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and Mirela J Azevedo1

1Endocrine Division, Hospital de Clı́nicas de Porto Alegre, and 2Department of Nutrition, Faculdade de Medicina, Universidade Federal do Rio Grande do Sul,

Porto Alegre, Brazil

ABSTRACT
Background: The amount and quality of carbohydrates are important
determinants of plasma glucose after meals. Regarding fiber content, it
is unclear whether the intake of soluble fibers from foods or supple-
ments has an equally beneficial effect on lowering postprandial glucose.
Objective: The aim of our study was to compare the acute effect of
soluble fiber intake from foods or supplements after a common meal
on postprandial plasma glucose and plasma insulin in patients with
type 2 diabetes (T2D).
Design: A randomized crossover clinical trial was conducted in pa-
tients with T2D. Patients consumed isocaloric breakfasts (mean 6
SD: 369.86 9.4 kcal) with high amounts of fiber from diet food sources
(total fiber: 9.7 g; soluble fiber: 5.4 g), high amounts of soluble fiber from
guar gum supplement (total fiber: 9.1 g; soluble fiber: 5.4 g), and normal
amounts of fiber (total fiber: 2.4 g; soluble fiber: 0.8 g). Primary outcomes
were postprandial plasma glucose and insulin (0–180 min). Data were
analyzed by repeated measures ANOVA and post hoc Bonferroni test.
Results: A total of 19 patients [aged 65.8 6 7.3 y; median (IQR), 10
(5–9) y of T2D duration; glycated hemoglobin 7.0% 6 0.8%; body
mass index (in kg/m2) 28.2 6 2.9] completed 57 meal tests. After
breakfast, the incremental area under the curve (iAUC) for plasma
glucose [mg/dL $ min; mean (95% CI)] did not differ between high
fiber from diet (HFD) [7861 (6257, 9465)] and high fiber from sup-
plement (HFS) [7847 (5605, 10,090)] (P = 1.00) and both were lower
than usual fiber (UF) [9527 (7549, 11,504)] (P = 0.014 and P = 0.037,
respectively). iAUCs [mIU/mL $ min; mean (95% CI)] did not differ
(P = 0.877): HFD [3781 (2513, 5050)], HFS [4006 (2711, 5302), and
UF [4315 (3027, 5603)].
Conclusions: Higher fiber intake was associated with lower post-
prandial glucose at breakfast, and the intake of soluble fiber from
food and supplement had a similar effect in patients with T2D. This
trial was registered at clinicaltrials.gov as NCT02204384. Am J
Clin Nutr 2017;106:1238–45.
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INTRODUCTION

An estimated 415 million adults worldwide are living with
diabetes and it is expected that the population of patients with

type 2 diabetes (T2D) will continue to grow (1). Dietary in-
terventions are essential for blood glucose control and are
strongly related to glycated hemoglobin (HbA1c) values (2).
Postprandial glucose levels, depending on the degree of glycemic
control, can contribute #70% of HbA1c values in patients with
diabetes (3, 4). Postprandial hyperglycemia has been suggested
as a major risk factor for cardiovascular disease and mortality in
patients with T2D (5). Postprandial glycemic response is par-
ticularly influenced by dietary carbohydrates, given both the
amount and quality of carbohydrates consumed, and therefore,
the fiber content (6) and glycemic index (7) of foods are im-
portant determinants of postprandial glucose responses.

The protective role of diets rich in fiber for all-cause mortality
was demonstrated in patients with diabetes (8), and many studies
have demonstrated the benefit of dietary or supplemented fiber
consumption in glycemic control in patients with T2D (9–13).
In a cross-sectional study we showed that the intake of $5 g of
soluble fibers from food played a protective role against the
metabolic syndrome in patients with T2D (12). We also dem-
onstrated that adding a soluble fiber supplement (10 g/d) to the
normal diet for 6 wk resulted in a decrease in HbA1c in patients
with T2D (13). The beneficial acute effect of soluble fiber intake
(psyllium, b-glucan, and guar) on postprandial plasma glucose
response was observed in patients with diabetes (14–16) after
the consumption of a high-fiber meal (17) or single beverages
or foods (18, 19).

Although there is strong evidence regarding the benefits of
high soluble fiber consumption in glucose control in patients with
T2D, it is still unclear whether the effects of fiber intake from
dietary sources and supplements are the same. It is known that the
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fibers have different characteristics, and even among the different
types of soluble fiber sources from food it is possible to observe
different beneficial effects on health (20, 21). A better un-
derstanding of the acute effect of soluble fiber intake on glycemic
response may allow the adoption of more specific and practical
dietary alternatives for patients with T2D. Our hypothesis is that a
meal with a high content of soluble fiber from food determines
glycemic and insulinemic responses similar to a meal with a high
content of soluble fiber from supplement sources. As such, the
aim of this study was to compare the acute effect of soluble fiber
intake from foods or supplements after a common meal on
postprandial plasma glucose and plasma insulin in patients with
T2D.

METHODS

Study design

This was a randomized, open-label, crossover clinical trial.
Patients were randomly assigned to 3 different test meals by an
online computer-generated sequence (22). The outcomes of the
study were postprandial responses of plasma glucose and plasma
insulin.

The study was carried out between September 2014 and
December 2015 and was conducted in accordance with the
guidelines established in the 1975 Declaration of Helsinki (23).
The Hospital Ethics Committee of the Hospital de Clı́nicas de
Porto Alegre (Porto Alegre, Brazil) approved the protocol, and
all of the patients gave written informed consent. This clinical
trial was registered at clinicaltrials.gov as NCT02204384.

Study protocol

Selected patients were informed about the study, signed the
consent form, and were randomly assigned to a sequence of test
meals. Baseline laboratory, clinical, and nutrition evaluations
were performed. Patients received instructions for each morning
test meal: 12-h evening fasting, avoiding physical exercise on the
day before the experiments, abstaining from heavy meals and
alcoholic beverages the night before the test, and abstaining from
smoking. Patients also were instructed to maintain their usual
medications, diet, and daily physical activities before tests and
during washout periods.

Participants were assigned to each test meal in a random order
on 3 different occasions separated by a 1-wk washout period. At
the start of each test, 24-h recall from the previous day was
facilitated by the research dietitian. Capillary blood glucose tests
were performed with a glucometer before each breakfast test
(Accu-Chek Active; Roche Diagnostics) (24). The capillary
blood glucose was used only to rule out high glucose values at the
beginning of test meals, and values .180 mg/dL precluded the
initiation of the test on that day. Bioelectrical impedance anal-
ysis was performed and blood pressure was measured. Blood
samples were then drawn via an indwelling cannula to obtain
baseline measurements. After this, patients took their usual
medications with 150 mL plain water and received the designed
breakfast. They were instructed to consume the meal within
20 min and to remain seated during the test. Blood samples were
collected at 0, 30, 60, 120, and 180 min after the meal, and

plasma glucose and insulin were measured in all of the blood
samples.

Patients

Consecutive outpatients with T2D at the Hospital de Clı́nicas
de Porto Alegre Endocrine Division were selected based on
the following inclusion criteria: HbA1c ,9%, BMI (in kg/m2)
,35, and no current insulin use. The exclusion criteria were
the following: serum creatinine .2.0 mg/dL, digestive diseases
(e.g., malabsorption), severe autonomic neuropathy (presence of
symptomatic postural hypotension, gastroparesis, and diabetic
diarrhea), recent cardiovascular event, cachexia, psychiatric dis-
order with comprehension impairment, and participation in other
research protocols.

Clinical evaluation

T2D was defined as a diagnosis of diabetes after age 35 y
with no use of insulin during the first year after diagnosis (25).
The diagnosis of T2D was always confirmed by the attend-
ing physician. Hypertension was defined as blood pressure
.140/90 mm Hg measured on 2 occasions with a digital
sphygmomanometer (HEM-705 CP; Omron Health Care Inc.) or
the use of antihypertensive drugs (25). Urinary albumin excretion
(UAE) was classified as normal (,14 mg/L) or elevated
($14 mg/L) according to a random spot urine sample (26, 27).
The elevated UAE was confirmed $2 times (25, 28). Cardio-
vascular evaluation was performed by resting electrocardio-
gram, and when indicated, exercise electrocardiogram, stress
myocardial scintigraphy, or both were performed. The fol-
lowing cardiovascular events were considered: acute myocar-
dial infarction, stroke, myocardial revascularization, or coronary
angioplasty. Diabetic retinopathy was assessed by fundus ex-
amination by dilating the pupils. Peripheral neuropathy was
assessed by monofilament testing in both feet. Physical activity
was graded at 4 levels based on a standardized questionnaire
(29) that was adapted to local habits (30). A sedentary lifestyle
was considered if the patient’s answer was “I read, watch tele-
vision, and work in the household at tasks that don’t strain me
physically,” corresponding to the first level of physical activity.
Peripheral vascular disease was assessed by asking about the
presence of intermittent claudication by use of the Rose
Questionnaire (31) and palpation of peripheral pulses (poste-
rior tibial and dorsalis pedis). Patients were classified as current
smokers or nonsmokers.

Nutritional evaluation

Body weight (patient wearing lightweight clothing without
shoes) and height were measured so that the BMI could be
calculated. Waist circumference was measured midway between
the lowest rib margin and the iliac crest, with a nonstretch steel
measuring tape (Sanny TR4010; American Medical do Brasil)
(32). Body composition was assessed before each meal test in the
fasted state by bioelectrical impedance analysis (InBody230;
Biospace Co.).

The normal diet was evaluated by 24-h recall (USDA Auto-
mated Multiple-Pass Method) (33), and diet composition was
analyzed by use of Nutribase 11 Professional Edition software
version 11.22 (CyberSoft Inc.) based on the USDA National
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Nutrient Database for Standard Reference (34). Fiber content
from both the 24-h recall and the test meals was estimated by use
of the dietary fiber values for common foods table from the CRC
Handbook of Dietary Fiber in Human Nutrition (35). The gly-
cemic index was estimated as proposed by the FAO (36) by use
of the International Tables of Glycemic Index and Glycemic
Load Values, with glucose as the standard food (37).

Meal test composition

Table 1 shows the nutritional composition of meal tests. The
3 breakfasts were isocaloric and had a similar distribution of
carbohydrates, proteins, and lipids. Meal tests were defined as
follows: a high amount of soluble fiber from dietary food
sources [high fiber from diet (HFD)], a high amount of soluble
fiber from supplement [high fiber from supplement (HFS)],
and a meal with the usual amounts of fiber. HFD and HFS meals
had similar amounts of total and soluble fibers and usual fiber
(UF) had a lower amount of fiber than HFD and HFS. The
supplement (sachet 5 g Fiber Mais; Nestlé Brasil) was added
through use of the calculated amount in 150 mL water. It
comprised 60% partially hydrolyzed guar gum and 40% inulin
powder; was white in color, tasteless, and odorless; and it did not
modify the appearance and texture of foods.

Breakfasts were prepared by the research dietitian (CMdC) in
the kitchen of the hospital clinical research center on the day of
each test meal. Frequently consumed foods were used to prepare
the meals. The composition of meals was determined based on

data regarding the nutritional composition of breakfast eaten
commonly by 175 patients with T2D who attended the outpatient
clinic of the Endocrine Division in the Hospital de Clı́nicas de
Porto Alegre. The total fiber content of the usual breakfast of
these patients ranged from 1.9 to 3.1 g (38). The same com-
mercially available food brands were used for all of the meal
tests.

Laboratory measurements

Measurements were taken at the clinical pathology labora-
tory of the Hospital de Clı́nicas de Porto Alegre. Plasma glucose
was collected in tubes containing sodium fluoride and EDTA,
with a total volume of 4 mL, and was measured by the enzy-
matic hexokinase method (Cobas 8000; Roche Diagnostics).
Plasma insulin was collected in tubes with silica particles,
which activate blood clotting, and separator gel, with a total
volume of 5 mL. Plasma insulin was measured with the chem-
iluminescence method (Architect Plus ci4100; Abbott). Blood
samples were allowed to clot at room temperature for 30 min
and were then centrifuged (3100 3 g for 10 min). After iso-
lation, the samples were brought to the laboratory. At the be-
ginning of the study, basal biochemical measurements were
performed: HbA1c was measured by an automated precision
chromatography technique (Variant II Hemoglobin Testing
System, Bio-Rad Laboratories), UAE by immunoturbidimetry,
serum creatinine by Jaffé’s reaction, glutamic oxaloacetic trans-
aminase and glutamic pyruvic transaminase by the ultraviolet

TABLE 1

Dietary characteristics of breakfast tests: composition and individual foods1

Meals

HFD HFS UF

Macronutrients and fiber

Total energy, kcal 379.9 361.3 368.3

Protein, g 15.4 15.6 15.8

en% 15.4 16.6 16.8

Fat, g 12.4 12.8 12.9

en% 27.9 30.7 30.8

Carbohydrate, g 56.7 50.0 49.6

en% 56.7 52.7 52.4

Fiber, g

Total 9.7 9.1 2.4

Soluble 5.4 5.42 0.8

Insoluble 4.3 3.7 1.6

Glycemic index 44.2 44.9 59.5

Glycemic load 20.0 18.7 25.8

Foods consumed

Papaya, 180 g Pear, 50 g Pear, 50 g

Orange, 150 g Cream cracker, 5 g Cream cracker, 5 g

Semi-skim milk, 150 mL Semi-skim milk, 200 mL Semi-skim milk, 200 mL

Rye bread, 25 g Rye bread, 50 g White bread, 50 g

Margarine, 10 g Margarine, 5 g Margarine, 5 g

Lean ham, 15 g — —

Mozzarella cheese, 15 g Mozzarella cheese, 15 g Mozzarella cheese, 15 g

Instant coffee, 5 g Instant coffee, 5 g Instant coffee, 5 g

Plain water, 150 mL Plain water, 150 mL Plain water, 150 mL

— Fiber supplement, 5 g —

1 en%, percentage from energy; HFD, high fiber from diet; HFS, high fiber from supplement; UF, usual fiber.
2 Including 4.3 g soluble fiber from each sachet (5 g).
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kinetic method, and thyrotropin by electrochemiluminescence
(Cobas 8000). Total HDL cholesterol and triglycerides were
measured by the enzymatic colorimetric method (Cobas 8000),
and LDL cholesterol was estimated by use of Friedewald’s for-
mula (39). The Chronic Kidney Disease Epidemiology Collab-
oration equation was used to estimate the glomerular filtration
rate (40).

Statistical analyses

Sample size

A sample size of 19 patients (90% power, a: 0.025, consid-
ering 10% losses) was estimated based on a noninferiority hy-
pothesis of glycemic response of HFD and HFS meal tests. This
estimate was based on a glucose difference of 5 mmol/L $ min
(or 90 mg/dL $ min) (41). In addition, a sample size of 14 pa-
tients (90% power, a: 0.05, considering 10% losses) was esti-
mated based on the assumption that both HFD and HFS meals
have a lower postprandial glycemic response (41 mmol/L $ min
or 738 mg/dL $ min) than the UF meal (42). The sample size
with the greater number of participants was used and was

calculated with the use of WINPEPI (PEPI-for-Windows) ver-
sion 11.61 software.

Data analysis

Incremental AUCs (iAUCs) for plasma glucose and plasma
insulin were calculated with the trapezoid rule, ignoring the area
beneath the plasma fasting concentration (43). iAUCs and the
absolute insulin and glucose values at each point (the effect of
time and each different meal analyzed separately) were compared
by repeated-measures ANOVA via a general linear model, and a
categorical variable called “type of meal sequence” was included
as a factor in all of the analyses. A post hoc Bonferroni test was
used to identify the differences that were detected by ANOVA.

A per-protocol analysis was performed. Variables with non-
normal distribution (Shapiro-Wilk test) were log transformed
before analysis (insulin data) and the corresponding results were
described as absolute values. Data are presented as means6 SDs,
means 6 SEs (for figures), means (95% CIs), and median and
IQR (25th–75th percentiles). Significance was defined as P# 0.05.
SPSS Statistics software version 21.0 (IBM Corporation) was used
for the statistical analyses.

FIGURE 1 Flowchart of the study of 19 patients with type 2 diabetes. HFD, high fiber from diet; HFS, high fiber from supplement; UF, usual fiber.
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RESULTS

A total of 19 patients with T2D completed the experimental
protocol. Figure 1 is a flowchart of patient inclusion. The
baseline clinical, laboratory, and anthropometric characteristics
of 19 participants are shown in Table 2. Regarding anti-
hyperglycemic oral agents, 8 patients (42.1%) used metformin
only, 7 patients (36.8%) used metformin plus glibenclamide, and
3 patients (15.8%) used metformin and glibenclamide plus 3
other antihyperglycemic oral agents: linagliptin (n = 1), dapa-
gliflozin (n = 1), or empagliflozin (n = 1). Diet was the only
diabetes treatment in 1 patient. Most patients received antihy-
pertensive (n = 16; 84.2%) and lipid-lowering drugs (n = 16;
84.2%).

All of the test meals were consumed fully within 11.9 6
3.1 min. Two patients (10.5%) reported changes in their usual
bowel function (i.e., need to evacuate) after the consumption of
an HFD meal. The participants’ pretest fasting plasma glucose
and plasma insulin, BMI, weight, and the previous day’s dietary
intake were not different between meal tests (Table 3).

One meal test was repeated in 3 patients because the blood
sample hemolysis precluded insulin measurements and the
original test meal randomization was not maintained. There was
no interaction between the “type of meal sequence” and iAUCs.

iAUCs for plasma glucose (mg/dL $ min) of 3 consumed test
meals were compared (ANOVA; P = 0.023): iAUCs of HFD
(mean: 7861, 95% CI: 6257, 9465) and HFS (mean: 7847, 95%
CI: 5605, 10,090) were lower than the iAUCs of UF meals
(mean: 9527, 95% CI: 7549, 11,504) (P = 0.014 and P = 0.037,
respectively); the iAUCs of HFD and HFS meals did not differ
(P = 1.00) (Figure 2A). No substantial group 3 time interaction
was observed (Figure 2A).

No differences were demonstrated between insulin iAUCs
(mIU/mL $ min) of tested breakfasts (ANOVA; P = 0.877): HFD
(mean: 3781, 95% CI: 2513, 5050), HFS (mean: 4006, 95% CI:
2711, 5302), and UF (mean: 4315, 95% CI: 3027, 5603) (Figure
2B). No substantial group 3 time interaction was observed
(Figure 2B).

We performed the same postprandial comparisons for glucose
and insulin iAUCs, including an antihyperglycemic agent, iso-
lated or combined, as a categorical variable. There was no in-
teraction between the type of antihyperglycemic medication and
iAUCs for each evaluated test meal, and the results did not change
for both glucose and insulin responses (data not shown).

DISCUSSION

The present study demonstrated that in patients with T2D, the
consumption of breakfast with a high amount of soluble fiber
from foods or supplements had the same effect on postprandial
glycemic response. Furthermore, the postprandial plasma glucose
response was smaller with HFDs than with the breakfast con-
taining UF. We observed an 18% difference in plasma glucose
iAUCs between the breakfasts that were rich in fiber, irrespective
of the source, compared to the one with UF. In fact, a difference
.16% between postprandial glucose iAUCs was considered
clinically relevant (43). Postprandial insulin increased after all
of the meal tests, but there was no difference between their
iAUCs.

To the best of our knowledge, no previous study in patients
with T2D has been designed to compare the acute glycemic and

TABLE 2

Baseline characteristics of 19 patients with T2D1

Characteristics Value

Sociodemographic

Women, n (%) 10 (52.6)

White, self-reported ethnicity, n (%) 15 (78.9)

Age, y 65.8 6 7.3

Years of study 9.7 6 4.7

Current smoking, n (%) 4 (21.0)

Current alcohol beverage intake, n (%) 9 (47.4)

Clinical

Diabetes duration, y 10 (5–9)

Sedentary lifestyle, n (%) 10 (52.6)

Hypertension, n (%) 16 (84.2)

Systolic blood pressure, mm Hg 131 6 8

Diastolic blood pressure, mm Hg 73 6 7

Diabetic retinopathy, n (%) 7 (36.8)

Peripheral vasculopathy, n (%) 2 (10.5)

Elevated urinary albumin excretion, n (%) 5 (26.3)

Cardiovascular events, n (%) 3 (15.8)

Angioplasty, n (%) 1 (5.3)

Stroke, n (%) 2 (10.5)

Laboratory

Fasting plasma glucose, mg/dL 135.8 6 20.7

Glycated hemoglobin, % 7.0 6 0.8

Total cholesterol, mg/dL 167.2 6 43.0

HDL cholesterol

Men, mg/dL 41.0 6 10.7

Women, mg/dL 50.3 6 12.3

LDL cholesterol 92.3 6 33.2

Triglycerides, mg/dL 130.0 (96.0–130.0)

Urinary albumin excretion, mg/L 5.0 (3.0–25.8)

Creatinine, mg/dL 0.8 6 0.2

GFR, mL $ min21 $ 1.73 m22 78.8 6 15.3

Glutamic oxaloacetic transaminase, U/L 20.3 6 7.2

Glutamic pyruvic transaminase, U/L 22.4 6 13.0

Thyrotropin, mIU/mL 2.2 6 1.0

Anthropometric

BMI, kg/m2 28.2 6 2.9

Skeletal muscle mass, kg 25.6 6 4.9

Body fat mass, kg 26.1 6 6.5

Body fat, % 35.7 6 6.5

Waist circumference

Men, cm 102.7 6 9.9

Women, cm 94.9 6 8.6

Dietary intake

Total energy, kcal 1702 6 168

Protein, g 61 (47–92)

en% 18.8 6 1.5

Fat, g 67 (43–77)

en% 36.9 6 2.0

Carbohydrate, g 192 (143–211)

en% 44.2 6 2.2

Fiber, g

Total 16.9 6 2.4

Soluble 5.3 6 0.8

Insoluble 11.5 6 1.7

Glycemic index 54.2 6 1.4

Glycemic load 76.6 6 7.3

1Values are means 6 SDs, medians (25th–75th percentiles), or

number of patients with analyzed characteristic (%). en%, percentage

of energy; GFR, glomerular filtration rate; T2D, type 2 diabetes.
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insulin responses after the intake of soluble fiber from foods or
supplements in a common meal. A low postprandial response of
plasma glucose after the consumption of soluble fiber was
demonstrated in patients with diabetes (14–18). Most of these
studies evaluated the response of insulin and glucose after the

consumption of single foods: beverages (14, 18), single cereal
bars (16), or single breads (19). Evaluation of the plasma glu-
cose response in a real-life context confers additional clinical
applicability to our results. The postprandial responses to meals
in the present study were evaluated in a mixed meal instead of a

TABLE 3

Plasma glucose, plasma insulin, and other analyzed variables in each tested breakfast meal in 19 patients with T2D1

Meals

P2HFD HFS UF

Fasting plasma glucose, mg/dL 131.7 6 21.8 131.3 6 20.8 128.1 6 23.5 0.741

Fasting plasma insulin, mIU/mL 10.5 6 6.1 10.2 6 6.2 9.4 6 4.8 0.356

BMI, kg/m2 28.1 6 3.1 28.2 6 3.1 28.3 6 3.0 0.815

Body weight, kg 72.3 6 10.9 72.3 6 10.5 72.4 6 10.6 0.638

24-h recall, kcal 1872.6 6 838.9 1825.2 6 763.7 1739.5 6 776.0 0.607

Protein, g 85 (53–95) 69 (57–92) 78 (47–112) 0.941

Fat, g 53 (39–75) 54 (40–86) 51 (40–79) 0.738

Carbohydrate, g 202 (153–298) 206 (153–249) 211 (158–225) 0.728

Fiber, g

Total 20.1 6 2.0 20.8 6 2.3 18.8 6 1.8 0.768

Soluble 6.8 6 3.4 6.4 6 3.3 6.0 6 2.8 0.690

Insoluble 13.3 6 6.2 14.4 6 7.6 12.8 6 5.5 0.693

Glycemic index 55.8 6 7.0 54.6 6 5.2 53.4 6 4.9 0.309

Glycemic load 78.8 (60.5–116.6) 83.5 (71.8–103.9) 76.4 (72.9–101.5) 0.588

1Values are means 6 SDs and medians (25th–75th percentiles). HFD, high fiber from diet; HFS, high fiber from

supplement; T2D, type 2 diabetes; UF, usual fiber.
2P value for ANOVA for repeated measures.

FIGURE 2 Glucose (A) and insulin (B) responses after tested breakfasts: HFD, HFS, and UF in 19 patients with type 2 diabetes. Values are means 6
SEMs, adjusted for the categorical variable “type of meal sequence.” No substantial group 3 time interaction was observed in either (A) or (B). Different
letters in bars indicate significant statistical difference (P , 0.05) between incremental AUC test meals. ANOVA for repeated measures and post hoc
Bonferroni test. HFD, high fiber from diet; HFS, high fiber from supplement; UF, usual fiber.
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single food or beverage. The composition of the breakfast was
based on the contents of the usual morning meals consumed by
our outpatients with T2D (38). Meal tests were conducted under
well-standardized conditions: patients had good chronic glucose
control, similar baseline plasma glucose levels, and spent the
same amount of time eating the breakfasts. The macronutrient
composition of the 3 breakfasts was similar, except for the type
and amount of fiber, as expected. Finally, the total dietary intake
in the previous day in each tested breakfast did not differ.

Different mechanisms have been related to the beneficial
effect of soluble fiber on postprandial glucose responses. The
effects of soluble fiber on the stomach and small intestine—
increase in the viscosity and gel forming of gut contents, re-
duction in glucose diffusion through the unstirred water layer,
delay in small bowel transit, reduction in the accessibility of
a-amylase by its substrates, and prolonged absorption of car-
bohydrates in part by increasing incretin levels—seem to be
involved. In addition, soluble fiber intake has been associated
with increased insulin sensitivity (21).

Other studies conducted in patients with T2D have evaluated
the acute insulin response after consuming foods containing fiber
but without testing different sources of fibers as we did (15–19).
Only one study (17), conducted in a small sample of 8 patients
with T2D, evaluated glucose and insulin responses after
consuming a common meal. Cereal meals with 3 different
amounts of b-glucan (4.0, 6.0, and 8.4 g) were compared with a
standard continental breakfast. Similar to our study, there was a
smaller increment in the glucose AUCs of breakfasts with sol-
uble fiber, but the insulin AUC was not described. In our study
we observed an increase in insulin after all meal tests but
without differences between them. Long-term fiber consumption
has been associated with decreased levels of fasting insulin (44),
but our study was designed to evaluate the acute postprandial
insulin response. Our insulin data were in accordance with a
recent meta-analysis on the effects of soluble fiber (psyllium) in
postprandial insulin levels in patients with T2D (14) that showed
no substantial differences in postprandial insulin.

A potential limitation of the present study includes reliance on
the manufacturers’ labeled food composition information in-
stead of on laboratory analyses of food nutrients. Moreover, an
issue that did not permit generalization of our data could be the
good glycemic, lipid, and blood pressure control practiced by
our patients, which was present at baseline. In patients with
worse metabolic control, the effect of soluble fiber may be more
important if we postulate that #70% of HbA1c depends on
postprandial glucose (3, 4). Finally, our studied sample size was
calculated based on the postprandial response of glucose, not
taking the insulin response into account. We could not discount
the absence of differences in insulin responses after breakfasts
being related to the sample size calculation.

The present study adds to our understanding of the effect of
different sources of soluble fiber on glucose responses after a
common meal and provides support for encouraging people with
T2D to increase their soluble fiber intake, regardless of the source.
The absolute difference (4.6 g) of soluble fiber between both meal
tests rich in fiber and the UF meal test is proved to lower on the
postprandial glucose of these patients. Higher fiber intake from
dietary foods represents a low-cost option besides providing im-
portant nutrients, such as vitamins and minerals, for improved
health.

In conclusion, higher fiber intake was associated with lower
postprandial glucose at breakfast, and the intake of soluble fiber
from food and supplements had a similar effect in patients with
T2D. This may be a useful and practical strategy for improving
the postprandial metabolic profile in these patients. Our results
must be confirmed in long-term clinical trials, taking into account
total daily intake.

This manuscript is dedicated to the memory of our dear friend, colleague, men-

tor, and coauthor MJA, who died in May 2017. The authors’ responsibilities were

as follows—CMdC, TPdP, JCdA, LVV, and MJA: designed the research; CMdC,

TPdP, VMTM, and LVV: conducted the research; CMdC: analyzed the data;

CMdC and MJA: wrote the article; LVV: had primary responsibility for the final

content; and all authors: read and approved the final manuscript. CMdC

received a scholarship from CAPES, and TPdP received grants from Projeto

Nacional de Pós-Doutorado (PNPD/CAPES). The remaining authors reported

no conflicts of interest related to the study.

REFERENCES
1. International Diabetes Federation. IDF diabetes atlas–7th edition [In-

ternet]. Brussels (Belgium): International Diabetes Federation. c2015
[cited 2017 Aug 8]. Available from: http://www.diabetesatlas.org/
resources/2015-atlas.html.

2. Ajala O, English P, Pinkney J. Systematic review and meta-analysis of
different dietary approaches to the management of type 2 diabetes. Am
J Clin Nutr 2013;97:505–16.

3. Woerle HJ, Neumann C, Zschau S, Tenner S, Irsigler A, Schirra J,
Gerich JE, Goke B. Impact of fasting and postprandial glycemia on
overall glycemic control in type 2 diabetes. Importance of postprandial
glycemia to achieve target HbA1c levels. Diabetes Res Clin Pract
2007;77:280–5.

4. Riddle M, Umpierrez G, DiGenio A, Zhou R, Rosenstock J. Contri-
butions of basal and postprandial hyperglycemia over a wide range of
A1C levels before and after treatment intensification in type 2 diabetes.
Diabetes Care 2011;34:2508–14.

5. Cavalot F, Pagliarino A, Valle M, Di Martino L, Bonomo K,
Massucco P, Anfossi G, Trovati M. Postprandial blood glucose predicts
cardiovascular events and all-cause mortality in type 2 diabetes in a 14-
year follow-up: lessons from the San Luigi Gonzaga Diabetes Study.
Diabetes Care 2011;34:2237–43.

6. Mann J, Cummings JH, Englyst HN, Key T, Liu S, Riccardi G,
Summerbell C, Uauy R, van Dam RM, Venn B, et al. FAO/WHO
scientific update on carbohydrates in human nutrition: conclusions. Eur
J Clin Nutr 2007;61:S132–7.

7. Riccardi G, Rivellese AA, Giacco R. Role of glycemic index and
glycemic load in the healthy state, in prediabetes, and in diabetes. Am J
Clin Nutr 2008;87:269S–74S.

8. Burger KN, Beulens JW, van der Schouw YT, Sluijs I, Spijkerman AM,
Sluik D, Boeing H, Kaaks R, Teucher B, Dethlefsen C, et al. Dietary
fiber, carbohydrate quality and quantity, and mortality risk of in-
dividuals with diabetes mellitus. PLoS One 2012;7:e43127.

9. Fujii H, Iwase M, Ohkuma T, Ogata-Kaizu S, Ide H, Kikuchi Y,
Idewaki Y, Joudai T, Hirakawa Y, Uchida K, et al. Impact of dietary
fiber intake on glycemic control, cardiovascular risk factors and
chronic kidney disease in Japanese patients with type 2 diabetes mel-
litus: the Fukuoka Diabetes Registry. Nutr J 2013;12:159.

10. Silva FM, Kramer CK, de Almeida JC, Steemburgo T, Gross JL,
Azevedo MJ. Fiber intake and glycemic control in patients with type 2
diabetes mellitus: a systematic review with meta-analysis of random-
ized controlled trials. Nutr Rev 2013;71:790–801.

11. Post RE, Mainous AG III, King DE, Simpson KN. Dietary fiber for the
treatment of type 2 diabetes mellitus: a meta-analysis. J Am Board Fam
Med 2012;25:16–23.

12. Steemburgo T, Dall’Alba V, Almeida JC, Zelmanovitz T, Gross JL, de
Azevedo MJ. Intake of soluble fibers has a protective role for the
presence of metabolic syndrome in patients with type 2 diabetes. Eur J
Clin Nutr 2009;63:127–33.

13. Dall’Alba V, Silva FM, Antonio JP, Steemburgo T, Royer CP,
Almeida JC, Gross JL, Azevedo MJ. Improvement of the metabolic
syndrome profile by soluble fibre - guar gum - in patients with type 2
diabetes: a randomised clinical trial. Br J Nutr 2013;110:1601–10.

1244 DE CARVALHO ET AL.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/106/5/1238/4822326 by guest on 20 N

ovem
ber 2018

http://www.diabetesatlas.org/resources/2015-atlas.html
http://www.diabetesatlas.org/resources/2015-atlas.html


14. Gibb RD, McRorie JW, Russell DA, Hasselblad V, D’Alessio DA.
Psyllium fiber improves glycemic control proportional to loss of gly-
cemic control: a meta-analysis of data in euglycemic subjects, patients
at risk of type 2 diabetes mellitus, and patients being treated for type 2
diabetes mellitus. Am J Clin Nutr 2015;102:1604–14.

15. Yu K, Ke MY, Li WH, Zhang SQ, Fang XC. The impact of soluble
dietary fiber on gastric emptying, postprandial blood glucose and insulin
in patients with type 2 diabetes. Asia Pac J Clin Nutr 2014;23:210–8.

16. Flammang AM, Kendall DM, Baumgartner CJ, Slagle TD, Choe YS.
Effect of a viscous fiber bar on postprandial glycemia in subjects with
type 2 diabetes. J Am Coll Nutr 2006;25:409–14.

17. Tappy L, Gugolz E, Wursch P. Effects of breakfast cereals containing
various amounts of beta-glucan fibers on plasma glucose and insulin
responses in NIDDM subjects. Diabetes Care 1996;19:831–4.

18. Dove ER, Mori TA, Chew GT, Barden AE, Woodman RJ, Puddey IB,
Sipsas S, Hodgson JM. Lupin and soya reduce glycaemia acutely in
type 2 diabetes. Br J Nutr 2011;106:1045–51.

19. Breen C, Ryan M, Gibney MJ, Corrigan M, O’Shea D. Glycemic,
insulinemic, and appetite responses of patients with type 2 diabetes to
commonly consumed breads. Diabetes Educ 2013;39:376–86.

20. He M, van Dam RM, Rimm E, Hu FB, Qi L. Whole-grain, cereal fiber,
bran, and germ intake and the risks of all-cause and cardiovascular
disease-specific mortality among women with type 2 diabetes mellitus.
Circulation 2010;121:2162–8.

21. Papathanasopoulos A, Camilleri M. Dietary fiber supplements: effects
in obesity and metabolic syndrome and relationship to gastrointestinal
functions. Gastroenterology 2010;138:65–72.e1-2.

22. Dallal GE. Randomization plan generators [Internet]. [updated 2013
Aug 29; cited 2017 Feb 8]. Available from: www.randomization.com.

23. World Medical Association. Ethical principles for medical research
involving human subjects, 64th WMA General Assembly, Fortaleza,
Brazil [Internet]. 2013 [cited 2017 Feb 8]. Available from: http://www.
wma.net/en/30publications/10policies/b3/index.html.

24. Freckmann G, Baumstark A, Jendrike N, Rittmeyer D, Pleus S,
Haug C. Accuracy evaluation of four blood glucose monitoring systems
in the hands of intended users and trained personnel based on ISO
15197 requirements. Diabetes Technol Ther 2017;19:246–54.

25. American Diabetes Association. Standards of medical care in diabetes–
2017: summary of revisions. Diabetes Care 2017;40:S4–S5

26. Incerti J, Zelmanovitz T, Camargo JL, Gross JL, de Azevedo MJ.
Evaluation of tests for microalbuminuria screening in patients with
diabetes. Nephrol Dial Transplant 2005;20:2402–7.

27. Viana LV, Gross JL, Camargo JL, Zelmanovitz T, da Costa Rocha EP,
Azevedo MJ. Prediction of cardiovascular events, diabetic nephropathy,
and mortality by albumin concentration in a spot urine sample in patients
with type 2 diabetes. J Diabetes Complications 2012;26:407–12.

28. Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML,
Zelmanovitz T. Diabetic nephropathy: diagnosis, prevention, and
treatment. Diabetes Care 2005;28:164–76.

29. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H,
Ilanne-Parikka P, Keinanen-Kiukaanniemi S, Laakso M, Louheranta A,
Rastas M, et al. Prevention of type 2 diabetes mellitus by changes in
lifestyle among subjects with impaired glucose tolerance. N Engl J
Med 2001;344:1343–50.

30. Silva FM, Kramer CK, Crispim D, Azevedo MJ. A high-glycemic
index, low-fiber breakfast affects the postprandial plasma glucose, in-
sulin, and ghrelin responses of patients with type 2 diabetes in a ran-
domized clinical trial. J Nutr 2015;145:736–41.

31. Rose GA, Blackburn H, Gillum RF, Prineas RJ. Cardiovascular survey
methods, 2nd edition. WHO Technical Report Series No. 56. Geneva
(Switzerland): WHO; 1982. p. 123–65.

32. WHO. Waist circumference and waist-hip ratio: report of a WHO
expert consultation, Geneva, 8-11 December 2008. Geneva (Switzer-
land): WHO; 2011.

33. Blanton CA, Moshfegh AJ, Baer DJ, Kretsch MJ. The USDA Auto-
mated Multiple-Pass Method accurately estimates group total energy
and nutrient intake. J Nutr 2006;136:2594–9.

34. USDA National Nutrient Database for Standard Reference, Release 25
[Internet]. Washington (DC): USDA. c2012 [cited 2017 Aug 8].
Available from: https://www.ars.usda.gov/northeast-area/beltsville-md/
beltsville-human-nutrition-research-center/nutrient-data-laboratory/docs/
sr25-home-page/.

35. Himes JH, Schakel SF, Pettit J. Dietary fiber values for common foods.
In: Spiller GA, editor. CRC handbook of dietary fiber in human nu-
trition. 3rd ed. Boca Raton (FL): CRC Press; 2001. p. 615–48.

36. FAO of the UN, WHO. Carbohydrates in human nutrition. Report of
a joint FAO/WHO expert consultation. FAO Food Nutr Pap 1998;66:
1–140.

37. Atkinson FS, Foster-Powell K, Brand-Miller JC. International tables of
glycemic index and glycemic load values: 2008. Diabetes Care 2008;
31:2281–3.

38. Silva FM, Steemburgo T, de Mello VD, Tonding SF, Gross JL,
Azevedo MJ. High dietary glycemic index and low fiber content are
associated with metabolic syndrome in patients with type 2 diabetes.
J Am Coll Nutr 2011;30:141–8.

39. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem 1972;18:499–502.

40. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med 2009;
150:604–12.

41. Keogh J, Atkinson F, Eisenhauer B, Inamdar A, Brand-Miller J.
Food intake, postprandial glucose, insulin and subjective satiety
responses to three different bread-based test meals. Appetite 2011;
57:707–10.

42. Brouns F, Bjorck I, Frayn KN, Gibbs AL, Lang V, Slama G,
Wolever TM. Glycaemic index methodology. Nutr Res Rev 2005;18:
145–71.

43. Tosh SM. Review of human studies investigating the post-prandial
blood-glucose lowering ability of oat and barley food products. Eur J
Clin Nutr 2013;67:310–7.

44. Liese AD, Schulz M, Fang F, Wolever TM, D’Agostino RB Jr.,
Sparks KC, Mayer-Davis EJ. Dietary glycemic index and glycemic
load, carbohydrate and fiber intake, and measures of insulin sensitivity,
secretion, and adiposity in the Insulin Resistance Atherosclerosis
Study. Diabetes Care 2005;28:2832–8.

PLASMA GLUCOSE RESPONSE AFTER SOLUBLE FIBER INTAKE 1245

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/106/5/1238/4822326 by guest on 20 N

ovem
ber 2018

www.randomization.com
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html

