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Substitution of red meat with legumes in the therapeutic
lifestyle change diet based on dietary advice improves
cardiometabolic risk factors in overweight type 2 diabetes
patients: a cross-over randomized clinical trial

S Hosseinpour-Niazi', P Mirmiran®, M Hedayati* and F Azizi®

BACKGROUND/OBJECTIVE: The objective of this study was to determine the effects of substitution of red meat with legumes in
the Therapeutic Lifestyle Change (TLC) diet on cardiometabolic risk factors in type 2 diabetes patients based on dietary education.
SUBJECTS/METHODS: This study was a randomized, controlled, cross-over trial. Thirty-one participants (24 women and 7 men; age:
58.1 £ 6.0 years) with type 2 diabetes were randomly assigned to consume a control diet (legume-free TLC diet) and legume-based
TLC diet for 8 weeks. Legume-based TLC diet was the same as the control diet, but the legume-based TLC group was advised to
replace two servings of red meat with legumes, 3 days per week. After the interventional period, a washout period was conducted
for 4 weeks. The groups were then advised to follow the alternate treatment for 8 weeks. Cardiometabolic risk factors were
measured.

RESULTS: Compared with the legume-free TLC diet, the legume-based TLC diet significantly decreased fasting blood glucose
(P=0.04), fasting insulin (P=0.04), triglyceride concentrations (P=0.04) and low-density lipoprotein cholesterol (P=0.02). Total
cholesterol concentrations decreased after consumption of both TLC diet and legume TLC diet; however, the data did not differ
significantly between the two diets. body mass index (BMI), waist circumference, systolic and diastolic blood pressures did not
change significantly after consumption of either the legume-free TLC diet or the legume-based TLC diet.

CONCLUSIONS: Dietary advice given for substitution of red meat with legume intakes within a TLC diet-improved lipid profiles and
glycemic control among diabetes patients, which were independent from BMI change. This trial was registered in the Iranian

Registry of Clinical Trials (http://www.irct.ir) as IRCT201202251640N7.
European Journal of Clinical Nutrition advance online publication, 29 October 2014; doi:10.1038/ejcn.2014.228

INTRODUCTION

Cardiometabolic risk factors are the most frequent problems
among type 2 diabetes patients;' consequently, interventions that
decrease these cardiometabolic risk factors are considered
beneficial to health. In previous investigations, intakes of meat,?
fruit and vegetable,® dairy products* and whole grains® appeared
to influence the risk of cardiometabolic factors among diabetes
patients, either positively or negatively, but legume intakes have
not been emphasized enough.® Legumes, including beans, lentils,
peanuts, peas and soybeans, could reduce the risk of the
cardiometabolic risk factors through their beneficial components,
that is, complex carbohydrate, vegetable protein, soluble fiber,
low-glycemic-index and high content of isoflavones.”® Current
dietary guidelines for Americans recommend consumption of at
least three cups of legumes per week for health promotion and
disease prevention.

A therapeutic approach that can control cardiometabolic
risks might have beneficial effects for diabetes patients. The
Therapeutic Lifestyle Change (TLC) diet is currently recommended

by the Adult Treatment Panel of the National Cholesterol
Education Program to lower the risk of cardiometabolic risk
factors.'® In previous studies, inclusion of soy in the TLC diet or
Dietary Approach to Stop Hypertension had beneficial effects on
cardiometabolic risk factors;'""'> however, soybean intake is not
usually part of a traditional dietary pattern, whereas the intakes of
other legumes is traditional. The current study examined the
effects of substitution of red meat with non-soy legumes in the
TLC diet on cardiometabolic risk factors among overweight type 2
diabetes patients, based on dietary education.

MATERIALS AND METHODS

Participants

Type 2 diabetes patients who had serum glucose levels and medication
doses that had been stable for 3 months were recruited from the clinic of
Taleghani hospital, Tehran, Iran, during 2012. Participants were considered
having diabetes if fasting blood glucose (FBG) was> 126 mg/dl or they
were using oral glucose-lowering agents. Eligible participants had a clinical
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diagnosis of type 2 diabetes, body mass index (BMI) 25-30 kg/m?, were
aged 40-75 years, were non-smokers, were not currently receiving insulin
therapy and did not have any cardiac, hepatic or renal function disorders.
A total of 40 type 2 diabetes patients were screened for inclusion in the
study. All participants provided informed written consent. This study was
approved by the research council and ethics committee of the Research for
Endocrine Sciences, Shahid Beheshti University of Medical Sciences
(registered in http://www.irct.ir; ID number IRCT201202251640N7).

Study design

This was a randomized cross-over study. During the run-in period
(2 weeks), the participants consumed their own usual diet (50% of energy
from carbohydrate, 15% of energy from protein and 35% of energy from
fat) with restrictions that included no type of legume. After 2 weeks of the
run-in period, patients were randomly assigned to one of the two diet
intervention groups: legume-free TLC diet or legume-based TLC diet.
Random allocation of patients to intervention groups was performed using
random sequencing generated in the Statistical Package for Social Science
(SPSS Inc,, Chicago, IL, USA) at the end of the run-in period, and
randomization was performed by an assistant. After the interventional
period, a washout period was conducted for 4 weeks; then, the groups
followed the alternate treatment for 8 weeks. Because this was a dietary
intervention, patients and investigators were not blinded.

For assessing the diet compliance, the participants were visited every
week for 30-45 min per patient, at the baseline and during intervention.
Compliance was assessed by during each weekly visit, when the 3-day diet
records were collected; the participants were educated by dieticians on
substitution of red meat by legumes, and advised to reduce saturated fatty
acid and cholesterol intakes and increase fiber intakes. Participants also
received education on using an exchange list of foods and preparation of
the diet record. Every participant had to bring her 3-day diet record,
including 2 weekdays and 1 weekend day, at each visit. Each food and
beverage was then coded according to the prescribed protocol and
analyzed for content of energy and the other nutrients by using
NUTRITIONIST lll software (version 7.0; N-Squared computing, Salem, OR,
USA), which design for Iranian foods. Estimated nutrient intakes from all
records collected during the intervention were averaged for the
determination of dietary compliance. In the legume-free TLC diet, mean
intake of energy, protein, fat, saturated fatty acid, monounsaturated fatty
acid and carbohydrate was determined by the diet record divided by the
recommended amounts of these nutrients according to calorie require-
ments of each patient, based on equations suggested by the Institute of
Medicine, and Food and Nutrition Board.'*'* Compliance was defined
>90%. In addition, intakes of cholesterol and fiber were according to the
TLC diet ( <200 mg cholesterol and 25-30 g fiber intake). In the legume-
based TLC diet, in addition to the above, intakes of legume >90% of those
prescribed were considered as good compliance. Participants were asked
not to change their habitual physical activity levels for the duration of the
study. In the current study, patients were not on a weight-reducing diet,
because weight loss was not a goal of the current study.

Diets

Two diet interventions were used in the current study: (1) control diet,
which was a legume-free TLC diet that consisted of 50-60% carbohydrate,
15% protein and 25-35% of energy from fat (< 7% saturated fat, up to
20% monounsaturated fat and up to 10% polyunsaturated fat) and
< 200 mg cholesterol and 25-30 g fiber intake; and (2) legume-based TLC
diet, which was the same as the control diet, but the participants were
advised to replace two servings of red meat with different types of cooked
legumes such as lentils, chickpeas, peas and beans 3 days per week. Half a
cup of cooked legumes was considered as one serving of red meat;
nutrient compositions of the legume-free TLC diet and legume-based TLC
diet consumed by the study participants are shown in Table 1.

Measurement

Cardiometabolic factors included FBG, blood pressure, BMI, waist
circumference and lipid profiles. Weight was measured using digital scales
(Seca, Hamburg, Germany), while the participants were minimally clothed
and not wearing shoes, and it was recorded to the nearest 100 g. Height
was measured while participants were standing without shoes, with their
shoulders in a normal position, using a tape fixed to the wall, and it was
recorded to the nearest 0.5 cm. BMI was calculated as weight (kg) divided
by the square of height (m?). Waist circumference was measured at the
level of the umbilicus site, using an outstretched tape meter, without
pressure to body surfaces, and it was recorded to the nearest 0.5cm.
Systolic and diastolic blood pressures were measured using a standard
mercury sphygmomanometer, on the right arm after a 15-min rest in a
sitting position. Two measurements were taken at 1-min intervals, and the
average of the measurement was recorded as the participant’s blood
pressure. Additional information about age, medical history, current use of
medications and cigarette smoking were obtained using an oral
questionnaire. Physical activity was assessed using an oral questionnaire,
including a list of common activities of daily life; the frequency and the
amount of time spent on activities per week over the past 12 months were
documented. Levels of physical activity were expressed as metabolic
equivalent hours per week.

Biochemical assessment

After 12-14h of overnight fasting, blood samples were drawn into
vacutainer tubes in a sitting position, from all study participants. Serum
was separated and frozen at —70°C, on the day of blood collection for
biochemical analysis. All blood analyses were performed at the TLGS
research laboratory, using a Selectra 2 autoanalyzer (Vita; Scientific,
Spankeren, The Netherlands). The laboratory staff was blinded to the
treatment status. Serum triglyceride concentrations were measured using
triglyceride kits (Pars Azmoon Inc, Tehran, Iran) by the enzymatic
calorimetric test with glycerol phosphate oxidase. HDL cholesterol
was measured after precipitation of the apolipoprotein B-containing
lipoproteins with phosphotungistic acid. Serum fasting glucose concentra-
tion was assayed using an enzymatic colorimetric method with the

Table 1. Dietary intakes of the participants by intervention period
Daily dietary intake Legume-free TLC diet Legume-based TLC diet® P Washout
Nutrients
Energy (kcal) 2058 +27° 2030+ 25 0.75 2078+ 20
Carbohydrate (% energy) 522+1.7 536+1.3 0.89 545+1.5
Total fat (% energy) 33.9+0.8 325+06 0.32 32.3+09
Protein (% energy) 14.6 +0.7 13.9+0.5 0.41 13.3+0.7
Saturated fatty acid (% energy) 84+0.5 7.1+05 0.25 123+0.6
Monounsaturated fatty acid (% energy) 17.1+0.9 175+ 0.9 0.87 149+ 0.4
Polyunsaturated fatty acid (% energy) 83+04 79+04 0.41 5.1+0.2
Cholesterol (g) 169+ 14 129+9 0.04 225+13
Total fiber (g) 269+1.3 314+15 0.03 242+09
Magnesium (mg) 408 +4.2 450 +54 0.03 340+34
Meat (serving per day) 49+0.2 3.8+0.2 0.04 3.5+0.2
Legume (serving per week) 1.1+£0.1 6.1+0.1 < 0.001 0.7 +0.1
Abbreviation: TLC, therapeutic lifestyle change. This diet was the same as legume-free TLC diet; two servings of red meat were replaced with non-soy legume
such as lentils, chickpeas, peas and beans, 3 days per week. Half a cup of cooked legume was considered as one serving of red meat or poultry. "Mean and s.e.m.
(all such values).
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glucose oxidase technique. Total cholesterol was assessed with cholesterol
esterase and cholesterol oxidase using the enzymatic colorimetric method.
Low-density lipoprotien (LDL) cholesterol was measured enzymatically
using commercially available kits (Pars Azmun). Inter- and intra-assay
coefficients of variations were both 2.2% for serum glucose, 2 and 0.5% for
high-density lipoprotein (HDL-C) and total cholesterol and 1.6 and 0.6% for
triglycerides, respectively.

Statistical analysis
The Statistical Package for Social Science (version 15.0; SPSS Inc) was used
for statistical analyses. Baseline and end-of-intervention values were used
to calculate the changes in each of the cardiometabolic factors. Paired
t-test was used to compare baseline and end-of-intervention values in
each group. Repeated-measures analysis of variance was used to compare
means of cardiometabolic factors at the end of the intervention diets, with
baseline values, age and physical activity as covariates. Results are
expressed as meanz+s.e. A P value < 0.05 was considered significant.
Baseline and end-of-intervention values only for compliant participants
(n=31) were used in the analysis (patients completing two intervention
diets during 8 weeks of treatment with compliance). Subsequently,
according to the intent-to-treat approach, all analyses were done using
data for participants with compliance and non-compliance of diet
intervention (n=38). Finally, analyses using imputation of missing data
was done (n=40); the amount of missing data was small and the results
were consistent across the various approaches.
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In the current study, LDL cholesterol was the primary outcome and total
cholesterol and FBG were other prespecified outcomes. Blood pressure,
triglycerides and HDL cholesterol and insulin were secondary outcomes.

RESULTS

Thirty-one of the 40 participants who began the diet intervention
completed the entire cross-over study. Nine participants dropped
out because of changes in medications or because they had a
poor compliance with the intervention protocol (Figure 1). The
mean age of participants who completed the study was 58.1 £ 6.0
years; 77.4% were women. Activity levels of participants remained
the same across all study periods (in legume-free TLC diet group:
2.56+£0.2; in legume-based TLC group: 2.49 £ 0.2). Analysis of the
diet records is shown in Table 1. The legume-based TLC diet that
emphasized substitution of red meat with legume intake had
higher amounts of legume intake (6.1 vs 1.1 serving per week;
P < 0.001) and lower amounts of meat intake (3.8 vs 4.9 serving
per day; P=0.04), compared with the legume-free TLC diet; there
was no significant difference in energy intake between the two
groups (P=0.75). The results were the same with regard to the
intake of percentage of the protein (P=0.41), total fat (P=0.32),
carbohydrate (P=0.89), saturated fatty acid (P=0.25), monounsa-
turated fatty acid (P=0.87) and polyunsaturated fatty acids
(P=0.41). The legume-based TLC diet had a higher amount of

Assessed for eligibility (n=157)

Excluded (n=115)
Refused to participate (n=54)

Lacking inclusion criteria (n=61)

Participants agree to attend study (n=42)

Dropped out from the study for not

producing blood samples (n=2)

| Randomized (n=40) |

Legume-free Therapeutic life style change diet (n=20)

Dropped out due to
antibiotic therapy for
infection (n=1)

4-week washout

|Legume»based Therapeutic life style change (n= 19)|

Completed diet intervention (n= 19)|

Dropped out due to non
compliance with diet
intervention (n=3)

Legume-based Therapeutic life style change diet (n=20)|

4-week washout

| Legume-free Therapeutic life style change (n=20)

Dropped out due to use of
hypotensive medication
(n=1)

Completed diet intervention (n=19)

Dropped out due to non
compliance with diet
intervention (n=4)

Completed trial (n=31)

Figure 1. Flowchart for the participants.
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total fiber (31.4 vs 26.9 g per day; P=0.03) and magnesium (450 vs
408 mg per day; P=0.03) and lower cholesterol (129 vs 1699
per day; P=0.04) compared with the legume-free TLC diet.

Cardiometabolic factors

No significant differences in the baseline characteristics of patients
were observed across the diet periods. Effects of the two diets on
cardiometabolic factors are shown in Table 2. After consumption
of both the legume-free TLC and legume-based TLC diets, FBG,
fasting insulin, triglyceride concentrations, LDL cholesterol and
serum total cholesterol showed significant decreases from base-
line values. Compared with the legume-free TLC diet, the legume-
based TLC diet significantly decreased FBG (-19.5 5.5 vs
—28.7+6.7, P<0.001), fasting insulin (-1.5+0.5 vs —3.5+04,
P=0.006), triglyceride concentrations (—-19.5+6.4 vs —38.5+6.6,
P=0.02) and LDL cholesterol (-8.7+2.7 vs —15.6+5.1, P=0.02).
Total cholesterol concentrations decreased after consumption of
both TLC and legume TLC diets; however, the difference was not
significant. BMI, waist circumference and systolic and diastolic
blood pressures did not change significantly after consumption of
either of the two diets (Table 2).

DISCUSSION

In the current study, we observed that both the TLC diet with and
without legumes had favorable effects on some cardiometabolic
factors; however, compared with the TLC diet without legumes,
consumption of a TLC diet with legumes for 8 weeks significantly
improved FBG, insulin concentration and some disturbances in
lipid profiles in overweight type 2 diabetes patients. This may be
explained in part by comparison of the nutrient profiles between
the two diets. For example, legume diets had higher concentra-
tions of magnesium and fiber and a lower concentration of
cholesterol; they are known to be associated with decreased levels
of cardiometabolic risk factors and to improve diabetes and
insulin resistance.''®

The National Institute of health considers serum total choles-
terol and cholesterol lipid fractions LDL and HDL as valid
biomarkers for the risk of cardiovascular disease.'”” Triglyceride
concentrations are also relevant as indicators of cardiovascular
disease risk in diabetes patients.'® In the current study, compared
with the TLC diet without legumes, the legume-based TLC diet
had beneficial effects on serum concentrations of total cholesterol,
LDL cholesterol and triglycerides in type 2 diabetes patients; these
results are consistent with the results of previous trials demon-
strating that the ingestion of legumes has a cholesterol-lowering
effect. In a clinical study, incorporation of a 1.5 serving of legume
in a high-fiber and low-glycemic-index diet for 4 weeks decreased
total cholesterol, LDL cholesterol and triglyceride concentrations
by 10-14.8%."° In addition, among obese participants, a calorie-
restricted legume-based diet for 8 weeks decreased weight, serum
TC and LDL-C.?° Crujeiras et al.?' reported that an addition of four
servings of legumes/week to a hypocaloric diet for 8 weeks led to
improvements in both total cholesterol and ox-LDL cholesterol,
malondialdehyde and urinary 8-iso-PGF2a. The reduction
observed in LDL cholesterol is consistent with that reported in a
previous meta-analyses of 26 randomized controlled trials of the
effect of dietary pulses (beans, chickpeas, lentils and peas) on
cardiovascular risk factors, which concluded a significant reduc-
tion in LDL cholesterol of 0.17 mmol/l at a median dose of 130 g/d
of pulses (about one serving daily) over a median follow-up of 6
weeks.?? Most of the previous studies investigate the effect of
legume in the framework of a hypocaloric diet.”®™?" In the current
study, we found that dietary advice on replacement of two
servings of red meat with legumes for 3 days per week in an
isocaloric TLC diet had beneficial effects on disturbances of lipid
profiles in diabetes patients, independent of BMI change.
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Table 2. Means of cardiometabolic factors at baseline and after
8 weeks of intervention in type 2 diabetic patients®
Control diet®  Legume-based TLC diet® P€
n 31 31
BMI (kg/m?)
Baseline 27.8+0.6 27.7+06 0.51
End of trial 279+0.6 27.2+06 0.01
Change 0.06 + 0.4 -04+17 0.18
Waist circumference (cm)
Baseline 985+ 1.6 97.1+25 0.10
End of trial 971+ 1.4 95.2+28 0.37
Change -13+29 -35+18 0.33
SBP (mm Hg)
Baseline 13.6+04 125+0.2 0.51
End of trial 13.2+0.3 12.0+0.3 0.01
Change -04+03 -04+03 0.90
DBP (mm Hg)
Baseline 8.1+03 78+0.1 0.32
End of trial 7.7+0.2 75+0.3 0.65
Change -04+03 -04+03 0.69
FBG (mg/dl)
Baseline 147.6+9.6 143.3+10.0 0.14
End of trial  128.1+8.9¢ 114.5+7.3¢ 0.001
Change -19.5+55 -287+6.7 < 0.001
Fasting insulin (ulU/ml)
Baseline 75+07 8.1+0.6 0.426
End of trial 6.0+0.5° 45+0.3° 0.011
Change -1.5+0.5 -35+04 0.006
TG (mg/dl)
Baseline 144.0+10.5 151.0+9.9 0.28
End of trial  124.5+10.5° 122.6 +10.6° 0.03
Change -195+6.4 -385+6.6 0.02
HDL-C (mg/dl)
Baseline 486+2.7 473+24 0.34
End of trial 469+2.6 48.0+2.6 0.44
Change -1.7+13 0.64+1.2 0.29
LDL-C (mg/dl)
Baseline 97.8+54 100.1+£5.6 0.39
End of trial 89.1+5.2¢ 79.4+ 5.0 0.04
Change -87x27 —-156+5.1 0.02
Total cholesterol (mg/dl)
Baseline 179.2+6.6 1744 +7.2 0.41
End of trial  161.5+7.0° 156.1 +6.3° 0.50
Change -17.7+49 -183+54 0.51
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG,
fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure; TG, triglyceride; TLC, Therapeutic
Lifestyle Changes. ?Data are mean +s.e. "The control diet was a legume-
free TLC diet. “The legume-based TLC diet was the same as the control diet,
but two servings of red meat was replaced with different types of cooked
legumes such as lentils, chickpeas, peas and beans, 3 day per week.
9P < 0.05 compared with baseline.

Legumes are a good source of soluble fiber, which have been
shown to have cardiometabolic protective effects, and are
believed to bind to bile acids in the intestines and prevent
reabsorption into the body. Consequently, an increase in the
production of bile acids decreases the liver pool of cholesterol and
increases the uptake of serum cholesterol by the liver, thereby
decreasing circulating cholesterol in the blood.?* In addition,
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specific phytochemicals such as phytosterols may reduce cardio-
vascular disease by lowering blood cholesterol concentrations.>*

In the current study, replacement of red meat in the TLC diet by
legumes-improved concentrations of glucose and insulin among
overweight diabetes patients, independent of BMI change. Some
previous studies investigating the effects of legume inclusion in
the diet on biomarkers of insulin sensitivity and diabetes have
documented conflicting results.>>>° In a clinical trial, incorpora-
tion of 1 cup of legumes as part of a low-glycemic-index diet
improves HbA1c in diabetes patients.?® In another study, inclusion
of chickpeas in the habitual ad libitum intake of 45 healthy
participants for 12 weeks resulted in a reduction in serum total
cholesterol, fasting insulin concentration and homeostasis model
of assessment-insulin resistance.?® In a cross-sectional study of
non-diabetes participants, substituting a serving of total red meat
intake with alternative protein food in a combination of poultry,
fish, legumes and nuts was associated with significantly lower
fasting insulin, HbA1c and C-reactive protein.?” A previous meta-
analysis of 39 trials showed that pulses, alone or in low-Gl or high-
fiber diets, improved markers of longer-term glycemic control in
humans. Pulses alone (11 trials) lowered FBG (-0.82, 95%
confidence interval (Cl) —1.36 to —0.27) and insulin (-0.49, 95%
Cl —0.93 to —0.04). Pulses in low-glycemic-index diets (19 trials)
lowered glycosylated blood proteins (GP), measured as HbA;. or
fructosamine (—0.28, 95% Cl —0.42 to —0.14). Finally, pulses in
high-fiber diets (11 trials) lowered FBG (—0.32, 95% Cl —0.49 to
-0.15) and GP (-0.27, 95% Cl —0.45 to —0.09).° In addition, a
large prospective study shows that a traditional Mediterranean
food pattern, which is rich in plant-based foods such as legumes,
is associated with a significant reduction in the risk of developing
type 2 diabetes3' However, others found no beneficial effects;
Hartman et al.?® found that a high-legume diet did not improve
insulin sensitivity and inflammation after a 4-week intervention
compared with a healthy American diet among insulin resistance
participants. In another study, compared with whole-grain-based
foods, inclusion of 140 g of chickpeas in the diet did not improve
insulin sensitivity, insulin and homeostasis model of assessment-
insulin resistance and glucose concentrations among healthy
participants.”® Comparison of the legume-based diet with a
healthy diet such as the healthy American diet 8 and whole-
grain-based foods ?® may explain the non-significant effect of
legumes on insulin sensitivity. In the current study, the legume-
based TLC diet had a more beneficial impact on glycemic control;
more fiber, magnesium, phytoestrogen and isoflavone intakes
owing to legume consumption might be responsible for these
effects.'>®

Besides abnormalities in lipid metabolism, elevated blood
pressure is another cardiometabolic risk factor among diabetes
patients. In the current study, neither the TLC diet nor the TLC diet
with legumes had significant effects on systolic or diastolic blood
pressure. Previous trials examining the effect of legume con-
sumption on blood pressure reported conflicting results. Some
trials did not observe significant decreases in systolic and diastolic
blood pressures after inclusion of legumes to the diet among
peripheral artery disease and obese subjects;*>>*> however, others
have found improvements in blood pressure resulting from the
addition of legumes to the diets of obese or hypertensive
patients.'"?%34 Given the variability in the findings of these trials, it
remains unclear whether legume consumption improves blood
pressure, and in which population or at what amounts a benefit
may be conferred.

To mention limitations, in the present study, we only
recommended the types of intervention diets to be consumed,
and no particular pre-prepared diets were given to participants;
therefore, the diets may not have been followed as carefully as in
trials in which prepared food was provided. In addition, owing to a
limited budget, we could not measure the biochemical indices of
legume intake in this project, and compliance of participants was

© 2014 Macmillan Publishers Limited
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assessed by analyzing the 3-day diet self-record. However, our
results suggest that compliance of legume-based TLC diet could
have benefits on cardiometabolic risk factors. The rate of non-
compliance was also a limitation in the present study. About one-
fourth of the study participants were lost to follow-up, which
might be considered another limitation of this study; however, this
was a cross-over trial, and cross-over trials are usually carried out
over a longer time period, which results in a greater number of
patient exclusions. However, after analysis of data for both
compliance and non-compliance of participants, no difference
was shown with analysis of compliance participants. In addition,
the rate of non-compliance in the legume-based TLC diet and
control diet was the same, and thus compliance did not differ.
Furthermore, because this was a dietary intervention, patients and
investigators were not blinded.

CONCLUSIONS

Dietary advice for diabetic patients on the substitution of red meat
with legume intake within a TLC diet-improved glycemic control
and lipid profiles such as triglycerides, total and LDL cholesterol,
independent of any BMI change.
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