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Abstract
Purpose of Review Prediabetes, or dysglycemia in the absence of diabetes, is a prevalent condition typically defined by a 
glycated hemoglobin (HgbA1c) of 5.7– < 6.5%. This article reviews current contemporary data examining the association 
between prediabetes and cardiovascular disease (CVD) as well as HgbA1c as a continuous measure of cardiovascular risk 
across the glycemic spectrum.
Recent Findings Dysglycemia in the prediabetic range is associated with an increased risk of both subclinical and clinical 
CVD, including atherosclerotic CVD, chronic kidney disease, and heart failure. Several recent large, prospective studies 
demonstrate roughly linear risk with increasing HgbA1c, even below the threshold for prediabetes. “High-risk” patients with 
prediabetes have similar CVD risk as those with diabetes.
Summary HgbA1c below the threshold for diabetes stratifies CVD risk. Use of HgbA1c as a continuous measure, rather 
than simply dichotomized, may inform current and future prevention strategies. Given the high population attributable risk 
associated with prediabetes, targeted prevention strategies in this population warrant dedicated study.
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Introduction

As described in early prospective studies [1–5] and reaf-
firmed in contemporary analyses [6–9], diabetes mellitus 
(DM) is strongly and independently associated with the 
development of both microvascular complications (i.e., 
retinopathy, neuropathy, and nephropathy) and macrovas-
cular atherosclerotic cardiovascular disease (ASCVD). 
Type 2 diabetes (T2D) represents > 90% of DM cases [10]. 

Although T2D commonly co-occurs with other conventional 
CVD risk factors, complicating causal inference [11], Men-
delian randomization analyses indicate causal effects of T2D 
on the development of ASCVD [12]. Today, use of the gly-
cated hemoglobin assay, commonly known as hemoglobin 
A1c (HgbA1c), is the standard for both diagnosis of DM 
(defined as HgbA1c ≥ 6.5%) and for monitoring treatment 
response of patients with DM, as endorsed by the American 
Diabetes Association (ADA) [13]. Dysglycemia below the 
threshold for DM, so-called prediabetes (defined as HgbA1c 
5.7– < 6.5%), is increasing in prevalence, now affecting more 
than 1 in 3 US adults and 1 in 5 adolescents [14–16]. While 
patients with prediabetes have lower average risk for devel-
oping CVD than those with DM, a greater total number of 
CVD events likely occurs among prediabetic individuals in 
western countries [17••]. As such, recognizing and address-
ing the CVD risk associated with prediabetes represent an 
important component of comprehensive CVD prevention.

In this review, we explore HgbA1c as a continuous meas-
ure of risk from normoglycemia to prediabetes to DM as 
it relates to CVD. We highlight contemporary work which 
establishes prediabetes as a risk factor for development of 
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ASCVD, heart failure (HF), and chronic kidney disease 
(CKD) and discuss potential translational implications for 
clinical care and future research.

The HgbA1c Assay and Diagnosis 
of Diabetes and Prediabetes

Abnormally high levels of glycated hemoglobin, the non-
enzymatic linkage of sugar molecules to the hemoglobin 
protein, were first incidentally discovered in the serum of 
patients with DM in the late 1960s [18]. This finding led to 
the development of the HgbA1c assay, which is utilized clin-
ically as a surrogate for a patient’s 3-month average serum 
blood glucose, roughly the lifespan of a red blood cell carry-
ing glycated hemoglobin. The threshold of HgbA1c ≥ 6.5% 
for the diagnosis of DM was established in 1997 based on 
three cross-sectional studies demonstrating increased risk of 
diabetic retinopathy beyond this level [19]. Prediabetes was 
later defined as HgbA1c 5.7– < 6.5% based on an observed 
increased risk for developing frank T2D among individuals 
in this range [20]. A recent meta-analysis affirmed that a 
threshold of HgbA1c ≥ 6.5% was a robust inflection point 
for increased risk of diabetic retinopathy, with less clear 
evidence for risk demarcation for other microvascular com-
plications (diabetic nephropathy and/or neuropathy) above 
this level [21].

Early trials examining DM and CVD utilized several 
methods to diagnose and monitor hyperglycemia in patients 
with DM including fasting blood glucose, glucose tolerance 
tests, and the HgbA1c. Since its widespread clinical avail-
ability, the HgbA1c assay has undergone serial efforts to 
standardize results to account for differences in technique 
(e.g., high performance liquid chromatography versus 
immunoassays) and across labs around the world [22, 23], 
and today it is the most common diagnostic assay for both 
diagnosis and monitoring the effect of treatment in both DM 
and prediabetes as endorsed by specialty guidelines [13]. 
HgbA1c has further been shown to be more strongly associ-
ated with CVD in patients with DM than other measures of 
dysglycemia, including fasting blood glucose [24••, 25, 26].

One limitation of the HgbA1c assay is that levels may 
less accurately reflect average blood glucose in non-White 
patients. In one study of patients with DM who were moni-
tored with both serial HgbA1c and continuous glucose mon-
itors (CGM), HgbA1c was 0.4% higher in Black patients 
compared with White patients with the same average CGM-
ascertained glucose concentration [27]. When compared to 
other surrogate markers of average blood glucose present 
in serum but not carried in erythrocytes, such as glycated 
albumin and fructosamine, no such racial differences were 
observed. Nonetheless, HgbA1c remains the contemporary 
standard for quantification of glycemic burden.

Prediabetes and Atherosclerotic 
Cardiovascular Disease

Growing evidence links prediabetes and development of 
both subclinical and clinical ASCVD.

Subclinical ASCVD

A recent prospective study by Rossello et al. of 3973 non-
diabetic individuals aged 40–54 years observed a linear 
association of with HgbA1c with subclinical atherosclerosis 
ascertained by vascular ultrasound (carotid arteries, infra-
renal abdominal aorta, and iliofemoral arteries) and cardiac 
computed tomography imaging [28••]. After adjustment for 
confounders, HgbA1c was associated with subclinical ath-
erosclerosis in multiple vascular territories in non-diabetic 
patients at both low and moderate risk by conventional risk 
calculators (ACC/AHA Pooled Cohort Equations [29] and 
the European SCORE calculator [30]). This association was 
present even at HgbA1c levels below the traditional ADA-
defined HgbA1c threshold of 5.7% for prediabetes—specifi-
cally, down to HgbA1c of 5.5%. Interestingly, fasting blood 
glucose was not associated with subclinical atherosclerosis 
in non-diabetic patients, indicating that HgbA1c may be 
a more useful biomarker in this population. The authors 
found that inclusion of HgbA1c had additive value to the 
traditional SCORE risk calculator in identifying patients 
with higher likelihood of having subclinical atherosclerosis 
(area under the curve 0.751 vs. 0.732, P < 0.001); of note, 
the SCORE calculator, unlike the Pooled Cohort Equations 
used widely in the USA, does not incorporate an indicator 
for diabetes status. The authors concluded that the signifi-
cance of this association lies in the high number of patients 
with prediabetes who are at risk for developing subclinical 
atherosclerosis, highlighting the need for interventions both 
to prevent progression to DM and prevent and stabilize sub-
clinical atherosclerosis.

Clinical ASCVD

Multiple recent analyses have linked prediabetes with clini-
cal ASCVD events (Table 1). In one analysis of over 11,000 
subjects in the prospective Atherosclerosis in Communities 
(ARIC) study, HgbA1c was associated in a linear fashion 
with CAD and ischemic stroke [24••]. In both minimally 
and fully adjusted models, any HgbA1c ≥ 5.5% was associ-
ated with incident CAD (e.g., HgbA1c 5.5–6%: adjusted HR 
1.25 95% CI 1.09–1.44), and HgbA1c ≥ 6% was associated 
with incident ischemic stroke (HgbA1c 6.0–6.5%: adjusted 
HR 2.19 95% CI 1.58–3.05). In fully adjusted models includ-
ing glucose, each percentage point increase in HgbA1c was 
associated with 50% and 55% increased risk for CAD and 
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ischemic stroke, respectively (HR 1.50 95% CI 1.33–1.68, 
and HR 1.55, 95% CI 1.28–1.88). In this study, HgbA1c 
was significantly associated with CVD outcomes, whereas 
fasting glucose was not.

In a prospective study of > 450,000 subjects in the UK 
Biobank without CVD, de Jong et al. found that HgbA1c 
was associated in a linear fashion with incident myocardial 
infarction (MI) along the spectrum from no DM, prediabe-
tes, undiagnosed DM, and (highest risk) previously diag-
nosed DM, in both women and men [31•]. Each 1% increase 
in HgbA1c was associated with 18% increased risk of MI 
in both sexes.

Another UK Biobank-based study by Welsh et al. of 
370,000 subjects without previously diagnosed DM simi-
larly found increasing risk for ASCVD in patients who 
went on to develop prediabetes and DM [32•]. Patients 
in this cohort with prediabetes had an unadjusted 83% 
increased risk (HR 1.83 95% CI 1.69–1.97) for devel-
opment of ASCVD (including MI, stroke, and transient 
ischemic attack). When adjusted for commonly comorbid 
classical CVD risk factors in this population (including 
hypertension, obesity, dyslipidemia, smoking, and fam-
ily history of CVD), associated risk attenuated to 11% 
but remained significantly increased (HR 1.11, 95% CI 

Table 1  Associations of pre-diabetes, diabetes, and continuous hemoglobin A1c with cardiovascular disease outcomes and mortality

* Associations with diabetes are reported for individuals with undiagnosed diabetes. Pre-diabetes is defined as hemoglobin A1c 6.0–6.4%
+ Associations are reported for subjects with normal high-sensitivity troponin at ARIC Visit 4

Pre-diabetes vs. normoglycemia Diabetes vs. normoglycemia Continuous hemoglobin A1c, per % Ref

Sparsely 
adjusted model

Fully adjusted model Sparsely 
adjusted model

Fully adjusted model Sparsely 
adjusted model

Fully adjusted model

Atherosclerotic cardiovascular disease
1.44
(1.39–1.49)

1.11
(1.08–1.15)

2.25
(2.15–2.36)

1.44
(1.37–1.51)

1.36
(1.34–1.38)

1.13
(1.11–1.15)

17

1.81
(1.63–2.01)

1.18
(1.06–1.32)

2.43
(2.01–2.93)

1.43
(1.18–1.73)

32*

Coronary heart disease
2.37
(1.98–2.84)

1.78
(1.48–2.15)

2.91
(2.31–3.67)

1.95
(1.53–2.48)

1.34
(1.27–1.42)

1.19
(1.11–1.27)

24

1.34
(1.14–1.58)

2.31
(1.86–2.88)

36+

1.42
(1.37–1.47)

1.10
(1.06–1.14)

2.23
(2.12–2.34)

1.40
(1.33–1.48)

1.35
(1.33–1.37)

1.12
(1.09–1.14)

17

Ischemic stroke
2.63
(1.92–3.61)

2.22
(1.60–3.08)

3.68
(2.56–5.30)

3.16
(2.15–4.64)

1.41
(1.30–1.54)

1.34
(1.22–1.48)

24

1.28
(1.15–1.42)

1.06
(0.95–1.18)

1.96
(1.70–2.27)

1.47
(1.25–1.72)

1.34
(1.28–1.41)

1.19
(1.12–1.26)

17

Peripheral artery disease
1.80
(1.64–1.97)

1.27
(1.15–1.39)

3.23
(2.87–3.63)

1.90
(1.67–2.16)

1.53
(1.48–1.58)

1.29
(1.23–1.34)

17

Chronic kidney disease
1.48
(1.40–1.56)

1.08
(1.02–1.14)

3.60
(3.37–3.84)

1.57
(1.46–1.69)

1.50
(1.47–1.53)

1.13
(1.10–1.16)

17

Heart failure
1.46
(1.38–1.56)

1.32
(1.10–1.59)

2.49
(1.99–3.12)

36+

1.07
(1.01–1.14)

2.48
(2.28–2.69)

1.25
(1.14–1.37)

1.41
(1.38–1.45)

1.12
(1.08–1.15)

17

All-cause mortality
1.92
(1.63–2.27)

1.59
(1.34–1.89)

1.92
(1.54–2.40)

1.65
(1.31–2.08)

1.21
(1.13–1.28)

1.12
(1.05–1.21)

24

1.30
(1.15–1.48)

1.71
(1.43–2.06)

36+

1.31
(1.26–1.37)

1.10
(1.05–1.14)

1.84
(1.74–1.95)

1.38
(1.30–1.47)

1.27
(1.24–.29)

1.11
(1.04–1.14)

17
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1.03–1.20). The authors concluded that while this asso-
ciation demonstrates patients with prediabetes have about 
80% increased CVD risk compared to individuals with 
normal HgbA1c, the risk is largely captured by conven-
tional CVD risk factors present in the prediabetic popu-
lation. These authors further incorporated the HgbA1c 
into existing ASCVD risk calculators. There was a mod-
est increase in discrimination when HgbA1c was added 
to the ACC/AHA ASCVD risk calculator, which already 
includes diabetes status (C-index increased by 0.0007). 
In a subgroup of patients in the ARIC study who did not 
have DM at the time of enrollment but later developed pre-
diabetes, HgbA1c was superior to fasting glucose for risk 
discrimination for a variety of clinical outcomes, including 
ASCVD [33].

Another recent, large, prospective study from the UK 
Biobank similarly found that risk for ASCVD increased 
in a linear fashion with respect to HgbA1c. Honigberg 
et al. found that adjusting for age, sex, and race, predia-
betes compared to normoglycemia was associated with 
44% increased risk of ASCVD (defined as a composite 
of incident CAD, ischemic stroke, and peripheral arterial 
disease, HR 1.44, 95% CI 1.39–1.49, P > 0.001) in a pri-
mary prevention population [17••]. Risk of ASCVD asso-
ciated with prediabetes attenuated but remained significant 
after comprehensive covariate adjustment (HR 1.11, 95% 
CI 1.08–1.15, P < 0.001). In demographic-adjusted cubic 
spline models, CVD risk nadired at HgbA1c of 5% for 
incident ASCVD. In sensitivity analyses that incorpo-
rated incident T2D as a time-varying covariate, ASCVD 
risk increased significantly at HgbA1c greater than 5.4%. 
While CAD was the most commonly diagnosed ASCVD 
subtype included in the composite outcome, incident 
peripheral arterial disease was most strongly associated 
per unit change in HgbA1c (patients without T2D: HR 
per HgbA1c % increase 2.32, 95% CI 2.06–2.61; after 
full covariate adjustment: HR 1.37, 95% CI 1.21–1.54). 
Importantly, population attributable risk was larger for 
baseline prediabetes compared to T2D status for ASCVD 
(8.1% vs 5.9%), which was consistent across ASCVD sub-
types (CAD: 7.9% vs 5.9%; ischemic stroke: 6.8% vs 5.3%; 
peripheral arterial disease 12.8% vs 9.3%).

The authors further isolated a cohort of patients with 
so-called “high-risk prediabetes,” which included patients 
who were current or former smokers, and had medication-
adjusted systolic blood pressure, non-HDL cholesterol, and 
C-reactive protein each in the top tertile of the study sample. 
This group of patients had a nearly superimposable risk for 
ASCVD compared to patients with DM in the study period 
(16.7% vs 16.8%) and had nearly twofold risk of developing 
any of the primary outcomes measured (ASCVD, CKD, and 
heart failure) compared to other patients with prediabetes.

A recently updated meta-analysis confirms the association 
with prediabetes and ASCVD. Cai et al. reviewed 129 stud-
ies involving over 10 million individuals for analysis [34•]. 
Prediabetes was associated with 15% increased risk for com-
posite endpoint of CVD (HR 1.15, 95% CI 1.11–1.18), 16% 
increased risk for CAD (HR 1.16, 95% CI 1.11–1.21), and 
14% increased risk of stroke (HR 1.14, 95% CI 1.08–1.20).

Prediabetes and Heart Failure

Several recent studies associate prediabetes with cardiac 
structural and functional changes as well as clinical HF. A 
subgroup of the ARIC study population without CAD or 
HF was examined for evidence of structural heart disease 
when classified into groups based on HgbA1c cutoffs (nor-
mal, prediabetes, and DM). This cross-sectional analysis of 
about 4400 individuals demonstrated that both prediabetes 
and DM were associated with increased LV mass, worse 
diastolic function, and subtle reduction in LV systolic func-
tion compared to those with normoglycemia [35].

Adding to these findings, Selvin et al. examined a group 
of more than 9000 subjects in the ARIC study without evi-
dent CVD at baseline, including normal high sensitivity car-
diac troponin (hs-TnT) [36••]. At 6 years of follow-up, 6.4% 
of those with prediabetes at baseline had developed myocar-
dial damage as reflected by newly elevated hs-TnT ≥ 14 ng/L 
(risk ratio 1.38), which was accentuated in the DM group of 
whom 10.8% had newly elevated hs-TnT (risk ratio 2.46). 
In subgroup analysis after an additional 6 years of follow-
up, subjects with prediabetes and DM were found to have 
increased risk of incident HF with hazard ratios of 4.30 (95% 
CI 3.01–6.14) among those with pre-diabetes and 6.37 (95% 
CI 4.27–9.51) among those with DM. Elevated hs-TnT was 
strongly associated with microvascular risk factors (e.g., 
hypertension, prediabetes, DM) but not with classic macro-
vascular, or atherosclerotic, risk factors such as low-density 
lipoprotein cholesterol, suggesting that the myocardial dam-
age may be mediated through small vessel ischemia or myo-
cardial hypertrophy.

Building on these findings, Honigberg et  al. found 
observed increased risk for HF among prediabetic individ-
uals in the UK Biobank [17••]. In demographic-adjusted 
models, prediabetes was associated with 46% increased risk 
for HF (HR 1.46, 95% CI 1.38–1.56, P < 0.001) and DM 
with 148% increased risk. Risk began to increase starting at 
an HgbA1c ≥ 5.4% and increased progressively with higher 
HgbA1c. However, after complete covariate adjustment, 
hazard ratios for HgbA1c categories lower than 7% were 
non-significant, suggesting that HgbA1c below this range 
is more accurately described as a risk signal as opposed 
to an independent risk factor for HF. Similar to ASCVD, 
population attributable risk for HF was larger for baseline 
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prediabetes vs T2D (9.9% vs 7.1%). As seen with ASCVD, 
those with “high-risk prediabetes” had similar cumulative 
incidence of HF vs. those with DM.

Prediabetes and Chronic Kidney Disease

CKD is associated with increased risk for CVD [37], but 
individuals with CKD and DM are known to have even 
higher risk for CVD. Growing evidence links prediabetes 
with development of CKD. In the Chronic Renal Insuffi-
ciency Cohort, a prospective study of more than 3700 sub-
jects, prediabetes comorbid with CKD was associated with 
increased risk of composite CVD (HF, MI, or stroke) and 
progression of proteinuria, but not associated with a com-
posite CKD outcome (progression to end-stage renal disease, 
decline of glomerular filtration rate by > 50% and less than 
15 mL/min/1.73  m2, and/or doubling of urine protein-creati-
nine ratio) when compared to normoglycemia [38]. In this 
cohort, after adjustment for other comorbidities, prediabetes 
with CKD was associated with 38% increased risk for CVD, 
while DM was associated with 63% increased risk for CVD.

Similar to the risk associated with development of 
ASCVD and HF, Honigberg et al. found that elevation of 
HgbA1c in the prediabetic range is also associated with 
increased risk for development of CKD [17••]. In models 
with sparse and complete covariate adjustment, respectively, 
prediabetes was associated with 48% (HR 1.48, 95% CI 
1.40–1.56, P < 0.001) and 8% (HR 1.08, 95% CI 1.02–1.14, 
P 0.009) increased risk for CKD. Risk for CKD was signifi-
cantly increased at HgbA1c > 6.2% in fully adjusted models. 
As with the other outcomes studied, continuously increased 
risk for CKD was observed with increasing HgbA1c. How-
ever, unlike ASCVD and HF, the population attributable risk 
for CKD was slightly larger for baseline T2D vs. prediabetes 
(10.5% vs. 9.8%).

All‑cause Mortality

Mounting evidence associates increasing HgbA1c, even 
in the prediabetic range, with all-cause mortality. Brewer 
et al. discovered a U shape mortality curve with respect 
to HgbA1c, with all-cause mortality increasing for all 
HgbA1c values ≥ 5% [39]. When analyzed as a continuous 
variable, each % increase in HgbA1c was associated with 
16% increased risk of all-cause mortality (HR 1.16 95% CI 
1.11–1.22). In particular, deaths from cardiovascular causes 
were increased at HgbA1c ≥ 6% in a lightly adjusted model 
(HR 2.46 95% CI 1.44–4.19). A similar J-shaped all-cause 
mortality curve was observed with respect to HgbA1c by 
Silbernagel et al. [40] and Selvin et al. [36••]. In comprehen-
sively adjusted models, association with all-cause mortality 

became significant for HgbA1c ≥ 6.5%, but cardiovascular 
mortality trended toward significance for the HgbA1c cat-
egory of 6.0– < 6.5%. Similar to prior studies, these trends 
were not observed with fasting glucose.

In the UK Biobank study by Honigberg et al., prediabetes 
compared to normoglycemia was an independent risk factor 
for all-cause mortality (HR 1.10 95% CI 1.05–1.14) [17••]. 
In a fully adjusted model, risk for all-cause mortality began 
to rise at HgbA1c of 6.2%, with each percentage increase in 
HgbA1c associated with 11% increased risk (HR 1.11 95% 
CI 1.09–1.14). Another prospective study by Selvin et al. 
included stratification of patients by HgbA1c and inciden-
tal detection of elevated hs-TnT > 14 ng/L after 6 years of 
follow-up [36••]. Patients with prediabetes and without pre-
existing CVD in this cohort had increased all-cause mortal-
ity which was significantly higher when elevated hs-TnT was 
detected during follow-up (HR 1.71 95% CI 1.43–2.06 vs 
HR 2.61 95% CI 1.97–345), which in and of itself was more 
likely to be identified in prediabetic and diabetic patients.

A recent meta-analysis of almost 130 studies containing 
data from more than 10 million patients confirms these asso-
ciations [34•]. In the general population, prediabetes was 
associated with 13% increased risk for all-cause mortality 
(HR 1.13, 95% CI 1.10–1.17). As expected, the association 
was greater in a smaller subset of patients with prediabetes 
and established ASCVD, with 36% increased risk for all-
cause mortality.

Potential Mechanisms Linking Dysglycemia 
to Cardiovascular Disease

The association of dysglycemia with CVD across the spec-
trum from prediabetes to overt DM raises the question as to 
the mechanism(s) by which dysglycemia is deleterious to the 
cardiovascular system. It is well known that DM is associ-
ated with calcification of the media of coronary arteries and 
with atherosclerotic plaques found to have larger number 
of macrophage-containing necrotic cores [41]. Interestingly, 
in type I DM, patients with concomitant insulin resistance 
have been found to have increased risk of coronary artery 
calcification, independent of degree of hyperglycemia [42]. 
This suggests insulin resistance, a hallmark of most patients 
with prediabetes and a defining feature of T2D, is an inde-
pendent risk factor for CAD. Hyperglycemia can also induce 
direct damage to blood vessels through the accumulation of 
free radicals (in particular the superoxide anion) which has 
been shown to further trigger downstream cellular pathways 
mediated by advanced glycation end products (AGEs) [43], 
protein kinase C (PKC), and NFkB, which are associated 
with vascular inflammation [44]. AGEs are known to be 
elevated in patients with DM and are associated with insulin 
resistance [45–48], and mechanistically are linked to medial 
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calcification through multiple mechanisms which share a 
common pathway via activation of receptors for advanced 
glycation end products (RAGE) that supports the transfor-
mation of vascular smooth muscle cells to an osteoblast-like 
phenotype [49].

Conclusions

HgbA1c below the threshold for the diagnosis of DM, both 
in the prediabetic range and even below in some cases, 
associates with subclinical and clinical ASCVD, CKD, HF, 
and all-cause mortality. The magnitude of this association 
partially attenuates after adjustment for other commonly 
comorbid risk factors for CVD, highlighting that HgbA1c 
in the prediabetic range is a powerful integrator of CVD risk. 
Clinical risk assessment particularly for primary prevention 
of CVD may benefit from reframing such that clinicians 
take notice and address even mild elevation of the HgbA1c, 
which previously may not have been recognized as a marker 
of elevated cardiovascular risk. At a minimum, diagnosis 
of prediabetes should prompt a clinician to re-evaluate a 
patient’s overall cardiometabolic risk status, addressing 
important comorbid classical CVD risk factors including 
hypertension, obesity, smoking, and dyslipidemia.

Furthermore, it appears feasible to isolate patients with 
prediabetes who have elevated cardiovascular risk similar 
to patients with DM [17••]. Cardiovascular outcome trials 
for glucagon-like peptide-1 (GLP-1) agonists and sodium-
glucose cotransporter 2 (SGLT2) inhibitors have consistently 
shown reduction in major adverse cardiovascular events in 
diabetic individuals [50, 51], with evidence that the benefits 
of SGLT2 inhibitors extend to those without DM as well 
[52–54]. Taken together, these findings call for future tri-
als to test novel risk-reducing therapies specifically in high-
risk pre-diabetic individuals. Indeed, trials are underway 
examining GLP-1 agonists [55] and metformin [56] in this 
population.

Overall, these data highlight the importance of HgbA1c 
as a powerful integrator of cardiovascular risk across the 
glycemic spectrum, including below the threshold for diag-
nosis of diabetes. Dedicated cardiovascular risk-reduction 
strategies warrant further study in this large and growing 
population.
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