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Use of Biomarkers in Predicting the Onset, Monitoring
the Progression, and Risk Stratiﬁcation for Patients
with Type 2 Diabetes Mellitus
Benjamin M. Scirica1*

BACKGROUND: As the worldwide prevalence of type 2 diabetes mellitus (T2DM) increases, it is even more important to develop cost-effective methods to predict and diagnose the onset of diabetes, monitor progression, and
risk stratify patients in terms of subsequent cardiovascular and diabetes complications.
CONTENT: Nonlaboratory clinical risk scores based on
risk factors and anthropomorphic data can help identify
patients at greatest risk of developing diabetes, but glycemic indices (hemoglobin A1c, fasting plasma glucose, and
oral glucose tolerance tests) are the cornerstones for diagnosis, and the basis for monitoring therapy. Although
family history is a strong predictor of T2DM, only small
populations of patients carry clearly identifiable genetic
mutations. Better modalities for detection of insulin resistance would improve earlier identification of dysglycemia and guide effective therapy based on therapeutic
mechanisms of action, but improved standardization of
insulin assays will be required. Although clinical risk
models can stratify patients for subsequent cardiovascular
risk, the addition of cardiac biomarkers, in particular,
high-sensitivity troponin and natriuretic peptide provide, significantly improves model performance and risk
stratification.
CONCLUSIONS: Much more research, prospectively planned
and with clear treatment implications, is needed to define
novel biomarkers that better identify the underlying
pathogenic etiologies of dysglycemia. When compared
with traditional risk features, biomarkers provide greater
discrimination of future risk, and the integration of cardiac biomarkers should be considered part of standard
risk stratification in patients with T2DM.

In North America alone, type 2 diabetes mellitus
(T2DM)2 is currently estimated to affect more than 40
million patients. The global projections suggest that
more than 600 million patients will have T2DM by 2040
(http://www.diabetesatlas.org). Moreover, almost twice
as many patients are felt to have prediabetes or be at risk
for developing diabetes (1 ). As the obesity epidemic continues in the developed world and spreads with greater
intensity in developing countries, the medical, economic,
and social burden of diabetes will over the coming decades challenge health systems and societies. Patients
with diabetes are at increased risk of micro- and macrovascular complications. Patients with T2DM are most
likely to die from cardiovascular complications. The 2
most common initial cardiovascular diagnoses in a patient with diabetes are heart failure and peripheral arterial
disease (2 ).
T2DM is a chronic, progressive disease that traditionally is characterized by insulin resistance in the skeletal muscles, increased liver gluconeogenesis, and insufficient pancreatic ␤-cell function followed by eventual
failure. The underlying pathologic processes that result in
manifest diabetes begin years and even decades before the
actual diagnosis. After the initial diagnosis, diabetes progresses as those same pathologic processes evolve and in
most cases, worsen. Although all patients with T2DM
and even those patients with “prediabetes” are at increased risk of both micro- and macrovascular complications, there are certain subgroups that are at particularly
high risk and therefore should be identified, ideally as
early as possible.
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estimated glomerular ﬁltration rate; hsTnT, high-sensitivity troponin T; hsTn, highsensitivity cardiac troponin; LoB, limit of blank; SAVOR-TIMI, Saxagliptin Assessment of
Vascular Outcomes Recorded in Patients with Diabetes Mellitus–Thrombolysis in Myocardial Infarction.
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Biomarkers in T2DM
The diagnosis of T2DM is based on the biochemical
parameters of plasma glucose or hemoglobin A1c (A1c).
Once the diagnosis is made, treatment goals focus on
achieving optimal, patient-centered A1c targets. Monitoring disease progression and evidence of complications,
such as renal nephropathy, are similarly anchored by laboratory testing. Thus biomarkers have always played a
central role in each stage of T2DM management. The
relevant question is if novel biomarkers can provide incremental improvement in the diagnosis, progression
monitoring, and risk stratification of patients with
T2DM.
The most clinically useful biomarker, in addition
to having adequate analytic performance and highthroughput platforms, improves the diagnosis of a disease, assesses progression, appropriately risk stratifies
patients beyond standard risk metrics, and carries therapeutic implications, such that the biomarker results will
directly lead to a change in treatment strategy. Ideally, a
biomarker will provide insight into the underlying physiology, although that is not an absolute requirement to
become a clinically useful test. To demonstrate that a
biomarker provides an incremental improvement in risk
stratification, it must be better than the standard metric
in terms of discrimination (c-statistics, absolute and relative IDI (index of discrimination improvement), calibration, and NRI (net reclassification index) (3, 4 ).
Predicting Onset
Because the conditions that eventually result in T2DM
are present years before an actual diagnosis, it is reasonable to believe that identifying patients at the earliest
stage of the dysglycemic continuum would be useful to
begin interventions to delay or prevent progression. A
biomarker may simply predict risk, in other words “discriminate future disease,” or it can “reveal pathophysiology” (5 ). Different biomarkers may or may not fulfill
both criteria.
DIABETES PREDICTION RISK MODELS AND SCORES

Historically, the risk of diabetes was assessed via fasting
plasma glucose concentrations or glucose tolerance tests.
Impaired fasting glucose (IFG) is defined as 100 mg/dL
(5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) and impaired
glucose tolerance (IGT) as a 2-h plasma glucose between
140 mg/dL (7.8 mmol/L) to 199 mg/dL (11.0 mmol/L)
2 h after a 75-g glucose load. Patients with either IGT or
IFG are at increased risk of developing T2DM with the
highest risk in those patients who meet both criteria (6 )
(see Table 1 in the Data Supplement that accompanies
the online version of this review at http://www.clinchem.
org/content/vol63/issue1).
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Oral glucose tolerance tests (OGTTs) are difficult to
arrange in clinical practice and infrequently performed in
general practice. Even fasting glucose concentrations can
be impractical as a population screening technique. Thus
the strategy of identifying a nonlaboratory clinical risk
score that could identify those patients at highest risk for
subsequent focused testing or direct intervention is
appealing.
Dozens of studies have evaluated a variety of clinical
characteristics that are associated with developing
T2DM (7 ). Most include at least several of the following
clinical features: age, body mass index (BMI), sex, ethnicity, parental history of diabetes, waist circumferences,
smoking, systolic blood pressure or history of hypertension, and physical activity. Some models further incorporate laboratory testing of IFG, IGT, or lipoprotein concentrations, which may improve their performance but
limit generalizability (8 ). Not surprisingly, clinical components of the metabolic syndrome, regardless of the
strict definition, will also identify patients at higher risk
of developing diabetes.
Overall, these are “simple” risk scores that include
on the order of 5–10 variables and provide very good
discrimination of risk. Few have been validated in external data sets and therefore risk score performance is dependent on the populations studied and potentially in
danger of “overfitting.” Moreover, ascertainment of diabetes at baseline and definitions of incident diabetes have
varied substantially based on available data. Based on the
design of these analyses, none can demonstrate causal
relationships between the risk factors and risk of diabetes
(9 ). One widely used score is the FINnish Diabetes RIsk
SCore (www.diabetes.fi/english).
A much more exhaustive and nuanced model,
named Archimedes, incorporates more than 50 continuously interacting and updated biological variables, including glycemic indices, other laboratory tests, treatments, and outcomes (10 ). This model accurately
predicted rates of matched incident T2DM when compared to actual data in a clinical trial (11 ). This model is
particularly useful for modeling different screening strategies based on the underlying risk of different populations. In 1 simulation applying this model in a representative US population, screening became cost-effective in
patients aged 30 – 45 years, with screening repeated every
3–5 years (12 ). Unfortunately, large, well-powered prospective studies assessing the clinical benefit of any
screening strategy and their impact on clinical outcomes
are still lacking.
HEMOGLOBIN A1c AS RISK MARKER FOR T2DM

The widespread availability of standardized A1c assays has
changed the diagnostic and thereby screening strategy
for T2DM. The A1c assays should be certified by the
National Glycohemoglobin Standardization Program
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Table 1. 2016 American Diabetes Association criteria for
the diagnosis of diabetes.
Fasting plasma glucose ≥126 mg/dL (7.0 mmol/L).
Fasting is deﬁned as no caloric intake for at least
8 h.a
OR
Two-hour plasma glucose ≥200 mg/dL (11.1 mmol/L)
during an OGTT. The test should be performed as
described by the WHO, by use of a glucose load
containing the equivalent of 75 g anhydrous glucose
dissolved in water.a
OR
A1c ≥6.5% (48 mmol/mol). The test should be
performed in a laboratory using a method that is
NGSP certiﬁed and standardized to the Diabetes
Control and Complications Trial assay.a
OR
In a patient with classic symptoms of hyperglycemia or
hyperglycemic crisis, a random plasma glucose >200
mg/dL (11.1 mmol/L).
a
In the absence of unequivocal hyperglycemia, results should be conﬁrmed by repeat testing.

(NGSP, www.ngsp.org), which directly links to the care
goals and outcomes established in the Diabetes Control
and Complication Trial (DCCT) or United Kingdom
Prospective Diabetes Study (UKPDS) reference assays.
The NGSP is traceable to the IFCC higher order reference method and ties the 2 standardization programs
together. The IFCC reports values in mmol/mol while
others such as the NGSP reports percentages (%). Pointof-care (POC) A1c devices can be used for diagnosis of
T2DM and for disease monitoring in patients with
known T2DM. Because the diagnosis of T2DM is
deemed a moderately complex indication, a POC device
cannot be CLIA waived for this indication and requires
proficiency testing. These POC devices are thus valid for
diagnostic purposes, whereas any POC device can be
used for the lower complexity indication of monitoring
A1c in patients with known T2DM. Compared with fasting plasma glucose and OGTT, A1c has better preanalytic
stability and is not affected by other physiologic processes
such as infection, but it does tend to be less sensitive than
OGTT and fasting plasma glucose, and does not correlate with average glucose in some cases.
The American Diabetes Association (ADA) criteria
for the diagnosis of T2DM (Table 1) are based on plasma
glucose concentrations (fasting, post-OGTT, or random
with symptoms) and A1c (6 ). Why some patients will
exhibit IGT vs IFG vs an increased A1c pattern of dysglycemia is not well understood, but the different cutpoints
will identify different patients. Moreover, there are racial
differences in A1c concentrations, which tend to be
188
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Fig. 1. Improvement in c-statistic by adding glycemic measures to basic clinical models.
Data from KORA S4/F4 Study [Rathmann et al. (16 )]. Clinical
model included age, sex, BMI, hypertension, parental diabetes,
and former or present smoking. Diabetes was ascertained by validated self-report or OGTT. * P < 0.05; ** P < 0.01; *** P < 0.001
vs the basic model. AROC, area under the ROC curve; Hb A1c,
hemoglobin A1c.
Image from Herder et al. (67 ). Reproduced with permission.

higher in blacks compared to whites, and differential correlations between A1c and glucose concentrations among
races. Supporting the notion for race-specific cutpoints
for the diagnosis of T2DM is the observation that retinopathy is more prevalent at lower concentrations of A1c
in blacks compared to whites (13 ).
A1c reflects long-term glycemic exposure and is not
affected by meals and is therefore easy to obtain as part of
regular clinical practice. Current ADA guidelines suggest
T2DM screening focus on obese and overweight patients
with additional risk factors. A “negative” test should be
repeated every 3 years. Patients are deemed to have “prediabetes” when the A1c is between 5.7– 6.4% (39 – 46
mmol/mol) (6 ). The US Preventative Services Task
Force recommends screening for abnormal blood glucose
as part of cardiovascular risk assessment in adults aged
40 –70 years who are overweight or obese, and providing
patients with abnormal blood glucose intensive behavioral counseling interventions to promote a healthful diet
and physical activity (14 ).
Adding A1c or glycemic measures to simple risk
models will improve metrics of discrimination (15, 16 )
(Fig. 1). Thus 1 potential screening strategy could be to
identify patients at higher risk based on noninvasive risk
models in whom more frequent glycemic monitoring
would be warranted and cost-effective.
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NONGLYCEMIC BIOMARKERS FOR PREDICTING T2DM

Nonglycemic biomarkers that predict the risk of diabetes
in general attempt to define different underlying pathophysiologic perturbations of glucose metabolism. Initial
research has focused on the traditional metabolic axis of
␤-cells, skeletal muscles, and the liver while more recent
studies attempt to discern novel pathogenic pathways
that lead to dysglycemia.
Classic physiologic axis: insulin resistance, ␤-cell function,
and liver injury. In contrast to type 1 diabetes mellitus
(T1DM), insulin concentrations in T2DM vary significantly between patients depending on their degree of
insulin resistance and ␤-cell health. Early in the dysglycemic continuum, insulin concentrations may be quite
high to combat greater peripheral insulin residence
whereas they eventually fall with time. Therefore, insulin
concentrations in isolation typically are not clinically useful in predicting diabetes. In addition, insulin resistance,
while well recognized as central component of T2DM is
similarly difficult to quantify. For research purposes in
small cohorts, the euglycemic insulin clamp technique
with either intravenous glucose or insulin tolerance testing can be used to define insulin resistance.
A more broadly applicable method, the homeostasis
model assessment (HOMA) attempts to estimate insulin
resistance (HOMA-IR) and ␤-cell function (HOMA-␤).
The original HOMA model uses fasting glucose and insulin concentrations, and has been extensively validated.
The updated model (HOMA2) has been updated to provide nonlinear solutions to better reflect the variations in
peripheral and liver resistance and insulin secretion.
Moreover, it can use different insulin assays and
c-peptide (17 ). Even with this increased complexity,
many limitations persist, most significantly the lack of
standardized insulin and c-peptide assays, change in
␤-cell function over time, and cross-cultural/ethnic differences (18 ). The eventual harmonization of these assays
could offer a significant advance into potential screening
strategies to detect insulin resistance before overt hyperglycemia (19, 20 ).
The liver plays a central role in T2DM as the source
of gluconeogenesis, and is also the target of end organ
damage from hyperinsulinemia. Thus many biomarkers
of liver injury [ALT (alanine aminotransferase), GTT
(␥-glutamyl transferase), ferritin, PAI 1 (plasminogen activator inhibitor 1), tissue plasminogen activator (tPA)
antigen, C-reactive proteins (CRPs), and triglycerides]
are increased in patients with dysglycemia before the diagnosis of T2DM is met (21 ). Liver injury through increased hepatic fat deposition can lead to nonalcoholic
fatty liver disease, a common complication in T2DM and
in those patients without T2DM who have a high clinical
diabetes risk phenotype (i.e., obesity, central adiposity,
IFG, and hypertension).

Novel biomarkers. Over the past decade, it has become
apparent that the complexity of glucose dysregulation
includes many organs and the hormonal axis extends beyond ␤-cell failure and insulin resistance. As DeFronzo
has highlighted, the accelerated lipolysis of fat cells, deficiency in incretin axis, hyperglucagonemia from ␣-cell
hyperactivity, and increased glucose reabsorption in the
kidney are all key components in the pathogenesis and
progression of T2DM (22 ). Add markers of inflammation to these different metabolic axes and there are literally dozens of potential markers for the development of
T2DM.
Advances in large scale “-omic” studies have expedited greater evaluation of potential biomarkers. Unfortunately, many studies test different sets of biomarkers
and therefore lack external validation. One nested case
control study of over 6000 patients tested 64 candidate
proteins in over 6000 people. Only 6 biomarkers met
rigorous inclusion criteria to remain in the ultimate
model for predicting T2DM by 5 years—adiponectin,
CRP, ferritin heavy chain 1, glucose, interleukin-2 receptor A (IL-2RA), and insulin (23 ). Combining these
markers into a risk score resulted in a c-statistic of 0.78,
which was better than single glycemic measurements or
HOMA-IR, but was not better than either an OGTT or
2-h insulin concentrations.
In another study examining 92 proteins associated
with cardiovascular disease (CVD) or inflammation,
only 6 were associated with insulin resistance (leptin,
renin, IL-1RA, hepatocyte growth factor, fatty acid–
binding protein 4, and tPA) and only 2 biomarkers (IL1RA and t-PA) with incident T2DM, though this association was lost after adjusting for fasting glucose (24 ). A
systematic review performed in 2013 identified 24 studies and found that novel biomarkers failed to provide
substantial improvement beyond clinical, behavioral, anthropometric, and in some cases, glycemic variables (25 ).
Several studies have found certain microRNA “signatures” or “profiles” are associated with insulin resistance, incident T2D, or ␤-cell function (26 ). A broader
evaluation of exosomes and microvesicles (of which microRNA is 1 component) has also been highlighted as a
potential avenue to identify and provide even more detailed evaluation of the different pathologic processes in
the development and progression of T2D and other metabolic diseases (27 ).
GENETICS

Despite obvious predisposition for T2DM among certain ethnic groups, within specific families, and between
twins, genetic markers of incident T2D have failed to
improve prediction above standard clinical risk parameters. In 1 case-cohort study, the inclusion of 20 diabetogenic SNPs did not improve discrimination beyond lifestyle risk factors (15 ). A systematic review of several
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Fig. 2. Adjusted relative risk of incident T2DM according to
NT-proBNP.
Image from Everett et al. (32 ). Reproduced with permission.

studies that evaluated genetic variations found similar
results (25 ). In the Framingham Study, 18 loci associated
with diabetes failed to improve a model for predicting
incident diabetes that was adjusted for age, sex, family
history, BMI, fasting glucose concentration, systolic
blood pressure, HDL cholesterol concentration, and triglyceride concentration (28 ). A European study examined 11 genes associated with the risk of T2D and found
a similar lack in improvement beyond the clinical model
(29 ). A more recent study on 65 genetic variants did find
that a weighted genetic risk score modestly improved
discrimination, though validation is required and the
generalizability of such strategy for a population remains
questionable (30 ).
The family of conditions termed maturity-onsetdiabetes of the young (MODY) represents a rare situation
where monogenetic mutations do lead to early onset of
T2DM (typically before age 25) through early ␤-cell dysfunction. MODY subtypes are classified according to the
underlying gene affected, such as hepatocyte nuclear factors, glucokinase, and insulin promoter factor 1, to name
a few. MODY is autosomal dominant with variable penetration, but accounts for ⬍5% of T2DM cases (6 ).
An interesting series of observations suggest an inverse (protective) association between natriuretic peptides and the risk of T2DM with higher concentrations of
amino-terminal pro–B-type natriuretic peptide (NTproBNP) correlating with a lower incidence of T2DM
(31, 32 ) (Fig. 2). A Mendelian randomization analyses
further supported a causal relationship between natriuretic peptides and a lower rate of incident diabetes (31 ).
While an exact mechanism has yet to be defined, transgenic mice that overexpress BNP were resistant to the
metabolic effects of a high-fat diet, possibly via increased
mitochondrial biogenesis (33 ). Intriguingly, there are
also natriuretic peptide receptors on pancreatic ␤-cells
(34 ).
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The potential for including novel biomarkers into
T2DM screening strategies is thus limited given the
strong association between readily obtainable clinical and
anthropometric variables, and the ease of obtaining standardization glucose and A1c measurements. Moreover,
the primary interventions recommended in those patients at risk for T2DM are diet and lifestyle modifications, which are low-risk interventions with few to no
side effects. There is thus little downside of a population
screening strategy that counsels patients to try to live a
healthier lifestyle. The benefit–risk balance would shift
when considering more intensive therapies such as pharmacotherapy or bariatric surgery. In these cases, the risk
of T2DM would likely require the presence of other risk
factors for micro- and macrovascular disease to justify
more intense intervention. The 1 area where novel biomarkers could play a role would be to identify those patients considered low risk based on noninvasive screening
techniques who would otherwise be missed.
Monitoring Progression
Once the diagnosis T2DM is made, the principal tenets
of T2DM care are glucose control, detection of microvascular disease complications, and control of cardiovascular risk factors. Currently, there is little emphasis on
further assessment on the actual progression of diabetes
beyond glucose control. All the pathophysiologic processes discussed above regarding the etiology T2DM remain in effect with diabetes progression and therefore
could be used for monitoring if there were some clinical
implications.
GLYCEMIC CONTROL

The natural progression of T2DM is that glucose will
continue to rise over time (35 ). Although the worsening
dysglycemia is due in part to the underlying pathologic
process that led to T2DM in the first place, much of the
deterioration is felt to be due to the loss of ␤-cell function
(36 ). The ADA recommends measuring A1c at a minimum of twice yearly for patients meeting treatment goals
and at least quarterly in patients not meeting goals or
with changes in therapy. Mean glucose concentrations,
calculated from specific A1c, are often reported to aid in
the clinical interpretation of A1c testing. A1c concentrations are affected by hemoglobinopathies, transfusions,
and abnormal blood cell destruction or production (6 ).
Estimating the degree of insulin resistance or the
status of ␤-cell function for example, is not recommended in current practice recommendations, in part
because of the lack of harmonization between assays (6 ).
Fasting glucose and A1c are thus the integrators of diabetes progression. If glycemic indices are not at goal, then
the glucose-lowering regimen is increased. Unfortu-
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nately, the decision regarding the next therapeutic agent
is rarely made on physiologic grounds, but rather
based on algorithms that are based on historical practice patterns, cost, and side effects. In fact, some agents
such as sulfonylureas may provide short-term glucose
control but at the cost of more rapid ␤-cell destruction
and subsequent hyperglycemia. A more physiologic
approach would be to target the particular pathologic
processes that are most affected (22 ). For example,
early in the course of T2DM, using insulin-sensitizing
agents such as biguanides (metformin) or thiazolidinediones may help delay further insulin resistance. Patients with obesity may benefit from agents such as GLP-1
(glucagon-like peptide-1) receptor agonists or SGLT2
(sodium-glucose cotransporter 2) inhibitors that lower
weight. Conversely, insulin should be started earlier in patients with premature ␤-cell destruction and low insulin
concentrations.
CHRONIC KIDNEY DISEASE

Chronic kidney disease (CKD) is a common complication of T2DM, affecting 30%– 40% of such patients
(37 ) To detect CKD, the ADA recommends screening at
least once a year by measuring urinary albumin, e.g., spot
urinary albumin-to-creatinine ratio (UACR) and estimated glomerular filtration rate (eGFR) in patients with
T1DM with a duration of 5 years, in all patients with
T2DM, and in all patients with comorbid hypertension.
eGFR is categorized into 6 stages with an eGFR ⬍60
mL/min/1.73 m2 (2 ) marking the threshold for the presence of mild to moderate kidney impairment (38, 39 ).
Increased concentrations of urinary albumin indicate damage to the glomerular basement membrane and
capillary endothelium, and when present, indicate the
presence of CKD, even within different eGFR categories
(38, 40 ). In people without CKD, UACR is typically
⬍10 mg/g. History, UACR concentrations ⱖ30 mg/g
were deemed “microalbuminuria.” Current nomenclature now labels this as mogderately increased concentrations of albuminuria [Kidney Disease: Improving Global
Outcomes (KDIGO) category A2] and ⱖ300 mg/g as
severe albuminuria (38 – 40 ) However, even smaller increases in urinary albumin between 10 mg/g and 30 mg/g
have been associated with progression of renal disease and
increased mortality (41, 42 ).
One study has reported that increased concentrations of natriuretic peptides and high-sensitivity troponin T (hsTnT) were associated with increased risk of
microvascular complications, in particular, nephropathy
(43 ). It is unknown whether there is any causal relationship between these markers and nephropathy. More
likely, they identify patients at higher risk due to other
comorbidities.

Cardiovascular Risk Stratiﬁcation
Biomarkers provide insight into different pathophysiologic processes and improve risk stratification in many
domains of CVD. T2DM promotes atherogenesis and
worsens myocardial function such that T2DM is a wellrecognized risk factor across the cardiovascular continuum (44 – 47 ). Assessing cardiovascular risk in patients
with T2DM is challenging because of the heterogeneity
of T2DM patients. Moreover, the overall higher risk of
patients with T2DM makes further risk discrimination
challenging. This is particularly relevant when assessing
risk in T2DM patients without manifest CVD, in whom
the risk of ischemic complications varies widely based on
age, duration of diabetes, and comorbidities.
GLYCEMIC METRICS

Many studies have demonstrated that the risk of cardiovascular events increases in patients with an increased A1c
(48 –51 ), though the relationship may be linear. Interesting, recent studies have not found a similar relationship
between A1c and heart failure (51 ).
RENAL BIOMARKERS

The relationship between eGFR and cardiovascular
death and overall mortality is “U-shaped” with the lowest
risk in those patients with eGFR approximately 90 –100
mL/min/m2. The risk increases substantially with a lower
eGFR, but also increases with eGFR ⬎105 mL/min/m2,
likely representing the hyperfiltration seen with early diabetic nephropathy. In terms of urinary albumin, there is
a linear relationship between UACR and outcomes. The
increased risk in mortality and cardiovascular death is
present even in those patients with concentrations between 10 mg/g and 30 mg/g who are typically not labeled
as having CKD (Fig. 3).
CARDIAC BIOMARKERS

Natriuretic peptides. Similar to almost every other population studied, increased concentrations of natriuretic
peptides in patients with T2DM are associated with increased cardiovascular risk, in both acute and chronic
scenarios, and in particular for cardiovascular death and
hospitalization for heart failure (52–57 ) (Fig. 4).
While natriuretic peptides are excellent discriminators of risk, they have not been shown to definitively
change treatment decisions in cardiovascular care in patients with diabetes (58 ) The proof of concept NTproBNP Selected Prevention of Cardiac Events in a Population of Diabetic Patients without a History of Cardiac
Disease (PONTIAC) study, identified patients with
T2DM at high risk based on increased concentrations of
natriuretic peptides and randomized them to a strategy of
aggressive risk management vs standard of care. Though
Clinical Chemistry 63:1 (2017) 191
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Fig. 3. Hazard ratios for all-cause and cardiovascular mortality in the combined general and high-risk populations according to
eGFR in individuals with and without diabetes.
Image from Fox et al. (41 ). Reproduced with permission.

underpowered, they found a significant reduction in the
rates of cardiovascular death and hospitalization in patients randomized to more aggressive uptitration of inhibitors of the renin–angiotensin–aldosterone system
and ␤-blockers (59 ). Additional studies on larger populations with more extended observation will be required
to validate these findings.
High-sensitivity cardiac troponin. The advent of highsensitivity cardiac troponin (hsTn) assays has permitted
the identification of low concentrations of circulating
troponin in a large proportion of stable patients with
diabetes (56, 60 – 62 ). For example, among 512 women
with T2DM but without any established cardiovascular
disease, Everett et al. found hsTnT concentrations above
the limit of blank (LoB, 3 ng/L) in 45.5% of their population and above the 99th percentile (14 ng/L) in 4%,
compared to 30.3% and 2% in those without diabetes
(60 ) (see Fig. 1 in the online Data Supplement). In
T2DM patients with more advanced CVD, almost all
had concentrations of hsTnT greater than the LoB (3
ng/L) and a large number of patients actually had hsTnT
concentrations above the 99th percentile. In 2285 patients with stable ischemic heart disease in the Bypass
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Angioplasty Revascularization Investigation in Type 2
Diabetes (BARI 2D), 39.3% had concentrations above
the 99th percentile (14 ng/L). In the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with
Diabetes Mellitus (SAVOR-TIMI 53), almost all 12310
patients with diabetes had a baseline concentration of
hsTnT ⱖ3 ng/L (LoB). Overall 43.7% had a level above
the 99th percentile (⬎15 ng/L for men and ⬎10 ng/L for
women). The proportion was higher in patients with established CVD (46.2%) compared to patients with cardiovascular risk factors only (31.4%) (P ⬍ 0.001) (57 ).
Increased concentrations of cTnT, even below the 99th
percentile, were strongly and independently associated
with increased cardiovascular risk, including cardiovascular death, myocardial infarction, and hospitalization
for heart failure (57, 60 – 63 ). In the SAVOR-TIMI 53
population, patients without manifest CVD but an increased hsTnT were at similar or higher risk of subsequent cardiovascular events than patients with established CVD but low hsTnT concentrations (57 ) (see Fig.
2 in the online Data Supplement).
The detection of concentrations of hsTn above the
LoB, and in particular above the 99th percentile, has
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Fig. 4. Risk of cardiovascular death, myocardial infarction, or stroke (top) and cardiovascular death (bottom) by NT-proBNP, hsTnT,
and hsCRP.
Hazard ratios were adjusted for treatment arms, age (continuous), systolic blood pressure (continuous), sex, history of heart failure, duration
of diabetes, prior myocardial infarction, history of hypertension, history of hyperlipidemia, smoking, eGFR (continuous) and stratiﬁed by
established CVD vs multiple risk factors.
Image from Scirica et al. (57 ). Reproduced with permission.

several clinical implications. The evidence of ongoing
myocardial injury in asymptomatic T2DM patients is
likely due to persistent myocardial injury from glycemic
dysregulation, endothelial and microvascular dysfunction, myocardial cell death, and subsequent fibrosis (64 ).
The fact that patients without established CVD, but with
increased concentrations of hsTnT, are at equal or higher
subsequent risk than patients with manifest CVD and
lower concentrations of hsTnT thus challenges the traditional risk stratification of patients based on clinical diagnosis alone. Biomarkers may provide a better screening
tool than clinical history. This may be particularly helpful for predicting the risk of heart failure. Current treatment recommendations do not incorporate these biomarkers (65 ). Because a large proportion of patients with
T2DM have increased circulating concentrations of
hsTnT above the MI threshold of the 99th percentile, the
triage of patients with T2DM presenting with an acute
chest pain must integrate the rise and fall of hsTn rather
than the absolute concentration into diagnostic algo-

rithms (66 ). The controversy surrounding sex-specific
cutpoints is also relevant when considering population
screening as lower concentrations of hsTn may still indicate higher risk in women compared to men. This is
particularly important in T1DM, where a higher proportion of patients are female.
CRP. CRP as measured with a high sensitivity assay
(hsCRP) is a well-established nonspecific marker of inflammation. Increased concentrations of hsCRP have
been associated with increased cardiovascular risk in multiple patient populations. In T2DM patients, the association between increased concentrations of hsCRP and
risk is present, but not as strongly associated as for other
markers such as hsTn and natriuretic peptides. For example, in the SAVOR-TIMI 53 cohort, the risk of cardiovascular death increased by just 9% for each standard
deviation higher change in concentration compared to
41% for hsTnT and more than 2-fold higher for NTproBNP (57 ) (Fig. 4). The poor performance of hsCRP
Clinical Chemistry 63:1 (2017) 193
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in T2DM is likely due to the generalized higher level of
chronic inflammation in this population that precludes
better discrimination of risk.
Other biomarkers. May other biomarkers have been
evaluated in T2DM. A broad evaluation of established
and novel biomarkers in the ORIGIN (Outcome Reduction with an Initial Glargine Intervention) Trial
found that after adjustment for confounders, NTproBNP, growth differentiation factor 15, trefoil factor 3, ␣2-macroglobulin, glutathione S-transferase ␣,
peroxiredoxin-4, angiopoietin-2, macrophage derived
chemokine, YKL-40, and insulin-like growth factor–
binding protein 2 were all independently associated
with mortality (55 ). htTn was not measured in this
study.

arrive at truly “personalized” diabetes care. Similarly, cardiac biomarkers provide greater discrimination of future
risk when compared with traditional risk features, and
thus integration of biomarkers such as natriuretic peptides and hsTn (where available) should be considered
part of standard risk stratification in patients with
T2DM.
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