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Abstract
Purpose The separate effects of whole grain (WG) and fruit and vegetable (F&V) diets on inflammatory biomarkers have 
not been assessed. Therefore, we evaluated these two high-fiber diets in relation to inflammation indices in obese and over-
weight women.
Study design Parallel randomized clinical trial.
Methods In the present study, 75 women were recruited and randomly assigned to three diet groups: a whole grain diet 
(WG-D) group, F&V group, and a combined whole grain and F&V diet group (WGFV-D) for 10 weeks. As a “feeding trial” 
all participants were asked to visit the clinic daily and eat prescribed foods in the presence of a nutritionist. Anthropometric 
indices and biochemical biomarkers were measured at baseline and after 10 weeks of the trial.
Results Each of the three diet groups showed significant changes in serum biomarkers (CRP, TNF-α, IL-6, D-dimer, and 
serum fibrinogen) after following the diet for 10 weeks (P = 0.01). In adjusted models, significant changes were observed 
for CRP, TNF-α, IL-6, D-dimer, and serum fibrinogen (P = 0.01). In a model adjusted for malondialdehyde (MDA) level, a 
trend toward significance was observed (P = 0.05). Consumption of all three different diets for 10 weeks showed statistically 
significant change for all biomarkers (P < 0.05) the most notable changes in inflammatory indices were observed among 
participants following the WG diet.
Conclusions Study results indicate that consumption of high-fiber diets, especially the WG diet, can help lower inflammatory 
levels and prevent subsequent adverse health consequences.
Level of Evidence Level I, randomized controlled trial.

Keywords Inflammatory factors · Weight reduction · Diet · Whole grain · Randomized clinical trial

Introduction

Since 1975, the rising prevalence of obesity has become 
a major public health problem [1]. In 2016, more than 1.9 
billion (39%) adults were overweight and 650 million (13%) 
were obese [1]. The prevalence of obesity in Iran was 57% 
for women and 42.8% for men [2]. Moreover, abdominal 
obesity in Iran was estimated to be 54% among women and 
12.9% among men, which suggests that Iranian women are at 
higher risk for obesity-related comorbidities [2–4]. Obesity 
is characterized by imbalanced energy and expansion of adi-
pose tissue mass and associated with low levels of physical 
activity, an unhealthy lifestyle, insufficient sleep and mental 
disorders such as stress and depression [5, 6]. Adipose tissue 
is now well recognized as an active metabolic and endocrine 
organ [5], containing a high percentage of adipocytes and 
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macrophages [7]. These are important sources of inflamma-
tory cytokine production, generating CRP, IL-6, and TNF-α, 
the cytokines most consistently observed to display elevated 
levels in obese persons [7]. High concentrations of TNF-a 
in adipose tissue can lead to serious consequences includ-
ing impaired insulin action [8, 9]. Elevated IL-6 levels can 
induce liver production of CRP, causing a low-grade inflam-
matory state in obese persons [5, 10–12]. Obesity-induced 
inflammation is strongly associated with an increased risk 
of insulin resistance, type 2 diabetes and cardiovascular dis-
ease [13].

At present, dietary interventions are considered one of 
the primary therapeutic methods to treat obesity [14–16]. 
Use of a high fiber diet, as a feasible and effective way to 
control body weight, has led to a proliferation of research on 
the effects of higher consumption of dietary fiber, e.g. in the 
form of whole grain (WG) or fruits and vegetables (F&V) 
[17–23]. Higher intake of WG products has been associated 
with decreased levels of CRP and TNF-α [17, 22, 24]. Fewer 
studies examining high fiber consumption—in the form of 
fruits and vegetables—have also shown significant changes 
in inflammatory biomarkers [19, 20, 23]. Additionally, a 
recent meta-analysis investigating the association between 
dietary fiber intake and mortality found differences based on 
dietary sources. Risk of mortality was lower in participants 
with higher compared to lower intakes of cereal and vegeta-
bles, while no association was found between participants 
with high and low fruit fiber intakes [25]. While various 
trials have evaluated the effects of dietary fiber on inflam-
matory biomarkers, and a comprehensive systematic review 
and meta-analysis reported differences in the effects of high 
fiber diets on the risk of mortality, a comparison between 
sources of dietary fiber is lacking [19–25]. To our knowl-
edge, our study is the first to specifically investigate the dif-
ferent effects of high dietary fiber from different sources 
on inflammatory markers in obese subjects. In particular, 
we aimed to compare the effects of high fiber from whole 
grains versus fruits and vegetables on inflammatory markers 
in obese individuals.

Methods

Participants

This parallel feeding trial was carried out in Isfahan, Iran 
between January and July 2016. We explained the study 
protocol to overweight and obese women admitted to the 
nutrition clinic after which they provided written consent. 
Inclusion criteria were (1) absence of noncommunicable 
diseases such as diabetes, hyperlipidemia, and hypertension 
(2) no history of liver and renal disease, hormonal disor-
ders, food allergy, and other related diseases, (3) no use of 

medications such as weight-loss drugs, anti-inflammatory, 
or hormonal medications e.g. oral contraceptives and dietary 
supplements. Women were excluded if (1) they did not fol-
low the prescribed diets or return for follow-up visits or (2) 
if they were taking medications or suffered from diseases 
which would interfere with the current study. The sample 
size was calculated based on the following formula [26]: 
N = 2 [(Z1−α/2 ± Z1−β)2 – S2]/d2; α (type 1 error) = 0.05 and 
β (type 2 error) = 0.20, d = 25 and SD = 2.6 indicated the 
required number of subjects was 17. Based on the calcula-
tion, we determined that 17 subjects were needed in each 
group to achieve adequate power (after taking into consid-
eration probable dropout). Accordingly, we assigned 25 
subjects to each feeding group. Participants were randomly 
assigned to three high-fiber diet groups for 10 weeks: (1) a 
whole grain high-fiber diet (WG-D), (2) a fruit and vegetable 
high-fiber diet (FV-D), or (3) a diet containing both whole 
grain and fruits and vegetables (WGFV-D). Computer-
generated random numbers were used to randomize par-
ticipants. The study was approved by the Research Council 
and Ethical Committee of the School of Nutrition and Food 
Science, Isfahan University of Medical Sciences, Isfahan, 
Iran (grant number: 194172). All participants gave written 
consent before study enrollment. This trial was registered at 
Clinical Trials.gov with code NCT03340298.

Study procedure

Prior to the start of the trial, all baseline levels of FBS 
(mg/dl), plasma insulin, TG (mg/dl), total cholesterol (mg/
dl), LDL-C (mg/dl), HDL-c (mg/dl) and CRP (mg/l) were 
measured and anthropometric assessments including height, 
weight, waist circumference, systolic and diastolic blood 
pressure were performed.

After randomization, subjects were assigned to one of 
three feeding groups (stratified by age, sex and BMI), includ-
ing WG, FV and both WG and F&V. All three groups con-
sumed high-fiber foods containing 35 gs of fiber per day. The 
WG-D intervention group received 25 g from WG products 
and 10 g of F&V. In contrast, the FV-D group was provided 
25-g of fiber from F&V (as the main source) and 10 g from 
WG sources. The third group received equal proportions 
from both sources (17.5 g from WG and 17.5 g from F&V). 
Required energy intake was calculated based on the Harris-
Benedict formula and whole calorie intake was decreased 
to reduce weight by 0.5 kg every week. A dietitian calcu-
lated the energy requirement for each participant separately, 
based on 55% of energy intake from carbohydrates, 15% 
from protein and 30% from fats. The number of servings to 
be obtained from each food group was determined and given 
to each individual.

For each intervention group, participants were given a list 
of allowable foods and asked to visit the nutrition clinic daily 
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to consume prescribed foods. To assure a diverse diet for all 
three groups in addition to an exchange list, a list of items in 
each food group and sub-food groups was provided. Every 
2 weeks all participants were assessed for food intake and 
anthropometric measurements. Participants were requested 
to maintain a physical activity record between in the inter-
vals between visits. They were also asked to record 24-h 
dietary intake for 3 days per week during weeks 2, 5, and 10 
of the trial. Assessment of anthropometric and biochemical 
indices was performed both before and at the end of the trial.

Assessment of anthropometric measurements 
and blood pressure

Weight was measured to the nearest 100 g with a digital 
scale (Seca, Hamburg, Germany) while participants were 
wearing light clothes. Height was measured in a standing 
position after removal of shoes with a tape measure while 
shoulders were in a relaxed position. The narrowest part of 
the waist (between the last rib and the iliac crest) was used to 
measure waist circumference to the nearest 0.1 cm over light 
clothing. BMI was calculated as body weight (kg)/height 2 
(m). We used a standard mercury sphygmomanometer to 
measure participant blood pressure after resting for 15 min. 
The measurement was performed three times in the sitting 
position at 1-min intervals. The average of three measure-
ments was used as the final blood pressure. Systolic blood 
pressure was defined as the appearance of the first sound and 
diastolic blood pressure was defined as the disappearance of 
the sound (Korotkoff phase 5). All participants were asked 
to avoid coffee, tea and any caffeine-containing foods/bever-
ages before the blood pressure measurement.

Assessment of biochemical measurements

Twelve-hour fasting blood samples (10 ml) were taken at 
baseline and after 10 weeks of the intervention to measure 
serum insulin level, blood glucose level and serum lipids 
(including total cholesterol, triglycerides, LDL- C, HDL-C) 
and inflammatory biomarkers (CRP, TNF-α).

Fasting blood glucose was measured by an enzymatic col-
orimetric method using glucose oxidase on the day of blood 
collection. Blood was centrifuged at 3000 rpm for 10 min 
to separate the plasma and samples were stored at − 70 °C 
until they were analyzed. Total cholesterol level and serum 
TG analysis were done using a Selectra 2 auto-analyzer 
(Vital Scientific, Spankeren, The Netherlands909) using 
an enzymatic colorimetric method with cholesterol ester-
ase and cholesterol oxidase and glycerol phosphate oxidase 
(Pars Azmoun, Tehran, Iran). The determination of HDL-C 
was done after precipitation of apolipoprotein B containing 
lipoproteins with phosphotungstic acid. LDL-C was cal-
culated by Friedewald’s formula when the TAG level was 

lower than 400 mg/dl; otherwise, LDL-C was determined 
by an enzymatic method. Malondialdehyde (MDA) measure-
ments were determined by HPLC according to the method 
of Wong et al. [27]., high sensitivity C-reactive protein (hs-
CRP) were measured using ultrasensitive latex-enhanced 
immunoturbidimetric assay (Randox laboratory Ltd, Belfast, 
United Kingdom). and TNF-α and Il-6 were determined with 
the use of ELISA by means of commercially available kits 
(Bender MedSystems and Biosource International, Vienna, 
Austria).

Statistical analysis

The Kolmogorov–Smirnov test was used to assess the 
normal distribution of the variables. Analysis of variance 
(ANOVA) and Chi square tests were used for quantitative 
and categorical variables, respectively. ANOVA was used to 
assess energy intake in the three different diet groups. We 
assessed dietary intake in the three groups with analysis of 
covariance (ANCOVA) after adjustment for energy intake. 
We used the ANOVA test to compare the baseline and final 
values among the three groups. Statistical significance was 
defined as P < 0.05.

Results

In this study, participants in the WG-D and FV-D groups 
completed the entire trial. However, in the WGFV-D 
group only one participant continued the trial until the 
fifth week, while others discontinued due to flatulence 
and stomach discomfort. Given these circumstances, we 
used intention-to-treat analyses. Further, laboratory data 
were entered at the end. The participant flow diagram is 
shown in Fig. 1. This diagram displays participant selec-
tion, allocation and follow-up in the intervention. Among 
the participants, no one was post-menopausal and all par-
ticipants were non-smokers. Socio-demographic character-
istics of participants in each of the three groups are shown 
in Table 1. All three diets (which contain high amounts of 
fiber) were well-tolerated among the women. No signifi-
cant differences were observed by age, educational level, 
occupation, or history of diseases. No statistically signifi-
cant differences in physical activity were observed across 
the intervention groups at baseline (P = 0.21). Weight in 
all groups changed significantly during the study: WG-D; 
80.5 ± 1.3 kg at end of trial vs. 86.5 ± 1.6 kg at baseline, 
FV-D; 77.3 ± 1.6  kg vs. 81.6 ± 1.9  kg WGFV-D; and 
78.3 ± 1.0 kg vs. 83.3 ± 1.5 kg. At the end of trial, serum 
levels of TG and HDL were lower in all groups as well 
as the LDL level in the WGFC-D group, however, these 
differences were not statistically significant. LDL was sig-
nificantly lower in the WG-D (110 ± 7 vs. 99 ± 6; P = 0.01) 
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Fig. 1  Study flow diagram

No participant withdrew

Enrollment of all eligible subjects
(n= 75)

Random allocation of all 75 subjects

Fruit and Vegetable diet 
Group (n= 25)

Whole grain and fruit and 
vegetable diet group (n= 25)

Whole grain diet group

(n= 25)

All 25 subjects 
completed the trial 
and were included 

in the analysis

All 25 subjects 
completed the trial 
and were included 

in the analysis

All 25 subjects 
completed the trial 
and were included

in the analysis

10 weeks 
follow up

Analysis

Table 1  Socio demographic characteristics of participants in the three different intervention groups

1 High fiber diet consisting of 25-g of fiber from whole grain product and 10 g from fruits
2 High fiber diet consisting of 25-g of fiber from fruits and vegetables and 10 g from whole grain products
3 High fiber diet consisting of equal proportion of fiber: 17.5 gs from whole grain products and 17.5 g from fruits and vegetables
4 P values are from the analysis of variance (ANOVA) for quantitative and Chi square for categorical variables

Variables Whole grain high fiber 
 diet1 (n = 25)

Fruits and vegetable high 
fiber  diet2 (n = 25)

Whole grain and fruits and vegetable 
high fiber  diet3 (n = 25)

P  value4 
(n = 25)

Age (year) 36.7 ± 3.3 34.6 ± 3.0 39.9 ± 4.9 0.19
Physical activity (MET-h/week) 20.9 ± 3.3 22.0 ± 3.6 21.7 ± 3.5 0.21
Educational level (n, %) 0.13
 Under diploma – – –
 Diploma 13 (52%) 14 (56%) 10 (40%)
 University Education 12 (48%) 11 (44%) 15 (60%)

Occupation (n, %) 0.16
 Employed full time 12 (48%) 10 (40%) 11 (44%)
 Self-employed – – –
 Worker – – –
 Housewife 13 (52%) 15 (60%) 14 (56%)
 BMI (kg/m2) 32.1 ± 4.0 32.3 ± 5.0 32.7 ± 4.6 0.18
 SBP (mmHg) 138 ± 20 130 ± 19 132 ± 18 0.26

DBP (mmHg) 89 ± 11 88 ± 10 86 ± 9 0.23
 History of dyslipidemia,% 23 20 26 0.25
 History of diabetes, % 20 29 27 0.17
 History of CVD, % 36 31 39 0.18
 History of Hypertension, % 20 17 15 0.12
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and FV-D (114 ± 8 vs. 94 ± 5; P = 0.03) groups at the end 
of trial. Table 2 diplays dietary intakes of all participants 
in all three groups. A marginally significant difference was 
observed for vitamin C intake, in contrast to other intakes 
(e.g. calcium, fiber, etc.) which showed no significant 
changes. Baseline and endpoints of biochemical indices 
in all three trial groups are presented in Table 3. Baseline 
comparisons of biochemical indices showed marginally 
significant differences in fibrinogen and CRP levels, but 
no significant effect was observed for the other indices. In 
a comparison of inflammatory markers at the endpoint, 
significant changes in fibrinogen and CRP levels were 
observed and we also found suggestive differences in MDA 
and D-dimer levels. However, TNF-α and IL-6 levels did 
not change significantly. Between-group comparisons of 
variables showed that in the WF-D group, there were sig-
nificant changes in CRP, D-dimer, fibrinogen, and MDA. 
In the WG-D and FV-D groups, we observed a significant 
change in fibrinogen level and marginally significant effect 
on CRP. On the other hand, in the FV-D group, none of the 
variables changed significantly except the D-dimer level, 
which showed a marginally significant effect.   

We also checked the percent changes in biochemical 
indices among three different trial groups while adjust-
ing for changes in weight. All inflammatory indicators 
were significantly changed after consumption of any of 
the three different diets for 10 weeks. Furthermore, the 
change for these three groups was statistically significant 
for all variables (P ≤ 0.05) and the most marked change 
in inflammatory indices was observed among participants 
following the WG-D.

Discussion

Following a 10-week feeding trial in obese and overweight 
women, inflammatory indicators (including CRP, serum 
fibrinogen, MDA, and D-dimer) decreased in the whole 
grain diet group as a result of the intervention. Similar 
reductions in fibrinogen were observed in the fruit and veg-
etable group during the intervention. The greatest reduc-
tion in these indicators was observed in the whole grain diet 
group and the smallest decline in the fruit and vegetable 
group (findings that remained even after adjusting for change 
in weight). Despite the significant reduction in CRP and 
fibrinogen in all groups, only the whole-grain group showed 
a major decline in the other biomarkers.

Some studies also have shown associations between fiber 
intake and inflammatory markers [17, 18, 22, 28–32]. As 
discussed, obesity results in an expansion of adipose tissue 
that induces a chronic state of inflammation. Adiet rich in 
fiber can decrease levels of systemic inflammation through 
a weight-reducing mechanism that limits the production of 
inflammatory cytokines by adipocytes [33, 34] and through 
the effect of fiber (unrelated to body weight) which is likely 
mediated through the intestinal microbiome [34].

Various possible mechanisms are thought to contribute to 
the anti-inflammatory activity of fiber, but two are consid-
ered the most probable. One is a mechanism suggesting indi-
rect competition between commensal and pathogenic bacte-
ria in the intestine. Short-chain fatty acids production due to 
fiber consumption, may result in preventing the colonization 
of pathogenic microorganism, as well as promote the growth 
of commensal. The anti-inflammatory effect of fiber may be 
related to elevated suppression of this pathogenic bacteria 

Table 2  Dietary intakes of participants in the three intervention diet groups

1 High fiber diet consisting of 25-g of fiber from whole grain products and 10 g from fruits
2 High fiber diet consisting of 25-g of fiber from fruits and vegetables and 10 g from whole grain products
3 High fiber diet consisting of equal proportion of fiber: 17.5 g from whole grain products and 17.5 g from fruits and vegetables
4 P values are from repeated measure analysis of covariance (repeated measure ANCOVA) except for energy that was analyzed using repeated 
measure analysis of variance

Daily dietary intakes Whole grain high fiber 
 diet1 (n = 25)

Fruit and vegetable high 
fiber  diet2 (n = 25)

Whole grain and fruit and vegetable 
high fiber  diet3 (n = 25)

P  value4

Nutrients
 Energy (Kcal) 2201 ± 93 2193 ± 89 2216 ± 96 0.29
 Protein (% of energy) 17 ± 3 17 ± 4 17 ± 3 0.48
 Total fat (% of energy) 30 ± 4 31 ± 5 30 ± 5 0.33
 Cholesterol (mg) 179 ± 11 183 ± 13 176 ± 11 0.25
 Carbohydrate (% of energy) 53 ± 8 52 ± 7 53 ± 7 0.41
 Fiber (g) 39.6 ± 8.1 39.0 ± 7.0 38.9 ± 7.6 0.18
 Calcium (mg) 1009 ± 31 1100 ± 49 1076 ± 53 0.15
 Vitamin C (mg) 100 ± 6 121 ± 9 115 ± 11 0.05
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[34]. Metabolites of the intestinal microbiome, which appear 
in the intestine, plasma and urine are thought to be the other 
probable anti-inflammatory effect of fiber. Thus, fiber intake 
can cause anti-inflammatory effect through increasing the 
intestinal microbiome and substituting plasma metabolites 
profile. It is also possible that a cluster of microbial metabo-
lites affects the inflammatory response [34]. The anti-inflam-
matory effect of short-chain fatty acids, especially butyrate 
is supported by various investigations [34–36].

Several studies support the relationship between dietary 
fiber intake from different sources (WG or FV) and lower 
levels of inflammation [22, 24, 37]. Similar to our study, a 
recent clinical trial by Vitaglione et al. that investigated the 
association between consumption of whole-grain fiber and 
inflammation in 80 healthy overweight and obese subjects 

who followed an isocaloric diet for 8 weeks, who showed 
a remarkable decline in TNF-a and IL-6 [22]. That study 
demonstrated that WG polyphenol is released and absorbed 
in the gut and is likely metabolized by gut microbiota, and 
is the most abundant circulating metabolite in overweight/
obese subjects compared to subjects in a control group. It 
also showed a relation between metabolite release, mild 
modification of gut microbiota and reduction of inflamma-
tory markers [22].

Another trial, by Katcher et al., compared two hypoca-
loric diets using WG or refined grains and their effects on 
CVD risk factors in obese subjects with metabolic syndrome 
[24]. They showed a similar beneficial effect, reporting a 
38% reduction in CRP levels in participants consuming 
whole grains after 12 weeks [24]. The mechanism of the 

Table 3  Baseline and endpoints 
of biochemical indices among 
three different trial groups

1 High fiber diet consisting of 25-g of fiber from whole grain products and 10 g from fruits
2 High fiber diet consisting of 25-g of fiber from fruits and vegetables and 10 g from whole grain products
3 High fiber diet consisting of equal proportion of fiber: 17.5 g from whole grain products and 17.5 g from 
fruits and vegetables
4 P values show the comparison between baseline and final values within each group using analysis of vari-
ance and paired t-tests
5 P values show a comparison of baseline values among three groups using analysis of variance (ANOVA)
6 P values show a comparison of final values among three groups using analysis of variance (ANOVA)
7 P values show a comparison of final values among the three groups after adjustment for weight change 
using analysis of covariance (ANCOVA)

Variables Whole grain 
high fiber  diet1

Fruit and vegeta-
ble high fiber  diet2

Whole grain and fruit and 
vegetable high fiber  diet3

Overall P value

hs-CRP(mg/l)
 Baseline 1.8 ± 0.3 1.9 ± 0.3 2.2 ± 0.3 0.095

 10th week 1.3 ± 0.2 1.7 ± 0.2 1.9 ± 0.2 0.016

 P4 0.01 0.13 0.07 0.017

TNF-α(ng/l)
 Baseline 0.89 ± 0.30 0.96 ± 0.21 0.80 ± 0.20 0.195

 10th week 0.73 ± 0.23 0.89 ± 0.20 0.68 ± 0.17 0.136

 P4 0.13 0.16 0.21 0.167

IL-6(ng/l)
 Baseline 6.8 ± 0.9 6.9 ± 1.1 7.1 ± 1.5 0.235

 10th week 6.0 ± 0.8 6.3 ± 1.3 6.4 ± 1.4 0.216

 P4 0.11 0.14 0.17 0.287

D-Dimer(mg/l)
 Baseline 0.23 ± 0.03 0.24 ± 0.03 0.22 ± 0.03 0.175

 10th week 0.17 ± 0.02 0.22 ± 0.02 0.18 ± 0.04 0.066

 P4 0.01 0.08 0.11 0.067

Serum fibrinogen(g/l)
 Baseline 339 ± 11 319 ± 9 326 ± 11 0.055

 10th week 290 ± 7 307 ± 8 289 ± 10 0.036

 P4 0.03 0.12 0.01 0.047

MDA(mg/dl)
 Baseline 24 ± 3 25 ± 4 23 ± 3 0.195

 10th week 20 ± 2 23 ± 3 20 ± 2 0.076

 P4 0.01 0.14 0.15 0.087
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positive impact of a diet rich in whole grain can be explained 
by the interplay between gut microbiota and whole grain 
limited polyphenols. Martines et al. investigated the effects 
of three diet groups that consumed 60 g of (1) whole grains 
(2) brown rice and (3) a mixture of WG and brown rice on 
the gut microbiome and serum markers of systemic inflam-
mation, showing alterations in the diversity of the gut micro-
biome. The greatest reduction in plasma IL-6 concentrations 
was observed among participants with higher proportions of 
Dialister and lower concentrations of Coriobacteriaceae. 
Prior studies have shown that these bacterial groups are 
related to chronic inflammation [22–26, 28–37]. The corre-
lations between Dialister and Coriobacteriaceae with a IL-6 
response suggests that these taxa may change the individual 
immunological response to whole grains [22, 37]. On the 
other hand, a number of studies have not documented a sig-
nificant effect of WG on inflammatory markers. The result of 
a study by Tighe et al. showed no significant change in CRP 
and IL-6 levels in healthy middle-aged volunteers with nor-
mal to high BMI (18–35 kg/m2) after 12 weeks of substitut-
ing three servings of whole grains (whether in form of wheat 
or mixture of wheat and oats) for refined foods [38]. Ander-
son et al. found similar results in a study in which over-
weight healthy subjects (men and women) were given whole 
grain or refined foods (without changing the whole diet) for 
6 weeks [39]. Differences in trial duration, participant BMI, 
dosage and various types of WG products, different sample 
sizes, could explain the variation of in results across stud-
ies. Furthermore, the calculation of required energy for each 
individual could explain the differences observed between 
the results of other studies and the associations we found 
between WG group and inflammatory markers. Results of 
the FV-D have also been contradictory. In a 12-week com-
munity trial, a large number of subjects (N = 1000, aged 
18–85) were recruited to examine the relationship between 
inflammatory markers and quantity of F&V intake. F&V 
intakes were categorized into three groups based on daily 
servings. Their results showed that higher consumption of 
F&V inversely correlated with IL-6, TNF-a and CRP lev-
els [32]. Furthermore, a cross-sectional study among 486 
women aged 40-60 showed that participants in the highest 
quantile of F&V consumption had lower serum CRP con-
centrations [40]. Another study of a dietary pattern rich in 
F&V assessed its association with inflammatory markers 
documented a beneficial effect of higher intake of F&V 
and lower levels of inflammatory markers [29]. Inversely, 
Nadeem et al. examined the effects of increased F&V intake 
in different groups of healthy adults with a wide range of 
BMIs (a group with mild hypertension aged 40–60 and 
group of older adults aged 65–85), different trial durations 
(8 and 16 weeks) and different servings (1, 3, 6 servings 
per day for three groups of 40–60 year old adult with mild 
hypertension and in elderly group randomized to receive one 

or two serving for one group and at least five servings per 
day for other group). They reported no significant changes 
in CRP, IL-6, and E- selectin concentrations resulting from 
consumption of higher quantities of F&V in either groups 
[41]. F&V rich diet are believed to have a protective effect 
against disease-related markers of inflammation and oxida-
tive stress. Possible mechanisms include mediation through 
a variety of vitamins, antioxidants and other micronutrients, 
including flavonoids, carotenoids, vitamin C and folic acid, 
as well as dietary fiber. These substances suppress the action 
of carcinogens and protect against oxidative DNA damage 
[32, 42, 43].

Although there are several trials documenting the 
effects of F&V and WG separately [17, 18, 22, 28–32, 
44, 45], to our knowledge there no prior study has com-
pared all these groups together. A strength of this study 
is that it was a feeding trial. In our study, required energy 
intake for all subjects was calculated and foods were pre-
pared during daily clinic visits, giving us confidence in 
the amount of fiber consumed by each participant. Infor-
mation for physical activity records and the 24-h dietary 
recall were recorded by the research team, which led to 
higher accuracy and prevention of unintended bias. Our 
study findings could be reinforced if the mechanisms for 
each dietary source and their effects on the inflammatory 
system through alteration of gut microbiota or other pos-
sible ways were investigated. A positive effect on biomark-
ers was seen for each group, as both WG and FV showed 
an ablative effect on inflammation. We expected the most 
marked change would be in the group combining WG and 
F&V but rather the most significant change was seen in 
WG-D group, the reason for which is unknown. Some 
limitations of this study must be noted. As all three diet 
groups were high in fiber, adherence to these diets for indi-
viduals with GI complication is not possible. All partici-
pants who enrolled were obese and overweight, therefore, 
it is unknown if the same positive effects on inflammatory 
indices would occur in subjects with normal BMIs.

Conclusion

In this randomized clinical trial among overweight and 
obese women, weight-reducing diets with different sources 
of fiber showed beneficial effects on inflammatory biomark-
ers, with the WG-D showing the most significant effects in 
reduction of inflammatory markers compared to the F&V 
group and WG and FV groups. Further trials are needed 
in larger populations to confirm these results. We suggest 
future studies investigate the effects of these dietary fiber 
sources in different populations, especially in those with 
normal BMI.
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