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Abstract 

Background: Currently, many clinical trials have shown that inulin‑type fructans (ITF) supplementation is associated 
with glycemic control; nevertheless, the results are inconclusive. The aim of this meta‑analysis of randomized con‑
trolled trials was to assess the effects of ITF supplementation on glycemic control.

Methods: PubMed, EMBASE and the Cochrane Library were searched for eligible articles up to March 6, 2019. A 
random‑effects model was used to analyze the pooled results, and the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) system was applied to assess the quality of evidence. The dose–response 
model was used to recommend the daily dose and duration for ITF supplementation.

Results: Thirty‑three trials involving 1346 participants were included. Overall, ITF supplementation could signifi‑
cantly reduce concentrations of fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), fasting insulin (FINS) 
and homeostasis model assessment‑insulin resistance (HOMA‑IR). In the prediabetes and type 2 diabetes (T2DM) 
population, a more significant reduction in FBG [weighted mean difference (WMD): − 0.60 mmol/l; 95% CI − 0.71, 
− 0.48 mmol/l; high rate], HbA1c (WMD: − 0.58%; 95% CI − 0.83, − 0.32%; high rate), FINS (WMD: − 1.75 µU/ml; 95% 
CI − 2.87, − 0.63 µU/ml; low rate), and HOMA‑IR (WMD: − 0.69; 95% CI − 1.10, − 0.28; low rate) were observed, and ITF 
supplementation with a daily dose of 10 g for a duration of 6 weeks and longer was recommended. Moreover, sub‑
group analyses suggested that the effects of glycemic control were significantly influenced by the sex of the subjects 
and the type and the method of intake of ITF.

Conclusions: Our analyses confirmed that these four main glycemic indicators were significantly reduced by 
ITF supplementation, particularly in the prediabetes and T2DM population. Evidence supports that reasonable 
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Background
Recently, abnormal blood glucose metabolism is expe-
riencing rapid growth around the world, and there are 
more than 463 million adults with diabetes and an addi-
tional 374 million adults with impaired glucose tolerance 
worldwide [1]. Studies have shown that abnormal blood 
glucose is related to the development and prognosis of 
some chronic diseases, including type 2 diabetes (T2DM) 
and cardiovascular diseases [2–4]; thus, glycemic control 
is necessary. Except for regulatory control by hypoglyce-
mic agents, dietary regulation and lifestyle modification 
have also been reported to be effective in glycemic con-
trol [5]. Studies have shown that intake of some dietary 
supplements, including omega-3 fatty acids [6], zinc 
[7] and coffee [8], could enhance glycemic control and 
reduce the risk of diabetes and its related complications. 
Moreover, the epidemiological data in some relevant 
studies suggest an association between glycemic control 
and inulin-type fructans (ITF) supplementation [9].

ITF, mainly composed of inulin, fructooligosaccharides 
(FOS) and galactooligosaccharides (GOS), is a class of 
linear fructans that is connected with β (2-1) bonds and 
is often defined as one kind of prebiotic [10, 11]. Many 
studies have provided evidence that ITF has many health 
benefits, such as improving immune function [12], lower-
ing blood pressure [13], and improving blood lipids [14] 
if taken at a moderate dose. Although a growing body of 
human clinical trials, including randomized controlled 
trials (RCTs), support that ITF intake plays an important 
role in glycemic control, the results have remained con-
troversial [15].

A previous meta-analysis conducted by Liu [14] studied 
ITF effects on blood lipid profiles and two glycemic indi-
cators [fasting blood glucose (FBG) and fasting insulin 
(FINS)] in 2016, but no significant result was found for 
FBG concentration. With more trials performed in recent 
years, ITF has shown a more strongly linked ability to 
improve glycemic control and insulin resistance. Moreo-
ver, there have been no studies systematically evaluating 
the association between ITF supplementation and two 
important glycemic indicators, glycosylated hemoglobin 
(HbA1c) and homeostasis model assessment-insulin 
resistance (HOMA-IR), which were related to long-term 
glycemic regulation and insulin sensitivity, respectively.

Therefore, we conducted a meta-analysis of all rel-
evant RCTs to systematically assess the effects of ITF 

supplementation on the four main glycemic indicators 
(FBG, FINS, HbA1c and HOMA-IR), aiming at providing 
an evidence-based medical strategy for prediabetes and 
T2DM management in the clinic practice.

Materials and methods
Literature search
A systematic search was performed according to the 
guidelines of the 2009 Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) state-
ment in the online databases PubMed, EMBASE, and 
the Cochrane Library until March 6, 2019. The following 
terms were used to search for related publications in titles 
and abstracts: (oligosaccharide OR fructooligosaccharide 
OR oligofructose OR inulin) AND (glycosylated hemo-
globin OR HbA1c OR glucose OR fasting plasma glucose 
OR insulin resistance OR glycemic OR “HOMA”). The 
synonyms of terms, MESH terms and the wild card term 
‘‘*’’ were also used in the search. The type of study was 
defined as a “clinical trial”. The language was restricted to 
English. The search strategies of the online databases are 
shown in Additional file 1: Table S1. If necessary, manual 
retrieval was also conducted to obtain additional relevant 
articles. The protocol was registered at PROSPERO (Reg-
istration Number: CRD42018115875).

Study selection
Studies were included according to the following criteria: 
(i) primary RCT with either a parallel or crossover design; 
(ii) investigation of the impact of ITF supplementation 
on plasma/serum glycemic indicators (FBG, HbA1c, 
FINS, or HOMA-IR); (iii) treatment duration longer than 
7 days; and (iv) sufficient glycemic index information at 
baseline and at the end of follow-up, or the net change 
values in each group needed to be provided.

Studies were excluded according to the following crite-
ria: (i) intervention group used other carbohydrates than 
ITF, such as arabino-xylan and β-glucan; (ii) no appropri-
ate control group for assessing the effect of ITF supple-
mentation; (iii) duplicate studies; (iv) observational study 
design; or (v) the article was a meeting abstract.

With the inclusion criteria and exclusion criteria 
decided in advance, we completed the screening step 
by step: two authors (HH and PX) conducted the pre-
liminary screening of the searched studies based on their 
titles and abstracts; then, they reviewed the full text to 

administration of ITF supplementation may have potential clinical value as an adjuvant therapy for prediabetes and 
T2DM management.

Trial registration The trial was registered at PROSPERO as CRD42018115875 on November 23, 2018.
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assess eligibility criteria independently. Final eligibil-
ity was determined through agreement between the 2 
reviewers, with any disagreement resolved in consulta-
tion with LW.

Data extraction
HH and PX independently extracted and cross-checked 
the following information from the included studies: 
basic information about the research (first author’s name, 
year of publication, study region, underlying disease of 
the study population and eligibility, study design, spon-
sor, sample size, numbers of participants who completed 
the study, numbers of participants used for analysis); 
subjects’ characteristic information (age, sex, body mass 
index, baseline glycemic parameters, and antidiabetic 
medication use); data on the intervention and control 
groups (kinds of ITF and control, food carrier, daily dose, 
duration of intervention); and outcomes of biomarkers 
for glucose and insulin homeostasis (FBG, HbA1c, FINS, 
and HOMA-IR); adverse reactions and reasons for loss of 
follow-up were also collected. Notably, if the necessary 
original data were not given but were presented by a col-
umn graph, we extracted the data according to the graph.

Quality assessment
The methodological quality and the risk of bias of the 
included trials were independently assessed by two 
authors (HH and PX) using the Cochrane criteria. The 
seven assessment items used for the assessment of each 
study were as follows: adequacy of random sequence 
generation, allocation concealment, blinding of partici-
pants and personnel, outcome assessment, addressing of 
dropouts (incomplete outcome data), selective outcome 
reporting, and other potential sources of bias. These 
seven criteria were rated as ‘low risk’, ‘unclear risk’ or 
‘high risk’ depending on the characteristics of each crite-
rion reported in the study.

Quantitative data synthesis
The meta-analysis was conducted using RevMan soft-
ware version 5.2 (Cochrane Collaboration, Oxford, UK). 
The effect sizes were expressed as the weighted mean dif-
ference (WMD) and 95% confidence interval (CI). The 
WMD was estimated by calculating the net change of the 
mean difference by subtracting the baseline value after 
treatment in the intervention and control groups. The 
standard deviation (SD) was calculated using the method 
described by Hozo et  al. [16] and Simental-Mendía 
et al. [17]. If there were different reporting units for the 
indexes in the original studies, a unit conversion calcula-
tion was performed.

Considering the included studies mainly per-
formed according to health status, we categorized the 

participants into four groups: healthy, prediabetes and 
T2DM, overweight and obesity, and others. A random-
effects model (using the DerSimonian-Laird method) 
and the generic inverse variance method were used to 
compensate for the heterogeneity of the studies in terms 
of the different groups. Interstudy heterogeneity was 
assessed using the Cochran Q test and  I2 index and was 
regarded as substantial if  I2 > 50% and P value was low 
(< 0.10).

Nonlinear dose–response analysis
We tested the dose–response relationship between ITF 
supplementation and the glycemic indicators with the 
nonlinear robust error meta-regression (REMR) model, 
which is mainly based on the inverse variance-weighted 
least squares regression and cluster robust error vari-
ances for dealing with the synthesis of correlated 
dose–response data from different studies. A detailed 
theoretical rationale and Stata codes can be found in the 
methodological paper of Xu and Doi [18].

Subgroup analyses
Subgroup analyses were performed to estimate the effect 
size of ITF supplementation on glycemic indicators in 
different subsets of studies categorized according to the 
presence of potential confounders. Apart from the afore-
mentioned healthy status, the studies were also catego-
rized according to sex (male versus female), type of ITF 
(inulin versus other kinds), method of ITF intake (in 
drinks versus other kinds), intervention-control design 
(an ITF versus non-ITF design versus a synbiotic versus 
probiotic design), study design (parallel versus crosso-
ver), country of study (Iran versus other countries), and 
sponsor referred (no versus yes).

Publication bias and sensitivity analysis
The potential publication bias was explored by using 
visual inspection of funnel plot asymmetry with RevMan 
software and Egger’s weighted regression for quantita-
tive assessment with Stata 12.0 software (College Station, 
Texas 77845 USA).

To evaluate the influence of each study on the overall 
effect size, a sensitivity analysis was conducted using the 
leave-one-out method, i.e., iteratively removing one study 
and repeating the analysis. To further test the robust-
ness of the results, sensitivity analyses were also used for 
excluding studies of high heterogeneity that changed the 
pooled result more than 10%, and data were reanalyzed 
using a fix-effects model for  I2 < 50%.

GRADE certainty of the body of evidence
The overall certainty of evidence across the studies 
was graded according to the guidelines of the GRADE 
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(Grading of Recommendations Assessment, Develop-
ment, and Evaluation) Working Group [19]. The qual-
ity of evidence could be classified into four categories 
according to the corresponding evaluation criteria: high, 
moderate, low, and very low [20].

Results
Flow and characteristics of the included studies
The detailed process of the PRISMA flowchart is pre-
sented in Fig. 1. Initially, 599 published studies were iden-
tified after searching multiple databases, and 5 additional 
records were identified through other sources. After 
carefully screening and assessing eligibility, 33 studies 

[21–53] were found eligible and were included in the 
systematic review. It was noteworthy that one trial [47] 
included two well-matched RCTs and actually counted 
as 2 RCTs in our meta-analysis. Therefore, 33 trials (34 
RCTs) were included in all.

The study characteristics are presented in Table  1. 
Thirty-three clinical trials [21–53] involving 1346 par-
ticipants were included, among which 23 trials were 
parallel RCTs [22–26, 28–35, 37, 39, 40, 44–47, 49–51] 
and 10 were crossover RCTs [21, 27, 36, 38, 41–43, 48, 
52, 53]. Five studies [33, 39, 41, 46, 48] were conducted 
in healthy subjects, 7 studies [26, 28, 32, 44, 51–53] in the 
overweight and obesity populations and 14 studies (15 

Fig. 1 PRISMA flowchart indicating studies identified by and included in the systematic review
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RCTs) [21, 22, 25, 29–31, 34, 35, 37, 38, 42, 45, 47, 49] 
in the prediabetes and T2DM population, and 7 studies 
[23, 24, 27, 36, 40, 43, 49] in the other group were per-
formed mainly in non-alcoholic steatohepatitis patients 
[23, 24, 27, 40] or the elderly [43, 49]. The intervention 
substances varied among the included studies: 12 stud-
ies [25, 30, 34, 35, 37–40, 47, 48, 51, 52] used inulin only, 
and 4 studies [22, 23, 46, 50] used synbiotic (a combina-
tion of ITF and probiotics). The daily dose and duration 
of the intervention period varied between studies. The 
daily dose of ITF ranged from 5.5 to 30 g (median dose: 
10  g/day), and the duration of the intervention periods 
ranged from 20 to 252 days (median duration: 56 days). 
Eligible outcomes of glycemic indicators were reported: 
FBG in 32 studies (33 RCTs) [21–37, 39–53], HbA1c in 
11 studies (12 RCTs) [25, 29–31, 34, 35, 42, 45, 47], FINS 
in 25 studies (26 RCTs) [22–24, 26–30, 32–35, 37–42, 
45–49, 52, 53], and HOMA-IR in 17 studies (18 RCTs) 
[22–24, 28, 30, 32, 34, 35, 37, 38, 40, 45–49, 52]. Except 
for one study [23], in which subjects were instructed to 
modify dietary intake in both the intervention and con-
trol groups, participants were advised to maintain their 
usual diet. The side effects were studied in 26 trials, and 
not mentioned in 7 others. Of the 26 trials, 19 explicitly 
reported all participants in the intervention and con-
trol groups had no adverse effects after substances sup-
plementation, 5 showed no significant difference in the 
incidence of adverse effects between participants of the 
intervention and control groups, except some subjects in 
2 studies [43, 44] were reported to suffer intestinal pres-
sure, flatulence or abdominal discomfort.

Study quality
The quality of bias assessment of the included studies is 
shown in Additional file  2: Figure S1. According to the 
seven assessment criteria of the Cochrane Handbook for 
Systematic Review of Interventions, most of the studies 
had good quality although some were characterized by 
insufficient information among the random sequence 
generation, allocation concealment, binding of outcome 
assessment and other bias, which was on account of the 
financial or food assistance provided by companies. In 
addition, bias may exist in some studies because 3 trials 
[25, 32, 48] had a high dropout rate.

Main outcomes and GRADE certainty
We conducted a meta-analysis to assess the effect of ITF 
on glycemic indicators, including FBG, HbA1c, FINS, 
and HOMA-IR, and used GRADE to assess the results. 
The GRADE evidence profile for the summary of findings 
is presented in Table 2.

To explore whether ITF supplementation affected 
hyperglycemia, FBG data were analyzed. The effects 
of ITF on FBG were reported in 33 RCTs, including 14 
RCTs in the prediabetes and T2DM population. The 
overall meta-analysis showed that ITF supplementation 
significantly reduced FBG with a WMD of − 0.21 mmol/l 
(95% CI − 0.33, − 0.09  mmol/l; P = 0.0005) (mod-
erate rate). However, significant heterogeneity was 
observed between studies  (I2 = 59%, P < 0.0001) (Fig.  2). 
Importantly, we found a more significant reduction in 
FBG based on the prediabetes and T2DM population 
(WMD: − 0.60  mmol/l; 95% CI − 0.71, − 0.48  mmol/l; 
P < 0.00001) (high rate), but the reduction was not sig-
nificant in other populations. Moreover, no heterogeneity 
was observed in the grouped analyses with all I2 = 0%.

Next, we examined whether ITF supplementation 
affected long-term glycemic regulation by analyzing 
HbA1c data. The effect of ITF on HbA1c was reported 
in 12 RCTs, including 10 RCTs in the prediabetes and 
T2DM population. The overall analysis revealed that 
HbA1c was reduced significantly (WMD: − 0.39%; 95% 
CI − 0.65, − 0.13%; P = 0.003) (moderate rate). Nota-
bly, in the T2DM population, HbA1c showed a signifi-
cant reduction with a WMD of − 0.58% (95% CI − 0.83, 
− 0.32%; P < 0.00001) (high rate), and no significant 
heterogeneity was observed across studies  (I2 = 14%, 
P = 0.31) (Fig. 3).

Next, we analyzed the effect of ITF on the fasting insu-
lin concentration. Twenty-six RCTs reported changes in 
FINS after ITF supplementation, including 11 RCTs in 
the prediabetes and T2DM population. Overall, ITF sup-
plementation reduced FINS significantly with a WMD of 
− 1.22 µU/ml (95% CI − 1.90, − 0.54 µU/ml; P = 0.0005) 
(very low rate) (Fig.  4). In the prediabetes and T2DM 
population, FINS showed a more significant reduction 
(WMD: − 1.75  µU/ml; 95% CI − 2.87, − 0.63  µU/ml; 
P = 0.002) (low rate), and the reduction was not signifi-
cant or was modestly significant in the other populations.

Last, we also examined whether ITF supplementation 
affected insulin sensitivity by analyzing HOMA-IR. The 
effect of ITF on HOMA-IR was reported in 18 RCTs, 
among which 9 RCTs were based on the prediabetes and 
T2DM population. The overall analysis revealed that 
ITF supplementation significantly reduced HOMA-IR 
with a WMD of -0.57 (95% CI − 0.84, − 0.31; P < 0.0001) 
(low rate) (Fig. 5). In the prediabetes or T2DM subgroup, 
HOMA-IR also showed a significant reduction (WMD: 
− 0.69, 95% CI − 1.10, − 0.28, P = 0.001;  I2 = 81%) (low 
rate).

In addition, to analyze the relative hypoglycemic 
effects, we calculated the weighted mean of the baseline 
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and the hypoglycemic results of the four glycemic indi-
cators (FBG, HbA1c, FINS, and HOMA-IR). In the pre-
diabetes and T2DM population, compared with their 
control groups, the relative reduction of the four indica-
tors reached − 7.15%, − 7.00%, − 16.58%, and − 25.34% 
of their baseline values in the supplementation group, 
which were − 4.68%, − 6.13%, − 13.06%, and − 17.83% 
in the total population, respectively. The relative effects 
in both the intervention and control groups are shown in 
Table 2.

Nonlinear dose–response analysis
We explored the recommended daily dose and duration 
of ITF for glycemic control by dose–response analysis. 
As shown in Fig. 6, in the prediabetes and T2DM popula-
tion, the relationship curves suggested that ITF supple-
mentation had effects on the glycemic indicators, and the 
effects were different with different daily doses, durations 
and total doses of ITF. When the daily dose was 10 g and 
the duration reached 42 days and longer, these four glyce-
mic indicators were significantly reduced, and the effect 

Fig. 2 Forest plot displaying the effects of inulin‑type fructans on fasting blood glucose (mmol/l) by subgroup
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of glycemic control was satisfactory; the results were 
robust because the number of supporting studies was 
relatively large. Figure 6g, j, although FINS and HOMA-
IR kept a decreasing trend when the daily dose was above 
10  g, the supporting studies were fewer, and the results 
were not as credible. In the duration relationship curve, a 
similar situation existed.

These analyses were also performed in the total popu-
lation (Additional file 3: Figure S2). The figure suggested 
that the overall trends of the curves were consistent with 
those of the prediabetes and T2DM population. For the 
HbA1c indicator, the trend of the dose–response rela-
tionship curves decreased rapidly at first and then rose 
gradually at some point.

Subgroup analyses
The subgroup analysis results are presented in Table  3. 
The results showed that the female subgroup had reduc-
tions in FBG, HbA1c, FINS and HOMA-IR, while only 
FINS was significantly reduced in the male subgroup. The 
subgroup results showed that inulin had better effects on 
HbA1c and HOMA-IR than other kinds of ITF and that 
ITF supplementation in drinks had better effects on the 
four glycemic indicators than that in other foods, such as 
cookies, bread and so on. The pooled results of 4 studies 
examining symbiotic (ITF and probiotic) supplementa-
tion showed a significant reduction in FINS and HOMA-
IR but no significant effects on the other two indicators. 
The study design, study country, and whether the men-
tioned sponsor might also be factors influencing the dif-
ferences in the results between the studies.

Sensitivity analysis
The results of the leave-one-out sensitivity analysis sug-
gested that the effects of ITF supplementation on all four 
glycemic indicators were robust and not significantly 
driven by any single study (Additional file 4: Figure S3).

In further sensitivity analyses, after the removal of high 
potential outlier studies that shifted the pooled mean dif-
ference more than 10%, the reanalysis results from the 
fixed effect model revealed no significant change after the 
exclusion compared with before. All the reanalysis results 
are summarized in Table 4.

Publication bias analyses
The publication bias of the included studies on the four 
indicators was inspected with a funnel plot and Egger’s 
test, and the results are shown in Additional file  5: Fig-
ure S4. The funnel plots of FBG, HbA1c and HOMA-IR 
were symmetrical, which may be interpreted as no pub-
lication bias and the same results were shown in Egger’s 
test (P > 0.05). However, the funnel plot and Egger’s test 
showed that there might be publication bias in the FINS 
results (t = − 2.24; 95% CI − 2.28, − 0.09; P = 0.035).

Discussion
In this systematic review and meta-analysis of 33 RCTs 
involving a total of 1346 participants, we assessed the 
effects of ITF supplementation on four glycemic indicators, 
including FBG, HbA1c, FINS and HOMA-IR scores. In this 
regard, this meta-analysis provides the most up-to-date 
evidence supporting the putative favorable effects of ITF 
supplementation on glycemic control. Indeed, the results of 

Fig. 3 Forest plot displaying the effects of inulin‑type fructans on glycosylated hemoglobin (%) by subgroup
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our study showed that ITF supplementation could modu-
late glycemic control in the total population, and better 
effects were found in the prediabetes and T2DM popula-
tion. The REMR results revealed that when supplementing 
ITF with a daily dosage of 10 g and a duration of 6 weeks 
and longer, the glycemic indicators of the prediabetes and 
T2DM population were well controlled and that ITF sup-
plementation was suitable for the total population with 
only modest albeit significant effects. In addition, the sub-
group results showed that the sex of the subjects and the 
type and the method of intake of ITF were all important 
factors influencing the hypoglycemic effect of ITF.

Soluble dietary fiber, one kind of nondigestible car-
bohydrate, has been widely considered to play an 

important role in glycemic control, and recently, two 
meta-analyses (Thompson [54] and Silva [55]) both con-
firmed its effect on improving glycemic control. ITF, 
a common but important soluble dietary fiber, has also 
received much attention. In recent years, interest in the 
effects of ITF on glycemic control has increased con-
siderably. From the current research results, the hypo-
glycemic effect of ITF may have several mechanisms. 
ITF, which is fermented in the intestine, delays the rate 
of gastric emptying, thereby slowing the flow of glucose 
into the bloodstream and reducing the extent of post-
prandial blood glucose elevation [56]. At the same time, 
the short-chain fatty acids of the fermentation products 
after ingestion, especially propionic acid, may reduce or 

Fig. 4 Forest plot displaying the effects of inulin‑type fructans on fasting insulin (μU/ml) by subgroup
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inhibit hepatic gluconeogenesis. On the other hand, pro-
pionic acid enhances glucose utilization by consuming 
liver citric acid. Propionic acid may also indirectly affect 
hepatic glucose metabolism by reducing the concentra-
tion of plasma fatty acids, a known factor closely related 
to gluconeogenesis [57]. In addition, studies have shown 
that oligofructose can improve blood glucose metabolism 
by increasing the levels of glucagon-like peptide (GLP-1) 
and glucagon-like peptide 2 (GLP-2) [58, 59]. Jafarnejad 
et al. [60] reported that ITF, a type of prebiotic, could sig-
nificantly reduce blood glucose by promoting probiotic 
regulatory immune responses and systemic lowering of 
inflammation.

The side effects are important to mention. In the 
included RCTs, 26 of which studied the side effects in 
both intervention and control groups, and seven did not 
mention. Among the 26 trials, most of which reported 
that ITF were well tolerated by all subjects, and only 

two studies [43, 44] reported that ITF were associated 
with minor side effects, such as slight abdominal flatu-
lence or bloating, which may be important functional 
expressions of prebiotics as they are the result of gas 
and acid produced by fermentation by gut microbiota 
in the colon. None of these side effects were considered 
serious or harmful to health, and the side effects sub-
sided with adaptation over time. Recently, one study [61] 
revealed that inulin supplementation was associated with 
liver damage and might even lead to liver cancer. How-
ever, in our included trials, even adverse effects on liver 
function were not reported. The reason might be that 
the subjects in these studies were mice, a different spe-
cies from humans. In addition, inulin dosage might also 
be an important factor to consider. The China Ministry 
of Health Announcement No. 5 of 2009 approved inulin 
and polyfructose as new resource foods and stated that 
the recommended consumption was less than 15  g per 

Fig. 5 Forest plot displaying the effects of inulin‑type fructans on homeostasis model assessment‑insulin resistance (arbitrary units) by subgroup
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day. The Generally Recognized as Safe Notice (GRN) 
No. 605 mentioned that, in the general population, expo-
sure to FOS in food at levels up to 20 g/day was consid-
ered safe. In addition, the taste of inulin was generally 
accepted, and the price was relatively low, which might 
make it a possible substitute for sugar in the diet.

In 2017, one meta-analysis conducted by Liu [14] stud-
ied the effects of ITF on blood lipid and blood sugar lev-
els. Their meta-analysis mainly focused on the effect of 
ITF in a narrow population of individuals with dyslipi-
demia, which resulted in a limited number of trials and 

a small sample of glycemic control studies. Their results 
showed that ITF supplementation significantly reduced 
blood lipid parameters. However, no significant reduc-
tion in FBG was identified in the T2DM population (MD: 
− 0.42  mmol/l; 95% CI − 0.90, 0.06  mmol/l; P = 0.09), 
with only three RCTs included in the T2DM subgroup 
analysis. In addition, HbA1c and HOMA-IR, both of 
which are quite important in glycemic control, were not 
included in their meta-analysis. Recently, more and more 
relevant well-designed RCTs have been reported, allow-
ing us to perform a more specific and comprehensive 

Fig. 6 a analysis between dose of inulin‑type fructans and FBG net change level; b analysis between duration of inulin‑type fructans and FBG net 
change level; c analysis between total dosage of inulin‑type fructans and FBG net change level; d analysis between dose of inulin‑type fructans 
and HbA1c net change level; e analysis between duration of inulin‑type fructans and HbA1c net change level; f analysis between total dosage of 
inulin‑type fructans and HbA1c net change level; g analysis between dose of inulin‑type fructans and FINS net change level; h analysis between 
duration of inulin‑type fructans and FINS net change level; i analysis between total dosage of inulin‑type fructans and FINS net change level; j 
analysis between dose of inulin‑type fructans and HOMA‑IR net change level; k analysis between duration of inulin‑type fructans and HOMA‑IR net 
change level; l analysis between total dosage of inulintype fructans and HOMA‑IR net change level.
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meta-analysis to investigate the effects of ITF supple-
mentation on glycemic control.

Our updated meta-analysis included 33 RCTs that evalu-
ated the effect of ITF supplementation in all kinds of popu-
lations, especially prediabetes or T2DM subjects. First, the 
pooled results of our meta-analysis showed that ITF sup-
plementation could improve glycemic control in the total 
population or in the prediabetes and T2DM population 
and that the results had good quality and recommendation 
levels after being assessed by GRADE. Moreover, except for 
FBG and FINS, we analyzed two other important glycemic 
indicators, HbA1c and HOMA-IR. HbA1c can reflect long-
term glycemic control in diabetic patients, and a large num-
ber of studies have shown that a high level of HbA1c is a 
risk factor for diabetic complications [62, 63]. Importantly, 
the WMD calculated by net change was used in our study, 
which balanced the baseline difference among studies, 
making our results more accurate. Second, we analyzed and 
looked for causes of heterogeneity and appropriately con-
ducted a subgroup analysis, which effectively reduced the 
effect of heterogeneity on the results. Notably, the effects 
of ITF were much stronger on glycemic control in the pre-
diabetes and T2DM population. For example, the FBG 
concentration in the diabetic subgroup was significantly 
reduced by − 0.72 mmol/l, which was 6 to 7 times greater 
than the reduction in the total population (− 0.11 mmol/l). 
Finally, and notably, we performed a dose–response meta-
analysis to provide specific suggestions for ITF intake for 
the prediabetes and T2DM population.

Several limitations of the present study deserve to be 
mentioned. (i) Some included studies had a small sample 
size, which may make them likely to report extremely large 
beneficial effects and have low methodological quality. 
However, a sensitivity analysis was conducted to exclude 
the outlier effects studies, and the remainder of the rea-
nalysis results did not show any significant change with the 
omission of the studies from our meta-analysis. Moreover, 
the quality of the small trials was also critically analyzed, 
and only the high-quality studies were included in our 
analysis. (ii) Medication usage in the included studies may 
not have been the same, and more medical usage informa-
tion could not be obtained, which may have caused bias in 
this meta-analysis, although ITF supplementation does not 
influence medication use. We performed a subgroup anal-
ysis, and no heterogeneity was found, with an  I2 of 0%. (iii) 
Some studies did not meet the inclusion criteria because 
they did not report baseline characteristics (WMD could 
not be computed) and were not in English, which may 
improve the publication bias; fortunately, only the HbA1c 
index showed a slight bias. (iv) Though some articles have 
shown that glucose iAUC levels were also reduced after 
ITF supplementation, this blood glucose indicator was not 
analyzed in this study due to differences in implementation 

criteria and the relatively small numbers of studies. Our 
team will continue to focus on the impact of ITF on this 
indicator and conduct another meta-analysis after more 
high-quality studies are reported. Despite some shortcom-
ings, this study was the most extensive meta-analysis eval-
uating the effects of ITF on glycemic metabolism.

Conclusions
Our comprehensive meta-analysis indicated that ITF sup-
plementation reduced the four main glycemic indicators 
significantly, thus improving glycemic control, especially 
for the prediabetes and T2DM population. Importantly, 
we first conducted a dose–response meta-analysis, and 
recommended an ITF supplementation of 10 g per day for 
6 weeks and longer for the prediabetes and T2DM popu-
lation. In addition, our subgroup analyses revealed that 
there were more beneficial effects on the glycemic indica-
tors in subjects who were females, in subjects who took 
inulin (one type of ITF) and in subjects who took ITF as 
a drink. Therefore, all these important findings provide 
practical information and indicate that ITF can be used as 
an adjuvant therapy for glycemic control, especially for the 
patients with prediabetes or T2DM in clinical practice.
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