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ABSTRACT

Objectives To describe prevalence of chronic kidney disease
(CKD), demographic and clinical characteristics, treatment
patterns and rates of cardiovascular and renal complications
for patients with type 2 diabetes (T2D) treated in routine clinical
care.

Design Repeat cross-sectional study (6 monthly cross-
sections) and cohort study from 1 January 2017 to 31
December 2019.

Setting Primary care data from English practices contributing
to the UK Clinical Practice Research Datalink linked to Hospital
Episode Statistics and Office for National Statistics mortality
data.

Participants Patients with T2D aged >18 years, at least one
year of registration data.

Primary and secondary outcomes Primary outcome

was prevalence of CKD defined as chronic kidney disease
epidemiology collaboration (CKD-EPI) estimated glomerular
filtration rate <60mL/min/1.73m?, and/or urinary albumin
creatinine ratio >3mg/mmol in the past 24 months. Secondary
outcomes were prescriptions of medications of interest and
clinical and demographic characteristics in the past 3 months.
In the cohort study rates of renal and cardiovascular
complications, all-cause mortality and hospitalisations over the
study period were compared among those with and without
CKD.

Results There were 574190 eligible patients with T2D as

of 1 January 2017 and 664 296 as of 31 December 2019.
Estimated prevalence of CKD across the study period was
stable at approximately 30%. Medication use was stable over
time in people with CKD and T2D, with low use of steroidal
mineralocorticoid receptor antagonists (approximately 4.5%
across all time points) and a low use but steady increase in
use of sodium-glucose co-transporter-2 inhibitors (from 2.6%
10 6.2%). Rates of all complications were higher in those with
CKD at the start of the study period, with increasing rates, with
increased severity of CKD, heart failure and albuminuria.
Conclusions The burden of CKD in patients with T2D is

high and associated with substantially increased rates of
complications particularly in those with comorbid heart failure.

INTRODUCTION

Globally the prevalence of type 2 diabetes
(T2D) is increasing, and chronic kidney
disease (CKD) is a frequent complication
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= There was a large sample size of over half a million
patients.

= The use of linked electronic health records allowed
us to investigate a wide range of clinical risk factors
and real-world prescribing of medications.

= Definition of chronic kidney disease was limited to
what data could be obtained from recording of lab-
oratory results in routine practice which may have
resulted in measurement error.

of diabetes, affecting up to 40% of patients
with T2D." CKD is defined as a progres-
sive, irreversible loss of kidney function that
usually happens gradually over years, poten-
tially resulting in end-stage renal disease
(ESRD).* There is a continuum of develop-
ment, progression and complications of CKD.
Comorbidities are common and patients with
CKD may have a variety of conditions, such
as diabetes, hypertension and cardiovascular
diseases (CVD) including heart failure.”™

Among people with T2D, comorbid CKD
confers a substantial morbidity and mortality
burden. Not only is CKD in T2D the leading
cause of ESRD, it also increases the risk of
CVD: Patients with CKD and T2D are three
times more likely to die from a CVD-related
cause than those with T2D alone. CVD death
is as common in patients with CKD, as it is
in people with T2D." "' Excess mortality
among people with T2D is accentuated in the
subgroup with comorbid CKD."

Currently, contemporary data on the preva-
lence of CKD in patients with T2D in England
is scarce. In the UK, a Department of Health
report from 2006 estimated that around
30% of patients with T2D develop CKD."
Additionally, there is limited contemporary
data regarding patient characteristics, treat-
ment patterns and rates of cardiovascular
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and renal complications in patients with CKD and T2D
within England. While CKD is a well-known complica-
tion of T2D'™ it is important to quantify this burden in
order to guide adequate healthcare provision to meet
patient needs. Itis also important to identify and quantify
the disease burden in patient groups where the disease
burden is expected to be higher (eg, in patients with
particular comorbidities) and to investigate what extent
patients are receiving appropriate medication in order
to improve patient management. This is timely as new
treatment options have recently become available for
reducing risk in these patients.

The aim of this study was to characterise the burden of
disease due to CKD in patients with T2D in the English
primary care population and to describe this patient popu-
lation in more detail than has been done previously. The
research objectives were (1) to describe prevalence of CKD
overall and by a broad range of demographic and clinical
characteristics, (2) to investigate medication use among
people with both CKD and T2D and (3) describe rates of
cardiovascular and renal complications for patients with
T2D treated in routine clinical care over a 3-year period

METHODS

Study sample

The study was undertaken using data obtained from the Clin-
ical Practice Research Datalink (CPRD) Aurum database,'
with linked data for hospitalisations coming from Hospital
Episode Statistics (HES) and on deaths obtained from the
Office of National Statistics (ONS). The CPRD database
consists of routinely collected, anonymised electronic health-
care record data from general practices in the UK covering
13% of the English population in 2018; HES contains data
on patients admitted to National Health Service hospitals in
England; and the ONS data contains information on date
and cause of death. In total, 75% of English practices in
CPRD have provided information allowing for linkage of
patients to other data sources, including HES and ONS data.
Linked pseudonymised data was provided for this study by
CPRD. Data is linked by NHS Digital, the statutory trusted
third party for linking data, using identifiable data held
only by NHS Digital. Select general practices consent to this
process at a practice level with individual patients having the
right to opt-out.

The study population was adults aged over 18 years of
age with T2D, defined using a codelist available within the
Project Github repository NHLI-Respiratory-Epi/ABC-
CKD (github.com). Patients were included in analyses at
each time point if they had a code indicating T2D and
had been registered for at least 1year with their general
practitioner (GP) prior to that date and had linked HES
and ONS data available.

Study design

Two study designs were used to address the study objec-
tives (1) a repeat cross-sectional study and (2) a cohort
study:

1. Prevalence of CKD and medication use over time was
assessed using a series of retrospective cross-sectional
analyses comprising all patients identified as having
T2D in the UK CPRD Aurum population linked with
other national electronic healthcare databases (HES
and ONS) at 6-month intervals from 1 January 2017
until 31 December 2019. CKD severity in terms of
Kidney Disease Improving Global Outcome (KDIGO)
classification and clinical and demographic character-
istics of patients were assessed at the end of the study
period (31 December 2019).

2. Rates of adverse outcomes by CKD status at baseline (1
January 2017) was assessed using a cohort study com-
prising all patients in the UK CPRD Aurum population
linked with other national electronic healthcare data-
bases (HES and ONS). All patients with T2D and CKD
meeting minimum age and data quality requirements
were used to determine the occurrence of all-cause
mortality, hospitalisation, CVD and renal events.

Variable definitions
CKD
Patients were categorised as having a degree of CKD
if they had at least one estimated glomerular filtration
rate (eGFR) or recorded urinary albumin creatinine
ratio (UACR) measurement in the previous 24 months
indicating the following: eGFR <60mL/min/l.73m2
and/or UACR 23 mg/mmol. We calculated eGFR using
the most recent creatinine measure within 24 months,
using the chronic kidney disease epidemiology collabo-
ration (CKD-EPI) equation without regard to ethnicity.
Only one measurement was considered in the primary
definition of the outcome, since guidelines recom-
mend eGFR testing in patients with T2D once a year,
that is, a second measurement would not reflect clin-
ical practice and potentially lead to an underestimation
of CKD. For convenience we refer to the outcome as
CKD throughout, in keeping with other epidemiolog-
ical studies.'®

CKD severity was classified using KDIGO stages: G1 (90+
mL/min/1.7% m?), G2 (60-89mL/min/1.73 m?), G3a
(45-59mL/min/1.73 m?), G3b (30-44mL/min/1.73
m?), G4 (15-29mL/min/1.73 m?), G5 (<15mL/min/1.73
mz), based on eGFR measures (mL/min/1.73 mg) and
urine albumin excretion, UACR Al (<3mg/mmol), A2
(3-30mg/mmol) and A3 (>30mg/mmol).

Demographic and clinical characteristics

A broad range of demographic and clinical charac-
teristics were included with the aim of providing a
comprehensive description of the patient population.
Demographic characteristics of the sample investigated
were age, gender and ethnicity. Clinical characteris-
tics were body mass index, serum potassium, systolic
blood pressure, anaemia, other diabetic complications
(retinopathy and neuropathy) and cardiovascular risk
factors and comorbidities (hypertension, lipid disor-
ders, coronary artery disease (CAD), stroke, myocardial
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infarction, peripheral artery disease, atrial fibrillation/
flutter and heart failure).

Codelists and stata code used to define these vari-
ables are available within the Project Github repository
NHLI-Respiratory-Epi/ABC-CKD (github.com).

Medication use

The key medications of interestwere commonly prescribed
cardiovascular medications and selected recommended
antidiabetic ~ medications:  angiotensin  converting
enzyme-inhibitors (ACE-I), angiotensin receptor blockers
(ARBs), steroidal mineralocorticoid receptor antagonists
(sMRA)s, beta-blockers, calcium channel blockers, oral
diuretics, lipid lowering drugs, sodium-glucose co-trans-
porter-2 inhibitors (SGLIZ2i), dipeptidyl peptidase 4
inhibitors (DDP4) and GLP-1 receptor agonists (GLP-1).
Medication use was defined as having prescriptions in the
3months prior to the respective time point.

Renal and cardiovascular complications

Occurrence of (1) a renal composite outcome, that is, first
occurrence of kidney failure—defined as eGFR <15mL/
min/1.73 m® or initiation of chronic dialysis (haemodial-
ysis or peritoneal dialysis) or renal transplantation—as well
as occurrence of (2) individual outcomes and composite of
cardiovascular complications, that is, cardiovascular death,
first occurrence of non-fatal myocardial infarction, non-fatal
stroke or hospitalisation for heart failure. All single compo-
nents were also assessed as separate endpoints. Further
outcomes included (3) all-cause mortality and (4) all-cause
hospitalisation  (first occurrence during time period).
Outcomes were defined in primary and secondary care data
as appropriate. Codes used to define outcomes are available
within the Project Github repository NHLI-Respiratory-Epi/
ABC-CKD (github.com).

Statistical analysis

Prevalence of CKD in T2D and demographic and clinical
characteristics

Prevalence was calculated at each time point by demo-
graphic and clinical characteristics. The numerator
consisted of patients with both CKD and T2D irrespec-
tive of whether it was incident or not. The denominator
consisted of all patients meeting the eligibility criteria at a
certain time point or over the study period with T2D with
at least one valid eGFR or UACR measurement in the
last 24 months. Prevalent cases consisted of both patients
with prior evidence of the conditions and those devel-
oping the conditions over the time periods of interest.
Patients could have the conditions prior to cohort entry
(ie, recorded as present at baseline) or develop the condi-
tions after cohort entry.

A sensitivity analysis was conducted related to the
choice of the denominator to calculate the prevalence
of CKD in T2D considering all patients with T2D in
the denominator, irrespective of whether an eGFR or
UACR measurement was available in the past 24 months
(‘denominator 2’).This sought to demonstrate whether

prevalence estimates were substantially affected by the
presence of missing data.

Demographic and clinical features of those with both
T2D and CKD at the start and end of the study period
was described using percentages for categorical variables
and means and SD, or medians and IQR for continuous
variables.

Prevalence of medication use in patients with CKD and T2D

The proportion of patients receiving medications of
interest was assessed at each time point in the T2D popu-
lation overall and in those with comorbid T2D and CKD.
Prevalence of medication use among those with CVD,
coronary artery disease, heart failure and albuminuria
was additionally investigated among those with T2D and
CKD at the end of the study period.

Occurrence of renal and cardiovascular complications in patients
with CKD and T2D

Occurrence of renal and cardiovascular complications
was assessed over the follow-up period in the entire popu-
lation and by CKD severity, use of ARBs and/or ACE-I,
comorbid hypertension, heart failure and CVD.

The incidence rate of individual disease complications,
and of a composite endpoint, per 1000 person-years was
also estimated. The numerator consisted of the outcomes
and the denominator included person-time (in years)
from 1 January 2017 until the date of the outcome (ie,
first event for each outcome of interest), death (when
it was not the outcome), date of disenrolment in the
primary care practice or of inclusion in CPRD, or the end
of the study period (or time period of interest).

Patient and public involvement
Patients and the public were not involved in the develop-
ment of this manuscript.

RESULTS

The total number of eligible participants included at
the start (1 January 2017) was 574190 and at the end of
follow-up (31 December 2019) was 664 296. The numbers
of participants excluded at each of the study periods are
shown in online supplemental figure 1.

The demographic and clinical characteristics of the
total study population with T2D and prevalence of CKD
at the end of the study period (31 December 2019) are
shown in table 1. The equivalent data for eligible partici-
pants at the start of the study (1 January 2017) are shown
in online supplemental table 1. The majority (95.2%)
of participants had a recording of at least one of serum
creatinine or UACR in the past 24 months.

Prevalence of CKD in T2D and demographic and clinical
characteristics

The primary outcome of interest was CKD. The overall
prevalence of CKD among those with a valid measure-
ment of CKD status on 31 December 2019 was 29.1%
(table 1). The prevalence estimate only changed slightly
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when using Denominator 2 (27.7%). The equivalent
results for the 1 January 2017 were 28.1% using Denomi- g @lole = N o -
. . . o o N O - O N~ o o
nator 1 and 27.1% using Denominator 2 (online supple- ‘; S|~ - = v 8 N
mental table 1). £
The prevalence of CKD among patients with T2D § Yolwlals |5 |2 9
across seven time points between 1 January 2017 and 31 o SIRlIZ|I8|8 |18 |5 =
December 2019 is shown in table 2. The prevalence of 5z|¥38 68 <° = & 8
CKD was relatively stable throughout the study period £
ranging from 27.9% to 29.1% using Denominator 1. The 3 B 2SS 2ls |~ |8 =)
prevalence was not strongly affected by the choice of 2 - A R A o
denominator with the difference between prevalence by £ g
choice of denominator ranging from 1% to 1.4%. % f;. R 8 8 & g
The prevalence of CKD by demographic characteristics and ol22|3 g % % 5 ® g 3
comorbidities at the end of study period 31 December 2019 el
is shown in table 1. The prevalence of CKD using denom- = o < o la |o o
inator 1 on 31 December 2019 was 43.0% in patients with o Sl - - 58 N [S =]
CVD, 57.9% in patients with heart failure, 35.8% in patients 5|8
with hypertension and 36.4% in patients prescribed ACE-I or o g _ S D <
ARBs. The equivalent findings for 1 January 2017 are shown = g E S 8T § § 5 S
in online supplemental table 1. Findings were consistent s 2zl g ar ~ 3 R
between the two time periods. ?
The distribution of patients with T2D within the g Nt (= g o
KDIGO grid showing degree of CKD disease severity for ONNEN ~ |~ & & ° 2
the end of the study period 31 December 2019 is shown in ® )
table 3. As of 31 December 2019 there were higher levels jlmg = § 293 %3 § §, § %
of missing data for UACR (40.1%) than eGFR (7.4%), 8l2z|§s8=8 & 3§ 3§
with the highest level of missing data for UACR among ©
those with eGFR indicative of CKD stages 1 and 2 (16.6% Py
and 14.1%, respectively) while among those with stage 5 SEI 2 - S yls [k (8 ]
.. == S ~ - 0 o N — -~
CKD, only 0.2% were missing a UACR measurement. £ ‘;
The demographic and clinical characteristics of patients i g 0 w0 ¥ T N
with CKD and T2D at the end of the study on 31 December 2|S g Lir’ % g g % § g
2019 are shown in table 4. The equivalent findings for the S Y CC T |t e © 3
start of the study period 1 January 2017 are shown in online %’ g
supplemental table 2. Characteristics of patients with both £ N S 3 a2 2 g =] g
CKD and T2D were similar at both time points. olx I I e R e T
S| - © o g
Prevalence of medication use in patients with CKD and T2D 2|2 8§88 3 % % 8 ST -
The prevalence of the use of medications (ACE-I, ARBs, beta- 8 O BEEIBEEE R 3 é .
blockers, calcium channel blockers, oral diuretics, DDP4i, 5 - %g
SGLT24, GLP-la and sMRAs) among those with T2D and 2|8 g 2|2 > g ] S 55
CKD over time are shown in online supplemental table 3 and 2|5l T T T £S
figure 2. For the majority of medications use remained rela- g' g 8w o ©olb b 3 S % o
. . . . . N N N O ™ (sp] © — =
tively consistent over time, including use of sSMRAS. A notable 8|3 55858 B & N -
exception was SGLT-2i use which increased from 2.6% on 1 5| - EAdAR A T 2 © € E
January 2017 to 6.2% on the 31 December 2019. There were § £E |, e g
also increases in use of DDP4 (16.5% to 20.2%) and GLP-1 0 = o £ % = g
(2.2% to 41%) and a decrease in prevalent prescribing of 3 = 2 £z ® £%
ACE (46.0% 1o 41.6%). s o ¢ £ Exo
The prevalence of medication use in selected subgroups g al 23 E e 9 A
of interest among patients with both CKD and T2D as of '% 5 § 3 = w |lo |3 e = ?:5 %
31 December 2019 is shown in table 5. For the subgroup 3 2L 2 o :% g 52
with hypertension, medication use was not included 2 5 5 ¢ e o= =3
in the definition to avoid double counting however as 8 - e (8 | g% a 82
expected use of antihypertensives was lower in those with g 2 g g ge E g E g %
no Read codes for hypertension. For all other subgroups ; z é% 3 3 £ % «Q £ g3 85
prevalence of use of medications was fairly consistent with Q Q€2 S 9 28g & 2 g g
the exception of higher use of beta-blockers among those = cow Or|CajoEz[as |0
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Table 3 Stratification by stage of chronic kidney disease and degree of albuminuria for all patients with type 2 diabetes on 31

December 2019 (%)

UACR

eGFR A1 <3/mg/mmol A2 3-30mg/mmol A3 >30mg/mmol Missing Total
Stage 1 290 16.98 4.38 0.49 16.56 38.41
Stage 2 60-89 18.11 5.72 0.76 14.08 38.67
Stage 3a 45-59 3.69 2.12 0.46 2,77 9.04
Stage 3b 30-44 1.45 1.40 0.50 1.31 4.65
Stage 4 15-29 0.23 0.42 0.36 0.44 1.45
Stage 5 <15 0.01 0.05 0.13 0.22 0.41
Missing 1.82 0.66 0.14 4.75 7.37
Total 42.28 14.74 2.85 40.13 100.00

*Denominator: all eligible patients with type 2 diabetes on 31 December 2019.
eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio.

with CVD and heart failure, and higher use of SGLTi-2s
among those with albuminuria.

The prevalence of hypertension and heart failure
stratified by sSsMRAs use on 31 December 2019 is shown
in online supplemental table 4. Almost all SMRAs users
had either hypertension or heart failure (98.7%). The
prevalence of hypertension was high in both users and
non-users. There was a large difference in the prevalence
of heart failure with a much higher prevalence in sSMRAs
users (66.7%) compared with non-users (11.3%).

Occurrence of renal and cardiovascular complications in
patients with CKD and T2D

The rate of complications (all-cause mortality, all-cause
hospitalisation, CVD hospitalisation and mortality, ESRD)
in those with prevalent CKD at the start of the study
period (1 January 2017) are shown in table 6. The rate of
all outcomes was higher in those with CKD (eg, all-cause
mortality 85.8 per 1000 person years, CVD composite
outcome 49.1 per 1000 person years, ESRD 10.0 per 1000
person years) than those without CKD (all-cause mortality
26.7 per 1000 person years, CVD composite outcome
15.1 per 1000 person years, ESRD 1.0 per 1000 person
years). The rate of all outcomes was higher among those
with more severe CKD as indicated by lower eGFR and/
or UACR of A3. Among those with T2D, CKD and addi-
tional comorbidities (CAD, hypertension, heart failure)
the rate of all complications was higher than in those with
CKD and T2D without these CVD conditions with partic-
ularly high rates among those with heart failure (all-cause
mortality 192.9 per 1000 person years, CVD composite
outcome 149.0 per 1000 person years, ESRD 19.4 per 1000
person years). Conversely, the rate of adverse outcomes
was lower among those with CKD and T2D who had been
prescribed an ACE-I or ARB in the previous 3 months.

DISCUSSION

Principal findings

In a cohort of over half a million people with T2D
in English primary care, the prevalence of CKD was

approximately 30%. This was consistent over a 3-year
time period (1 January 2017 to 31 December 2019) and
was not substantially different dependent on the denom-
inator that was used (the entire population or restriction
to those with a valid measurement of CKD status in the
past 24 months).

Medication use in patients with CKD and T2D was
largely stable over time with the exception of SGLTZ2is
and DDP4s where use increased over the study period
although overall use remained low. Almost all sMRAs
users were coded to have either hypertension or heart
failure (98.7%).

Medication use was similar among those with comor-
bidities with the exception of lower use of antihyperten-
sive medication in those without recorded Read codes for
hypertension, higher use of beta-blockers among those
with CVD and heart failure and higher use of SGLTi-2s
among those with recorded albuminuria.

Overall recording of a marker of CKD was very high
(95% of patients with type 2 diabetes on 31 December
2019 had a recorded measurement of at least eGFR or
UACR). There are however differences in measure-
ment and recording of eGFR and UACR. Measurement
of serum creatinine in the previous 24 months among
people with T2D was high throughout the study period
(>90%) however recording of UACR was substantially
lower (approximately 60%). However, we considered this
may be due to differential testing based on whether urine
dipstick tests were positive or negative based on previous
findings from the National Kidney Audit.'"’ There was
a higher proportion of missing UACR measurements
among those with stage 1 or stage 2 disease based on
e¢GFR readings compared with those with stage 3 CKD or
worse. Nonetheless, the low recording of albuminuria in
this high risk group, with potential for missing a lot of
patients with T2D with CKD stages 1 or 2, in an era of
increased availability of outcome-modifying treatments is
of concern.

People with T2D and CKD were at higher risk of all-
cause death, all-cause hospitalisation and adverse CVD
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Table 4 Demographic and clinical characteristics of
patients with CKD and type 2 diabetes as of 31 December

2019
Patients with type 2 diabetes
and CKD on 31 December 2019
N (column %)
Total sample 183997 (100)
Gender
Male 99458 (54.1)
Female 84539 (46.0)
Age (years)
Mean (SD) 73.3 (13.1)
18-29 704 (0.4)
30-39 2280 (1.2)
40-49 6980 (3.8)
50-59 18358 (10.0)
60-69 32612 (17.7)
70-79 54836 (29.8)
80-89 54246 (29.5)
>90 13981 (7.6)
Ethnicity
White 124297 (67.6)
South Asian 19137 (10.4)
Black 9482 (5.2)
Other 2546 (1.4)
Mixed 1775 (1.0)
Not stated 8871 4.8)
Missing (no code) 17889 9.7)
Body mass index (kg/m?)
<25 33475 (18.2)
25-29 62340 (33.9)
30-39 72567 (39.4)
>40 14472 (7.9)
Missing 1143 (0.6)
Most recent systolic blood pressure measurement
Mean (SD) 133.1 (15.5)
Missing 5107
Serum potassium
Median (IQR) 4.6 (4.3-4.9)
Potassium level (hyperkalaemia)
<5.5mmol/L 167516 91.0
>5.5mmol/L 4027 2.2
>6.0mmol/L 910 (0.5)
Missing 11544 (6.3)
Hypertension (medcode) 141958 (77.2)
Hypertension (medcode or medication*) 164027 (89.2)
Hypotension (medcode) 9576 (5.2)
Heart failure 25278 (13.7)
Angina 29501 (16.0)
Myocardial infarction 19317 (10.5)
Coronary artery disease (CAD) 45353 (24.7)
Stroke 24904 (13.5)
Peripheral artery disease (PAD) 13405 (7.3)
Continued

Table 4 Continued

Patients with type 2 diabetes
and CKD on 31 December 2019

N (column %)
Cardiovascular disease (CAD, PAD, 67463 (43.0)
stroke, myocardial infarction or angina)
Atrial fibrillation/flutter 29462 (16.0)
Sleep apnoea 8991 4.9
Lipid disorder (medcode or lipid lowering 142311 (77.3)
drug)
Diabetic retinopathy 89538 (48.7)
Diabetic neuropathy 12607 6.9)
Anaemia (medcode) 50564 (27.5)
Prescribed ACE inhibitor in past 3 months 76485 (41.6)
Prescribed ARB in past 3 months 40236 (21.9)
Prescibed ACE inhibitor or ARB in past 115774 (62.9)
3 months
Prescribed sMRA in past 3 months 8128 (4.4)
Prescribed SGLT2I in past 3 months 11383 6.2)
Prescribed DDP4 in past 3 months 37180 (20.2)
Prescribed GLP-1 in past 3 months 7489 4.1)
Prescribed lipid lowering medication in 131863 (71.7)
past 3 months
Prescribed beta-blockers in past 3 61301 (33.3)
months
Prescribed calcium channel blockers in 69442 87.7)
past 3 months
Prescribed oral diuretic in past 3 months 29184 (15.9)
Prescribed insulin in past 3 months 40658 (22.1)
Prescribed biguanides in past 3 months 95500 (51.9)
Prescribed sulfonylureas in past 3 months 2883 (1.4)
Prescribed antiplatelet drugs in past 3 56771 (30.9)

months

*Hypertension medication prescribed in the past 3 months (ACE-I, ARB, calcium
channel blocker, beta-blocker, oral diuretic).

ACE-I, angiotensin converting enzyme-inhibitor; ARB, angiotensin receptor blocker;
CKD, chronic kidney disease; DDP4, dipeptidyl peptidase 4 inhibitors; GLP-1, GLP-
1 receptor agonists; SGLT2i, sodium-glucose co-transporter-2 inhibitors; SMRA,
steroidal mineralocorticoid receptor antagonists.

and renal outcomes over a 3-year follow-up period than
those with T2D only, and this risk increased proportion-
ately with worse CKD staging and albuminuria. Patients
with CKD and T2D with heart failure and albuminuria
were at the highest rates for most outcomes.

Comparison of findings with other studies

While there is limited contemporary data on the prevalence
of CKD in people with type 2 diabetes within the UK, the
findings of a prevalence of approximately 30% are consistent
with a Department of Health report from 2006." Findings
with regard testing for kidney function are also consistent
with findings from the UK National Kidney Audit in 2017
which also found high levels (86%) of annual testing of
eGFR in people with diabetes while testing for UACR was
substantially lower (54%). It is worth noting that the criteria
used in this paper compared with those from the National
Kidney Audit were less stringent as based on testing in the
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= past 24 months rather than 12 months which may explain
o : 16
= why results from the current study were higher.” Of note,
{= . .
= E 5 ol8 3o Tle 2l oln Soli absolute rates of most outcomes were consistent with data
= & =~ < . .. . 117
£5 g8 g 2 83 %¥ 885 ¢ from a randomised clinical trial."’
[ PIT2IFE 2 Ao 2
>
[}
£ R
J<xelnaleno N2 a0 a0n B Strengths and limitations of the study
e Tein @ = 2 N =9 | 3 - o
iR R Sjeree ) s This study used data from CPRD Aurum which includes
[} . . .
& @oLea sy 39595 2 a large sample size and is broadly representative of the
%z >2 88 %58 K3 88S g English population. Rates of adverse outcomes (mortality,
= all-cause hospitalisation, CVD and renal outcomes) were
" e m N T o4 Yoo . .
R F o ¥ 3 F o ¥ 0o F o L also determined from linked HES and ONS death data to
- ololaliloalo lal lale g increase their validity.
o [ N ] . . . e .
3 I 88 b6 =d 3B SRS o The study relied primarily on clinician recording of
O|Z~ - ©® B ~ VL A © © - 1 © § 3 . L.
e measurements and diagnoses which is influenced by both
ol XL v @y 2y N @@ ©n 4 healthcare resources and GP recording practices, as per
o © o 1 © < N~ < © N v+~ o o .
o = routine care. Where data are not recorded the assump-
= @ < ~ Y . . . qe
'g 28235288 |5alelawla tion was that no measurement was available. The validity
- 0 0o ¥ O v © o O M o © . . .
MR LR A of this assumption may vary between GP practices. UACR
slslelal=lala e ©|o | 8 measurements were less frequently recorded than serum
RIPLKE2I2& 23«2 3% creatinine and we considered were likely not to be missing
5 - ol< | o o g at random. Therefore we did not define CKD prevalence
< 5 Lo he! . .
ol & TEeEB8823 83T % only among those with valid measures of both serum creat-
2 2 IR A A A e Rl e e inine and UACR, as this could introduce bias by systemat-
9 (B 9= g2 Ry g e B ically including those with a higher probability of having
S|l 2|2 < 22T L 2R - = E i : .
3 £1° ¥ o S CKD. However it is possible that the higher percentage of
5 F S . .
o 2 a8 - 82 |8 a3 EE missing UACR data may have introduced measurement
o [ - - ¥ O o © O <t N - O o 8*&;‘ K
2 olz|8 - & A E8R2 I FTRLEI 556 error and that we have underestimated CKD prevalence.
0 c . . . .
2ls SE Finally, there is also bias in the use of one measurement
®© | € 53 . .
als NN O @m et @m g9 o =% 2% of eGFR in the past 24 months to define CKD which may
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© 3 . . . .
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© < . .
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s} ol Z >z 2z 2 >|Z|>|2 | <5 of treatment and management in a real-world clinical
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o N o . . . . . . . .
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= @ g g2 £ 0 this patient population better. We have shown that while
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P £388 § 3 g-_ S “t; x gz use of UACR testing. Our data regarding prescribing
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- 5| sp== || &F == * < evidence-based treatments within this high-risk group of
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patients. This is particularly important given the very high
rates of adverse outcomes observed in this population
and the availability of evidence-based treatment options
to address risk. Patients who have T2D, CKD and heart
failure are at particularly high risk of adverse outcomes.

CONCLUSIONS

The prevalence of CKD among adults with T2D within alarge
sample of the English primary care population was approxi-
mately 30% and among this high-risk population recording
of albuminuria well below guideline-recommended levels.
Rates of adverse outcomes were high, suggesting a substan-
tial public health impact. In order to assess risk it is important
to measure and monitor both eGFR and UACR which will
guide the appropriate use of evidence-based treatments.
Further work should focus on strategies to improve treat-
ment and management for patients with T2D and CKD in
order to improve patient outcomes.
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