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Abstract: A state of hyperglycemia known as prediabetes is characterized by glycemic indices that are above normal but still
below the diabetes threshold. Pre-diabetes remains significantly connected with a yearly conversion rate of 5% to 10% to diabetes,
even with differences in the diagnostic criteria among international professional organizations. Observational research suggests
a potential link between prediabetes and diabetic sequelae, including small fiber neuropathy, early retinopathy, early nephropathy,
and an increased risk of macrovascular disease. Numerous studies showing the value of lifestyle changes in avoiding diabetes have
shown a relative risk reduction of 40%-70% in those with prediabetes. Although there is growing evidence that pharmaceutical
therapy alternatives other than metformin are beneficial in preventing diabetes in individuals with prediabetes, their use is limited
due to adverse effects. The health outcomes of childhood prediabetes have not been the subject of any rigorous evaluations.
Pharmacotherapy for prediabetes may have uncertain consequences on a child's growth and pubertal development. High-risk
individuals are advised to undergo secondary intervention with metformin pharmacotherapy; nevertheless, the eventual goal of
therapy, the long-term cost-effectiveness of such interventions, and the advantages of early intervention are not well understood.
In kids with prediabetes, pharmacotherapy needs to be used carefully. Prediabetes is the term for blood glucose levels that are
higher than usual but not entirely above the diabetic threshold. In this at-risk status, diabetes is considered to be highly likely to
develop. Even though prediabetes is usually an asymptomatic condition, it is always present before the beginning of diabetes. As
hyperglycemia is a continuum, prediabetes cannot be ruled out as a completely benign illness. In this review, we discussed the
difficulties in diagnosing prediabetes, the potential adverse health consequences that come with it, the available treatments for

prediabetes, and the reasons behind using them.
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1. Epidemiology of Prediabetes

Prediabetes is becoming more widely identified as a
significant metabolic condition. People with prediabetes are
more likely to develop several pathologies typically related
to diabetes, including diabetic retinopathy, neuropathy,
nephropathy, and macrovascular complications. In addition,
they are more likely to get diabetes in the future (Tabak et
al., 2012). A cohort of participants in the Diabetes
Prevention Program (DPP) who were at high risk of
developing the condition had a 7.9% prevalence of diabetic
retinopathy (Group, 2007). Peripheral neuropathy was more
common in those with prediabetes than in people with
appropriate glucose tolerance in a previous study (Lee et al.,
2015), and it was similar to that of participants with recently
diagnosed diabetes. The results of a meta-analysis have also
revealed a connection between prediabetes and an increased
risk of chronic kidney disease (CKD) (Echouffo-Tcheugui
et al., 2016). Another meta-analysis (Huang et al., 2016)
found that persons with prediabetes are more likely than
those without the condition to experience cardiovascular
disease, coronary heart disease, stroke, and all-cause death.
Elevated plasma glucose levels indicative of prediabetes in
early pregnancy are also associated with an increased risk
of poor pregnancy outcomes and the possibility of
gestational diabetes in a later pregnancy (Be, 2008).

Recently, codes that explicitly define "prediabetes” as a
separate billable condition have been introduced to the
International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) (Chen et al., 2021).
This provides more evidence that prediabetes is a different
pathophysiological state from diabetes.

In 3-5 years, 25% of people with prediabetes may progress
to overt type 2 diabetes (T2DM), and up to 70% of those
with prediabetes will eventually acquire overt diabetes
(Hostalek, 2019; Tabék et al., 2012). Chronic diabetes raises
healthcare expenses significantly and has a detrimental
long-term effect on quality of life (Saeedi et al., 2019).
However, prediabetes might be treated by using lifestyle
modification plans that prioritize increasing physical
activity and consuming a nutritious diet (Aschner, 2017;
Association, 2019). If lifestyle modifications don't work,
doctors may suggest medication like metformin or acarbose
(Aschner, 2017; Association, 2019). One in three
Americans have prediabetes, and 90% of them are ignorant
of their illness, according to a commonly cited figure
(Jackson et al., 2020). Still, how do these figures stack up to
approximations from other studies conducted in other
countries? This quick research assesses historical and
contemporary trends in the global predominance of pre-
diabetes.
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2. Diagnosis of Prediabetes
Several organizations have defined the definition of
prediabetes. The World Health Organization (WHO)
defines prediabetes as an intermediate hyperglycemia state
based on two characteristics: impaired glucose tolerance
(IGT) and impaired fasting glucose (IFG), which are
respectively defined as plasma glucose levels of 7.8-11.0
mmol/L (140-200 mg/dL) or 6.1-6.9 mmol/L (110-125
mg/dL) following the consumption of 75 g of oral glucose
load, or a combination of the two based on a two-hour oral
glucose tolerance test (OGTT) (Organization, 2006). On the
other hand, prediabetes is defined by the American Diabetes
Association (ADA) as having a HbAlc level between 5.7%
and 6.4%. The ADA also has additional criteria depending
on this level. The ADA has a lower cut-off value for IFG
(100-125 mg/dL) but the same cut-off value for IGT (140-
200 mg/dL) (Association, 2014a). Numerous studies have
demonstrated poor associations between HbAlc, IFG, and
IGT (Gosmanov and Wan, 2014). The usefulness of
diagnosing diabetes or prediabetes based just on IFG and

IGT has been questioned due to the blood glucose cutpoints'
inability to capture diabetes-related pathology and the
probability of developing diabetes in the future (Guo et al.,
2014). The validity of these cut-offs is further compromised
by the low reproducibility of these tests in adults and
adolescents (Genuth and Kahn, 2008; Van't Riet et al.,
2010). Though it is well acknowledged that HbAlc
represents an average blood sugar level—in principle, it
should more accurately reflect hyperglycemia—this may
not always hold. Despite valid concerns regarding the
criteria, the diagnostic criteria for prediabetes still have a
lower repeatability (approximately 50%) than that of
diabetes (about 70%). Based on available data, prediabetes,
as defined by various alternative criteria, appears to
encompass an overlapping group of individuals with one or
more anomalies in their glucose excursions. The incidence
of both of these may indicate a more severe impairment in
overall glucose homeostasis, and the occurrence of IFG and
IGT likely identifies individuals with separate clinical
abnormalities in their glucose metabolism.
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Fig 1: Prevalence and Incidence Rate of Diabetes, Pre-diabetes, Uncontrolled Diabetes in different age groups.

3. Prevalence of Prediabetes

Diabetes prevalence and mean FPG have been reported to
be higher in both industrialized and developing nations
(Cohen et al., 2006). The Centers for Disease Control and
Prevention National Diabetes Statistics Report from 2009-
2012 revealed that prediabetes impacted 37% of Americans
over 20 and 51% of those over 65 based on fasting glucose
or HbAlc readings (Barbagallo et al., 2011). These
estimates suggest that approximately 86 million persons in
the US alone had prediabetes in 2012. IGT was predicted to
affect 343 million people (7.8%) globally in 2010;
prevalence varied from 5.8% in Southeast Asia to 11.4% in
North America and the Caribbean (Bansal, 2015). The
International Diabetes Federation projects that 471 million
individuals globally will have prediabetes by 2035.

4. Health Risks Associated with Prediabetes

Development of diabetes

The percentage of people who go from prediabetes to
diabetes depends on both the characteristics of the
population and the criteria used to diagnose prediabetes
(Atlas, 2006; Forouhi et al., 2007). A 2007 meta-analysis
evaluating the progression of prediabetes to diabetes [26]
found that the annual incidence rate of diabetes was 4%-6%
for isolated IGT, 6%-9% for isolated IFG, and 15%-19%
for both IGT and IFG. Only research that was published
before 2004 was included in this meta-analysis.
Subsequently, significant studies showed similar annual
incidence rates of the shift from prediabetes to diabetes. A
Diabetes Prevention Program (DPP) Outcomes Study found
that 11% of the control group was diabetic (Gerstein et al.,
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2007). In the US Multiethnic Study of Atherosclerosis, the
IFG group had an annual incidence of diabetes of little over
4%.

The Toranomon Hospital Health Management Center Study
found that the group with a HbAlc of 5.7%-6.4% had a 7%
incidence of diabetes, while the IFG group had a 9%
incidence (Yeboah et al., 2011). According to the results of
the China Da Qing Diabetes Prevention Study (CDQDPS),
the cumulative incidence of diabetes over 20 years was
higher than 90% among patients with IGT, as assessed by
repeated OGTT in the control group (Heianza et al., 2011).
It has been shown that the definition of prediabetes using
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ADA vs. WHO criteria affects the incidence rate of
diabetes, with those defined by ADA criteria having a lower
incidence than those defined by WHO criteria (Li et al.,
2008). The possibility of developing diabetes can be
predicted more accurately with continuous risk scores than
with binary risk ratings, according to a panel of experts
(EDEG et al., 2006). Studies have demonstrated that a
diabetes risk score with a higher predictive value than IFG
or IGT considers more readily available data, such as age,
sex, ethnicity, systolic blood pressure, HDL cholesterol,
fasting glucose, BMI, and family history of the illness
(Bloomgarden, 2008).
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Fig 2: Prevalence of pre-diabetes in men and women according to age
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Renal diseases and neuropathy

A higher risk of early nephropathy and chronic renal illness
has been associated with prediabetes in several studies
(Gabir et al., 2000; Hoehner et al., 2002; Metcalf et al.,
1993; Plantinga et al., 2010; Stern et al., 2002). We do not
yet know why there is this correlation; it may be because the

#Insulin Resistance
B-oxidation

population has a higher-than-normal prevalence of diabetes
or that there are other factors besides prediabetes that are
associated with hyperglycemia and nephropathy (Fox et al.,
2005; Xu et al., 2009).

Neuro pathologies

Prediabetes is linked to dysfunction of the heart's autonomic
nervous system, as evidenced by lower heart rate variability
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(Gerritsen et al., 2000; Schroeder et al., 2005; Singh et al.,
2000; Tesfaye et al., 2010; Thomas et al., 2011), a decrease
in the heart's parasympathetic modulation [45], and a higher
incidence of erectile dysfunction in men with prediabetes
(Wu et al., 2007). Non-invasive evaluation of neurological
impairment in individuals with IGT has shown increased
heat sensitivity thresholds, an increase in the prevalence of
both hyperesthesia and hypoesthesia and significantly
higher abnormalities in four out of five cardiovascular reflex
tests (Grover et al., 2006). Increased rates of unpleasant
sensory neuropathy, small fiber neuropathy, and idiopathic
polyneuropathy have also been observed in studies on
prediabetic individuals with IGT (Hoffman-Snyder et al.,
2006; Singleton et al., 2001; Smith et al., 2001). According
to the findings, little unmyelinated nerve fibers that regulate
autonomic function, pain, and temperature may be involved
in prediabetes, which precedes diabetes.

Retinopathy

Diabetic retinopathy was discovered to be present in over
8% of prediabetic research participants (Group, 2007). The
results vary depending on the method of detection, even
though several studies have connected prediabetes to an
increased risk of diabetic retinopathy (Algvere et al., 1985;
Nguyen et al., 2008; Nguyen et al., 2007; Stern et al., 2002;
Tapp et al., 2008; Wong et al., 2002).

Cardiovascular disorders

Macrovascular disease has been linked to prediabetes,
although it is unclear if this increased risk results from the
development of prediabetes or the onset of diabetes
(Collaboration, 2011; Sarwar et al., 2010). Cross-sectional
studies have shown an increased incidence of coronary heart
disease in individuals with prediabetes (Barr et al., 2007;
Brunner et al., 2006). However, the relationship between
prediabetes and coronary heart disease may be compounded
by the common risk factors of these two illnesses.

Peripheral
Vascular Disease

Nephropathy

Cardiovascular
Disease

Prediabetes

Microalbuminuria

Cerebrovascular
Disease

Retinopathy

Neuropathy

Fig 4: Health risks associated with prediabetes

5. Treatment for Prediabetes

Lifestyle modifications

The main objective of lifestyle intervention programs,
which alter the modifiable risk factors of prediabetes and
diabetes, is to target obesity with more significant physical
activity and nutritional changes. The benefits of lifestyle
changes have been shown by the two most extensive studies
on diabetes prevention, the United States Diabetes
Prevention Study (DPP) and the Finnish Diabetes
Prevention Study (DPS) (Group, 2002; Tuomilehto et al.,
2001). At the 3-year follow-up in the DPP trial, intensive
lifestyle interventions (ILS) reduced risk by 58%. The goal
of the ILS was to gain weight through food and exercise
changes. Losing weight was found to be the main factor
linked to a decrease in risk. This study found that for every
kilogram a person lost in weight, their likelihood of
developing diabetes decreased by 16% (Hamman et al.,
2006). Benefits from the DPS were shown to be contingent
on the participant meeting a certain number of pre-
established intervention goals. These included losing more

than five percent of body weight, consuming less than thirty
percent of energy from fat, less than ten percent from
saturated fat, consuming more than or equal to fifteen grams
of fiber per thousand calories, and engaging in more than
four hours of activity each week (Tuomilehto et al., 2001).
Even though most of the participants in both of these studies
were Caucasians, research on Asian populations has also
demonstrated similar effects (Ramachandran et al., 2006;
Saito et al., 2011).

Drugs treatment

Research has been conducted on prediabetes in connection
with several medication classes and treatments, such as
biguanides, thiazolidinediones, a-glucosidase inhibitors,
GLP-1 analogs, and non-antidiabetic medications and
treatments such as bariatric surgery and anti-obesity
pharmaceuticals. Metformin has long been used to treat
diabetes, and research has shown that it can also have other
beneficial effects, such as lowering body mass index (BMI)
and improving cholesterol levels. A 45% decreased risk of
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developing type 2 diabetes is indicated by trial results from
people with IGT (Lily and Godwin, 2009).

Metformin was found to be equally as beneficial as lifestyle
intervention in the Indian DPP (IDPP) experiment. In
contrast, it was less effective than lifestyle in the US DPP
study (Group, 2002; Ramachandran et al., 2006). Metformin
has been found to be more beneficial for people with higher
BMI and FPG [64]. Several researchers have also studied
metformin in obese children. Although statistically
significant, the evidence suggests that lifestyle therapies can
somewhat lower BMI, but the benefit is very transient—it
peaks at six months. It vanishes at twelve months
(McDonagh et al., 2014).

Artificial ligands called glitazones are made to attach to
receptor-y, which is activated by the peroxisome
proliferator. Reduced gluconeogenesis in the liver and
enhanced glucose absorption and utilization in the
peripheral organs reduce insulin resistance (Smith, 2001).
The Diabetes Reduction Assessment with Ramipril and
Rosiglitazone Medication was a three-year trial that
demonstrated that rosiglitazone helped lower the incidence
risk of diabetes by sixty percent. Significant side effects
were also associated with it, though, such as an average
weight gain of 2.2 kg in the intervention group compared to
the control group and higher rates of heart failure (0.5% vs.
0.1%) and cardiovascular events (2.9% vs. 2.1%) overall
(Investigators, 2008; Mohan, 2006). Poglitazone was found
to lower the risk of diabetes in obese individuals with IGT
by more than 70% in the ACT NOW research. Alongside
increases in carotid intima-media thickness rate, HDL
cholesterol level, and diastolic blood pressure, there were
also adverse effects, including increased weight gain (about
3 kg greater than placebo) and edema (13% vs. 6% in
controls) (DeFronzo et al., 2011).

In the three-year prospective, double-blind, placebo-
controlled IDPP-2 trial, there was no difference in the
incidence of diabetes between participants receiving
lifestyle intervention and placebo or between those
receiving lifestyle intervention and pioglitazone. Modest
doses of rosiglitazone and metformin were compared to
placebo in the more recent Canadian Normoglycemia
Outcomes Evaluation study to examine if the latter would
lessen the incidence of type 2 diabetes while lowering the
risk of adverse effects. Compared to 39% in the placebo
group, 14% of patients in the active therapy group
experienced incident diabetes. While the proportional risk
reduction was 66% and the absolute risk reduction was 26%,

the individuals in the active therapy group reported more
episodes of diarrhea (16% vs. 6% in the controls).
Furthermore, 80% of the participants in the treatment group
restored to normoglycemia, while only 53% of the subjects
in the control group did so (Zinman et al., 2010). Because
of safety concerns concerning weight gain, liver damage,
increased cardiovascular risk, and a possible link to bladder
cancer, the use of thiazolidinedione-related medicines for
the treatment of prediabetes has generally been limited.
The postprandial rise in blood sugar is reduced by a-
glucosidase inhibitors, such as acarbose and voliglibose,
which slow down the glucose absorption rate and extend the
time it takes to digest carbohydrates overall (Bischoff,
1995). The STOP-NIDDM trial demonstrated that acarbose
reduced the relative risk of diabetes by 25% in individuals
with IGT over a 3.3-year follow-up. As a result of the
medication’s numerous gastrointestinal adverse effects,
which included flatulence and diarrhea, 31% of study
participants in the acarbose group discontinued before it was
completed (Chiasson et al., 2002).

Suppressing glucagon and hepatic glucose production,
slowing stomach emptying, decreasing appetite, and
increasing postprandial insulin secretion are only a few
physiological actions that GLP-1 analogs capitalize on
(Tasyurek et al., 2014). In high-risk IGT patients taking
voglibose over 48 weeks, a Japanese experiment discovered
a 40% risk decrease in the occurrence of diabetes. Only 7%
of participants stopped taking voglibose because of side
effects, even though it was observed to have a comparable
side effect profile to acarbose (Kawamori et al., 2009).
Exenatide and liraglutide have been demonstrated to
alleviate obesity in the long run and reduce the incidence of
prediabetes in those who are obese for one to two years.
Scholars have also investigated the connection between
prediabetes and anti-obesity drugs such as Orlistat. The
gastrointestinal lipase inhibitor orlistat reduces dietary fat
absorption by about thirty percent when used as a weight-
loss medication.

Research has shown that when Orlistat is used in
conjunction with a low-energy diet, obese people lose more
weight (6.7 kg vs. 3.8 kg) and experience a lower rate of
conversion from IGT to overt diabetes (7.6% vs. 3.0%) over
a 1.5-year follow-up period (Heymsfield et al., 2000).
Orlistat’s efficacy was further demonstrated by the
XENDOS trial, which demonstrated a 37% relative risk
reduction in the development of diabetes after four years of
treatment (Torgerson et al., 2004).

Reversing Prediabetes
Through Lifestyle Change
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Fig 5: Reversing prediabetes through lifestyle modification
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Bariatric procedures
In bariatric surgery, various procedures are performed to
reduce caloric intake by creating a restrictive state, a
malabsorptive state, or a combination of both. Among the
procedures commonly done are sleeve gastrectomy,
duodenal  switch  with  biliopancreatic  diversion,
laparoscopic adjustable gastric banding, and Roux-en-Y
gastric bypass. According to studies on Swedish obese
subjects, bariatric surgery resulted in lasting weight loss
(23.4% at 2 years and 16.1% at 10 years) and a 75% relative
risk reduction of diabetes compared to controls (Sjostrom et
al., 2004). Furthermore, among individuals who were obese
within two to ten years, bariatric surgery was associated
with a lower prevalence of type 2 diabetes, cardiovascular
disease, and cardiovascular death (Sjostrom et al., 2004;

Sjostrom et al., 2012).
6. Benefits and Drawbacks of Diabetes

Treatment
The fundamental hypotheses supporting prediabetes
treatment include prevention of diabetes onset, diabetes
consequences, and prevention of prediabetes consequences.
Therapy aimed at treating prediabetes is effective in
lowering the incidence of diabetes over time, as multiple
studies have shown (Group, 2002; Heianza et al., 2011;
Hopper et al., 2011; Natangelo et al., 1990). In the CDQDPS
trial, which included a lifestyle intervention and a 20-year
follow-up, the incidence of severe retinopathy was shown to
be about 50% lower. On the other hand, there was no
difference in the intervention and control groups' likelihood
of acquiring additional microvascular problems, like
nephropathy and neuropathy (Gong et al., 2011). There is
occasionally variability in the evidence about the impact of
interventions on macrovascular issues. A long-term lifestyle
intervention program with an emphasis on physical activity
and dietary counseling was found to reduce mortality among

Food recommended

\RZ°*

Food not recommended

& 2

IGT participants, even though this was not a randomized
study (Eriksson and Lindgérde, 1998). Reducing the risk of
stroke, lifestyle, and medication-based interventions for
prediabetic subjects did not affect all-cause mortality,
cardiovascular death, or myocardial infarction over a mean
follow-up period of 3.8 years, according to a recent meta-
analysis of all randomized control trials involving these
subjects (Hopper et al., 2011). It is yet unclear what the
long-term benefits will be in terms of microvascular or
macrovascular repercussions, even if the currently available
data indicates that several treatment techniques are
beneficial in stopping the development of diabetes.

There is little evidence to support the idea that early
intervention is preferable to late intervention, and there is a
shortage of long-term research evaluating cost vs. benefit
and long-term results associated with the ideal time to start
glycemic intervention. The majority of published studies
and guidelines concur that dietary modifications and
increased physical activity should be the mainstays of
lifestyle therapy for those with prediabetes to prevent
diabetes. Health insurance companies often do not cover
lifestyle interventions, even though they are a safe and
effective way to avoid diabetes. The increasing
effectiveness of pharmacotherapy lends credence to its use
in treating prediabetes. Due to metformin's superior long-
term safety profile and observed positive effects,
organizations such as the ADA have recommended its use
in some high-risk patients (Association, 2014b). However,
the ultimate purpose of pharmacotherapy remains unclear.
Very few children who have prediabetes have had a
complete examination of prediabetes or its treatment.
Research on the long-term impact of popular prediabetes
medications on children's development during adolescence
is lacking. Moreover, insulin resistance associated with
puberty may overstate the overall incidence of diabetes in
young people. The long-term efficacy and safety of
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treatment for children with prediabetes are not well-
established.

Conclusion

In conclusion, there is still a need for a comprehensive
evaluation of the health effects of prediabetes and any
possible benefits of early intervention. It is essential to
choose suitable research outcomes. In addition, the
definition of prediabetes has to be revised to reflect the
implications for long-term health more accurately. The
time needed to fully comprehend the detrimental impacts
of prediabetes and the rarity of some of these outcomes
may limit the significance of this research despite their
apparent importance. To create clinical guidelines for
the treatment of prediabetes, there is not enough
information available at this time. The management of
prediabetes still heavily relies on lifestyle-related
interventions. It is essential to employ pharmacotherapy
on an individual basis.
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