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A B S T R A C T

Objectives: It is unclear whether addition of soluble fiber to a low-calorie diet potentializes weight loss and
amelioration of metabolic syndrome (MetS). The aim of this study was to analyze the effects of oat bran on
prevalence of MetS and associated disorders.
Methods: A pragmatic, randomized controlled, 6-wk nutritional trial was carried out with 154 outpatients
(mean age 47.6 § 12.6 y of age). The intervention group (n = 83) received a low-calorie diet plus 40 g/d of oat
bran; the control group (n = 71) received a low-calorie diet only. MetS parameters and prevalence were cal-
culated and compared (using two-tailed statistical tests) before and after follow-up.
Results: After follow-up, a significant but similar reduction was observed in MetS prevalence (40% reduction,
63% and 64.8% prevalence in intervention and control groups, respectively; P = 0.226), body mass index, body
weight, waist circumference, systolic and diastolic blood pressures, triacylglycerides, and blood glucose lev-
els in both groups (P < 0.05). Mean high-density lipoprotein cholesterol (HDL-C) was reduced in the inter-
vention group (43.6 § 9.6 to 41.2 § 9.5 mg/dL; P = 0.025), but not in the control group (44.6 § 10.5 to 44.5 §
12.1 mg/dL; P = 0.890). There was no significant difference in any of the variables between the groups,
although the P-value for HDL-C was almost significant (P = 0.078). Calorie and dietetic fiber intake during the
6-wk period were similar in both groups.
Conclusions: Daily consumption of oat bran did not potentialize the beneficial effects of a traditional low-
calorie diet on the prevalence of MetS and associated disorders. Additionally, it reduced HDL-C.

© 2019 Elsevier Inc. All rights reserved.
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Introduction

Metabolic syndrome (MetS) is a complex disorder that encom-
passes a set of cardiovascular risk factors related to visceral fat and
signifies an increased likelihood of death. MetS components
include visceral fat, high blood pressure (BP), low levels of high-
density lipoprotein cholesterol (HDL-C), and high levels of triacyl-
glycerides (TGs) and glucose [1].

Two major definitions of MetS have been proposed. One focuses
on the accumulation of risk factors, as per the American Heart
Association (AHA) and the National Heart, Lung, and Blood Institute
(NHLBI); the other focuses on abdominal obesity, as per the Inter-
national Diabetes Federation (IDF) and the Japanese government.
The latter definition takes waist circumference (WC) into consider-
ation as an obligatory component, whereas the former does not
use this parameter. In 2009, the IDF, NHLBI, AHA, and other organi-
zations attempted to unify these criteria; as a result, WC is no lon-
ger an obligatory component of those systems [2].

Obesity and insulin resistance are two important conditions
that put an individual at higher risk for developing MetS, type
2 diabetes, and cardiovascular disease [3]. Because of the associa-
tion of MetS with excess body weight, the nutritional treatment
suggested involves a low-calorie diet to reduce abdominal and
total body weight and to ameliorate metabolic disorders. These
recommendations have been derived from consensus, based on
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7 withdrawals
3 schedule conflicts
2 personal reasons
1 other illness
1 unknown

223 individuals screened

69 did not meet study criteria

154 randomized

71 assigned to control group 83 assigned to intervention group

5 withdrawals
2 schedule conflicts
1 personal reasons
2 unknown

64 completed follow-up 78 completed follow-up 

Fig. 1. Participant flowchart.
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observational studies that have analyzed only the metabolic com-
ponents [4,5]. It is important to emphasize that observational stud-
ies lack evidences for a causal relation when compared with
clinical trials.

In a systematic review [6], 15 nutritional trials were found to
have analyzed MetS remission as the main outcome. Nutritional
strategies were based on hypocaloric or normocaloric proposals
with or without physical exercises. Monounsaturated fatty acid
sources [7], nonfat dairy products [8], whole cereals [9], soy-based
meal replacements [10], or changed macronutrient percentages of
the diet have been used for hypocaloric proposals [11,12].

Recently, an Italian study [13] demonstrated improved body
composition and metabolic parameters in obese patients with
MetS, in a 10-wk trial with probiotic and prebiotic yogurt (when
compared with plain low-fat yogurt). However, owing to methodo-
logical heterogeneity of the nutritional trials and the recommenda-
tions of the First Brazilian Guideline on Diagnosis and Treatment of
Metabolic Syndrome [4], further research is needed to elucidate
the causal relation between food and MetS.

In literature, several types of foods have been attributed with
specific health benefits including potentializing the effect of a low-
calorie diet in MetS treatment [7,8]. Among the types of foods
offered in Brazilian markets and worldwide, oats (Avena sativa L.)
have received considerable attention for their high dietary fiber
content, phytochemicals, and nutritional value. It is believed that
oats possess hypocholesterolemic and anticancer properties [14].
Oats also have recently been considered suitable for celiac patients.
This cereal is considered to be a nutraceutical owing to a high con-
tent of soluble fiber (oat bran) [15]. The FDA has accepted a health
claim stating that a daily intake of 3 g of soluble oat b-glucan can
lower the risk for coronary heart disease [16].

Clinical trials using oat bran have revealed positive results for
MetS components such as reduction of blood glucose [17], TG lev-
els [18], and high BP [19]. However, oat bran has not been studied
in individuals diagnosed with MetS. In addition, a trend of using
high quantities of specific foods to improve health instead of con-
suming fruits and vegetables in natura (as sources of fiber), has
been observed in the general population. This behavior may lead to
some undesirable effects such as mineral malabsorption and HDL
reduction.

So, the aim of the present study was to analyze the effectiveness
of addition of oat bran to a low-calorie diet on MetS remission and
its components.
Materials and methods

Design and participants

A pragmatic, randomized, controlled, open-label, 6-wk nutritional trial was
carried out with 154 outpatients at a public hospital in Rio de Janeiro, Brazil. Indi-
viduals �18 y of age, fulfilling MetS criteria in accordance with the National Cho-
lesterol Education Program Adult Treatment Panel III (NCEP ATP III 2001) [20],
who consented formally to join the study, were invited to participate. Those who
had thyroid abnormalities, hepatic or renal failure, were being treated with corti-
coid or hypolipemiant drugs, or were on a low-calorie diet for the previous 3 mo
were excluded from the study.
Sample size

The primary outcome (MetS) was dichotomous, and participants were
included in the two independent groups in a randomized way considering a reli-
ability of 95%, study power of 80%, and pilot study MetS prevalences found in con-
trol group (50%) and intervention group (30%). By substituting this information
according to the equation suggested by Friedman [21], we calculated that 190 indi-
viduals were needed. However, after 4 y of patient recruitment, 223 individuals
were obtained, 154 met the study criteria, and after 12 losses, the trial was per-
formed with 142 patients. Eighty-three patients received a low-calorie diet plus
40 g/d of oat bran. The remaining 71 were assigned to the control group and
received the low-calorie diet alone.

Screening and enrollment

The study enrollment was completed in 4 y (2007�2011). As seen in Figure 1, a
total of 223 individuals responded to the recruitment effort and 154 eligible indi-
viduals were randomly assigned to a 6-wk protocol. Twelve participants discontin-
ued the study. The patients’ allocation in both groups was done weekly by the
hospital dietitian, according to the scheduled outpatient agenda.

Dietary interventions

The participants were randomly assigned to either a low-calorie diet (control)
group or to a low-calorie diet plus oat bran (intervention) group. The low-calorie
diet was formulated as per The First Brazilian Guideline on Diagnosis and Treat-
ment of Metabolic Syndrome [4]. Participants in the intervention group also
received 40 g/d of oat bran (3 g b-glucan). All participants were responsible for
purchasing and preparing their own food.

Nutrition counseling

At randomization, all participants received 45 min of individual dietary
instruction from a registered dietitian and were given an individually calculated
diet plan to achieve a 1-pound weight loss each week, and a booklet with a food
diary; structured menus that provided meal choices and recipes were also distrib-
uted. During the 6-wk study, participants were scheduled for six 30-min visits
with the dietitian for additional dietary counseling.

Intervention adherence

Participants were instructed to keep a daily food diary, which was reviewed
weekly during the study visits. Dietary data were obtained for 7 d of the 42 food
diary d during the 6 wk of the study. Nutrient data were analyzed using the Brazil-
ian Table of Food Composition (TACO) [22].

Outcomes

The primary outcome was MetS remission at the end of the study. In addition,
we collected data on BP (measured with a manual sphygmomanometer after a
5-min rest period) and lipids (measured from serum samples collected after an
overnight fast). Body weight was measured with participants in light clothing and
bare feet, using a digital scale accurate to the nearest 0.1 kg. Height was measured
without shoes to the nearest 0.5 cm. Body mass index (BMI) was calculated as the
weight (kg) divided by the square of the height (m) [23]. WC was measured with a
non-stretchable tape measure in the standing position after a normal expiration at
the level midway between the caudal part of the lateral costal arch and the iliac
crest [4,24]. Plasma glucose and TGs were measured by enzymatic immunoassay.
HDL-C was isolated by centrifugation and precipitation with a sodium



Table 1
Baseline characteristics of participants

Control group Intervention group P-value*

n 71 83
Age (y) 47.6 § 12.4 47.6 § 12.6 0.993
Body weight (kg) 89.1 § 17.6 90.5 § 19.2 0.653
BMI (kg/m2) 33.9 § 5.2 35 § 5.9 0.255
Waist circumference (cm) 106.4 § 12.1 107.1 § 11.7 0.718
Systolic blood pressure (mm Hg) 135.1 § 17.6 135.7 § 16.4 0.832
Diastolic blood pressure (mm Hg) 87.3 § 13.5 88.8 § 12.6 0.472
Triacylglycerides (mg/dL) 225.3 § 159.9 209.9 § 126.1 0.480
HDL-C (mg/dL) 44.4 § 10.3 43.5 § 9.7 0.571
Plasma glucose (mg/dL) 124.7 § 52.1 118.6 § 49.1 0.401

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.
Data are means § SD.
*t test.

Table 2
Prevalences of metabolic syndrome and isolated metabolic alterations between
groups before and after follow-up

Control group
(n = 71)

Before After

Intervention group
(n = 83)

Before After
P-value*

Before After

Metabolic syndrome (%) 64
100
64.8

78
100
63

0.815

Central obesity (%) 93
79.7

89.2
82.9

0.413
0.627

Hyperglycemia (%) 42.3
23.4

38.6
23.4

0.641
0.993

Hypertension (%) 87.3
54.7

84.3
51.9

0.598
0.746

Hypertriglyceridemia (%) 74.6
46.9

71.1
48.1

0.621
0.889

Low HDL cholesterol (%) 74.6
69.4

66.3
64.9

0.257
0.582

HDL, high-density lipoprotein.
*t test.
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phosphotungstate and magnesium chloride solution. All laboratory analyses were
made in the pathology laboratory at the hospital.

Statistical analysis

All statistical analyses were performed using SPSS version 21 (SPSS, Chicago,
IL, USA). The unpaired Student's t test was used to compare baseline and 6-wk var-
iables among the two groups. Data not normally distributed, as determined using
the Kolmogorov�Smirnov test, were logarithmically transformed to obtain near
normality before analysis. Values were reported as means and SD. The x2 test was
used to compare the incidences of MetS and its components before and after
follow-up. MetS prevalence was estimated after the trial. The paired Student's t
Table 3
Intra- and inter-group analyses of anthropometric, clinical, and biochemical outcomes

Control
Before
(n = 71)

Control
After

(n = 64) P-value*

Intervention
Before
(n = 83)

WC (cm) 106.7 § 12.4 102.4 § 1.9 <0.001 108.1 § 11.4
SBP (mm Hg) 136.2 § 18.1 124.1 § 13.7 <0.001 135.4 § 16.9
DBP (mm Hg) 87.6 § 14 80.7 § 10.5 0.002 89.1 § 12.6
TGz (mg/dL) 208.9 § 105.6 172.5 § 92.9 <0.001 208.1 § 126.6
HDL 44.6 § 10.5 44.5 § 12.1 0.890 43.6 § 9.6
GLUz (mg/dL) 123.2 § 52.3 105 § 30.6 <0.001 115.7 § 44.5
BW (kg) 89.7 § 17.9 86.3 § 17.2 <0.001 91.5 § 19.1
BMI (kg/m2) 34.2 § 5.4 32.9 § 5.4 <0.001 35.2 § 5.9

BMI, body mass index; BW, body weight; DBP, diastolic blood pressure; GLU, plasma glu
ides; WC,waist circumference.
*Paired t test.
yUnpaired t test.
zLogarithmically transformed.
test was used to analyze variables within groups. All statistical tests were two-
tailed with a significance level of 0.05.

Ethics statement

The study was approved by the Ethics Committee of the University Hospital of
Rio de Janeiro. The clinical trial was registered on the Registro Brasileiro de Ensaios
Clínicos. All participants gave written informed consent.

Results

At baseline, participants (women: 71.8% and 74.7% in interven-
tion and control groups, respectively) were similar in demographic
and anthropometric characteristics, BP, serum glucose, and lipids
(Table 1). Data collection was complete for 95.2% and 90.1% of
intervention and control groups respectively (P = 0.226).

At the end of the study, a 40% remission on MetS prevalence
was observed in both groups (prevalence of 63% for intervention
and 64.8% for control group). Prevalence of the metabolic compo-
nents was also similar between dietary groups at baseline, and
changes in these parameters were comparable between groups
over the 6-wk period. High BP was reduced by 39.4% and 44.3% in
the intervention and control groups, respectively; prevalence of
low levels of HDL-C reduced by 2.1% and 6.9% in the intervention
and control groups, respectively, over the study period (Table 2).

Intragroup analysis revealed a significant reduction in BMI,
body weight, WC, systolic and diastolic blood pressures, TGs, and
glucose means after follow-up in both groups (P < 0.05). Mean
HDL-C was reduced in the intervention group (43.6 [9.6] to 41.2
[9.5] mg/dL; P = 0.025), but not in the control group (44.6 § 10.5 to
44.5 § 12.1 mg/dL; P = 0.890). Intergroup analysis showed that
there were no significant differences in any of the variables
between the two groups (Table 3).

Based on food diary analysis, nutrients consumed over the 6-wk
period were compared between groups. Calorie and lipid con-
sumption was significantly reduced, and carbohydrate and protein
consumption was improved over the 6-wk period in both the
groups. An increased intake of vitamins A and C, as well as magne-
sium, calcium, and potassium was observed in both the groups
(Table 4).

Discussion

The results of this study show that in 154 middle-aged men and
women with MetS, the addition of 40 g/d of oat bran (3 g b-glucan)
did not significantly affect the prevalence of MetS. However, signif-
icant HDL reduction occurred in the intervention group.
Intervention
After

(n = 78) P-value*

Control
Δ

(n = 64)

Intervention
Δ

(n = 78) P-valuey

103.1 § 10.9 <0.001 �4.25 �4.8 0.507
124.6 § 17.1 <0.001 �12.1 �10.8 0.675
80.8 § 11.4 <0.001 �6.9 �8.2 0.606

170.9 § 107.1 <0.001 �36.4 �37.1 0.948
41.2 § 9.5 0.025 �0.1 �2.3 0.122

103.1 § 34.3 <0.001 �18.1 �12.4 0.231
88.1 § 18.5 <0.001 �3.4 �3.3 0.862
33.9 § 5.8 <0.001 �1.3 �1.3 0.922

cose; HDL, high-density lipoprotein; SBP, systolic blood pressure; TG, triacylglycer-
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Several nutritional trials have reported the advantages of oat
bran addition for the treatment of MetS-associated conditions such
as hypertension [17�19] and hyperglycemia [25,26]. However, in
this study, dietary addition of this soluble fiber for individuals with
MetS did not significantly affect the main outcome. The MetS
remission of 40% and reduction of visceral fat, hypertension, TGs,
and glucose was similar for both groups.

A possible explanation could be that the efficacy of caloric
reduction was high for both groups, which resulted in BMI reduc-
tion (3.8% and 3.7% for control and intervention groups, respec-
tively), so that the addition of oat bran may not have increased the
benefits.

Similar results were observed by Case et al. [27] who described
moderate weight reduction (7%) and substantial reductions in BP,
plasma glucose, and TGs in patients with MetS on a low-calorie
diet only, after a 4-wk period. It is known that dietary fiber influen-
ces satiation and satiety [28], but our results reinforce the idea that
caloric reduction should be efficient for the treatment of patients
with MetS.

A systematic review [6] of nutritional trials in patients with
MetS suggested that the best results were observed in studies that
offered low-calorie diets associated or not with physical activity.
Katcher et al. [9] compared a whole-cereal diet with a refined-
cereal diet and observed no significant differences in outcomes
associated with the two diets. The authors attributed these results
to weight reduction, derived from an equivalent low-caloric con-
sumption after a 3-mo follow-up. Melanson et al. [29] reported
similar weight reduction (5.6 and 6.2 kg for intervention and con-
trol groups respectively, with no statistical differences) in over-
weight adults after a 6-mo program offering a low-calorie diet
with and without whole cereals. These studies [9,29] corroborate
the results of the present study. Taken together, these evidences
highlight the global significance of a healthy diet as a component
of a healthy lifestyle; healthy diet and lifestyle have been recom-
mended by organizations such as the National Institutes of Health
(NIH), National Heart, Lung, and Blood Institute (NHLBI), and the
North American Association for the Study of Obesity (NAASO) for
the prevention of cardiovascular diseases [24].

The present study has shown that adding 40 g oat bran may
have resulted in undesirable HDL reduction. In contrast, Whitehead
et al. [30], in a meta-analysis of randomized controlled trials with 2
to 12 wk of duration of treatment, found that adding �3 g b-glucan
to the diet reduced low-density lipoprotein and total cholesterol,
without changing HDL-C or TGs.

The decrease in HDL levels in the present study was unex-
pected, but it was similar to the effect on HDL reported from a
3-mo randomized controlled dietary intervention trial [31]. In this
trial, the effects of b-glucan from oat bran incorporated in an
energy-restricted meal plan were analyzed; the results show that
for all the participants, HDL levels decreased significantly over
time (P < 0.001). These evidences suggest the existence of a syn-
ergy between fiber and a low-calorie diet on HDL reduction. How-
ever, there are a number of confounding variables in the present
study that warrant consideration.

First, this study was designed as a randomized trial but was not
blinded because of the nature of the nutritional approach. This fact
is likely to have led to spurious causality and bias. Second, the cur-
rent trial was only of a 6-wk duration, and a 6-wk intervention
may not be long enough to overcome the effects of variations in
compliance on outcomes.

And finally, several participants withdrew at the end of the
study so that the study sample size was smaller than the calcu-
lated; this may have limited the power of the study and affected
the ability to detect the differences between groups.
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Nevertheless, we can highlight the strengths of the study. To
our knowledge, this is the only nutritional trial to analyze the effect
of oat bran on MetS parameters as the main outcome, in outpa-
tients with MetS. Both groups received the same guidelines for the
low-calorie diet, and the only difference was the consumption of
oat bran in the intervention group. Therefore, we were able to
more accurately analyze the effect of addition of oat bran on MetS.
Finally, this 6-wk study showed results that were consistent with
the results of longer nutritional trials [9,11,12] that did not find dif-
ferences between groups with a similar basic diet.

Conclusions

The present study showed that both the control and the inter-
vention group experienced a similar improvement in measures
such as MetS criteria, WC, systolic and diastolic blood pressure,
TGs, plasma glucose, and overall weight loss; a reduction of HDL-C
was observed only in the intervention group. The results of this
study have shown evidence that the addition of 40 g of oat bran
did not potentiate the benefits of a low-calorie diet only, and addi-
tionally reduced HDL-C levels. Despite the presence of confounding
variables, we can conclude that individualized low-calorie diet pro-
moting a modest weight reduction was enough to attenuate
MetS-associated disorders and reduce cardiovascular risk in MetS
outpatients. Further longitudinal studies are needed to confirm the
efficacy of oat bran in MetS outpatients.
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leira, Conselho Federal de Medicina e Sociedade Brasileira de Endocrinologia e
Metabologia 2017. (online) https://diretrizes.amb.org.br/diretrizes-desatualizadas/.

[6] Le~ao LS, de Moraes MM, de Carvalho GX, Koifman RJ. Nutritional interventions
in metabolic syndrome: a systematic review. Arq Bras Cardiol 2011;97:260–5.

[7] Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G, et al.
Effect of a Mediterranean-style diet on endothelial dysfunction and markers of
vascular inflammation in the metabolic syndrome. JAMA 2004;292:1440–6.

[8] Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi T, Azizi F. Beneficial effects of a
Dietary Approaches to Stop Hypertension eating plan on features of the meta-
bolic syndrome. Diabetes Care 2005;28:2823–31.

[9] Katcher HI, Legro RS, Kunselman AR, Gillies PJ, Demers LM, Bagshaw DM, et al.
The effects of a whole grain�enriched hypocaloric diet on cardiovascular dis-
ease risk factors in men and women with metabolic syndrome. Am J Clin Nutr
2008;87:79–90.
[10] K€onig D, Deibert P, Frey I, Landmann U, Berg A. Effect of meal replacement on
metabolic risk factors in overweight and obese subjects. Ann Nutr Metab
2008;52:74–8.

[11] Seshadri P, Iqbal N, Stern L, Williams M, Chicano KL, Daily DA, et al. A random-
ized study comparing the effects of a low-carbohydrate diet and a conven-
tional diet on lipoprotein subfractions and C-reactive protein levels in patients
with severe obesity. Am J Med 2004;117:398–405.

[12] Muzio F, Mondazzi L, Harris WS, Sommariva D, Branchi A. Effects of moderate
variations in the macronutrient content of the diet on cardiovascular disease
risk factors in obese patients with the metabolic syndrome. Am J Clin Nutr
2007;86:946–51.

[13] Mohammadi-Sartang M, Bellissimo N, Totosy de Zepetnek JO, Brett NR,
Mazloomi SM, Fararouie M, et al. The effect of daily fortified yogurt consump-
tion on weight loss in adults with metabolic syndrome: a 10-week random-
ized controlled trial. Nutr Metab Cardiovasc Dis 2018;28:565–74.

[14] Rasane P, Jha A, Sabikhi L, Kumar A, Unnikrishnan VS. Nutritional advantages
of oats and opportunities for its processing as value added foods � a review. J
Food Sci Technol 2015;52:662–75.

[15] National Health Surveillance Agency. Alegaç~oes de propriedade funcional apro-
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