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the general population. The insulinlowering and homeostasis
model assessment of insulin resistanceimproving effects of inulin
are unconfirmed. We conducted this metaanalysis to examine the
efficiency and safety of inulin for improving insulin control,
homeostasis model assessment of insulin resistance and HbA1c in
patients with type 2 diabetes mellitus. We searched the Web of
Science, PubMed, Embase and Cochrane Library databases for
relevant articles published before June 1, 2019. In total, 225
randomized controlled trials regarding the efficiency of inulin for
the treatment of type 2 diabetes mellitus compared to the efficacy
of placebo or other treatments were examined. According to the
inclusion and exclusion criteria, 9 trials with a total of 661 partic
ipants were included. We concluded that inulin supplementation
can significantly improve fasting plasma glucose (SMD = -0.55,
95% CI –0.73 to -0.36, p = 0), HOMAIR (SMD = -0.81, 95% CI –1.59
to -0.03, p = 0.042) and HbA1c (SMD = -0.69, 95% CI -0.92 to -0.46,
p = 0). Further subgroup analyses revealed a significant role of
inulin supplementation for treatment durations ≥8 weeks (p =
0.038 for insulin, p = 0.002 for HOMAIR, p = 0.032 for FPG, p = 0
for HbA1c).
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T

The worldwide prevalence of diabetes and its complications
Introduction
pose a health threat, and type 2 diabetes mellitus (T2DM)
with its complications, such as diabetic nephropathy, diabetic
retinopathy, diabetic foot and cardiovascular disease, are associated
with the highest burden of mortality and disability.(1) The reduction
or elimination of T2DM in whole populations is a fundamental
goal in public health.(2) High energy intake and an imbalance of
energy in to exercise are the major contributing causes of type 2
diabetes, which promote the abnormal glucose and lipids.(3) The
increases in blood pressure, glucose and lipids are associated with
impaired insulin secretion from the b-cells of pancreatic islets,
insulin resistance in peripheral tissues, decreased glucose utilization in peripheral tissues, and abnormal hepatic glucose production.(4) Moreover, b-cell dysfunction is a primary defect in genetic
T2DM.(5)
Inulin, a kind of water-soluble storage polysaccharide and
nondigestible carbohydrate, is a type of fructan.(6) In recent years,
inulin has been widely applied as a dietary supplement to improve
blood glucose and lipids.(7–10) Furthermore, as a kind of dietary
fiber with low caloric value and promoting absorption of calcium,
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its’ various nutritional and health benefits of inulin have been
proved.(11–13) Compared to the b-glucan, a soluble fibers, which
improves insulin resistance by regulating multiple receptors and
activating PI3K/Akt signaling pathway, the mechanism of the
inulin on glucose and lipids are under discussed.(14) The mechanism of the hypolipidemic effects of inulin in rats was discussed
in 2017.(15) The mechanism for improving the lipid profile may
be attributed to the increase in muscle lipoprotein lipase enzyme
activity, which promotes the production of short-chain fatty
acids.(16) Moreover, the increased production of the short-chain
fatty acid (SCFA) acetate, propionate and butyrate in colonic are
associated with the increased dietary intake such as whole-grain,
resistant starches and inulin-type fructans, which improves the
activity of gut microbiota and promotes the insulin sensitivity; this
could be another potential mechanism around the insulin-lowering
effects.(17–24) Another meta-analysis with 20 trials demonstrated a
significant LDL-c lowering effect of inulin among individuals
with metabolic abnormalities, but the meta-analysis failed to
assess insulin control in T2DM patients.(25) Therefore, we conducted this analysis to evaluate the efficiency of inulin in T2DM
patients based on the following indices: fasting plasma glucose
(FPG), insulin, homeostasis model assessment of insulin resistance
(HOMA-IR) and HbA1c, which are closely related to the prognosis
of T2DM.
Methods
Literature search. We searched the Web of Science, PubMed,
Embase and Cochrane Library databases for only English and
randomized controlled trial (RCT) articles published before June
1, 2019. We used medical subject heading (MeSH) terms and
comparable terms in the related databases to screen articles. The
key search terms included (Inulin) AND (Diabetes Mellitus,
Noninsulin-Dependent OR Diabetes Mellitus, Ketosis-Resistant
OR Diabetes Mellitus, Type II OR Maturity-Onset Diabetes
Mellitus OR Type 2 Diabetes OR Type 2 Diabetes Mellitus)
AND (Randomized OR Randomized Controlled Trial).
Inclusion and exclusion criteria. The inclusion criteria for
this study included the following: (1) published RCT articles
written in English; (2) patients were diagnosed with T2DM and
inulin supplementation was used as an intervention; (3) studies
that provided the mean ± SD, mean ± SE or median (range) for the
*To whom correspondence should be addressed.
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J. Clin. Biochem. Nutr. | May 2020 | vol. 66 | no. 3 | 176–183

intervention and control groups for the baseline and the end of the
trial; (4) the duration of the study was >5 weeks; (5) the form of
inulin supplementation could be pure powder, a composite with a
main ingredient of inulin or a capsule; (6) the typical frequency of
intake and the dosage was not required; and (7) the parameters
reported in the studies included at least insulin and HOMA-IR.
Contrary to the above, the exclusion criteria included the
following: (1) patients under 18 years or who were pregnant; (2)
similar studies performed by the same authors with the same
subjects and experimental data;(26,27) (3) the intervention group was
administered other treatment with inulin supplementation but the
control group was administered placebo/control food instead of
the treatment; (4) lack of comparative data; and (5) data were
reported as a diagram.
Data extraction. Two independent investigators (WZ and
YT) were responsible for the selection of articles. From the fulltext articles that were obtained, we screened the titles and abstracts
and further extracted information regarding the design of each
study, patient characteristics, number of participants, properties of
the study population, duration of the intervention, year of publication, and mean ± SD. To minimize heterogeneity, the intervention
duration of the included studies was considered, and different
units were unified (parameters in mmol/L were converted to mg/dl

Fig. 1.

W. Zhang et al.

by multiplying by 18). To ensure the integrity of the data, the
corresponding authors of studies with vague or insufficient data
were contacted by e-mail twice before excluding the study.
Evaluation of bias. Review Manager (ver. 5.3) was applied
to assess the risk of bias among the selected trials. There were 6
aspects included in the study quality assessment: random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting and other bias. Each aspect was marked as
low risk (in green), unclear risk (in yellow) or high risk (in red)
(Fig. 2).
Statistical analysis. We extracted continuous variables and
analyzed them using STATA (ver. 12.0). In the case of the mean ±
SD, the data that were used to calculate the mean ± SE were
converted to SD according to the following formula: mean = mean
(after treatment) – mean (baseline); SD = SE ´ square root n (n:
number of participants) and SD = square root [(SD baseline)2 +
(SD after treatment)2 – (2R ´ SD baseline ´ SD after treatment)];
the correlation coefficient (R) = 0.5.(28) Additionally, the other
formula could be used to convert the median.(29) The standardized
mean difference (SMD) was used because of one different unit
used to measure FPG,(30) and the other parameters were all examined
in terms of weighted mean difference (WMD). The chi-squared

PRISMA diagram.
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and I-squared (I2) tests were used to assess statistical heterogeneity
among the analyzed trials. When p<0.1 and I2>50%, which
indicates significant heterogeneity, the random-effect model was
applied. Otherwise, the fix-effect model was applied. Additionally,
the significant differences between the intervention and control
groups were indicated by a p value <0.05. SMD values close to 0
(p>0.05) indicated no statistical significance. In contrast, SMD
was considered statistically significant when it was different from 0
(p<0.05). To explore the heterogeneity between studies, subgroup
analyses were conducted based on the duration of intervention.
We dropped one data point in the meta-analysis and subgroup
analyses because its unit of HbA1c was mmol/mol, which cannot
be converted to the commonly used unit of percentage (%).(31) The
funnel plots and Begg’s test were conducted to assess publication
bias. But only 9 studies were included in the meta-analysis, funnel
plots and Begg’s test could not be performed.

participants and selective reporting. Regarding the blinding of
the outcome assessment, a total of 8 trials(30,31,37–42) demonstrated an
unclear risk. In terms of incomplete outcome data and other bias,
each aspect had one trial(27,38) with an unclear risk of bias (Fig. 2).

Results
Study features. We included 225 articles from the Web of
Science, PubMed, Embase and Cochrane Library databases at
first. No additional records from other sources were found. Then,
14 studies were screened for further assessment. After the application of the inclusion and exclusion criteria, 3 studies(32–34) were
excluded due to the third exclusion criterion, and one study(26)
was excluded due to the second exclusion criterion. Additionally,
although the trial performed by Bahmani et al.(35) reported the
changes in alanine aminotransferase (ALT), aspartate aminotransferase (AST) and aspartic acid, it was excluded due to a lack
of main parameters related to this study. A total of 9 RCTs that
included a total of 661 participants were included in this metaanalysis by PRISMA diagram (Fig. 1).(36) In addition, the serum
biochemical parameters from before and after treatment are
shown in Supplemental Table 1*. Except for one study(30) that
was conducted in China, the remaining 8 studies(27,31,37–42) were
conducted in Iran. The design of all studies used double-blinding
procedures, with the exception of 2 studies(27,42) that implemented
triple-blinding methods. The duration of the interventions ranged
from 6 weeks to 12 weeks, and the dosage of inulin supplementation ranged from 8.4 g to 10 g. The basic characteristics of the
included trials are summarized in Table 1.
Quality assessment. We applied Review Manager (ver. 5.3)
to assess the quality of the included studies. Each parameter was
unequal to the others due to the differences in the studies. In
terms of random sequence generation, a total of 2 trials(37,41)
demonstrated an unclear risk of bias, and one trial(40) demonstrated
a high risk of bias. In terms of allocation concealment, a total of 3
trials(31,37,41) were considered as having an unclear risk of bias,
and one(40) was considered to have a high risk of bias. All trials
were marked as having a low risk of bias in terms of blinding

Fig. 2. Risk of bias. +: low risk of bias; -: high risk of bias; ?: unclear
risk of bias.

Table 1. The basic characteristics of the included trials
Intervention

Author

Year

N
(inter/cont)

Age
(inter)

Age
(cont)

Cai X(30)

2018

99 (49/50)

60.94 ± 5.35

60.16 ± 5.84

Milk powder cosupplemented
with inulin and resistant dextrin

Dehghan P(26)

2013

54 (24/25)

47.8 ± 10.1

48.7 ± 9.7

Inulin

Dehghan P(27)

2014

54 (27/25)

48.4 ± 8.4

48.7 ± 9.7

Dehghan P(40)

2016

54 (27/22)

48.07 ± 8.7

Ghavami A(38)

2018

46 (23/23)

MA Farhangi(37)

2016

54 (27/22)

Neda Roshanravan(31)

2017

(41)

Control

Duration

Study design

10–30 g

Milk powder

12 weeks

Doubleblinded placebo RCT

10 g

Maltodextrin

8 weeks

Tripleblinded placebo RCT

Oligofructoseenriched inulin

10 g

Maltodextrin

8 weeks

Tripleblinded placebo RCT

48.61 ± 9.16

Oligofructoseenriched inulin

10 g

Placebo

2 months

Doubleblinded placebo RCT

42.73 ± 5.95

HP inulin

10 g

Placebo

6 weeks

Doubleblinded placebo RCT

48.07 ± 8.7

48.61 ± 9.16

Chicory enriched inulin

10 g

Placebo

2 months

Doubleblinded placebo RCT

60 (15/15)

51.47 ± 6.46

51.73 ± 8.44

Inulin powder + butyrate placebo

10 g

Butyrate placebo +
inulin placebo

45 days

Doubleblinded placebo RCT

2014

78 (26/26)

52.3 ± 10.8

52.3 ± 8.2

Synbiotic bread (Lactobacillus
sporogenes + inulin)

8.4 g

Probiotic bread
(Lactobacillus sporogenes)

8 weeks

Doubleblinded RCT

TajabadiEbrahimi M(39) 2014

81 (27/27)

51.3 ± 10.4

53.4 ± 7.5

Synbiotic bread (Lactobacillus
sporogenes + inulin)

8.4 g

Probiotic bread
(Lactobacillus sporogenes)

8 weeks

Doubleblinded placebo RCT

Shakeri H

41.5 ± 6.27

Type

Dosage
of inulin

HP, high performance; RCT, randomized controlled trial.
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Fig. 3.

Fig. 4.

Forest plot of the metaanalysis comparing the experimental and control groups in terms of FPG.

Forest plot of the metaanalysis comparing the experimental and control groups in terms of insulin control.

Metaanalysis. Pooled data from 9 trials(27,30,31,37–42) showed

obvious efficacy for reducing FPG (SMD = –0.55, 95% CI –0.73
to –0.36, p = 0, Fig. 3). However, inulin supplementation did
not display a positive effect on insulin control (SMD = –1.46, 95%
CI –3.17 to 0.25, p = 0.095, Fig. 4). The meta-analysis of 6
studies(27,30,37,38,40,42) implied a distinct benefit in the intervention
group (n = 177) for improving HbA1c, but the results demon-
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strated inconspicuous heterogeneity compared with the results
of the control group (n = 167) (SMD = –0.69, 95% CI –0.92 to
–0.46, p = 0, I2 = 0, Fig. 5). Moreover, inulin supplementation
was effective when efficacy was measured by HOMA-IR (SMD =
–0.81, 95% CI –1.59 to –0.03. p = 0.042, Fig. 6).
Subgroup analyses. Subgroup analyses were performed
according to the duration of the intervention (<8 weeks and ³8
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Fig. 5.

Fig. 6.

Forest plot of the metaanalysis comparing the experimental and control groups in terms of HbA1c.

Forest plot of the metaanalysis comparing the experimental and control groups in terms of HOMAIR.

weeks) (Supplemental Fig. 1*). Because the dosage of inulin
supplementation was not substantially different among the studies
and because the dosage in the trial performed by Cai X et al.(30)
was not specific, a subgroup analysis based on dosage was not
conducted. When grouped by duration, significant improvements
associated with a duration ³8 weeks were observed in terms of
insulin control (SMD = –2.62, 95% CI –5.1 to –0.14, p = 0.038),
HOMA-IR (SMD = –1.49, 95% CI –2.44 to –0.53, p = 0.002),
FPG (SMD = –0.57, 95% CI –0.77 to –0.37, p = 0.032) and
HbA1c (SMD = –0.66, 95% CI –0.9 to –0.43, p = 0). Moreover,
when the duration of the intervention was <8 weeks, only HbA1c

was significantly different (SMD = –1.19, 95% CI –2.27 to –0.11,
p = 0.032); this subgroup included one trial.(38)
Discussion
Patients with T2DM account for 90–95% of all patients with
diabetes, and obesity is common.(43) In order to alleviate the
condition of T2DM, a healthy diet and lifestyle are necessary.
Dietary fiber can reduce the weight and postprandial blood
glucose.(20,21,44) Inulin, with dietary fiber and prebiotic functions, is
widely derived from vegetables and fruits like onion, leek, garlic,

*See online. https://doi.org/10.3164/jcbn.19103
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banana, wheat, rye and barley.(45,46) The physicochemical behavior
of inulin is associated with the daily intake and the degree of
polymerization (DP). And the DP of different sources of inulin is
different, which is determined by processing history, growing
conditions, weather, harvesting time and storage conditions.(47)
The main difference between synthetic inulin and plant inulin is
the polydispersity.(48) Due to the amount of inulin in food is
relatively low, the supplement is applied for therapeutic effects.
And the US FDA (Food and Drug Administration) confirmed
that inulin is GRAS (Generally Recognized Safe Substance), and
the daily effective intake is 5 g, the recommended maximum daily
intake is 15–20 g in 2003. In addition, the b-glucan, another
dietary fiber that has a similar functions to inulin, is mainly
included in barley and oat.(49,50) It’s recommended minimum intake
is 3 g/day.(51)
A systematic review of 9 RCTs of inulin supplementation in
patients with T2DM revealed the beneficial efficacy of inulin on
HOMA-IR, FPG and HbA1c. Although there was no significant
improvement in insulin, the subgroup analysis revealed an insulinlowering effect associated with a supplementation duration ³8
weeks. The parameters assessed in this study are essential for
the management of T2DM. Although the HOMA-IR value was
calculated using fasting plasma insulin (FPI) concentration and
FPG,(52) its cut-off value is important for healthcare management
in various age, ethnic and sex groups among patients with
different diseases.(53,54) According to international guidelines,
patients with diabetes are recommended to undergo regular
HbA1c tests, which monitor glycemic control over the prior 2–3
months.(55–57) Moreover, insulin control is also critical in terms of
the progression and diagnosis of T2DM. When the insulin peak is
lower than 60 mu U/ml, diabetic complications of retinopathy,
sensory neuropathy, and renal disease are more likely to appear.(58)
Although inulin benefits notwithstanding, an article published
in Cell demonstrated that dysregulated microbial fermentation of
soluble fiber can induce icteric hepatocellular carcinoma (HCC)
in mice.(59) To avoid the increased risk of HCC after inulin intake,
the complication of inulin should also be concerned. The only
reported adverse effects, reported in the trial by Cai X et al.,(30)
were as follows: 3 patients felt dizzy, 4 experienced insomnia
and sleepiness, 3 experienced gastrectasia, one had diarrhea and 5
experienced constipation. However, the adverse effects were no
significant differences between experimental and control groups.
Other studies did not show serious side effects. In addition to the
utility of inulin supplementation measured based on the above
parameters, several trials(33–35) also reported its effect on liver
transaminases. However, the outcomes between the intervention
and control groups did not demonstrate significant improvement
from baseline to the end of the trial.
There are still some limitations in this analysis, and the findings

should be interpreted cautiously. The assessment of a high risk of
bias may affect the overall results of the analysis, and the impact
of inulin supplementation may have been assessed to be greater
than the actual impact due to the bias. In addition, the relatively
small sample size may have resulted in an incorrect conclusion. In
addition to the selected RCTs, 3 trials(27,40,42) were conducted by
the same author within three years, and these study results may
interact with each other and produce bias. Although data from
each study was different, 8/9 studies were conducted in Iran. It
does not rule out the possibility of mutual influence among
authors, which may also produce bias. Moreover, the bias may
also be produced due to the most studies were in women. Finally,
bias existed due to a lack of blinded outcome assessment. Even if
the experimenters and participants were blinded, the unclear risk
of bias in trials was hard to avoid.
Subjects who received inulin supplementation demonstrated
improvements in T2DM parameters, including lower HOMA-IR,
HbA1c, and FPG levels than the subjects who did not receive
inulin supplementation. Additionally, insulin control was improved
during the treatment that was ³8 weeks. Our study may offer
dietitians a guide for treatment of T2DM in the future. However,
additional studies including larger sample sizes and higher quality
are needed to determine the true efficacy of inulin.
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