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ABSTRACT

Introduction To describe recent trends in the incidence
of clinically diagnosed type 2 diabetes and pre-diabetes in
people seen in UK general practice.
Research design and methods A retrospective cohort
study using IQVIA Medical Research Data looking at people
newly diagnosed with type 2 diabetes and pre-diabetes
through primary care registers in the UK between 1
January 2009 and 31 December 2018.
Results A cohort of 426 717 people were clinically
diagnosed with type 2 diabetes and 418 656 people
met the criteria for a diagnosis of pre-diabetes in that
time period. The incidence of clinically diagnosed type
2 diabetes per 1000 person years at risk (PYAR) in men
decreased from a peak of 5.06 per 1000 PYAR (95% CI
4.97 to 5.15) in 2013 to 3.56 per 1000 PYAR (95% CI 3.46
to 3.66) by 2018. For women, the incidence of clinically
diagnosed type 2 diabetes per 1000 PYAR decreased from
4.45 (95% CI 4.37 to 4.54) in 2013 to 2.85 (2.76 to 2.93)
in 2018. The incidence rate of pre-diabetes tripled by the
end of the same study period in men and women.
Conclusions Between 2009 and 2018, the incidence rate
of new clinical diagnoses of type 2 diabetes recorded in
a UK primary care database decreased by a third from its
peak in 2013–2014, while the incidence of pre-diabetes
has tripled. The implications of this on timely treatment,
complication rates and mortality need further longer term
exploration.

INTRODUCTION
Type 2 diabetes is a growing health problem
across the world, affecting over 400 million
people and with estimates that it could affect
nearly 700 million people by 2045.1 In the
USA, the prevalence of diabetes is estimated
to be between 12% and 14% with a further
38% of the population at high risk of developing diabetes.2 In the UK, the prevalence
of type 2 diabetes doubled between 2000 and
2010 to 5%.3
Diabetes is associated with renal failure,
blindness and peripheral vascular disease
and the higher risks of myocardial infarction, strokes and other fatal complications

Significance of this study
What is already known about this subject?
►► Previous studies have shown various trends in dif-

ferent countries suggesting that the incidence of
type 2 diabetes might be stabilizing or falling.
►► There are little data about trends in clinical diagnoses of type 2 diabetes since the diagnostic criteria
changed in 2011 to allow diagnosis based on HbA1c
levels.

What are the new findings?
►► The incidence rate of new diagnoses of type 2 dia-

betes recorded in primary care records in the UK has
dropped by a third since 2013, while the incidence
rate of pre-diabetes has tripled.
►► More people in the UK are now being diagnosed with
pre-diabetes than type 2 diabetes.
►► Rates of diagnosis of type 2 diabetes appear to have
fallen more in older age bands compared with people aged 40–49.

How might these results change the focus of
research or clinical practice?
►► Further research is needed to understand if the cur-

rent single threshold for HbA1c for diagnosing type
2 diabetes is appropriate and to understand the implications for the risks in those increasingly being
diagnosed with pre-diabetes.

can shorten life expectancy by 8–10 years if
diabetes is poorly controlled.4 Worldwide,
over 500 billion dollars is spent on treating
diabetes and most is spent on treating diabetes
related complications.1 5
In the UK, spending on diabetes and
related complications accounts for nearly
10% of the total National Health Services
(NHS) budget.5 6 Changes in the incidence
and prevalence of type 2 diabetes will have
significant implications for healthcare
services like the NHS. A recent systematic
review found evidence of different trends in
incidence across the world but described a
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stable or decreasing incidence in a most studies.7 In the
UK, increasing incidence has been observed until 2010
but there are little data on trends over the last decade.3 8
Closely linked to type 2 diabetes is a metabolic state
that lies between normal glucose homeostasis and type 2
diabetes, which has been defined as pre-diabetes.9 People
with pre-diabetes are at high risk of developing type 2
diabetes, with 5%–10% of people progressing to diabetes
per year and evidence of early diabetes related complications.10–13 Definitions of pre-diabetes include people with
impaired fasting glycemia, impaired glucose tolerance
and HbA1c levels below the threshold for diagnosing type
2 diabetes.14–16 The prevalence of pre-diabetes in adult
populations is on the rise and estimated at 35% in the
UK and USA and as high as 50% in China.17 Diabetes and
pre-diabetes are part of a spectrum of metabolic disorders that overlap significantly. The main purpose of this
study was to examine the trends in incidence of type 2
diabetes and pre-diabetes as recorded by the family physician (general practitioners (GPs)) in electronic health
records for people seen in UK general practice over 10
years from 2009 to 2018.
METHODS
Data source
This was a retrospective cohort study using data from
the IQVIA Medical Research Data (IMRD)-
UK data.
This contains electronic primary care health records
for approximately 12 million individuals in the UK from
more than 700 general practices. Multiple validation
studies have shown IMRD data to be broadly generalizable to the wider UK population.18–20 IMRD contains
records from routine consultations in primary care with
details of medical conditions, symptoms, diagnoses and
prescriptions issued by GPs. A hierarchical recording
system of Read codes has been used to classify symptoms and diagnoses.21 In addition, the database includes
Townsend scores as a measure of social deprivation.22
Social deprivation is assigned quintiles with 1 being the
least deprived and 5 being the most. The majority of
diabetes care in the UK is provided through primary care
and GPs are incentivized to maintain registers of people
with diabetes, which encourages coding of clinical data.
IMRD data are therefore likely to represent a comprehensive record of routine diabetes care in the UK. Data
have been reported in line with STROBE guidance for
describing cohort studies.23 24
Definitions
People living with type 2 diabetes were identified using
a previously published algorithm.3 Individuals were
diagnosed with diabetes if they had at least two of the
following records: (1) a diagnostic code for diabetes, (2)
supporting evidence of diabetes, for example, two raised
HbA1c levels above 7.5% (48 mmol/mol) or screening
for diabetic retinopathy or (3) treatment for diabetes.
The Read codes used can be found in Appendix 1 (online
2

supplemental file). The first record of any of these three
was considered as the date of diagnosis. Records with
Read codes for maturity onset diabetes of the young,
latent autoimmune diabetes of adulthood, polycystic
ovarian syndrome or just gestational diabetes were not
included in the cohort for type 2 diabetes. People with
Read codes for type 1 diabetes and those under 35 who
had only ever been prescribed insulin were not included
in the cohort of people with type 2 diabetes as they were
likely to have type 1 diabetes.
People with pre-diabetes were identified using either
the Read codes for impaired fasting glycemia, impaired
glucose tolerance and pre-diabetes listed in Appendix 1
(online supplemental file) or an HbA1c level of 6.0%–
6.4% (42–47 mmol/mol). Records with Read codes for
maturity onset diabetes of the young, latent autoimmune
diabetes of adulthood or polycystic ovarian syndrome
were not included in the pre-diabetes cohort. Patients
who subsequently met the diagnostic criteria for type 2
diabetes were included in the cohort up to the point of a
clinical diagnosis of type 2 diabetes.
Study population and period
Data from general practices contributing data to IMRD
between 1 January 2009 and 31 December 2018 were
used for this study. Data quality was improved by using
practices which had reached the standard for acceptable
computer usage and mortality reporting.25 26 For inclusion in the cohort for incidence, we included individuals
who had at least 9 months of data available. Individuals
were followed up from the latest of 9 months after they
registered with the GP practice or the date when the
practice provided data that met the quality criteria set
out above. People who had been registered for less than
9 months at the practice prior to diagnosis were excluded
from the incident cohort as they were more likely to
represent prevalent cases.3 Follow-
up time continued
until the earliest of: death, date of leaving the practice,
the practice stopped contributing data or date of diagnosis with type 2 diabetes.
Analyses
The incidence of type 2 diabetes was estimated per
1000 person years at risk (PYAR). This was calculated
by dividing the number of new cases diagnosed over the
study period by the total follow-up time for people at risk
of developing type 2 diabetes in that period, multiplied
by 1000. We determined incidence rates by age, gender,
social deprivation (Townsend Score) and calendar year.
In considering the follow-up time for our denominator,
we censored follow-up when patients died or left the
practices. Likewise, we calculated incidence rates for
pre-diabetes but excluded those with a clinical diagnosis
of type 2 diabetes from the date of their diagnosis of
diabetes. A negative binomial regression model was used
to estimate changes in incidence by age, gender, social
deprivation and calendar year while adjusting for the
other respective variables.
BMJ Open Diab Res Care 2021;9:e001989. doi:10.1136/bmjdrc-2020-001989
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Table 1 Baseline characteristics of included patients
Characteristic

Type 2 diabetes

Pre-diabetes

N

426 717

418 656

Women

198 683 (47%)

212 649 (51%)

Mean age at
diagnosis in
years (SD)

Men: 60.4 (13.2)
Women: 61.7 (15.3)

Men: 62.8 (13.7)
Women: 64.4 (15.4)

Mean BMI
Men: 30.9 (5.8)
within 2 years of Missing: 19 725 (9%)
diagnosis (SD)
Women: 32.0 (7.4)
Missing: 18 633 (9%)

Men 29.1 (5.5)
Missing 64 709 (31%)
Women 29.5 (6.9)
Missing 55 987 (26%)

BMI, body mass index.

Figure 1
cohort.

Flowchart for patients included in type 2 diabetes

Analyses were conducted with Stata software V.16.0
(Stata, USA).
RESULTS
In total, 625 816 individuals with type 2 diabetes were
identified in the study, of whom 426 717 (70%) were
newly diagnosed between 1 January 2009 and December
2018 (figure 1). The baseline characteristics of the cohort
can be found in table 1. Just over half (53%) of the cohort
were men. The mean age of diagnosis was 60.4 in men
and 61.7 in women. In addition, 418 656 people met the
criteria for a diagnosis of pre-diabetes during this period.
Incidence of type 2 diabetes
The overall incidence of recorded type 2 diabetes in men
was 4.51 (95% CI 4.49 to 4.53) per 1000 PYAR while in
women, it was 3.88 (95% CI 3.86 to 3.90) per 1000 PYAR
(table 2). The adjusted incidence risk ratio (IRR) for
women, compared with men, was 0.86 (95% CI 0.85 to
0.87).
BMJ Open Diab Res Care 2021;9:e001989. doi:10.1136/bmjdrc-2020-001989

The incidence of type 2 diabetes by age was different for
men and women (p value for interaction term <0.001).
The risk of developing type 2 diabetes increased with
age until the eighth decade for both men and women.
In men, the incidence was 4.28 (95% CI 4.23 to 4.33)
per 1000 PYAR in the 40–49 age band, with a peak incidence of 13.69 (95% CI 13.54 to 13.84) per 1000 PYAR
between the ages of 70–79. The incidence in women was
slightly lower than men between the ages of 40 and 49 at
3.16 (95% CI 3.12 to 3.21) per 1000 PYAR and peaked
at a lower rate of 11.01 per 1000 PYAR (95% CI 10.89 to
11.13) between the ages of 70 and 79.
In 2009, the incidence per 1000 PYAR in men was 4.98
(95% CI 4.89 to 5.07), rising up to 5.06 per 1000 PYAR
(95% CI 4.97 to 5.15) in 2013 (table 3). From 2014, the
number of men newly diagnosed with type 2 diabetes
markedly decreased to 3.56 per 1000 PYAR (95% CI 3.46
to 3.66) by 2018 figure 2). For women, in 2009 the incidence per 1000 PYAR was 4.40 (95% CI 4.32 to 4.48),
peaking at 4.45 (95% CI 4.37 to 4.54) in 2013, before
declining to 2.85 (2.76 to 2.93) per 1000 PYAR in 2018.
The adjusted IRR for being diagnosed with type 2 diabetes
was 0.68 (95% CI 0.66 to 0.70) for men in 2018 compared
with 2013, and 0.62 (95% CI 0.60 to 0.65) for women in
2018 compared with 2013.
The incidence rate ratios in older age groups, compared
with the age band 40–49, declined after 2011 in both
men and women (figure 3). There were significant drops
in the incidence rates of the clinical diagnosis of type 2
diabetes in all age groups, with the largest decline seen in
the 70–79 age band in men and women (online supplemental table 1).
The incidence of type 2 diabetes increased as deprivation increased, with an adjusted IRR of 1.47 (95% CI 1.44
to 1.50) for men in the most deprived quintile compared
with the least deprived. The risk in women increased
more with deprivation, with an IRR of 1.81 (95% CI 1.77
to 1.85) for women with the highest levels of deprivation compared with the least deprived. The incidence
of diabetes was similar in men and women in the most
deprived quintile.
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Table 2 Incidence of type 2 diabetes by age and deprivation
Rate per 1000 PYAR (95% CI)
Men

Adjusted IRR (95% CI)*
Women

Men

Women

Overall
Age, years

4.51 (4.49 to 4.53)

3.88 (3.86 to 3.90)

1

0.86 (0.85 to 0.87)

 0–19

0.09 (0.08 to 0.09)

0.15 (0.14 to 0.16)

0.02 (0.02 to 0.02)

0.05 (0.04 to 0.05)

 20–29

0.40 (0.38 to 0.41)

0.92 (0.89 to 0.95)

0.09 (0.08 to 0.09)

0.27 (0.26 to 0.28)

 30–39

1.47 (1.44 to 1.51)

1.69 (1.66 to 1.72)

0.34 (0.33 to 0.35)

0.52 (0.51 to 0.54)

 40–49

4.28 (4.23 to 4.33)

3.16 (3.12 to 3.21)

1

1

 50–59

8.31 (8.23 to 8.39)

5.82 (5.75 to 5.88)

1.98 (1.95 to 2.01)

1.89 (1.85 to 1.92)

 60–69

12.49 (12.38 to 12.60)

8.85 (8.76 to 8.94)

2.98 (2.94 to .3.03)

2.87 (2.82 to 2.92)

 70–79

13.69 (13.54 to 13.84)

11.01 (10.89 to 11.13)

3.28 (3.23 to 3.34)

3.55 (3.50 to 3.63)

 80–89

10.55 (10.35 to 10.76)

8.86 (8.72 to 9.00)

2.52 (2.47 to 2.58)

2.82 (2.76 to 2.89)

 90–99

7.02 (6.58 to 7.48)

5.39 (5.16 to 5.63)

1.69 (1.58 to 1.80)

1.74 (1.67 to 1.83)

Townsend quintile
 1

4.18 (4.13 to 4.22)

3.20 (3.16 to 3.24)

1

1

 2

4.50 (4.45 to 4.55)

3.66 (3.61 to 3.70)

1.08 (1.06 to 1.10)

1.13 (1.11 to 1.15)

 3

4.64 (4.58 to 4.49)

4.02 (3.97 to 4.07)

1.22 (1.20 to 1.24)

1.33 (1.31 to 1.36)

 4
 5

4.84 (4.79 to 4.90)
4.95 (4.88 to 5.02)

4.53 (4.48 to 4.59)
4.94 (4.87 to 5.01)

1.35 (1.33 to 1.38)
1.47 (1.44 to 1.50)

1.56 (1.54 to 1.60)
1.81 (1.77 to 1.85)

*Adjusted for other variables considered: age, deprivation and calendar year. Stratified by gender due to significant age-
gender interaction.
IRR, incidence risk ratio; PYAR, person years at risk.

Incidence of pre-diabetes
Overall, men and women had similar risks of developing
pre-diabetes (IRR for women compared with men: 1.01
95% CI 1.01 to 1.02) (table 4). The risk profile with age
in pre-diabetes was similar to that seen in type 2 diabetes.
The incidence of pre-diabetes increased with age, peaking
in men in the 80–89 age band at 17.52 (95% CI 17.25

to 17.80) per 1000 PYAR and in the 70–79 ageband in
women at 15.62 (95% CI 15.47 to 15.77) per 1000 PYAR.
The incidence rates of people with pre-diabetes tripled
by the end of the study period (table 5). In men, the
incidence of pre-diabetes increased steadily from 3.41
per 1000 PYAR (95% CI 3.34 to 3.49) in 2009 to 9.89 per
1000 PYAR (95% CI 9.73 to 10.06) in 2018 (figure 4),

Table 3 Incidence of type 2 diabetes by calendar year
Rate per 1000 PYAR (95% CI)

Adjusted IRR (95% CI)*

Men [annual change %]

Women [annual change %]

Men

Women

Year
 2009

4.98 (4.89 to 5.07)

4.40 (4.32 to 4.48)

0.98 (0.96 to 1.01)

0.98 (0.95 to 1.01)

 2010

5.07 (4.98 to 5.17) [+1.81]

4.36 (4.28 to 4.45) [−0.91]

1.00 (0.98 to 1.03)

0.97 (0.95 to 1.00)

 2011

4.95 (4.86 to 5.04) [−2.37]

4.35 (4.27 to 4.43) [−0.23]

0.98 (0.95 to 1.00)

0.98 (0.95 to 1.01)

 2012

5.00 (4.91 to 5.09) [+1.01]

4.33 (4.24 to 4.41) [−0.46]

0.99 (0.96 to 1.01)

0.98 (0.95 to 1.00)

 2013

5.06 (4.97 to 5.15) [+1.20]

4.45 (4.37 to 4.54) [+2.77]

1

1

 2014

4.32 (4.23 to 4.40) [−14.62]

3.71 (3.63 to 3.79) [−16.63]

0.84 (0.82 to 0.87)

0.83 (0.81 to 0.86)

 2015

4.55 (4.45 to 4.64) [+5.32]

3.92 (3.83 to 4.01) [+5.66]

0.88 (0.86 to 0.91)

0.88 (0.85 to 0.90)

 2016

4.38 (4.28 to 4.48) [−3.74]

3.81 (3.72 to 3.91) [−2.81]

0.84 (0.82 to 0.87)

0.85 (0.82 to 0.87)

 2017
 2018

4.24 (4.14 to 4.35) [−3.20]
3.56 (3.46 to 3.66) [−16.04]

3.44 (3.35 to 3.53) [−9.71]
2.85 (2.76 to 2.93) [−17.15]

0.81 (0.79 to 0.84)
0.68 (0.66 to 0.70)

0.75 (0.72 to 0.77)
0.62 (0.60 to 0.65)

*Adjusted for other variables considered: age, deprivation and calendar year. Stratified by gender due to significant age-gender interaction.
IRR, incidence risk ratio; PYAR, person years at risk.
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hyperglycemia had an associated Read code (figure 4,
online supplemental table 2).

Figure 2 Incidence rates of clinical diagnosis of type 2
diabetes by calendar year 2009–2018. PYAR, person years
at risk.

with an adjusted IRR of 3.30 (95% CI 3.19 to 3.41) for
2018 compared with 2009. The incidence of pre-diabetes
in women increased from 3.06 per 1000 PYAR (95% CI
2.99 to 3.13) to 10.75 per 1000 PYAR in 2018 (95% CI
10.58 to 10.93), an IRR of 4.16 (95% CI 4.03 to 4.30)
in 2018 compared with 2009. The incident risk ratio for
pre-diabetes rose steadily in the period 2013–2018, more
than tripling in men and women. In this period, the IRR
for type 2 diabetes dropped by a third in men and women
(figure 2).
The impact of deprivation on pre-diabetes risk was very
similar to that seen in type 2 diabetes. The adjusted IRR
in men was 1.26 (95% CI 1.24 to 1.29) in the highest
quintile of deprivation compared with the lowest quintile. The risk of pre-diabetes in women increased by 52%
in the most deprived quintile compared with the least
deprived (IRR 1.52 95% CI 1.49 to 1.56).
Overall, pre-
diabetes does not appear to be well
coded in UK primary care records. Less than half of the
records that fit the criteria for a diagnosis of non-diabetic

Figure 3 IRR for being diagnosed with type 2 diabetes in
different age bands over time compared with age 40–49. IRR,
incidence rate ratio.
BMJ Open Diab Res Care 2021;9:e001989. doi:10.1136/bmjdrc-2020-001989

DISCUSSION
The incidence of clinical diagnoses of type 2 diabetes
recorded in GP electronic records dropped by 30% in
men and women between 2009 and 2018. The risks of
being clinically diagnosed with type 2 diabetes increased
with deprivation and peaked in people between 70 and
79 years of age compared with those aged 40–49. While
the recorded incidence of type 2 diabetes has dropped,
rates of people with recorded pre-diabetes have risen
steadily since 2011. Further, the risk of developing pre-
diabetes increased with age and social deprivation, with
women from the most deprived quintile having a 52%
increase in the risk of developing pre-diabetes compared
with women in the least deprived quintiles.
Two previous studies from the UK have confirmed
evidence of increasing incidence of type 2 diabetes until
2010.3 8 Another study based on the UK Clinical Practice
Research Datalink showed a drop in incidence between
2013 and 2014: in men, there was a drop from 51.26 to
42.59 per 10 000 patients, with a smaller drop in women
from 35.98 to 31.83 per 10 000 patients.27 Internationally, studies from Portugal and Israel have demonstrated
evidence of declines from 2011, with the incidence rate
for developing type 2 diabetes in Portugal dropping from
6.49 per 1000 inhabitants in 2010–2012 to 6.30 in 2013–
2015, and the incidence rate in Israel dropping from 13
per 1000 in 2011 to 10.8 in 2012.28 29 Recently published
data from Denmark also showed a decrease in incidence
of type 2 diabetes diagnosis between 2011 and 2014
around the time HbA1c was introduced as diagnostic
tool, although the incidence rates increased again in the
subsequent 2 years.30
A number of potential reasons have been postulated
for reducing incidence, including diabetes prevention
programs, public education, changing diet and the
impact of screening.7 31 However, the Diabetes Prevention Programme was piloted in 2016, after the decrease
trend in incidence in type 2 diabetes was observed in our
data. There is also no evidence from NHS Digital data
that trends in body weight have changed over this time
period. The prevalence of overweight and obese adults in
England has remained constant between 2009 and 2018,
affecting more than 60% of men and 50% of women.32
Complications from type 2 diabetes take many years to
develop, so any reductions in incidence will not lead to
an immediate drop in prevalence rates as the condition
is not immediately life-threatening.
Pre-diabetes has been associated with an increased risk
of chronic kidney disease, cardiovascular disease and
neuropathy,33 34 so the rising incidence of pre-diabetes
has direct implications for health services. One of the
challenges in interpreting changes in pre-diabetes diagnoses over time is the variation in the definitions of
non-diabetic hyperglycemia.35 Pre-
diabetes is a term
5
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Table 4 Incidence of pre-diabetes by age and deprivation
Rate per 1000 PYAR (95% CI)
Men

Adjusted IRR (95% CI)*
Women

Men

Women

Overall
Age, years

4.54 (4.52 to 4.52)

4.66 (4.64 to 4.68)

1

1.01 (1.01 to 1.02)

 0–19

0.04 (0.04 to 0.05)

0.07 (0.06 to 0.07)

0.01 (0.01 to 0.02)

0.02 (0.02 to 0.02)

 20–29

0.23 (0.21 to 0.24)

0.49 (0.47 to 0.51)

0.07 (0.07 to 0.07)

0.16 (0.15 to 0.17)

 30–39

1.00 (0.97 to 1.02)

1.27 (1.24 to 1.31)

0.31 (0.30 to 0.32)

0.43 (0.42 to 0.44)

 40–49

3.33 (3.28 to 3.38)

3.02 (2.97 to 3.06)

1

1

 50–59

7.72 (7.64 to 7.80)

6.75 (6.68 to 6.82)

2.31 (2.26 to 2.36)

2.21 (2.17 to 2.26)

 60–69

13.70 (13.58 to 13.83)

11.34 (11.23 to 11.45)

4.14 (4.06 to 4.22)

3.72 (3.64 to 3.79)

 70–79

17.45 (17.27 to 17.63)

15.62 (15.47 to 15.77)

5.46 (5.35 to 5.57)

5.38 (5.27 to 5.49)

 80–89

17.52 (17.25 to 17.80)

15.32 (15.12 to 15.51)

5.59 (5.45 to 5.72)

5.54 (5.41 to 5.66)

 90–99

15.21 (14.54 to 15.91)

12.18 (11.82 to 12.54)

4.89 (4.65 to 5.14)

4.37 (4.22 to 4.54)

Townsend quintile
 1

4.48 (4.43 to 4.53)

4.16 (4.11 to 4.20)

1

1

 2

4.65 (4.60 to 4.71)

4.45 (4.40 to 4.51)

1.05 (1.03 to 1.07)

1.08 (1.06 to 1.10)

 3

4.66 (4.61 to 4.71)

4.82 (4.77 to 4.87)

1.13 (1.11 to 1.15)

1.22 (1.19 to 1.24)

 4
 5

4.43 (4.36 to 4.49)
4.47 (4.40 to 4.54)

4.99 (4.93 to 5.05)
5.28 (5.20 to 5.35)

1.19 (1.17 to 1.22)
1.26 (1.24 to 1.29)

1.36 (1.34 to 1.39)
1.52 (1.49 to 1.56)

*Adjusted for other variables considered: age, deprivation and calendar year. Stratified by gender due to significant age-gender interaction.
IRR, incidence risk ratio; PYAR, person years at risk.

commonly used by the American Diabetes Association
(ADA) and is frequently used in the UK, while the WHO
use ‘intermediate hyperglycemia’. They have different
cut-offs for diagnosis based on fasting plasma glucose
(5.6–6.9 mmol/L by the ADA, 6.1–6.9 mmol/L for WHO),
and the ADA lowered the HbA1c threshold of diagnosis
for pre-diabetes to 5.7% (39 mmol/mol) in 2010. In the
UK, the National Institute for Health and Care Excellence (NICE) defines patients at high risk of developing

type 2 diabetes using a fasting plasma glucose of 5.5–6.9
mmol/L or an HbA1c level of 6.0%–6.4% (42–47 mmol/
mol). The NICE guidelines were published in 2012 and
the thresholds did not change when reviewed in 2018.15
Based on blood samples provided for the Health Survey
for England, the prevalence rate of pre-diabetes based
on NICE guidance in a sampled population increased
from 11.6% in 2003 to 35.3% in 2011 with an associated
increase in mean population HbA1c.17

Table 5 Incidence of pre-diabetes by calendar year
Rate per 1000 PYAR (95% CI)
Men [annual change %]

Adjusted IRR (95% CI)*
Women [annual change %]

Men

Women

Year
 2009

3.41 (3.34 to 3.49)

3.06 (2.99 to 3.13)

1

1

 2010

3.67 (3.59 to 3.75) [+7.62]

3.33 (3.26 to 3.41) [+8.82]

1.07 (1.04 to 1.11)

1.08 (1.05 to 1.12)

 2011

4.06 (3.98 to 4.15) [+10.63]

3.76 (3.68 to 3.84) [+12.91]

1.18 (1.14 to 1.22)

1.21 (1.17 to 1.26)

 2012

5.60 (5.51 to 5.70) [+37.93]

5.53 (5.43 to 5.62) [+47.07]

1.59 (1.54 to 1.64)

1.71 (1.66 to 1.77)

 2013

8.27 (8.15 to 8.39) [+47.68]

8.91 (8.79 to 9.04) [+61.12]

2.30 (2.23 to 2.37)

2.68 (2.60 to 2.77)

 2014

7.54 (7.42 to 7.66) [−8.83]

8.45 (8.32 to 8.57) [−5.16]

2.21 (2.14 to 2.28)

2.75 (2.66 to 2.83)

 2015

9.61 (9.46 to 9.75) [+27.45]

10.59 (10.45 to 10.74) [+25.33]

2.93 (2.84 to 3.02)

3.65 (3.54 to 3.76)

 2016

8.86 (8.71 to 9.01) [−7.80]

10.00 (9.85 to 10.16) [−5.57]

2.85 (2.76 to 2.95)

3.69 (3.58 to 3.81)

 2017
 2018

7.95 (7.80 to 8.10) [−10.27]
9.89 (9.73 to 10.06) [+24.40]

8.82 (8.67 to 8.97) [−11.80]
10.75 (10.58 to 10.93) [+21.88]

2.65 (2.57 to 2.74)
3.30 (3.19 to 3.41)

3.41 (3.30 to 3.53)
4.16 (4.03 to 4.30)

*Adjusted for other variables considered: age, deprivation and calendar year. Stratified by gender due to significant age-gender interaction.
IRR, incidence risk ratio; PYAR, person years at risk.
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Figure 4 Incidence rates of diagnosis of pre-diabetes by
calendar year 2009–2018. PYAR, person years at risk.

The UK does not have a formal population based screening
program as current evidence does not suggest that this would
be cost-effective.36 37 However, locally commissioned services
and NHS health checks (started in April 2009) are opportunities where screening for diabetes can be routinely offered
in primary care. While this activity does not seem to have
increased the incidence rate of clinically diagnosed type 2
diabetes, it has resulted in large increases in the number of
HbA1c results in the non-diabetic hyperglycemic range. The
profile of people identified by HbA1c is different to diagnostic tests based on blood glucose sampling and there have
been suggestions this may lead to underdiagnosis of type 2
diabetes when using HbA1c as a sole diagnostic test.38–40 This
could be one possible explanation why the large increase in
abnormal HbA1c results and diagnoses of pre-diabetes has
not been accompanied by an increased rate of clinically diagnosed type 2 diabetes. Clinical diagnosis rates for pre-diabetes
may continue to rise as GP-recorded prevalence rates of non-
diabetic hyperglycemia in England 2018–2019 were less than
5% in the National Diabetes Audit41 and our results suggest
that most non-diabetic hyperglycemia is currently not being
coded as pre-diabetes.
When examining the age-
specific incidence rates for
type 2 diabetes, it was revealed that clinical diagnosis rates
are dropping fastest in older adults aged 60 and over. A
recent study in middle-aged and older Chinese patients
found that the current HbA1c threshold had a low sensitivity of just 35.6%, possibly due to lower red cell counts
in older people.42 There are also known ethnic variations
in HbA1c and comparisons with an oral glucose tolerance
test showed a lower sensitivity when using current HbA1c
cut-offs for detecting diabetes in ethnic minority groups in
the USA.43 The current single absolute cut-off for HbA1c to
diagnose diabetes may have significant limitations as older
adults and ethnic minority groups are populations at high
risk of developing type 2 diabetes. If the current diagnostic
test lacks sensitivity and delays diagnosis in certain high risk
groups, this could lead to delays in accessing treatment and
an increasing risk of developing complications. To mitigate
this, cardiovascular risk factors may need to be managed as
BMJ Open Diab Res Care 2021;9:e001989. doi:10.1136/bmjdrc-2020-001989

actively in pre-diabetes as they are in type 2 diabetes. This
approach would be supported by recent evidence showing
people with blood glucose levels just above the threshold
of diagnosis of type 2 diabetes have improved mortality
compared with those just below.44
This study has a number of strengths. It includes data
from nearly half a million people with type 2 diabetes and
follow-up data over 10 years and IMRD data have been shown
to be broadly representative of the UK population, GPs are
incentivized to keep up to date registers for diabetes45 and
most routine care for type 2 diabetes in the UK happens
in primary care.46 The main limitation of this study comes
from the use of routinely recorded primary care data, which
would not capture diabetes and pre-diabetes cases missed
by GPs, and it does not include people with type 2 diabetes
without a GP. The definition for pre-diabetes was based on
Read codes for impaired glucose tolerance, impaired fasting
glucose tolerance and pre-diabetes or HbA1c levels based
on NICE definitions of people at high risk of developing
type 2 diabetes, so these results may not be directly comparable to countries using different diagnostic criteria for
non-diabetic hyperglycemia. Although there is no national
system for maintaining pre-
diabetes registers, there are
often local enhanced schemes to incentivize maintenance
of pre-diabetes registers, so they are likely to be well maintained. Some of the increase in rates of pre-diabetes diagnoses will reflect this increased activity from local incentive
schemes and the roll out of the National Diabetes Prevention Programme. However, the trend in increasing rates of
diagnosis of pre-diabetes with a steady decline in the clinical
diagnosis of type 2 diabetes prior to diabetes prevention
programs being widely available raises important questions
about the sensitivity and specificity of HbA1c as a diagnostic
test in type 2 diabetes compared with blood glucose based
diagnostic tests. As the data for this study were collected
from routine clinical practice, data quality for some characteristics like body mass index and ethnicity was variable,
so the reporting on these was limited. However, a previous
study has described differences in the prevalence of type
2 diagnoses in a similar dataset, with adjusted ORs for the
prevalence of diagnoses of type 2 diabetes being 2.36 (95%
CI 2.26 to 2.47) in Asian patients and 1.65 (95% CI 1.56 to
1.73) in Black patients, compared with White patients.47
Further research is needed to understand why relative
rates of clinical diagnosis of type 2 diabetes in the UK
appear to be falling in people over 60. We also need to
be able to risk stratify the increasing numbers of people
with pre-diabetes as it is possible that the current absolute
threshold for HbA1c is not sensitive enough for some
patient groups and we may be delaying or missing a diagnosis of type 2 diabetes.
CONCLUSION
The incidence rate of new clinical diagnoses of type 2
diabetes recorded in primary care records in the UK has
dropped by a third since 2013, while the rates of pre-
diabetes have tripled. More people in the UK are now
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being diagnosed with pre-diabetes than type 2 diabetes.
The steepest decline in clinical diagnoses of type 2
diabetes was in people aged 60–79 years old and the
changes accelerated a few years after the introduction of
HbA1c as a diagnostic test for type 2 diabetes. Further
research is needed to understand if the current single
threshold for HbA1c used in diagnosing type 2 diabetes
is appropriate in all age groups and to understand the
risks for the increasing number of people fitting the diagnostic criteria for pre-diabetes.
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