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ABSTRACT

Context: Type-2 diabetes mellitus (T2DM) is a complex metabolic disorder that causes insulin resistance in the body. On the other hand, konjac
glucomannan (KGM) is known to have beneficial effects on diabetes by reducing HbAlc, postprandial glucose, and insulin resistance. However, only a few
studies have been conducted in individuals with T2DM or glucose intolerance.

Aims: To evaluate the effectiveness of konjac glucomannan on the clinical outcomes of T2DM patients treated with oral antidiabetic drugs (OAD) and/or
insulin.

Methods: A systematic study was carried out based on the PRISMA protocol by synthesizing trials in T2DM patients treated with OAD and/or insulin. Articles
were searched from Science Direct, PubMed, Cochrane Library, and ProQuest databases. The primary outcomes studied were glycated hemoglobin
(HbA1c), postprandial glucose (PPG), homeostatic model assessment (HOMA-IR), and fasting serum insulin (FSI). Articles meeting the eligibility criteria
were assessed for risk of bias using the Jadad's scale.

Results: A total of 129 participants were included from six trials meeting the eligibility criteria, with ages ranging from 25-75 years and duration of KGM
intervention lasting from 2-12 weeks. Two studies had a low risk of bias based on Jadad’s score analysis. Significant reductions in HbAlc, PPG, and fasting
blood glucose (FBG) were reported in four studies, while HOMA-IR reduction was found in one study. The different types of KGM and duration of

administration might have different influences on the effectiveness of glucomannan in the studied outcomes.

Conclusion: Konjac glucomannan can reduce PPG, FBG, HbAlc, and HOMA-IR in T2DM patients on OAD and/or insulin.
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INTRODUCTION

Global Burden Disease from the Institute of Health
Metrics, Seattle, stated that around 426 million people
were suffering from diabetes mellitus in 2017, or
approximately 6.28% of the world's population (GBD,
2017). Type 2 diabetes mellitus (T2DM) is a complex
metabolic disorder characterized by hyperglycemia and
impaired insulin action and secretion (ADA, 2013).

On the other hand, konjac glucomannan (KGM) is a
water-soluble polysaccharide (dietary fiber) that
originates from Amorphophallus konjac K. Koch,
commonly referred to as “iles-iles” or “umbi porang” in
Indonesia, belongs to the Araceae family, and is primarily
planted and used as traditional medicine in Asia,
especially in China, Japan, and Southeast Asia (Chua et
al., 2010; Tester et al., 2012). Konjac glucomannan was
approved by the Food and Drug Administration as a
biomaterial for therapeutic use and has been used to
promote health and protect against various diseases,
including DM, hypercholesterolemia, inflammation,
cardiovascular diseases, and cancers (Chua et al., 2010;
Lietal.,, 2019).

Cumulative experimental studies have suggested the
potentially beneficial roles of KGM in glycemic and lipid
controls (Behera and Ray, 2016; Goel, 2012). However,
only a few studies were conducted in individuals with
T2DM or glucose intolerance or explored the clinical
effect of KGM on insulin resistance and fasting insulin
levels. Therefore, this study aimed to assess and explore
the effects of KGM on blood glucose, insulin resistance,
insulin sensitivity, and lipid profiles in T2DM patients
treated with OAD and/or insulin therapy by
synthesizing the currently available studies.

METHODOLOGY

Review methodology

This systematic review synthesized clinical research
in the T2DM population and was compiled based on the
PRISMA 2020 Systematic Review protocol (Page et al.,
2021).

Eligibility criteria

The inclusion criteria for the related studies were
limited to the following characteristics: the studies were
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published between January 2007 and January 2022;
English as their main language; the studies concerned
clinical trials in the T2DM population, OAD and/or
insulin therapy; the studies had a maximum of two
T2DM complications; the intervention included all KGM
products and their derivatives; the clinical outcomes
consisted of one or more main outcomes: HbAlc, fasting
blood glucose (FBG), post-prandial glucose (PPG),
homeostatic model assessment of insulin resistance
(HOMA-IR), and fasting insulin levels.

Information sources

In this study, the article search was mainly conducted
using four electronic databases (i.e., Science Direct,
PubMed, ResearchGate, and ProQuest) and additional
databases: Semantic Scholar and Google Scholar (via
https:/ /scholar.google.com). Searches were done in
stages and used the Boolean combination of phrases as
follows: Konjac glucomannan OR konjac, glucomannan
OR KGM AND diabetes mellitus type 2 OR T2DM OR
adult-onset diabetes AND clinical trials OR clinical
outcomes.

Search strategy

The search was for original studies published
between January 2007 and January 2022, conducted
using MeSH terms and the English language. The article
search started in March 2022. An additional search
strategy was performed by retrieving relevant studies
from the articles’ references that met the eligibility
criteria. The search results for the articles were stored in
reference software (Mendeley Desktop) to be checked
further for any duplications.

Selection process

The retrieved records were then screened by their
titles and abstracts based on the inclusion and exclusion
criteria by the authors. The number and reasons for
article exclusion were reported at this stage. The
screened records were then retrieved for their full texts
and reassessed against the eligibility criteria. Next, the
number of eligible articles for systematic review was
reported by reviewers. Similar steps were conducted to
retrieve additional articles from reference lists of the
eligible studies.

Data collection process

One author (PNR) extracted eligible articles into
spreadsheets based on key information and then
discussed the differences to draw a conclusion. The
collected information from the eligible studies included
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authors, publication years/ period, study characteristics,
participant characteristics, types of KGM interventions,
dosage of intervention, duration of intervention, and the
study outcomes. The primary outcomes were HbAlc,
FBG, PPG, HOMA-IR, and fasting insulin levels.
Secondary outcomes were fructosamine, ghrelin, leptin,
insulin, fasting serum insulin (FSI), homeostatic model
Assessment of beta cell function (HOMA-B), Apo-B, Hs-
CRP, and lipid profiles (triglyceride, total cholesterol,
HDL-C [high-density lipoprotein-cholesterol], and LDL-
C [low-density lipoprotein-cholesterol]).

Study of risk of bias assessment

The quality of the eligible studies was assessed
according to the modified Jadad scale (Hempel et al.,
2011). The risk of bias assessment was conducted
independently by two authors (PNR and NHH) using
Microsoft Excel. The scoring process was done twice,
and any disagreements were resolved by discussion
between all of the authors. The final results were then
visualized using the RobVIS tool (McGuinness and
Higgins, 2021).

Effect measures

Any mean differences in the studied clinical
outcomes between KGM intervention and control
groups with a p<0.05 were considered statistically
significant. Standard deviations of each biomarker were
also shown to see how the data spread between the
groups.

Synthesis methods

Data were extracted from the eligible studies by
describing the method, combining the outcomes, and
comparing the variations. The data were then
summarized narratively and tabulated for comparison of
post-intervention effectiveness based on biomarker
types, namely blood glucose (e.g., HbAlc, FBG, PPG),
insulin resistance and sensitivity (e.g, HOMA-IR,
HOMA-B, fasting insulin levels), and lipid (e.g.,
triglyceride, total cholesterol, LDL, HDL) profiles
(Krentz and Hompesch, 2016). However, sensitivity
analyses for the studies were not conducted.

Reporting bias assessment

Measurements and outcomes reported in the
included studies were checked against the protocols if
available. Alternatively, comparisons were made for the
methods and results sections in the published articles.
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RESULTS

Study selection

The steps of extracting articles from databases to
identify articles based on the inclusion and exclusion
criteria were all compiled in Fig. 1. A total of 119 records
were obtained from electronic databases and manual
search after removing duplications. After initial
screening, only 22 reports were found to have relevant
titles and abstracts, their full texts were therefore sought.
Of these, only 18 full-text reports were available. Upon
further assessment, 12 articles did not meet the eligible
criteria, leaving only 6 articles to be further reviewed.

Identification

Screening

Eligibility

Included

Figure 1. Study flowchart.

Study characteristics

The included articles were published between 2007
and 2022, of which four were cross-sectional (n = 4),
randomized controlled trials (n = 1), and an open-label
trial (n = 1). Six records were from studies conducted in
Thailand (n = 2), Canada (n = 2), Taiwan (n = 1), and
Japan (n = 1). The total sample size was from 20 to 32.
Intervention periods were from two to twelve weeks,
and most interventions were carried out for four weeks
(n=23).

The participants in all the trials were taking OAD
(Chearskul et al., 2009; Jenkins et al., 2017), OAD and
insulin therapy (Chearskul et al.,, 2007; Jenkins et al.,
2008; Ueno et al., 2023), and regular therapy (Cheang et
al., 2017). One study compared KGM intervention in
healthy and T2DM groups (Jenkins et al., 2008), while
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another tested KGM in T2DM patients with metabolic
syndrome (Cheang et al., 2017). The age of participants
ranged from 20 years to 75 years (Cheang et al., 2017;
Chearskul et al., 2007; Jenkins et al., 2008; 2017; Ueno et
al., 2023). Furthermore, there were five types of KGM
intervention given, namely pure glucomannan capsules
(Chearskul et al., 2007; 2009), in the form of viscous fiber
blend (VFB) biscuits (Jenkins et al., 2008), konjac-
glucomannan-based fiber blend (KGB) (Jenkins et al.,
2017), konjac noodles (Cheang et al., 2017; Ueno et al,,
2023), and various konjac products (plate, noodles, rice,
desserts, side dishes) (Ueno et al., 2023), with duration of
administration lasting variably from 2 to 12 weeks. In
addition, both konjac and placebo were given orally.

Risk of bias in studies

The overall quality of all the included articles based
on the results of the Jadad scoring was summarized in
Fig. 2; two articles were shown to have a low risk of bias,
thus of fairly high quality (Cheang et al., 2017; Jenkins et
al., 2017). The risk of bias was unclear in two studies due
to issues within blinding and random sequence
generation domains (Chearskul et al., 2007; Jenkins et al.,
2008). A high risk of bias was found in two other studies
with a non-crossover randomized controlled trial (RCT)
design (Chearskul et al., 2009; Ueno et al., 2023).

Results of individual studies

A total of 147 participants with T2DM from six
studies were included in this review (Table 1). The age
ranged from 20 to 75 years with relatively equal
proportions of men and women. Different types of KGM
interventions were reported in the studies with
administration lasting variably from 2 to 12 weeks.

Significant reductions in HbAlc levels were reported
in three studies (Cheang et al., 2017; Jenkins et al., 2017;
Ueno et al., 2021). A significant reduction in FBG levels
was reported (Ueno et al., 2023), similarly for PPG levels
(Jenkins et al., 2008). Encapsulated glucomannan was
shown to have only reduced blood glucose levels at 2-
hour gAUC and 75 g oral glucose tolerance test (OGTT)
from 1 to 2 hours after intake (Chearskul et al., 2007).

Significant reduction in HOMA-IR was documented
in one study, particularly in female subgroups
(Chearskul et al., 2007). Significant increases in HOMA2-
%B and HMW-adiponectin were also reported in one
study (Ueno et al., 2023).

Three studies significantly improved HDL-C and
reduced LDL-C, total cholesterol, and Apo B (Chearskul
et al.,, 2007; Jenkins et al., 2008; 2017).
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Table 1. Characteristics of contributing studies.

Author/ Age Interventions
No. Study design Criteria of participants Sample size Doses
Year (years) KGM Placebo
1. Chearskul H Crossover RCT T2DM on diet or OAD/ insulin therapy N=20 30-70 Encapsulated White rice flour 3g/day
etal., 2007 M Single-blind (Men =10) glucomannan capsules (1 g/eating)
2. Jenkins M Crossover RCT Il T2DM (n=9) on OAD/ insulin therapy N=19 68+3.8 VFB biscuit Control biscuits, 9.9 of VFB (6 g KGM),
etal., 2008 M Single-blind B Healthy (n=10) (Men=7) White bread, White | or control foods
mr B EMI 28,8 + 1.2 ke/m? bread +12 g of containing 50 g
ourarms 82 1.2 kg/m margarine carbohydrates
3. Chearskul RCT T2DM on OAD N=20 30-70 Encapsulated White rice flour 3g/day
etal., 2009 (Men = 10) glucomannan capsules (1 g/eating)
4. Cheang M Crossover RCT Il T2DM + MS (n=24) not dependenton | N=32 39-64 Glucomannan Placebo noodles 4 g fiber, or placebo in
etal, 2017 B Double-blind insulin (Men = 16) noodles 400 g of noodles/day
H MS only (n=8)
5. Jenkins M Crossover RCT Il T2DM on diet or OAD N=30 40-75 KGB + American Wheat bran + Corn 6 g KGB + 3 g AG/day,
etal., 2017 M Partially blind M HbAlC6.5-8.4% (Men =18) ginseng starches or6gWB +3 g CS/day
Il Systolic BP < 140 mmHg
M Diastolic BP <90 mmHg
6. Ueno et al., 2023 H Open-label trial Il T2DM on OAD/insulin therapy N=26 20-75 Konjac products - 100 g of konjac
M Single arm B HbAlC 7.0- 10% (Men =12) (plate, rice, product servings/day

M BMI =22 kg/m?

noodles, side
dishes, desserts)

AG: American ginseng; BMI: Body mass index; BP: Blood pressure; CS: Corn starches; HbAlc: Hemoglobin Alc; KGB: Konjac glucomannan-based fiber blend; KGM: Konjac glucomannan; MS, Metabolic syndrome; OAD: Oral
antidiabetic drug; RCT: Randomized controlled trial; T2DM: Type 2 diabetes mellitus; VFB: Viscous fiber blend; WB: Wheat bran.
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Figure 2. The Quality assessment of clinical trials according to the Jadad scale.

DISCUSSION

This systematic review suggested some positive
effects of KGM from clinical trials on blood glucose,
insulin resistance, and lipid parameters. KGM is a
polysaccharide consisting of (-1,4-linked D-mannose
and monomer D-glucose with a low glycemic index (Luo
et al.,, 2022). KGM regulates blood glucose metabolism
and improves insulin resistance of body cells via the
AMP-activated protein kinase (AMPK) pathway, as well
as reduces free fatty acids (FFA) (Susanti et al., 2015).

Some included studies in this review showed a
significant reduction of HbAlc levels among T2DM
patients who consumed glucomannan (Cheang et al.,
2017; Jenkins et al., 2017; Ueno et al., 2023). Short-chain
fatty acid (SCFA), an organic fatty acid with 1-6 carbon
atoms arranged in straight and branched chain
conformations, was produced in the large intestine when
glucomannan was fermented by anaerobic bacteria.
SCFAs initiated specific cell signaling cascades via FFA
receptors (FFAR) 2 and 3 in intestinal enteroendocrine L-
cells, mucosal mast cells, and adipose tissues (Puddu et
al., 2014). SCFA also stimulated the release of glucagon-
like peptide (GLP)-1 via FFAR 2 activation (Psichas et al.,
2015; Tolhurst et al, 2012). In the pancreas, GLP-1
reduced glucagon levels and increased insulin secretion
by stimulating pancreatic beta cells (Charbonnel and
Cariou, 2011).

http://jppres.com

Administration of KGM was also shown in this
review to be capable of decreasing insulin resistance and
intolerance. This effect might be attributable to the
ability of SCFAs to reduce the FFA excess in target
tissues of insulin, which caused lipotoxicity, resulting in
peripheral insulin resistance via inhibition of insulin-
stimulated glucose uptake and glycogen synthesis (Lee
et al, 2022). KGM also increased AMPK activity by
activating peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGC-1a) expression in liver
and muscle tissues. PGC-1a regulated the transcriptional
activity of several vital transcription factors responsible
for controlling glucose, lipid, and cholesterol
metabolisms. As a result, fatty acid oxidation increased
in both tissues, and de novo fatty acid production
decreased in the liver (Besten et al., 2013). Consuming
KGM also helped SCFA production, increased fat
burning, and reduced fat storage in body cells such as
insulin resistance due to fat accumulation in body cells
(HOMA-IR) and adipocyte cells (Adipo-IR) was
reduced, especially in T2DM patients with obesity
(Besten et al., 2013). In addition, KGM also increased the
effectiveness and function of pancreatic beta cells
(HOMAZ2-%B) and reduced fasting serum insulin levels
by improving insulin regulation (Chearskul et al., 2007;
Ueno et al., 2023). KGM also significantly decreased
insulin resistance and improved sensitivity caused by
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dyslipidemia (Chearskul et al., 2007; Jenkins et al., 2017;
Zheng et al., 2017).

Interpretation

Considering the evidence, this review suggested that
KGM, as a supplementary therapy in T2DM along with
antidiabetic regimens, had beneficial effects in
improving blood glucose and insulin resistance
regulations, as well as lipid metabolism.

Limitations and implications

Several pilot studies did not test HOMA-IR yet, and
the correlation between HOMA-IR and FSI requires
further research. Overall, the evidence from studies
included in this review should be interpreted in light of
the study quality. Despite having been thoroughly
performed, this systematic review could only retrieve six
trials with varying quality. There might be a true lack of
RCTs conducted for investigating the effect of KGM on
T2DM, or else the search strategy used might need
further refinement if more high-quality RCTs were to be
captured. Due to the heterogeneity of the reviewed
studies, a meta-analysis could not be performed.
Further, well-designed RCTs were needed to establish
the therapeutic and clinical effects of KGM for T2DM to
allow a quantitative meta-analysis to be conducted.

CONCLUSION

Konjac glucomannan supplementation has favorable
effects on glucose, insulin, and lipid parameters,
suggesting its potential to be used as a natural
antidiabetic and anti-dyslipidemic agent. KGM can be
administered as either capsules or mixed with food (rice,
noodles, pasta, biscuits, and so forth).
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