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ABSTRACT

Introduction: Total population mortality rates
have been falling and life expectancy increasing
for more than 30 years. Diabetes remains a sig-
nificant risk factor for premature death. Here we
used the Oxford Royal College of General Prac-
titioners Research and Surveillance Centre
(RCGP RSC) practices to determine diabetes-re-
lated vs non-diabetes-related mortality rates.
Methods: RCGP RSC data were provided on
annual patient numbers and deaths, at practice

level, for those with and without diabetes across
four age groups (\50, 50–64, 65–79, C 80 years)
over 15 years. Investment in diabetes control, as
measured by the cost of primary care medica-
tion, was also taken from GP prescribing data.
Results: We included 527 general practices.
Over the period 2004–2019, there was no sig-
nificant change in life years lost, which varied
between 4.6 and 5.1 years over this period. The
proportion of all diabetes deaths by age band
was significantly higher in the 65–79 years age
group for men and women with diabetes than
for their non-diabetic counterparts. For the year
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2019, 26.6% of deaths were of people with dia-
betes. Of this 26.6%, 18.5% would be expected
from age group and non-diabetes status, while
the other 8.1% would not have been expected—
pro rata to nation, this approximates to
approximately 40,000 excess deaths in people
with diabetes vs the general population.
Conclusion: There remains a wide variation in
mortality rate of people with diabetes between
general practices in UK. The mortality rate and
life years lost for people with diabetes vs non-
diabetes individuals have remained stable in
recent years, while mortality rates for the gen-
eral population have fallen. Investment in dia-
betes management at a local and national level
is enabling us to hold the ground regarding the
life-shortening consequences of having diabetes
as increasing numbers of people develop T2DM
at a younger age.

Keywords: Diabetes; Mortality; Royal College
of General Practitioners; General practice;
Trend

Key Summary Points

Total population mortality rates have been
falling and life expectancy increasing for
more than 30 years. Diabetes remains a
significant risk factor for premature death.

We used the Oxford Royal College of
General Practitioners Research and
Surveillance Centre (RCGP RSC) practices
to determine diabetes-related vs non-
diabetes-related mortality rates.

In 527 GP practices, we found no
significant change in life years lost over
the period 2004–2019 for diabetes
individuals. This varied between 4.6 and
5.1 years over the period.

Investment at a local/national level in
diabetes management in England may be
enabling us to hold the ground regarding
the life-shortening consequences of
having diabetes as increasing numbers of
people develop type 2 diabetes mellitus at
a younger age.

INTRODUCTION

With sustained growth in diabetes numbers
predicted for the future, effective early diagnosis
and treatment of this condition along with
sustained patient engagement are vital to avoid
long-term comorbidities [1–3]. As new treat-
ments are added to our current therapeutic
armoury, there are significant opportunities for
intervening early to improve the longer-term
health outcomes for people with diabetes. The
accumulation of comorbidities directly impacts
on mortality, as does the quality of blood glu-
cose control as measured by glycated hae-
moglobin A1c (HbA1c).

Using nationally available data, we previ-
ously showed that the higher mortality associ-
ated with a diagnosis of type 1 diabetes (T1DM)
or type 2 diabetes (T2DM) could result in a loss
of 6.4 million future life years in the current UK
population [4]. In the model, the ‘‘average’’
person with T1DM (age 42.8 years) had a life
expectancy from that age of 32.6 years, com-
pared to 40.2 years for the equivalent-age non-
DM individual—corresponding to 7.6 years of
life years lost. The ‘‘average’’ person with T2DM
(age 65.4 years) had a life expectancy from that
age of 18.6 years, compared to 20.3 years for the
equivalent-age individual without DM, corre-
sponding to 1.7 life years lost per average
person.

In 2017, Cavero-Redondo et al. [5] reported
the results of a meta-analysis examining the
relation between HbA1c level and all-cause
mortality in people with diabetes. There was an
increase in the risk of all-cause mortality when
HbA1c levels were over 8.0% (64 mmol/mol) or
below 6% (42 mmol/mol). The highest all-cause
mortality in people with diabetes was an HbA1c
above 9.0% (75 mmol/mol) (HR 1.69, 95% CI
1.09–2.66). HbA1c levels above 7.0%
(53 mmol/mol) were also associated with an
increased risk of cardiovascular mortality in
people with diabetes (HR 1.85, 95% CI
1.14–2.55). This study suggested that people
with diabetes should maintain their HbA1c in
the range from 6.0% (42 mmol/mol) to 7.0%
(53 mmol/mol).
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A key question, therefore, is how all the
developments in diabetes management have
influenced mortality rates in people with dia-
betes over recent years. In this study, we eval-
uated—across all the general practices in the
Oxford Royal College of General Practitioners
Research and Surveillance Centre (RCGP RSC)—
the change in mortality over the years
2004–2019, and evaluated the variation in age-
standardised mortality between general prac-
tices in the RCGP RSC.

METHODS

We used data from the RCGP RSC database [6].
This comprises primary care data from a sen-
tinel network of primary care practices (general
practices) distributed across England. Data were
provided on patient numbers and deaths at
practice level for those with diabetes, as well as
for all adults, across four age groups (\ 50,
50–64, 65–79, C 80 years old). The model
applied relative National Diabetes Audit (NDA)
mortality rates to population rates for each age
category and gender, and calculated the future
life expectancy of individuals with diabetes (all
types of diabetes) compared with non-DM
populations for each general practice for the
period 2004–2019. Matching the difference in
total life expectancy for the reported popula-
tions by age and gender of the diabetes indi-
viduals to an equivalent population with non-
DM gave the lost life years.

In order to demonstrate the generalisability
of our findings, we also examined how repre-
sentative the RCGP RSC data are in relation to
all general practices in England. An additional
‘‘virtual’’ clinical commissioning group (CCG)
that consisted of the RCGP RSC practices was
created using publicly published data, and the
results for this virtual RCGP-CCG were com-
pared to those for other real CCGs. The mea-
sures included 35 indicators covering
demography, services, medication, costs and
outcomes. The ranking of the RCGP-CCG was

then examined to see the positioning of these
indicators compared to those for other CCGs.

Data Analysis

Annual data for each GP practice were taken
from private and public sources, including:

RCGP RSC:
• List of participating practices

• Anonymous practices with the practice
population categorised into four age
groups (\ 50, 50–64, 65–79, C 80 years
old) for 2004–2019

• Annual numbers for total population and
deaths

• Annual numbers for total people with
diabetes and deaths

National Diabetes Audit (performed annu-
ally during 2013–2019 for each participating
practice):

• Total numbers with T1DM and T2DM split
by age group (\50, 50–64, 65–79, C 80 years
old), deprivation, ethnicity, sex

• Numbers with T1DM and T2DM completing
service checks

• Numbers with T1DM and T2DM, with
HbA1c results in ranges

GP practice prescribing data:

• By practice and BNF code
• Monthly amount (items, costs, quantity)
• Total amount

GP practice demographics 2013–2019:

• Total numbers in April of each year
• Age and gender split

Office for National Statistics (ONS)—
England:

• Life tables: life expectancy by age and sex
(2004–2019)

• Death and population by age and sex
(2004–2019).
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The mortality rate for the non-diabetes
population was calculated as the difference
between the totals minus those with diabetes.
Expected deaths with diabetes was calculated by
multiplying the annual mortality rate for the
non-diabetes population in each age group by
the equivalent diabetes population and then
summing the results obtained for all age groups.
Life expectancy years lost was calculated by
applying the expected average life expectancy
in each age group to the actual deaths and
expected deaths of those with diabetes. Divid-
ing the excess life expectancy years lost by the
total number of deaths of those with diabetes
gave the excess life expectancy loss for each
diabetes death.

Multivariate analysis of variance (Manova)
was used to compare trends in prescribing over
the years 2014–2019 (IBM SPSS Statistics for
Windows, version 24.0, Armonk, NY, USA).

Ethics

This project used aggregated general practice
level data only and was categorised as a clinical

audit. Permissions were received from RCGP
RSC for data access. The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.

RESULTS

We included 527 out of 550 general practices
that were able to provide data covering the
years 2004–2019 inclusive and participated in
the National Diabetes Audit (NDA). There was
no significant difference in key indicators
between the RCGP RSC general practices
(n = 550) and the non-RCGP-RCS practices in
England (n = 6163) (Fig. 1).

Table 1 shows a summary of the numbers of
people and deaths in the total population and
in those with diabetes for the years 2004–2019
recorded by the RCGP practices.

Over the period 2004–2019, there was no
significant change in excess life years lost,
which varied between 4.6 and 5.1 years per
diabetes death. Table 2 summarises the increase
in spend on medication for people with diabetes

Fig. 1 Comparison between the average for all 550 RCGP
practices and the average for the 6163 other practices in
England in terms of key performance indicators Data

taken from 2019–2020 National Diabetes Audit. The
right-hand % shows the difference, and the differences are
ordered from high to low
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who attended RCGP RSC practices between
2014 and 2019 on a total and a per-patient
basis.

For the year 2019, 26.6% of the total deaths
were of people with diabetes. Of that 26.6%,
18.5% could be expected due to the ages of
those people with diabetes. However, the addi-
tional 8.1% was an excess related to people who
had diabetes while being treated. Pro rata to the

national level for England, this approximates to
40,000 excess deaths annually within the trea-
ted diabetes population.

Figures 2a shows the distribution of deaths
for the year 2019 between non-diabetes and
diabetes individuals in the RCGP RSC. Specifi-
cally, the first and third horizontal bars in
Fig. 2a show the age distributions of the non-
diabetes and diabetes populations, respectively,

Table 2 Year-on-year spend on diabetes prescribing during 2014–2019

2014 2015 2016 2017 2018 2019

Diabetes patients 307,355 322,039 333,368 342,119 351,780 361,676

Diabetes medication prescriptions (millions) 3.82 4.01 4.26 4.47 4.73 5.01

Diabetes medication cost (£m) £65 £71 £76 £80 £87 £94

Cost/patient/year £211.93 £221.96 £229.17 £232.79 £246.62 £260.02

Cost/prescription £17.04 £17.81 £17.92 £17.83 £18.35 £18.76

Fig. 2 a Distribution of deaths between non-diabetes and diabetes individuals in the RCGP practices for 2019.
b Annualised mortality rates for non-diabetes and diabetes individuals in the RCGP practices for 2019

Diabetes Ther (2022) 13:505–516 511



and the second and fourth horizontal bars show
the proportion of deaths in each age band for
the non-diabetes and diabetes populations.
Figure 2a shows that the proportion of all

diabetes deaths by age band is higher for dia-
betes men and women in the 65–79 years age
group than for their non-diabetic counterparts.
Figure 2b describes the annualised mortality

Fig. 3 a Relative deaths standardised by age in the average
diabetes and non-diabetes populations during 2014–2019
for all the RCGP practices included in the study. b The
practice-level variation in mortality rate for people with

diabetes collated for the years 2014–2019. The RCGP
practices are ranked by decile of actual diabetes deaths as a
percentage of expected deaths

Fig. 4 Annual daily quantity (ADQ) comparison between
classes of agent for RCGP vs non-RCGP practices in
England during 2011–2019. The figure shows the

comparative difference over time between RCGP and
non-RCGP practices in relation to prescribing for this
period

512 Diabetes Ther (2022) 13:505–516



rate for 2019 between non-diabetes and diabetes
individuals in the RCGP RSC. We found that the
difference in mortality rate between diabetes
and non-diabetes individuals was much greater
for younger individuals than for older
individuals.

In Fig. 3a, we see the relation between the
actual and expected deaths for non-diabetes
and diabetes individuals at the general practice
level for all RCGP RSC practices during the
period 2014–2019. We defined the expected rate
of diabetes death as the death rate based on
non-diabetes deaths. The relative likelihood of
death for diabetes vs non-diabetes people runs
in relative synchrony, although there is prac-
tice-level variation such that there is a marked
difference between the mortality rates of dia-
betes and non-diabetes individuals for some
practices. We found that there was variation
among practices in the actual vs expected
deaths for the same period, as shown in Fig. 3b.
For 68% of the general practices, the excess
diabetes deaths were between 30 and 70% of the
non-diabetes deaths, but some other practices
had higher or lower excess deaths.

There was a significant difference between
the RCGP RSC and non-RCCP practices in pre-
scribing trends over the period 2014–2019, with
a trend towards a greater relative use of gluca-
gon-like peptide-1 (GLP-1) agonists (F = 4.0,
p = 0.001) and a relative decrease in the use of
sulphonylurea (SU) drugs (F = 4.2, p\ 0.001)
(Fig. 4). For the RCGP RSC practices, overall
annual spend on diabetes prescribing increased
year on year, as shown in Table 2.

DISCUSSION

We used the RCGP RSC data for this analysis.
The fact that the RCGP general practices fall so
close to the CCG median for each indicator
(Fig. 1) shows that the RCGP network can be
used as a representative group for studying
practice-level diabetes performance.

In the context of advances in both the life-
style of diabetes patients and the pharmaco-
logical management of diabetes as well as the
increasing spend on diabetes prescribing (as
shown for 2014–2019 in Table 2), we report that

the mortality rate for people with diabetes has
remained stable over the last 15 years. Con-
versely, the mortality rate in the general popu-
lation has decreased, albeit more slowly in the
last decade [7]. This lack of synergy in mortality
rate with the general population may relate to
people developing T2DM at an earlier age than
in previous decades, mirroring the rising
prevalence of obesity in younger-aged people
[8, 9], with consequences for longer-term health
outcomes, including mortality. We studied
population-level effects and did not look in
precise detail at specific individual factors and
their changes over time. Many of these factors
affect the non-diabetes population as well as
people with diabetes, and have therefore been
accounted for in the standardisation process.

Of relevance, the difference in annualised
mortality rate was most pronounced for
younger individuals (Fig. 2b). There was con-
siderable variation between the diabetes-related
excess deaths across general practices, as shown
in Fig. 3b, where general practices are ranked by
decile of actual diabetes deaths as a percentage
of expected deaths. While some of this variation
likely relates to underlying differences in
demographic profile in terms of levels of social
disadvantage and ethnic variation, our previous
work [10–12] would suggest that modifiable
factors such as general practice configuration/
CCG organisation of services and prescribing
habits may also play a part. The relative reduc-
tion in sulphonylurea prescribing and relative
increase in GLP-1 prescribing in the RCGP RSC
practices vs other practices in England is a large-
scale example of such a phenomenon.

While we were not able to undertake an
analysis using HbA1c values per se, the majority
of people with diabetes will, by definition, have
higher HbA1c levels than those of people
without diabetes. Most population-based stud-
ies have found a J- or U-shaped association
between HbA1c and mortality [13–19], with an
optimal range from 5.6% (38 mmol/mol) to
7.5% (58 mmol/mol) [14, 16], close to that in
the report of Cavero-Redondo et al. [5]. Some
studies have also reported a non-significant
increase in all-cause mortality risk with each
0.1% increase in HbA1c (HR 1.14, 95% CI
0.98–1.33) [20].
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The association between HbA1c level and
mortality is affected by age, diabetes duration
and complications [21, 22]. In older diabetes
patients, a high HbA1c ([ 8% or 64 mmol/mol)
level was associated with an increased risk of all-
cause mortality, while there is less evidence
about the relation between low/normal HbA1c
level and mortality [15, 16, 22]. In people with a
relatively short diabetes duration (\5 years),
the effect of a low normal HbA1c level on sub-
sequent all-cause mortality remains unclear
[13, 17, 20, 21]; on the other hand, for people
with a relatively long duration of disease
(C 5 years), a low HbA1c level was associated
with a higher risk of mortality during subse-
quent follow-up [21].

In the study by Raghavan et al. of people
with T2DM and coronary artery disease, only a
lower level of HbA1c (below 6%; 42 mmol/mol)
was associated with a higher risk of 1-year
mortality; a higher level of HbA1c was not
associated with mortality [23]. Thus, there
remains a need to explore the relation between
HbA1c level and mortality in diabetes people
with different characteristics via larger popula-
tion studies that factor duration of elevation of
HbA1c into the longitudinal analysis.

Finally, in our previous analysis [4], as
described in the ‘‘Introduction’’, the life years
lost was slightly different when T1DM and
T2DM outcomes were analysed separately. This
will, at least in part, relate to a different stan-
dardised mortality ratio for diabetes in this
analysis (1.50) compared to the 2014/15 NDA
standardised mortality ratio (1.33). It should
also be pointed out that, in spite of the retro-
spective nature of the analysis and the vari-
ability in data collection approaches across
several hundred general practices, we have been
able to draw conclusions that are relevant to the
health and life prospects of people with diabetes
in the twenty-first century.

Strengths/Limitations

We were not able to differentiate T1DM and
T2DM from the practice-level data. Approxi-
mately 90% of diabetes is T2DM, so this has the

greatest effect on the data, which nevertheless
cover all types of diabetes.

Furthermore, we know that there are indi-
viduals with no symptoms of T2DM but high
blood glucose levels who have not been diag-
nosed because they have not had the relevant
blood test. They would thus have been cate-
gorised as not having diabetes.

This study was an audit evaluation and
therefore permissions were not sought for link-
age identification of general practices. Hence,
we did not link with any practice-level datasets
beyond the RCGP RSC.

Any registry-based study of this kind will
have inherent biases. However, we have con-
firmed that the RCGP RSC practices [24] are
representative of the practices in the rest of
England. Finally, we did not include data on
mediators of health outcome such as HbA1c,
renal indices, blood pressure, ethnicity and
socioeconomic status. These data will form part
of further analyses that are ongoing.

We have no data on smoking and alcohol
consumption. However, there is no reason to
suspect that smoking and alcohol consumption
would be different in diabetes vs non-diabetes
individuals.

CONCLUSIONS

There remains a wide variation in mortality rate
in people with diabetes between general prac-
tices. The mortality rate and life years lost for
people with diabetes vs non-diabetes individu-
als have remained reasonably stable in recent
years, while the mortality rate for the general
population has fallen. The factors underlying
this phenomenon remain to be characterised.
Investment at a local and national level in dia-
betes management is enabling us to hold the
ground regarding the life-shortening conse-
quences of having diabetes as increasing num-
bers of people develop T2DM at a younger age.
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