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ABSTRACT

Early diagnosis and effective management of
type 2 diabetes (T2D) are crucial in reducing the
risk of developing life-changing complications
such as heart failure, stroke, kidney disease,
blindness and amputation, which are also
associated with significant costs for healthcare
providers. However, as T2D symptoms often
develop slowly it is not uncommon for people

to live with T2D for years without being aware
of their condition—commonly known as the
undiagnosed missing million. By the time a
diagnosis is received, many individuals will
have already developed serious complications.
While the existence of undiagnosed diabetes
has long been recognised, wide-reaching
awareness among the general public, clinicians
and policymakers is lacking, and there is
uncertainty in how best to identify high-risk
individuals. In this article we have used con-
sensus expert opinion alongside the available
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evidence, to provide support for the diabetes
healthcare community regarding risk prediction
of the missing million. Its purpose is to provide
awareness of the risk factors for identifying
individuals at high, moderate and low risk of
T2D and T2D-related complications. The
awareness of risk predictors, particularly in pri-
mary care, is important, so that appropriate
steps can be taken to reduce the clinical and
economic burden of T2D and its complications.

Keywords: Chronic kidney disease; Diabetes-
related complications; Heart failure; Risk
prediction; Type 2 diabetes

Key Summary Points

In the UK it is estimated that up to one
million people have undiagnosed or
unrecorded diabetes and are not receiving
access to regular health checks—
commonly referred to as ‘the missing
million’.

By the time a diagnosis is received, many
individuals will have already developed
serious diabetes complications.

While the existence of undiagnosed
diabetes has long been recognised, wide-
reaching awareness of the risk factors is
lacking, and there is uncertainty in how
best to identify high-risk individuals.

In this article, expert consensus advice is
presented in order to provide awareness of
the risk factors for undiagnosed diabetes
and diabetes-related complications
summarised in a simple traffic light system.

The aim of the article is to aid in
identifying people at high, moderate and
low at risk of incident diabetes and
diabetes-related complications, with the
goal of improving the lives of people with
diabetes.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13148096.

INTRODUCTION

Globally, it is estimated that just under a half a
billion people are living with diabetes, which is
approximately 1 in 11 of the world’s adult
population [1]. As many as 45.8% of adult dia-
betes cases are thought to be undiagnosed [2],
which may be attributable to a variety of factors
including underperforming health systems, the
prolonged asymptomatic phase between the
onset of hyperglycaemia and diagnosis, and in
particular low awareness among the general
public and health professionals. In the UK it is
estimated that up to one million people are
living with undiagnosed diabetes—commonly
referred to as ‘the missing million’ [3]. The
majority of these will have type 2 diabetes
(T2D), although there may be a small propor-
tion with type 1 diabetes (T1D). A recent study
of approximately 200,000 individuals from the
UK Biobank reported that 1.1% had undiag-
nosed diabetes, with a glycated haemoglobin
(HbA1c) measurement of 48 mmol/mol (6.5%)
or higher, 2 years before receiving a clinical
diagnosis [4]. This study is likely to have
underestimated the true prevalence of undiag-
nosed diabetes as the Biobank population is not
considered representative of the general popu-
lation because of a healthy volunteer selection
bias [5].

Type 1 diabetes (T1D) is characterised by
insulin deficiency as a consequence of the
destruction of pancreatic beta cells, due to
autoimmunity (type 1A, including latent
autoimmune diabetes of adults whereby insulin
production is lost at a slower rate) or a strong
hereditary component, with no evidence of
autoimmunity (type 1B or idiopathic diabetes).
Type 2 diabetes (T2D) is characterised by insulin
resistance and/or abnormal insulin secretion
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and increased glucose production. Before peo-
ple develop T2D they almost always have pre-
diabetes whereby blood glucose levels are
higher than normal, but not yet high enough
for a diagnosis of T2D. All forms of diabetes are
defined by chronic hyperglycaemia which can
lead to the subsequent development of dia-
betes-related micro- and macrovascular com-
plications such as kidney disease, retinopathy,
neuropathy, cardiovascular disease (CVD),
stroke and peripheral artery disease (PAD).
Timely interventions can reduce hypergly-
caemia and the risk of complications in people
diagnosed with diabetes [6–14], but this poten-
tial opportunity is missed in those who remain
undiagnosed [15]. Indeed, by the time a diag-
nosis is received, 20–30% of individuals will
have already developed serious complications
[16]. Furthermore, undiagnosed diabetes is
reported to carry a similar risk of mortality to
diagnosed diabetes and has been associated
with a 1.5- to 3.0-fold higher risk of mortality
compared to individuals without diabetes
[17, 18].

As a large proportion of the total cost of
diabetes is associated with the management of
complications the economic burden of undiag-
nosed diabetes is likely to be significant. A total
cost of £39.8 billion has been projected for
diabetes expenditure in the UK by 2035/2036
(approximately 17% of the NHS budget), con-
sisting of £16.9 billion in direct costs and
£22.9 billion in indirect costs [19].

Although primary care is considered essen-
tial for the management of diabetes there are
often limited resources to support effective
diabetes screening. Furthermore, for healthcare
professionals working in primary care, recog-
nising risk factors for diabetes may be chal-
lenging because of conflicting guidance. A
survey around the knowledge of screening for,
diagnosing and managing prediabetes in 140
primary care providers, including physicians,
nurse practitioners and physician assistants,
identified important gaps in primary care prac-
titioners’ knowledge of risk factors that should
prompt screening [20]. This clinical inertia is
manifested by a delay in a timely diagnosis and
therapy initiation. As such, there is an unmet
need for education strategies around diabetes

risk prediction for healthcare professionals to
more readily identify high-risk individuals. In
particular, diabetes prevention programmes
may be more cost-effective if they are directed
to those at highest risk [21].

The objective of this consensus review is to
raise awareness of the key risk factors that
healthcare professionals should familiarise
themselves with, so as to be able to identify
individuals at high, moderate and low risk of
undiagnosed diabetes in primary care and in the
community. Early identification of undiag-
nosed diabetes may delay or prevent disease
progression through the timely introduction of
preventive strategies such as behavioural
change programmes or medication. The review
focuses on T2D and does not include T1D.
However, as a large proportion of people diag-
nosed with T1D have ketoacidosis, with inci-
dence varying in different populations from
13% to 80% [22], recognising the main symp-
toms of T1D can help to get a diagnosis before
ketoacidosis develops. Some of the most
noticeable and common symptoms include
excessive thirst, unusually high levels of urina-
tion, tiredness, loss of muscular bulk and
unexplained weight loss. Other symptoms
include recurring thrush, blurred vision, unex-
pected cramping, and skin infections. Factors,
beyond symptoms, which might point to a
diagnosis of T1D include family and prior his-
tory of autoimmune disease and family history
of T1D.

Moving beyond the development of simple
risk stratification for incident T2D, set in the
context of a growing awareness of both clinical
and economic disease burden we extend our
consensus review to include an approach to the
identification and thus timely management of
those at risk of two particularly prevalent and
costly complications associated with diabetes,
namely chronic kidney disease (CKD) and heart
failure (HF). The ultimate aim of this document
is, through the provision of a simple risk grad-
ing mechanism (developed on the basis of
consensus opinion), to raise awareness of those
who remain unidentified with potentially life-
changing conditions, with the ultimate goal of
improving the lives of people with diabetes.
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This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

IDENTIFYING UNDIAGNOSED T2D

In the UK, the National Institute of Health and
Care Excellence (NICE) recommends a two-
stage strategy to identify people at high risk of
T2D. In the first instance this includes the offer
of a risk assessment, followed by, where neces-
sary, a blood test to confirm whether people
have T2D or are at high risk [21]. The guidelines
suggest that a risk assessment should be offered
to eligible adults aged 40 and above (except
pregnant women), people aged 25–39 of South
Asian, Chinese, African-Caribbean, black Afri-
can and other high-risk black and minority
ethnic groups (except pregnant women), and
adults with conditions that increase the risk of
T2D, e.g. CVD, hypertension, obesity, stroke,
polycystic ovary syndrome, a history of gesta-
tional diabetes and mental health problems
[21].

Various diabetes risk assessment tools have
been developed in numerous populations,
either for self-assessment or to be completed by
a healthcare professional. Using a variety of risk
factors, weighting schemes and thresholds such
risk scores aim to identify those at risk for future
T2D. Although the risk assessments each have
several key risk factors in common, they also
include additional different risk predictors.
Table 1 provides an overview of the key risk
factor assessment tools developed using Wes-
tern populations.

Despite the availability of several algorithms
for predicting diabetes risk, most have shown
limited screening accuracy with low positive
predictive value, they often lack user conve-
nience and the different risk assessments predict
dissimilar numbers at ‘high risk’ [23]. Although
several risk scores have been validated in inde-
pendent populations, with many showing good
discriminatory ability, discrimination is gener-
ally lower than in the populations in which the
scores were developed, and the validation
results are more heterogeneous [24]. As such

most of risk scores are unlikely to be generalis-
able from one population to another in a dif-
ferent country.

As a result of the lack of a universal standard
tool that can be used internationally, it may be
more appropriate to focus on isolated risk fac-
tors that place individuals at high, moderate or
low risk of having undiagnosed diabetes. To this
end, we have summarised in a simple traffic
light checklist the key risk factors that we as a
consensus expert group consider important for
identifying at risk individuals. The objective of
the checklist is to highlight to non-specialists
factors that can identify people at high, mod-
erate and low risk of incident T2D (Fig. 1).

Risk Factors Associated with High Risk
of T2D

Prediabetes, characterised by impaired fasting
glucose (defined as fasting plasma glucose of
6.1–6.9 mmol/L (110–124 mg/dL), in the
absence of impaired glucose tolerance) [25] and/
or impaired glucose tolerance (defined as post-
load plasma glucose of 7.8–11.0 mmol/L
(140–198 mg/dL) based on 2-h oral glucose tol-
erance test [25]), is a key risk factor for devel-
oping T2D. It does not always lead to T2D, but
between 33% and 66% of people with predia-
betes will go on to develop T2D over a period of
3–6 years [26–29]. As well as predisposing indi-
viduals to a high probability of progression to
T2D, individuals with prediabetes are at
increased risk of developing many of the com-
plications associated with T2D, such as CVD,
HF, CKD, diabetic retinopathy and neuropathy,
and also have increased risk of all-cause mor-
tality [30, 31]. The risk factors for prediabetes
are largely the same as those for T2D, and
therefore healthcare professionals should be
aware of these risk factors in order to consider
screening for T2D or prediabetes in individuals
deemed to be ‘high risk’.

Gestational diabetes is a glucose intolerance
with onset or first diagnosis during the second
or third trimester of pregnancy, which is clearly
not either pre-existing T1D or T2D [32], and
predisposes women to a high risk for developing
later T2D [33]. In a recent meta-analysis of 20
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studies that included a total of 1,332,373 indi-
viduals, women with a history of gestational
diabetes had approximately a tenfold higher
risk of developing T2D than those with a nor-
moglycemic pregnancy [34]. As a result of the
magnitude of the risk, regular postpartum
screening would be a valuable strategy to iden-
tify those at risk of progression to T2D.

Although glucocorticoids are widely pre-
scribed for their anti-inflammatory and
immunosuppressive properties to help with the
management of pulmonary diseases, autoim-
mune conditions, neurologic diseases and
inflammatory bowel diseases, glucocorticoids
have a powerful impact on glucose metabolism,
contributing to hyperglycaemia and placing
individuals at high risk of T2D [35]. A recent
meta-analysis of studies evaluating the occur-
rence of hyperglycaemia in individuals without
diabetes treated with steroids found that the
rates of steroid-induced hyperglycaemia and
steroid-induced diabetes were 32.3% and
18.6%, respectively [36]. The length of time on
steroids as well as the relative potency and the

absolute dose all play a role in the occurrence of
steroid-induced diabetes [37, 38]. Strategies are
needed to detect those at high risk for devel-
oping steroid-induced diabetes so that they can
receive blood glucose monitoring whilst
undergoing steroid therapy. On the basis of
consensus exert opinion we advise that people
receiving long-term (more than three courses in
a year) prednisolone at a daily dose of 5 mg or
more are at high risk of incident T2D.

Pre-existing CVD is a strong predictor of
T2D, with 25–36% of people with CVD devel-
oping T2D as a non-cardiovascular comorbid
condition [39]. This may be explained by the
fact that T2D shares risk factors with CVD such
as insulin resistance, dyslipidaemia, abdominal
obesity, smoking and physical inactivity.

Ethnicity is a well-established risk factor for
the development of T2D, with prevalence being
considerably higher among Black, Asian and
minority ethnic (BAME) groups compared to
White populations [40–43]. In a cross-sectional
analysis investigating ethnic differences in the
prevalence of T2D in the UK, the likelihood of

Fig. 1 Risk factors for identifying undiagnosed T2D. BMI body mass index, CVD cardiovascular disease, T2D type 2
diabetes
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having T2D was more than double among the
Asian ethnic group compared with the White
ethnic group, and increased by 65% among the
Black group and by 17% among the Mixed/
Other group [44]. In addition, it has also been
demonstrated that people of Black and South
Asian ethnicity develop T2D approximately
10 years earlier age than people from White
populations [45], and South Asians are also
diagnosed at lower BMI, younger age and with
rapid progression of diabetic complications
compared with other ethnic groups [46].

Obesity is one of the biggest risk factors for
T2D, accounting for 80–85% of the overall risk
of developing the condition [47]. Compared
with people of normal weight (BMI\25 kg/
m2), those with obesity (C 30 kg/m2) are almost
six times more likely to develop T2D, while
people who are overweight (C 25 to \30 kg/
m2) have 2.4 times increased risk [48]. The effect
of obesity on T2D risk has been demonstrated to
be dominant over other risk factors [48]. In
addition to the degree of obesity, the location of
the excess body fat is also important in deter-
mining the risk of T2D, with the risk being
highest in a people who carry the majority of
their excess body weight around their abdo-
men. In a study examining waist circumference
it was found that men with a waist circumfer-
ence of 94–102 cm were at increased risk of T2D,
and the risk was increased further if waist cir-
cumference was more than 102 cm. Women
were at high risk if they had a waist circumfer-
ence of 80–88 cm and at very high risk if it was
more than 88 cm [49].

Considering the significant risk associated
with each of these factors discussed above, our
consensus opinion is that the presence of one or
more of these factors should act as an indication
to evaluate an individual for the presence of
undiagnosed diabetes.

Risk Factors Associated with Moderate
Risk of T2D

Lifestyle-related risk factors, such as physical
inactivity and an energy-dense Western style
diet, contribute to obesity [50] and further
increase the risk of T2D [51]. In addition,

smoking has also been shown to increase the
risk of T2D, with the larger the number of
cigarettes smoked and the earlier a person star-
ted smoking increasing this risk [52–54].

A family history of T2D increases a person’s
risk of developing T2D themselves. The esti-
mated risk for T2D increases by two to four
times if a parent has T2D [55]. It is likely that
this elevated risk of T2D is mediated, in part, by
both genetic and shared environmental com-
ponents amongst family members, but the pre-
cise factors accounting for this increase in risk
are poorly understood.

Hypertension is another risk factor for T2D
because of its association with insulin resis-
tance. In an analysis of 4.1 million individuals
in a UK primary care population, raised systolic
blood pressure of 20 mmHg increased the risk of
T2D by 58% and a raised diastolic blood pres-
sure of 10 mmHg was associated with a 52%
higher risk of T2D. The findings were confirmed
by the results of a meta-analysis of existing
prospective studies, which demonstrated a 77%
increased risk of T2D for a 20 mmHg higher
than average systolic blood pressure [56].

Polycystic ovary syndrome (PCOS) is an
incurable endocrine condition associated with
irregular ovulation, biochemical/clinical hyper-
androgenism and/or polycystic ovaries that
affects up to one in ten women in the UK
[57, 58]. Women who have PCOS have a four
times higher risk of developing T2D, compared
to women without PCOS, and are also often
diagnosed at an earlier age [59, 60].

Non-alcohol related fatty liver disease
(NAFLD), defined as the presence of at least 5%
hepatic fat accumulation in patients who do
not consume excessive alcohol consumption
(less than 20 g/day for women and less than
30 g/day for men) and in the absence of other
recognised causes of fatty liver, e.g. virus, drugs,
autoimmunity [61–63], is common in people
with T2D, with a prevalence of 55–68% [64]. A
meta-analysis of 19 observational studies with
296,439 individuals (30.1% with NAFLD)
demonstrated that NAFLD was associated with a
twofold increased risk of incident diabetes [65].
It remains uncertain whether NAFLD causally
increases diabetes risk or is a consequence of
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shared multiple cardiometabolic risk factors
between the two conditions.

Data from the National Diabetes Audit indi-
cates that people in the most deprived quintile
are 1.5 times more likely to have diabetes than
those in the least deprived [66]. Low socioeco-
nomic status is strongly associated with higher
levels of obesity, physical inactivity, unhealthy
diet, smoking and poor blood pressure control.
As described above all these factors are estab-
lished predictors of T2D.

On the basis of the above discussion, our
consensus view is that the presence of two or
more of these parameters should act as an alert
to the need to evaluate an individual for the
presence of undiagnosed diabetes.

Risk Factors Associated with Low Risk of T2D
Age is an important risk factor for T2D with the
burden of the disease increasing with age,
especially after 45 years, as a result of insulin
resistance increasing and pancreas function
decreasing. In addition, people tend to exercise
less, lose muscle mass and gain weight as they
age, which all are additional risk factors for T2D.
The strong association of diabetes with age is of
particular concern given the global ageing of
the population. However, it should be noted
that in recent years T2D has been occurring
with increasing frequency in younger individ-
uals. We advise that individuals aged 45 years or
older, with absence of any of the above risk
factors, may be considered at low risk of T2D.

IDENTIFYING RISK OF HF
IN DIAGNOSED T2D

People with T2D are at increased risk for devel-
oping CVD, including myocardial infarction,
stroke, coronary artery disease (CAD), PAD and
HF. T2D is associated with an up to fivefold
increase in the risk of HF [67, 68], and whilst the
prevalence of T2D in the general population is
approximately 10–15%, approximately 40% of
patients hospitalised with HF also have T2D
[69]. Furthermore, the development of HF in
people with T2D has been associated with a
four- to tenfold increase in mortality risk
[70, 71].

There is a need to increase awareness around
HF in primary care, as it is evident that HF
diagnosis is being delayed or indeed not hap-
pening despite patients presenting with rele-
vant symptoms. As a result, the majority of HF
diagnoses are made in hospital, often acutely,
following which the prognosis is poorer.

Estimates of HF risk can be useful for both
clinicians and people with T2D: for clinicians, it
can support them in the choice of therapeutic
and preventive strategies; and for individuals
with T2D, it can be a motivation tool to adopt
healthy lifestyle measures and to observe pre-
scribed risk-modifying treatments. Risk scores
for HF in T2D include the WATCH-DM (Weight
[BMI], Age, hyperTension, Creatinine, HDL-C,
Diabetes control [fasting plasma glucose], QRS
Duration, MI and CABG) score which is a sim-
ple, user-friendly, integer-based risk score that
calculates the 5-year risk of incident HF among
people with T2D [72], the TIMI (Thrombolysis
in Myocardial Infarction) Risk Score for Heart
Failure in Diabetes (TRS-HFDM) which is a
novel, integer-based clinical risk score for pre-
dicting hospitalization for HF in people with
T2D that includes the risk predictors prior HF,
history of atrial fibrillation (AF), CAD, estimated
glomerular filtration rate (eGFR) and urine
albumin-to-creatinine ratio [73], and the Brest
score which is a clinical prediction score for HF
diagnosis in the emergency care setting that
includes 11 variables: age at least 65 years, sei-
zure dyspnoea, night outbreak, orthopnoea,
history of pulmonary oedema, chronic pul-
monary disease, myocardial infarction, crackles,
leg oedema, ST segment abnormality, atrial fib-
rillation/flutter on electrocardiography [74].

As HF is one of the most common as well as
earliest presenting CV complications of T2D,
there is a need for the inclusion of questions
related to HF in routine T2D checks in primary
care. Healthcare practitioners involved in
chronic disease clinics in primary care typically
use disease-specific templates to record infor-
mation. However, practitioners should also
consider the addition of questions around
changes in exercise tolerance (breathlessness on
exertion), orthopnoea/paroxysmal nocturnal
dyspnoea and ankle swelling to the existing
practice diabetes templates. Where clinical
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features suggest a possible diagnosis of HF, an
assessment of natriuretic peptides (brain natri-
uretic peptide (BNP) or N-terminal pro-BNP)
should be undertaken in the first instance and
those with a raised level referred urgently for
assessment. The clinical features that place
individuals with T2D at high, moderate or low
risk of HF diabetes are discussed below and
summarised in Fig. 2.

Risk Factors Associated with High Risk
of HF in T2D

Breathlessness on exertion is a typical symptom
of HF [75]. Breathlessness is also common in
patients with obesity, and patients with obesity
(C 30 kg/m2) are approximately six times more
likely to develop T2D [47]. Therefore, whilst
breathlessness in patients with T2D may be
unrelated to HF, any undue breathlessness or
change in exercise tolerance should be
investigated.

The presence of other CVD such as CAD,
prior MI, AF and hypertension are all risk factors
for the development of HF [76]. In patients with
diabetes hospitalised with HF, the majority
exhibit other CV comorbidities such as
ischemic heart disease, AF and hypertension

[77], highlighting the common pathological
processes involved in the development of CVD
and T2D. As NICE HF guidelines suggest prior
MI is a very high risk factor for HF [78], indi-
viduals presenting with symptoms of dyspnoea
that have prior MI should be immediately
referred for HF assessment.

Patients with abnormal electrocardiogram
(ECG) activity are at increased risk of HF. A
study that tracked the development of HF in
participants following a baseline 12-lead ECG
identified the following ECG markers to be sig-
nificantly associated with the future develop-
ment of HF: higher resting heart rate, prolonged
QRS duration, prolonged initial ventricular
depolarization, left-axis deviation, abnormal
QRS-T angle, left ventricular hypertrophy, ST/T
wave abnormalities and left bundle-branch
block [79].

Patients who have had T2D for more than
10 years are at increased risk of HF. Patients
with early-onset T2D have approximately two
times the risk of non-fatal CVD compared with
patients with late-onset T2D at the same age
[80], likely because of the longer exposure to the
poor glycaemic control, oxidative stress and
low-grade inflammation associated with T2D.

Fig. 2 Risk factors for identifying HF. BMI body mass index, CKD chronic kidney disease, CVD cardiovascular disease,
ECG echocardiogram, T2D type 2 diabetes

Diabetes Ther (2021) 12:87–105 95



Approximately 40–50% of patients with HF
also have CKD [81]. Furthermore, in patients
with T2D, the risk of HF increases with CKD
progression, such that patients with
eGFR\ 30 mL/min/1.73 m2 have an approxi-
mately three times increased risk of developing
HF compared to patients with eGFR C 90 mL/
min/1.73 m2 [82].

Albuminuria is prevalent in approximately
30% of patients with T2D and is a risk factor for
CVD [83, 84]. In patients with T2D, the pres-
ence of microalbuminuria increases the risk of
hospitalisation for HF by 3.5-fold [84].

Peripheral oedema, particularly swelling of
the ankles, and especially if new onset or
worsening, is a common symptom of HF [75].
Given the association between HF and T2D,
peripheral oedema should be investigated fur-
ther if present to determine if HF is the cause. As
peripheral oedema can develop from multiple
causes, difficulty in recognizing the cause may
lead to an inappropriate therapeutic approach.
The differential diagnosis of peripheral oedema
should include observations around skin colour,
skin temperature, mono- or bilaterality local-
ization, the presence of the sign of pitting, the
presence of the Stemmer sign, the sense of
progression of the oedema along the limb and
the date of onset of oedema. Following history
and physical examination, if HF is suspected as
the cause of the oedema we recommend that
the individual by immediately referred for HF
assessment.

Our consensus view based on the above dis-
cussion is that the presence of one or more of
these factors should alert to the presence of
undiagnosed HF.

Risk Factors Associated with Moderate
Risk of HF in T2D

Obesity is associated with an increased risk of
HF, independent of T2D [85]. Every 1 kg/m2

increase in BMI is associated with an 11%
increase in the risk of HF, meaning that patients
who are overweight have an approximately 50%
increase in the risk of HF, and those that are
obese have an approximately 180% increase in
HF risk [86].

Longer-term hypertension and increased
afterload leads to left-ventricular hypertrophy
and diastolic dysfunction, eventually resulting
in HF [87]. A cross-sectional study of patients
with newly diagnosed T2D in the UK found
hypertension (at least 160 mmHg systolic and/
or at least 90 mmHg diastolic or taking antihy-
pertensive therapy) was prevalent in 35% of
male and 46% of female patients [88]. Whilst
the prevalence of hypertension in patients with
T2D is relatively high, hypertension is one of
the most modifiable risk factors for the devel-
opment of HF.

Current and former smokers have an
increased risk of developing HF than individuals
who have never smoked. Compared with people
who have never smoked, current smokers are
60–75% more likely to develop HF, and former
smokers are approximately 20% more likely to
develop HF [89, 90]. In former smokers, risk
declines over time, with a risk of HF similar to
never smokers after 30 years of cessation [89].

The longer a patient with T2D is exposed to
the poor glycaemic control, oxidative stress and
low-grade inflammation associated with T2D,
the greater their risk of developing HF. Whilst
T2D itself is associated with up to a fivefold
increase in the risk of HF [67, 68], the risk
increases alongside diabetes duration, such that
patients with early-onset T2D have twice the
risk of non-fatal CVD compared with patients
with later-onset T2D at the same age [80] and
patients with a more recent diagnosis of T2D
(e.g. less than 5 years) are at lower risk of
developing HF than patients with a longer
duration of T2D (e.g. more than 10 years),
although moderate risk remains.

On the basis of the discussion above, our
consensus opinion is that the presence of two or
more of the factors discussed should alert to the
presence of undiagnosed HF.

Risk Factors Associated with Low Risk
of HF in T2D

The presence of T2D alone raises the risk of
developing HF. Therefore, patients with T2D,
without other CVD, normal ECG activity, free
of symptoms of HF (such as shortness of breath,
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lethargy and ankle oedema), who have never
smoked and are normotensive, remain at ele-
vated risk of developing HF despite the absence
of other risk factors that—when compounded—
increase risk further.

IDENTIFYING RISK OF CKD
IN DIAGNOSED T2D

CKD is an increasingly prevalent condition
associated with an increase in morbidity and
mortality and a significant cost burden, and is
one of the most common complications of T2D
affecting approximately 40% of people with
T2D [91, 92]. It can have a huge impact on the
quality of life for people with T2D, and has been
associated with an increased risk of CVD and
death [93, 94]. Therefore, raising awareness of
CKD risk factors amongst both people with
diabetes and healthcare professionals in pri-
mary care is essential, as it is likely that indi-
viduals with T2D referred early to specialist
nephrology services will have much better out-
comes than those whose referral is delayed.

However, there are few studies examining risk
factors for CKD in people with T2D. The few
studies that have assessed CKD risk have iden-
tified albuminuria and eGFR as being the most
important factors to predict onset and progres-
sion of early CKD in individuals with T2D
[95, 96]. We have summarised in a simple traffic
light system the key risk factors that healthcare
professionals working in primary care should be
aware of in order to appropriately identify
people with T2D at high, moderate and low risk
of CKD (Fig. 3).

Risk Factors Associated with High Risk
of CKD in T2D

It is well established that poor glycaemic con-
trol and elevated HbA1c is critical in the aeti-
ology of CKD in people with T2D [97]. Ten years
of an intensive glycaemic control intervention
in people with newly diagnosed T2D resulted in
a 24% reduction in development of microvas-
cular complications, including CKD, compared
with conventional dietary therapy [7].

Fig. 3 Risk factors for identifying CKD. BMI body mass index, CVD cardiovascular disease, ECG echocardiogram, HF
heart failure
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Increased urinary albumin excretion is a
major risk factor for CKD [98]. Whilst moder-
ately increased urinary albumin excretion, i.e.
3–30 mg/mmol creatinine in a spot urine sam-
ple (microalbuminuria), is the first sign of CKD,
people who develop severely increased albu-
minuria, i.e. more than 30 mg albumin/mmol
creatinine in a spot urine sample (macroalbu-
minuria), are at particularly high risk for
developing a decline in renal function [99–101].

Acute kidney injury is common condition,
affecting 20% of all emergency admissions
[102], and is an important risk factor for the
development of CKD. We suggest that there
should be regular monitoring for the develop-
ment or progression of CKD after an acute kid-
ney injury, even if serum creatinine has
returned to baseline.

Consensus expert opinion concluded that
additional risk factors which place individuals
with T2D at high risk of CKD include co-exist-
ing diabetic complications such as CVD or HF,
and longer duration of T2D (more than
10 years). CKD is uncommon if T2D is less than
one decade in duration, and there are no other
risk factors for CKD. Individuals with a longer
duration of diabetes have a higher risk for
developing CKD, with the highest incidence
rates of 3% per year generally observed 10–-
20 years after diabetes onset, after which the
rate of CKD tapers off [103, 104].

Our consensus view based on the above dis-
cussion is that the presence of one or more of
these factors should alert to the presence of
kidney disease.

Risk Factors Associated with Moderate
Risk of CKD in T2D

There are a number of lifestyle factors that are
associated with a moderate risk of CKD both in
people with and without T2D. An unhealthy
diet (e.g. an energy-dense Western style diet),
physical inactivity and the associated obesity
are well-established risk factors that can
increase the risk of complications, such as CKD
[105, 106]. Smoking has also been associated
with increased albuminuria as well as with a
decline in GFR in people with T2D [107, 108].

Reducing or quitting smoking should be
encouraged in people with T2D in order to
reduce the risk of CKD.

There is marked difference with regards to
ethnicity in the epidemiology of CKD in people
with and without T2D, with Native Americans,
Hispanics and African-Americans having a
greater risk of developing end stage kidney dis-
ease (ESKD) compared with non-Hispanic
Whites [100, 109]. In addition, South Asians
with T2D are more likely to develop diabetic
complications such as CKD, compared with
other ethnic groups [46].

Elevated blood pressure is another important
independent risk factor for CKD; baseline sys-
tolic blood pressure greater than 140 mmHg in
people with T2D has been associated with
higher risk of ESKD and death [110, 111].

It is well established that in people with
diabetes, the presence of retinopathy (a deteri-
oration of the blood vessels in the retina that
can cause vision loss and blindness) is a pre-
dictor for other diabetes-related complications
[112], and has previously been demonstrated to
be a risk factor for progression of CKD in people
with T2D [113, 114]. Routine follow-up in
people with T2D with retinopathy is therefore
important for both the management of
retinopathy and to monitor renal function in
these individuals, so as to prevent CKD
progression.

On the basis of the above discussion, our
consensus view is that the presence of two or
more of these factors should act as an alert to
the need to evaluate an individual for the
presence of undiagnosed CKD.

Risk Factors Associated with Low Risk
of CKD in T2D

Compared with the typical onset of T2D in
middle age or older, T2D with early age of onset
is associated with poorer metabolic control and
a higher risk of diabetes-related complications
such as CKD [115–117]. Individuals under
45 years with absence of any of the above risk
factors should be considered to be at low risk of
CKD.
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SUMMARY

Diabetes is a major health issue that continues
to increase across the world [118], and which
can lead to a number of short- and long-term
health complications, including hypergly-
caemia, heart disease, kidney disease, nerve
damage, amputation and vision problems. True
diabetes primary prevention would be to iden-
tify high-risk individuals when they are still in a
normoglycemic state and to offer an interven-
tion that prevents the transition from normo-
glycemia to impaired glucose tolerance and
diabetes. NICE [21], European guidelines for the
prevention of type 2 diabetes [119] and the
International Diabetes Federation [120] recom-
mend the use of prediction models to identify
people at high risk of diabetes. However, despite
there being numerous currently available risk
assessment tools for diabetes the level of risk
indicated by these tools can differ [23], and
there is uncertainty in how best to identify
high-risk individuals using the currently advo-
cated risk assessments.

The guidance presented here provides a
valuable reference for healthcare professionals
contributing to diabetes treatment and care
offering expert consensus advice regarding risk
factors that can identify individuals at high,
moderate and low risk of undiagnosed T2D, and
T2D-related complications. Although increased
awareness is a great starting point, it is not
enough on its own. The risk predictors should
be assessed on a continual basis for continued
monitoring of risk and individuals identified as
being at high risk of T2D or T2D complications
should be screened for these conditions as
appropriate. Furthermore, as many of the dis-
cussed risk predictors are modifiable, the intro-
duction of appropriate interventions to reduce
the risk will be essential for the prevention of
diabetes and/or its complications.

It is important to note that unlike other
published risk scores, the proposed traffic light
system for identifying risk of undiagnosed T2D
and T2D-related complications is not evidenced
based and is not validated; the risk factors were
included following consensus expert discussion.
The purpose of this review is to increase

awareness among non-specialists of the factors
that put an individual at increased risk of
undiagnosed T2D and T2D-related complica-
tions. The use of the proposed traffic light sys-
tem should be the first step in evaluating risk.
Further risk assessment, using a validated
method, will be required to characterise an
individual’s true risk.

In conclusion, increased awareness of the
key risk factors is likely to reduce the clinical
and economic burden of diabetes through the
detection of the ‘missing million’, and the
application of prevention strategies in this
population to avoid the onset of diabetic
complications.
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