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Abstract

Background The nutritional composition of the dietary
intake could produce specific effects on metabolic variables
and inflammatory marker concentrations. This study asses-
sed the effects of two hypocaloric diets (legume-restricted-
vs. legume-based diet) on metabolic and inflammatory
changes, accompanying weight loss.

Methods Thirty obese subjects (17 M/13F; BMI: 32.5 &+
4.5 kg/m*; 36 % 8 years) were randomly assigned to one
of the following hypocaloric treatments (8 weeks): Calorie-
restricted legume-free diet (Control: C-diet) or calorie-
restricted legume-based diet (L-diet), prescribing 4 weekly
different cooked-servings (160-235 g) of lentils, chick-
peas, peas or beans. Body composition, blood pressure
(BP), blood biochemical and inflammatory marker con-
centrations as well as dietary intake were measured at
baseline and after the nutritional intervention.

Results The L-diet achieved a greater body weight loss,
when compared to the C-diet (—7.8 £ 2.9% vs. —5.3 +
2.7%; p = 0.024). Total and LDL cholesterol levels and
systolic BP were improved only when consuming the
L-diet (p < 0.05). L-diet also resulted in a significant
higher reduction in C-reactive protein (CRP) and comple-
ment C3 (C3) concentrations (p < 0.05), compared to
baseline and C-diet values. Interestingly, the reduction in
the concentrations of CRP and C3 remained significantly
higher to L-diet group, after adjusting by weight loss
(» < 0.05). In addition, the reduction (%) in CRP
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concentrations was positively associated with decreases
(%) in systolic BP and total cholesterol concentration
specifically in the L-diet group, independent from weight
loss (p < 0.05).

Conclusion The consumption of legumes (4 servings/
week) within a hypocaloric diet resulted in a specific
reduction in proinflammatory markers, such as CRP and C3
and a clinically significant improvement of some metabolic
features (lipid profile and BP) in overweight/ obese subjects,
which were in some cases independent from weight loss.

Keywords Legumes - Hypocaloric diet - Weight loss -
Inflammation - C-reactive protein - Complement C3

Introduction

Excessive body fat is associated with increased concen-
trations of several proinflammatory and proatherogenic
markers such as C-reactive protein (CRP), complement C3
(C3), interleukin-6 (IL6), tumor necrosis factor-alpha
(TNFo) and homocysteine [1-4]. Furthermore, the occur-
rence of a low-grade chronic inflammation in obese sub-
jects has been implicated in the development of insulin
resistance, diabetes, hypertension, dyslipidemia and ath-
erosclerosis [3, 5, 6].

In this context, in addition to the loss of body fat and the
subsequent improvement in common metabolic syndrome
features produced by hypocaloric diets, some nutritional
intervention trials have as a target the improvement in
obesity-related proinflammatory status [7, 8]. In turn,
legumes are foods containing important nutritional and
functional factors that may play a crucial role in health
maintenance and disease treatment, such as vegetable
protein, fiber, oligosaccharides, phytochemicals, minerals
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(e.g. potassium) and other bioactive compounds, such as
saponins and polyphenols [9-11].

The consumption of non-soy legumes, such as lentils,
beans, peas and chickpeas, has been associated with diet
quality—Ilower fat, higher bioactive compounds intake and
higher vegetable protein supply—as well as with lower
waist circumference and blood pressure values, according
to results from the National Health and Nutrition Exami-
nation Survey [12, 13]. Moreover, the consumption of this
staple food-group has consistently revealed important
hypocholesterolemic effects [9, 14], in addition to the
potential benefits concerning the glycemic control [15].
In fact, specific beneficial effects of a hypocaloric diet
enriched with legumes have been reported as changes in
metabolic syndrome features and mitochondrial oxidation
in obese subjects [16, 17]. Also, the consumption of a
legume-based hypocaloric diet has mitigated lipid peroxi-
dation associated with a higher weight loss [18].

Overall, this study aimed at assessing the effects
accompanying weight loss of two hypocaloric diets with
different food patterns (a control-restricted- vs. a legume-
based diet) on metabolic and inflammatory changes.

Subjects and methods
Subjects

Thirty obese subjects, 17 men/13 women (BMI:
32.5 + 4.5 kg/m?; Age: 36 + 8 years), were enrolled in
the study. A physician performed the screening and the
inclusion of volunteers by medical history, physical
examination and fasting blood profile to exclude subjects
with evidence of diabetes, hypertension, liver, renal or
haematological disease and other clinical disorders. Other
exclusion criteria were weight change of £3 kg in the last
months, participation in another scientific study up to
90 days before, chronic pharmacological therapies, surgi-
cal or drug related-obesity treatments, as well as alcohol or
drugs abuse. In addition, those subjects who declared not to
consume any of the proposed non-soy legumes (chickpeas,
peas, beans or lentils) were not enrolled in the study to
avoid different consumption patterns among these legumes.
After a detailed explanation of the study protocol, all
subjects gave written informed consent to participate in
the trial, which was previously approved by the Ethics
Committee of the University of Navarra (ref. no 54/2006).

Study design
The hypocaloric diets were designed to produce a calorie

restriction of —30% of total energy requirements in relation
to the individual daily resting energy expenditure, assessed
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by indirect calorimetry (Deltatrac, Datex-Ohmeda, Finland)
and corrected by the declared physical activity level (1.3—
1.6) of each participant following the WHO criteria [19].

The average consumption of legumes in Spain is approx-
imately 2 servings/week [20], while the maximal recom-
mended amount is 4 servings/week, which was prescribed in
this trial [21]. Thus, volunteers were randomly distributed
into two groups which were assigned to two different calorie-
restricted dietary treatments for 8 weeks: a legume-restricted
diet as a control diet (C-diet; n = 15) or a legume-based diet
(L-diet; n = 15) with 4 servings/week of traditional Spanish
non-soybeans legumes (lentils, chickpeas, peas and beans).
The macronutrient-balanced diets (control and legume-based
dietary approaches) were designed to provide a similar
macronutrients distribution: 53% of energy as carbohydrates,
17% as proteins and 30% as fat.

The participants were individually instructed by a
registered dietician to follow the prescribed dietary regime
for 8 consecutive weeks. In this context, the volunteers
received a 7-day menu in relation to the assigned diet, with
the food-groups they should consume each day and an
exchange-food list with amounts in grams of each food,
expressed in raw and in cooked terms, to facilitate the
adherence to the dietary regime. Regarding legume con-
sumption, the participants in the L-diet group received a 7-
day menu in which they should weekly consume all of four
different types of legumes. The advised amounts in grams
for each legume were between 60 and 90 g (raw), or 160
and 235 g (cooked), according to daily energy intake of
each participant. The participants received a food-weighing
scale (Odag 5025, Roque Monasterio, Spain) to rigorously
follow the prescribed dietary regimes.

Furthermore, diet compliance was weekly assessed by a
trained dietician who asked routine questions and gave
advices to improve the monitoring of the prescribed diets. In
addition, dietary intake was controlled by 3-day weighed
food records (2 weekdays and 1 weekend day), which were
performed during the week before the beginning of the
intervention (week —1) and during the week before the end
of the nutritional trial (week +7) as previously described
[18, 22]. Diet records were assessed by using the Medisys-
tem software adapted for Spanish foods (Sanocare, Alcobed,
Spain). These data also provided information about baseline
intake and the compliance to the prescribed diets.

Volunteers were weekly asked to maintain the same
habitual physical activity habits during the intervention
period, which was reinforced through specific questions
during the interviews [23]. Weight loss was monitored by
the dietician on a weekly basis.

Data about anthropometry, body composition, energy
expenditure and blood markers were collected at baseline
(day 0) and at the end-point (day 56) following standard-
ized procedures [24].
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Anthropometry and body composition

The body weight assessment was performed using a digital
weight-scale with accurate to 0.1 kg (Seca 767, Vogel &
Halke, Germany) and height, which was accurate to 0.1 cm,
using a wall-mounted stadiometer (Seca 220, Vogel &
Halke, Germany), carried out in underwear after an over-
night fast [25]. The waist circumference was measured at
the site of the smallest circumference between the rib cage
and the iliac crest, and the hip circumference was measured
on the maximum circumference over the buttocks with the
subject in standing position [26]. Body composition was
assessed by bioelectrical impedance (Quadscan 4000,
Bodystat, UK), based on a previously validated procedure
[25].

Blood pressure measurement and blood sample
analyses

Blood pressure (BP) was measured following WHO criteria
[19]. Venous blood samples were drawn in a fasting state
(12 h). EDTA plasma and serum were separated from
whole blood by centrifugation (3,500 rpm, 15 min, 5 °C)
and stored at —20 °C until assay. Plasma concentrations of
triglycerides, total cholesterol and HDL-c, glucose (Horiba
ABX Diagnostics, Montpellier, France) and homocysteine
(Demitec Diagnostic GmbH, Kiel-Wellsee, Germany) were
measured by specific colorimetric assays, while comple-
ment C3 was assessed by turbidimetric assay (Horiba ABX
Diagnostics, Montpellier, France), by using an automated
analyzer system (COBAS MIRA, Roche, Basel, Switzer-
land). The reported LDL-c was calculated by the Friede-
wald equation [27]. Plasma insulin concentration was
assessed by using commercially available radioimmunoas-
say kits (DPC, Texas, USA). Insulin resistance was calcu-
lated by the HOMA-IR index [28], which was estimated as
follows: HOMA-IR = [fasting glucose (mmol/l) x fasting
insulin (uIU/)]/22.5. Plasma concentrations of CRP, high-
sensitive IL6 (hs-IL6) and TNF« (hs-TNFax) were assessed
by enzyme-immunoassay kits using an automated analyzer
system (Triturus, Grifols, Barcelona, Spain). CRP was
measured by using an Immundiagnostik AG kit, (Bensheim,
Germany) and the cytokines by Quantikine immunoassay
kits (hs-IL-6 and hs-TNFa) from R&D Systems (Minne-
apolis, USA). In our laboratory, all the inter- and intra-assay
variability for all determinations were <10%.

Statistical analysis

Results are reported as mean &+ SD (95% confidence
interval—95% CI). Sample size was calculated consider-
ing: (1) a change in plasma CRP as main outcome; (2)
published SD values (£0.9) for plasma CRP concentration

[29]; (3) an statistical power of 80% and (4) p-value < 0.05
as statistically significant. For all these criteria, the sample
size required was a minimum of 12 volunteers per group
[30].

The Shapiro—Wilk tests were used to determine variable
distribution. Changes in weight loss were evaluated by
the repeated measures ANOVA (weight loss time-course:
8 points), and diet was used as a between-subject factor to
evaluate the interaction time X diet and effect of diet
separately. Changes in study variables within each group
were evaluated by applying the Wilcoxon signed rank test
to analyze non-parametric data (triglycerides, hs-IL6 and
hs-TNFo variables) and the paired f-test to analyze the
remaining data. To analyze the changes in variables
between dietary groups, the Mann—Whitney U-test
was applied to analyze non-parametric data (triglycerides,
hs-IL6 and hs-TNFo variables) and the Student’s r-test
to analyze the remaining data. In order to evaluate the
independent effect of dietary group with respect to weight
loss, proinflammatory marker concentrations were
also adjusted for weight loss (kg) by the residuals method
prior to comparison analyses [31]. Pearson coefficients
were used to evaluate the potential associations between
changes in metabolic and inflammatory variables. All
statistical analyses were performed using the SPSS 15.0
program (SPSS Inc., USA) for Windows XP (Microsoft,
USA), and statistical significance was set up at a
p-value < 0.05.

Results

Data from 3-day weighed food records showed that dietary
intake before the study was not different between both
experimental groups. The recorded mean value of caloric
intake at baseline was 2,479 + 1,832 (95% CI. 1,798;
2,523) kcal/d and at the endpoint was 1,462 £ 354 (95%
CI: 1,337; 1,515) kcal/d (p <0.001). As designed,
macronutrient distribution was similar in both diets, and
statistical differences were not found concerning the calo-
ries provided by carbohydrates [50.2 £ 6.0 (95% CI: 46.0;
53.4) vs. 50.7 £ 1.6 (95% CI: 50.0; 52.1) %; p = 0.741],
lipids [33.4 + 4.4 (95% CI: 30.0; 34.0) vs. 30.8 £ 5.6
95% CI: 29.6; 31.4) %; p =0.179] and proteins
(18.9 £ 3.4 (95% CI: 16.1; 23.2) vs. 18.9 £ 1.6 (95% CI:
18.1; 19.6)%; p = 0.991).

In turn, the consumption of legumes by the participants
at baseline was 1 £ 1 servings/week, with no statistical
difference between groups (p > 0.05). As designed in the
nutritional intervention, the subjects consumed 0-1 serv-
ing/week in the C-diet group and 4 servings/week in the
L-diet group (p < 0.05), according to the weekly reports
and to the 3-day weighed food records (week +7). Among
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Nutritional intervention (8 weeks)
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Fig. 1 Time-course in the weight loss change (%) during the 8-week
nutritional intervention induced by control and legume-based diets

the non-soy legumes prescribed in the dietary regime,
the consumption of lentils, chickpeas, peas and beans was
the same during the 8-week intervention, as encouraged by
dietician. Furthermore, fiber content was higher [26.0 +
6.0 (95% CI: 22.4; 28.6) vs. 18.0 &= 5.0 (95% CI: 16.1;
21.7) g/d; p = 0.005], and saturated fatty acid was lower in
the L-diet versus C-diet [5.0 = 0.3 (95% CI: 4.8; 5.2) vs.
54 £0.9 (95% CI: 4.9; 5.9) %; p < 0.001]. The choles-
terol intake was significantly (p < 0.001) lower during
the intervention period [C-diet: —301.0 & 58.1 (95% CI:
—447;, —267); L-diet: —323.0 £ 51.5 (95% CI: —508;
—220.6) mg/d], when compared to baseline values, with no
difference between dietary groups (p > 0.05). Interest-
ingly, only individuals fed on the L-diet had significantly
higher intake of potassium, compared to baseline values
[3,775 £ 267 (95% CI: 3,275; 3,459) vs. 2,965 + 117.2
(95% CI: 2,291; 3,137) mg/d; p = 0.022], and the increase
in the magnesium intake was significantly higher within the
L-diet group, when compared to the C-diet group
[+160 £ 33 (95% CI: 4+103; 4221) vs. 465 + 33 (95%
CI: +10; +117) mg/d; p = 0.019]. Volunteers reported
that they kept their physical activity pattern during the trial.

The calorie restriction produced a statistically significant
weight loss in both dietary group, but L-diet achieved the
greater body weight loss [—=7.8 &+ 2.9% (95% CI: —9.4;
—6.1) vs. =5.3 &+ 2.7 (95% CI: —6.8; —3.8) %; p = 0.024],
compared to the C-diet (Fig. 1). Also, the body fat (%) and
waist circumference were statistically decreased in the both
dietary groups by the nutritional intervention, with no
statistical differences between both experimental groups
(Table 1).

Regarding to clinical and metabolic variables, the L-diet
was the only dietary approach inducing a significant
reduction in systolic BP (SBP) measurements, total cho-
lesterol, LDL-c and HDL-c concentrations (Table 1). Also,
diastolic BP measurement was significantly reduced by
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both dietary groups, with no statistical differences between
them (Table 1).

Concerning to changes in inflammatory marker con-
centrations, plasma concentrations of CRP, complement
C3 and hs-TNFa significantly decreased in the L-diet
group, while in the C-diet group there were significant
reductions in plasma complement C3 and hs-TNFo con-
centrations (Table 2). In both dietary groups, plasma IL6
and homocysteine concentrations showed no statistically
significant changes (Table 2). Interestingly, the participants
who followed L-diet had a higher reduction (% change
from baseline values) in plasma CRP and C3 concentra-
tions, when compared to C-diet (Fig. 2). As the weight loss
was significantly higher in the L-diet group, we also
adjusted the change in proinflammatory markers concen-
trations for this variable, using the residuals method. In
such analysis, the L-diet group showed a marked reduction
in the CRP [-12 £32 (95% CI: —3.0; +0.2) vs.
+0.4 £ 2.8 (95% CI: —1.2; +1.6) mg/dl, p = 0.044] and
C3 [-0.8 £ 0.7 (95% CI: —2.0; +0.2) vs. +0.4 + 0.4
(95% CI: 0.2; 0.5) g/l, p = 0.044] concentrations, when
compared with C-diet group.

In order to evaluate the potential associations between
metabolic and inflammatory changes independent from
change in body weight, Pearson correlation coefficients
were performed with the variables adjusted for weight loss.
Interestingly, only in the L-diet group, the reduction (%) in
plasma CRP concentrations was positively associated with
the decreases (%) in systolic blood pressure (L-diet:
r=0.78, p = 0.001; C-diet: r = —0.11, p = 0.721) as
well as with total cholesterol concentration (L-diet:
r = 0.81, p = 0.001; C-diet: r = —0.47, p = 0.750).

Discussion

A novel finding of this study was that the L-diet resulted in
a significant higher reduction in CRP and C3 concentra-
tions, compared to baseline values and to C-diet group,
accompanying a higher weight loss and significant
improvement in some metabolic features.

Previous studies have also demonstrated the effect of
prescribing hypocaloric diets on the reduction in some
inflammatory markers, related to weight loss [7, 32-35].
However, reductions in CRP and C3 levels remained sig-
nificantly higher in the L-diet group, after adjusting for
weight loss. In this sense, a legume-enriched (250 g/d), low
glycemic index (GI 38) diet, following during 4 weeks
under weight-stable conditions, has also resulted in a sig-
nificant reduction of CRP (—20.2 %) concentrations in men
at risk for colorectal cancer [36]. Furthermore, feeding a
hypocaloric diet enriched with legumes has resulted in a
statistical reduction in oxidative stress markers, such as
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Table 2 Change in inflammatory marker concentrations after 8 weeks following calorie-restricted diets (C-diet vs. L-diet)

p-value between

p-value between
changes®

endpoints®

p-value between
baselines®

Endpoint

Legume diet (n = 15)

Baseline

Endpoint

Control diet (n = 15)

Baseline

Characteristics
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8/7

9/6

Men/Women (n)
CRP (mg/1)

0.043
0.039

0.104 0.092

0.501

1.6 £ 0.9° (1.2-3.0)

27 + 2.4 (1.8-4.0)
1.5+ 02 (1.4-1.7)

1.9 + 0.8 (0.6-2.3)
1.4 + 0.5° (1.3-1.5)

2.0 + 1.0 (0.9-2.4)
1.6 £ 0.2 (1.4-1.6)

22+ 1.2(1.5-2.8)

0.150
0.937

1.1 + 0.2° (0.8-1.4)
23+ 1.7 (1.1-2.7)

Complement C3 (g/1)

IL6 (pg/ml)

0.272

0.516

26+ 1.8 (1.4-2.8)
4.7 + 32 (3.1-7.5)

22 + 1.4 (1.4-2.5)

0.447 0.691

0.980

22 4+ 1.2% (1.2-2.5)

6.0 + 28 (3.0-7.1) 3.0+ 1.8 (0.9-4.1)

TNFo (pg/ml)

0.684 0.331

0.567

9.8 £ 3.8 (6.7-12.4) 10.0 £ 4.2 (9.4-13.6) 10.5 £ 3.6 (8.1-12.2) 10.6 £ 2.6 (8.7-12.2)

Homocysteine (pmol/l)

Data are mean =+ standard deviation (95% confidence interval). Values in italics are statistically significant

a p<001;°p <0.05 from paired t-test or for Wilcoxon signed rank test (IL-6 and TNFu), as statistical significance within group differences (baseline vs. endpoint)

¢ p-value from Student’s r-test or Mann—Whitney U-test (IL-6 and TNFo), as statistical significance between diet differences (C-diet vs. L-diet)

CRP C-reactive protein; /L-6 interleukin-6; TNF-o tumor necrosis factor-alpha

* BT -diet
-120 - Change in CRP Changein C3 Changein TNFa
concentrations (%) concentrations (%) concentrations (%)

Fig. 2 Change (% from baseline values) in inflammatory markers
concentrations, according to assigned calorie-restricted diet (C-diet
vs. L-diet). * p < 0.05, for paired r-test: baseline versus endpoint
values within each dietary group. p-values, for Student’s #-test or
Mann-Whitney U-test (non-normally variable: TNFx): differences in
the change (%) between both dietary groups. CRP, C-reactive protein;
C3, complement C3; TNFx, tumor necrosis factor-alpha

plasma malondialdehyde and urinary 8-isoprostane-F,,
[18]. Thus, the effect of high legume consumption on these
inflammatory markers could be associated with the nutri-
tional composition of these foods.

Legumes are foods containing important nutrients and
bioactive factors, such as vegetable protein, fiber, oligo-
saccharides, phytochemicals, minerals (potassium and
magnesium), saponins and other compounds as well as
providing a low fat content [10, 37]. In this context, it has
observed an inverse association between the intake of total
dietary fiber (soluble and insoluble fiber) and CRP con-
centrations in cross-sectional and longitudinal analyses
[38]. In healthy subjects, a fiber intake of about 30 g/d
from a diet naturally rich in fiber or from a supplement,
during 3 weeks, has reduced the levels of CRP [39], being
hypothesized as a possible mechanism, a slowing of
absorption of glucose and a modulation of anti-inflamma-
tory cytokines, associated with a favorable gut flora out-
come responding to fiber [38, 39]. Also, a high magnesium
intake could decrease CRP values, being related to mod-
ulating microvascular function of magnesium, which
stimulates endothelial growth and inhibits the synthesis of
nitric oxide and some inflammatory markers [40]. In
observational studies, individuals with a higher magnesium
intake have presented a lower prevalence of diabetes,
metabolic syndrome features and lower plasma CRP and
E-selectin concentrations [40, 41]. Although some effects
of bioactive compounds in legumes on pro-inflammatory
markers have been reported, there is little information
concerning the influence of high consumption of these
foods on inflammatory and oxidative stress status [18, 36].
In this sense, current trial provides additional and relevant
data about the effect of a calorie-restricted diet with high
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content in legumes on proinflammatory markers, although
the involved mechanisms need further investigations.

In this study, the TNFo concentrations were significantly
reduced in both dietary groups, with no difference between
groups. This outcome is in some contradictory with data
obtained in a previous study, in which a favorable effect of
a Mediterranean dietary pattern on TNFo concentrations
was found independent from weight loss [7], which may be
attributed to other nutrients/ food ingredients included in
this dietary pattern.

Moreover, the legume-based hypocaloric diet was the
only dietary approach inducing a significant reduction in
SBP measurement, total cholesterol and LDL-c concen-
trations in the current study, which is in accordance with
published reports [9, 13, 17, 18]. In this context, legume
consumption has been related with high fiber and low
glycemic index meals, which have been related to higher
satiety, favouring dietary compliance [17, 42]. In addition,
the consumption of whole grains and legumes-based diet,
with a low glycemic index, resulted in higher mitochon-
drial oxidation, compared to diet with a high glycemic
index, suggesting other potential mechanism of foods with
high content of fiber and low glycemic index, such as
legumes, in weight loss and control [16, 17].

Furthermore, legumes are low in sodium, being excel-
lent sources of other minerals, including calcium, copper,
iron, magnesium, phosphorus, potassium and zinc [43],
which may contribute in reducing the risk of hypertension.
In fact, young adults (20-40 years) who consumed variety
beans consumption had a risk of elevated SBP reduced in a
47% [13]. In this sense, the L-diet achieved higher intake
of magnesium and potassium than C-diet, which could
explain, in part, the reduction in SBP only in this dietary
group. Although a promising outcome, repeated measure-
ments of BP within 24-h interval could provide information
of interest.

In turn, the hypocholesterolemic effect of legume-based
hypocaloric diet is corroborated by a previous meta-anal-
ysis of randomized controlled trials [9], which has reported
consistent effect of legume-based diets in decreasing total
cholesterol and LDL-c, compared to control diets. Soluble
fiber and resistant starch content of legumes has been
related, since it binds bile acids and cholesterol during
intraluminal formation of micelles, reducing hepatocyte
cholesterol content and inhibits fatty acid synthesis in liver
mediated acetate, butyrate and propionate production [10,
37, 44]. The saponins, which are hydrolyzed by intestinal
bacterial to diosgenin, may also have a positive effect in
decreasing cholesterol absorption [37]. In addition, the
legume-based hypocaloric diet resulted in a reduction in
oxidized LDL-c, which was positively associated with
higher content of fiber of this dietary group [18].

Furthermore, the reduction (%) in plasma CRP con-
centrations was significantly associated with the decreases
(%) in SBP and total cholesterol values, but only in the
L-diet group, independently of weight loss. Since that
proinflammatory status has been considered a potential link
between obesity and metabolic disorders, including insulin
resistance, atherogenic lipid profile and hypertension [3, 4,
45], these results provide additional evidence that a
reduction/ improvement in the proinflammatory status can
be a potential mechanism to ameliorate metabolic features
through a calorie-restricted diet with high content of
legumes in overweight and obese subjects. In fact, the
change in total cholesterol levels by consuming a hy-
pocaloric diet enriched with legumes has been associated
with a reduction in oxidative stress markers [18].

In the current study, we did not find any statistical
change due to the experimental diets in glucose and insulin
levels and HOMA-IR, although a slight reduction in the
values of these variables induced by both dietary regimes
was noted. The consumption of diets with low glycemic
index, including fruits, vegetables, whole cereals and
legumes has resulted in an improvement glycemic control
in diabetic patients [15], which has been associated with
the content of resistant starch and fiber content on these
foods. One reason for this result may be the normal glucose
profile presented by our population at the baseline, which
contrasts with other trials involving subject with insulin
resistance or diabetes features [15, 42].

Furthermore, we did not find any change in IL6 and
homocysteine concentrations. To explain this case, two
arguments may be taken into account: first, the sample size
was not able to achieve statistical difference, since CRP
concentrations were used as the main variable; the second,
the achieved weight loss in this study was not enough to
produce changes in the concentrations of these markers.
Given the subsequent improvements in metabolic and
inflammatory status, the last possibility may be more rea-
sonable. In fact, a similar calorie-restriction intervention
with a mean weight loss of —4.4 £ 2.5 kg (% weight loss:
—6.2 £ 2.9) has not induced statistical changes in these
proinflammatory markers, in 41 overweight and obese
subjects [7].

In summary, specific consumption of legumes within a
hypocaloric diet by overweight and obese subjects could
result in a consistent reduction in some proinflammatory
markers, such as CRP and C3 and a significant improve-
ment in clinical and metabolic features, independent from
weight loss. This finding reinforces the recommendation of
a regular consumption of legumes of about 4 portions/week
versus habitual consumption of 2 servings/week to achieve
specific benefits in the treatment of obesity and related-
metabolic disorders and inflammatory status. Indeed, this
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dietary pattern provided additional healthy outcomes than
that normally accompanying weight loss alone.
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