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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/I; 95% Cl — 0.71,
—0.48 mmol/I; high rate], HbA1c (WMD: — 0.58%; 95% Cl — 0.83, — 0.32%; high rate), FINS (WMD: — 1.75 uU/ml; 95%
Cl —2.87, —0.63 pU/ml; low rate), and HOMA-IR (WMD: — 0.69; 95% Cl — 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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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.
Keywords: Inulin-type fructans supplementation, Glycemic control, Type 2 diabetes, Prediabetes, Meta-analysis

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].

ITE, mainly composed of inulin, fructooligosaccharides
(FOS) and galactooligosaccharides (GOS), is a class of
linear fructans that is connected with  (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
(HbAlc) 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, HbAlc 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 HbA1lc 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, HbAlc,
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 p-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
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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, HbAlc, 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-Mendia
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
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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 I index and was
regarded as substantial if I*>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 I* < 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
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[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

pr——-\
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= (n=1399) n=53)
g
=
@
=
- A
Records after duplicates removed
(n=384)
o
o
g Y
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— Full-text articles excluded, with reasons
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Full-text articles assessed for Not randomized clinical trial (RCT): 3
eligibility Duplicate publication: 8
iy 0=72) Intervention studied not classified as
= ITF: 7
) Lack of appropriate control group: 13
[ Non-relevant outcome: 4
Studies included in qualitative Data pr&sgntation inappropriate  for
synthesis meta-analysis: 4
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—
o
= Studies included in quantitative
-E synthesis (meta-analysis)
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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], HbAlc 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, HbAlc, 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.
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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 (I>=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/];
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 *=0%.

Next, we examined whether ITF supplementation
affected long-term glycemic regulation by analyzing
HbAlc data. The effect of ITF on HbAlc was reported
in 12 RCTs, including 10 RCTs in the prediabetes and
T2DM population. The overall analysis revealed that
HbAlc was reduced significantly (WMD: —0.39%; 95%
CI —0.65, —0.13%; P=0.003) (moderate rate). Nota-
bly, in the T2DM population, HbAlc 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 (I*=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 pU/ml (95% CI —1.90, —0.54 pU/ml; P=0.0005)
(very low rate) (Fig. 4). In the prediabetes and T2DM
population, FINS showed a more significant reduction
(WMD: —1.75 pU/ml; 95% CI —2.87, —0.63 pU/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; I>*=81%) (low
rate).

In addition, to analyze the relative hypoglycemic
effects, we calculated the weighted mean of the baseline



Page 8 of 19

410

(2019) 17:

Wang et al. J Trans| Med

%18 ‘Aiauaboialay [enueisgns jussaidal < 3Ys pue “uedyiubis s Ayvuabousyay 1oy 1591 ay | 4

%8¢ ‘A12uaboiRlay |enuelsqns Juasaidal | Yy pue Juedyiubis s| Aysuaboisiay 1041591 3Y] 4

%9 ‘Aisuaboiziay [enueisqns Juasaidal | 3y3 pue ‘Juedyiubis st Apusbolslay 1oy 3533 YL ;

(S£00°0 =d) 3uedyIubis st seiq uoiediignd 1oy 3533 s 49663 3y

%69 ‘A119uaboialay [enueisqns yuasaidal <l yi pue quesyiubis si Auauabolalay 1oy 3591 oy | b

%LS ‘91e19POW S | 3Y3 pue Juedyiubis st Ayduaboisiay 1oy Is91 3y ,

%65 ‘@1eIapou si | 3y} pue Juedyiubis si AyausboIRIRY 10y 1533 BYL

$309J2 d1WdA|BodAY pue suljaseq ay3 Jo ueaw pajyblam sy} buriendfed Ag paIndwod s| 10943 dAeRI Y] ,

shjij|aw sa3aqelp ¢ 9dA1 gz ‘9oUeISISaI UIINSUL -JUSWISSISSE [9POW SISEISORWOY Y/-YIWOH ‘Ulqolboway pale|Asodk|6 o1 ygH ‘ulinsul Bunsey s ‘9s0on|6 poo|q bunsey g

(se10q
(870— suon suonelwl| -e|paid pue
Mo OO @@ %6CC —/%E9 LT — oLL—)690— £61/561 SuoneWI| SNOLSS ON -e)JWI| SNOLBS ON  sUOejWI| SNOLSS ON SNoWssSON  INAZL) HI-YWOH
jw/Nrt (€90 — suon ssuoneIWI| suonewl| (so12qeipaud
Mo OO @ @ %05°€ —/%800C — [8T)SLL— 6CC/CEC  SUohrWI| SNOLSS ON -e)JWI| SNOLRS ON  suoiejwl| SNOLSs ON snouas A1 SNOWSSON  pue NAZL) SNI4
(se10q
% (Z€0— suon suonelwl| -e|paid pue
Yoo e e %SG L/%S1°G — '€80—) 850 — 681/061 Ssuonelwl| SNOUSs ON -e}WI| SNOLIBS ON  SUOHeIWI| SNOLSS ON suonewl| snolss ON SNOL3S ON WAacl) DLYaH
[/|oww
80— suon suoneywi| (sa12qgeipaud
by e @ & & %9TO0—/%lyL—  'LL0—)090— 087/€87  suoneIWI| SNOLSS ON -e)WI| SNOLSS ON  SUOIIBNWI| SNOL3S ON  SUOIRHWI| SNOLISS ON SnoudsON  pue Wdzl) D94
(10— suon suoneuwl| (uonejndod
Mol QO @ & WBLTL—/%0L6L—  ¥80—)LS0— 09€//G€  suopeywWi| SNoLas ON -BHIWI| SNOLSS ON  SUONEIWI| SNOLSS ON ,SUOIRYIWI SNOLSS AIA SNOLI3S ON [e301) HI-YIWOH
jw/Nrt (150 — suon psuonenw| suoneyw| (uone
mo| A1 OO0 & %t 0/%29C L — 061—)TTL— ¥16/51S  ,pa1dadsns Albuong -B}JW|| SNOLAS ON  SUO[IR}|WI| SNOLISS ON SNOLAS AIA snoussoN  -ndod |p1o]) SNI4
o1e % (E10— suon suonewl| (uonejndod
-19pow OB & & %0TL/%E6Y—  'S90—) 660 — 6127/077 suoneywi| snouss oN -B}WI| SNOLSS ON  SUOJIBNUI| SNOLISS ON ,SUOIBLIWI| SNOLISS SNoLas ON |e301) DLYAH
|/|owiw
ale (600— suon suoneywl| (uoney
-19pow OD & & %9E0/%CEY—  '€€0—) LT0— 159/959  SUONEWI| SNOLIAS ON -B)|WI| SNONAS ON  SUOJIeUI]| SNOLISS ON gsuoneNwI| SNoLSS snoussoN  -ndod [elo]) Dg4
|043U0d/UoijUBAIRIUL (ID %S6)  |0J13UO0d/UOIIUBAIBLUI JO
212949 dANeRY  129)49 dINjosqy JRquiny selg uonedijqng uoispaidwy ssaujdalIpu| A>udasisuodu]  selq Jo sty sawodInQ
9OUBPIAD JO
Ayjend sbuipuy jo LAlewwns judwssasse A)jend

uonejndod

WAzl pue sa1aqeipaid ayy ui pue uonejndod [e10) 3y ul s3103s Y|-YINOH Pue S|9A3] SNIJ pue O LyYqH ‘Dg4 10j uonejuawsjddns 4] jo sjyoid 3qvyD Z3|qeL



Wang et al. J Trans| Med (2019) 17:410 Page 9 of 19
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.1.1 Healthy-subjects
Forcheron 2007 -0.3 0.334 9 -0.16 0.556 8 36% -0.14[-0.58,0.30] -1
Jackson 1999 0.11 0.51 27 0.07 0448 27 54% 0.04 [-0.22, 0.30) T
Luo 1996 -0.3 035 12 -0.02 0488 12 45% -0.28[-0.62,0.06) ==
Rajkumar 2015 -0.03 0.38 15 -0.11 0.301 15 55% 0.08[-0.17,0.33) £ i
Russo 2010 -0.15 0.416 15 -0.02 0.47 15 47% -013[-0.45019] Tl
Subtotal (95% Cl) 78 77 23.6% -0.04[-0.18,0.09] 4
Heterogeneity: Tau*= 0.00; Chi*= 3.71, df= 4 (P = 0.45); F= 0%
Test for overall effect. Z= 0.65 (P = 0.51)
1.1.2 Prediabetes and T2DM
Alles 1999 0.2 2.365 20 018 2.399 20 0.6% 0.02 [-1.46,1.50] -1
Asemi 2016 -0.62778 3.083333 27 -0.20556 2.183333 27 06% -0.42[1.851.00] —
Bonsu 2012 0.1 2252 12 -0.2 1.51 14 06% 0.30-1.20, 1.80] ]
Dehghan 2014-a -1.02 1189 27 -0.1 0.711 25  3.0% -0.92[1.45,-0.39] —
Dehghan 2014-b -0.83889 1.003 24 -0.09444 0.711 25 3.2% -0.74[1.23,-0.26] =
Dehghan 2016 -0.8 1123 27 0.14 0883 22 27% -0.94[1.50,-0.38] =
Gargari 2013 -0.84 1.003 24 -0.09 0.711 25  32% -0.75[-1.24,-0.26) —%
Ghavami 2018 -0.59 1878 23 0.15 1456 23 1.2% -0.74[1.71,0.23] B
Guess 2015 -0.4 019 20 0.16 0.23 18 6.5% -0.56[-0.69,-0.43] %
Luo 2000 -0.52 2026 10 -0.02 148 10 05% -0.50[-2.06,1.06] —
Pedersen 2016 0.7 1.485 14 0.3 116 15 1.2% 0.40[-0.57,1.37) N B
Roshanravan 2017(1) -1.25 4.055 15 0.07 1.393 15 03% -1.32[-3.49, 089
Roshanravan 2017(2) -1 2.8142292 14 0.01 229 15 0.4%  -1.01[-2.89,087] —
Shakeri 2014 -0.86667 2.911111 26 -0.33333 2127778 26 07% -053[1.92,085 —
Subtotal (95% Cl) 283 280 24.8% -0.60[-0.71,-0.48] ¢
Heterogeneity: Tau*= 0.00; Chi*=10.73, df=13 (P=0.63), F=0%
Test for overall effect: Z=10.13 (P < 0.00001)
1.1.3 Overweight and obesity
Canfora 2017 0 05 21 0 0458 23 51% 0.00[-0.28, 0.28] ==
de Luis 2013 0.05 082 16 0.06 0763 16 2.8% -0.01[-0.56,0.54] I
Dewulf 2013 -0.11111 0.333333 15 0.055556 0.166667 15 6.0% -0.17[-0.36,0.02] =
Parnell 2009 -0.2 0436 21 -0.14 04 18 53% -0.06[0.32,0.20] -
Tovar 2012 -0.033333 0505556 30 -0.122222 05 29 54% 0.09[-0.17,0.35) ==
Tripkovic 2015 0.08 0.296 10 019 0.344 10 51% -0.11[0.39,017] -T
Vulevic 2013 0.2 0.6557439 45 0.4 0.8544004 45 48% -0.20[-0.51,0.11] -
Subtotal (95% Cl) 158 156 34.4%  -0.08[-0.18,0.02] ¢
Heterogeneity: Tau*= 0.00; Chi*= 3.47, df=6 (P = 0.75); F= 0%
Testfor overall effect. Z=1.53(P=0.13)
1.1.4 Others
Behrouz 2017 -0.33 0956 29 -0.11 1256 30 27% -0.22[-0.79,0.35) ]
Bomhof 2018 062 0523737 8 0.26 0.809506 6 1.9% 0.36 [-0.38,1.10) -T=
Daubioul 2005 -0.67 2.584 7 0.55 2176 7 02% -1.22[3.72,1.28]
Giacco 2004 0.22 095 30 0.16 0862 30 3.5% 0.06 [-0.40, 0.52) i o
Javadi 2017 -0.09 0516 19 0.03 0.454 19 48% -012[-0.43,019) =i i
Meksawan 2016 0.45 3.05 9 0.64 2.406 9 02% -0.19[2.73,2.39]
Scheid 2014 -0.33 1102 35 -0.18 0.571 37 39% -0.15[-0.56,0.26) -
Subtotal (95% Cl) 137 138 17.1% -0.08[-0.27,0.11] ¢
Heterogeneity: Tau*= 0.00; Chi*=2.92, df=6 (P=0.82), F=0%
Test for overall effect: Z=0.81 (P=0.42)
Total (95% Cl) 656 651 100.0% -0.21[-0.33,-0.09] L
Heterogeneity: Tau®= 0.05; Chi*= 77.57, df= 32 (P < 0.0001); F= 59% & g3 : . Py
Test for overall effect: Z= 3.46 (P = 0.0005)
Test for subaroun differences: Chi*= 56.74. df= 3 (P < 0.00001). F= 94.7% Favours (ITF]  Favours [control]
Fig. 2 Forest plot displaying the effects of inulin-type fructans on fasting blood glucose (mmol/l) by subgroup

and the hypoglycemic results of the four glycemic indi-
cators (FBG, HbAlc, 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 ITE. 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
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Favours [ITF] Favours [control] Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.2.1 T2DM
Bonsu 2012 0.2 1.375 12 -0.2 1.539 14 42% 0.40[-0.72,1.52) —
Dehghan 2014-a -0.6 0.954 27 01 1.015 25 108% -0.70[1.24,-0.16) -
Dehghan 2014-b -0.7 0819 24 01 1.015 25 11.2% -0.80[1.32,-0.28) -
Dehghan 2016 0.51 0.835 27 0.21 0.99 22 111%  -0.72[1.24,-0.20] -
Gargari 2013 -0.7 0.843 24 0.1 1.023 25 11.0% -0.80[1.32,-0.28] -
Ghavami 2018 0.42 2212 23 0.77 1.47 23 4.4% -1.19[-2.28,-0.10)
Luo 2000 0.18 1.524 10 0.35 1.494 10 3.2% 017 [-1.15,1.49) I R
Pedersen 2016 0.2 112 14 0.2 0.78 15 8.0% 0.00[-0.71,0.71) .
Roshanravan 2017(1) -0.53 4.584 15 -0.2 3.701 15 0.7%  -0.33[-3.31,269]
Roshanravan 2017(2)  -0.1281 2.0419414 14 -0.06039 1.2086107 15 36% -0.07[1.30,1.16) T
Subtotal (95% Cl) 190 189 68.2% -0.58[-0.83,-0.32] L 2
Heterogeneity: Tau*=0.02; Chi*=10.49, df=9 (P=0.31), F=14%
Test for overall effect: Z= 4.44 (P < 0.00001)
1.2.2 Others
Dewulf 2013 0.1 05 15 0 05 15 146% 0.10 [-0.26, 0.46) T
Russo 2010 -0.4 0.358 15 -0.2 0.308 15 17.3% -0.20 [-0.44,0.04) -
Subtotal (95% CI) 30 30 31.8% -0.08[-0.37,0.21] L 4
Heterogeneity: Tau*= 0.02; Chi*=1.87, df=1 (P=0.17); F= 46%
Test for overall effect: Z= 0.55 (P = 0.58)
Total (95% Cl) 220 219 100.0% -0.39[-0.65,-0.13] <*
Heterogeneity: Tau®= 0.08; Chi*= 22.55, df= 11 (P = 0.02); F=51% T 3
Test for overall effect: Z=2.95 (P = 0.003)
Test for subaroun differences: Chi*= 6.40. df=1 (P = 0.01). F= 84.4% Favours [ITF) Favours [control]
Fig. 3 Forest plot displaying the effects of inulin-type fructans on glycosylated hemoglobin (%) by subgroup

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
HbAlc 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, HbAlc, FINS and HOMA-IR, while only
FINS was significantly reduced in the male subgroup. The
subgroup results showed that inulin had better effects on
HbA1lc 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, HbAlc 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=10.035).

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
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IV, Random, 95% CI
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Favours [ITF] Favours [control] Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl
1.3.1 Healthy-subjects
Forcheron 2007 06 33 9 0.2 2727 8 3.4% 0.40([-2.47,3.27]
Jackson 1999 -0.58 2.937 27 052 3.745 27 52% -1.10[-2.90,0.70)
Luo 1996 -0.86 6.522 12 -1.87 4.333 12 1.8% 1.01[-3.42,5.44]
Rajkumar 2015 -3.4 1.951 15 -2.26 1.899 15 6.2% -1.14[252,0.24)
Russo 2010 0.78 0.805 15 -0.11 0.926 15 7.7% 0.89(0.27,1.51]
Subtotal (95% CI) 78 77 24.3%  -0.10[-1.29, 1.10]
Heterogeneity: Tau®= 0.95; Chi*= 9.95, df= 4 (P = 0.04); F=60%
Test for overall effect: Z=0.16 (P = 0.87)
1.3.2 Prediabetes and T2DM
Asemi 2016 -3.2 5.4 27 -0.3 34 27 41% -2.90[-5.31,-0.49]
Dehghan 2014-h -4.8 3869 24 0.2 38 25 45% -5.00[7.15,-2.85)
Dehghan 2016 -2.78 4.951 27 0.25 9.585 22 18% -3.03[-7.451.39)
Gargari 2013 -4.74 3869 24 0.28 4.386 25  42% -5.02[7.33,-2.71)
Ghavami 2018 0.21 1.607 23 -0.04 1.56 23 7.2% 0.25[-0.67,1.17]
Guess 2015 -5.09691 2.555635 20 -211055 2.684853 18 55% -2.99[-4.66,-1.32)
Guess 2016 -2.56999 1.507538 34 -1.85212 1.737258 34 7.4%  -0.72[-1.49,0.06)
Luo 2000 0.57 13.031 10 23 109 10 0.4% -1.73[-12.26,8.80)
Pedersen 2016 1.51 9.166 14 -1.66 7.948 15 1.0% 317 [-3.09,9.43]
Roshanravan 2017(1) -0.36 1.77 15 -0.4 1.537 15 6.6% 0.04 [-1.15,1.23]
Roshanravan 2017(2) -0.25 1.7790728 14 0.44 1.3612127 15 6.6% -0.69[-1.85 047
Subtotal (95% CI) 232 229 49.4% -1.75[-2.87,-0.63]
Heterogeneity: Tau®= 2.18; Chi*= 46.12, df=10 (P < 0.00001); F=78%
Test for overall effect: Z= 3.06 (P = 0.002)
1.3.3 Overweight and obesity
Canfora 2017 -1.8 8.561 21 -0.8 15.052 23 08% -1.00[-8.16,6.16)
de Luis 2013 0.7 9.493 16 1.3 8.433 16 1.0% -0.60[6.82,5.62)
Dewulf 2013 -2 5 15 -1 3 15 3.2%  -1.00[-3.95,1.95)
Tripkovic 2015 0.66 5672 10 0.35 5.346 10 1.6% 0.31[-4.52,5.14]
Vulevic 2013 -1.533333 5.0529694 45 0.8833333 5.6875107 45  44% -2.42[-4.64,-019]
Subtotal (95% CI) 107 109 11.1% -1.54[-3.11,0.03]
Heterogeneity: Tau®= 0.00; Chi*=1.40, df= 4 (P = 0.84); F=0%
Test for overall effect: Z=1.93 (P = 0.05)
1.3.4 Others
Behrouz 2017 -3.64 5592 29 1.05 12.247 30 16% -469[-9.520.14]
Bomhof 2018 0533333  1.616924 8 1.5 1.525615 6 55% -0.97[262 069
Daubioul 2005 -2.3 14.61 7 1.4 7.375 7 03% -3.70[-15.82,8.42)
Javadi 2017 -1.09 1.552 19 -0.03 1.379 19 71% -1.06[-1.99,-0.13]
Scheid 2014 253 17.552 35 2.22 17.269 37 0.7% 0.31[-7.74,8.36)
Subtotal (95% CI) 98 99 15.2% -1.14[-1.93,-0.34]
Heterogeneity: Tau®= 0.00; Chi*= 2.44, df= 4 (P = 0.66), F=0%
Test for overall effect: Z= 2.79 (P = 0.005)
Total (95% CI) 515 514 100.0% -1.22[-1.90, -0.54]
Heterogeneity: Tau®=1.47, Chi*= 79.46, df= 25 (P < 0.00001); F=69%
Test for overall effect: Z= 3.50 (P = 0.0005)
Test for subaroun differences: Chi*= 4.31.df= 3 (P =0.23). F= 30.4%

Fig. 4 Forest plot displaying the effects of inulin-type fructans on fasting insulin (uU/ml) by subgroup

Favours [ITF] Favours [control)

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.
ITE, 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
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight [V, Random, 95% CI IV, Random, 95% Cl
1.4.1 Healthy-subjects
Rajkumar 2015 -1.61 2.347 15 -07 21 15 2.3%  -0.91[-2.50,068) I
Russo 2010 -0.93 1.23 15 -0.22 1.257 15 52% -0.71[1.60,018] S
Subtotal (95% CI) 30 30 75% -0.76[-1.53,0.02] -
Heterogeneity: Tau®= 0.00; Chi*= 0.05, df=1 (P = 0.83); F=0%
Test for overall effect: Z=1.91 (P = 0.06)
1.4.2 Prediabetes and T2DM
Asemi 2016 -1.5 2.7 27 -02 1.6 27 36% -1.30[-2.48,-012)
Dehghan 2014-b -2.2 1.778 24 01 16 25 48% -2.30[-3.25,-1.35]
Gargari 2013 -2.2 1.778 24 005 16 25 48% -2.25[-3.20,-1.30]
Ghavami 2018 0.02 0.626 23 0 0.605 23 101% 0.01 [-0.35,0.37] 1T
Guess 2015 -0.7 0.3 20 -02 0.4 18 11.3% -050[-0.73,-0.27) =
Guess 2016 -0.9 0.1 34 -02 16 34 8.2% -0.70[1.24,-0.16] &
Pedersen 2016 0.1 1.062 14 -03 1.1 15 5.9% 0.40[-0.39,1.19] ==
Roshanravan 2017(1) -0.33 0.89 15 -011 0.591 15 8.2% -0.22[-0.76,0.32) e
Roshanravan 2017(2) -0.33 0.628649 14 0.2 0572975 15 92% -0.53[-0.97,-0.09] -
Subtotal (95% Cl) 195 197 66.1% -0.69[-1.10,-0.28] L2
Heterogeneity: Tau®*= 0.28; Chi*= 43.07, df= 8 (P < 0.00001); F=81%
Test for overall effect: Z= 3.30 (P = 0.0010)
1.4.3 Overweight and obesity
de Luis 2013 0.5 3.551 16 -01 2718 16 1.3% 0.60[-1.59,2.79] ]
Dewulf 2013 -0.8 2.04 15 0.07 0.69 15 40% -0.87[1.96,022) - -1
Tripkovic 2015 0.28 1.727 10 023 1.602 10 26% 0.05[-1.41,1.51] T
Subtotal (95% Cl) 41 41 8.0% -0.38[-1.20,0.43] -
Heterogeneity: Tau®*= 0.00; Chi*=1.88, df=2 (P=0.39); F= 0%
Test for overall effect: Z=0.93 (P = 0.35)
1.4.4 Others
Behrouz 2017 -1.04 1.686 29 01 5672 30 1.4%  -1.14[-3.26,0.98] —
Bomhof 2018 0.5 0995942 8 0.89 0927739 6 44%  -0.39[-1.40,062] — =1
Javadi 2017 -0.3 0.427 19 0 0.348 19 11.1% -0.30[-0.55,-0.05) =
Scheid 2014 -0.05 5.254 35 0.05 3113 37 1.5% -010[2.11,1.91)
Subtotal (95% ClI) 91 92 18.5% -0.31[-0.55,-0.08] L 2
Heterogeneity: Tau®*= 0.00; Chi*= 0.66, df=3 (P=0.88), F=0%
Test for overall effect: Z= 2.58 (P = 0.010)
Total (95% CI) 357 360 100.0% -0.57[-0.84,-0.31] L 2
Heterogeneity: Tau®= 0.15; Chi*= 47.63, df= 17 (P < 0.0001); F= 64% 4 £ ; : :
Test for overall effect: Z= 4.21 (P < 0.0001)
Testfor subaroun differences: Chi*= 317 df= 3 (P = 0.37). F= 5.5% Favours [ITF] Favours [control]
Fig. 5 Forest plot displaying the effects of inulin-type fructans on homeostasis model assessment-insulin resistance (arbitrary units) by subgroup

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
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day. The Generally Recognized as Safe Notice (GRN) a small sample of glycemic control studies. Their results
No. 605 mentioned that, in the general population, expo-  showed that ITF supplementation significantly reduced
sure to FOS in food at levels up to 20 g/day was consid-  blood lipid parameters. However, no significant reduc-
ered safe. In addition, the taste of inulin was generally tion in FBG was identified in the T2DM population (MD:
accepted, and the price was relatively low, which might —0.42 mmol/l; 95% CI —0.90, 0.06 mmol/l; P=0.09),

make it a possible substitute for sugar in the diet.

with only three RCTs included in the T2DM subgroup

In 2017, one meta-analysis conducted by Liu [14] stud-  analysis. In addition, HbAlc and HOMA-IR, both of
ied the effects of ITF on blood lipid and blood sugar lev-  which are quite important in glycemic control, were not
els. Their meta-analysis mainly focused on the effect of included in their meta-analysis. Recently, more and more
ITF in a narrow population of individuals with dyslipi- relevant well-designed RCTs have been reported, allow-
demia, which resulted in a limited number of trials and ing us to perform a more specific and comprehensive
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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, HbAlc and HOMA-IR. HbAlc can reflect long-
term glycemic control in diabetic patients, and a large num-
ber of studies have shown that a high level of HbAlc 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 I? 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 HbAlc
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
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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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tions: FBG, fasting blood glucose; FINS, fasting insulin; HoA1c, glycosylated
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