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Abstract

Prediabetes is defined as an intermediate state of hyperglycaemia with glucose levels above the normal state but

below the diagnostic levels of diabetes. It is increasingly recognised as an important metabolic state, as individuals

with prediabetes are at high risk of developing overt diabetes and its associated complications. A better

understanding of prediabetes could help with earlier identification, thereby allowing earlier intervention, potentially

lowering the number of individuals who go on to develop diabetes. The definitions and screening criteria for

prediabetes differ between guidelines published by different organisations, resulting in estimations of prevalence

that can vary widely from one another. Despite these differences, these estimates suggest that the number of

individuals affected by prediabetes is increasing rapidly in all areas of the world. This short review compares and

contrasts the diagnostic criteria for screening of prediabetes, the impact of various glycaemic measures on

prevalence estimates, and discusses current and future trends in the global prevalence estimates of prediabetes.
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Background
Prediabetes is increasingly recognised as an important

metabolic state; as well as predisposing individuals to a

high probability of future progression to diabetes, indi-

viduals with prediabetes are at increased risk of develop-

ing many of the pathologies normally associated with

that disease, such as diabetic retinopathy, neuropathy,

nephropathy and macrovascular complications [1].

In a cohort of individuals from the Diabetes Preven-

tion Program (DPP), who were at high risk for develop-

ing diabetes, the prevalence of diabetic retinopathy was

7.9% [2]. In a different study, the prevalence of periph-

eral neuropathy was higher in those with prediabetes

than in those with normal glucose tolerance, and was

similar to that in participants with recently diagnosed

diabetes [3]. An association between prediabetes and in-

creased risk of chronic kidney disease (CKD) has also

been reported, based on results from a meta-analysis [4].

Another meta-analysis showed that, compared with

normoglycaemic individuals, there is an increased risk of

cardiovascular disease, coronary heart disease, stroke

and all-cause mortality in those with prediabetes [5]. In

addition, elevated plasma glucose levels indicative of

prediabetes in early pregnancy are associated with in-

creased risk of adverse pregnancy outcomes, and may

also lead to gestational diabetes in later pregnancy [6].

Besides these associated complications, the view that

prediabetes is a distinct pathological condition to dia-

betes is supported by the recent inclusion of codes spe-

cifically listing ‘prediabetes’ as a separate billable

condition in the International Classification of Diseases,

10th Revision, Clinical Modification (ICD-10-CM) [7].

Prediabetes will progress to overt type 2 diabetes

(T2DM) in approximately 25% of subjects within 3–5

years, and as many as 70% of individuals with prediabe-

tes will develop overt diabetes within their lifetime [1, 8].

As a chronic disease, the long-term implications of dia-

betes contribute to poor quality of life and greatly in-

crease healthcare expenditure [9]. Prediabetes may

however be reversible, through the implementation of

lifestyle modification programmes based around the

adoption of healthier diet and increased levels of phys-

ical activity [10, 11]. Where lifestyle modifications are in-

effective, medications such as metformin or acarbose

may be indicated [10, 11]. A commonly cited statistic

states that 1:3 Americans has prediabetes, and that 90%

are not aware of their condition, [12] but how does this
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compare to estimates derived from other studies con-

ducted in other countries? This short review assesses the

current and future trends in the global prevalence of

prediabetes.

Defining prediabetes
Prediabetes is a chronic metabolic condition where

blood glucose levels are above the upper threshold con-

sidered normal but below the threshold for a diagnosis

of diabetes [1, 8]. Importantly, the diagnostic criteria and

terminology associated with prediabetes vary consider-

ably between organisations, and care must be taken

when interpreting and describing prevalence and inci-

dence data (Table 1) [7, 9, 13].

ADA, American Diabetes Association; FPG, fasting

plasma glucose; HbA1C, glycated haemoglobin; IDF,

International Diabetes Federation; IFG, impaired fast-

ing glucose; IGT, impaired glucose tolerance; ND, not

defined; OGTT, oral glucose tolerance test; PG,

plasma glucose; WHO, World Health Organization.

Both the World Health Organization (WHO) and

the American Diabetes Association (ADA) provide

guidance on screening for prediabetes based on as-

sessment of impaired glucose tolerance (IGT) and im-

paired fasting glucose (IFG) levels. While the defined

thresholds for IGT are common to both guidelines,

the ADA recommend a lower threshold for IFG rela-

tive to the WHO guidelines. [7, 13] This move was

an attempt to improve the concordance of prevalence

estimates between IFG and IGT, which when defined

using WHO thresholds can differ considerably from

each other. The criteria used by the WHO were de-

rived not on overall prevalence, but to reflect the

relative likelihood of progression to overt T2DM; IFG, re-

flective of hepatic insulin resistance is considered the

more important predictor of diabetes risk than skeletal

muscle insulin resistance described by IGT [14].

IFG is assessed based on the fasting plasma glucose

(FPG) level, and IGT using the 2-h plasma glucose

during a 75 g oral glucose tolerance test (OGTT).

The ADA have also recommended the assessment of

glycated haemoglobin (HbA1c) to screen for prediabe-

tes, [15, 16] however, this view is not endorsed by the

WHO. These tests do not necessarily detect prediabe-

tes in the same individuals, and according to ADA

guidance, abnormal results from any of the tests is

sufficient for prediabetes diagnosis. HbA1C is consid-

ered by many as a more reliable test of impaired glu-

cose homeostasis as it is reflective of steady-state

blood glucose levels over a period of several months,

so is not prone to day-to-day variability that may

confound assessment of IGT or IFG [15]. It is also a

more convenient screening test than FPG or OGTT,

as fasting is not required [13]. However, the availabil-

ity of HbA1C testing may be limited in developing

countries [13]. As an indirect measure of average

blood glucose levels, HbA1C may be affected by ethni-

city and haemoglobin variants, [13, 17] although most

assays used in the US are unaffected by common var-

iants [13]. In the DPP, African Americans had higher

HbA1C levels than Caucasians, despite similar fasting

and 2-h glucose levels [18]. In addition, it is worth

noting that key diabetes prevention studies, such as

the DPP and its long-term follow-up Diabetes Preven-

tion Program Outcomes Study (DPPOS), which en-

rolled patients at high risk of developing diabetes, did

not use HbA1C as an inclusion criterion [19, 20].

When DPP was initiated, HbA1C was not an estab-

lished measure of glycaemic control; however, add-

itional analyses of the data have since been

conducted, and baseline HbA1C was shown to be a

strong predictor of diabetes incidence [21].

It is unclear which diagnostic criteria are the most ap-

propriate for identifying people with prediabetes, but as

mentioned above, the lower threshold for IFG in the

ADA guidelines compared with the WHO and the Inter-

national Diabetes Federation (IDF) guidelines improves

the parity between the number of people identified by

IFG and IGT. The ADA recommendations are regularly

updated with the most recent scientific data and may be

considered more globally accepted than the other

guidelines.

With a range of criteria available for prediabetes

identification, it is not surprising that populations

with prediabetes identified by each method vary

widely and have limited overlap [17]. These differ-

ences in screening criteria for prediabetes may result

in incorrect diagnoses, leading to some people being

unnecessarily treated, and others left without treat-

ment to prevent or delay the onset of overt type 2

Table 1 Diagnostic criteria for prediabetes

Criterion ADA [13] WHO [7] IDF [9]

Terminology Prediabetes Intermediate hyperglycaemia Impaired glucose tolerance

IGT (assessed using 2-h PG during 75 g OGTT) 7.8–11.0 mmol/L (140–199mg/dL)

IFG (assessed using FPG) 5.6–6.9 mmol/L (100–125mg/dL) 6.1–6.9 mmol/L (110–125mg/dL)

HbA1C 5.7–6.4% (39–47mmol/mol) ND
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diabetes. Similarly, it is difficult to assess the global

burden of prediabetes.

Prevalence of prediabetes
Prevalence estimates of prediabetes reported in the lit-

erature vary greatly, due to the diagnostic criteria used,

the choice of test and due to the populations being stud-

ied (Table 2). The lower cut-off defined by the ADA

guidelines lead to much higher prevalence rates com-

pared with those defined by WHO guidelines; in a co-

hort of 1547 American adults without diabetes, changing

the lower IFG threshold from 110mg/dL to 100 mg/dL

resulted in an increase in prediabetes prevalence from

19.8 to 34.6% [22]. A large meta-analysis of studies that

reported prevalence in Caucasian and Asian cohorts es-

timated IFG prevalence at 36.0% using WHO guidelines

and 53.1% using ADA guidelines. By contrast, the same

meta-analysis described similar prevalence rates for pa-

tients who have both IFG and IGT; 15.8% for WHO and

20.2% for ADA guidelines [14].

As mentioned above, HbA1C is considered by many as

a more reliable test of impaired glucose homeostasis. A

study of 1542 healthy Swiss adults identified prediabetes

in 30.9% of the population; of these 79.9% were identi-

fied on the basis of HbA1C, 9.9% on the basis of FPG,

and 10.3% on the basis of both of these ADA guideline

criteria (HbA1C and IFG) [23].

As would be expected, prevalence estimates vary

widely depending on the diagnostic test used, even

within the same study population. In some cases, predia-

betes diagnosis is based on one criterion (e.g. IGT),

while others evaluate results from more than one test.

According to the ADA guidelines, an abnormal finding

of any of the three criteria (IFG, IGT and HbA1C) is suf-

ficient to confirm prediabetes [13]. Relying on one test

may underestimate prevalence.

Global variability in prediabetes prevalence
The complexities of prediabetes identification, described

above, can make it challenging to gain on overview of

relative prediabetes prevalence from the literature.

However, the IDF have published a comprehensive pic-

ture of the current and future trends of prediabetes

prevalence based on IGT in individuals aged 20–79 years

(Fig. 1) [9]. The global prevalence of IGT was estimated

at 7.3% of the adult population in 2017, equivalent to

352.1 million individuals. By 2045 the prevalence is an-

ticipated to increase to 8.3% of the global adult popula-

tion, equivalent to an estimated 587 million individuals.

There is no significant difference of prevalence in men

and women, and around half of all individuals with IGT

are aged under 50 years [9]. Unadjusted regional preva-

lence is currently highest in the North America and

Caribbean (15.4%) and Central and South America

(10.0%) IDF regions, and lowest in the South East Asia

(3.0%) and European (5.5%) regions [9]. It should be

noted that these estimates are based on IGT only, so

prevalence may be higher if additional criteria were

taken into consideration.

Factors that affect prevalence rates of prediabetes
A number of epidemiological studies have demonstrated

a clear relationship between ethnicity and likelihood of

prediabetes; African American, Native American, South

Asian and Hispanic have all been shown to have an in-

creased risk of having prediabetes compared with their

Caucasian counterparts [14, 24].

A complex interaction of further factors that include

life expectancy, socioeconomic status, wealth, access to

healthcare services, levels of education, exposure to dis-

ease/public health awareness initiatives, and regional

levels of obesity influence prevalence rates [25–27]. As

populations become more urbanised, become wealthier,

gain better access to nutrition, healthcare and education,

and live longer, rates of prediabetes are expected to in-

crease. These increases are expected to be more pro-

nounced in developing rather than in developed

countries as lifestyles become more ‘westernised’.

Conclusions
The reported prevalence for prediabetes vary widely

within the literature, reflecting the heterogeneity of both

Table 2 Variation in estimated prediabetes prevalence in the literature

Author Guideline
criteria
used

Estimated prevalence (%)

IFG or IGT IFG IGT IFG and IGT HbA1C HbA1C and IFG

Karve [22] ADAa 19.8 4.5 11.8 3.5 – –

ADA† 34.6 19.4 5.4 9.8 – –

Yip [14] ADA† – 53.1 23.8 20.2 – –

WHO – 36.0 45.5 15.8 – –

Blum [23] ADA† – 3.0 – – 24.7 3.2

a1997 guidelines, FPG: 6.1–6.9 mmol/L (110–125 mg/dL); †post 2003 guidelines, FPG: 5.6–6.9 mmol/L (100–125 mg/dL)

ADA American Diabetes Association, FPG Fasting plasma glucose, HbA1C, glycated haemoglobin; IFG Impaired fasting glucose, IGT Impaired glucose tolerance,

WHO World Health Organization
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the methods used to define the condition, and of the

characteristics of the populations themselves. What is

clear, however, is that the prevalence of prediabetes is in-

creasing rapidly in all parts of the world. Action is re-

quired to halt this increase, and to avoid the future

diabetes epidemic that currently threatens to overwhelm

global healthcare provisions.
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