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Abstract: Glycemic control and weight reduction are primary goals for the management of overweight
and obese type 2 diabetes mellitus (T2DM). Effective management cannot be achieved without an
appropriate diet. Our study aimed to evaluate the short- and long-term effects of oat intake and
develop a reasonable dietary plan for overweight T2DM patients. A randomized control trial,
registered under ClinicalTrials.gov (Identification code: NCT01495052), was carried out among
adult T2DM patients. A subgroup of 298 overweight subjects was selected and received a 30-day
centralized intervention and 1-year free-living follow-up. Participants were randomly allocated to
one of the following four groups. The usual care group (1 = 60) received no intervention; the healthy
diet group (n = 79) received a low-fat and high-fiber diet (“healthy diet”); the 50 g-oats group
(n =80) and 100 g-oats group (n = 79) received the “healthy diet” with the same amount of cereals
replaced by 50 g and 100 g oats respectively. Anthropometric, blood glycemic and lipid variables
were measured. For the 30-day intervention, significant differences in the changes of FPG (fasting
plasma glucose), PPG (postprandial plasma glucose), HbAlc (glycosylated hemoglobin), HOMA-IR
(homeostasis model assessment of insulin resistance), TC (total cholesterol), TG (total triglycerides),
and LDL-c (low-density lipoprotein cholesterol) were observed among the four groups. Compared
to the healthy diet group, the 50 g-oats group had a bigger reduction in PPG (mean difference
(MD): —1.04 mmol/L; 95% CI: —2.03, —0.05) and TC (MD: —0.24 mmol/L; 95% CI: —0.47, —0.01);
the 100 g-oats group had a bigger reduction in PPG (MD: —1.48 mmol/L; 95% CI: —2.57, —0.39),
HOMA-IR (MD: —1.77 mU-mol/L?; 95% CI: —3.49, —0.05), TC (MD: —0.33 mmol/L; 95% CI: —0.56,
—0.10) and LDL-c (MD: —0.22 mmol/L; 95% CI: —0.41, —0.03). In the 1-year follow-up, greater effects
in reducing weight (MD: —0.89 kg; 95% CI: —1.56, —0.22), HbAlc (MD: —0.64%; 95% CI: —1.19,
—0.09) and TG (MD: —0.70 mmol/L; 95% CI: —1.11, —0.29) were observed in the 100 g-oats group.
In conclusion, short- and long-term oat intake had significant effects on controlling hyperglycemia,
lowering blood lipid and reducing weight. Our study provided some supportive evidence for
recommending oat as a good whole grain selection for overweight diabetics.
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1. Introduction

Type 2 diabetes (T2DM) and obesity are both major global health problems, which have been
linked with an increased risk of life-threatening comorbidities and enormous economic burdens [1,2].
Epidemiological studies report that most of the patients with T2DM are overweight or obese and,
similarly, a significant number of obese individuals have diabetes [3]. This parallel prevalence
indicates a strong association between T2DM and obesity. It has been further estimated that every
1 kilogram increase in body weight is associated with a 9% relative increase in diabetes prevalence [4].
Identification of this association has changed the primary goal of diabetes management in obese and
overweight T2DM patients, and now controlling the blood glucose and reducing weight are both
promoted [5].

Effective management of diabetes cannot be achieved without an appropriate diet, especially
for type 2 diabetics who are overweight or obese. The recommended diet for controlling diabetes
should be rich in dietary fiber, preferably provided by nature and less processed whole grains [6].
A Harvard study of health professionals found that high intake of whole grains was associated with
lower incidence of T2DM [7] and therefore its benefit could be an important part of a diet which can
help to improve diabetic control.

Wholegrain foods can be found in a variety of cereals, but the content and solubility of fiber can
vary significantly [8]. People with diabetes are often advised to select a good source of whole grains.
Oat, with the advantage of having a high concentration of 3-glucan, can be used for the management
of diabetes [9]. The effects of oat intake have been investigated in several aspects [10-12]. Soluble
fiber from oats has been found to be effective in lowering total cholesterol and low-density lipoprotein
(5%—-10% reduction with 3 g 3-glucan intake per day), and thus oat and oat-products have already
been recommended to patients with hyperlipidemia [13]. Besides, it has been suggested that oat intake
can improve insulin response and decrease postprandial hyperglycemia [11,14]. Although these effects
have been supported in many studies, others failed to replicate these. In particular, the effects of
oat intake on fasting glucose concentration and weight control remain conflicting [11,14]. Therefore,
further work is needed to determine whether oat intake has the reported benefits and whether these
benefits could be observed similarly in specific populations, particularly in overweight T2DM patients.

To develop a reasonable dietary plan, which includes wholegrain oats, a randomized control
trail was conducted among adults with T2DM in Baotou, Inner Mongolia, China. This study aimed
to compare the short- and long-term integrative effects of oat intake with a low-fat and high-fiber
diet (“healthy diet”) on weight management, blood glucose control and lipid-profile improvement in
overweight T2DM patients.

2. Methods

2.1. Participants

A subgroup of 298 subjects, meeting the Chinese criteria of overweight (body mass
index > 24 kg/m?), was selected from 445 adult patients with T2DM, who had participated in the
30-day centralized management of a dietary program and the 1-year free-living follow-up in Baotou,
China. The sample size of the original study was calculated based on an estimated standard deviation
(SD) of 2.7 mmol/L in HbAlc. A total of 420 participants were required to detect a difference of
0.80 SD of HbAlc with 90% power and allowing for 10% missing data. Individuals who were heavy
smokers (smoking more than or equal to 25 cigarettes per day) or heavy drinkers (drinking more than
25 mL alcohol per day), or had recent changes (less than 3 months) in diet and physical activities,
or had severe cardiovascular, renal or hepatic complications, mental illness or other serious diseases,
or recently accepted glucocorticoid treatment, or had already been eating oats or oat products as
part of their diet, were excluded. At the end of recruitment, a total of 445 individuals were included
and randomized, of which 298 overweight participants were selected for this subgroup analysis.
Eleven patients dropped out during the 1-year follow-up due to personal reasons with no difference in
drop-out rates among the four groups (p = 0.774) (Figure 1).
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Figure 1. Flow chart for subject enrollment, allocation, intervention and follow-up.

2.2. Ethics

This study was approved by the ethic review board of China-Japan Friendship Hospital of
Health Ministry China in December 2011 and registered under ClinicalTrials.gov (Identification code:
NCTO01495052 available at https:/ /clinicaltrials.gov/). Written and oral information of the study
protocol was given prior to the study initiation. Informed consent was signed by every participant.

2.3. Study Design

During the 30-day centralized intervention, all participants were arranged to live in a hotel and
have meals together under the supervision of 12 qualified dietitians and 18 well trained investigators.
Food intake and compliance of participants were recorded every day by the investigators. Physical
activities were assessed and categorized using the recommendations of the international physical
activity questionnaire (IPAQ). Participants were required to record uncomfortable symptoms and
maintain their normal physical activities and medications. After a one-week run-in period, participants
were randomly allocated to one of the following four groups by computer-generated random numbers.
The usual care group (n = 60) served as the control group and received no dietry intervention. They took
meals depending on their own eating habits. The healthy diet group (n = 79) received a low-fat
and high-fiber diet (“healthy diet”). A 7-day cyclical menu (Supplementary Materials Table S1)
was designed according to the China Food Composition [15], the Dietary Guidelines for Chinese
Resident [16] and the China Medical Nutrition Therapy Guideline for Diabetes [17] to provide a
low-fat and high-fiber diet. Each participant was provided with three meals a day, which contained
2275 kcal for men and 1890 kcal for women (60% from carbohydrate, 22% from fat, 18% from protein)
and 30 g of dietary fiber. In addition, a maximum of an extra 10% of daily kcal intake was allowed
according to the individual need of participants. For the 50 g and 100 g-oats groups, participants
received the “healthy diet” with the same amount of cereals replaced by 50 g and 100 g of wholegrain
oats respectively. The daily intake of energy and macronutrients for each group is shown in Table 1.
Apart from the dietary intervention, the study dieticians gave nutritional education and training to the
three intervention groups six times per week to encourage the participants to have a general healthy
diet in daily life.

After the centralized management, all participants returned home and were asked to continue
with their intervention and record their daily diet, uncomfortable symptoms and medication changes.
Wholegrain oats were continuously provided for the 50 g and 100 g-oats groups. Investigators
continued to give diet recommendations and supervise the daily life of participants by monthly group
interviews through network-chat, telephone or face-to-face interviews. Scheduled clinical checks were
performed every three months. The follow-up lasted for one year.
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Table 1. The daily intake of energy and macronutrients (one day’s intake).

Treatment Diet

Dietary Components Usual Care Group
Healthy Diet Group 50 g-oats Group 100 g-oats Group
Energy (kcal) * 2441 (478) 2279 (196) 2281 (185) 2233 (204)
Carbohydrate (% of total energy) 50 60 59 58
Fat (% of total energy) 31 22 23 23
Protein (% of total energy) 19 18 18 19
Total fiber (g) * 22.1 (4.0) 33.0 (5.8) 36.1 (4.2) 39.0 (4.8)
Oat B-glucan (g) 0 0 2.65 5.30

* Variables are presented as mean with (SD (standard deviation)).

2.4. Wholegrain Oats

The wholegrain oats used in this study were provided by Inner Mongolia Sanzhuliang Natural
Oats Industry Corporation (IMSNOIC) (Hohhot, Inner Mongolia, China). The oats were grown in
northwest China and were processed by a peeling technology which retained the necessary ingredients
and beneficial nutrients of the whole grain [18]. The nutrient composition of this product was analyzed
by the laboratory of the School of Life Sciences, Sun Yat-sen University, according to a standard
procedure (GB/T 5009). Each 100 g of wholegrain oats contained 63.5 g carbohydrate, 7.6 g fat, 13.7 g
protein, and 8.7 g fiber, of which approximately 5.3 g was 3-glucan.

2.5. Outcome Measurement

Physical examinations were performed at baseline, at the end of the 30-day intervention and at
the end of the 1-year follow-up. Anthropometric measurements were carried out for weight, height,
waist and hip circumference, and blood pressure. Body fat percent and visceral fat index (VFI) were
measured using bioelectrical impedance scales (Tanita BF-622W, Tanita Corporation of the United
State). Venus blood samples were collected after an overnight fast for testing fasting plasma glucose
(FPG), 2-h postprandial plasma glucose (PPG), glycosylated hemoglobin (HbA1c), fasting plasma
insulin, 2-h postprandial plasma insulin, total triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c). Insulin resistance
was calculated by the formula: HOMA-IR = fasting serum insulin (WU/mL) x FPG (mmol/L)/22.5.
All measurements were conducted with standard procedures by the same clinical staff in the third
hospital of Inner Mongolia medical college, who were blinded to the group allocation.

2.6. Statistical Analyses

Categorical and continuous variables were analyzed by either Chi-squared test or sample ¢-test.
Responses to interventions were assessed by the changes in anthropometric and metabolic variables,
determined at baseline and at the end of the intervention. A generalized linear model (GLM) was
applied to estimate the changes after adjusting for potential confounding factors including sex,
age, drinking, smoking, physical activity level, education level, family history of diabetes, diabetic
medications and the duration of diabetes. The mean differences (MD) of changes among groups were
calculated to compare the effects of different interventions. We performed multiple imputations to
account for missing data (SAS Institute, Inc., Cary, NC, USA). Results are presented as means with
standard deviation (SD) or 95% confidence intervals (95% CI). All tests were two-sided and p < 0.05
was considered to be statistically significant. Analyses were conducted with the IBM SPSS Statistics 22
(IBM Corp., Armonk, NY, USA, 2013), unless otherwise stated.

3. Results

The main characteristics of the participants in each group are shown in Table 2. Among the
four groups, there were no significant differences in the baseline characteristics of sex, age, drinking,
smoking, physical activity, education level, the duration of diabetes, family history of diabetes, diabetic
medications and blood pressure.
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Table 2. The baseline characteristics of the study participants *.

Variables Usual Care Healthy Diet 50 g-oats 100 g-oats p-Value
Group (n=60) Group 1=79) Group (n=80) Group (n=79)
Male/female 39/21 42/37 41/39 33/46 0.059
Age (years) 59.00 (3.94) 59.73 (6.53) 59.72 (6.10) 59.44 (6.78) 0.886
Mild drinking 15 (25.0%) 20 (25.3%) 17 (21.3%) 16 (20.3%) 0.838
Mild smoking 14 (23.3%) 16 (20.3%) 14 (17.5%) 11 (13.9%) 0.523
Physical activity level - - - - 0.541
Low 13 (21.7%) 18 (22.8%) 17 (21.2%) 22 (27.8%) -
Moderate 30 (50.0%) 42 (53.1%) 45 (56.3%) 46 (58.2%) -
High 17 (28.3%) 19 (24.1%) 18 (22.5%) 11 (13.9%) -
Education level - - - - 0.473
Less than primary school 9 (15.0%) 9 (11.4%) 15 (18.8%) 8 (10.1%) -
Middle and high school 39 (65.0%) 56 (70.9%) 47 (58.8%) 49 (62.0%) -
College or more 12 (20.0%) 14 (17.7%) 18 (22.5%) 22 (27.8%) -
Duration of diabetes (month) 79.00 (36.52) 74.87 (61.92) 100.08 (75.73) 94.71 (76.63) 0.060
Family history of diabetes 19 (31.7%) 24 (30.4%) 36 (45.0%) 38 (48.1%) 0.051
Diabetic medications - - - - 0.999
No diabetic medication 5(8.3%) 7 (8.9%) 6 (7.5%) 6 (7.6%) -
Oral diabetic medication 32 (53.3%) 45 (57.0%) 43 (53.8%) 47 (59.5%) -
Insulin injection 12 (20.0%) 14 (17.7%) 16 (20.0%) 12 (15.2%) -
Combined treatment 11 (18.3%) 13 (16.4%) 15 (18.7%) 14(17.7%) -
Systolic blood pressure (mmHg) 143.71 (15.83) 147.23 (21.31) 144.90 (19.18) 147.19 (17.68) 0.613
Diastolic blood pressure (mmHg) 84.43 (16.05) 84.63 (11.78) 82.93 (9.39) 83.10 (10.20) 0.737

* Continuous variables are presented as mean with (SD) and categorical variables are presented as a number
(with percentage).

Changes in variables, and the mean differences of changes among the four groups after the 30-day
intervention, are presented in Table 3. When compared to the baseline values of the anthropometric
variables, the three intervention groups had a significant reduction in weight, BMI and waist
circumference, while significant reduction in visceral fat index (VFI) was only observed in the 50 g
oats group (adjusted change: —0.48; 95% CIL: —0.69, —0.27) and the 100 g oats group (adjusted change:
—0.44; 95% CI: —0.78, —0.10). When comparing the mean differences between groups, there were no
statistically significant differences in the changes of anthropometric variables between the healthy diet
group and the oats groups.

For the glycemic variables, a significant reduction in FPG, PPG and HbAlc from baseline was
observed in the three intervention groups, while a significant decrease in HOMA-IR was observed in 50 g
oats group (adjusted change: —1.80 mU-mol/L?; 95% CI: —3.48, —0.12) and 100 g oats group (adjusted
change: —2.65 mU-mol/L?; 95% CI: —4.72, —0.58). When comparing the changes between groups (the
healthy diet group was the reference), the 50 g oats group showed a bigger reduction in PPG (MD:
—1.04 mmol/L; 95% CI: —2.03, —0.05), and the 100 g oats group showed a bigger reduction in PPG (MD:
—1.48 mmol/L; 95% CI: —2.57, —0.39) and HOMA-IR (MD: —1.77 mU-mol/L?; 95% CI: —3.49, —0.05).

Compared to the baseline values of the lipid variables, the three intervention groups had a
significant reduction in TC and LDL-c. When comparing between groups, the 50 g oats group had a
bigger reduction in TC (MD: —0.24 mmol/L; 95% CI: —0.47, —0.01) and the 100 g oats group had a
bigger reduction in TC (MD: —0.33 mmol/L; 95% CI: —0.56, —0.10) and LDL-c (MD: —0.22 mmol/L;
95% CI: —0.41, —0.03) than the healthy diet group. For TG, no statistically significant difference in the
reduction was observed in the two oats groups when compared to the healthy diet group.

The changes and mean differences of changes in variables between the baseline and the end of the
1-year intervention are shown in Table 4. Compared with the baseline values, the three intervention
groups had significant reduction in FPG, PPG, HbAlc, TC, and LDL-c, while the significant decrease in
weight, BMI and TG was only observed in the 50 g and 100 g oats groups. Comparing the oats groups
to the healthy diet group, the 50 g oats group had a bigger reduction in TG (MD: —0.42 mmol/L;
95% CI: —0.83, —0.01) and LDL-c (MD: —0.27 mmol/L; 95% CI: —0.49, —0.05), and the 100 g oats group
had a bigger reduction in weight (MD: —0.89 kg; 95% CI: —1.56, —0.22), PPG (MD: —1.17 mmol/L;
95% CI: —2.27, —0.07), HbAlc (MD: —0.64%; 95% CI: —1.19, —0.09), TC (MD: —0.30 mmol/L; 95% CI:
—0.57, —0.03), TG (MD: —0.70 mmol/L; 95% CI: —1.11, —0.29), and LDL-c (MD: —0.37 mmol/L;
95% CI: —0.59, —0.15).
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Table 3. Changes in variables and mean differences (MD) in changes among groups after 30-day intervention *.

6 of 14

Usual Care Group

Healthy Diet Group

50 g-oats Group

100 g-oats Group

Variables (1 = 60) (1 = 79) (1 = 80) (1 = 79) p-Value
Weight (kg)
Baseline 71.54 (5.82) 73.77 (8.58) 72.60 (8.67) 74.44 (7.63) 0.141
30-day intervention 71.45 (6.00) 72.59 (7.94) 71.74 (8.50) 72.70 (7.21) -
Adjusted changes —0.18 (—1.39, 1.02) —-1.20(-2.22,-0.19)  —1.67(—2.69, —0.65) —1.74(—2.76, —0.71) 0.178
MD (vs. usual care group) - —1.02 (—2.56, 0.52) —1.49 (-3.03, 0.05) —1.56 (—3.14, 0.02) -
MD (vs. diet group) - - —0.47 (—1.89, 0.96) —0.54 (—1.97,0.89) -
BMI (kg/m?)
Baseline 25.17 (0.89) 27.19 (2.82) 26.91 (2.69) 27.39 (2.42) 0.000
30-day intervention 25.14 (0.94) 26.77 (2.66) 26.28 (3.86) 26.77 (2.33) -
Adjusted changes —0.08 (—0.49, 0.33) —0.43 (—0.78, —0.08)  —0.60(—0.95, —0.25) —0.63 (—0.98, —0.28) 0.160
MD (vs. usual care group) - —0.35(—0.88, 0.18) —0.52 (—1.05, 0.01) —0.55 (—1.10, 0.00) -
MD (vs. diet group) - - —0.17 (—0.66, 0.32) —0.20 (—0.69, 0.29) -
Waist circumference (cm)
Baseline 92.69 (7.94) 94.81 (7.01) 93.38 (6.79) 94.86 (7.65) 0.210
30-day intervention 91.92 (8.22) 92.02 (8.63) 91.08 (3.98) 92.07 (7.27) -
Adjusted changes —0.78 (—2.92,1.36) —2.79 (-3.85,-1.73)  —2.32(-3.37, -1.27) —2.77(—3.83, —1.70) 0.028
MD (vs. usual care group) - —2.01 (—3.54, —0.48) —1.54 (—3.08, 0.00) —1.99 (—3.48, —0.50) -
MD (vs. diet group) - - 0.47 (—1.01,1.95) 0.02 (—1.47,1.50) -
Waist-to-hip ratio(WHR)
Baseline 0.91 (0.05) 0.92 (0.05) 0.91 (0.05) 0.92 (0.05) 0.398
30-day intervention 0.90 (0.05) 0.91(0.07) 0.90 (0.05) 0.90 (0.05) -
Adjusted changes —0.01(—0.02, 0.01) —0.01 (—0.02, 0.01) —0.01 (-0.02,0.01)  —0.02 (—0.03, —0.01) 0.259
MD (vs. usual care group) - 0.00 (—0.02, 0.02) 0.00 (—0.02, 0.02) —0.01 (—0.03, 0.01) -
MD (vs. diet group) - - 0.00 (—0.02, 0.02) 0.00 (—0.02, 0.02) -
Body fat percent (%)
Baseline 32.46 (5.49) 31.58 (6.11) 31.54 (5.87) 33.31 (5.12) 0.162
30-day intervention 32.21 (5.88) 31.05 (6.23) 31.37 (5.75) 32.78 (5.34) -
Adjusted changes —0.25 (—1.09, 0.59) —0.59 (—1.20, 0.02) —0.52 (—1.12, 0.08) —0.52 (—1.13, 0.08) 0.878
MD (vs. usual care group) - —0.34 (—1.06, 0.36) —0.27 (—0.85,0.31) —0.27 (—0.81, 0.26) -
MD (vs. diet group) - - 0.07 (—0.51, 0.65) 0.07 (—0.51, 0.65) -
Visceral fat index (VFI)
Baseline 12.37 (3.64) 12.38 (3.86) 12.53 (4.14) 12.33 (3.59) 0.988
30-day intervention 12.13 (3.77) 12.13 (3.53) 12.06 (4.42) 11.87 (3.47) -
Adjusted changes —0.25 (—0.55, 0.05) —0.27 (—0.62, 0.07) —0.48 (—0.69, —0.27) —0.44 (—0.78, —0.10) 0.380
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Table 3. Cont.

7 of 14

. Usual Care Grou Healthy Diet Grou 50 g-oats Grou 100 g-oats Grou
Variables (1 = 60) P ();l = 79) P & (1 = 80) P g(n - 79) P p-Value
MD (vs. usual care group) - —0.02 (—0.44, 0.40) —0.24 (—0.74, 0.26) —0.19 (—0.73, 0.35) -
MD (vs. diet group) - - —0.22 (—0.70, 0.27) —0.17 (—0.64, 0.31) -
Fasting plasma glucose (mmol/L)

Baseline 9.38 (2.81) 9.52 (2.87) 9.87 (2.83) 9.70 (3.30) 0.719

30-day intervention 9.40 (0.75) 8.16 (2.53) 8.67 (2.49) 8.03 (2.56) -
Adjusted changes —0.20 (—0.91, 0.52) —1.27(-1.88, —0.67) —1.23(—1.84, —0.62) —1.70(—2.31, —1.10) 0.002

MD (vs. usual care group) - —1.07 (=1.99, —0.15) —1.03(—1.94, —0.11) —1.50(—2.42, —0.58) -

MD (vs. diet group) - - 0.04 (—0.81, 0.89) —0.43 (—1.28,0.42) -

2-h postprandial plasma glucose (mmol/L)

Baseline 19.10 (3.22) 17.58 (4.87) 18.23 (4.84) 17.89 (5.45) 0.284

30-day intervention 18.66 (3.07) 15.42 (4.31) 14.97 (4.10) 14.08 (4.62) -
Adjusted changes —0.53 (—1.45,0.39) —2.14(—292, -1.36)  —3.18(—3.95, —2.41) _3.6—22(.;44;'39., 0.001

MD (vs. usual care group) - —1.61(—2.79, —043) —2.65(—3.82,—147) —3.09 (—4.27, —1.91) -

MD (vs. diet group) - - —1.04 (—2.03, —0.05) —1.48 (—2.57, —0.39) -

HbAlc (0/0)

Baseline 8.05 (1.52) 8.10 (1.77) 8.37 (1.44) 8.28 (1.35) 0.463

30-day intervention 8.07 (1.52) 7.88 (1.82) 7.71 (1.94) 7.65 (1.93) -
Adjusted changes 0.10 (—0.34, 0.54) —0.61(—0.98, —0.24) —0.76 (—1.13, —0.39) —0.71 (—1.09, —0.34) 0.001

MD (vs. usual care group) - —-0.71(-1.29, —-0.13)  —0.86(—1.43, —0.29) —0.81(—1.37, —0.24) -

MD (vs. diet group) - - —0.14 (—0.67,0.39) —0.10 (—0.63, 0.43) -

HOMA-IR (mU-mol/L2)

Baseline 5.49 (4.99) 5.48 (5.40) 4.68 (3.78) 6.20 (5.78) 0.312

30-day intervention 5.31 (3.16) 4.50 (4.89) 3.41(3.23) 3.76 (4.75) -
Adjusted changes —0.25 (—2.66, 2.16) —0.89 (—3.52,1.74) —1.80(—3.48, —0.12) —2.65(—4.72, —0.58) 0.010

MD (vs. usual care group) - —0.64 (—2.40,1.12) —1.55(—3.30,0.20)  —2.41 (—4.59, —0.23) -

MD (vs. diet group) - - —091(-1.93,0.11) —1.77(—3.49, —0.05) -

TC (total cholesterol) (mmol/L)

Baseline 5.84 (1.83) 4.98 (0.86) 5.04 (0.98) 5.24 (1.03) 0.000

30-day intervention 5.82 (1.88) 4.81 (0.87) 4.66 (0.87) 4.72 (0.85) -
Adjusted changes —0.18 (—0.34, —0.02)  —0.42(—0.59, —0.26) —0.51 (—0.67, —0.35) 0.000

MD (vs. usual care group)
MD (vs. diet group)

—0.07 (—0.26, 0.12)

—0.11 (—0.35, 0.14)

—0.35 (—0.60, —0.10)
—0.24 (—0.47, —0.01)

—0.44 (—0.69, —0.19)
—0.33 (—0.56, —0.10)
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Table 3. Cont.

8 of 14

Usual Care Group Healthy Diet Group

50 g-oats Group

100 g-oats Group

Variables (1 = 60) (1 = 79) (1 = 80) (1 = 79) p-Value
TG (total triglycerides) (mmol/L)
Baseline 1.92 (0.94) 1.83 (0.88) 2.06 (1.06) 1.98 (1.00) 0.510
30-day intervention 1.95 (1.02) 1.57 (0.84) 1.98 (1.65) 1.56 (0.77) -
Adjusted changes 0.01 (—0.25, 0.27) —0.25 (—0.47, —0.03) —0.09 (-0.31,0.13)  —0.43 (—0.65, —0.21) 0.003
MD (vs. usual care group) - —0.26 (—0.60, 0.08) —0.10 (—0.43, 0.23) —0.44 (—0.78, —0.10) -
MD (vs. diet group) - - 0.16 (—0.26, 0.58) —0.17 (—0.59, 0.26) -
LDL-c (low-density lipoprotein cholesterol) (mmol/L)
Baseline 3.20 (1.05) 2.96 (0.71) 2.90 (0.77) 3.15 (0.85) 0.128
30-day intervention 3.18 (1.05) 2.85(0.74) 2.70 (0.70) 2.79 (0.63) -
Adjusted changes —0.06 (—0.21, 0.10) —0.12 (—0.25, 0.01) —0.23 (—-0.36, —0.10) —0.34 (—0.47, —0.21) 0.001
MD (vs. usual care group) - —0.06 (—0.26, 0.14) —0.17 (-0.37,0.02)  —0.28 (—0.48, —0.08) -
MD (vs. diet group) - - —0.10 (—0.28,0.08)  —0.22 (—0.41, —0.03) -
HDL-c (high-density lipoprotein cholesterol) (mmol /L)
Baseline 1.41 (0.45) 1.30 (0.24) 1.25 (0.21) 1.36 (0.36) 0.022
30-day intervention 1.39 (0.42) 1.22 (0.24) 1.20 (0.22) 1.28 (0.26) -
Adjusted changes —0.08 (—0.19, 0.03) —0.07 (—0.11, —0.02) —0.08 (—0.13, —0.03) 0.635

MD (vs. usual care group)
MD (vs. diet group)

—0.02 (—0.07, 0.04)
- —0.06 (—0.14, 0.01)

—0.05 (—0.12, 0.02)
0.01 (—0.05, 0.07)

—0.06 (—0.14, 0.02)
0.00 (—0.07, 0.07)

* All values were presented as means (SD) or means (95% CI). Changes from the baseline were adjusted for potential confounding variables (sex, age, drinking, smoking, physical
activity level, education level, family history of diabetes, diabetic medications and duration of diabetes) in the analysis of covariance model.
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Table 4. Changes in variables and mean differences (MD) in changes among groups after 1-year follow-up *.

9of 14

Usual Care Group

Healthy Diet Group

50 g-oats Group

100 g-oats Group

Variables (1 = 59) (11 = 76) (1 = 77) (1 = 75) p-Value
Weight (kg)

Baseline 71.54 (5.82) 73.77 (8.58) 72.60 (8.67) 74.44 (7.63) 0.141

1-year follow-up 71.47 (7.35) 72.76 (8.70) 71.39 (8.68) 72.43 (7.58) -
Adjusted changes —0.11 (—0.68, 0.46) —1.08 (—2.31, 0.16) —1.44 (-2.74, —0.15) —1.97 (—3.06, —0.88) 0.012

MD (vs. usual care group) - —0.97 (—2.23,0.29) —1.33 (—2.69, 0.03) —1.86 (—3.25, —0.47) -

MD (vs. diet group) - - —0.36 (—1.10,0.38)  —0.89 (—1.56, —0.22) -

BMI (kg/m?)

Baseline 25.17 (0.89) 27.19 (2.82) 26.91 (2.69) 27.39 (2.42) 0.000

1-year follow-up 25.13 (1.25) 26.80 (2.91) 26.48 (2.33) 26.64 (2.74) -
Adjusted changes —0.05 (—0.39, 0.29) —0.37 (—0.74, 0.00) —0.50 (—0.91, —0.09) —0.73 (—1.08, —0.39) 0.128

MD (vs. usual care group) - —0.33 (—1.05, 0.39) —0.45 (—1.19, 0.29) —0.68 (—1.43, 0.07) -

MD (vs. diet group) - - —0.12 (—0.64, 0.40) —0.33 (—0.83,0.17) -

Fasting plasma glucose (mmol/L)

Baseline 9.38 (2.81) 9.52 (2.87) 9.87 (2.83) 9.70 (3.30) 0.719

1-year follow-up 9.52 (1.44) 7.94 (2.14) 8.19 (2.01) 7.74 (2.43) -
Adjusted changes 0.08 (—0.63, 0.46) —1.65(—2.21, -1.10) —1.62(—2.17, -1.07) —1.87(—2.44, —1.31) 0.000

MD (vs. usual care group) - —1.57 (—2.36, —0.78) —1.54(-2.33, —-0.75) —1.79 (—2.58, —1.00) -

MD (vs. diet group) - - 0.03 (—0.76, 0.82) —0.22 (—1.02, 0.58) -

2-h postprandial plasma glucose (mmol/L)

Baseline 19.10 (3.22) 17.58 (4.87) 18.23 (4.84) 17.89 (5.45) 0.284

1-year follow-up 19.69 (3.27) 15.01 (3.63) 14.98 (3.02) 14.22 (3.78) -
Adjusted changes 0.63 (—0.36, 1.63) —241(-3.40, —-1.42) —3.16(—4.16, —2.16) —3.58 (—4.63, —2.53) 0.000

MD (vs. usual care group) - —3.04 (—4.48, —1.60) —3.79(—5.22, —2.36) —4.21(—5.67, —2.75) -

MD (vs. diet group) - - —0.75(-191,041) —1.17(-2.27, -0.07) -

HbAlc (%)

Baseline 8.05 (1.52) 8.10 (1.77) 8.37 (1.44) 8.28 (1.35) 0.463

1-year follow-up 8.47 (1.86) 7.63 (1.89) 7.41 (1.18) 7.27 (1.72) -
Adjusted changes 0.35 (—0.01, 0.71) —0.42(-0.79, —0.06)  —0.90 (—1.27, —0.54) —1.06 (—1.44, —0.69) 0.000

MD (vs. usual care group) - —-0.77 (-1.31, —-0.23) —1.25(-1.79, -0.71) —1.41(—1.95, —0.87) -

MD (vs. diet group) - —0.48 (—1.02,0.06) —0.64 (—1.19, —0.09) -

TC (mmol/L)

Baseline 5.84 (1.83) 4.98 (0.86) 5.04 (0.98) 5.24 (1.03) 0.000

1-year follow-up 6.01 (1.87) 4.8 (1.04) 4.69 (0.95) 4.76 (0.97) -
Adjusted changes 0.12 (0.07, 0.31) —0.19 (—0.38, —0.01)  —0.37(—0.56, —0.18)  —0.49 (—0.68, —0.29) 0.000
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Table 4. Cont.

10 of 14

Usual Care Group Healthy Diet Group

50 g-oats Group

100 g-oats Group

Variables (1 = 59) (11 = 76) (1 = 77) (1 = 75) p-Value
MD (vs. usual care group) - —0.31 (—0.62, 0.00) —0.49 (—0.75, —0.23) —0.61 (—0.88, —0.34) -
MD (vs. diet group) - - —0.18 (—0.45,0.09)  —0.30 (—0.57, —0.03) -
TG (mmol/L)
Baseline 1.92 (0.94) 1.83 (0.88) 2.06 (1.06) 1.98 (1.00) 0.510
1-year follow-up 2.13 (1.41) 2.00 (1.91) 1.83 (1.19) 1.55 (0.97) -
Adjusted changes 0.21 (—0.08, 0.50) 0.17 (—0.12, 0.46) —0.27 (-0.56,0.02)  —0.45(—0.75, —0.16) 0.005
MD (vs. usual care group) - —0.04 (—0.45, 0.38) —0.46 (—0.87, —0.05) —0.66 (—1.07, —0.25) -
MD (vs. diet group) - - —0.42 (—0.83, —0.01) —0.70 (—1.11, —0.29) -
LDL-c (mmol/L)
Baseline 3.20 (1.05) 2.96 (0.71) 2.90 (0.77) 3.15 (0.85) 0.128
1-year follow-up 3.35 (0.99) 2.84 (0.88) 2.50 (0.79) 2.64 (0.75) -
Adjusted changes 0.16 (—0.01, 0.33) —0.14 (—0.30, 0.01) —0.41 (-0.56, —0.26) —0.51 (—0.67, —0.35) 0.000
MD (vs. usual care group) - —0.30 (—0.51, —0.09) —0.57 (—0.78, —0.36) —0.67 (—0.89, —0.45) -
MD (vs. diet group) - - —0.27 (—0.49, —0.05) —0.37 (—0.59, —0.15) -
HDL-c (mmol/L)
Baseline 1.41 (0.45) 1.30 (0.24) 1.25 (0.21) 1.36 (0.36) 0.022
1-year follow-up 1.39 (0.34) 1.34 (0.57) 1.29 (0.40) 1.39 (0.41) -
Adjusted changes 0.06 (—0.15, 0.03) 0.06 (—0.03, 0.15) 0.01 (—0.09, 0.10) 0.636

MD (vs. usual care group)
MD (vs. diet group)

—0.02 (—0.11, 0.07)
- 0.08 (—0.09, 0.26)

0.09 (—0.08, 0.26)
0.00 (—0.17, 0.18)

0.03 (—0.15, 0.21)
—0.05 (—0.23, 0.12)

* All values were presented as means (SD) or means (95% CI). Changes from the baseline were adjusted for potential confounding variables (sex, age, drinking/smoking, physical
activity level, education level, family history, medications and duration of diabetes) in the analysis of covariance model.
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4. Discussion

The present study showed that a low-fat and high-fiber diet (“healthy diet”) had beneficial effects
on glucolipid metabolism in overweight T2DM patients, and these effects were more evident when
combined with oat intake. In particular, the combination of short-term (30 days) oat intake with
the “healthy diet” had greater effects on lowering the PPG, HOMA-IR, TC and LDL-c than that of
merely having a low-fat and high-fiber diet. The 1-year follow-up showed that the reduction of
PPG, HOMA-IR, TC and LDL-c can be maintained for long time, and significantly greater effects in
decreasing weight, HbAlc and TG were observed.

The primary finding of this study was the significant effect of oat intake on hyperglycemia control.
A growing number of studies have suggested that oats and oat-enriched products can significantly
decrease the postprandial hyperglycemia [11,14]. Consistently, our study provided supportive evidence
for the PPG lowering effect of oat intake in overweight T2DM patients. Although the mechanism of
lowering PPG has not been fully understood, at least parts of the contribution could be attributed to the
property of oat 3-glucan. Oat 3-glucan can increase the viscosity in the intestine, slow the absorption
of carbohydrates, and thus reduce the PPG [19,20]. Research findings on the FPG lowering effects of oat
intake are less consistent. A few human trials and diabetic mice laboratory studies have found that oat
intake can significantly decrease the FPG concertation [14,21,22], but this finding was not supported
by the majority of randomized control trials (RCTs) [11]. Although a subgroup analysis of high quality
RCTs in a meta-analysis indicated that oat intake can slightly lower FPG concentration in the long-term
intervention [11], our study did not find any FPG lowering effect that could be attributed to either
short-term or long-term oat intake. The long-term oat intake had a significant effect in reducing HbAlc,
but short-term oat intake did not. This finding is not totally unexpected. Considering that HbAlc
levels usually reflect the blood glucose levels for the period of 8-12 weeks, the duration of a 30-day
intervention may not be long enough to have significant changes in HbAlc, whereas a significant
reduction in HbAlc could be shown in the longer 1-year follow-up. So far, a few studies have evaluated
the effect of oat intake on HOMA-IR. A meta-analysis of three RCTs reported that oat intake had no
effect on the improvement of HOMA-IR [11]. In contrast, our study suggested a significant effect on
decreasing HOMA-IR. Our finding was consistent with a recent published RCT, which suggested
oats consumption can significantly decrease the HOMA-IR index [23]. These varying results may be
partly due to the different characteristics of study populations, probably because overweight and
obese T2DM patients are likely to result in more severe insulin resistance, and insulin resistance is
more likely to be modifiable in this population [24].

Furthermore, this study confirmed the serum lipid lowering effect of oat intake in overweight
T2DM patients. The effect of oat intake on lowering TC and LDL-c has been supported in most
published studies [10,13]. The main controversy is the magnitude of the effect. In some studies,
the reduction of TC and LDL-c could be more than 10% [25,26], while in others, the reduction was less
than 5% [27,28]. In our study, the decrease of TC and LDL-c was around 10%. However, the effect
size in this study was not comparable with others, considering the study population, the dose of oats
and oat processing were different from other studies. Comparing the duration of the intervention,
the long-term oat intake had a significant effect on the reduction of TG. The mechanism of serum
lipid-lowering effect also seems to be related to the increased viscosity attributed to the oat 3-glucan,
which can lead to the reduction in cholesterol absorption [20].

Another finding which is important for overweight T2DM patients is the weight loss effect of
long-term oat intake. During the 30-day intervention, the three intervention groups had a significant
decrease in body weight and the weight reduction was similar among the three diet groups. However,
during the 1-year follow-up, the 100 g oats group had a significantly greater decrease in weight than
the healthy diet group. Considering that oat intake was combined with the “healthy diet”, it is possible
that the moderate weight-reducing effect of a short-term (30 days) oat intake was covered up by the
weight reduction due to the low-fat and high-fiber diet; or the duration of a 30-day oat intake was
too short to have changes on weight. The bigger weight reduction observed in the 1-year oat intake
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was unlikely to be caused by the poorly controlled blood glucose level, since a significant reduction
in FPG, PPG and HbAlc was also observed. The weight reduction effect is probably related to the
oat 3-glucan, which may enhance the viscosity of meals, decrease the starch digestion and reduce the
food intake by increasing satiety [29]. In addition to our studies, a few other studies also indicated a
weigh-reducing effect of oats in certain populations [23,29,30], but these findings were not consistently
in agreement, as some studies found no decrease in weight [12,25,31]. Further research is needed to
verify the weight-reducing effect of oat intake.

The predominant effect of oats on diabetic management is most likely to be attributed to the
bioactivity of 3-glucan. Although, compared to other cereals, wholegrain oats have distinct bioactive
composition in lipids and phenolics, the most significant difference is in the high content of 3-glucan,
especially when considering that the effective dose of the other two components is not likely to be
achieved through 50 g or 100 g wholegrain oats consumption [30,31]. As mentioned above, 3-glucan
has been reported to increase the intestinal viscosity, decrease the absorption of carbohydrates and
lipids, and reduce food intake to control hyperglycemia, lower lipid and reduce weight. In addition,
another important role of 3-glucan involves the impact on gut microbiota. Specifically, the bacterial
metabolism of 3-glucan can increase the production of short-chain fatty acids and drive the release of
bioactive compounds, which may interact with host biology to affect the risk of obesity and associated
disorders [32,33]. Oat 3-glucan has been shown to decrease the protein fermentation and thus reduce
the detrimental metabolites produced [34]. Furthermore, the fermentation of (3-glucan has also been
reported to increase the diversity of gut microbiota, which is a potential benefit, considering that the
reduced microbiota diversity is associated with obesity [35,36]. Studies exploring the mechanisms
behind the health benefits of 3-glucan and gut microbiota may provide more evidence to encourage
an increase in oat intake and to maximize the health benefits derived from oats.

Strengths and limitations of the study design should be noted. In the first phase, a 30-day
centralized management of intervention was designed to improve the compliance of participants.
Potential dietary confounding factors for assessing the effects of oat intake were homogenized among
groups by providing a general “healthy diet” to the intervention groups of oat intake and using
a healthy diet group as the reference group. To estimate the beneficial effects due to the “healthy
diet”, a usual care group, with no dietry intervention, was established as a control group. To provide
information for recommending a proper dose of daily oat intake (or oat 3-glucan), we designed
two intervention groups with different doses (50 g and 100 g) of oat intake. Considering that the
duration of a 30-day intervention is probably too short for some variables, such as HbAcl and weight,
to have significant changes, a 1-year follow-up was designed to investigate the long-term changes
of the variables and to determine if the significant changes observed in the 30-day intervention
could be maintained for a long time. However, in this subgroup analysis, we only reported that
the anthropometric and blood biochemical variables, cardiovascular events and other diabetic
complications were not presented, which led us to consider that the duration of a 1-year intervention
was relatively short for evaluating the diabetic complications. Another limitation was that the subjects
were not fully blinded because of the different taste of oats and other cereals. Furthermore, the benefits
of oat intake were assessed in comparison to an already healthy diet, and as discussed above, it is
possible that the moderate beneficial effects of oat intake were covered up or magnified by the healthy
reference diet. However, in either case, it should be emphasized that the whole grain oat intake should
be recommended with a healthy diet.

5. Conclusions

In conclusion, our study provided some supportive evidence that oats can be a good selection of
whole grains for overweight diabetics, but further larger scale studies are needed to evaluate these
findings further.



Nutrients 2016, 8, 549 13 of 14

Supplementary Materials: The following is available online at http:/ /www.mdpi.com/2072-6643/8/9/549/s1,
Table S1: A sample menus of the general healthy diet provided for intervention groups (average consumption

per day).
Acknowledgments: The authors would like to thank the Beijing Nutrition Society for the consistent support

in the field study and data collection herein. The authors would also like to thank the Third Hospital of Inner
Mongolia Medical College for helping with the clinical examinations.

Author Contributions: Y.L. conceived the idea for the study. X.L. performed the statistical analysis and drafted
the manuscript. All authors participated in the design of the study, study supervision, data collection and
interpretation, revised and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest. This study was sponsored by the Inner
Mongolia Sanzhuliang Natural Oats Industry Corporation (IMSNOIC). The sponsor had no impact on the
results and manuscript.

References

1. Series, W.T. Obesity: Preventing and managing the global epidemic. Report of a WHO consultation.
World Health Organ. Tech. Rep. Ser. 2000, 894, 1-253.

2. NCD Risk Factor Collaboration. Effects of diabetes definition on global surveillance of diabetes
prevalence and diagnosis: A pooled analysis of 96 population-based studies with 331,288 participants.
Lancet Diabetes Endocrinol. 2015, 3, 624-637.

3. Yaturu, S. Obesity and type 2 diabetes. J. Diabetes Mellit. 2011, 1, 79-95. [CrossRef]

4. Mokdad, A.H.; Ford, E.S.; Bowman, B.A.; Nelson, D.E.; Engelgau, M.M.; Vinicor, F.; Marks, ].S. Diabetes
trends in the U.S.: 1990-1998. Diabetes Care 2000, 23, 1278-1283. [CrossRef] [PubMed]

5. American Diabetes Association. Standards of medical care in diabetes-2015 abridged for primary care
providers. Clin. Diabetes 2015, 33, 97-111.

6.  American Diabetes Association. Evidence-based nutrition principles and recommendations for the treatment
and prevention of diabetes and related complications. Diabetes Care 2002, 25, 202-212.

7. Fung, T.T.; Hu, EB.; Pereira, M.A.; Liu, S.; Stampfer, M.].; Colditz, G.A.; Willett, W.C. Whole-grain intake and
the risk of type 2 diabetes: A prospective study in men. Am. J. Clin. Nutr. 2002, 76, 535-540. [PubMed]

8. Brennan, C.S,; Cleary, L.]. The potential use of cereal (1—3,1—4)-p-D-glucans as functional food ingredients.
J. Cereal Sci. 2005, 42, 1-13. [CrossRef]

9. Clemens, R,; van Klinken, B.J. Oats, more than just a whole grain: An introduction. Br. J. Nutr. 2014,
112 (Suppl. 52), S1-S3. [CrossRef] [PubMed]

10. Whitehead, A.; Beck, E.J.; Tosh, S.; Wolever, TM. Cholesterol-lowering effects of oat beta-glucan:
A meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2014, 100, 1413-1421. [CrossRef]
[PubMed]

11.  Bao, L; Cai, X.; Xu, M.; Li, Y. Effect of oat intake on glycaemic control and insulin sensitivity: A meta-analysis
of randomised controlled trials. Br. J. Nutr. 2014, 112, 457-466. [CrossRef] [PubMed ]

12.  Saltzman, E.; Das, SK.; Lichtenstein, A.H.; Dallal, G.E.; Corrales, A.; Schaefer, E.J.; Greenberg, A.S.;
Roberts, S.B. An oat-containing hypocaloric diet reduces systolic blood pressure and improves lipid profile
beyond effects of weight loss in men and women. J. Nutr. 2001, 131, 1465-1470. [PubMed]

13. Othman, R.A.; Moghadasian, M.H.; Jones, P.J. Cholesterol-lowering effects of oat beta-glucan. Nutr. Rev.
2011, 69, 299-309. [CrossRef] [PubMed]

14. Shen, X.L.; Zhao, T.; Zhou, Y.; Shi, X.; Zou, Y.; Zhao, G. Effect of oat beta-glucan intake on glycaemic control
and insulin sensitivity of diabetic patients: A meta-analysis of randomized controlled trials. Nutrients 2016,
8, 39. [CrossRef] [PubMed]

15. Institute of Nutrition and Food Safety. China CDC 2005 China Food Composition; Peking University Medical
Press: Beijing, China, 2005.

16. Chinese Nutrition Society. Dietary Guidelines for Chinese Residents; Tibet People’s Publishing House: Lhasa,
China, 2010.

17.  Chinese Diabetes Society. China Medical Nutrition Therapy Guideline for Diabetes. Available online:
http:/ /www.cdschina.org/news_show.jsp?id=509.html (accessed on 16 October 2012).

18.  Sun, Z. Process for Dehulling Oats without Removing Plumules. CN101264459 17 September 2008.


http://www.mdpi.com/2072-6643/8/9/549/s1
http://dx.doi.org/10.4236/jdm.2011.14012
http://dx.doi.org/10.2337/diacare.23.9.1278
http://www.ncbi.nlm.nih.gov/pubmed/10977060
http://www.ncbi.nlm.nih.gov/pubmed/12197996
http://dx.doi.org/10.1016/j.jcs.2005.01.002
http://dx.doi.org/10.1017/S0007114514002712
http://www.ncbi.nlm.nih.gov/pubmed/25405254
http://dx.doi.org/10.3945/ajcn.114.086108
http://www.ncbi.nlm.nih.gov/pubmed/25411276
http://dx.doi.org/10.1017/S0007114514000889
http://www.ncbi.nlm.nih.gov/pubmed/24787712
http://www.ncbi.nlm.nih.gov/pubmed/11340101
http://dx.doi.org/10.1111/j.1753-4887.2011.00401.x
http://www.ncbi.nlm.nih.gov/pubmed/21631511
http://dx.doi.org/10.3390/nu8010039
http://www.ncbi.nlm.nih.gov/pubmed/26771637
http://www.cdschina.org/news_show.jsp?id=509.html

Nutrients 2016, 8, 549 14 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hlebowicz, J. Postprandial blood glucose response in relation to gastric emptying and satiety in healthy
subjects. Appetite 2009, 53, 249-252. [CrossRef] [PubMed]

Wang, Q.; Ellis, PR. Oat beta-glucan: Physico-chemical characteristics in relation to its blood-glucose and
cholesterol-lowering properties. Br. . Nutr. 2014, 112 (Suppl. S2), S4-513. [CrossRef] [PubMed]

Pick, M.E.; Hawrysh, Z.].; Gee, ML.L; Toth, E.; Garg, M.L.; Hardin, R.T. Oat bran concentrate bread products
improve long-term control of diabetes: A pilot study. J. Am. Diet. Assoc. 1996, 96, 1254-1261. [CrossRef]
Shen, R.L,; Cai, FEL.; Dong, ].L.; Hu, X.Z. Hypoglycemic effects and biochemical mechanisms of oat products
on streptozotocin-induced diabetic mice. ]. Agric. Food Chem. 2011, 59, 8895-8900. [CrossRef] [PubMed]
Schuster, J.; Beninca, G.; Vitorazzi, R.; Morelo Dal Bosco, S. Effects of oats on lipid profile, insulin resistance
and weight loss. Nutr. Hosp. 2015, 32, 2111-2116. [PubMed]

Qatanani, M.; Lazar, M.A. Mechanisms of obesity-associated insulin resistance: Many choices on the menu.
Genes Dev. 2007, 21, 1443-1455. [CrossRef] [PubMed]

Charlton, K.E.; Tapsell, L.C.; Batterham, M.J.; O’Shea, ].; Thorne, R.; Beck, E.; Tosh, S.M. Effect of
6 weeks’ consumption of beta-glucan-rich oat products on cholesterol levels in mildly hypercholesterolaemic
overweight adults. Br. J. Nutr. 2012, 107, 1037-1047. [CrossRef] [PubMed]

Ma, X.; Gu, J.; Zhang, Z.; Jing, L.; Xu, M.; Dai, X,; Jiang, Y.; Li, Y.; Bao, L.; Cai, X,; et al. Effects of avena nuda 1.
On metabolic control and cardiovascular disease risk among Chinese patients with diabetes and meeting
metabolic syndrome criteria: Secondary analysis of a randomized clinical trial. Eur. J. Clin. Nutr. 2013, 67,
1291-1297. [CrossRef] [PubMed]

Torronen, R.; Kansanen, L.; Uusitupa, M.; Hanninen, O.; Myllymaki, O.; Harkonen, H.; Malkki, Y. Effects of
an oat bran concentrate on serum lipids in free-living men with mild to moderate hypercholesterolaemia.
Eur. J. Clin. Nutr. 1992, 46, 621-627. [PubMed]

Kerckhoffs, D.A.; Hornstra, G.; Mensink, R.P. Cholesterol-lowering effect of beta-glucan from oat bran in
mildly hypercholesterolemic subjects may decrease when beta-glucan is incorporated into bread and cookies.
Am. ]. Clin. Nutr. 2003, 78, 221-227. [PubMed]

Lyly, M.; Liukkonen, K.H.; Salmenkallio-Marttila, M.; Karhunen, L.; Poutanen, K.; Lahteenmaki, L. Fibre in
beverages can enhance perceived satiety. Eur. J. Nutr. 2009, 48, 251-258. [CrossRef] [PubMed]

Rose, D.J. Impact of whole grains on the gut microbiota: The next frontier for oats? Br. ]|. Nutr. 2014,
112 (Suppl. S2), S44-549. [CrossRef] [PubMed]

Viscidi, K.A.; Dougherty, M.P.; Briggs, J.; Camire, M.E. Complex phenolic compounds reduce lipid oxidation
in extruded oat cereals. Food Sci. Technol. 2004, 37, 789-796. [CrossRef]

El Khoury, D.; Cuda, C.; Luhovyy, B.L.; Anderson, G.H. Beta glucan: Health benefits in obesity and metabolic
syndrome. |. Nutr. Metab. 2012, 2012, 851362. [CrossRef] [PubMed]

Den Besten, G.; van Eunen, K.; Groen, A K.; Venema, K,; Reijngoud, D.]J.; Bakker, B.M. The role of short-chain
fatty acids in the interplay between diet, gut microbiota, and host energy metabolism. J. Lipid Res. 2013, 54,
2325-2340. [CrossRef] [PubMed]

Ross, A.B.; Pere-Trepat, E.; Montoliu, I.; Martin, EP,; Collino, S.; Moco, S.; Godin, ].P; Cleroux, M.; Guy, PA.;
Breton, I; et al. A whole-grain-rich diet reduces urinary excretion of markers of protein catabolism and gut
microbiota metabolism in healthy men after one week. J. Nutr. 2013, 143, 766-773. [CrossRef] [PubMed]
Martinez, I.; Lattimer, ].M.; Hubach, K.L.; Case, ]J.A.; Yang, J.; Weber, C.G.; Louk, J.A.; Rose, D.J.;
Kyureghian, G.; Peterson, D.A.; et al. Gut microbiome composition is linked to whole grain-induced
immunological improvements. ISME ]. 2013, 7, 269-280. [CrossRef] [PubMed]

De Vos, W.M.; de Vos, E.A. Role of the intestinal microbiome in health and disease: From correlation to
causation. Nutr. Rev. 2012, 70 (Suppl. S1), S45-556. [CrossRef] [PubMed]

@ © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.appet.2009.06.014
http://www.ncbi.nlm.nih.gov/pubmed/19607867
http://dx.doi.org/10.1017/S0007114514002256
http://www.ncbi.nlm.nih.gov/pubmed/25267243
http://dx.doi.org/10.1016/S0002-8223(96)00329-X
http://dx.doi.org/10.1021/jf200678q
http://www.ncbi.nlm.nih.gov/pubmed/21749041
http://www.ncbi.nlm.nih.gov/pubmed/26545667
http://dx.doi.org/10.1101/gad.1550907
http://www.ncbi.nlm.nih.gov/pubmed/17575046
http://dx.doi.org/10.1017/S0007114511003850
http://www.ncbi.nlm.nih.gov/pubmed/21810288
http://dx.doi.org/10.1038/ejcn.2013.201
http://www.ncbi.nlm.nih.gov/pubmed/24129363
http://www.ncbi.nlm.nih.gov/pubmed/1396480
http://www.ncbi.nlm.nih.gov/pubmed/12885701
http://dx.doi.org/10.1007/s00394-009-0009-y
http://www.ncbi.nlm.nih.gov/pubmed/19306033
http://dx.doi.org/10.1017/S0007114514002244
http://www.ncbi.nlm.nih.gov/pubmed/25267244
http://dx.doi.org/10.1016/j.lwt.2004.03.005
http://dx.doi.org/10.1155/2012/851362
http://www.ncbi.nlm.nih.gov/pubmed/22187640
http://dx.doi.org/10.1194/jlr.R036012
http://www.ncbi.nlm.nih.gov/pubmed/23821742
http://dx.doi.org/10.3945/jn.112.172197
http://www.ncbi.nlm.nih.gov/pubmed/23616503
http://dx.doi.org/10.1038/ismej.2012.104
http://www.ncbi.nlm.nih.gov/pubmed/23038174
http://dx.doi.org/10.1111/j.1753-4887.2012.00505.x
http://www.ncbi.nlm.nih.gov/pubmed/22861807
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants 
	Ethics 
	Study Design 
	Wholegrain Oats 
	Outcome Measurement 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 

