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ABSTRACT
Background  Reduced estimated glomerular filtration 
rate (eGFR) is associated with lower use of invasive 
management and increased mortality after acute coronary 
syndrome (ACS). The reasons for this are unclear.
Methods  A retrospective clinical cohort study was 
performed using data from the English National Institute 
for Health Research Health Informatics Collaborative 
(2010–2017). Multivariable logistic regression was used 
to investigate whether eGFR<90 mL/min/1.73 m2 was 
associated with conservative ACS management and test 
whether (a) differences in care could be related to frailty 
and (b) associations between eGFR and mortality could be 
related to variation in revascularisation rates.
Results  Among 10 205 people with ACS, an eGFR of 
<60 mL/min/1.73m2 was found in 25%. Strong inverse 
linear associations were found between worsening eGFR 
category and receipt of invasive management, on a 
relative and absolute scale. People with an eGFR <30 mL 
compared with ≥90 mL/min/1.73 m2 were half as likely 
to receive coronary angiography (OR 0.50, 95% CI 0.40 to 
0.64) after non-ST-elevation (NSTE)-ACS and one-third as 
likely after STEMI (OR 0.30, 95% CI 0.19 to 0.46), resulting 
in 15 and 17 per 100 fewer procedures, respectively. 
Following multivariable adjustment, the ORs for receipt of 
angiography following NSTE-ACS were 1.05 (95% CI 0.88 
to 1.27), 0.98 (95% CI 0.77 to 1.26), 0.76 (95% CI 0.57 to 
1.01) and 0.58 (95% CI 0.44 to 0.77) in eGFR categories 
60–89, 45–59, 30–44 and <30, respectively. After STEMI, 
the respective ORs were 1.20 (95% CI 0.84 to 1.71), 0.77 
(95% CI 0.47 to 1.24), 0.33 (95% CI 0.20 to 0.56) and 0.28 
(95% CI 0.16 to 0.48) (p<0.001 for linear trends). ORs 
were unchanged following adjustment for frailty. A positive 
association between the worse eGFR category and 30-day 
mortality was found (test for trend p<0.001), which was 
unaffected by adjustment for frailty.
Conclusions  In people with ACS, lower eGFR was 
associated with reduced receipt of invasive coronary 
management and increased mortality. Adjustment for 
frailty failed to change these observations. Further 

research is required to explain these disparities and 
determine whether treatment variation reflects optimal 
care for people with low eGFR.
Trial registration number  NCT03507309.

INTRODUCTION
Up to 40% of people who suffer an acute 
coronary syndrome (ACS) have a reduced 
estimated glomerular filtration rate (eGFR 
<60 mL/min/1.73 m2).1 These individuals 
differ from those with normal eGFR (≥60). 
They have an increased ratio of non-ST-
elevation ACS (NSTE-ACS) to ST-elevation 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ One in three people with acute coronary syndrome 
has reduced kidney function.

	⇒ Differences in care for acute coronary syndrome 
exist between people with and without impaired 
kidney function.

WHAT THIS STUDY ADDS
	⇒ People with reduced kidney function continue to be 
less likely to receive invasive management for acute 
coronary syndrome, on both a relative and absolute 
scale.

	⇒ Treatment variation appears to be driven by kidney 
function per se, rather than associated comorbidi-
ties or frailty.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Clinicians should be aware that reduced use of in-
vasive management in people with reduced kidney 
function and high-risk acute coronary syndrome 
may not represent best practice and contradicts 
current clinical guidelines.
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myocardial infarction (STEMI), are older, more often 
female and have a greater burden of comorbid condi-
tions.1 The majority of these variables can be identified 
and measured in routine healthcare datasets and thus 
accounted for in observational research.

People with reduced kidney function are more likely 
to receive conservative management after ACS and have 
increased mortality.1–3 Previous observational research 
has described reduced rates of invasive management,2–4 
prescriptions of secondary preventative medications5 and 
referral to cardiac rehabilitation programmes6 in people 
with low eGFR, versus those with normal kidney func-
tion. Following ACS, in-hospital mortality in people with 
severely reduced eGFR (<30 mL/min/1.73 m2) is 4–5 
times that of people with normal kidney function.4 Varia-
tion persists after adjustment for confounders including 
age, sex and comorbidity.

It remains unclear why, after ACS, low eGFR is associated 
with (1) more conservative care and (2) greater mortality. 
Variation in care with eGFR has been demonstrated in 
both NSTE-ACS and STEMI.2 3 Regarding STEMIs, it 
is unlikely that the immediate eGFR influences treat-
ment decision-making, as this is rarely reported before 
time-critical treatment for STEMI is activated, though a 
history of kidney disease may be known. It also remains 
unclear whether reduced use of invasive management in 
people with low eGFR causally contributes to increased 
mortality.2

Frailty is a theoretically plausible mediator of the rela-
tionship between eGFR and invasive management after 
ACS. It is associated with reduced use of invasive manage-
ment after ACS in the general population7 and with 
low eGFR.8 Clinicians’ assessments of frailty are known 
to influence clinical decisions.9–11 The close association 
between eGFR and frailty could explain how kidney func-
tion appears to influence STEMI management decisions 
without kidney test results being known.

In this study, we aimed to investigate (1) the associa-
tion between reported eGFR and the receipt of invasive 
management after ACS and (2) whether frailty, a factor 
rarely accounted for in studies using routine healthcare 
datasets, explains any observed association between 
reduced eGFR and rates of invasive management and 
mortality, following ACS.

METHODS
Study design and participants
We conducted a retrospective cohort study using data 
from five English hospital trusts within the National 
Institute for Health Research Health Informatics 
Collaborative (NIHR HIC) (online supplemental file 
1). Eligible patients were diagnosed with ACS between 
2010 (2008 for University College Hospital) and 2017. 
Follow-up was from the initial troponin result until 
death or censoring on 1 April 2017. Classification of 
ACS was made based on International Statistical Clas-
sification of Diseases and Related Health Problems 

(ICD-10) discharge codes in diagnostic positions 1 or 
2 (online supplemental table 2). NSTE-ACS included 
unstable angina (UA) and NSTE MI. Where ACS was 
recorded in both positions 1 and 2, we classified the ACS 
according to position 1. Only the first hospital admis-
sion with a discharge diagnosis of ACS was eligible. We 
excluded people aged under 18 years, missing kidney 
function within 48 hours of the initial troponin test, 
and those with a coronary intervention that preceded 
the first troponin (online supplemental figure 1).

Variables
Exposure
We calculated eGFR using the Chronic Kidney Disease 
(CKD) Epidemiology Collaboration equation without 
ethnicity. Where creatinine was not available, we used 
the eGFR reported in the NIHR HIC dataset. We catego-
rised eGFR into (1) ≥90 mL/min/1.73 m2, (2) 60–89, (3) 
45–59, (4) 30–44 and (5) <30, following the KDIGO CKD 
classification.12 Identification of people receiving kidney 
replacement therapy was made according to ICD-10 
discharge diagnoses (online supplemental table 2), with 
the code in the lowest diagnostic position taking prefer-
ence. Transplant recipients were classified according to 
eGFR and dialysis users as eGFR<30 mL/min/1.73 m2.

Covariables
Covariables included sex, age (5-year age groups), 
ethnicity (white vs other), smoking status (previous, 
current, never), coded obesity or a related disorder, prior 
diagnosis of or treatment for cardiovascular or cerebro-
vascular disease (CVD), diabetes mellitus and chronic 
obstructive pulmonary disease (COPD). Comorbidities 
were defined from ICD-10 discharge diagnoses (online 
supplemental table 2). We determined frailty category 
using the multimorbidity Frailty Index (mFI) for people 
65 years or older (online supplemental table 3).13 We also 
used (1) the Hospital Frailty Risk Score (HFRS)14 and (2) 
the comorbidity count.

Outcomes
Our primary outcome was the receipt of inpatient coro-
nary angiography with or without subsequent revascular-
isation. Secondary outcomes were15 inpatient revascular-
isation (percutaneous coronary intervention (PCI) or 
coronary artery bypass graft) in those who had received 
angiography, 30-day mortality and death during follow-up. 
We defined invasive management (angiography with or 
without revascularisation) as occurring during the index 
ACS admission. Vital status was ascertained using the 
National Patient Demographic Service.

Statistical analysis
Main analyses
Continuous data were skewed so presented as medians 
with IQRs. Categorical data were summarised as frequency 
and percentages. We used logistic regression to estimate 
the odds ratios (OR, 95% CI) of invasive management 
and 30-day death following ACS, by eGFR category and 
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Table 1  Table of characteristics by eGFR category

Missing eGFR* ≥90 eGFR 60–89 eGFR 45–59 eGFR 30–45 eGFR<30

n (row %) N=3397 N=4237 N=1149 N=753 N=669

ACS type 0

 � STEMI 1568 (46.2%) 1516 (35.8%) 302 (26.3%) 197 (26.2%) 171 (25.6%)

 � NSTEMI 1326 (39.0%) 2034 (48.0%) 678 (59.0%) 437 (58.0%) 422 (63.1%)

 � UA 503 (14.8%) 687 (16.2%) 169 (14.7%) 119 (15.8%) 76 (11.4%)

Creatinine (µmol/L) 295† (2.9) 70 (62–77) 84 (73–94) 111 (96–122) 140 (124–159) 245 (194–366)

Age (years) 0 58 (51–64) 73 (65–81) 80 (72–86) 82 (75–88) 80 (71–87)

Female sex 0 640 (18.8%) 1391 (32.8%) 465 (40.5%) 321 (42.6%) 259 (38.7%)

Ethnicity 1853 (18.2)

 � White 1885 (55.5%) 2716 (64.1%) 788 (68.6%) 485 (64.4%) 392 (58.6%)

 � Black 113 (3.3%) 143 (3.4%) 49 (4.3%) 27 (3.6%) 40 (6.0%)

 � Asian 419 (12.3%) 393 (9.3%) 85 (7.4%) 63 (8.4%) 98 (14.6%)

 � Mixed 277 (8.2%) 249 (5.9%) 43 (3.7%) 48 (6.4%) 39 (5.8%)

Smoking history 0

 � Never smoked 1500 (44.2%) 2437 (57.5%) 774 (67.4%) 560 (74.4%) 515 (77.0%)

 � Ex smoker 573 (16.9%) 998 (23.6%) 250 (21.8%) 132 (17.5%) 98 (14.6%)

 � Current smoker 1324 (39.0%) 802 (18.9%) 125 (10.9%) 61 (8.1%) 56 (8.4%)

Diabetes mellitus 0 646 (19.0%) 901 (21.3%) 319 (27.8%) 256 (34.0%) 308 (46.0%)

CVD 0 2712 (79.8%) 3484 (82.2%) 960 (83.6%) 644 (85.5%) 587 (87.7%)

Hypercholesterolaemia 0 1212 (35.7%) 1545 (36.5%) 369 (32.1%) 221 (29.3%) 188 (28.1%)

Family history of IHD 0 928 (27.3%) 723 (17.1%) 109 (9.5%) 43 (5.7%) 35 (5.2%)

Arrhythmia 0 183 (5.4%) 495 (11.7%) 228 (19.8%) 176 (23.4%) 118 (17.6%)

Aortic stenosis 0 26 (0.8%) 96 (2.3%) 50 (4.4%) 40 (5.3%) 31 (4.6%)

CHF 0 249 (7.3%) 524 (12.4%) 253 (22.0%) 207 (27.5%) 223 (33.3%)

VTE 0 10 (0.3%) 15 (0.4%) 12 (1.0%) 8 (1.1%) 7 (1.0%)

COPD 0 110 (3.2%) 247 (5.8%) 93 (8.1%) 69 (9.2%) 61 (9.1%)

CVE 0 14 (0.4%) 33 (0.8%) 24 (2.1%) 10 (1.3%) 15 (2.2%)

Mental health disorder 0 1318 (38.8%) 758 (17.9%) 150 (13.1%) 75 (10.0%) 56 (8.4%)

Liver disease 0 20 (0.6%) 19 (0.4%) 6 (0.5%) 13 (1.7%) 12 (1.8%)

Malignancy 0 98 (2.9%) 244 (5.8%) 84 (7.3%) 64 (8.5%) 66 (9.9%)

Obesity 0 436 (12.8%) 427 (10.1%) 93 (8.1%) 58 (7.7%) 47 (7.0%)

Anaemia on admission 0 14 (0.4%) 20 (0.5%) 17 (1.5%) 14 (1.9%) 38 (5.7%)

Frailty 0

 � Fit 2383 (88.5%) 2383 (88.5%) 432 (44.8%) 248 (39.8%) 203 (35.7%)

 � Mild frailty 272 (10.1%) 272 (10.1%) 403 (41.8%) 264 (42.4%) 241 (42.4%)

 � Moderate frailty 38 (1.4%) 38 (1.4%) 110 (11.4%) 91 (14.6%) 109 (19.2%)

 � Severe frailty <5 (<1%) <5 (<1%) 20 (2.1%) 20 (3.2%) 16 (2.8%)

Early mortality 0 12 (0.4%) 57 (1.3%) 41 (3.6%) 50 (6.6%) 65 (9.7%)

All continuous variables are presented as median (IQR). Categorical variables are presented as number (N) (%).
Missingness is 0 for most covariates as these are derived from ICD-10 codes: where the code was absent, the individual was assumed to be 
negative for the condition.
*eGFR presented in mL/min/1.73 m2.
†All 295 individuals for whom a creatinine value was missing from the available dataset, had an eGFR result reported within the same time 
frame (within 48 hours of the initial troponin test result).
ACS, acute coronary syndrome; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; 
CVE, cerebrovascular event; eGFR, estimated glomerular filtration rate; ICD-10, International Statistical Classification of Diseases, Tenth 
Revision; IHD, ischaemic heart disease; NSTEMI, non-STEMI; STEMI, ST-elevation myocardial infarction; VTE, venous thrombo-embolism.

O
pen H

eart: first published as 10.1136/openhrt-2024-002875 on 9 O
ctober 2024. D

ow
nloaded from

 https://openheart.bm
j.com

 on 2 D
ecem

ber 2024 by guest. P
rotected by

 copyright.



Open Heart

4 Scott JK, et al. Open Heart 2024;11:e002875. doi:10.1136/openhrt-2024-002875

stratified by ACS type. The absolute risk difference (ARD) 
is presented per 100 people and was calculated from the 
logistic regression model adjusted for age and sex. We 
used Cox regression to estimate the hazards of all-cause 
long-term (>30 days) death by eGFR category and strati-
fied by ACS type.

To avoid the risk of immortal time bias, we excluded 
people with early mortality, defined as death within 
the guideline-suggested optimal time frame for coro-
nary angiography (72 and 24 hours for NSTE-ACS and 
STEMI respectively) from analyses of rates of invasive 
management.16 We investigated potential ‘a priori’ 
effect modification within each model (online supple-
mental table 4).

To assess the impact of frailty on the relationship 
between eGFR category and revascularisation and 
mortality, we adjusted each of the above models for the 
mFI as a potential mediator.

Sensitivity analyses
We prespecified several sensitivity analyses to address 
potential sources of bias in our methods:
1.	 Different methods of adjusting for early death.
2.	 Adjustment for confounding using a propensity score 

(PS) (online supplemental table 5).
3.	 Multiple imputation of missing ethnicity data (online 

supplemental table 6).
4.	 Estimation of frailty using the HFRS17 or comorbidity 

count.18

5.	 Adjustment for clustering at the hospital level.
Inclusion of:
1.	 Items included in the composite CVD covariable as dis-

tinct covariables.
2.	 People with a first troponin result within 24 hours af-

ter a coronary intervention.
3.	 People with a code for revascularisation but no code 

for angiography.

Table 2  Age-adjusted and sex-adjusted odds of invasive management and absolute risk difference by eGFR category and 
ACS type

Outcome ACS type eGFR category
N (% of 
total)*

OR Absolute risk difference

OR 95% CI P value ARD 95% CI P value

Angiography 
with or without 
revascularisation

NSTE-ACS ≥90 mL/min/1.73 m2 1274 (70.1) 1.00 0.00

60–89 1662 (62.1) 1.07 0.92, 1.25 0.37 1.50 −1.78, 4.78 0.37

45–59 421 (51.6) 0.94 0.76, 1.16 0.55 −1.37 −5.85, 3.12 0.55

30–44 226 (43.6) 0.76 0.60, 0.96 0.02 −6.12 −11.47, 0.78 0.03

<30 184 (40.8) 0.50 0.40, 0.64 <0.01 −15.37 −20.81, 9.93 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 1426 (91.0) 1.00 0.00

60–89 1333 (88.6) 0.92 0.69, 1.21 0.54 −0.81 −3.40, 1.78 0.54

45–59 239 (81.9) 0.62 0.42, 0.93 0.02 −5.12 −9.78, 0.46 0.03

30–44 131 (71.2) 0.38 0.25, 0.57 <0.01 −12.68 −19.21, 6.14 <0.01

<30 102 (66.7) 0.30 0.19, 0.46 <0.01 −16.97 −24.49, 9.44 <0.01

Linear trend <0.01 <0.01

Revascularisation 
in those with 
angiography

NSTE-ACS ≥90 mL/min/1.73 m2 1148 (90.1) 1.00 0.00

60–89 1473 (88.6) 0.83 0.62, 1.09 <0.01 −1.81 −4.41, 0.78 0.17

45–59 353 (83.9) 0.56 0.39, 0.81 <0.01 −6.34 −10.70, 1.98 <0.01

30–44 177 (78.3) 0.39 0.26, 0.60 <0.01 −11.77 −17.95, 5.59 <0.01

<30 149 (81.0) 0.45 0.29, 0.70 <0.01 −9.45 −15.62, 3.28 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 1335 (93.6) 1.00 0.00

60–89 1227 (92.1) 0.74 0.53, 1.04 <0.01 −2.00 −4.24, 0.25 0.08

45–59 226 (94.6) 1.12 0.59, 2.13 0.73 0.62 −2.83, 4.07 0.73

30–44 118 (90.1) 0.59 0.30, 1.16 0.13 −3.86 −9.64, 1.91 0.19

<30 99 (97.10 2.13 0.64, 7.10 0.22 3.18 −0.56, 6.91 0.10

Linear trend 0.32 0.32

*Number of people receiving the investigation or intervention (proportion of those potentially eligible).
ACS, acute coronary syndrome; ARD, adjusted risk difference; eGFR, estimated glomerular filtration rate; NSTE, non-ST-elevation; STEMI, 
ST-elevation myocardial infarction.
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Exclusion of:
1.	 People with a code for UA.
2.	 People with a code for revascularisation but not for 

angiography.
Lastly, given the large difference in age found between 

eGFR categories, we performed a post hoc stratified anal-
ysis to assess the impact of age on the association between 
eGFR category and rates of revascularisation.

Details of the methodology for these analyses are 
detailed in online supplemental table 7.

Missing covariable data
We used the date of PCI to impute missing angiography 
dates, as all patients missing angiography had received 
PCI (2250 individuals). People were assumed to have 
received angiography if they had a code for revascularisa-
tion but none for angiography (300–4.7% of those revas-
cularised). Individuals with missing ethnicity data were 

excluded from multivariable models in the main anal-
yses (but are included in one of the sensitivity analyses). 
Statistical analyses were undertaken using Stata (V.16.0).

Patient and public involvement
Members of the UK Renal Registry Patient Council high-
lighted cardiovascular disease care as a research priority 
for people with kidney disease (2018). A six-person 
patient involvement group brought together to oversee 
this, and related work will advise on methods of dissemi-
nating results to the patient community.

RESULTS
Study population and baseline characteristics
Derivation of the study population is shown in online 
supplemental figure 1. Among the final sample of 10 205 
people (6451 NSTE-ACS and 3754 STEMI), 25% had an 

Table 3  Multivariable-adjusted odds of invasive management with and without adjustment for frailty

Outcome ACS type eGFR category
N (% of 
total)*

Fully adjusted†
Fully adjusted† with frailty 
score

OR 95% CI P value OR 95% CI P value

Angiography 
with or without 
revascularisation

NSTE-ACS ≥90 mL/min/1.73 m2 1022 (69.5) 1.00 1.00

60–89 1372 (60.8) 1.05 0.88 to 1.27 0.58 1.06 0.88 to 1.27 0.56

45–59 352 (50.9) 0.98 0.77 to 1.26 0.87 0.98 0.76 to 1.25 0.85

30–44 184 (42.0) 0.76 0.57 to 1.01 0.06 0.76 0.57 to 1.01 0.06

<30 164 (41.4) 0.58 0.44 to 0.77 <0.01 0.58 0.43 to 0.77 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 1111 (91.6) 1.00 1.00

60–89 1083 (90.4) 1.20 0.84 to 1.71 0.31 1.20 0.84 to 1.71 0.31

45–59 199 (81.6) 0.77 0.47 to 1.24 0.28 0.77 0.47 to 1.24 0.28

30–44 100 (69.0) 0.33 0.20 to 0.56 <0.01 0.33 0.20 to 0.56 <0.01

<30 79 (63.7) 0.28 0.16 to 0.48 <0.01 0.28 0.16 to 0.49 <0.01

Linear trend <0.01 <0.01

Revascularisation 
in those with 
angiography

NSTE-ACS ≥90 mL/min/1.73 m2 925 (90.5) 1.00 1.00

60–89 1220 (88.9) 0.83 0.61 to 1.15 0.27 0.83 0.60 to 1.14 0.25

45–59 294 (83.5) 0.56 0.37 to 0.86 0.01 0.58 0.38 to 0.89 0.01

30–44 145 (78.8) 0.46 0.28 to 0.74 <0.01 0.49 0.30 to 0.79 <0.01

<30 132 (80.5) 0.56 0.34 to 0.92 0.02 0.62 0.38 to 1.03 0.06

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 1041 (93.7) 1.00 1.00

60–89 1004 (92.7) 0.93 0.63 to 1.38 0.72 0.94 0.63 to 1.40 0.77

45–59 187 (94.0) 1.18 0.59 to 2.36 0.64 1.33 0.66 to 2.70 0.42

30–44 91 (91.0) 0.8 0.35 to 1.81 0.59 0.89 0.39 to 2.04 0.79

<30 78 (98.7) 6.79 0.89 to 51.53 0.06 8.08 1.05 to 62.44 0.05

Linear trend 0.08 0.05

*Number of people receiving the investigation or intervention (proportion of those potentially eligible).
†Adjusted for age group, sex, ethnicity, obesity, prior CVD, COPD, diabetes mellitus and smoking group, with or without addition of frailty 
score.
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NSTE-ACS, non-ST-elevation acute coronary syndrome; 
STEMI, ST-elevation myocardial infarction.
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eGFR <60 ​mL.​min/​1.​73m2. 225 people (171 NSTE-ACS, 
54 STEMI) were excluded from analyses of invasive 
management due to early mortality. Early mortality was 
progressively more common in those in lower eGFR 
categories (table 1). Ethnic category was missing in 1853 
(18.2%) people.

Demographic characteristics and comorbid condi-
tions are shown in table 1, stratified by eGFR category. 
People with lower eGFRs were more likely to be older, 
female and have prior CVD, congestive heart failure, 
diabetes mellitus and frailty, than those with a higher 
eGFR. They were less likely to be smokers and have 
hypercholesterolaemia or a family history of ischaemic 
heart disease.

Invasive management outcomes
We found a strong inverse linear association between 
the worsening eGFR category and the receipt of angiog-
raphy with or without revascularisation, after adjustment 
for either age and sex or multiple confounding varia-
bles (p<0.01 for all) (tables 2–3). Among those who had 
received angiography, there remained an inverse associ-
ation between the worse eGFR category and receipt of 
revascularisation after NSTE-ACS, but not after STEMI.

Non-ST-elevation acute coronary syndrome
Following NSTE-ACS, people with an eGFR <30 mL/
min/1.73 m2 were half as likely to undergo angiography 

Figure 1  Absolute risk difference in receipt of coronary angiography after NSTE-ACS and STEMI, between people with and 
without reduced eGFR. eGFR, estimated glomerular filtration rate; NSTE-ACS, non-ST-elevation acute coronary syndrome; 
STEMI, ST-elevation myocardial infarction.
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as those with an eGFR ≥90 (OR 0.50 (95% CI 0.40, 0.64)) 
after adjustment for age and sex (table 2, figure 1).

After multivariable adjustment, individual effect esti-
mates were slightly reduced (table  3). People with an 
eGFR<30 mL/min/1.73 m2 were less than two-thirds as 
likely to receive angiography as those with an eGFR ≥90. 
Among those who did receive angiography, people with 
an eGFR <60 or below were less likely to go to receive revas-
cularisation, than those with an eGFR ≥90. Adjustment 
for frailty had little impact on effect estimates, refuting 
our hypothesis that reduced use of invasive management 
in people with kidney disease was due to the association 
between low eGFR and frailty.

ST-elevation myocardial infarction
After adjustment for age and sex, people with an eGFR 
<30 were less than a third as likely to receive angiography 
than those with an eGFR ≥90 (table  2). Among those 

who received angiography, however, people with reduced 
eGFR were equally as likely to be revascularised as those 
with eGFR ≥90 (p=0.32). No meaningful difference in the 
effect estimates was seen after multivariable adjustment, 
with or without adjustment for frailty (table 3).

Mortality outcomes
NSTE-ACS and STEMI
We found strong evidence of linear associations between 
eGFR category and mortality both up to, and beyond 30 
days from ACS after adjustment for either age and sex or 
multiple confounding covariables (test for trend p<0.01 
for all) (tables 4 and 5). Compared with those with an 
eGFR ≥90 mL/min/1.73 m2, meaningful increases in 
30-day mortality were seen in people with an eGFR below 
90 mL/min/1.73 m2, and in long-term mortality in those 
with an eGFR <60 (tables 4 and 5, figure 2), After multi-
variable adjustment, people with an eGFR <30 were 8-fold 

Table 4  Age-adjusted and sex-adjusted odds and absolute risk difference of short and long-term mortality by eGFR category 
and ACS type

Outcome ACS type eGFR category
N (% of 
total)*

Age and sex adjusted Absolute risk difference

OR/HR 95% CI P value ARD 95% CI P value

30-day death† NSTE-ACS ≥90 mL/min/1.73 m2 34 (1.9) 1.00 0.00

60–89 125 (4.6) 1.63 1.06 to 2.51 0.03 1.62 0.34 to 2.90 0.01

45–59 88 (10.4) 3.48 2.19 to 5.54 <0.01 6.02 3.85 to 8.19 <0.01

30–44 87 (15.7) 5.44 3.38 to 8.74 <0.01 10.22 7.21 to 13.23 <0.01

<30 97 (19.5) 7.62 4.81 to 12.1 <0.01 14.42 10.94 to 17.89 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 29 (1.9) 1.00 0.00

60–89 68 (4.5) 1.62 0.99 to 2.63 0.05 1.46 0.06 to 2.86 0.04

45–59 44 (14.6) 5.36 3.10 to 9.27 <0.01 9.35 5.64 to 13.05 <0.01

30–44 60 (30.5) 13.45 7.79 to 23.2 <0.01 22.27 15.95 to 28.59 <0.01

<30 50 (29.2) 12.77 7.28 to 22.40 <0.01 21.3 14.75 to 27.94 <0.01

Linear trend <0.01 <0.01

Death after 
30 days‡

NSTE-ACS ≥90 mL/min/1.73 m2 115 (6.4) 1.00 0.00

60–89 400 (15.4) 1.06 0.83 to 1.35 0.64 0.19 −0.62 to 1.01 0.64

45–59 219 (28.9) 1.64 1.25 to 2.14 <0.01 2.08 0.36 to 3.80 0.02

30–44 206 (43.9) 2.35 1.78 to 3.10 <0.01 4.41 1.30 to 7.51 <0.01

<30 215 (53.6) 4.49 3.44 to 5.86 <0.01 11.37 3.95 to 18.78 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73 m2 60 (3.9) 1.00 0.00

60–89 144 (9.9) 1.20 0.84 to 1.72 0.32 0.55 −0.63 to 1.73 0.36

45–59 57 (22.1) 2.09 1.35 to 3.23 <0.01 3.00 −0.28 to 6.28 0.07

30–44 40 (29.2) 2.54 1.57 to 4.10 <0.01 4.24 −0.30 to 8.77 0.07

<30 49 (40.5) 4.73 3.02 to 7.40 <0.01 10.26 0.47 to 20.05 0.04

Linear trend <0.01 <0.01

*Number of people receiving the investigation or intervention (proportion of those potentially eligible).
†Expressed as OR.
‡Expressed as HR.
ACS, acute coronary syndrome; ARD, absolute risk difference; eGFR, estimated glomerular filtration rate; NSTE, non-ST-elevation; STEMI, 
non-ST-elevation myocardial infarction.
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and 14-fold as likely to die within 30 days of NSTE-ACS 
or STEMI, respectively, than those with an eGFR ≥90 
(table 5).

We tested the hypothesis that increased mortality in 
those with reduced eGFR may be attributable to higher 
levels of frailty. However, we found little difference in 
effect estimates for either NTE-ACS or STEMI following 
additional adjustment for the mFI.

Sensitivity analyses
People excluded due to lack of kidney function testing 
(67 people (0.7%)) were, on average, younger and had 
fewer comorbidities, than the study population (online 
supplemental table 8). Effect estimates for STEMI were 
slightly attenuated towards the null following adjust-
ment for PS (online supplemental table 10). Exclusion 

of people with UA from the NSTEMI cohort (n=1625) 
resulted in a reduction in ORs for angiography in people 
with eGFR<60 mL/min/1.73 m2 (eg, eGFR <30 (OR 0.58 
(95% CI 0.44 to 0.77) to 0.40 (95% CI 0.29 to 0.56)) 
(online supplemental table 17). Other prespecified sensi-
tivity analyses had minimal impact on effect estimates and 
are presented in online supplemental tables 9 and 11–16.

We reanalysed receipt of revascularisation stratified 
by age group (<65, 65–75 or >75 years). For NSTEMI, 
the inverse associations were seen consistently across all 
age groups but for STEMI, the data suggested a poten-
tial qualitative interaction (p value for effect modifica-
tion <0.001) between the age group and eGFR category 
(online supplemental table 18). However, the base-
line group had very few observations, which may have 

Table 5  Multivariable-adjusted odds of short and long-term mortality by eGFR category and ACS type, with and without 
adjustment for either frailty score or revascularisation status

Outcome ACS type eGFR category
N (% of 
total)*

Fully adjusted†
Fully adjusted† with frailty 
score

OR/HR 95% CI P value OR/HR 95% CI P value

30-day death‡ NSTE-ACS ≥90 mL/min/1.73 m2 27 (1.8) 1.00 1.00

60–89 98 (4.3) 1.63 1.01 to 2.64 0.05 1.64 1.01 to 2.66 0.04

45–59 68 (9.5) 3.45 2.04 to 5.82 <0.01 3.43 2.03 to 5.80 <0.01

30–44 75 (15.9) 6.04 3.56 to 10.27 <0.01 6.00 3.53 to 10.21 <0.01

<30 83 (19.2) 8.08 4.79 to 13.63 <0.01 7.91 4.68 to 13.37 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73m2 16 (1.3) 1.00 1.00

60–89 53 (4.4) 2.35 1.26 to 4.38 0.01 2.40 1.29 to 4.47 0.01

45–59 34 (13.6) 7.09 3.57 to 14.08 <0.01 6.72 3.37 to 13.42 <0.01

30–44 39 (25.7) 16.13 7.96 to 32.69 <0.01 15.23 7.47 to 31.04 <0.01

<30 35 (25.7) 14.88 7.22 to 30.67 <0.01 13.94 6.71 to 28.99 <0.01

Linear trend <0.01 <0.01

Death after 30 
days§

NSTE-ACS ≥90 mL/min/1.73m2 92 (6.3) 1.00 1.00

60–89 364 (16.6) 1.18 0.90 to 1.54 0.22 1.19 0.91 to 1.55 0.20

45–59 200 (30.9) 1.77 1.32 to 2.37 <0.01 1.72 1.28 to 2.31 <0.01

30–44 190 (48.0) 2.59 1.92 to 3.51 <0.01 2.51 1.85 to 3.40 <0.01

<30 192 (55.1) 4.62 3.44 to 6.22 <0.01 4.41 3.27 to 5.94 <0.01

Linear trend <0.01 <0.01

STEMI ≥90 mL/min/1.73m2 56 (4.7) 1.00 1.00

60–89 118 (10.2) 1.04 0.71 to 1.53 0.83 1.04 0.71 to 1.53 0.83

45–59 48 (22.2) 1.79 1.13 to 2.86 0.01 1.74 1.09 to 2.77 0.02

30–44 36 (31.9) 2.09 1.25 to 3.49 0.01 1.98 1.18 to 3.33 0.01

<30 45 (44.6) 4.13 2.55 to 6.70 <0.01 4.03 2.48 to 6.56 <0.01

Linear trend <0.01 <0.01

*Number of people receiving the investigation or intervention (proportion of those potentially eligible).
†Adjusted for age group, gender, ethnicity, obesity, prior CVD, COPD, diabetes mellitus and smoking group.
‡Expressed as OR.
§Expressed as HR.
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; NSTE-ACS, non-ST-
elevation acute coronary syndrome; STEMI, ST-elevation myocardial infarction.
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artefactually affected the effect estimates. The analysis 
was, therefore, repeated after combining ‘eGFR 60–90’ 
with the ‘eGFR ≥90 mL’ group and the expected inverse 
association between worsening kidney function and 
reduced receipt of revascularisation was again evident 
(online supplemental table 19).

DISCUSSION
We observed strong inverse linear associations between 
worsening eGFR category and the receipt of invasive 
management following both NSTE-ACS and STEMI, 
on a relative and absolute scale. For example, following 
NSTE-ACS, people with an eGFR <30 mL compared with 
≥90 mL/min/1.73 m2 were half as likely to receive angi-
ography (OR 0.50, 95% CI 0.40, 0.64), resulting in 15 per 
100 fewer procedures. Clinically significant reductions in 
rates of invasive management were not limited to those 
with the worst kidney function but there was in general a 
dose-response pattern across the range of function from 
eGFR <60 mL/min/1.73 m2. The disparities we identified 
did not appear to be driven by the increased prevalence 
of frailty among those with reduced kidney function.

Reduced kidney function has been associated with less 
use of invasive management in previous research.1 4 Our 
work adds to and extends these observations by testing 
for the possible mediating role of frailty status. This is, 
to our knowledge, a variable that has not been consid-
ered previously and could theoretically mediate the 

association between eGFR and invasive management. 
The inability of frailty to explain the observed associa-
tions suggests that kidney function per se, rather than 
associated demographics or health state, affects receipt 
of invasive management after ACS. Potential explana-
tions include the fear of causing contrast nephropathy,19 
vascular access difficulties and uncertainty regarding the 
mortality benefits of invasive management in people with 
low eGFR, whose risks may be compounded by coexis-
tent anaemia or reduced left ventricular function.20 21 
5 Attempts to lower the risk of contrast nephropathy by 
administering intravenous fluids or awaiting resolution of 
AKI may explain the reduced timeliness of angiography 
in people with low eGFR after NSTE-ACS. These findings 
are harder to explain in STEMI, where the urgency of 
intervention would be expected to supersede concerns 
about eGFR.

When we restricted our analysis to individuals who 
had received angiography, reduced eGFR continued 
to be associated with lower odds of revascularisation 
following NSTE-ACS, but not STEMI. For people with 
STEMI, the key decision regarding invasive manage-
ment appears to be angiography, as this is almost always 
followed by immediate PCI. For those with NSTE-ACS, 
further decision-making occurs regarding revasculari-
sation. Compared with those with normal kidney func-
tion, people with NSTE-ACS and reduced eGFR may be 
more likely to develop troponin elevation either without 

Figure 2  Kaplan-Meier curves demonstrating survival from the time of discharge after NSTE-ACS (left) and STEMI (right), by 
eGFR category. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; NSTE-ACS, non-ST-elevation acute 
coronary syndrome; STEMI, ST-elevation myocardial infarction.
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angiographically detected disease or with extensive 
disease not amenable to revascularisation.

We also observed strong linear associations between 
eGFR category and mortality after ACS; an increased risk 
of death before and after 30 days from ACS was seen in 
people with an eGFR <90 mL/min/1.73 m2. Again, vari-
ation in rates of frailty appeared to explain little of these 
associations. Inverse associations between kidney func-
tion and mortality have been described previously.1 2 4 
People with low eGFR (especially with proteinuria) have 
higher baseline rates of all-cause and cardiovascular 
mortality, than those with normal eGFR.22 Those with 
ACS experience accelerated progression to end-stage 
kidney failure,23 and a greater risk of heart failure and 
recurrent ACS.24 25

Strengths and limitations
Our study had many strengths, including a sample size of 
over 10 000 people, and the identification of kidney impair-
ment via biochemistry, which is preferable to the use of diag-
nostic codes.14 We used cost-effective real-world, routinely 
collected data and performed numerous sensitivity anal-
yses. However, we recognise limitations associated with our 
data. First, the use of routine healthcare records prevented 
us from (1) assessing for potential confounding and medi-
ation by socioeconomic position, left ventricular ejection 
fraction, severity of comorbidities, pharmacotherapy and/
or individual healthcare preferences26 ; (2) being able to 
differentiate between acute and chronic kidney disease 
(CKD); (3) identifying type two MI27 and (4) Using a 
performance-based frailty measure (eg, grip strength). 
Although the mFI has not been validated in UK data, we 
chose this score as it is applicable in younger people than 
others calculable from NIHR HIC codes: Frailty is common 
in people with CKD as young as 65 years.8 Neither objec-
tive measures nor calculated frailty scores may reflect physi-
cians’ subjective frailty assessments.

Second, due to low numbers, we decided to (1) include 
people receiving dialysis with those with eGFR <30 mL/
min/1.73 m2, and kidney transplant recipients with their 
respective eGFR categories3; (2) categorise people in 
ethnic groups other than white as a single group while 
acknowledging this is a heterogeneous population and 
(3) we were not powered to fully exclude interactions 
between frailty and eGFR category.

Third, our methodology may have introduced limita-
tions, such as (1) potential exaggeration of the associa-
tion between eGFR and angiography following STEMI, as 
repeating the analysis using a PS attenuated this associa-
tion. The qualitative message was, however, unchanged. 
(2) We excluded people with missing ethnicity data from 
multivariable models, however, no meaningful change 
was demonstrated when ethnicity was estimated using 
multiple imputation. (3) We assumed the pattern of miss-
ingness was missing at random and multiple imputation 
may have been biased if this was incorrect.

Further research is needed to explain what drives treat-
ment disparities between people with and without reduced 

eGFR, to determine if there is inequity in care. Analysis of 
a more granular quantitative dataset would show whether 
receipt of other aspects of ACS care (further investigations, 
pharmacotherapy, outpatient follow-up) is also associated 
with kidney function, as well as the relationship between 
angiography findings and revascularisation in people with 
and without reduced eGFR. Qualitative research with 
patients and clinicians would contribute to our under-
standing of why differences exist, via the investigation of (a) 
treatment decision-making, (b) how risks and benefits of 
invasive management are deliberated and (c) the involve-
ment and wishes of patients regarding treatment decisions.

CONCLUSIONS
In our analysis of multicentre routine healthcare data 
from England, we observed clinically meaningful reduc-
tions in the receipt of invasive management following 
ACS for people with low eGFR despite adjustment for 
differences in frailty in addition to comorbidity, demo-
graphics and early death. Differences in rates of frailty 
failed to explain the increased mortality following ACS 
experienced by people with reduced eGFR. Kidney func-
tion per se, therefore, appears to drive both differential 
receipt of invasive management for ACS and mortality. 
Understanding the reasons for treatment variation may 
help to conclude whether these differences represent 
equitable and optimal ACS care for the high-risk kidney 
disease population.

Preregistered clinical trial number
The preregistered clinical trial number is NCT03507309.
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