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ABSTRACT 
 
The global epidemic of type 2 diabetes remains one of 
the greatest health challenges of our time. The 
collective human and economic costs are staggering 
and rising. Widespread initiatives now exist to prevent 
diabetes wherever possible. These initiatives are 
singularly focused on preventing diabetes in the very 
highest risk group: people with prediabetes. Plasma 
glucose concentrations can exist over a continuum 
with normoglycemia on one side and diabetes mellitus 
on the other. Nevertheless, the concept of 
“prediabetes” – a state of neither normoglycemia or 
bonafide diabetes – has been in the clinical purview 
since the first formal diagnostic criteria of diabetes 
itself. Most can agree that prediabetes represents a 
high-risk state for diabetes (and for the sake of this 
review, high-risk for type 2 diabetes, specifically), but 
consensus is lacking for much else, including the 
diagnostic thresholds, if, when, or what to initiate as to 
pharmacotherapy for diabetes prevention, and 
whether prediabetes is actually just an earlier form of 
diabetes warranting similarly aggressive risk factor 
modification for diabetes-related complications. In this 
chapter, PREDIABETES, we will review the 
recommendations for screening, diagnosis, and 
intervention, largely according to the American 
Diabetes Association (ADA).  We will also look at the 
pathogenesis of this highly heterogeneous 
dysglycemic state as well as an increasing body of 
evidence that treatment of prediabetes back to 

normoglycemia should be the goal for people with 
prediabetes. Lastly, the scientific evidence reviewed 
will be distilled into an example of a conversation 
intended to engage patients in this process. 
 
INTRODUCTION 
 
In 1979-1980, the National Diabetes Data Group and 
World Health Organization introduced the first formal 
diagnostic criteria for diabetes (1,2). Cross sectional 
observations that the presence of both microvascular 
disease (MVD) (3-6) and cardiovascular disease 
(CVD) (7,8) were higher when fasting plasma glucose 
(FPG) was >140 mg/dl and/or 2-hour post-challenge 
glucose (2h-PG) was >200 mg/dl were confirmed in 
longitudinal population studies, providing rationale for 
these cut points (9-11). Nevertheless, clear evidence 
that lowering plasma glucose could prevent diabetic 
complications was not available until the 1993 
publication of the Diabetes Complications and Control 
Trial (DCCT) (12). The DCCT noted an inflection point 
between A1c 6.5-7.0% (48-53 mmol/mol) and risk for 
retinopathy, as well as a 76% reduction in retinopathy, 
in participants with type 1 diabetes randomized to 
intensive treatment (12). Hence, the A1c goal of <6.5-
7.0% soon became – and has remained – the major 
benchmark of care for people with diabetes (type 1 
and 2) (13).    
 
Diagnostic criteria for diabetes have evolved over the 
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years, lowering plasma glucose thresholds (14) and 
even advocating use of the A1c for diagnosis (15), 
while continuing to calibrate these thresholds against 
risk for retinopathy. Far less well known than the 
landmark publication of the DCCT is the re-analysis of 
the original data demonstrating a flaw in the models 
with no inflection point in A1c and risk for retinopathy 
noted (16). Instead, reduction in retinopathy was 
appreciated across the A1c range, including what is 
now considered the pre-diabetic A1c range. The first 
formal diagnostic criteria for “pre”-diabetes (i.e. 
impaired glucose tolerance) were introduced 
concurrently with those for diabetes itself (1). 
Diagnostic thresholds for prediabetes have been more 
moveable (14,15,17) and more controversial. Despite 
evidence demonstrating higher MVD and CVD in 
people with prediabetes compared to their 
normoglycemic peers (18-21), treatment of people 
with prediabetes is uncommon (22,23) as the notion of 
a “pre” disease presents a clinical and regulatory 
conundrum.   
 
SCREENING 
 

Much ado has been made about the cost-
effectiveness of screening for prediabetes.  
Nevertheless, because roughly one-quarter of people 
with diabetes in the U.S. remain undiagnosed (24), 
numerous guidelines do advocate screening for 
dysglycemia (e.g. diabetes and prediabetes). 
According to the American Diabetes Association 
(ADA) together with the European Association for the 
Study of Diabetes (EASD), an informal assessment of 
risk factors or use of a risk assessment tool (e.g. 
www.diabetes.org/socrisktest) can guide who should 
undergo blood testing (25). Children >10 years old or 
who have gone through puberty (whichever occurs 
first) who are >85th% weight for height, with one or 
more risk factors (Table 1), should be screened. Non-
pregnant adults >35 years without risk factors, or 
adults of any age who are overweight (BMI>25 kg/m2 
or BMI >23 kg/m2, if Asian ethnicity) and have one or 
more risk factors (Table 1), should be screened. The 
screening test should be A1c, fasting glucose, or 2-
hour glucose, and repeated at least at 3-year intervals 
for those whose screening reveals normoglycemia 
and once yearly in those diagnosed with prediabetes 
(26). 

 
Table 1.  Risk Factors for Prediabetes and Diabetes 
First-degree relative with type 2 diabetes 
Non-Caucasian ethnicity 
History of cardiovascular disease 
Hypertension (blood pressure >140/90 or use of anti-hypertensive medication) 
HDL cholesterol <35 mg/dl and/or triglyceride concentration >250 mg/dl 
Women with polycystic ovary syndrome 
Physical inactivity (<90 min/wk aerobic activity) 
Presence of severe obesity, acanthosis nigricans and/or skin tags 

 
DIAGNOSIS 
 
According to the ADA and EASD, the diagnosis of 
prediabetes is made when the fasting plasma glucose 
(FPG) is 100-125 mg/dl (5.6-6.9 mmol/l; “impaired 
fasting glucose” (IFG)), plasma glucose concentration 
is 140-199 mg/dl (7.8-11.1 mmol/l; “impaired glucose 
tolerance” (IGT)) 2 hours after a 75 g oral glucose 

tolerance test (OGTT), and/or A1c 5.7-6.4% (26) 
(Table 2).  Unlike diagnostic criteria for diabetes that 
are based on their predictive value for retinopathy 
(14), diagnostic thresholds for prediabetes are based 
on the likelihood of developing overt diabetes (27-30).  
However, discussion regarding the existing cut points 
is ongoing. Longitudinal data from a cohort of Israeli 
soldiers suggest that a fasting glucose above 87 mg/dl 
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(4.8 mmol/l) is associated with an increased risk of 
future diabetes (31). Further, misclassification is 
common given the day-to-day variability in the fasting 
(15%) and 2-hour (46%) glucose concentrations (32). 
A1c can be confounded by a number of comorbid 
conditions like renal disease, anemia, and 
hemoglobinopathies (see www.ngsp.org/interf.asp)  
and must be done using a method certified by the 
National Glycohemoglobin Standardization Program 
(NGSP).  Use of the 1-hour glucose value (i.e., >155 

mg/dl post-OGTT), fructosamine, 5-
androhydroglucitol among others have also been 
proposed, but none are standardized hence none 
currently recommended (33,34). Despite the fact that 
A1c-defined prediabetes appears to confer worse 
outcomes than prediabetes defined by fasting or 2-
hour glucose criteria (35), the use of the A1c is not 
supported by the World Health Organization (WHO) 
for the diagnosis of prediabetes (36). 

 
Table 2.  Current Diagnostic Criteria for Prediabetes (ADA & EASD) 

Fasting plasma glucose 100-125 mg/dl 
and/or 

Glucose 140-199 mg/dl 2-hours post 75 g OGTT 
and/or 

A1c 5.7-6.4% 
 
PREVALENCE 
 
The changes in diagnostic criteria over the past years 
make it difficult to estimate exact trends in the global 
burden of prediabetes. However, by combining recent 
data from diverse sources, the prevalence of 
prediabetes can roughly be approximated. In 2021, 
the Centers for Disease Control (CDC) estimated that 
96 million Americans – 38% of the adult population – 
had prediabetes demonstrating an increase in the 
percent of the population that has prediabetes that had 
previously been stable (24). Discordance in the 
diagnostic criteria for prediabetes, regional differences 
in surveillance and reporting for chronic diseases, and 
other cultural nuances pose challenges in estimating 
the global burden of prediabetes. To this point, the 
literature is currently devoid of any estimate of global 
prevalence of IFG, specifically. In 2017, the 
International Diabetes Federation (IDF) estimated the 
worldwide prevalence of IGT at 318 million - a number 
expected to increase to 482 million by 2040 
(www.diabetesatlas.org) – with no further update in 
2021. Data from the National Health and Nutrition 
Examination Survey (NHANES) would contend that 
the prevalence of IFG is twice that of IGT (37) (using 
ADA criteria), suggesting that the worldwide 

prevalence of prediabetes (IFG and/or IGT) may 
exceed 1 billion. Most alarming is that roughly one- 
third of people with IGT (and possibly IFG) are 
between 20 and 39 years old, thus are expected to 
spend many years at risk for or with diabetes 
(www.diabetesatlas.org). 
 
RISK FOR DIABETES 
 
Screening for and diagnosis of prediabetes is 
advocated as it represents a high-risk state for the 
development of overt type 2 diabetes. A recent meta-
analysis showed that the yearly progression rate to 
diabetes in individuals with prediabetes is 3.5-7.0% 
(vs. 2%/year in their normoglycemic counterparts) 
(28), with highest rates in those with combined IFG 
and IGT and the lowest in those with IFG by ADA (vs. 
WHO) definition (38). Increasing A1c is also 
associated with increased risk of diabetes with yearly 
incidence rates approximating 5% for those with an 
A1c of 5.7-6.0% and up to 10% for those with an A1c 
of 6.1-6.4% (39).  Adding non-glycemic risk factors 
(Table 1) to the diagnosis of prediabetes markedly 
increases risk for diabetes, approaching 30% per year 
(40).  Decompensation from prediabetes to diabetes 
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appears rapid in the later stages (41) and may warrant 
closer monitoring for people close to the thresholds for 
diabetes as well as earlier risk factor modification. 
 
A recent study looked at the prevalence of prediabetes 
and risk of developing diabetes in 3412 individuals 
between 71 and 90 years of age (42). The prevalence 
of diabetes in this population was very high with 44% 
meeting the criteria based on A1C, 59% based on 
fasting glucose, 73% based on either A1c or fasting 
glucose, and 29% based on both A1c and fasting 
glucose. After a median 5-year follow-up only 9% of 
individuals with prediabetes based on A1c developed 
diabetes and only 8% of individuals with prediabetes 
based on fasting glucose developed diabetes. In 
individuals with prediabetes based on both A1c and 
fasting glucose levels 12% developed diabetes during 
the 5-year follow-up period. Many of the individuals 
with prediabetes regressed to normal glycemia. Thus, 
in the elderly the risk of progressing from prediabetes 
to diabetes appears to be lower than in middle aged 
individuals.   

 
SUBTYPES & PATHOGENESIS 
 
Not long ago, the universal teaching was that post-
prandial hyperglycemia always preceded fasting 
hyperglycemia in the evolution of diabetes (Figure 1).  
The past decade has ushered in compelling evidence 
that this is not always the case. IFG can be isolated or 
precede IGT, IGT can be isolated or precede IFG, or 
they can be concurrent in the prediabetic state 
(27,29,43) (Figure 1).  This realization has sparked 
rigorous investigations into the pathogenesis of the 
subtypes - IFG, IGT and IFG/IGT - as discreet 
prediabetic states. Early studies used the homeostasis 
model assessment (HOMA) to delineate IFG from IGT, 
concluding that IFG was more insulin resistant than 
IGT (43).  Most noteworthy is the fact that this 
conclusion is inherently flawed since HOMA relies on 
FPG (i.e., HOMA-IR = FPG x FPI / 22.5) and IFG is 
defined by FPG.  Fortunately, more rigorous 
investigations have followed. 
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Figure 1. A) Former concept as to the pathophysiology of prediabetes and diabetes >10 years ago; B) 
Current knowledge as to the pathophysiology of prediabetes and diabetes <10 years 
 
In some individuals, type 2 diabetes seems to develop 
as a consequence of inherent beta cell dysfunction 
(44). In others, development of insulin resistance 
precedes defects in the pancreatic beta cells (44,45). 
These findings underscore that prediabetes (like type 
2 diabetes) is not a single disease entity, but rather 
multiple diseases with different pathologies (Table 3) 

and trajectories for disease development. This notion 
is supported by longitudinal data from the Whitehall II 
Study illustrating that the underlying disease 
mechanisms for individuals developing type 2 
diabetes differ depending on whether diabetes is 
diagnosed by increased fasting or 2-hour plasma 
glucose levels (44). Further, this heterogeneity in the 
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disease process is present decades before the clinical 
onset of diabetes.  Defects unique to IFG and IGT may 

be collective or unique when IFG and IGT exist in 
combination (46). 

 
Table 3. Overview of the Distinguishing Features of IFG vs. IGT 
 IFG IGT 
   
Demographics Men > women Women > men 
 Younger Older 
   
Lipids High plasma triglycerides --- 
 Low HDL cholesterol --- 
   
Site of insulin resistance Liver Skeletal muscle 
   
Type of beta cell defect 1st phase insulin secretion 2nd phase insulin secretion 
   

 
Impaired Fasting Glucose (IFG) 
 
THE ROLE OF THE LIVER 
 
In healthy humans, circulating plasma glucose 
concentration is maintained in a narrow range by the 
liver’s ability to regulate its direction of glucose flux 
(47).  By virtue of hepatic insulin resistance (48), 
decreased hepatic glucose clearance (49), or lower 
glucose effectiveness (50), endogenous glucose 
production (EGP) becomes abnormal in the 
development of isolated IFG (48,51-54).  EGP, as 
measured by glucose rate of appearance (Ra), has 
been reported as 8-25% higher in people with IFG vs. 
normal glucose tolerant (NGT) controls in some 
studies (46,54), or “inappropriately” comparable to 
NGT (given the higher circulating glucose and insulin 
levels in IFG) in others (48,55). It is clear that the liver, 
rather than muscle, plays a distinctive role in the 
pathogenesis of IFG. 
 
THE ROLE OF THE BETA CELL 
 
Unique defects in beta cell function are seen in concert 
with the defects in the liver in people with isolated IFG. 
Collective data suggest that beta cell function may be 

intrinsically impaired, vs. acquired, in IFG. This notion 
is supported by epidemiologic studies showing 
diminished insulin response to glucose in 
normoglycemic individuals who later develop isolated 
IFG (56) and that this defect may be seen as long as 
18 years before they are diagnosed with diabetes (44).  
Furthermore, beta cell dysfunction has been 
demonstrated in individuals with isolated IFG and 
normal peripheral insulin sensitivity (48,51).   
 
The exact manner of beta cell dysfunction in IFG 
appears specific to 1st vs. 2nd phase insulin secretion 
(55,57).  It should be pointed out, however, that 1st 
phase insulin secretion is only appreciated in 
response to an intravenous glucose challenge 
bringing its physiologic relevance into question. 
Studies carefully examining insulin secretion in IFG 
(vs. NGT or IGT) have uniformly noted decrements in 
response to intravenous, but not oral, glucose 
challenges (46,48,51,54,55). Collectively, these data 
imply a dependence on the incretin hormones to 
maintain normal insulin secretion in IFG that may 
diverge from the role of the incretin hormones to 
facilitate insulin secretion in IGT. 
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OTHER DISTINGUISHING AND NON-
DISTINGUISHING FEATURES OF IFG 
 
Despite the implication of different roles for the 
incretin hormones in conferring IFG vs. IGT, existing 
data are conflicting (51,58). Likewise, plasma 
glucagon concentrations (51), adipose tissue mass 
and function (59) do not appear different, and other 
pathogenic features such as intramuscular lipids 
have not been compared between the subtypes of 
prediabetes. Of note, people with IFG tend to be 
male and younger – whereas those with IGT female 
and older - and have slight differences in their risk 
factors for CVD (43,60,61). 
 
Impaired Glucose Tolerance (IGT) 
 
THE ROLE OF SKELETAL MUSCLE 
 
Despite reports of greater hepatic fat in people with 
IGT vs. IFG (62), skeletal muscle, rather than liver, 
has been implicated as the site of insulin resistance 
in isolated IGT. Glucose rate of disappearance (Rd; a 
measure of muscle insulin sensitivity) has been 
shown to be 42-48% lower in IGT vs. NGT (48,55) 
with only minimal impairments seen in IFG (54).  
Because of the larger contribution of muscle (vs. 
liver) to whole-body insulin sensitivity, people with 
isolated IGT demonstrate on average 15-30% lower 
whole body insulin sensitivity compared to those with 
isolated IFG (51,52,57).  
 
THE ROLE OF THE BETA CELL 
 
In contrast to IFG, beta cell dysfunction appears to be 
acquired rather than intrinsic in IGT. For example, 
long-term population studies have not noted early 
defects in people destined to develop isolated IGT 
(56).  Nevertheless, beta cell dysfunction has been 
repeatedly observed in people with established IGT, 
particularly when significant whole body and skeletal 
muscle insulin resistance co-exists (51,56,63,64).  The 
exact manner of beta cell dysfunction in IGT appears 

specific to 2nd vs. 1st phase insulin secretion (55,57) 
and is observed whether or not the incretin-axis is 
invoked during the assessment.   
 
A1c-Defined Prediabetes 
 
Recent trends in medical practice have seen the 2-
hour OGTT fall from grace and be replaced by the A1c, 
even for the diagnosis and surveillance of prediabetes. 
Being that A1c is a composite of fasting and post-
prandial glucose concentrations, it cannot delineate 
IFG from IGT nor any of the pathology unique to either. 
Alpha-hydroxybuytric acid, linoleoyl-
glycerophosphocholine, and oleic acid have been 
shown predictive of 2-hour glucose values in three 
European cohort studies (65), hence may hold value if 
the pathophysiologic differences between IFG and 
IGT are to guide clinical decision-making in the future.  
Currently, the strategies for diabetes prevention do not 
discriminate between the subtypes of prediabetes. 
 
CLINICAL TRIALS AIMED AT PREVENTING OR 
DELAYING DIABETES  
 
With the global surge in the prevalence of type 2 
diabetes, focus on its prevention has intensified. 
Clinical trials for diabetes prevention around the globe 
have universally enrolled participants with untreated 
prediabetes (mostly IGT) due to their high risk for 
acquiring overt diabetes (28). Approaches for the 
prevention of diabetes have included intensive lifestyle 
modification (66-68) (Figure 2) or drug therapy using 
glucose-lowering medications (69-76)  (Figure 3) or 
anti-obesity medications (77-81) (Figure 4). Lifestyle 
interventions have utilized a low fat (<30% calories 
from fat; <10% from saturated fat) hypocaloric diet and 
moderate intensity exercise ~150 minutes per week 
for the purpose of 5-7% weight reduction. With the 
exception of the NAVIGATOR Trial (75), collective 
results demonstrate that diabetes incidence can be 
reduced by 20-89% over 2.4-6 years in a wide range 
of ethnic groups.   
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Figure 2. Major trials using intensive lifestyle interventions for diabetes prevention 
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Figure 3. Major trials using glucose-lowering medications for diabetes prevention 
 

 
Figure 4. Major trials using anti-obesity medications for diabetes prevention  
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Despite success amongst the various strategies 
employed, only intensive lifestyle modification has 
been universally advocated. The lifestyle curriculum 
designed for the U.S. Diabetes Prevention Program 
(DPP) serves as the foundation for the National DPP 
(NDPP) – the translational effort of bringing clinical 
trial results to the real world 
(www.cdc.gov/diabetes/prevention). A recent meta-
analysis of 63 publications stemming from 
international real-world translations of clinical trial 
lifestyle curriculum demonstrated a 3% reduction in 
absolute risk and 29% reduction in relative risk for 
active participants, even when weight loss was 
modest (82). Likewise, the National Health Service 
Diabetes Prevention Programme (NHS DPP) began 
implementation across the United Kingdom in 2016 
(83).  Evaluation of the program showed a consistent 
~40% reduction in onset of diabetes over 13.4 months, 
including when the curriculum was delivered by lay 
volunteers (84). Initiation of metformin in people with 
pre-diabetes is recommended for those younger than 
65 years old with a body mass index (BMI) >25 kg/m2 
(85). To date, only ~0.7% of people with prediabetes 
in the U.S. are treated with metformin (23). It should 
be noted that no medication is approved by the U.S. 
Food and Drug Administration (FDA) for the treatment 
of prediabetes – not even metformin – as the FDA 
does not recognize prediabetes as a disease. In fact, 
the mere notion of a “pre” disease creates a clinical 
and regulatory conundrum. In 2008, the FDA issued 
guidance for industry developing drugs for the 
treatment or prevention of diabetes stating that it 
would consider approving pharmacotherapy for 
prediabetes if the drug could show “clinical benefit” 
(e.g. a delay or lessening in micro- or macrovascular 
complications) (https://www.fda.gov/downloads/ 
Drugs/GuidanceComplianceRegulatoryInformation/G
uidances/ucm071624.pdf).  Increasing evidence 
shows this may be possible. 

 
COMPLICATIONS OF PREDIABETES 
 
It is alluring to imagine an A1c threshold below which 
patients are fully protected from diabetic complications 
(86). This quest has proven less straightforward than 
is widely acknowledged.  People with prediabetes can 
suffer the same micro-, macrovascular, and non-
vascular complications as people with diabetes, just at 
a lower incidence rate. Further, data exist and studies 
ongoing to show clear benefit from early intervention 
for people with prediabetes 
(www.clinicaltrials.gov/prediabetes). 
 
Microvascular 
 
Diabetes remains a leading cause of blindness, kidney 
failure, and amputations around the world. 
Benchmarks for diabetes care are explicitly based on 
the prevention of such microvascular complications 
(13). Nonetheless, complications of diabetes increase 
with increasing glycemia, even in the prediabetic 
glucose range. For example, nearly 10% of DPP 
participants had diabetic retinopathy, without diabetes, 
in a cross sectional analysis (19).  Moreover, data from 
NHANES suggests the steepest increase in risk for 
retinopathy occurs at an A1c of 5.5% (18), which 
would be considered normoglycemia by current ADA 
and WHO criteria. Polyneuropathy has also been 
reported as more prevalent in prediabetes, affecting 
13% of people with IGT and 11.3% with IFG compared 
to 7.4% with NGT (21). Lastly, microalbuminuria 
doubles in prevalence with the onset of IFG or IGT, 
whereas its progression appears slower at the 
diagnostic threshold for overt diabetes (87). Recent 
trends reveal chronic kidney disease (defined as a 
glomerular filtration rate (GFR) < 60 ml/min/1.73 m2) is 
now as prevalent in people with prediabetes as 
diabetes itself (88).   
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Perhaps more surprising than the incidence and 
prevalence of microvascular disease in people with 
prediabetes are data showing benefit from early 
interventions.  For example, the DPP Outcomes Study 
(DPPOS) demonstrated a 21% lower prevalence of 
the composite microvascular endpoint (retinopathy, 
nephropathy and/or neuropathy) in women who had 
been randomized to the intensive lifestyle intervention 
and followed 15 years post-randomization and a 28% 
lower prevalence across the treatment groups when 
diabetes was prevented (89).  In the roughly 600 
participants with prediabetes that entered the Swedish 

Obesity Study (SOS), the composite microvascular 
endpoint was 82% lower in those who underwent 
bariatric surgery a median of 19 years after their 
procedure – an effect size that was much greater than 
for those who entered the study with either diabetes or 
normoglycemia (90).  Lastly, retinopathy was shown 
reduced by 40% in the 30-year follow-up of the Da 
Qing Study – a study that rendered a meager average 
of 1.8 kg weight loss during the intervention period 
(91).  Altogether, there is increasing evidence that 
people with prediabetes are at risk for classic 
complications of diabetes and these can be prevented 
with early intervention (Figure 5). 

 

 
Figure 5. Trials demonstrating a reduction in microvascular disease in people with prediabetes 
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diabetes (93).  This finding implies that CVD may now 
be as common in people with prediabetes as with 
diabetes (recently reviewed by (94)). It should be 
recognized that whether the elevated glucose is 
causing the increased risk of CVD in individuals with 
prediabetes is uncertain as prediabetes is associated 
with other factors such as obesity, insulin resistance, 
dyslipidemia, hypertension, hypercoagulation, and 
inflammation that could be playing important roles in 
increasing the risk of CVD. 
 
As with microvascular disease, data do exist that early 
intervention also prevents macrovascular disease in 
people with prediabetes (Figure 6).  The first study to 
contend that this may be the case came from a post-
hoc analysis of STOP-NIDDM – a trial that used 
acarbose to prevent or delay diabetes in people with 
prediabetes.  This analysis showed a highly 
unexpected 49% lower probability of any CV event in 

the group randomized to acarbose (95).  Interestingly, 
the trial was repeated, powered with benefit as the a 
priori hypothesis and did not succeed at recapitulating 
the prior findings (73). Differences in medication 
dosage and ethnic admixture may or may not explain 
the discrepancy. Nevertheless, pioglitazone has been 
shown to reduce CV events over 4.8 years in insulin-
resistant people 6 months post-stroke with an average 
A1c of 5.8% (96).  Likewise, the Da Qing Study 
revealed a 33% lower CV mortality and 26% lower all-
cause mortality, whilst still preventing diabetes, 30 
years into the post-randomization follow-up (91).  CV 
data from the DPPOS is expected shortly with great 
anticipation that prediabetes may finally be recognized 
as an earlier form of diabetes warranting intervention. 
While the effect of lowering glucose levels in 
individuals with prediabetes is uncertain given the high 
risk of CVD in this population aggressive treatment of 
dyslipidemia and hypertension is indicated given the 
large number of studies showing benefits. 

 

 
Figure 6. Trials demonstrating a reduction in macrovascular disease in people with prediabetes 
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Not Necessarily Vascular 
 
Although risk factor modification largely focuses on 
preventing the classic complications of diabetes, 
greater attention is being paid to a much larger scope 
of possible comorbidities.  A recent study elaborated 
on structural brain abnormalities in people with 
prediabetes that are linked to dementia, stroke, and 
depression and hypothesized that glucose-lowering 
may reverse the abnormalities (97).  Functionally, 
these brain changes lead to slower processing speeds 
and cognitive deficits (98).  Mild cognitive impairments 
are accelerated by the presence of prediabetes 
leading to frank dementia (99). Unequivocally, 
cognitive impairments and dementia dramatically 
reduce quality of life for both patients and their care-
takers.  Fortunately, patient-reported outcomes are 
becoming increasing revered as a scientific endpoint 
and may provide additional rationale for treating 
prediabetes. The much-anticipated long term 
outcomes from the DPPOS (expected 2020-2025) 
also include examining treatment effect on cognition, 
aspects of aging, quality of life, health care utilization 
and cancer. 
 
RESTORATION OF NORMOGLYCEMIA 
 
In clinical trials to date, interventions were deemed 
successful if diabetes was prevented or delayed, yet 
many participants remained with prediabetes. 
Arguably, prevention of diabetes and its complications 
lies in the restoration of normoglycemia rather than in 
the maintenance of prediabetes.  This was confirmed 
by a post-hoc analysis from the Diabetes Prevention 

Program Outcomes Study (DPPOS) (100). This 
analysis demonstrated a 56% lower risk of diabetes 10 
years from randomization among those who were able 
to achieve normoglycemia during DPP vs. those who 
remained with prediabetes. Additionally, restoration of 
normoglycemia reduced prevalence of microvascular 
disease (101) and CV risk factors despite less use of 
medication to lower lipids and blood pressure (102).  
The concept that diabetes and CV risk can be 
significantly reduced over the long-term through the 
pursuit of normoglycemia represents a major shift in 
our current thinking and has quickly gained consensus 
as the goal for people with prediabetes (103,104). 
Clinical predictors (105) and calculators as to the 
likelihood of regression (106) can be used to select 
and activate patients. Importantly, restoration of 
normoglycemia – as opposed to “diabetes prevention” 
– is clinically actionable.   
 
Exactly how normoglycemia should be achieved is far 
less clear. Data from the DPP would contend that only 
lifestyle modification, not metformin, is useful in 
achieving normoglycemia in people with prediabetes 
(105) (Figure 7). Of note, lifestyle modification has 
been shown particularly effective in women (107) and 
the elderly (108). The thiazolidinediones (TZD’s) have 
also demonstrated their ability to restore 
normoglycemia in people with prediabetes (71,72,109) 
and may gain greater acceptance in this population 
now that their CV safety has been established.  An 
increasing number of trials are focused on the ability 
of medication or lifestyle to not only prevent or delay 
onset of diabetes, but restore normoglycemia 
(79,110,111). 
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Figure 7. Interventions that have restored normoglycemia in people with prediabetes 
 
TRANSLATING INFORMATION INTO 
CONVERSATION 
 
As we follow the recommended steps for screening 
and diagnosis of prediabetes outlined above, the next 
step in beginning the conversation with a patient with 
prediabetes is educating them about what the 
diagnosis means.  An A1c of 5.7-6.0% carries up to a 
25%/5-year risk, whereas an A1c 6.0-6.4% carries up 
to a 50%/5-year risk, and prediabetes period carries 
up to a 70% lifetime risk of diabetes.  Further, people 
with prediabetes can suffer complications of diabetes 
even if they never convert. Early intervention can 
prevent diabetes by more than 50% if normoglycemia 
can be attained – even if transiently. Intensive lifestyle 
modification and a number of glucose-lowering and 
anti-obesity medications have been shown as capable 
to achieve this.  Metformin is recommended for 
younger, overweight people with prediabetes even 
though it may not achieve normoglycemia as readily. 
Micro- and macrovascular risk factor modification is 

critical.  Plasma glucose concentrations should be 
followed and re-screening for diabetes done annually. 
 
CONCLUSION 
 
In the light of the global burden of prediabetes 
affecting close to one billion people, the high 
progression rates to type 2 diabetes, and the 
increased risk of both micro- and macrovascular 
complications and death (112), efforts focused on 
preventing progression to diabetes and its 
complications are crucial. Although both intensive 
lifestyle intervention and various medications have 
proven to be effective for prevention or delay of 
diabetes in people with prediabetes, their uptake has 
been slow. This is true even in light of emerging data 
showing the vast benefits of early interventions.  Our 
best bet to recognize prediabetes as a disease is 
probably by calling it what it is: early diabetes (94) and 

DPP
lifestyle

DREAM
rosi

CANOE
met/rosi

ACT NOW
pio

105%

50%

71%71%

Interventions shown to restore normoglycemia 
in people with prediabetes



 
 
 

 
www.EndoText.org 15 

treat it as such, eradicating the term “prediabetes” for 
good. 
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