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Table S1: Codelists for defining our chronic kidney disease, heart failure and type 2 diabetes cohorts 

 

 Read code 

(Primary care) 

ICD-10 

(Hospital 

admissions) 

Clinical 

biomarkers 

(primary 

care) 

Chronic 

kidney disease 

1Z12.00, 1Z13.00, 1Z14.00, 1Z15.00, 1Z16.00, 

1Z1B.00, 1Z1C.00, 1Z1D.00, 1Z1E.00, 1Z1F.00, 

1Z1G.00, 1Z1H.00, 1Z1J.00, 1Z1K.00, 1Z1L.00, 

7B06300, 8L50.00, K01..00, K010.00, K011.00, 

K012.00, K013.00, K013.11, K013.12, K014.00, 

K015.00, K016.00, K017.00, K018.00, K019.00, 

K01A.00, K01B.00, K01w.00, K01w000, K01x000, 

K01x100, K01x111, K01x200, K01x300, K01x400, 

K01x411, K01y.00, K01z.00, K02..00, K02..11, 

K02..12, K020.00, K021.00, K022.00, K023.00, 

K02y.00, K02y000, K02y200, K02y300, K02yz00, 

K02z.00, K05..00, K05..11, K05..12, K050.00, 

K0D..00, K100.00, K100000, K100100, K100200, 

K100300, K100400, K100500, K100600, K100z00, 

SP08300, TB00100, TB00111, ZV42000 

N18.3, N18.4, 

N18.5, T82.4, 

T86.1, Y60.2, 

Y61.2, Y62.2, 

Y84.1, Z49.0, 

Z49.1, Z49.2, 

Z94.0, Z99.2, 

N18.6, I77.0, 

N16.5 

eGFR 

Heart failure 14A6.00, 14AM.00, 1O1..00, 388D.00, 661M500, 

662T.00, 662W.00, 662f.00, 662g.00, 662h.00, 662i.00, 

662p.00, 679W100, 679X.00, 8B29.00, 8CL3.00, 

8CMK.00, 8CMW800, 8CeC.00, 8H2S.00, 8HBE.00, 

8HHz.00, 8Hk0.00, 9N2p.00, 9N6T.00, 9On..00, 

9On0.00, 9On1.00, 9On2.00, 9On3.00, 9On4.00, 

9Or..00, 9Or0.00, 9Or1.00, 9Or2.00, 9Or3.00, 9Or4.00, 

9Or5.00, 9h1..00, 9h11.00, 9h12.00, 9hH..00, 9hH0.00, 

9hH1.00, G1yz100, G210100, G211100, G21z100, 

G232.00, G234.00, G400.00, G41z.11, G554000, 

G554011, G58..00, G58..11, G580.00, G580.11, 

G580.12, G580.13, G580.14, G580000, G580100, 

G580200, G580300, G580400, G581.00, G581.11, 

G581.13, G581000, G582.00, G584.00, G58z.00, 

G58z.12, G5yy900, G5yyA00, ZRad.00 

I11.0, I13.0, 

I13.2, I50 

 

Type 2 

diabetes 

C108A11, C109.13, C109011, C109012, C109111, 

C109112, C109211, C109212, C109411, C109412, 

C109511, C109512, C109611, C109612, C109711, 

C109712, C109A11, C109B11, C109C11, C109C12, 

C109D11, C109D12, C109E11, C109E12, C109F11, 

C109F12, C109G11, C109G12, C109H11, C109H12, 

C109J00, C109J12, C10EA11, C10F.11, C10F000, 

C10F011, C10F100, C10F200, C10F211, C10F300, 

C10F311, C10F400, C10F411, C10F500, C10F600, 

C10F611, C10F700, C10F711, C10F900, C10F911, 

C10FA00, C10FA11, C10FB00, C10FB11, C10FC00, 

C10FD00, C10FD11, C10FE00, C10FE11, C10FF00, 

C10FG00, C10FH00, C10FJ00, C10FJ11, C10FL00, 

C10FL11, C10FM00, C10FM11, C10FN00, C10FP00, 

C10FQ00, C10FR00 

E10  
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Table S2: Baseline characteristics of the cohort stratified by the order of CKD, HF or T2D disease 

diagnoses 
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Figure S3: Kaplan-Meier analysis of the risks of development of third condition, all-cause mortality and 

cardiovascular mortality in disease pairs, stratified by order of first two conditions  

CKD and HF    CKD and T2D     HF and T2D 
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Figure S4: Risk of cardiovascular death in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox regression models on 

multiply imputed data. 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D. The upper and 

lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted cubic splines displayed 

in figure S5.
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Figure S5: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on multiple imputed data: Risk of cardiovascular death in disease pairs of heart failure, chronic 

kidney disease and type 2 diabetes 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S4. 
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Figure S6: Risk factors for developing third condition in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox 

regression models on multiply imputed data, in the subgroup of the study population aged >60 years at baseline 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S7. 
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Figure S7: Restricted cubic splines to model continuous biomarkers in  the multivariable Cox regression 

models on multiple imputed data: Risk factors for developing a third condition in disease pairs of heart 

failure, chronic kidney disease and type 2 diabetes, in the subgroup of the study population aged >60 

years at baseline 

 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S6
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Figure S8: Risk factors for all-cause mortality in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox regression 

models on multiply imputed data, in the subgroup of the study population aged >60 years at baseline 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S9. 
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Figure S9: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on multiple imputed data: Risk of all-cause mortality in disease pairs of heart failure, chronic 

kidney disease and type 2 diabetes, in the subgroup of the study population aged >60 years at baseline 

 Note: The 

reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 30 

mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S8
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Figure S10: Risk factors for cardiovascular death in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox regression 

models on multiply imputed data, in the subgroup of the study population aged >60 years at baseline 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S11. 
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Figure S11: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on multiple imputed data: Risk of cardiovascular death in disease pairs of heart failure, chronic 

kidney disease and type 2 diabetes, in the subgroup of the study population aged >60 years at baseline 

 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S11
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Figure S12: Risk factors for developing third condition in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox 

regression models on complete case data. 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S13. 
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Figure S13: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on complete case data: Risk factors for developing a third condition in disease pairs of heart 

failure, chronic kidney disease and type 2 diabetes 

 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S12 
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Figure S14: Risk of all-cause mortality in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox regression models on 

complete case data 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S15. 
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Figure S15: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on complete case data: Risk of all-cause mortality in disease pairs of heart failure, chronic kidney 

disease and type 2 diabetes 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S14. 
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Figure S16: Risk of cardiovascular death in disease pairs of heart failure, chronic kidney disease and type 2 diabetes, using multivariable Cox regression models on 

complete case data 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also adjusted for the continuous variables modelled using restricted 

cubic splines displayed in figure S17. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2023-002332:e002332. 10 2023;Open Heart, et al. Pasea L



20 

 

Figure S17: Restricted cubic splines to model continuous biomarkers in the multivariable Cox regression 

models on complete case data: Risk of cardiovascular death in disease pairs of heart failure, chronic 

kidney disease and type 2 diabetes 

 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted model including the risk factors displayed in figure S16. 
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Figure S18: Cumulative incidence functions estimating the probability of patients being diagnosed with a 

third condition in the presence of the competing risk of all-cause mortality  

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

 doi: 10.1136/openhrt-2023-002332:e002332. 10 2023;Open Heart, et al. Pasea L



22 

 

Figure S19: Risk factors for developing third condition in disease pairs of heart failure, chronic kidney 

disease and type 2 diabetes, using multivariable Fine and Grey regression models on complete case data. 

 

*For first diagnosis, HF is the reference group for CKD and HF, CKD is the reference group for CKD and T2D 

and HF is the reference group for HF and T2D.  

Note: The upper and lower limits for each point are the 95% confidence intervals. These models were also 

adjusted for the continuous variables modelled using restricted cubic splines displayed in figure S20. 
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Figure S20: Restricted cubic splines to model continuous biomarkers in the multivariable Fine and Grey 

models on complete case data: Risk factors for developing a third condition in disease pairs of heart 

failure, chronic kidney disease and type 2 diabetes 

 

Note: The reference value for each risk factor was BMI: 25kg/m2, SBP: 130mmHg, HDL: .1.2mmol/L, HbA1c: 

30 mmol/mol and creatinine: 50µmol/L. The shaded area in each panel is the 95% confidence interval. All 

estimates are from the fully adjusted models including the risk factors displayed in figure S19. 
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Figure S21: Observed rate of healthcare utilisation in primary care setting   
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Figure S22: Observed rate of healthcare utilisation in hospital setting 

 

Note: Outpatient data limited to individuals who entered the cohort from 2003 onwards. 
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