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The Effects of Legumes on Metabolic Features, Insulin Resistance and Hepatic 
Function Tests in Women with Central Obesity: A Randomized Controlled Trial

Mohammad Alizadeh, Rasool Gharaaghaji1, Bahram Pourghassem Gargari2

ABSTRACT

Background: The effect of  high‑legume hypocaloric diet on 
metabolic features in women is unclear. This study provided an 
opportunity to find effects of  high‑legume diet on metabolic 
features in women who consumed high legumes at pre‑study period.
Methods: In this randomized controlled trial after 2 weeks of  a run‑in 
period on an isocaloric diet, 42 premenopausal women with central 
obesity were randomly assigned into two groups: (1) Hypocaloric 
diet enriched in legumes (HDEL) and (2) hypocaloric diet without 
legumes (HDWL) for 6 weeks. The following variables were assessed 
before intervention and 3 and 6 weeks after its beginning: Waist 
circumference (WC), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), fasting serum concentrations of  triglyceride (TG), 
high density lipoprotein cholesterol, fasting blood sugar (FBS), 
insulin, homeostasis model of  insulin resistance (HOMA‑IR), alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST). We 
used multifactor model of  nested multivariate analysis of  variance 
repeated measurements and t‑test for statistical analysis.
Results: HDEL and HDWL significantly reduced the WC. HDEL 
significantly reduced the SBP and TG. Both HDEL and HDWL 
significantly increased fasting concentration of  insulin and 
HOMA‑IR after 3 weeks, but their significant effects on insulin 
disappeared after 6 weeks and HDEL returned HOMA‑IR to basal 
levels in the subsequent 3 weeks. In HDEL group percent of  
decrease in AST and ALT between 3rd and 6th weeks was significant. 
In HDWL group percent of  increase in SBP, DBP, FBS and TG 
between 3rd and 6th weeks was significant.
Conclusions: The study indicated beneficial effects of  hypocaloric 
legumes on metabolic features.
Keywords: Central obesity, hypocaloric diet, legumes, metabolic 
syndrome, premenopausal women

INTRODUCTION
Obesity is epidemic in the world[1] and its prevalence has 

increased significantly.[2] Obesity, especially central obesity is 
associated with excess deaths in the population.[3] The prevalence 
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of  central obesity in Iran is 53.6%.[4] Previous 
studies provided strong evidence that the metabolic 
problems of  central obesity such as insulin 
resistance, hypertension, hypertriglyceridemia, low 
high density lipoprotein cholesterol (HDL‑C) and 
steatosis are marked in South Asians including 
Iranians at lower amounts of  total body fat 
compared to whites.[5] These differences can be 
interpreted by high amount of  central adipose tissue 
in South Asians.[5] Healthy foods are protective 
factor for metabolic syndrome.[6] Legumes are one 
of  the healthy and inexpensive foods. They are 
high in phytochemicals, fibre, protein, minerals 
and vitamins. Most of  the researches that have 
investigated the effect of  legume consumption on 
metabolic features studied soybeans rather than 
non‑soybean legumes. The effects of  soy bean on 
metabolic features are well‑known.[7] In Iran low 
amounts of  soy beans are consumed, while non‑soy 
legume such as white, red and wax beans, chickpeas, 
cowpea, lentils and split peas are conventional 
foods. Anderson and Major in 2002 performed a 
meta‑analysis on secondary outcomes of  eleven 
clinical trials and showed consumption of  non‑soy 
legumes was associated with increasing of  HDL‑C 
and decreasing of  triglyceride (TG) and weight.[8] 
After Anderson and Major meta‑analysis several 
randomized controlled trials (RCTs) were studied 
the effects of  legumes on metabolic features. Zhang 
et al. tested the effects of  legume on biomarkers 
of  insulin resistance among males in isocaloric 
and hypocaloric diets. Despite isocaloric diet, in 
hypocaloric period of  intervention, mean body 
weight, body mass index (BMI), Levels of  serum 
TG, C‑peptide and fasting plasma glucose, insulin 
and C‑reactive protein were significantly reduced.[9] 
In Hermsdorff  study, systolic blood pressure (SBP) 
was improved only with the legume‑based 
hypocaloric diet compared to calorie‑restricted 
legume‑free diet.[10] Inconsistent with Zhang et al. 
study, Crujeiras et al. and Hartman et al. showed 
baseline and endpoint values of  insulin, C‑peptide 
and glucose were not statistically different after 
following hypocaloric and isocaloric diets with or 
without legumes.[11,12] Even Hartman et al. showed 
high‑legume diet increased fasting blood sugar (FBS) 
compared to legume‑less diet.[12] Due to paradoxical 
results this study was planned. The present research 
takes advantages of  higher consumption of  non‑soy 
legume among participants at pre‑study period in 

comparison with other similar researches.[13‑16] In 
Iran, the eating of  non‑soy legume is more common 
than western countries. The mean consumption 
of  non‑soy legume among Iranians is nearly 3 
servings/week compared to 2 servings/week in 
US and Europe.[13‑16] The average intake of  non‑soy 
legume in subjects of  current study compared with 
previous trials was approximately triple.[10,12] To the 
best of  our knowledge, this is the first study that 
investigates the role of  high‑legume hypocaloric diet 
on metabolic features exclusively among women.

METHODS

Study design and participants
The study was approved by the Ethics Committee 

of  Tabriz University of  Medical Sciences (Tabriz, 
Iran) and registered at www.irct.ir (irct ID: 
irct138712101720N1).	 Written	 informed	 consent	
was achieved from all selected participants.

The sample size for each intervention group 
was calculated regarding to the studies conducted 
on women with central obesity.[17,18]	 With	 a	
1 – α=95% and 1 – β=95%, the maximum sample 
size	was	obtained	from	waist	circumference	(WC)	
marker via the formula:

n a t
i

= = =∑σ 2 2
2 16 49 16φ / .

in which a = 4, 2 = 59.9, ø2 (the indicator curve) 
=2.5 and Σti

2 = 36.46.
Finally, samples for each group were calculated 

to be 16 participants.
The study was a RCT with a 2 week pre‑trial 

period and a 6 week trial period. After advertising 
in local newspapers, 257 pre‑menopausal women 
were eligible to enter the study.

Inclusion criteria were: Pre‑menopausal women 
aged	20‑50	years,	WC	>88	cm,	no	involvement	in	
weight‑loss programs and maintenance of  a stable 
weight during the previous 6 months (±2 kg).

Exclusion criteria were: Treatment with insulin 
or oral hypoglycemic agents, anti‑hypertensive 
drugs or anti‑lipemic drugs; any secondary 
cause of  hypertension or hyperglycemia; 
consumption of  mineral or vitamin supplements 
or antacids containing calcium or magnesium; 
untreated hypothyroidism; psychiatric disorders; 
cancer; systemic, hepatic, renal, pulmonary, or 
cardiovascular disease; infectious or inflammatory 
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disease; alcoholism; smoking; and legume 
intolerance. Figure 1 shows the flowchart of  the 
participants of  the study.

Diets
The energetic needs were calculated individually 

by the formula from the Food and Nutrition 

Figure 1: Flowchart for enrolment of participants. HDEL=Hypocaloric diet enriched in legumes, HDWL=Hypocaloric diet 
without legumes
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Board of  the Institute of  Medicine.[19] The 
subjects consumed an isocaloric diet for 2 weeks 
in the run‑in period. In the intervention period, 
intervention group ate hypocaloric diet enriched 
in legumes (HDEL) (which included 1 cup/day of  
cooked non‑soy legumes including white, red and 
wax beans, chickpeas, cowpea, lentils and split peas 
instead of  meat) and control group ate hypocaloric 
diet	 without	 legumes	 (HDWL).	 Participants	 in	
HDWL	 group	 increased	 consumption	 of 	 animal	
proteins (meat, poultry, fish, egg or cheese) as 
much as 2 servings/day (60 g) instead of  legumes 
and reduced consumption of  fats as much as 2 
servings/day to compensate increased intake of  
animal fats. The amount of  cereals in daily diet 
of  both intervention groups was equivalent but 
participants in HDEL group were prescribed to 
consume 2 servings of  cereals as legumes. The 
macronutrient content of  both diets was 55% 
carbohydrate, 30% fat and 15% protein. In the 
intervention period, all of  subjects in both groups 
were prescribed a hypocaloric diet (500‑kcal less 
than their isocaloric needs). Diets were given 
individually. Participants were being visited every 
week for 20‑30 min. The nutritionist explained the 
advantages of  diets for the participants and trained 
participants how to write “food diaries.” Each 
participant had to write her 3‑day physical‑activity 
and diet records before the run‑in period as well 
as before, in the middle and at the end of  the 
intervention period. Participant compliance was 
evaluated by weekly visits and evaluating the 3‑day 
food	diaries.	Subjects	who	did	not	complete	≥80%	
of  the planned diets for 2 consecutive weeks were 
excluded from the study (n = 6).

Study procedures
We	planned	 a	 run‑in	 period	 to	 getting	 detailed	

information about the study population and to 
standardize macronutrient consumption. The true 
isocaloric needs of  some of  the participants were 
different from the amount calculated in the formula 
from the Food and Nutrition Board at the Institute 
of  Medicine. Among individuals eligible to enter 
the study, only those who maintained their weight 
at the end of  the run‑in period were chosen. After 
the run‑in period on an isocaloric diet for 2 weeks, 
subjects were randomly allocated to two intervention 
groups	for	6	weeks:	(1)	HDEL	and	(2)	HDWL.	For	
allocation of  the participants, a computer‑generated 
list of  random numbers was used.

We	repeated	random	allocation	several	times	to	
obtain most homogenous groups. The dependent 
variables were measured before, in the middle and 
at the end of  the intervention. Subjects were asked 
not to vary their common physical activities during 
the study.

Measurements
All measurements were carried out by the 

unchanged investigator and the unchanged tool 
in	 the	 first	 and	 follow‑up	 evaluations.	 WC	 was	
measured (to the nearest 0.1 cm) at the narrowest 
point without pressure to the body surface by the 
light clothing using a tape measure.

After a 12‑h fast, blood samples were taken. 
Samples were centrifuged at 500 ×g for 10 min 
at 4°C and the serum separated. All parameters 
except insulin were measured on the day of  blood 
collection. Serum was frozen at −80°C until it was 
analyzed for insulin.

Levels of  fasting blood glucose (FBG), 
HDL‑C and TG were measured enzymatically 
(ParsAzmoun, Tehran, Iran). Plasma levels 
of  insulin were measured by a human insulin 
enzyme‑linked immunosorbent assay test kit[20] 
(Diaplus, San Francisco, CA, USA) according to 
manufacturer instructions. Insulin resistance was 
calculated on the basis of  the homeostasis model 
assessment of  insulin resistance (HOMA‑IR).[21] 
Both alanine aminotransferase (ALT) and aspartate 
aminotransferases (AST) were measured by 
International Federation of  Clinical Chemistry 
method without adding prydoxal phosphate (Pars 
Azmoon kit, Tehran, Iran).

Inter‑ and intra‑assay coefficients of  variation 
were 1.19 and 1.28% for FBG, 1.8 and 0.73% for 
HDL, 1.04 and 1.47% for TG, 8 and 8% for insulin, 
3.08 and 6.22% for ALT and 4.40 and 3.25% for 
AST, respectively.

Confounding factors was obtained by 
questionnaires. According to this information 
“Chronic dieters” were distributed among the 
groups. Participants were classified into three levels 
of  education (did not obtain a high‑school diploma, 
obtained a high‑school diploma and university 
graduates); income (no income, < US$350/month 
and	>	US$350/month);	family	income	(<US$350/
month,	 US$350‑700/month	 and	 >	 US$700/
month); and overweight subjects and the metabolic 
syndrome in the family (any relative, first‑degree 
relative and second‑degree relative). Overweight 
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was	 defined	 as	 (BMI)	 >25	 kg/m2. Metabolic 
syndrome was defined according to criteria set by 
the Adult Treatment Panel III.[22]

Statistical analysis
Two ways were applied for statistical analyses. 

In the first way, we used multifactor model of  nested 
multivariate analysis of  variance (MANOVA) 
repeated measurements by Minitab Package (v13) 
as followed:

Variation of  dependent variables = Intra‑individual 
variation + variation because of  hypocaloric diet or 
time + variation because of  legumes or diet (time) + 
variation because of  legumes * time + error.

In this method, we also controlled the effect of  
WC:

Variation of  dependent variables = Intra‑individual 
variation + variation because of  hypocaloric diet or 
time + variation because of  legumes or diet (time) 
+ variation because of  legumes * time + error + 
(B

1
*	WC).
In the model described above, “Error” represents 

the random changes during the study. “B
1
” is regression 

co‑efficient. “B
1
*	WC”	represents	the	effect	of	WC	on	

dependent variables. In this model, the concurrency of  
analyses instead of multiple comparisons minimized 
the probability of false‑positive results.

In second way, we used a paired t‑test or its 
non‑parametric	 equivalent	 (Wilcoxon	 test)	 for	
comparing the amount of  variables in different 
times within groups. Furthermore, we used an 
independent t‑test	 or	 the	 Mann–Whitney	 U‑test	
for comparing the percentage changes in variables 
during different times (T3–T1, T2–T1 and T3–T2) 
in	the	HDWL	group	with	a	change	in	the	HDEL	
group. Histograms were used to recognize normal 
distributions. These analyzes were conducted using 
SPSS 13.0 (SPSS, Chicago, IL, USA).
We	used	Chi‑square	test	and	independent	t‑test 

to find significant differences in baseline values 
among two intervention groups. For appropriate 
variables, we merged subclasses of  variables and 
then used the Chi‑square test. Two‑tailed P < 0.05 
was considered to be significant. All values 
expressed as means ± standard error.

RESULTS
The general characteristics of  the groups are 

shown in Table 1. Food intake of  the groups, 
calorie intake and calories expended in activities 

before the run‑in period are shown in Table 2. 
The mean consumption of  fruit and milk in both 
groups was low. There were no differences in 
food intake between the groups before the run‑in 
period.

The effect of  interventions on metabolic features 
using multifactor model of  nested MANOVA 
repeated measurements are outlined in Table 3. 
There were no significant differences among 
basal (before intervention) measurements in two 
groups [not shown in Table 3].

After 6 weeks of  intervention the following 
results were obtained by repeated measurements 
of  MANOVA [Table	 3]:	 (1)	 HDEL	 and	 HDWL	
significantly	reduced	the	WC	(P = 0.001). (2) HDEL 
significantly reduced the SBP (P = 0.001). This 
significant effect maintained after adjusting for 
weight and/or waist. (3) There was not shown 
any significant effects on diastolic blood pressure 
(DBP), FBS, TG, HDL‑C, Insulin, HOMA‑IR, 
AST and ALT in this model.
With	Wilcoxon	or	paired	 t‑test, the following 

results were obtained (paired t‑test was used only 
about HDL‑C) [Table	4]:	(1)	HDEL	and	HDWL	
reduced	WC	in	6	weeks	(4.6%, P = 0.000; 5.9%, 
P = 0.000, respectively); (2) HDEL decreased 
SBP after 3 and 6 weeks (4%, P = 0.06; 8%, 
P =	 0.009);	 (3)	 In	 HDWL	 group	 percent	 of 	
increase in SBP, DBP, FBS and TG between 
3rd and 6th weeks was significant (6.2%, P = 0.005; 
5%, P = 0.017; 3%, P = 0.03; 22%, P = 0.01); 
(4) In HDEL group percent of  decrease in TG 
between 3rd and 6th weeks and 1st and 6th weeks was 
significant (9%, P = 0.009; 12%, P = 0.05); (5) Both 
HDEL	and	HDWL	significantly	increased	fasting	
concentration of  insulin after 3 weeks (HDEL: 
31%, P =	0.039;	HDWL:	39%, P = 0.03), but their 
significant effects disappeared after 6 weeks.; 
(6)	 Both	 HDEL	 and	 HDWL	 significantly	
increased HOMA‑IR in the 1st 3 weeks (HDEL: 
35%, P =	 0.002;	 HDWL:	 38%, P = 0.049) but 
HDEL returned it to basal levels in the subsequent 
3 weeks (29%, P = 0.031); (7) In HDEL group 
percent of  decrease in AST and ALT between 
3rd and 6th weeks was significant (AST: 30%, 
P = 0.000; ALT: 46%, P = 0.038).
With	 an	 independent	 t‑test	 or	Mann–Whitney	

U‑test we obtained the following results.(Mann–
Whitney	 U‑test	 was	 used	 for	 comparing	 the	
percentage	 changes	 in	 WC	 and	 AST	 during	 T3	
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Table 1: Baseline characteristics of the groups

Treatments Total P
HDEL HDWL

n 17 17 34 -
Age (year) (mean±SE) 35.5±2.1 36.8±1.9 36.1±1.4 NS†

Height (cm) (mean±SE) 158.6±1.5 157±1 157.8±1 NS†

Age of obesity onset (year) (mean±SE) 17.2±2 15.6±2.7 16.4±1.7 NS†

Education (n, %) NS††

Not obtained a high‑school diploma 8 (47) 2 (12) 10 (30)
High school diploma 4 (23) 8 (47.1) 12 (35)
University graduates 5 (29) 7 (41) 12 (35)

Income status (n, %) NS††

Without income (housewife) 12 (70) 10 (59) 22 (65)
<US$ 350/month 2 (12) 1 (6) 3 (9)
>US$ 350/month 3 (18) 6 (35) 9 (26)

Overweight subjects in family (n, %) NS††

Any relative 1 (6) 1 (6) 2 (6)
First‑degree relatives 13 (76) 15 (88) 28 (82)
Second‑degree relatives 3 (18) 1 (6) 4 (12)

The metabolic syndrome in family (n, %) NS††

Any relative 9 (53) 7 (41) 16 (47)
First‑degree relatives 7 (41) 9 (53) 16 (47)
Second‑degree relatives 1 (6) 1 (6) 2 (6)

Family economic status (n, %) NS††

<US$ 350/month 4 (23) 3 (17) 7 (20)
US$ 350‑700/month 7 (41) 10 (59) 17 (50)
>US$ 700/month 6 (35) 4 (24) 10 (30)

Dieting history (n, %) NS††

Yes 9 (53) 14 (82) 23 (68)
No 8 (47) 3 (18) 11 (32)

Number of diets completed (n) (mean±SE) 1.1±0.4 0.9±0.1 1±0.2 NS†

Dieting duration (day) (mean±SE) 253±212 81±23 167±106 NS†

Weight loss in dieting periods (kg) (mean±SE) 4.2±1.4 7.8±2.2 6±1.3 NS†

Time of dieting (n, %) NS††

Any time 8 (46) 3 (18) 11 (32)
6 months until 1 year ago 3 (18) 5 (29) 8 (23)
1‑5 years ago 3 (18) 7 (41) 10 (30)
>5 years ago 3 (18) 2 (12) 5 (15)

Weight maintenance in past diets (n, %) NS††

No dieting 9 (53) 3 (17) 12 (35)
Maintenance of redaction 0 (0) 1 (6) 1 (3)
Some maintenance 0 (0) 2 (12) 2 (6)
No maintenance 8 (47) 11 (65) 19 (56)

HDEL=Hypocaloric diet enriched in legumes, HDWL=Hypocaloric diet without legumes, NS=Not significant, SE=Standard 
error. †Independent t-test was used, ††χ2 test was used

and T1, the percentage changes in SBP during 
T2 and T1 and the percentage changes in TG and 
AST during T3 and T2. Independent t‑test was 
used in the rest of  variables): (1) Both HDEL and 
HDWL	 increased	 HOMA‑IR	 in	 the	 1st 3 weeks 

of  intervention. Percent of  HOMA‑IR change in 
the 1st	 3	 weeks	 of 	 intervention	 in	 HDWL	 group	
was marginally (P = 0.072) less than HDEL 
group.	 (2)	HDEL	 increased	HDL‑C	 and	HDWL	
decreased it after 3 weeks, the HDEL group had 
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DISCUSSION
This clinical trial explored the effects of  

high‑legume hypocaloric diet on metabolic features 
among a population of  women with central obesity. 
Men and women have different responses to some 
exposures on cardiometabolic risk factors due to 
their physiological differences in sex hormones. 
Previous RCTs were conducted on men or men/
women participants. This study was the first 
exclusively female study of  this type. In this study 
legumes significantly reduced the SBP. This finding 
was shown in Hermsdorff  and Papanikolaou 
study, too.[10,23] Legumes are commonly rich in 
fiber, calcium, potassium and magnesium and low 
in sodium.[24] Meta‑analysis showed that increasing 
fiber consumption as much as approximately 
17 g/day will decrease SBP by 1.15 mmHg and DBP 
by 1.65 mmHg[25] The mechanisms contributed 
to hypotensive effects of  high‑fiber foods are 
uncertain and several factors may be involved.[26] 
In epidemiologic studies, High consumption of  
calcium, potassium and magnesium and low 
consumption of  sodium have been associated 
with reduced metabolic risks.[27,28] The Dietary 
Approaches to Stop Hypertension (DASH) clinical 
trial was a milestone study in treatment and 
prevention of  hypertension.[29] The diet was rich in 
legumes, vegetables, fruits, vegetables and whole 
grains. The DASH diet significantly reduced blood 

Table 3: Effect of interventions on metabolic features by nested MANOVA repeated measurements of multi-factor model

Treatment (mean±SE) Phypocaloric 
diet

Plegumes P (hypocaloric 
diet*legume)HDEL HDWL

T1 T2 T3 T1 T2 T3
WC (cm) 92.7±1.7 89.8±1.9 88.4±1.8 92.5±2.1 88.3±1.8 86.8±1.7 0.001 0.694 0.51
SBP (mmHg) 121±3 115.4±3 111.3±3.5 121.3±3.4 119.4±3 125.6±2.4 0.28 0.001 0.38
DBP (mmHg) 77.9±2.1 78.7±1.7 76.1±2.1 77.8±3.3 75.6±2.5 79.2±2.3 0.94 0.47 0.86
FBS (mg/dl) 91.8±2 97±2.6 92.2±2.3 92.3±2.4 91±2.9 93.8±2.3 0.70 0.32 0.66
TG (mg/dl) 160.6±13 154±14.3 141±13.6 160.4±12.4 145±16 175.1±17.3 0.57 0.17 0.61
HDL‑C (mg/dl) 44.6±1.2 46.2±1.3 45.3±1.4 44.8±1.2 44.3±1.3 44.8±1.6 0.87 0.63 0.96
Insulin (μIU/ml) 18.8±1.1 23.9±2.3 19±1.5 18.1±2.8 20.4±3 17.8±1.9 0.11 0.63 0.74
HOMA-IR 4.3±0.3 5.6±0.5 4.4±0.4 4.3±0.8 4.8±0.8 4.3±0.6 0.14 0.70 0.71
AST (U/l) 21.2±1.6 23.9±2.2 18.2±1.9 21.4±2 18.7±2 21±1.7 0.50 0.11 0.52
ALT (U/l) 21.5±3.2 22.6±3.1 16.2±2.5 21.4±5.7 16.1±3 13.9±3.2 0.16 0.56 0.50

Values are means±SE. HDEL=Hypocaloric diet enriched in legumes, T1=Before intervention, T2=Three weeks after the 
start of the intervention, T3=Six weeks after the start of the intervention, WC=Waist circumference, SBP=Systolic blood 
pressure, DBP=Diastolic blood pressure, FBS=Fasting blood sugar, TG: Triglyceride, HDL=High density lipoprotein, 
HOMA-IR=Homeostasis model of insulin resistance, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, 
MANOVA=Multivariate analysis of variance, SE=Standard error, HDWL=Hypocaloric diet without legumes

a marginally increased HDL‑C compared with 
that	 in	 the	HDWL	group	 (P = 0.058). (3) HDEL 
decreased	 TG	 and	 HDWL	 increased	 it	 after	
6 weeks, the HDEL group had a significantly 
decreased	TG	compared	with	 that	 in	 the	HDWL	
group (P = 0.021). This difference was made in 
second half  of  the study. (4) HDEL decreased SBP 
and	HDWL	increased	it	after	6	weeks,	the	HDEL	
group had a significantly decreased SBP compared 
with	 that	 in	 the	HDWL	group	 (P = 0.003). This 
difference was made in second half  of  the study.

Table 2: Intake of food, calorie intake and calories expended 
in activity before the run-in period

HDEL HDWL Total P‡

Milk (serving) 0.6±0.2 0.6±0.1 0.6±0.1 NS
Vegetable (serving) 2.6±0.3 2±0.3 2.3±0.2 NS
Fruit (serving) 1.6±0.3 1.9±0.4 1.7±0.2 NS
Meat (serving) 2.9±0.4 3.4±0.2 3.1±0.2 NS
Cereal (serving) 9±0.8 8.5±1 8.7±0.6 NS
Legumes (serving) 0.48±0.1 0.37±0.1 0.42±0.1 NS
Sugar (serving) 2.4±0.3 2.4±0.3 2.4±0.2 NS
Fat (serving) 11.1±1.7 12.5±1.5 11.8±1.1 NS
Activity calories (kcal) 324±39 295±55 310±33 NS
Calories intake (kcal) 1883±125 1929±139 1905±92 NS

Values are means±SE. HDEL=Hypocaloric diet enriched in 
legumes, HDWL=Hypocaloric diet without legumes, NS=Not 
significant, SE=Standard error. ‡Independent t test was used
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pressure.[29] The follow‑up clinical trial studied the 
effects of  sodium intake as part of  the DASH diet 
and showed a low sodium intake as part of  the 
DASH diet decreased SBP by 8.9 mmHg and DBP 
by 4.5 mmHg.[30] These studies suggest that high 
consumption of  legumes may have a beneficial 
effect on blood pressure.

In this study legumes had beneficial effects on 
TG compared to legume‑less diet in consistent 
with Anderson and Major meta‑analysis and 
Zhang et al. study.[8,9] Probably legumes decreased 
TG due to high fiber and specific protein content. 
Sandström et al. indicated pea fiber reduced 
fasting and postprandial serum TG concentrations 
in healthy people.[31] Lasekan et al. showed pea 
proteins significantly decreased blood TG in 
rats.[32] In Boualga et al. study proteins of  lentil and 
chickpea reduced TG more than casein in growing 
rats.[33]

In HDEL group percent of  decrease in AST 
and ALT between 3rd and 6th weeks was significant. 
No effect of  legumes in the 1st 3 weeks of  the 
study and its beneficial effects in subsequent 
3 weeks represent probability of  beneficial 
effects of  legumes on hepatic function in long 
period. Recent studies have indicated that liver 
enzymes are correlated with insulin resistance 
and cardiovascular diseases.[34] Due to blood liver 
enzymes levels as a new component of  metabolic 

syndrome and their association with insulin 
resistance, our study provides new evidence for the 
benefits of  consuming a specific food, like legumes, 
for women with central obesity.

In consistent with most of  previous studies 
in healthy or obese participants, legumes 
had not beneficial effects on FBS, insulin 
and HOMA‑IR.[10,35‑40] However, studies on 
diabetic or insulin resistant participants showed 
beneficial effects of  legumes on insulin resistance 
parameters.[9,41] Another reason contributed to 
beneficial effects of  legumes on insulin resistant 
parameters in Zhang et al. study can be the high 
amount of  legumes in their hypocaloric diet.[9] The 
amount of  legumes in legumes enriched hypocaloric 
diet of  Zhang et al. study (3.8 servings/day) was 
higher than all of  the previous RCTs. Furthermore, 
we	showed	in	HDWL	group	percent	of 	increase	in	
FBS between 3rd and 6th weeks were significant and 
after enhancement of  HOMA‑IR in 1st 3 weeks in 
both groups only HDEL returned it to basal levels 
in the subsequent 3 weeks. These results represent 
probability of  beneficial effects of  legumes on 
insulin resistance in long period.
HDEL	 and	 HDWL	 significantly	 reduced	

the	WC	and	 legumes	had	no	advantage	 in	 3	 and	
6 weeks.
In	 HDWL	 group	 percent	 of 	 increase	 in	 SBP,	

DBP, FBS and TG between 3rd and 6th weeks was 

Table 4: Effect of interventions on metabolic features with in groups

Intervention
Variables† HDEL HDWL (change percent)

PT2, T1 PT3, T2 PT3, T1 PT2, T1 PT3, T2 PT3, T1

WC (cm) 0.000↓ (3.1±0.5) 0.003↓ (1.5±0.4) 0.000↓ (4.6±0.5) 0.000↓ (4.3±0.8) 0.002↓ (1.6±0.4) 0.000↓ (5.9±0.9)
SBP (mmHg) 0.06↓ (4±9) 0.009↓ (8±11) 0.000↓ (3.1±0.5)
DBP (mmHg) 0.017↑ (5±1.7)
FBS (mg/dl) 0.03↑ (3±2.3)
TG (mg/dl) 0.009↓ (9±13) 0.05↓ (12±17) 0.01↑ (22±8)
HDL‑C (mg/dl)
Insulin (μIU/ml) 0.039↑ (31±49) 0.03↑ (39±15.6)
HOMA-IR 0.002↑ (35±41) 0.031↓ (29±76) 0.049↑ (38±16)
AST (U/l) 0.000↓ (30±26)
ALT (U/l) 0.038↓ (46±73)

Values are means±SD. HDEL=Hypocaloric diet enriched in legumes, T1=Before intervention, T2=Three weeks after the 
start of the intervention, T3=Six weeks after the start of the intervention, WC=Waist circumference, SBP=Systolic blood 
pressure, DBP=Diastolic blood pressure, FBS=Fasting blood sugar, TG=Triglyceride, HDL=High density lipoprotein, 
HOMA-IR=Homeostasis model of insulin resistance, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, 
HDWL=Hypocaloric diet without legumes, SD=Standard deviation, ↑=Increase of variable value, ↓=Decrease of variable 
value. †Paired t test was used for HDL-C in the rest of variables Wilcoxon was used for data analysis
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significant. These findings confirmed beneficial 
effects of  legumes on metabolic features and 
showed that omitting of  legumes from diet may 
have harmful effects on metabolic features and 
increase	the	cardiovascular	risk.	In	HDWL	group	
participants stopped their usual intake of  legumes 
and replaced it and some of  diet liquid fats with 
animal proteins and fats. Probably the effect of  this 
change on increasing TG is more than lowering 
effect of  hipocaloric diet.

In our study, legumes marginally increased 
HDL‑C compared to legume‑less diet only in 
1st 3 weeks of  the intervention. Hirshberg et al. 
exhibited a small positive correlation between pulses 
intake and HDL‑C.[42] Short‑term effect of  legumes 
on HDL‑C levels can be contributed to their specific 
proteins. Lasekan et al. represented in rats that pea 
proteins significantly increased HDL‑in 4 weeks.[32] 
In consistent with Zahradka study,[36] HDEL had 
no advantage in increasing HDL‑C compared to 
HDWL	in	6	weeks	but	Abet	et al. showed legumes 
reduced HDL‑C.[35] Probably inconsistent result of  
Abet et al. study was created because of  different 
amount of  fat in their interventional diet.

In this study, the mean consumption of  legume in 
pre‑study period was 2.94 servings/week compared 
to 1serving/week in Hermsdorff  study[10] and 1.3 
servings/week in Zhang et al. and Hartman et al. 
study.[9,12] In fact, the pre‑study consumption of  
legume in our study was almost 3 times more than 
pre‑study legume consumption in previous RCTs. 
In Crujerias and Hermsdorff  studies the legumes 
consumption even after intervention reached to 
the pre‑study level of  the current study.[10,11] The 
beneficial effects of  different doses of  legumes 
such as 4 serving/week in Hermsdroff  study,[10] 
2 servings/d in current study, 3 servings/d in 
Hartman et al. and Zhang et al. studies,[9,12] on BP, 
TG, HDL‑C and liver enzymes and more beneficial 
effects of  3.8 servings/d in Zhang et al. study[9] not 
only on motioned metabolic features but also on 
C‑peptide and fasting plasma glucose and insulin 
indicates probably there are liner relationship 
between the legumes consumption and SBP and 
fasting blood TG, HDL‑C, liver enzymes, glucose, 
insulin and C‑peptide. Legumes beneficial effects 
on these parameters did not reach to a plateau.

To the best of  our knowledge, this is the first 
research studied a high‑legume hypocaloric diet 
exclusively in women. The advantage of  current 

research was the particular population of  our 
research which their mean usual intake of  non‑soy 
legumes was nearly threefold of  usual intakes 
in preceding RCTs.[10,12] This study offered an 
opportunity to discover the effects of  high‑legume 
diet on metabolic features in subjects with high 
basal intake of  legumes. The present study had 
two limitations: First, The subjects’ explanations 
for leaving the research were not assessed in the 
current study. Second, Intervention diets had 
inevitable differences in animal protein and fat 
content in addition to legumes content and some 
of  observed results could be related to this diversity.

CONCLUSIONS
HDEL significantly reduced the SBP and TG. 

Both	 HDEL	 and	 HDWL	 significantly	 increased	
fasting concentration of  insulin and HOMA‑IR 
after 3 weeks, but their significant effects on insulin 
disappeared after 6 weeks and HDEL returned 
HOMA‑IR to baseline levels in the subsequent 
3 weeks. In HDEL group percent of  decrease 
in AST and ALT between 3rd and 6th weeks was 
significant.	In	HDWL	group	percent	of 	increase	in	
SBP, DBP, FBS and TG between 3rd and 6th weeks 
was significant. The study indicated beneficial 
effects of  hypocaloric diets on central obesity and 
legumes on blood pressure, metabolic features and 
hepatic function. Long‑term studies for approving 
these results are necessary.
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