerance  ([IGT], 
2‑h oral glucose tolerance test  [OGTT] 
140–199  mg/dl), and impaired fasting 
glucose  (110–125  mg/dl).[1] Five to ten 
percent of people with prediabetes will 
progress to T2DM/year.[2] The prevalence of 
prediabetes has increased worldwide during 
the past decades.[3] The National survey of 
Tehran Lipid and Glucose Study reported 
that from each thousand men and women, 
46 men and 38 women became prediabetic 
after 9‑year follow‑up.[4]

Previous studies linked diet rich in fresh 
fruits and vegetables, whole grains, 
nuts, legumes, and plant‑based foods, 
which are high in phytochemicals, 
fiber, and antioxidants with chronic 
diseases risk reduction.[5,6] Three‑year 
follow‑up in Tehran adults showed 
higher intake of phytochemical‑rich 
foods was negatively associated with 
occurrence of hyperinsulinemia and insulin 
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Abstract
Background: Dietary phytochemical index  (DPI) has introduced as an inexpensive method for 
quantifying the phytochemicals in foods. For the first time, this study was conducted to investigate 
the relationship between DPI and the risk of prediabetes. Methods: Three hundred participants 
were assigned to 150 prediabetics  (cases) and 150 healthy  (controls) groups. Anthropometric 
values, fasting blood glucose, and 2‑h oral glucose tolerance test  (OGTT) were measured. The 
DPI was calculated based on data collected from 168‑item validated food frequency questionnaire. 
Results: The sex‑specific energy‑adjusted DPI was inversely related to fasting blood glucose 
(FBG) and OGTT  (P  <  0.001). The odds ratio  (OR) of prediabetes was assessed across sex‑specific 
energy‑adjusted DPI quartiles. After adjusting for body mass index, physical activity, education, dietary 
intake of energy, fiber, carbohydrate  (% of energy), fat  (% of energy), and protein  (% of energy), 
the OR of prediabetes across the sex‑specific energy‑adjusted DPI quartiles decreased significantly 
(P‑trend < 0.001). Conclusions: We found that higher DPI score is related to lower prediabetes OR. 
This simple method may be used for the improvement of dietary intake to prevent prediabetes.
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resistance.[7] Data from other prospective 
and meta‑analysis studies have shown an 
inverse relationship between consumption 
of fruits and vegetables and the risk of 
obesity and abdominal obesity as main 
predictors of glucose intolerance and 
prediabetes.[8,9]

Chemical compounds found abundantly 
in plant foods including polyphenols, 
phytoestrogens, and organosulfur and 
plant sterols by acting as antioxidant 
and balancing the inflammation, provide 
protection against the development of 
insulin resistance, abnormal glucose, and 
lipid disturbances.[10‑12]

For the first time, health promotional effects 
of phytochemicals proposed by McCarty 
as the phytochemical index  (PI), which 
defined as the percent of dietary calories 
derived from foods rich in phytochemicals. 
Quantification of phytochemicals in dietary 
intake or in biological samples is expensive. 
Hence, PI could be an alternative for 
quantifying the phytochemicals in 
consumed foods.[13] This index is a simple 
method for assessment of phytochemical 
intake and despite its limitations could 
provide important background for diet 
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quality and may have high practical and clinical use for 
food selection improvement.[14]

Several studies have been conducted to investigate the 
association between dietary PI  (DPI) and the risk of 
chronic diseases. Several prospective studies investigated 
the relation of DPI with cardiometabolic risk factors, 
lipid profile changes, and visceral obesity in healthy 
subjects.[15‑17] A study in overweight young adult showed 
inverse association between DPI with weight gain and blood 
biomarkers of oxidative stress.[14] However, association of 
DPI and risk of prediabetes has not been determined yet. 
This time, we aimed to investigate the relationship between 
DPI and prediabetes morbidity in a case–control study.

Methods
Study design

Three hundred men and women including 150 healthy 
and 150 prediabetic participants from diabetes screening 
center in Shahreza, Iran were invited for this case–
control study from May to October 2014. The aim of the 
study was to determine the relationship between dietary 
intake and prediabetes using a matched case–control 
study design. The methods of study were described 
previously[18] and are briefly described here. Participants 
above 30  years with at least one of the following criteria: 
Having body mass index  (BMI) ≥25  kg/m2, a family 
history of diabetes, or reporting of at least two symptoms 
of diabetes were considered at risk of diabetes and were 
referred to this center. We recruited 150 participants 
with prediabetes (cases) and 150 healthy individuals 
with normal fasting blood glucose  (FBG)  (control) at 
this center. The inclusion criteria for case group were 
age 35–65  years, and FBG 100–125  mg/dl or 2‑h OGTT 
140–199  mg/dl, diagnosed  <3  months before enrollment 
to the study. The inclusion criteria for the control group 
were age 35–65  years and FBG  <100  mg/dl and 2  h 
OGTT  <140  mg/dl during screening. Participants were 
not enrolled into the study if they were using alcohol, 
drug, and any tobacco products, having BMI  ≥40  kg/m2. 
In addition, pregnant or lactation women, participants with 
special diet during the last year, participants with a history 
of heart disease, diabetes, hypertension, dyslipidemia, renal 
or hepatic failure, and multiple sclerosis were not included 
in the study. We used the frequency matching method and 
matched the two groups by age and sex. The age‑frame for 
matching was 35–44, 45–54, and 55–65  years. This study 
was approved by Ethics Committee of Tehran University 
of Medical Sciences. All participants read and signed a 
written informed consent before participation.

Physical activity, anthropometric, and biochemical 
assessment

Height was measured to the nearest 0.1 cm while standing 
barefoot using the Seca 216 stadiometer. Body weight was 
determined while participants wore undergarments, using a 

Seca scale to the nearest 0.1 kg. Waist circumference (WC) 
was measured using tape at the midpoint between the 
lowest rib and the iliac crest. WC  ≥94 for men and  ≥80 
for women were considered as the cut points for central 
obesity.[19] Physical activity was assessed with the short 
form of the International Physical Activity Questionnaire.[20] 
This measure was selected to assess the physical activity 
during the previous week by multiplying the duration and 
frequency of activity days to the metabolic equivalent task 
value of the activity. The total of the scores was considered 
as the total physical activity per week.

Blood samples were taken after at least 8 h fasting for FBG 
measurement. Moreover, the participants underwent a 2‑h 
OGTT. The plasma glucose level was measured at 546 nm 
using the photometric method (glucose oxidase method).

Food intake assessment

Dietary data were collected using a validated 
semi‑quantitative food frequency questionnaire  (FFQ) with 
168 food items.[21] Trained dietitian asked participants to 
report their consumption frequency for each food items 
consumed during the previous year on a daily, weekly, 
or monthly basis. Portion sizes of foods were reported in 
household measures then converted to grams. The Excel 
program analyzed the nutrients of each food item. Food 
items were analyzed for energy content using Nutritionist 
4 software  (First Databank Inc., Hearst Corp, San Bruno, 
CA, USA) modified for Iranian foods.

The DPI was calculated based on the assessment method 
proposed by McCarty[13] as the percent of dietary calorie 
derived from foods rich in phytochemicals;  (PI =  [daily 
energy derived from phytochemical‑rich foods  [kcal]/total 
daily energy derived from food intake  [kcal] ×100). Fruits 
and vegetables, (except potatoes), legumes, whole grains, 
nuts, seeds, olive and olive oil, were considered as the 
photochemical‑rich foods categories.

Statistical analysis

The Kolmogorov–Smirnov test was used to evaluate the 
normality of the data. The qualitative variables were 
compared in case and control groups using Chi‑square 
test. The quantitative variables with nonnormal 
distribution were compared using Mann–Whitney test. 
Energy‑adjusted DPI was determined using the residual 
method.[22] Energy‑adjusted DPI was categorized based 
on sex‑specific quartiles. The mean values of quantitative 
variables were compared across the sex‑specific 
energy‑adjusted DPI quartiles categories using the 
ANOVA test. To assess the overall trends of odds 
ratio  (OR) across the sex‑specific energy‑adjusted DPI 
quartiles categories, the simple logistic regression models 
were used: Model 1  =  crude and Model 2  =  adjusted for 
BMI, physical activity, education, dietary intake of energy, 
fiber, carbohydrate  (% of energy), fat  (% of energy), and 
protein  (% of energy). Statistical analysis was conducted 
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using SPSS Version 16.0; (SPSS Inc., Chicago, IL) and 
P < 0.05 were considered statistically significant.

Results
Characteristics, daily intakes of various phytochemical‑rich 
foods groups, and energy‑adjusted DPI of the participants 
in the case and control groups are shown in Table  1. 
Years of education were significantly higher in prediabetic 
participants  (P  =  0.002), they also had higher BMI 
value  (P = 0.001) and lower physical activity  (P < 0.001). 
Prediabetic participants consumed fewer phytochemical‑rich 
foods from all the food groups, and subsequently, had lower 
DPI score than their control counterparts  (P  <  0.001). 
Furthermore, other characteristics such as energy 
intake  (2433.1  ±  290.7  vs. 2231.4  ±  297.5 kcal/d), fasting 
blood glucose  (FBG)  (109.2  ±  6.5  vs. 82.1  ±  7.1  mg/dl), 
and OGTT  (143.6  ±  18.3  vs. 120.4  ±  9.5  mg/dl) were 
also higher in prediabetic participants in comparison with 
control group (P < 0.001).

Table  2 presents the characteristics of participants 
across sex‑specific quartiles of energy‑adjusted DPI. 
Participants in the upper quartiles had lower FBG, 
OGTT  (P‑trend  <  0.001), and higher physical activity 
level (P‑trend = 0.04).

The relative contributions of different phytochemical‑rich 
food groups to DPI were relatively similar in men and 
women as shown in Table  3. Our participants consumed 
a higher percentage of calories from fruits, legumes, 
vegetables, nut and seeds, olive, olive oil, and whole 
grains, respectively.

The DPI score was inversely related to prediabetes. 
Compared with participants in the lowest quartile of 
DPI, those in the highest quartile had significantly lower 
OR for prediabetes  (Model 1: OR 0.1, 95% confidence 
interval  [CI] 0.04–0.21), which remained significant after 
further adjustment for BMI, physical activity, education, 
dietary intake of energy, fiber, carbohydrate  (% of energy), 
fat (% of energy), and protein (% of energy) (Model 2: OR 
0.09, 95% CI 0.03–0.25) (P‑trend < 0.001) [Table 4].

Discussion
In this case–control study, we determined the association 
of DPI with chance of prediabetes. Our results showed 
that compared to the control group, prediabetic participants 
had fewer daily intake of fruits, vegetables, whole grains, 
nuts and seeds, legumes, olive, and olive oil. In the 
present study, mean score of DPI in control group were 
significantly higher than prediabetic group. After adjustment 
for BMI, physical activity, education, intake of energy, 
fiber, carbohydrate  (% of energy), fat  (% of energy), and 
protein  (% of energy), participants with higher sex‑specific 
energy‑adjusted DPI had significantly lower OR of 
prediabetes.

The association and potential effects of dietary 
phytochemicals on prevention of T2DM and 
hyperinsulinemia have been confirmed in previous 
studies.[23,24] However, the relationship of DPI and 
prediabetes morbidity has not been determined yet. To the 
best of our knowledge, the present study is the first.

Dietary phytochemicals have been shown to lower 
postprandial glycemia and development of glucose 
intolerance.[25] Prior studies have confirmed that intake 
of plant‑based foods, rich in phytochemicals, was 
associated with improvement in glucose tolerance and 
insulin sensitivity in overweight participants.[25,26] Data 
from Tehran Lipid and Glucose Study found higher DPI 
was associated with lower FBG in healthy individuals. 
However, this study had lack of data on the postprandial 
glucose level.[7]

In the present study, the result showed a decreasing trend of 
OR of prediabetes across the increasing quartiles of DPI. This 
result is supported by the report from a controlled cross‑over 
study which showed consuming whole grains, fruits, and 
vegetables had beneficial effects on FBG and insulin resistance 
in obese participants with elevated FBG.[27] However, DPI did 

Table 1: Characteristics, daily intake of 
phytochemical‑rich food groups, and phytochemical 

index in control and prediabetic participants
Variables Control 

(n=150)
Prediabetic 

(n=150)
P

Characteristics
Age (years)*

≤50 95 (28) 96 (27.3) 0.9**
>50 55 (22) 54 (22.7)

Education* (years)
<12 139 (42.7) 121 (29.7) 0.002**
>12 11 (7.3) 29 (203)

BMI* (kg/m2)
<25 43 (14.3) 20 (6.7) 0.001**
≥25 107 (35.7) 130 (43.3)

PA (MET/h/week)†

Dietary intake
1563.2±1216.7 984.5±1241.5 <0.001‡

Total vegetables 
and fruits (g/day)†

809.1±297.7 575.9±240.1 <0.001‡

Legumes (g/day)† 63.3±56.0 33.2±42.8 <0.001‡

Whole grains 
(g/day)†

95.7±57.6 68.7±43.8 <0.001‡

Olive, olive oil 
(g/day)†

9.1±10.7 2.6±4.4 <0.001‡

Nuts and seeds 
(g/day)†

22.6±47.9 11.0±12.3 <0.001‡

Phytochemical 
index††

40.6±23.3 28.6±13.4 <0.001‡

*Values are n  (%), †Values are mean±SDs, **χ2 test, ‡P value is 
for Mann–Whitney test, ††Adjusted for energy intake. BMI=Body 
mass index, PA=Physical activity, MET=Metabolic equivalent, 
SDs=Standard deviations
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not show significant association with HbA1c in another study 
in normal and overweight participants.[14]

We previously on the present study population reported 
that participants who had the higher adherence to the 
fruits, vegetables, and legumes dietary pattern had 
lower FBG and OGTT.[18] Regarding the sources of DPI, 
fruits  (approximately 46%) were the main contributor to 
DPI, followed by the legumes, vegetables, nuts and seeds, 
olive, olive oil, and whole grains. Therefore, increased 
consumption of these high nutrient, lower energy foods 
could be a beneficial dietary target for prevention of 
IGT as well as attenuating the development of chronic 
diseases.

A prospective study in healthy women demonstrated 
that higher intake of green leafy vegetables and whole 
fruits was associated with a lower risk of T2DM, 
whereas increase in fruit juice intake did not appear to 
be beneficial for reducing the risk.[28] Polyphenols, found 
abundantly in berry, apple, and cherry, are among the 
main phytochemicals compounds with antihyperglycemic 
properties.[25] Evidence from large prospective cohort 
studies supported this fact that high consumption of 
whole fruits, especially blueberries, grapes, and apples, is 
strongly related to a reduced risk of developing T2DM.[29] 

There are several mechanisms through which the dietary 
phytochemicals could improve postprandial glucose as 
well as long‑term glucose metabolism.[11] Phytochemicals 
derived from plant foods have shown to possess beneficial 
effects including improvement of pancreatic β‑cell 
function by boosting antioxidant system, increasing insulin 
sensitivity, and enhancing uptake of insulin‑dependent 
glucose transporter 4.[30,31]

Our results were in conflict with the previous studies and 
showed no decreasing trend in BMI, WC, and energy 
intake with increasing sex‑specific energy‑adjusted DPI 
quartiles. A  cross‑sectional study reported that DPI score 
was negatively associated with BMI, WC, waist‑to‑hip 
ratio, and body fat in overweight adults. Furthermore, 
this study showed a significant inverse association 
between DPI and weight gain over the previous year of 
study.[14] Data from a large longitudinal study on healthy 
adults revealed DPI assessed at baseline of the study was 
inversely associated with body weight and WC and 3‑year 
weight gain. Therefore, high DPI and consumption of 
phytochemical‑rich foods could be beneficial for prevention 
of obesity and maintenance of body weight which are 
linked to imbalance glucose homeostasis and T2DM. 
However, in this study, DPI was not adjusted for energy.[32]

Plant‑based foods and vegetarian diet are high in many 
dietary phytochemicals which appear to be related to the 
lower body weight and risk of metabolic disorders.[33‑35] 
Phytochemical‑rich foods have lower calorie and glycemic 
index which explain the reduced risk of obesity.[36,37] 
Moreover, plant phytochemical have strong anti‑obesity 
effects by targeting adipocyte lifecycle in different ways, 
including inhibiting proliferation and increasing apoptosis 
in adipocytes.[34]

Table 3: Contribution of food groups to energy‑adjusted 
dietary phytochemical index (%)

Food 
groups

Fruit Vegetables Legumes Nuts and 
seeds

Olive, 
olive oil

Whole 
grains

Male 48.6 13.7 14.1 20 3.2 0.2
Female 44.2 12.2 16.8 12.9 3.9 0.3
Total 45.7 12.7 15.9 15.3 3.7 0.3

Table 2: Characteristics of participants across the sex‑specific quartiles of energy‑adjusted phytochemical index
Variables Mean±SEM Q4 (n=74)

>52.45
P trend

Q1 (n=74)
<16.47

Q2 (n=75)
16.47-28.13

Q3 (n=77)
28.14-52.45

Cases: controls (n) 16:58 36:39 36:41 20:54
Sex, n (%)

Male 25 (8.3) 26 (8.7) 26 (17) 25 (8.3) 0.9†

Female 49 (16.3) 49 (16.3) 51 (8.7) 49 (16.3)
Age (years) 47.9±0.9 47.7±0.8 46.9±0.8 47.6±0.8 0.7*
Education (years) 8.4±0.5 6.9±0.4 8.5±0.5 7.7±0.4 0.7*
Dietary supplement intake, n (%)

Yes 17 (5.7) 8 (2.7) 12 (4) 13 (4.3) 0.2†

No 57 (19) 67 (22.3) 65 (21.7) 61 (20.3)
BMI (kg/m2) 27.6±0.4 27.9±0.5 28.8±0.4 28.5±0.4 0.1*
WC (cm) 91±1.3 91.7±1.3 92.3±1.1 90.7±1.3 0.8*
FBG (mg/dl) 102.9±1.5 94.3±1.8 95.2±1.7 90.3±1.5 <0.001*
OGTT (mg/dl) 137.3±2.2 131.4±2.2 132.2±2.2 127±1.7 0.001*
PA (MET/h/week) 1061.2±147.3 1238.4±145 1330.7±149.8 1463.4±138.5 0.04*
Energy intake (kcal/day) 2236.4±23.4 2358.9±32.5 2411.3±34.3 2319±46.9 0.01*
†P value is for Chi‑square test, *P value is for ANOVA test. SEM=Standard error of mean, BMI=Body mass index, WC=Waist circumference, 
FBG=Fasting blood glucose, OGTT=Oral glucose tolerance test, PA=Physical activity, MET=Metabolic equivalent
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Our study has some limitations including the case–control 
nature of the study that does not allow cause and effect 
conclusions. On the other hand, using the retrospective 
dietary data by FFQ which largely depends on recall 
may cause measurement error. In addition, prediabetic 
participants were aware of their blood glucose disturbances, 
so it may affect their dietary intake reporting. Other 
limitations of our study was not considering the non-
calorie phytochemical-rich foods such as green and black 
tea, spices, type and source of phytochmical and food 
processing. Despite these limitations, this is the first study 
to examine the relationship of DPI and prediabetes in a 
case–control design.

Conclusions
Our study showed that lower PI score is related to higher 
prediabetes OR. This inexpensive index might have utility 
as a dietary target for intake of phytochemical‑rich foods in 
prediabetes prevention. Nevertheless, it would be important 
to investigate these findings in other groups and prospective 
studies as well.
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