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Dietary Fiber for the Treatment of Type 2 Diabetes
Mellitus: A Meta-Analysis
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Background: The evidence of the relationship between fiber intake and control of diabetes is mixed.
The purpose of this study was to determine if an increase in dietary fiber affects glycosylated hemoglo-
bin (HbAlc) and fasting blood glucose in patients with type 2 diabetes mellitus.

Methods: Randomized studies published from January 1, 1980, to December 31, 2010, that involved
an increase in dietary fiber intake as an intervention, evaluated HbA1c and/or fasting blood glucose as
an outcome, and used human participants with known type 2 diabetes mellitus were selected for review.

Results: Fifteen studies met inclusion and exclusion criteria. The overall mean difference of fiber
versus placebo was a reduction of fasting blood glucose of 0.85 mmol/L (95% CI, 0.46—1.25). Dietary
fiber as an intervention also had an effect on HbAlc over placebo, with an overall mean difference of a
decrease in HbA1c of 0.26% (95% CI, 0.02—0.51).

Conclusion: Overall, an intervention involving fiber supplementation for type 2 diabetes mellitus can
reduce fasting blood glucose and HbAlc. This suggests that increasing dietary fiber in the diet of pa-
tients with type 2 diabetes is beneficial and should be encouraged as a disease management strategy.

(J Am Board Fam Med 2012;25:16-23.)
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Diabetes mellitus is an ever increasing problem in
the United States. As of 2010, the Centers for
Disease Control and Prevention estimates that
there are 18.8 million people affected with this
disease in the United States with another 7 million
people with undiagnosed diabetes.! Furthermore,
almost 2 million people older than the age of 20
were newly diagnosed with diabetes in 2010." Di-
abetes was estimated to cost more than $174 billion
in 2007 in the United States when taking into
account medical costs and loss of productivity.”
Diabetes increases mortality by almost 2-fold and

increases mortality by cardiovascular disease by 2-
to 3-fold.’
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Lifestyle modification is an important part of the
management of diabetes. One of the main strate-
gies for this is known as “medical nutrition ther-
apy.” The goals of medical nutrition therapy in-
clude improving control of blood glucose levels,
lipid profiles, and blood pressure to reduce the risk
of cardiovascular disease in patients with type 2
diabetes mellitus.* Medical nutrition therapy has
been shown to reduce glycosylated hemoglobin
(HbAlc) by 1% to 2% in patients with type 2
diabetes mellitus.’ It also has been shown to cause
improvements in low-density lipoprotein choles-
terol, an important marker in controlling the risk of
cardiovascular disease.® The American Diabetes
Association recommends a specific diet as part of
medical nutrition therapy for secondary and ter-
tiary prevention in patients with type 2 diabetes
mellitus. This diet includes the consumption of
fiber-rich foods.*

Fiber has been studied in the treatment of dia-
betes for many years because increased fiber con-
tent decreases the glycemic index of foods.”” The
theory, then, is that the decreased glycemic index
would lead to smaller increases in blood glucose,
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and thus reduced blood glucose and HbAlc levels.
Although high fiber intake has been linked to a
decreased risk of diabetes,'%!! the evidence on fiber
intake and control of diabetes is mixed. Specifically,
many of the studies focused on fiber intake and
glycemic control are small and have conflicting
results; some studies show an improvement in dia-
betes control and others show no improve-
ment.'?"'7 Therefore, the purpose of this study was
to perform a meta-analysis of these studies to de-
termine to what extent an increase in dietary fiber
affects HbAlc and fasting blood glucose in patients
with type 2 diabetes mellitus.

Methods

Data Sources and Searches

A search of PubMed materials dated January 1,
1980, to December 31, 2010, was performed on
February 9, 2011, using the keywords “dietary fi-
ber” and “diabetes mellitus.” A search of OVID,
the Cochrane Clinical Register of Controlled Tri-
als, and Cumulative Index to Nursing and Allied
Health Literature also was performed using the
same keywords. The references within studies that
met inclusion criteria were searched for any possi-
ble relevant articles that may have been missed by
these queries.

Study Selection

Inclusion criteria for this meta-analysis included
randomized trials that involved an increase in di-
etary fiber intake as an intervention, evaluated
HbA1c and/or fasting blood glucose as an outcome,
used human participants with known type 2 diabe-
tes mellitus, and was written in English. Exclusion
criteria included are detailed in Figure 1.

If a study included multiple arms, where one arm
included diet and a medication versus another arm
of just dietary intervention, then only the dietary
intervention arm was included in the analysis. Pa-
tients in crossover trials, in which patients are their
own controls, were treated as separate control and
intervention arms for analysis.

Data Extraction

Data were extracted from each study and entered
into an Excel spreadsheet (Microsoft, Corp., Red-
mond, WA). Demographic factors included sample
population, mean age, mean body mass index, and
sex distribution of the control and treatment

Figure 1. Flow diagram for selection of studies for
meta-analysis.

1623 results from search of
PubMed, OVID, CINAHL,
and Cochrane Clinical
Register of Controlled Trials

28 studies met inclusion
criteria

13 studies excluded:
6 — Diets not similar other than a
change in fiber
3 — Lack of specific outcome data
N 3 — Patients other than those with
type 2 diabetes included
1 — Comparison of two types of
fiber (no true placebo group)

15 studies included in
final analysis

groups. Outcome measures included final means
for HbAlc and fasting blood glucose of the control
and intervention groups. For studies that reported
standard deviation of the mean, those data were
used. For studies that reported standard error of
the mean, standard error was multiplied by the
square root of the sample population to obtain the
appropriate standard deviations. If studies reported
fasting blood glucose in units of mg/dL, this was
converted to the standardized international unit of
mmol/L. by multiplying the fasting blood glucose
value in mg/dL by 0.0555.

Study quality was assessed using the GRADE
assessment as detailed in the Cochrane Handbook.'®
"This assessment takes into account the bias of stud-
ies as well as their methodology (eg, randomized vs
observational) and their limitations to determine a
quality grade of high, moderate, low, or very low.

Data Synthesis and Analysis

Meta-analysis for the mean differences was per-
formed with Review Manager (version 5.0.23, The
Nordic Cochrane Center, Copenhagen, Denmark).
Separate analyses were performed for fasting blood
glucose and HbAlc. Because measures of fasting
blood glucose are on the same scale (mmol/L), and
measures of HbAlc are on the same scale (percent
of glycohemoglobin), a standardized mean differ-
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ence was not necessary. The final means in the
control and intervention groups were compared by
computing a mean difference using the inverse
variance method, where studies with less variance
in their effect estimate are given more weight. Both
fixed- and random-effects models were used for
analysis. Comparison of final means is considered
an appropriate analysis method in randomized tri-
als because, in theory, the baseline data of the
control and intervention groups in a randomized
trial are not statistically different, and therefore
final values for each trial arm would be represen-
tative of a change from a common baseline.'® A test
of heterogeneity was performed to determine if
results from a fixed-effect model could be consid-
ered valid. If the test of heterogeneity exhibited
P < .05, then only the results of a random effect
model would be considered valid. Forest plots each
for fasting blood glucose and HbAlc were created.
Funnel plots for each analysis to assess publication
bias visually were created as well.

Results

Studies

The search initially yielded 1623 studies. Of these,
28 met inclusion criteria. Of these 28 studies, 13
were excluded for meeting one of the exclusion
criteria, resulting in a total of 15 studies (Figure 1).
Of the 15 included studies, 5 were randomized
controlled trials'”~** and 10 were randomized
crossover trials.”*7* Among these 15 articles, 13
contained data for fasting blood glucose that could
be extracted and 10 contained data for HbAlc that
could be extracted. Further details regarding the
types of fiber and the specific interventions used in
each study are listed in Table 1. Using the GRADE
assessment, 11 of the studies were of high quality
and 4 were of moderate quality.

Demographics

Table 2 lists the demographic features of each
study. The total number of participants for fasting
blood glucose was 400 and for HbAlc was 324.
Mean ages ranged from 52.1 to 69.1 years. The
proportion of female participants ranged from
7.7% to 73.4%. Mean body mass index ranged
from 23.4 to 32.5. Fiber interventions ranged from
4 to 40 g/d of additional fiber, with a mean increase
in fiber for the intervention of 18.3 g/d. No studies
reported any bias.

Fasting Blood Glucose

Results for the meta-analysis of fasting blood glu-
cose are shown in Figure 2. Because the test for
heterogeneity was not statistically significant (P =
40), the fixed-effects model was considered valid
for the analysis. Overall, fiber intervention was
more effective than placebo in reducing fasting
blood glucose. The overall mean difference was a
reduction of fasting blood glucose by fiber of 0.85
mmol/L (95% CI, 0.46—-1.25) more than the reduc-
tion from placebo. This is equivalent to a reduction
over placebo of 15.32 mg/dL (95% CI, 8.29-
22.52). 'The funnel plot for fasting blood glucose
data are fairly symmetrical, with 7 studies favoring
fiber and 6 favoring control, indicating low risk of
publication bias for this data.

Glycosylated Hemoglobin

Results for the meta-analysis of HbAlc are shown
in Figure 3. Because the test for heterogeneity was
not statistically significant (P = .25), a fixed-effects
model was considered valid for analysis. Overall,
fiber intervention was more effective on HbAlc
than placebo, with an overall reduction in HbAlc
by fiber of 0.26% (95% CI, 0.02-0.51) more than
the reduction from placebo. The funnel plot for
HbAlc data is asymmetrical, indicating that there
may be a risk of publication bias for this data.

Discussion

The results of the meta-analysis show a statistically
significant improvement in fasting blood glucose
and HbAlc when an increase in dietary fiber was
used as an intervention in patients with type 2
diabetes mellitus. However, the effect for HbAlc
was more modest than that for fasting blood glu-
cose. A possible cause for this is that the time
period for 8 of the 10 interventions for HbAlc was
less than 12 weeks, and HbAlc is representative of
an overall glycemic control for a 12-week period.
Therefore, most of the studies evaluating HbAlc
were of a length less than the recommended testing
period between HbAlc measurements. More stud-
ies evaluating HbAlc for a duration of longer than
12 weeks would be warranted.

Some may suggest that the effect on HbAlc,
though statistically significant, my not be clini-
cally significant. Metformin, one of the oral med-
ications most commonly used to treat diabetes,
has shown HbAlc reductions anywhere from the

18 JABFM January-February 2012 Vol. 25 No. 1

http://www.jabfm.org

yBuAdos Aq paraaloid 1senb Aq 20z Yarew 0z uo /Bio wijgel-mmmy/:dny wouj papeojumoq “ZT0Z Arenuer ¢ uo 8¢ TOTT TO'ZT0Z Wigel/zzTe 0T St paysiignd 1siiy :psN wed preog wy


http://www.jabfm.org/

Table 1. Intervention Details of Included Studies

Study

Specific Fiber Type

Soluble Fiber

Intervention

Karlstrom 1984

Hollenbeck 1986

Holman 1987

Hagander 1988
Uusitupa 1989
Lalor 1990
Karlander 1991
(diet only arm)

Chuang 1992

Chandalia 2000

Jenkins 2002

Feldheim 2003

Lu 2004

Cho 2005
Ziai 2005

Ikem 2007

Cereal and unknown

Unknown

Guar gum

Cereal, beet, and
leguminous

Guar gum

Guar gum
Beet fiber

Guar gum

Unfortified foods (e.g.

cantaloupe, sweet
potato, oatmeal)

Cereal fiber

Wheat fiber

Arabinoxylan-rich
fiber

Cassia tora fiber
Plantago ovata Forsk

(Psyllium)
Unknown

Soluble and insoluble

Unknown

Soluble

Soluble and insoluble

Soluble

Soluble
Soluble

Soluble

Soluble and insoluble

Soluble and insoluble

Soluble and insoluble

Soluble and insoluble

Soluble

Soluble and insoluble

Unknown

A high-fiber diet (42.4 g) versus a control diet (18.9 g fiber).
Diets were identical in the proportion of carbohydrate,
fat, protein, and cholesterol.

A high-fiber diet (27 g/1000 kcal) versus a control diet (11 g
fiber/1000 keal). Diets were identical in the proportion of
carbohydrate, fat, protein, and cholesterol.

Guar minitablets (5 g), taken 3 times a day taken
immediately before the first mouthful of each meal and
washed down with water. Of note, all patients had
achieved near-normal fasting plasma glucose levels before
study began.

High-fiber versus low-fiber diets without changing energy
intake or proportions of protein, fat, and carbohydrates.

Guar gum granules (5 g), premixed with juice, milk, or
water (1-2 dL), 3 times a day before main meals.

Guar gum granules (5 g) at meal times 3 times daily.

Beet fiber (16 g) mixed into meals divided over 3 meals a
day.

Guar gum (5 g) taken before or with meals in a liquid form
3 times a day.

A high-fiber diet (50 g) versus a control diet (24 g fiber).
Diets were identical in the proportion of carbohydrate,
fat, protein, and cholesterol.

Bread and breakfast cereals high in cereal fiber were
provided to add 19 g/day of additional cereal fiber
compared with an additional 4 g/day of additional cereal
fiber in the control group.

Consumption of bread and crescents enriched with a dietary
fiber concentrate.

Usual diet supplemented with arabinoxylane fiber-enriched
bread and muffins compared with non—fiber-enriched
bread and muffins in the control group.

Two 2-g packets per day ingested after meals, i.e., one
packet each after morning and evening meal.

Fiber supplement (5.1 g) in 250 mL of water twice a day,
20-30 minutes before the morning and evening meals.

A high-fiber diet (40 g of fiber added) versus a control diet.
Diets were similar in the proportion of carbohydrate, fat,
and protein.

range of 0.2% to 2%.’* Comparatively, making a
change in diet to reduce HbAlc by about 0.3%
could be useful as an adjunctive therapy to med-
ication as part of an overall treatment strategy for
controlling diabetes. Again, this effect may be
tempered by short follow-up durations of the
majority of these studies, so fiber may truly have
a larger affect on HbAlc than what is reported in
this study.

These results suggest that increasing dietary fi-
ber in the diet of patients with type 2 diabetes is
beneficial and should be encouraged as a disease
management strategy. High-fiber versions of tradi-
tionally low-fiber foods have been shown to be
palatable for patients with type 2 diabetes.”® Con-
sequently, this disease management strategy should

not be particularly onerous for patients and may be
easier to comply with than some other more in-
tense lifestyle changes. The mean increase in fiber
in the included studies was approximately 18 g/d.
To implement this in one’s diet would include
eating a bowl of high-fiber cereal and adding a few
more servings of vegetables a day.

The studies in this analysis used a variety of
grams of fiber per day in their interventions, com-
prising a large range, from as little as an additional
4 g/d to as much as 40 g/d. The most commonly
used fiber intervention dose was a 15-g/d supple-
ment to usual diet. However, the American Diabe-
tes Association recommends fiber consumption of
at least 14 g/1,000 kcal/d or a range of 25 to 30 g/d,
the values recommended by the United States De-
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Figure 2. Forest plot for fasting blood glucose. Mean, SD, and mean difference are shown in units of mmol/L.

Fiber Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Ziai 2005 86 2 21 12 64 15  14% -340[-6.75,-0.05]
Hollenbeck 1986 10.8 2.3 6 98 26 6 2.0% 1.00[-1.78,3.78]
Karlander 1991 8.1 1.8 5 85 22 5 25% -0.40[-2.89,2.09] —
Lalor 1990 9.5 3.9 19 114 37 19 27% -190[4.32,052] ——
Cho 2005 84 2.7 15 95 36 15  3.0% -1.10[-3.38, 1.18] -1
Uusitupa 1989 12 2.3 20 139 35 19 44% -1.90[-3.77,-0.03] -
Feldheim 2003 4.7 11 11 5.7 2.4 8 49% -1.00[-2.79,0.79] .
Karlstrom 1984 95 22 14 101 22 14 59% -0.60[-2.23,1.03] -1
Chuang 1992 84 1.8 16 94 27 16  6.1% -1.00[-2.59, 0.59] L
Ikem 2007 59 1.3 35 8 23 17 11.3% -2.10[-3.28, -0.92] e —
Jenkins 2002 75 14 23 79 19 23 16.7% -0.40[-1.36, 0.56] 1
Hagander 1988 6.3 1.2 14 67 1.3 14 18.1% -0.40[-1.33, 0.53] —
Lu 2004 7 12 15 76 12 15 21.1% -0.60 [-1.46, 0.26] —=
Total (95% Cl) 214 186 100.0% -0.85[-1.25, -0.46] X 3

T T

Heterogeneity: Chi? = 12.60, df = 12 (P = 0.40); I> = 5%
Test for overall effect: Z = 4.24 (P < 0.0001)

4 2
Favors experimental

o

2 4
Favors control

Mean, SD, and Mean Difference in units of mmol/L

partment of Agriculture,* whereas the American
Dietetic Association’s position statement recom-
mends 30 to 50 g of dietary fiber per day for
patients with type 2 diabetes mellitus.’® Dietary
fiber intake from a variety of sources has been
associated with a significantly decreased risk of cor-
onary events in epidemiologic studies in patients
with and without diabetes. For example, in the
Nurses Health Study, women with the highest fiber
intake (median, 22.9 g/d) had an age-adjusted rel-
ative risk for major coronary events that was almost

50% lower than women in the group with the
lowest fiber intake (11.5 g/d).*” Another study
showed that fiber intake more than 20 g/d is asso-
ciated with lower risk of coronary heart disease
among women.’® Large epidemiologic studies have
demonstrated an inverse relationship between fiber
intake and cardiovascular disease rates in men as
well.*>* More studies of those specifically with
type 2 diabetes mellitus with larger fiber doses as an
intervention would aid in supporting or refuting
recommendations for diabetics.

Figure 3. Forest plot for glycosylated hemoglobin.

Fiber Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% ClI
Karlander 1991 6.9 1.3 5 718 5 1.6% -0.10[-2.05, 1.85]
Ziai 2005 89 09 21 105 23 15 41% -1.60[-2.83,-0.37]
Cho 2005 7312 15 83 19 15 48% -1.00[-2.14,0.14] /T
Uusitupa 1989 84 12 20 9419 19 6.2% -1.00[-2.00,0.00] -]
Holman 1987 81 2 29 7918 29 65% 0.20[-0.78,1.18] T
Chandalia 2000 69 12 13 7213 13 6.7% -0.30[-1.26,0.66] -1
Feldheim 2003 52 05 11 54 1 8 10.9% -0.20[-0.95, 0.55] T
Jenkins 2002 72 1 23 74 14 23 125% -0.20[-0.90, 0.50] T
Chuang 1992 69 08 16 72 08 16 20.2% -0.30[-0.85,0.25] =
Hagander 1988 53 06 14 52 07 14 26.6% 0.10[-0.38, 0.58] -
Total (95% Cl) 167 157 100.0% -0.26 [-0.51, -0.02] ¢

ity: Chiz = = = S [2=219 f f f f
Heterogeneity: Chi? = 11.39, df = 9 (P = 0.25); I?=21% M 5 0 > 1

Test for overall effect: Z =2.09 (P = 0.04)

Favours experimental

Favours control
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Limitations

The authors did not examine unpublished data,
studies not in English, or any studies that were not
published in peer-reviewed journals. One can argue
that there is publication bias and that many nega-
tive studies are not published; however, many of
the studies included in this analysis showed non-
statistically significant effects. Also, the authors
were trying to find studies of the highest quality,
and these types of studies usually are published in
English language, peer-reviewed journals. The
studies exhibited a wide range of intervention
amounts of fiber and lengths of time, but these
differences are inherent in any meta-analysis.

Conclusions

Opverall, an intervention involving fiber supplemen-
tation for type 2 diabetes mellitus can reduce fast-
ing blood glucose and HbAlec. Further studies of
more than 12 weeks’ length are warranted for test-
ing fiber’s effect on HbAlc. Also, studies involving
larger doses of fiber are warranted to help support
current diabetes dietary fiber recommendations.
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