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ABSTRACT
Objectives Acute myocardial infarction (AMI) case
ascertainment improves for the UK general population
using linked health data sets. Because care pathways for
people with chronic kidney disease (CKD) change based on
disease severity, AMI case ascertainment for these people
may differ compared with the general population. We
aimed to determine the association between CKD severity
and AMI case ascertainment in two secondary care data
sets, and the agreement in estimated glomerular filtration
rate (eGFR) between the same data sets.
Methods We used a cohort study design. Primary care
records for people with CKD or risk factors for CKD,
identified using the National CKD Audit (2015–2017), were
linked to the Myocardial Ischaemia National Audit Project
(MINAP, 2007–2017) and Hospital Episode Statistics (HES,
2007–2017) secondary care registries. People with an AMI
recorded in either MINAP, HES or both were included in the
study cohort. CKD status was defined using eGFR, derived
from the most recent serum creatinine value recorded
in primary care. Moderate–severe CKD was defined as
eGFR <60 mL/min/1.73 m2, and mild CKD or at risk of
CKD was defined as eGFR ≥60 mL/min/1.73 m2 or eGFR
missing. CKD stages were grouped as (1) At risk of CKD
and Stages 1–2 (eGFR missing or ≥60 mL/min/1.73 m2),
(2) Stage 3a (eGFR 45–59 mL/min/1.73 m2), (3) Stage
3b (eGFR 30–44 mL/min/1.73 m2) and (4) Stages 4–5
(eGFR <30 mL/min/1.73 m2).
Results We identified 6748 AMIs: 23% were recorded
in both MINAP and HES, 66% in HES only and 11% in
MINAP only. Compared with people at risk of CKD or
with mild CKD, AMIs in people with moderate–severe
CKD were more likely to be recorded in both MINAP and
HES (42% vs 11%, respectively), or MINAP only (22% vs
5%), and less likely to be recorded in HES only (36% vs
84%). People with AMIs recorded in HES only or MINAP
only had increased odds of death during hospitalisation
compared with those recorded in both (adjusted OR 1.61,
95% CI 1.32 to 1.96 and OR 1.60, 95% CI 1.26 to 2.04,
respectively). Agreement between eGFR at AMI admission
(MINAP) and in primary care was poor (kappa (K) 0.42, SE
0.012).

Strengths and limitations of this study
► Our study includes a large sample size of 6748

acute myocardial infarction (AMI) events.
► We have assessed the completeness of AMI hos-

pitalisations recorded in two healthcare data sets
widely used in observational research in England.
► We evaluated, for the first time, the validity of using
serum creatinine recorded in secondary care at the
time of an AMI to estimate pre-AMI chronic kidney
disease (CKD) stage.
► Generalisability to the general population is limited
as the National Chronic Kidney Disease Audit only
included people with CKD and/or risk factors for
CKD.

Conclusions AMI case ascertainment is incomplete in
both MINAP and HES, and is associated with CKD severity.

INTRODUCTION
Prognosis following acute myocardial infarction (AMI) has improved considerably over
the past 50 years such that 85% of individuals now live longer than 1 year post-AMI.1
Improved survival is the result of advances
in AMI management, driven by evidence
from large-scale randomised controlled trials
(RCTs).2–6 Of those admitted to hospital with
AMI, 30%–40% have chronic kidney disease
(CKD)7: a sustained reduction in kidney function associated with poor outcomes.8 9 Among
those with dialysis-dependent CKD only 40%
will survive their first year post-AMI.10 These
inferior outcomes may result from higher
prevalence of comorbidity,2 calcific coronary
artery disease3 and the pro-
inflammatory
effects of uraemia.4
Most major RCTs investigating AMI interventions excluded patients with advanced
CKD.11 However, current AMI guidelines
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METHODS
Data sources
Data from all sources were restricted to patients treated
in England. People with or at risk of CKD were identified using primary care data from the NCKDA.17 18 The
NCKDA aimed to optimise the identification and management of people with CKD and/or risk factors for CKD
in primary care, and included 10% of English General
Practices (GP).17 18 NCKDA data were collected between
2015 and 2016 in two main cross-sectional data extracts
for people with either blood or urine laboratory results
indicating CKD and/or risk factors for CKD (prevalent
hypertension, diabetes mellitus, cardiovascular disease,
connective tissue disorders, kidney stones, prostatic
disease, family history of kidney disease, previous AKI and
users of kidney-damaging medications such as lithium or
calcineurin inhibitors).17 People without an estimated
glomerular filtration rate (eGFR) recorded in primary
2

care were included in the NCKDA only if they were at risk
of CKD.
The population identified from NCKDA was linked with
Office of National Statistics (ONS) data, January 1998 to
September 2019, as well as secondary care data from HES
Admitted Patient Care (APC) and MINAP, April 2007 to
April 2017. HES APC includes hospital admission data
for National Health Service-treated patients in England,
including admission and discharge dates, and diagnoses
recorded using International Classification of Diseases
10th Edition (ICD-10) codes.19 MINAP is an ongoing AMI
audit in England, Wales and Northern Ireland which was
designed to optimise the care of patients with type one AMI
by evaluating the patient pathway from hospital admission with AMI20 to discharge. MINAP includes admission
and discharge dates, treatments and comorbidities.21
Study design
Cohort study.
Study participants
We included people in the NCKDA registered with a GP in
England, with one or more AMI hospitalisation recorded
in HES or MINAP. People in each NCKDA extract must
have been alive according to GP records at the time of
that extract. We therefore included people with an AMI
hospitalisation recorded in MINAP or HES only after the
date of their GP’s final NCKDA extract. People with an
AMI hospitalisation that started prior to the extract date
and ended after the extract date were added to the cohort,
since they were at risk of death (n=183). In addition,
people with an ONS death date indicating death during
an AMI hospitalisation that occurred within 90 days prior
to the NCKDA extract date were included (n=96), since
they were likely misclassified as alive at the time of the
extract because of delays in updating the death date in
the GP systems. People with an ONS death date earlier
than 90 days prior to the extract were excluded (n=4).
Exposures
Our main exposure variable was moderate to severe
CKD (eGFR <60 mL/min/1.73 m2, CKD stages 3–5),
defined using the most recent eGFR recorded in primary
care (NCKDA data) prior to the AMI hospitalisation.
People with no eGFR recorded in primary care or an
eGFR ≥60 mL/min/1.73 m2 were categorised as at risk
of CKD or having mild CKD, respectively. We assumed
people with no eGFR recorded in primary care did not
have moderate to severe CKD since these people are
much less likely to have CKD than those with eGFR
recorded.22 eGFR was calculated using primary care SCr
measures and the revised Modification of Diet in Renal
Disease (MDRD) equation.23 24
Our secondary exposure was CKD stage, defined by the
Kidney Disease Improving Global Outcomes CKD staging,
based on a single eGFR record without the requirement
for two measures 3 months apart.25 We combined some
CKD stages due to low numbers of AMI cases: (1) At
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from Europe and the USA apply the results of these RCTs
to those with or without CKD.5–7 Clinicians’ unease with
the dearth of evidence may explain diversion from these
AMI guidelines when treating people with CKD.2 10 11 In
the absence of specific RCTs in CKD populations, well-
conducted observational analyses can contribute significantly to our understanding and improved management
of AMI.
In the UK, data on AMI treatment and outcomes is
specific registries or in
collected in unlinked, disease-
broad registration databases. While there are known
differences in the reliability and validity of AMI case
ascertainment using these resources in the general population,12 it is unclear to what extent these differences
persist in people with underlying CKD. Multimorbidity
and differences in admission and treatment pathways
in people with CKD may influence AMI case recording.
Reliably identifying which patients with AMI have CKD
using AMI audit data is also difficult; previous studies
used admission serum creatinine (SCr) as a proxy for pre-
admission CKD stage.13–15 This unvalidated method risks
misclassifying people as having CKD because of the co-incidence of acute kidney injury (AKI) and AMI.16
In this study we linked records from the National
Chronic Kidney Disease Audit (NCKDA) to the Myocardial Ischaemia National Audit Project (MINAP) and
Hospital Episode Statistics (HES) to determine the reliability of these data sources to investigate cardiovascular
disease comorbidity and outcomes in people with or
at risk of CKD in England. Our objectives were to: (1)
Compare case ascertainment of AMI hospitalisations in
secondary care data sets (MINAP and HES); (2) determine if MINAP and/or HES case ascertainment defines
populations of patients with CKD with different risks of
death during and after AMI; and (3) compare CKD stage
classification using admission SCr recorded in secondary
care (MINAP) versus primary care (NCKDA).
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Outcomes
Primary outcome
The primary outcome was AMI case ascertainment,
defined as the data set(s) in which the AMI hospitalisation was recorded. We defined an AMI as being recorded
in both HES and MINAP if an AMI hospitalisation in HES
was within 30 days of an AMI hospitalisation in MINAP.
Where multiple HES AMI hospitalisations fell within 30
days of a MINAP AMI hospitalisation, the HES AMI hospitalisation closest in time to the MINAP AMI admission
was selected as the single matched event. AMI hospitalisations without a match were categorised as HES or MINAP
only. Study participants could contribute multiple AMI
hospitalisations.
We defined an AMI in HES data using ICD-10 codes
I.21, I.22 or I.23 in the primary admission diagnosis field
(first diagnostic position in the first episode of an admission).26 We categorised AMI subtype (ST-segment elevation myocardial infarction (STEMI) and non-ST-segment
elevation myocardial infarction (NSTEMI)) using the UK
Biobank coding definitions27 (online supplemental table
1). We defined AMI in MINAP using a previously developed algorithm which uses the discharge diagnosis, ECG
results and the presence of elevated cardiac markers to
identify acute coronary syndrome events and subtypes
(online supplemental table 2). We excluded MINAP
hospitalisations classified as unstable angina or other
from the analysis.12
Secondary outcomes
We investigated in-
hospital mortality during each
person’s first AMI hospitalisation within the study
period. In those who survived and were discharged from
their first AMI hospitalisation, we also investigated post-
discharge mortality using the ONS death date (up to 15
September 2019). Variables in HES, MINAP and ONS
used to define death are described in online supplemental table 3. People were considered to have died
during AMI hospitalisation if any of these variables indicated in-hospital death, or the ONS death date fell on or
between the admission and discharge dates. We used the
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909

earliest of the HES or MINAP admission dates and the
latest of the HES or MINAP discharge dates to define
these dates for AMI hospitalisations recorded in both
data sets.
We investigated the agreement between CKD stage
derived from the most recent primary care SCr test
(NCKDA data) and eGFR stage derived from the
secondary care SCr test conducted within 24 hours of
AMI hospitalisation (MINAP data). We used the same
methods to determine eGFR stage in MINAP data as we
did for NCKDA data.
Covariates
We described age at AMI admission (mean and SD as
well as age category in years: 18–49, 50–64, 65–79, 80+),
sex, ethnicity (white or other), index of multiple deprivation quintiles (IMD, as a proxy for socioeconomic
status) and relevant comorbidities including angina,
cerebrovascular disease, chronic obstruction pulmonary disease (COPD), diabetes mellitus (type 1 and 2),
heart failure, hypertension, previous myocardial infarction and peripheral vascular disease. We also described
dialysis and transplant status, and smoking status. Data
sources for each key covariate are described in online
supplemental table 4.
Data analysis
Objective 1—AMI case ascertainment
We summarised key covariates by CKD status. We used
Venn diagrams to describe AMI case ascertainment overall
and stratified by CKD status (at risk of CKD or mild CKD
vs moderate to severe CKD). We used multinomial, multivariable logistic regression to quantify the association
between CKD stage and AMI case ascertainment. We used
the ‘HES and MINAP’ category as the base outcome and
reported crude and adjusted relative risk ratios (RRR)
and 95% CIs, using ‘At risk of CKD and Stages 1–2’ as
the reference exposure category. We adjusted for sex,
age category, ethnicity, IMD quintile, previous AMI, heart
failure, COPD, diabetes mellitus and clustering by particrobust standard errors (SEs)). We
ipant (using cluster-
used a complete case analysis since we could not assume
that missing values for ethnicity were missing at random.
In a secondary analysis, we stratified these regressions by
AMI subtype (STEMI and NSTEMI).
Objective 2—risk of death
We used multivariable logistic regression to calculate the
odds of death in hospital during each person’s first AMI
hospitalisation in people with AMI recorded in MINAP
only or HES only, relative to MINAP and HES. After
confirming the proportional hazards assumption with a
Schoenfeld Residuals test on the full multivariable model
(p=0.35), we used multivariable Cox regression to estimate HRs for death during total follow-up in those who
survived their first AMI hospitalisation with AMI recorded
in MINAP only or HES only, relative to MINAP and HES.
3
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risk of CKD and Stages 1–2 (eGFR missing or ≥60 mL/
min/1.73 m2), (2) Stage 3a (eGFR 45–59 mL/min/1.73
m2), (3) Stage 3b (eGFR 30–44 mL/min/1.73 m2) and
(4) Stages 4–5 (eGFR <30 mL/min/1.73 m2).
We used the latest eGFR recorded prior to the AMI
hospitalisation to categorise people with a history of
kidney transplant into the primary and secondary exposure groups. We categorised people with a history of dialysis prior to the AMI hospitalisation as moderate to severe
CKD for the main exposure and CKD stages 4–5 for the
secondary exposure, even if the latest eGFR did not agree.
As the use of a single SCr test at the time of AMI hospitalisation to determine CKD stage has not previously been
validated, we have used the term ‘eGFR stage’ in place of
CKD stage to refer to the eGFR level calculated from this
test.
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Sensitivity analyses
We repeated the main analyses for AMI events occurring
prior to the study start date (the latest NCKDA extract).
People who experienced AMI hospitalisation before the
study start were survivors, since only people alive at the
time of the NCKDA were included in the study.
In addition, we re-
drew the Venn diagrams after
including HES AMI hospitalisations recorded in both the
first and second diagnostic positions of the first episode to
include AMIs recorded as co-primary diagnoses.26 We also
repeated the matching process between MINAP and HES
AMI hospitalisations after combining all HES AMIs within
30 days of each other into a single HES hospitalisation,
since it is likely that some AMI events in our data set have
multiple HES hospitalisations recorded if, for example,
a patient is transferred between hospitals for treatment.
Furthermore, we repeated our multivariable analyses
after excluding people with a history of dialysis. Finally,
to understand why people may have an AMI hospitalisation recorded in MINAP but not HES, we searched for
non-AMI HES hospitalisations within 30 days of the AMI
recorded in MINAP and described the ICD-10 diagnoses
in the first episode of the first diagnostic position.
Missing data
We did a complete case analysis when building our multivariable models. People with missing ethnicity (~1%) and
IMD data (<1%) were excluded prior to building our
unadjusted, partially adjusted and adjusted multinomial
models.
We used discharge dates to help re-categorise people
who were in-hospital at the time of the NCKDA extract
into the cohort, as well as to determine death in hospital
and the start of follow-up in those who survived their first
AMI hospitalisation. Discharge date was missing in 19%
and 1% of the MINAP and HES data sets, respectively. We
4

assumed these dates were missing at random and used
the median length of admissions in those without missing
admission and discharge dates (5 and 4 days in MINAP
and HES, respectively) to impute the missing discharge
dates.
Patient and public involvement
The Kidney Care UK patient organisation (https://www.
kidneycareuk.org/) supported the research questions,
grant applications and the related record linkage application for section 251 permissions critical to the development of the NCKDA. Patient members of the UK Renal
Registry Patient Council (https://renal.org/patients/
patient-council) reviewed the study results. Their feedback supported a further planned record linkage of renal
and cardiac data to look at patient outcomes.

RESULTS
Study population and baseline characteristics
From 1 702 345 people in England included in the
NCKDA, we identified 6042 (0.4%) people with or at
risk of CKD who experienced 6748 AMIs between the
final NCKDA extract and 1 April 2017 (online supplemental figure 1). Baseline characteristics stratified
by CKD stage are described in table 1. People with
moderate to severe CKD accounted for 38% of AMI
hospitalisations (2,575). Average age at the time of AMI
was 73 years (SD 13). People with moderate to severe
CKD were older on average than people with mild CKD
or at risk of CKD. Most people were white (92%) and
men (61%). The most prevalent comorbidities were
hypertension (61%) and diabetes mellitus (35%).
AMI recording in HES and MINAP
Overall, 23% of AMI hospitalisations were captured
by both MINAP and HES data sets (1552 AMI hospitalisations) (figure 1). There was no substantial change
in AMI case ascertainment over time (online supplemental figure 2). In people with moderate to severe
CKD, 42% of all AMI hospitalisations were captured by
both MINAP and HES (1092 AMI hospitalisations). In
people with mild CKD or at risk of CKD, 11% of all AMI
hospitalisations were captured by MINAP and HES (460
AMI hospitalisations) (figure 1).
Relative association between CKD stage and AMI recording
Crude and adjusted RRRs and 95% CIs describing the
association between CKD stage and AMI case ascertainment are presented in table 2. After adjusting for key
covariates, we observed weak evidence of an increased
likelihood of AMI recorded in MINAP only, compared
with MINAP and HES, in people with CKD stages 4–5
versus the at risk of CKD/stages 1–2 group (RRR 1.34,
95% CI 0.97 to 1.85). Furthermore, compared with
the at-risk of CKD/stages 1–2 group, people with CKD
stages 3a, 3b and 4–5 were less likely to have an AMI
hospitalisation recorded in HES only versus MINAP
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909
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Objective 3—agreement between eGFR in primary and secondary
care
Finally, to assess the validity of using MINAP-recorded
eGFR at AMI admission as a proxy for pre-admission CKD
status, we compared eGFR and its corresponding eGFR
stage within 24 hours of AMI admission (MINAP data) to
the most recent eGFR and its corresponding CKD stage in
primary care (NCKDA data). In this analysis, we excluded
people with eGFR measures greater than 120 mL/
min/1.73 m2 in either NCKDA or MINAP as these are
unlikely to be true values. We drew a Bland-
Altman
plot to describe differences in the distribution of eGFR
measures in primary and secondary care28 and calculated
the per cent agreement and kappa agreement statistics
between CKD and eGFR stage derived using primary and
secondary care eGFRs, respectively. Secondary analyses
re-calculated agreements and kappa statistics restricting
to people with stages 3a–5 (eGFR <60 mL/min/1.73 m2)
in primary care and grouped by time between the most
recent primary care eGFR measure and the AMI hospitalisation (0–5, 6–11, 12–23, 24–36 month gaps).

Open access

CKD status
(main exposure)

At risk of CKD or mild CKD

Moderate to severe CKD

CKD stage
(secondary exposure)

At risk of CKD and 1–2

3a

3b

4–5

Total

Unique individuals

3751

1210

732

349

6042

Total number of AMI events, N

4173

1353

825

397

6748

Age at AMI event, years, mean (SD)

70 (13)

79 (10)

82 (9)

79 (12)

20 (1)

<5

10 (3)

73 (13)

Age category at AMI event, years
 18–50

299 (7)

330 (5)

 50–64

1163 (28)

91 (7)

44 (5)

38 (10)

1336 (20)

 65–79

1655 (40)

531 (39)

251 (30)

122 (31)

2559 (38)

 80+

1056 (25)

711 (53)

529 (64)

227 (57)

2523 (37)

Female

1430 (34)

638 (47)

416 (50)

168 (42)

2652 (39)

 White

3807 (91)

1263 (93)

773 (94)

361 (91)

6204 (92)

 Other

323 (8)

73 (5)

44 (5)

34 (9)

474 (7)

43 (1)

17 (1)

8 (1)

 1 (least deprived)

732 (18)

252 (19)

152 (18)

68 (17)

1204 (18)

 2

843 (20)

306 (23)

176 (21)

85 (21)

1410 (21)

 3

934 (22)

331 (24)

193 (23)

79 (20)

1537 (23)

 4

951 (23)

255 (19)

185 (22)

96 (24)

1487 (22)

 5 (most deprived)

690 (17)

206 (15)

114 (14)

69 (17)

1079 (16)

23 (1)

<5

5 (1)

0 (0)

31 (0)

Ethnicity

 Missing

<5

70 (1)

IMD quintile

 Missing
Dialysis in primary care
 Peritoneal dialysis

0 (0)

0 (0)

0 (0)

15 (4)

15 (0)

 Haemodialysis

0 (0)

0 (0)

0 (0)

24 (6)

24 (0)

 Renal dialysis, unspecified

0 (0)

0 (0)

0 (0)

7 (2)

7 (0)

Kidney transplant

5 (0)

0 (0)

<5

17 (4)

26 (0)

Comorbidities
 Angina

959 (23)

399 (29)

275 (33)

155 (39)

1788 (26)

 Cerebrovascular disease

390 (9)

178 (13)

139 (17)

81 (20)

788 (12)

 COPD
 Diabetes mellitus
 Heart failure

514 (12)

209 (15)

168 (20)

58 (15)

949 (14)

1293 (31)

465 (34)

356 (43)

233 (59)

2347 (35)

400 (10)

234 (17)

211 (26)

123 (31)

968 (14)

 Hypertension

2333 (56)

884 (65)

583 (71)

322 (81)

4122 (61)

 Myocardial infarction

1050 (25)

430 (32)

274 (33)

163 (41)

1917 (28)

229 (5)

108 (8)

74 (9)

 Non-smoker

1953 (47)

566 (42)

306 (37)

151 (38)

2976 (44)

 Ever-smoker

2018 (48)

530 (39)

318 (39)

140 (35)

3006 (45)

202 (5)

257 (19)

201 (24)

106 (27)

766 (11)

 Peripheral vascular disease

47 (12)

458 (7)

Smoking status

 Missing

AMI, acute myocardial infarction; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IMD, Index of Multiple Deprivation.;

and HES. We did not observe any differences in the
likelihood of recording of AMI hospitalisation when
stratifying by AMI subtype (online supplemental table
5).
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909

Mortality during AMI hospitalisation and post-discharge
Of those with a first AMI recorded in both HES and
MINAP, 209 people (15%) died during the AMI hospitalisation, compared with 151 (23%) with a first AMI
5
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Table 1 Baseline characteristics by CKD stage for all AMI events captured after the study start. n (column %) unless specified
otherwise.

Open access

recorded in MINAP only and 579 (15%) recorded in
HES only (table 3). After adjusting for key covariates,
people with AMI recorded in MINAP only and HES only
had increased odds of in-hospital death compared with
people with AMI recorded in both MINAP and HES (OR
1.60, 95% CI 1.26 to 2.04 and OR 1.61, 95% CI 1.32 to
1.96, respectively).
Mean follow-up among people who survived a first AMI
hospitalisation was 2.4 years. The rate of death per 100
person-years during complete follow-up was 18.0 (95%
CI 16.4 to 19.7) for AMI recorded in MINAP and HES,

23.3 (95% CI 20.6 to 26.5) for AMI recorded in MINAP
only and 10.3 (95% CI 9.61 to 11.0) for AMI recorded
in HES only (table 3). After adjusting for key covariates,
there was no evidence of a difference in death during
follow-up based on which data set(s) captured the first
AMI hospitalisation.
Agreement between eGFR derived from secondary care versus
primary care data
Of the AMI hospitalisations recorded in MINAP, 2240
(97%) had SCr recorded within 24 hours of AMI admission

Table 2 Multinomial logistic regression comparing the RRR of AMI recording across HES and MINAP according to CKD
stage. The comparator outcome is people with AMI recorded in both HES and MINAP databases.
AMI recording
(outcome,
compared with
people with AMI
recorded in MINAP CKD stage
and HES)
(exposure)
MINAP only
(N=742)

HES only
(N=4367)

Number of AMI
admissions, n=

Unadjusted* RR
(95% CI)

Partially adjusted†
RRR (95% CI)

Adjusted‡ RRR
(95% CI)

At risk of CKD/stages
1–2

196

1

1

1

Stage 3a

245

1.07 (0.85 to 1.34)

0.98 (0.77 to 1.25)

0.98 (0.77 to 1.25)

Stage 3b

197

1.17 (0.92 to 1.49)

1.04 (0.80 to 1.36)

1.03 (0.79 to 1.34)

Stages 4–5

104

1.50 (1.11 to 2.03)

1.38 (1.01 to 1.90)

1.34 (0.97 to 1.85)

At risk of CKD/stages 3456
1–2

1

1

1

Stage 3a

557

0.14 (0.12 to 0.16)

0.14 (0.12 to 0.17)

0.14 (0.12 to 0.16)

Stage 3b

224

0.08 (0.06 to 0.09)

0.08 (0.07 to 0.10)

0.08 (0.06 to 0.10)

Stages 4–5

130

0.11 (0.08 to 0.14)

0.11 (0.09 to 0.15)

0.12 (0.09 to 0.16)

*Complete cases for adjusted model.
†Adjusted for sex, age at AMI admission, ethnicity (white, other), IMD quintile, clustering by participant.
‡Additionally adjusted for previous AMI, heart failure, COPD, diabetes mellitus.
AMI, acute myocardial infarction; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HES, Hospital Episode
Statistics; IMD, Index of Multiple Deprivation; MINAP, Myocardial Ischaemia National Audit Project; RRR, relative risk ratios.
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Figure 1 Venn diagrams illustrating acute myocardial infarction (AMI) recording in MINAP and HES secondary care data sets.
Venn diagrams presented overall, and stratified by CKD status (at-risk of or mild CKD, eGFR ≥60 mL/min/1.73 m2 or moderate
to severe CKD, eGFR <60 mL/min/1.73 m2). Circle areas are proportional to the number of AMI events in each data set.
CKD, chronic kidney disease, eGFR, estimated glomerular filtration rate, HES, hospital episode statistics, MINAP, Myocardial
Ischaemia National Audit Project.

Open access

Death during first AMI
hospitalisation (N=5919)*

Number who died,
n (%)

–

Unadjusted
OR (95% CI)

Adjusted†
OR (95% CI)

MINAP and HES

209 (15)

–

1

1

MINAP only

151 (23)

–

1.67 (1.32 to 2.11)

1.60 (1.26 to 2.04)

HES only

579 (15)

–

0.98 (0.82 to 1.16)

1.61 (1.32 to 1.96)

Death during complete
follow-up in those
who survive first AMI
hospitalisation (N=5009)*

Number who died
during follow-up, n

Rate per 100
person-years
(95% CI)

Unadjusted
HR (95% CI)

Adjusted†
HR (95% CI)

MINAP and HES

456

18.0 (16.4 to 19.7)

1

1

MINAP only

237

23.3 (20.6 to 26.5)

1.27 (1.08 to 1.48)

1.12 (0.96 to 1.31)

HES only

847

10.3 (9.61 to 11.0)

0.59 (0.53 to 0.67)

1.07 (0.94 to 1.21)

*Complete cases for adjusted model.
†Adjusted for sex, age at AMI admission, ethnicity (white, other), IMD quintile, previous AMI, heart failure, COPD, diabetes mellitus.
AMI, acute myocardial infarction; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HES, Hospital Episode
Statistics; IMD, Index of Multiple Deprivation; MINAP, Myocardial Ischaemia National Audit Project; OR, odds ratio.

(online supplemental table 6). Median eGFR at time of
admission was 47.6 mL/min/1.73 m2 (IQR 33.5–61.6).
The Bland-Altman plot comparing the primary care eGFR
and the secondary care eGFR indicated a negligible mean
difference but wide variation (mean difference 3.35 mL/
min/1.73 m2, 95% CI −23.4 to 30.1) (online supplemental
figure 3).
The per cent agreements and kappa statistics between
eGFR stage derived from MINAP eGFR at AMI admission and the CKD stage derived from NCKDA using
primary care data are shown in table 4. Overall, there was
57.2% agreement in staging (kappa statistic (K) 0.42 (SE
0.012)). When restricting to people with NCKDA-derived
CKD stages 3–5, the % agreement and K indicated worse
agreement (table 4). However, when looking at agreement in categorising people as having moderate to severe
CKD (stages 3–5) versus mild CKD (stages 1–2), agreement improved (82.1% agreement, K 0.55 (SE 0.021)).
When stratifying by months between the primary and
secondary care eGFR measures, we observed the best
agreement in staging within a 0–5 month gap between
the primary and secondary care eGFR measures: 61.0%,
K 0.48 (SE 0.03) (table 4). Agreement was worse when the
time between eGFR measures increased.
Sensitivity analyses
AMI case ascertainment in MINAP and HES was similar
in AMI hospitalisations recorded prior to the study start
(sensitivity analysis) compared with after the study start
(main analysis) (online supplemental tables 7-8, figure
4). There were also no major differences in agreement
between CKD staging derived in primary versus secondary
care when investigating AMI hospitalisations prior to the
study start (online supplemental table 9).
After expanding the AMI definition in HES to include
any hospitalisations with AMI coded in the second diagnostic position as well as the first, the proportion of
AMI hospitalisations captured in both HES and MINAP
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909

decreased slightly (online supplemental figure 5). After
combining HES AMI admissions within 30 days of each
other for the same person, we observed a 1% increase in
the proportion of AMI hospitalisations recorded in both
MINAP and HES (online supplemental figure 5). Results
were also similar when excluding people with a history of
dialysis (online supplemental tables 10-11).

Table 4 Agreement between primary care-derived CKD
stage (NCKDA) and secondary care-derived eGFR stage
(MINAP)
Kappa statistic
% agreement (SE)
Overall*

57.2

0.42 (0.012)

CKD stages 3a, 3b, 4–5†

53.2

0.34 (0.015)

CKD stages 1–2, 3a–5‡

82.1

0.55 (0.021)

Overall,* by time from NCKDA SCr test (primary care) to MINAP
SCr test (at AMI secondary care admission)
0–5 months

61.0

0.48 (0.03)

6–11 months

56.7

0.42 (0.02)

12–23 months

55.9

0.40 (0.02)

24–36 months

56.8

0.41 (0.04)

*Overall agreement when grouping as (1) Stages 1–2 (eGFR 60–
120 mL/min/1.73 m2), (2) Stage 3a (eGFR 45–59 mL/min/1.73 m2), (3)
Stage 3b (eGFR 30–44 mL/min/1.73 m2) and (4) Stages 4–5 (eGFR
0–30 mL/min/1.73 m2).
†Agreement when restricting to people with CKD stages 3a–5,
grouped as (1) Stage 3a (eGFR 45–59 mL/min/1.73 m2), (2) Stage 3b
(eGFR 30–44 mL/min/1.73 m2) and (3) Stages 4–5 (eGFR 0–30 mL/
min/1.73 m2).
‡Agreement when grouping as (1) Stages 1–2 (eGFR 60–120 mL/
min/1.73 m2) and (2) Stages 3a–5 (eGFR 0–59 mL/min/1.73 m2).
AMI, acute myocardial infarction; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; MINAP, Myocardial Ischaemia
National Audit Project; NCKDA, National Chronic Kidney Disease
Audit; SCr, serum creatinine; SE, Standard error.
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Table 3 Death during and after first AMI hospitalisation in total study population at risk of or with CKD
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DISCUSSION
We compared recording of AMI hospitalisations for
people with CKD between two large secondary healthcare
data sets in England. In a cohort of 6042 people, we found
that both HES and MINAP missed a significant proportion of AMI hospitalisations. CKD stage influenced likelihood of AMI recording by data set: AMI hospitalisations
in people with moderate to severe CKD were more likely
to be recorded in MINAP compared with people at risk of
CKD or with mild CKD. We found an association between
AMI hospitalisation recording by data set and in-hospital
mortality. There was marked variation between eGFR at
AMI admission and preceding eGFR measurements in
primary care, but no obvious systematic bias in terms of
over/underestimation of eGFR at AMI admission.
Our results agree with previous research demonstrating incomplete capture of AMI events by individual
healthcare data sets in the overall English population
and extend them to a population with CKD. Herrett et
al12 showed 46% agreement when restricting to MINAP
and HES recorded AMI hospitalisations, which is close to
the 42% agreement we found in people with moderate to
severe CKD. A smaller single-centre study by Torabi et al29
found 32% agreement between MINAP and the hospital
information department (responsible for HES coding).
In contrast to both studies, we found significantly worse
agreement in case ascertainment for AMI hospitalisations
between MINAP and HES for people at risk of CKD or with
mild CKD. Torabi et al29 collected data on renal function
but found likelihood of AMI case recording in MINAP to
reduce with advancing CKD stage. Differences in results
between this and our study could be ascribed to changes
in management of patients and/or event recording over
time, differences in the populations studied and local
practice in the single centre analysed by Torabi et al29
The high prevalence of CKD risk factors in people at
risk of or with mild CKD could put them at greater risk of
type 2 AMI; a mismatch of myocardial oxygen supply and
demand in the absence of the ‘classical’ coronary artery
plaque rupture with thrombosis reflective of type 1 AMI.20
People with type 2 AMI are typically older, with a greater
burden of comorbidities than those with type 1 AMI, and
have poor outcomes.30 HES is likely to include more type
2 AMI than MINAP as clinical coders for the latter are
asked to select type 1 AMI only.
People with AMI recorded in both MINAP and HES
had lower in-hospital mortality compared with those with
AMI recorded in either MINAP or HES only. Our findings
agree with Herrett et al12; patients with AMI recorded in
8

only one source had a higher mortality than those with
events recorded in more than one source. Higher in-hospital mortality in the MINAP only cases is likely to reflect
the referral of severe and complex AMI cases to cardiology, including a higher STEMI to NSTEMI ratio.
Across all levels of eGFR, we found significant variation
between eGFR stage derived from SCr taken within 24
hours of AMI admission (recorded in MINAP) and that
derived from SCr in primary care, which is in line with
reported variability of eGFR in validation studies.23 24 As
expected with known limitations of using MDRD eGFR
to estimate kidney function for GFRs above 60 mL/
min/1.73 m2, binary classification between individuals
with CKD stages 3–5 and those with stages 1–2 is more
reliable than classification by CKD stage. These findings
suggest that although previous research13–15 using SCr at
AMI admission recorded in MINAP as a proxy for baseline
CKD stage may result in misclassification, it is unlikely to
have resulted in a systematic bias in either overestimation or underestimation of CKD stage, despite our initial
hypothesis that there would be systematic underestimation of kidney function due to the substantially increased
risk of AKI during an AMI hospitalisation.31 Differences
between SCr recorded in primary care and SCr recorded
in MINAP may reflect progression of CKD, differential
use of medication that affects the renin–angiotension–aldosterone system, AKI at the time of serum sampling
(although changes in SCr are unlikely to show within 24
hours of AMI onset), or variation around the mean.
Limitations
The NCKDA only included people with CKD and/or
risk factors for CKD; therefore, we cannot generalise
our results to people without risk factors for CKD. We
may have incorrectly misclassified people who have no
documented tests for CKD in primary care as having risk
factors for CKD only; however, previous work has shown
this group of people are much less likely to have CKD
than those who do have CKD tests recorded in primary
care.22 Furthermore, we included people with at least one
reduced kidney function test as potentially having CKD
since not every patient undergoes regular CKD testing
in our routine clinical data sets. Defining CKD using
one eGFR measurement will have led to some misclassification. However, as people with CKD have very high
cardiovascular risk and because of the infrequent SCr
measurement in primary care, applying the chronicity
criterion would have led to a selected cohort of people
who did not develop a myocardial infarction until the
second measurement had been done. Our results are
likely impacted by residual confounding, since we were
limited in the number of relevant comorbidities we
could include in our multivariable models. Finally, AMI
misclassification in HES data may have occurred due to
the structure and level of detail available in this data set.
For example, we may have missed AMI cases by including
only those recorded in the first diagnostic position of the
first episode of an HES admission; however, our sensitivity
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909
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Finally, the 10 most common diagnoses in HES
matching with the MINAP only AMI hospitalisations from
the main analysis are shown in online supplemental table
12. Eighty-
eight per cent of unmatched MINAP AMIs
had a non-AMI HES hospitalisation within 30 days. These
were mainly CVD or respiratory infection-related ICD-10
diagnoses.

Open access

Future research
This study demonstrates how AMI case ascertainment
in England can be improved by using linked healthcare
data sets. Further research investigating cardiovascular
and kidney disease incidence, prevalence and outcomes
should follow this approach. Other countries with similarly rich, yet fragmented healthcare data sets would
benefit from applying similar methods to evaluate the
validity and completeness of cardiovascular and kidney
disease capture in similar data. Optimising data quality
in healthcare data sets and simplifying the process of
data linkage would facilitate high-quality observational
research to inform the design of future RCTs and provide
estimated treatment effects where RCT data are lacking.
CONCLUSION
The use of linked healthcare data sets should be prioritised
in observational research investigating multimorbidity.
Author affiliations
1
Department of Non-Communicable Disease Epidemiology, London School of
Hygiene & Tropical Medicine, London, UK
2
Population Health Sciences, University of Bristol, Bristol, UK
3
Richard Bright Renal Service, North Bristol NHS Trust, Southmead Hospital, Bristol,
UK
4
Oxford Kidney Unit, Churchill Hospital, Oxford, UK
5
Nuffield Department of Medicine, University of Oxford, Oxford, UK
6
Biostatistics Research Group, Department of Health Sciences, University of
Leicester, Leicester, UK
7
National Institute for Cardiovascular Outcomes Research (NICOR), Barts Health NHS
Trust, London, UK
8
Institute of Cardiovascular Sciences, University College London, London, UK
9
Institute of Health Informatics, Faculty of Population Health Sciences, University
College London, London, UK
10
Health Data Research UK, London, UK
11
Glangwili General Hospital, Carmarthen, UK
12
Department of Cardiovascular Sciences, University of Leicester and NIHR
Leicester Biomedical Research Centre, Leicester, UK
Twitter Lucy Teece @LucyTeece
Acknowledgements MINAP is commissioned, as part of the ‘National Cardiac
Audit Project’ by the Healthcare Quality Improvement Partnership. This work uses
data that has been provided by patients and collected by the NHS as part of their
care and support. We acknowledge and thank UK cardiovascular, renal and primary
care physicians as well as hospital and community audit and coding teams whose
diligent data collection has provided the data for these analyses. In particular, we
would like to thank James Chal, Anil Gunesh, Andrew Harrison, and Akosua Donkor
from NICOR; and Kathryn Griffith, Matthew Harker, Yvonne Silove, Tasneem Hoosain,
Nick Wilson, Ronnie Moodley, Richard Fluck, Chris Gush, David Wheeler, Liam
Smeeth, Ron Cullen, Andy Syme, Richard Gunn, Paul Wright, Hugh Gallagher, Sion
Edwards, Fiona Loud, Nick Palmer, Richard Fluck, Anita Sharma, Kate Cheema, Andy
Syme, Sally Hull, Ben Caplin, Lois Kim, and Faye Cleary from the NCKDA steering,
clinical reference and statistical groups.
Bidulka P, et al. BMJ Open 2022;12:e057909. doi:10.1136/bmjopen-2021-057909

Contributors JS, DT, DN, DA, FC and UU conceived the study. JS, DT, DN, DA, FC,
UU and PB designed the study. PB and DN had access to and analysed the data.
PB and JS drafted the manuscript. PB, JS, DT, UU, FC, LT, MS, JD, MdB, SD, CW,
DA and DN (all authors) critically appraised the results and edited the manuscript.
All authors approved the final version of the manuscript. The lead authors confirm
all authors meet ICJME authorship criteria, and no one who meets ICJME criteria
have been excluded. PB and DN are the guarantors of this study, and accept full
responsibility for the work and conduct of the study, had access to the data, and
controlled the decision to publish.
Funding This work was supported by Kidney Research UK (grant number
IN_008_20180304) and the Health Foundation (grant number 1725841). JS is a
Doctoral Research Fellow funded by the NIHR (NIHR 300906). DA is funded by a
joint research grant from the British Heart Foundation (SP/16/5/32415) and Cancer
Research UK (C53325/A21134).
Competing interests All authors have completed an ICJME form. PB, JS, DT,
FC, LT, MdB and SD have nothing to declare. UU declares a grant from the Health
Foundation to undertake quality improvement unrelated to this work. MS declares
funding from Cancer Research UK (C53325/A21134) and British Heart Foundation
(SP/16/5/32415) for research activities related to this work looking at acute
myocardial infarction ascertainment in a cancer population. JS declares Doctoral
research funding from the NIHR for related research looking at acute myocardial
infarction care for people with chronic kidney disease. JD declares grants from
British Heart Foundation paid to his institution unrelated to this work. JD also
declares consulting fees from Novo Nordisk, and honoraria from Amgen, Boehringer
Ingelheim, Merck, Pfizer, Aegerion, Novartis, Sanofi, Takeda, Novo Nordisk and
Bayer, unrelated to this work. JD is also member of a study steering committee with
Novo Nordisk. CW declares he is clinical lead of the Myocardial Ischaemia National
Audit Project. DA reports research funding and in-kind support from AstraZeneca
for unrelated research and educational funding from Abbott Vascular to support a
clinical research fellow doing unrelated research. DA has conducted consultancy
for General Electric to support general research funds. DN is the UK Kidney
Association Director of Informatics Research. DN is also on the steering group for
two GlaxoSmithKline funded studies that investigate kidney function in children and
adults in sub-Saharan Africa.
Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.
Patient consent for publication Not applicable.
Ethics approval This study was approved by the London School of Hygiene &
Tropical Medicine LEO ethics committee (ID 16988) and the National Chronic
Kidney Disease Audit (NCKDA) Steering Committee. Audits used in this study
are covered by Section 251 approvals (NHS Act 2006) which allows data to be
collected without individual patient consent for medical research when it is
not possible to use anonymised information and when seeking consent is not
practical.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data may be obtained from a third party and are not
publicly available. Due to data sharing agreements, we are not able to share these
data. Researchers interested in using these data should consult the websites for
the NCKDA (https://www.lshtm.ac.uk/research/centres-projects-groups/ckdaudit#
welcome) and MINAP (https://www.nicor.org.uk/national-cardiac-audit-programme/
myocardial-ischaemia-minap-heart-attack-audit/).
Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

9

BMJ Open: first published as 10.1136/bmjopen-2021-057909 on 28 March 2022. Downloaded from http://bmjopen.bmj.com/ on April 12, 2022 at UCL Library Services. Protected by
copyright.

analysis which included AMI hospitalisations recorded
in the first or second diagnostic position showed similar
results. In addition, unlike MINAP data, HES data do not
include ECG results and troponin levels, which we could
have used to reduce potential misclassification. Inclusion
of the first diagnostic position of later episodes was undertaken in a similar study investigating AMI case ascertainment in people with malignancy, with little improvement
in agreement between data sets.32
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±30 days of MINAP only AMI cases from the main analyses
Supplementary figures
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Supplementary figure 1: Flow diagram illustrating the NCKDA extracts, and resulting contribution of AMI events to this study
Supplementary figure 2: AMI case ascertainment in MINAP and HES datasets over time.
Supplementary figure 3: Bland-Altman plot comparing the mean eGFR (NCKDA eGFR and MINAP eGFR, x-axis) and the difference between the NCKDA eGFR
and the MINAP eGFR (y-axis).
Supplementary figure 4: AMI hospitalisations occurring before study start - comparing AMI case ascertainment overall and by CKD status for AMI
hospitalisations in the main analysis and AMI hospitalisations which occurred prior to the last NCKDA extract (sensitivity analysis).
Supplementary figure 5: Sensitivity analyses compared to main analysis, describing AMI recording in MINAP and HES in the overall study population at risk
of or with CKD. Areas of Venn diagrams are proportional to the number of cases.
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Supplementary table 1: ICD-10 codes for AMI identified in HES
AMI subtype
ICD-10 codes
Overall
I21, I22, I23
STEMI
I21.0, I21.1, I21.2, I21.3, I22.0, I22.1, I22.8
NSTEMI
I21.4, I21.9, I22.9
Missing
I23
AMI: acute myocardial infarction; HES: Hospital Episode Statistics; ICD-10: International Classification of Diseases 10th Edition; STEMI: ST elevated
myocardial infarction; NSTEMI: Non-ST elevated myocardial infarction
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Supplementary table 2: CALIBER definition of AMI subtypes (STEMI, NSTEMI) using MINAP data.
AMI subtype
Other

STEMI

NSTEMI

Unstable angina

MINAP variable
Discharge diagnosis
Threatened MI, Chest pain
uncertain cause, MI unconfirmed,
other diagnosis
STEMI
NSTEMI/Troponin positive ACS
ACS troponin negative
ACS troponin unspecified
NSTEMI/Troponin positive ACS

Markers elevated?
-

ECG result
-

Raised or missing
Raised or missing
Raised
Raised
Raised or missing

ST elevation, LBBB, or ST elevation
ST elevation
ST elevation
ST elevation
ST depression, T wave changes only,
other abnormality, Normal ECG, or
LBBB
ACS troponin negative
Raised
LBBB, ST depression, T wave
changes only, Other abnormality,
normal ECG, or missing
ACS troponin unspecified
Raised
LBBB, ST depression, T wave
changes only, Other abnormality,
normal ECG, or missing
*Any remaining hospitalisations not assigned as STEMI, NSTEMI, or other diagnosis

ACS: acute coronary syndrome, AMI: acute myocardial infarction, ECG: electrocardiogram, LBBB: left bundle branch block, MI: myocardial infarction,
MINAP: Myocardial Ischaemia National Audit Project, NSTEMI: Non ST-elevation myocardial infarction, STEMI: ST-elevation myocardial infarction
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Supplementary table 3: Variables used to define death in-hospital and post-AMI discharge.
Data source

Variables to define in-hospital death

ONS

Date of death (falling on or in between first AMI admission
and discharge dates)
Reason for no angiography, no intervention, admission
ward, discharge destination
Discharge location, discharge method

MINAP
HES

Variables to define death post-AMI discharge (in those
who survive first AMI hospitalization)
Date of death (falling after first AMI discharge date)
-

AMI: acute myocardial infarction, HES: Hospital Episode Statistics, MINAP: Myocardial Ischaemia National Audit Project, ONS: Office of National
Statistics
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Supplementary table 4: Details on data sources for covariates.
Category
Sociodemographic and lifestyle variables

Comorbidities

Covariate
Age at AMI admission
Sex
IMD quintiles
Smoking status
Angina
Cerebrovascular disease
COPD
Diabetes mellitus
Heart failure
Hypertension
Previous myocardial infarction
Peripheral vascular disease
Dialysis
Kidney transplant

Data source
NCKDA
NCKDA
NCKDA
NCKDA, MINAP
MINAP and HES
MINAP and HES
MINAP and HES
MINAP and HES
MINAP and HES
NCKDA, MINAP, and HES
MINAP, and HES
NCKDA, MINAP, and HES
NCKDA
NCKDA

AMI: Acute Myocardial Infarction, COPD: Chronic Obstructive Pulmonary Disease, HES: Hospital Episode Statistics, IMD: Index of Multiple Deprivation,
NCKDA: National Chronic Kidney Disease Audit, MINAP: Myocardial Ischaemia National Audit Project
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Supplementary table 5: AMI database capture by CKD status (binary) stratified by AMI subtype (STEMI or NSTEMI)
AMI subtype

Database (outcome,
compared to people with
Number of AMI
CKD stage (exposure)
AMI recorded in MINAP &
admissions
HES)
STEMI
MINAP only
At risk of CKD & Stages 1-2
31
(N=115)
Stage 3a-5
74
HES only
At risk of CKD & Stages 1-2
1,306
(N=1,482)
Stage 3a-5
194
NSTEMI
MINAP only
At risk of CKD & Stages 1-2
167
(N=666)
Stage 3a-5
474
HES only
At risk of CKD & Stages 1-2
2,164
(N=2,834)
Stage 3a-5
717
1
adjusted for sex, age group at AMI admission, ethnicity, previous AMI, and clustering by patient

Unadjusted RRR (95% CI)
1
1.08 (0.68-1.72)
1
0.07 (0.05-0.09)
1
1.16 (0.93-1.45)
1
0.14 (0.12-0.16)

Adjusted RRR1 (95% CI)
1
0.88 (0.52-1.49)
1
0.07 (0.05-0.09)
1
1.11 (0.88-1.41)
1
0.15 (0.12-0.17)

AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, HES: Hospital Episode Statistics, MINAP: Myocardial Ischaemia National Audit Project,
NSTEMI: non-ST elevation myocardial infarction, RRR: relative risk ratio, STEMI: ST-elevation myocardial infarction
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Supplementary table 6: Serum creatinine (SCr) measured in the first 24 hours of AMI hospitalization recorded in MINAP, stratified by CKD stage defined in
primary care (NCKDA)
CKD status
SCr recorded in MINAP at AMI
MINAP median SCr, umol MINAP Median SCr value*, MINAP Median eGFR,
(NCKDA)
admission, n (%)
(IQR)
mg/dL (IQR)
mL/min/1.73m2 (IQR)
All stages
2,240 (97)
115 (91-152)
1.30 (1.03-1.72)
47.6 (33.5-61.6)
At risk of CKD &
630 (97)
88 (74-104)
1.00 (0.84-1.18)
67.0 (56.0-80.2)
Stages 1-2
3a
770 (97)
109 (94-128)
1.23 (1.06-1.45)
50.8 (41.9-59.2)
3b
587 (98)
140 (117-174)
1.58 (1.32-1.97)
36.7 (29.4-43.4)
4-5
253 (95)
255 (190-407)
2.88 (2.15-4.60)
19.8 (12.0-25.5)
*Multiplied by 0.95 for SCr taken before 2013
AMI: acute myocardial infarction, CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate, NCKDA: National Chronic Kidney Disease Audit,
MINAP: Myocardial Ischaemia National Audit Project, SCr: serum creatinine
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Supplementary table 7: AMI hospitalisations occurring before study start – description of people in the NCKDA who experienced AMI hospitalisation
recorded in MINAP or HES before the study start. n (column %) unless specified otherwise.
CKD status
(main exposure)
CKD stage
(secondary exposure)
Unique individuals
Total number of AMI events, N
Age at AMI event, years, mean (SD)
Age category at AMI event, years
18-50
50-64
65-79
80+
Missing
Female
Ethnicity
White
Other
Missing
IMD quintile
1 (least deprived)
2
3
4
5 (most deprived)
Missing
Dialysis in primary care
Peritoneal dialysis
Haemodialysis
Renal dialysis, unspecified
Kidney transplant
Comorbidities
Angina
Cerebrovascular disease

No CKD

CKD

Total

At-risk of CKD & 1-2

3a

3b

4-5

27,909
32,041
64 (13)

4,884
5,641
75 (10)

2,083
2,460
78 (10)

726
926
75 (12)

34,860
41,068
66 (13)

4,506 (14)
11,964 (37)
11,517 (36)
3,922 (12)
132 (0)
9,288 (29)

83 (1)
829 (15)
2,777 (49)
1,952 (35)
0 (0)
2,482 (44)

22 (1)
207 (8)
986 (40)
1,245 (51)
0 (0)
1,209 (49)

34 (4)
130 (14)
405 (44)
357 (39)
0 (0)
394 (43)

4,645 (11)
13,130 (32)
15,685 (38)
7,476 (18)
132 (0)
13,373 (33)

29,016 (91)
2,612 (8)
413 (1)

5,228 (93)
295 (5)
118 (2)

2,257 (92)
139 (6)
64 (3)

846 (91)
71 (8)
9 (1)

37,347 (91)
3,117 (8)
604 (1)

5,808 (18)
6,716 (21)
6,922 (22)
6,820 (21)
5,531 (17)
244 (1)

1,121 (20)
1,284 (23)
1,297 (23)
1,134 (20)
787 (14)
18 (0)

456 (19)
523 (21)
542 (22)
525 (21)
406 (17)
8 (0)

184 (20)
182 (20)
180 (19)
216 (23)
161 (17)
<5

7,569 (18)
8,705 (21)
8,941 (22)
8,695 (21)
6,885 (17)
273 (1)

0 (0)
0 (0)
0 (0)
<5

0 (0)
0 (0)
0 (0)
<5

0 (0)
0 (0)
0 (0)
8 (0)

12 (1)
24 (3)
11 (1)
11 (1)

12 (0)
24 (0)
11 (0)
26 (0)

5,001 (16)
1,405 (4)

1,630 (29)
497 (9)

882 (36)
309 (13)

335 (36)
135 (15)

7,848 (19)
2,346 (6)
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CKD status
(main exposure)
CKD stage
(secondary exposure)
Unique individuals
Total number of AMI events, N
COPD
Diabetes
Heart failure
Hypertension
Myocardial infarction
Peripheral vascular disease
Smoking status
non-smoker
ever-smoker
Missing

BMJ Open

No CKD

CKD

Total

At-risk of CKD & 1-2

3a

3b

4-5

27,909
32,041
2,059 (6)
5,823 (18)
1,228 (4)
10,556 (33)
5,563 (17)
799 (2)

4,884
5,641
680 (12)
1,500 (27)
456 (8)
3,287 (58)
1,510 (27)
258 (5)

2,083
2,460
368 (15)
873 (35)
353 (14)
1,721 (70)
832 (34)
181 (7)

726
926
147 (16)
463 (50)
199 (21)
673 (73)
380 (41)
106 (11)

34,860
41,068
3,254 (8)
8,659 (21)
2,236 (5)
16,237 (40)
8,285 (20)
1,344 (3)

12,945 (40)
16,626 (52)
2,470 (8)

2,049 (36)
2,477 (44)
1,115 (20)

835 (34)
983 (40)
642 (26)

301 (33)
382 (41)
243 (26)

16,130 (39)
20,468 (50)
4,470 (11)

AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, COPD: Chronic Obstructive Pulmonary Disease, HES: Hospital Episode Statistics, IMD: Index
of Multiple Deprivation, NCKDA: National Chronic Kidney Disease Audit, MINAP: Myocardial Ischaemia National Audit Project
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Supplementary table 8: AMI hospitalisations occurring before study start - multinomial logistic regression comparing the relative risk ratios (RRR) of AMI
recording across HES and MINAP according to CKD stage. The comparator outcome is people with AMI recorded in both HES and MINAP databases.
AMI recording
(outcome, compared
to people with AMI
recorded in MINAP &
HES)
MINAP only
(N=3,957)

CKD stage
(exposure)

Number of AMI
admissions, n=

Unadjusted1 RRR (95%
CI)

At-risk/Stages 1-2
2,147
1
Stage 3a
999
0.96 (0.87-1.05)
Stage 3b
578
1.22 (1.09-1.36)
Stages 4-5
233
1.35 (1.14-1.60)
HES only
At-risk/Stages 1-2
23,904
1
(N=26,697)
Stage 3a
1,911
0.16 (0.15-0.18)
Stage 3b
630
0.12 (0.11-0.13)
Stages 4-5
252
0.13 (0.11-0.15)
1
Complete cases for adjusted model
2
Adjusted for sex, age at AMI admission, ethnicity (white, other), IMD quintile, clustering by participant
3
Additionally adjusted for comorbidities previous AMI, heart failure, COPD, diabetes mellitus

Partially adjusted2 RRR
(95% CI)

Adjusted3 RRR (95% CI)

1
0.90 (0.82-0.99)
1.12 (0.99-1.26)
1.27 (1.07-1.51)
1
0.23 (0.22-0.25)
0.20 (0.17-0.22)
0.18 (0.15-0.22)

1
0.88 (0.80-0.97)
1.05 (0.93-1.19)
1.13 (0.94-1.35)
1
0.24 (0.22-0.25)
0.21 (0.18-0.23)
0.20 (0.17-0.24)

AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, COPD: Chronic Obstructive Pulmonary Disease, HES: Hospital Episode Statistics, IMD: Index
of Multiple Deprivation, MINAP: Myocardial Ischaemia National Audit Project, RRR: relative risk ratio
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Supplementary table 9: AMI hospitalisations occurring before study start - agreement between primary care-derived CKD stage (NCKDA) and secondary
care-derived CKD stage (MINAP)
% agreement
Kappa statistic (SE)
Overall1
66.4%
0.51 (0.007)
CKD stages 3a, 3b, 4-52
57.8%
0.37 (0.008)
CKD stages 1-2, 3a-53
80.3%
0.59 (0.010)
Overall1, by time from NCKDA SCr test (primary care) to MINAP SCr test (at AMI secondary care admission)
0-5 months
66.7%
0.52 (0.009)
6-11 months
65.6%
0.49 (0.013)
12-23 months
63.3%
0.42 (0.023)
24-36 months
65.0%
0.45 (0.034)
1
Overall agreement when grouping as (1) Stages 1-2 (eGFR 60-120mL/min/1.73m2), (2) Stage 3a (eGFR 45-59mL/min/1.73m2), (3) Stage 3b (eGFR 30-44
mL/min/1.73m2), (4) Stages 4-5 (eGFR 0-30 mL/min/1.73m2)
2
Agreement when restricting to people with CKD stages 3a-5, grouped as (1) Stage 3a (eGFR 45-59mL/min/1.73m2), (2) Stage 3b (eGFR 30-44
mL/min/1.73m2), (3) Stages 4-5 (eGFR 0-30 mL/min/1.73m2)
3
Agreement when grouping as (1) Stages 1-2 (eGFR 60-120mL/min/1.73m2) and (2) Stages 3a-5 (eGFR 0-59mL/min/1.73m2)
AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, NCKDA: National Chronic Kidney Disease Audit, MINAP: Myocardial Ischaemia National Audit
Project, SCr: serum creatinine
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Supplementary table 10: Multinomial logistic regression comparing the relative risk ratios (RRR) of AMI recording across HES and MINAP according to CKD
stage, after excluding those with a history of dialysis. The comparator outcome is people with AMI recorded in both HES and MINAP databases.
AMI recording
(outcome, compared
to people with AMI
recorded in MINAP &
HES)
MINAP only
(N=731)

CKD stage
(exposure)

Number of AMI
admissions, n=

Unadjusted1 RRR (95%
CI)

At-risk/Stages 1-2
196
1
Stage 3a
245
1.07 (0.85-1.34)
Stage 3b
197
1.17 (0.92-1.49)
Stages 4-5
93
1.54 (1.14-1.60)
HES only
At-risk/Stages 1-2
3,456
1
(N=4,353)
Stage 3a
557
0.14 (0.12-0.16)
Stage 3b
224
0.08 (0.06-0.09)
Stages 4-5
116
0.11 (0.08-0.14)
1
Complete cases for adjusted model
2
Adjusted for sex, age at AMI admission, ethnicity (white, other), IMD quintile, clustering by participant
3
Additionally adjusted for comorbidities previous AMI, heart failure, COPD, diabetes mellitus

Partially adjusted2 RRR
(95% CI)

Adjusted3 RRR (95% CI)

1
0.98 (0.77-1.25)
1.04 (0.80-1.36)
1.41 (1.01-1.97)
1
0.14 (0.12-0.17)
0.08 (0.07-0.10)
0.12 (0.09-0.15)

1
0.98 (0.77-1.25)
1.03 (0.79-1.35)
1.36 (0.97-1.92)
1
0.14 (0.12-0.16)
0.08 (0.06-0.10)
0.12 (0.09-0.16)

AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, COPD: Chronic Obstructive Pulmonary Disease, HES: Hospital Episode Statistics, IMD: Index
of Multiple Deprivation, MINAP: Myocardial Ischaemia National Audit Project, RRR: relative risk ratio
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Supplementary table 11: Death during and after first AMI hospitalisation in study population at risk of or with CKD, excluding those with a history of
dialysis.
Death during first AMI hospitalisation
Number who died,
Unadjusted
(N=5,919)1
n (%)
OR (95% CI)
MINAP & HES
208 (15)
1
MINAP only
148 (23)
1.65 (1.31-2.09)
HES only
575 (15)
0.97 (0.82-1.15)
Death during complete follow-up in
Number who died
Rate per 100 person-years
Unadjusted
those who survive first AMI
during follow-up,
(95% CI)
HR (95% CI)
1
hospitalisation (N=5,009)
n
MINAP & HES
445
17.5 (16.0-19.2)
1
MINAP only
234
23.4 (20.6-26.6)
1.30 (1.11-1.52)
HES only
841
10.3 (9.58-11.0)
0.61 (0.54-0.68)
1
Complete cases for adjusted model
2
Adjusted for sex, age at AMI admission, ethnicity (white, other), IMD quintile, previous AMI, heart failure, COPD, diabetes mellitus

Adjusted2
OR (95% CI)
1
1.59 (1.25-2.03)
1.61 (1.32-1.96)
Adjusted2
HR (95% CI)
1
1.14 (0.97-1.34)
1.09 (0.96-1.24)

AMI: Acute Myocardial Infarction, CKD: chronic kidney disease, COPD: Chronic Obstructive Pulmonary Disease, HES: Hospital Episode Statistics, HR: hazard
ratio, IMD: Index of Multiple Deprivation, NCKDA: National Chronic Kidney Disease Audit, MINAP: Myocardial Ischaemia National Audit Project, OR: odds
ratio
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Supplementary table 12: Sensitivity analysis describing the ICD-10 diagnoses (first episode, first diagnostic position) of non-AMI HES cases that are within
±30 days of MINAP only AMI cases from the main analyses
Main analysis
MINAP only AMI hospitalisations matched with non-AMI HES
hospitalisations
Short ICD-10 code (1st episode, 1st diagnostic position)
Other acute ischaemic heart
I24
diseases
Chronic ischaemic heart
I25
disease
R07
Pain in throat and chest
Pneumonia, organism
J18
unspecified
I20
Angina pectoris
I50
Heart failure
S72
Fracture of femur
Other disorders of urinary
N39
system
A41
Other sepsis
R06
Abnormalities of breathing
Sensitivity analysis – AMI hospitalisations occurring before study start
MINAP only AMI hospitalisations matched with non-AMI HES
hospitalisations
Short ICD-10 code (1st episode, 1st diagnostic position)
Chronic ischaemic heart
I25
disease
I20
Angina pectoris
R07
Pain in throat and chest
Other acute ischaemic heart
I24
diseases
I50
Heart failure

677/766 (88%)
n (% of matched)
114 (17)
84 (12)
63 (9)
56 (8)
51 (8)
39 (6)
18 (3)
14 (2)
11 (2)
11 (2)

3,908/4,470 (87%)
n (% of matched)
996 (25)
760 (19)
588 (15)
271 (7)
129 (3)
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Pneumonia, organism
J18
86 (2)
unspecified
I48
Atrial fibrillation and flutter
73 (2)
R06
Abnormalities of breathing
49 (1)
I46
Cardiac arrest
42 (1)
S72
Fracture of femur
40 (1)
AMI: Acute Myocardial Infarction, HES: Hospital Episode Statistics, ICD-10: International Classification of Diseases – 10th Edition, MINAP: Myocardial
Ischaemia National Audit Project
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