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Implications of Postprandial
Hyperglycaemia and Role of Voglibose
in Type 2 Diabetes Mellitus
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ABSTRACT

Type 2 Diabetes Mellitus (T2DM) is a chronic disease which requires treatment to prevent further complications. The Diabetes
Epidemiology: Collaborative analysis of Diagnostic criteria in Europe (DECODE) study and diabetic intervention study demonstrated
that high Postprandial Glucose (PPG) increased the mortality and cardiovascular complications. Voglibose, an a-glucosidase
inhibitor, controls PPG level and have cardiovascular benefits. Objective of this article was to review postprandial hyperglycaemia
and clinical evidences of voglibose in management of PPG in T2DM patients, its role in prediabetic condition and cardiovascular
benefits. Extensive search work was conducted on Google, Google scholar and PubMed from January, 1990 to May, 2017. Studies
relevant to pharmacology, efficacy and safety of voglibose were included in the article. Voglibose significantly reduces the PPG
level in T2DM patients compared to other antidiabetic drugs. Superior control on PPG contributes to cardioprotective action.
Beyond PPG regulation, voglibose has an effective role on prediabetic condition. Weak absorption of voglibose through intestine
make it a drug of choice in elderly patients or in hepatic impairment and mild to moderate renal function impairments when other
anti-diabetic agents are contraindicated. Clinical studies on voglibose, highlighted its role to control PPG level in T2DM patients

and its cardiovascular benefits.
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INTRODUCTION

Diabetes is a complex chronic disease associated with rise in plasma
glucose level, due to dysfunction in insulin release, insulin action or
both. Prevalence of T2DM is increasing and approaching towards
most common non communicable disease worldwide [1]. According
to WHO report 2016, around 422 million people worldwide lived with
diabetes in 2014 compared to 108 million in 1980. Over the past
decade, the prevalence of diabetes increases in lower and middle
income countries [1]. With 79.9 million adult people with T2DM, India
ranked second in diabetes, behind China as per the International
Diabetic Federation (IDF) report. IDF also projected that Indian
diabetic population may cross 134.3 million by 2045 [2].

Hyperglycaemia is an inherent factor in diabetes. It leads to the
development of micro and macrovascular complications. Two
essential factors are readily involved in hyperglycaemia; insulin
resistance and B cells dysfunction. In the initial phase, B cells cope
up with an increase in blood glucose level by substantial release
of insulin from @ cells. When § cells are unable to produce enough
insulin to overcome the excessive blood glucose level, it leads
to hyperglycaemia [3]. It may increase morbidity and mortality in
diabetes patients.

Macrovascular complications in T2DM patients are more common,
about 65% of patients die due to Cardiovascular Disease (CVD),
almost 80% due to coronary artery disease [4]. The American
Diabetic Association (ADA) recommended target level of HbA1c is
<7%, whereas by American Association of Clinical Endocrinologist
(AACE) it is <6.5% in diabetes [5,6]. Fasting Plasma Glucose (FPG)
and PPG are two important parameters for glucose estimation
[7]. Recent clinical evidence strongly suggested that postprandial
hyperglycaemia control may be necessary for HoA1c achievement
[8]. Negligence of PPG level may increase the risk of CVD [9].

The primary goal of management in T2DM is to improve quality of
life and good metabolic control. Pharmacological intervention is

required when lifestyle modifications are not able to maintain normal
plasma glucose. Selection of pharmacological therapy is based on
efficacy, tolerability, effects on comorbid conditions, hypoglycaemia
risk, cost and patient preferences [10].

The a-Glucosidase Inhibitors (AGI) have been categorised as
oral hypoglycaemic agents. These drugs delay the breakdown
of oligosaccharides by competing with enzyme a-glucosidase.
It delays the absorption of glucose, subsequently reduces the
postprandial glucose level [11]. Voglibose, one of the potent and
tolerant drug in class of AGls. It was first discovered in Japan in 1981
and commercially available in year 1994 for the treatment of T2DM
[12]. Treatment with voglibose increases the level of Glucagon Like
Peptide-1 (GLP-1), which is known for increase in insulin secretion
[13]. Voglibose is effective as monotherapy or in combination
with other antidiabetic medications. The primary objective of this
article was to review current clinical evidences of voglibose in the
management of PPG in T2DM patients, its preventive action and
cardiovascular benefits.

MATERIALS AND METHODS

Extensive search work was conducted on Google scholar and
PubMed database from January, 1990 to May, 2017. Keywords
used for search was; Voglibose, a-glucosidase inhibitors, diabetes
mellitus and postprandial hyperglycaemia. Search included all
research articles, review articles, meta-analysis, guidelines and
textbooks. Approximately 310 articles on voglibose were scanned
from different databases. Multiple publications addressing the same
dataset have been filtered out. Animal studies, in vivo, in vitro studies
and articles in language other than English were excluded. Twenty
four potential articles of voglibose on clinical efficacy, cardiovascular
effect, pre diabetic action, safety and pharmacokinetics have been
incorporated in this article.
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IMPORTANCE OF PPG IN MANAGEMENT OF
TYPE 2 DIABETES MELLITUS

PPG, FPG and HbA1c are important for optimal glycaemic control.
However, which value is more important is still questionable [14].
PPG is a pernicious factor in the development of diabetes and
related complications [15,16]. Current ADA criteria for the diagnosis
of PPG is plasma glucose level >200 mg/dL [5]. A meta-analysis
on correlation of HbA1c with FPG and PPG highlighted the closer
association of PPG with HbA1c compare to FPG; hence, PPG
is better in predicting overall glycaemic control in the absence of
HbA1c [17]. The Japanese study highlighted that the correlation of
HbA1c was better with PPG than FPG. In fact PPG level measured
after breakfast and dinner had shown the strongest relation with
HbA1c [18]. In another study conducted by Monnier L et al., involving
290 patients, has highlighted the PPG level has greater impact on
HbA1c in patients with good glycaemic control and FPG levels has
greater impact in patients with poor glycaemic control [19]. A study
by Bonora E et al., on T2DM, concluded that more than 60% of
patients had higher PPG level (>160 mg/dL) even with HbA1c less
than 7 in same population [20]. Holman RR et al., confirms the PPG
control makes a greater contribution towards glycaemic control in
subjects with normal range of HoA1c value [21].

Cardiovascular Complications and PPG

T2DM considered as one of the major independent risk factor for
CVD. Even in non diabetic patients, the level of blood glucose
has an impact on cardiovascular risk [22]. In hyperglycaemia,
endothelial dysfunction and oxidative stress are important marker for
cardiovascular complications. Production of free radical increases
the oxidative stress and leads to cardiovascular complications. For
the prevention of cardiovascular complication in diabetic patients,
correction of PPG level is utmost important [17]. Based on different
epidemiological and interventional studies, it can be concluded that
postprandial hyperglycaemia is mainly responsible for complications,
especially CVD in T2DM [Table/Fig-1] [16,23-28].
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Management of PPG

International guidelines have different recommendations on PPG
goal. IDF recommends <160 mg/dL, AACE recommends <140 mg/
dL and ADA suggests <180 mg/dL [29]. Drugs, including short-
acting Sulfonylureas (SU), Dipeptidyl Peptidase-4 (DPP4) inhibitors,
AGls, GLP-1 derivatives, glinides, and rapidly acting human insulin
or insulin analogues are common medications which focus on PPG
treatment as mentioned in [Table/Fig-2] [30].

Developing countries like China and India, consume carbohydrate
rich diet, accounting 80% of daily calorie [31]. In a study on Indian
population, high carbohydrate intake increases the triglyceride level
in both normal and diabetes population [32]. Targeting the glucose
control from carbohydrate rich diet is an effective way for PPG
control.

Voglibose, in Management of T2DM

Voglibose belongs to category of a-glucosidase inhibitors. Voglibose
delays glucose absorption from intestine by inhibiting a-glucosidase
enzyme. As a result it prevents high blood glucose level and
insulin spike after meal [33]. Voglibose is available in oral tablets,
disintegrating tablets or in sustained release tablets as single or in
combination with other antidiabetic drugs. Usual dose of voglibose
is 0.2 mg with meal; it can be increased to 0.3 mg if necessary
[33]. Recently published AACE/ACE guideline for management
of T2DM, emphasises the role of voglibose as monotherapy after
lifestyle modifications [6]. The Japanese guideline also advocates
voglibose as a first line of therapy in people with diabetes, having
high postprandial glucose level [34]. However, ADA recommends
voglibose as a second line of therapy with metformin combination in
T2DM patients. ADA also stated the use of voglibose in pre diabetic
conditions [13].

Mechanism of action: a-glucosidase enzymes are located in the
epithelial cell lining of intestine, specifically in enterocytes. The role of
these enzymes is conversion of polysaccharides and oligosaccharide

Study

Interpretation

PPG: A risk factor for increased CIMT in non diabetic individuals [16]

Post meal hyperglycaemia exerts a harmful impact on carotid intima media thickness

Hoorn Study [23]

2 hour post load glucose level is a better predictor of risk of all-cause and cardiovascular
mortality than HbA1c

Honolulu Heart Program [24]

Linear relation noted between post challenge glucose and fatal Congestive Heart Disease
(CHD) and non-fatal Myocardial Infarction (M)

Chicago Heart Association Study [25]

High PPG level increases risk of CVD and mortality

Diabetes Intervention Study, 11 years follow-up [26]

The post meal glucose level is associated with CHD

DECODE Study [27]

High 2 hour post load blood glucose provide additional information who have the greater
risk of death, independent of fasting glucose

Incident cardiovascular events and glucose level: A meta regression analysis
(28]
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[Table/Fig-2]: Classification and mode of action of antidiabetic agents with PPG

as potential target [31].
GLP-1-Glucagon like peptide-1; DPP4-Dipeptidyl peptidase-4; PPG-Postprandial glucose

Journal of Clinical and Diagnostic Research. 2018 Apr, Vol-12(4): OE08-OE12

2 hour glucose associated with cardiovascular event risk

[Table/Fig-1]: Cardiovascular disease and mortality associated with postprandial hyperglycaemia [16,23-28].

PPG- Postprandial glucose; CVD-Cardiovascular disease; DECODE- Diabetes epidemiology: collaborative analysis of diagnostic criteria in Europe

in simple glucose so that they can be easily absorbed from intestine
and reaches the blood circulation. These monosaccharides are
absorbed readily via both specific (Na* dependent active transport
and facilitated diffusion) and non-specific (passive diffusion) transport
routes. Voglibose prevents the actions of these enzymes, results in
delay in digestion and absorption of carbohydrates and results in
impairment of blood glucose spikes. It is a more specific inhibitor
of disaccharides digesting enzymes such as sucrase and maltase
and has minimal effect on alpha-amylase. Voglibose does not have
secretagogues action on pancreatic B-cells for insulin release and
hence does not cause hypoglycaemia [33].

Voglibose is poorly absorbed; majority of active ingredients remains
unchanged and remains in the gastrointestinal tract. Plasma
concentration generally not detectable, its bioavailability is less than
6%. Excretion of voglibose occurs through faeces and negligible
renal excretion. No drug interaction has been reported with
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concomitantadministrationwith digoxin, dapagliflozin, glibenclamide,
hydrochlorothiazide, metformin, vildagliptin, or warfarin [33]. In case
of co-adminstration with vildagliptin, voglibose shows synergistic
effect on activation of GLP-1 plasma concentration than vildagliptin
alone [35]. When voglibose administered with dapagliflozin, it slightly
increases half-life of dapagliflozin [36].

Clinical Efficacy of Voglibose in Management of T2DM
Voglibose has been studied as monotherapy or in combination
with other oral antidiabetic medications [Table/Fig-3] [37-43]. As
a monotherapy, it has been compared with drugs like acarbose,
miglitol, linagliptin and sitagliptin. Based on the results, voglibose
had mild glucose lowering efficacy; however, its effects on PPG level
is superior.

Limited data with small patient population are available in
combination of voglibose with other antidiabetic medications. Most
common combination of voglibose is along with mitiglinide which
targets postprandial plasma glucose level. Ohta A et al., compared
voglibose and mitiglinide combination to sitagliptin and concluded
that combination achieve better glycaemic control over sitagliptin
therapy [44]. In another 12 weeks study by Katsuno T et al., on using
voglibose and mitiglinide combination resulted better PPG control
than dual dose of mitiglinide [45]. In a randomised crossover study,
voglibose and mitiglinide as monotherapy and combination of both
has been evaluated. The results showed the better postprandial
glucose control with combination than in montherapies [46]. In a
combination of voglibose with SU, significantly better control of FPG
and PPG level were reported [47]. More data with larger patient
population is needed for establishment of efficacy and safety of
combination therapy.
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media thickness [50]. A study on obese T2DM patients, treated
with diet alone and diet and voglibose, highlighted that voglibose
decreases the plasma levels of soluble intercellular adhesion
molecule 1 and urinary excretion of 8-iso-prostaglandin F(2) alpha
and 8-hydroxydeoxyguanosine (p<0.01) and C-reactive protein
(p<0.05), which are marker of oxidative stress [51]. In another
study which was conducted on patients with T2DM and metabolic
syndrome, compared pioglitazone and voglibose for period of six
months follow-up. After follow-up period, basal metabolic index and
waist circumference significantly decrease in voglibose group, but
remain unchanged in pioglitazone group [52].

Role in Pre-diabetes Patients

Prediabetic condition or Impaired Glucose Tolerance (IGT) is a
possible explanation for rising risk of coronary artery disease.
Patients with deteriorating glucose tolerance have the higher risk
of macrovascular diseases. Based on the finding of Honolulu [24]
and Islington heart studies [53], it was found that mortality increases
with increase in deterioration of glucose tolerance. A Japanese
study was also conducted by Kawamori R et al., to know whether
voglibose would be able to prevent T2DM in patients with IGT [54].
This study was conducted on 1780 patients, where voglibose was
compared with placebo and study results demonstrated 40.5% risk
reduction for T2DM as compared to placebo. Significantly more
subjects achieve normoglycaemia condition in voglibose group.
An opinion based Indian study by Dewda PR and Agrawal S with
117 practitioners, was conducted on use of medication in case
of prediabetes [55]. Based on the doctor’s response, voglibose
is considered as most favoured second line drug in prediabetic
condition. The first preference was metformin.

Study Design, Duration and number of

Patients Study Group (Gr)

Results Conclusion

Lee MY et al., Multicentric, randomised, open
label. Duration: 24 weeks, n=121 [37]

Gr I: Voglibose
Gr II: Acarbose

PPG reduction (mg/dL)
Gr I: -33.562+73.24 (p<0.001)
Gr II: -55.99+68.93 (p<0.05)

Both Voglibose and Acarbose are efficacious in
T2DM patients. Gastrointestinal adverse events are
more in Acarbose group.

PPG reduction (mg/dL)

study; 8 weeks; n=30 [41] Gr II: Acarbose

Ismail D and Deshmukh S ,Single blind, Gr I: Miglitol Gr I - 86.63 (p<0.001) All three are effective in PPG reduction, but
randomised, comparative and prospective Gr lI: Acarbose N . . Voglibose is better than Acarbose and miglitol in
clinical trial. Duration: 6 months; n=90 [38] Gr lll: Voglibose GrIl: - 58.46 (p<0.001) terms of safety
' ’ ’ ' Gr lll: - 93.70 (p<0.001)

Mean serum glucose conc. reduction Mean serum glucose conc. reduction and body
Fuijitani Y et al., Multicenter, randomised; 12 Gr I: Linagliptin (mmol/L) weight reduction is signifioéntly more with Voglibose
weeks; N=382 [39] Gr II: Voglibose Grl: - 1.98+1.88 than Linagliptin

Gr Il -2.45+1.88 (p=0.019) ’

Glucose elevation after meal (mg/dL/minute)
Seo C et al., Crossover study; 8 weeks; n=17 Gr I: Voglibose Breakfast: Gr I: 0.86; Gr Il: 1.16 (p<0.05) Significantly better control on glucose elevation after
[40] Gr II: Sitagliptin Lunch: Gr I: 0.45; Grll: 0.70 (p<0.05) meal in Voglibose group.

Dinner: Gr I: 0.73; Gr II: 1.06 (p<0.05)

1 hour PPG reduction Voglibose and Acarbose are equally effective on
Vichayanrat A et al., randomised crossover Gr I: Voglibose At 4 weeks reduction from baseline

Gr I: 20.8 (p=0.005)
GrII; 45.6 (p<0.001)

PPBG reduction, but Voglibose has less adverse
drug events compare to Acarbose

Woo JT et al., multicentre open study, 8 weeks;

n=55 [42] Voglibose+Diet

Serum glucose level at 1 hour (mmol/L)
At O week: 17.5

At 4 weeks: 15.4 (p<0.001)

At 8 weeks: 14.8 (p<0.001)

Voglibose monotherapy effective on postprandial
glucose level in T2DM patients whose postprandial
glucose cannot be achieved with diet control only.

lwamoto Y et al., multicenter,
randomised, double blind; 12 week; n= 319 [43]

Gr I: Sitagliptin

Gr II: Voglibose Gri:2.8

Grll: 1.8

Change 2 hour Post meal glucose (mmol/L)

Sitagliptin showed better efficacy both on 2 hour
post meal glucose compare to Voglibose.

[Table/Fig-3]: Clinical studies of voglibose as a monotherapy in T2DM management [37-43].

T2DM: Type 2 diabetes mellitus, PPBG: Postprandial blood glucose, PPG: Postprandial glucose

Role of Voglibose on Cardiovascular Events in T2DM
Patients

Oxidative stress, endothelial dysfunction and inflammation play
an important role in CVD. These markers increase with high
level of PPG. A STOP NIDDM trial has proven the reduction of
cardiovascular events and hypertension by reducing PPG level [48].
In a comparative study between voglibose and sitagliptin, it was
found that voglibose improved the endothelial dysfunction [49]. A
study on voglibose resulted the reduction of progression of intima

Adverse Events

Unabsorbed carbohydrate and glucose gets accumulated in
intestine that may cause some of side effects. Most commonly
reported side effects with voglibose are gastrointestinal related. It
includes soft stools or diarrhoea, flatulence, bloating, abdominal pain
or discomfort, abdominal fullness and nausea. In a study involving
1780 patients with impaired glucose tolerance, the incidence of
treatment related adverse events were 48% with voglibose and
29% with placebo. Flatulence, abdominal distension, diarrhoea,
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abnormal bowel sound were the most common side effects with
voglibose, but all are mild to moderate [33].

Current Place in Therapy and Expert Comment on its
Clinical Utility

There is established fact that with an increase in plasma glucose
level, the chances of micro and macrovascular complications are
increased. The traditional concept of management of T2DM is
based on level of fasting plasma glucose, although there was no
evidence on relation between FPG and morbidity or mortality. Even
in many cases, HbA1c achieve optimal level, but PPG not reaching
to goal. This leads to increase in other complications [7]. Studies
like EPIC-Norfolk, Atherosclerosis Risk in Communities (ARIC)
study and UKPDS Study showed an inverse correlation between
hyperglycaemia and CVD [21]. Oxidative stress and endothelial
dysfunction, plays an important mechanism for CVD in patients with
high PPG [50,51]. Based on evidences, now PPG is an important
target to control complications in diabetes patients.

Voglibose was developed by Takeda pharmaceutical in Japan in year
1981. Initally, it was isolated from Streptomyces hygroscopicies var.
limonons [10]. It can be used as a first line of therapy in patients with
high PPG level or as add-on therapy with other potent oral antidiabetic
medications such as metformin or SU. It is available in single pill or
in fixed dose combinations with other oral hypoglycaemic agents.
Available studies on voglibose as monotherapy, demonstrated its
efficacy on PPG and other parameters compared to that of other
oral hypoglycaemic agents. Beyond the glycaemic control, it has
a cardioprotective effect by exhibiting strong suppression of PPG.
Overall voglibose is a drug of choice, particularly in individuals
with an elevated postprandial glucose level and it also has a
cardioprotective benefit.

CONCLUSION

Voglibose is a potential therapeutic option for patients with T2DM
with high PPG level. It also improves the PPG level in patients who
are poorly controlled with other hypoglycaemic agents even with
optimal HbA1c level. Voglibose have ample of clinical evidences
on PPG level as monotherapy or in combination with other oral
antidiabetic drugs. Effective control of PPG level helps in prevention
of cardiovascular outcomes. Beyond the glycaemic control, it
has cardioprotective activity by controlling oxidative stress and
endothelial dysfunction. Voglibose is effective and it is generally
well tolerated in a wide range of T2DM patients. Voglibose is useful
in elderly patients and in those with hepatic impairment or mild
to moderate renal function impairments when other anti-diabetic
agents are contraindicated.
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actively markets Voglibose. The other authors report no conflicts of
interest in this work.
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