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A B S T R A C T

Background: Heart failure (HF) together with type 2 diabetes (T2D) and chronic kidney disease (CKD) are
major pandemics of the twenty first century. It is not known in people with new onset HF, what the distinct
and combined associations are between T2D and CKD comorbidities and cause-specific hospital admissions
and death, over the past 20 years.
Methods: An observational study using the UK Clinical Practice Research Datalink linked to the Hospital Epi-
sode Statistics in England (1998�2017). Participants were people aged �30 years with new onset HF. Expo-
sure groups were HF with: (i) no T2D and no CKD (reference group); (ii) CKD-only (estimated glomerular
filtration rate (eGFR) <60ml/min per 1.73 m2); (iii) T2D-only; (iv) T2D and CKD. CKD severity groups were:
CKD-3a (eGFR 45�59); CKD-3b (30�44); CKD-4 (15�29); CKD-5 (<15). Outcomes were cardiovascular and
non-cardiovascular hospitalisations and all-cause death.
Findings: In 87,709 HF patients (mean age, 78 years; 49% female), 40% had CKD-only, 12% T2D-only, and 16%
both. Age-standardised first-year CVD hospitalisation rates were significantly higher in HF patients with
CKD-only (46.4; 95% CI 44.9,47.9 per 100 person years) and T2D-only (49.2; 46.7,58.8) than in the reference
group (35.1; 34.0,36.1); the highest rate was in patients with T2D-CKD-5: 89.1 (65.8,112.4). Similar patterns
were observed for non-CVD hospitalisations and deaths. Group differences remained significant after adjust-
ment for potential confounders. Median survival was highest in the reference (4.4 years) and HF-T2D-only
(4.1 years) groups, compared to HF-CKD-only (2.2 years). HF-T2D-CKD group survival ranged from 2.8 (CKD-
3a) to 0.7 years (CKD-5). Over time, CVD hospitalisation rates significantly increased for HF-CKD-only (+26%)
and reduced (-24%) for HF-T2D-only groups; no reductions were observed in any of the HF-T2D-CKD groups.
Trends were similar for non-CVD hospitalisations and death: whilst death rates significantly reduced for HF-
T2D-only (-37%), improvement was not observed in any of the T2D-CKD groups.
Interpretation: In a cohort of people with new onset HF, hospitalisations and deaths are high in patients with
T2D or CKD, and worst in those with both comorbidities. Whilst outcomes have improved over time for
patients with HF and comorbid T2D, similar trends were not seen in those with comorbid CKD. Strategies to
prevent and manage CKD in people with HF are urgently needed.
Funding: NIHR fellowship [reference: NIHR 30011]
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Globally, heart failure (HF) affects at least 26 million people and is
increasing in prevalence [1]. HF is diagnosed in 1�2% of the general
population, increasing to 5�10% in people over 65 years [2]. Even with
improved therapies for HF, the mortality rate remains high, with
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Research in context

Evidence before this study

In heart failure (HF) populations, type 2 diabetes (T2D) and
chronic kidney disease (CKD) are common and are associated
with increased risk of hospitalisations and death. Prior evidence
has reported individual associations between these diseases and
all-cause outcomes, but evidence on trends and the distinct and
combined associations between T2D and CKD comorbidities and
cause-specific hospital admissions and death in HF is scarce. We
searched PubMed for papers using the keywords; heart failure,
trend*, hospital’, death andmortality, up to December 14th, 2020.

Added value of this study

In people with new HF, hospitalisation and death rates were
higher in patients with T2D or CKD, and worst in those with both
comorbidities. Whilst outcomes have improved over time for
patients with HF and comorbid T2D, this improvement was atten-
uated in the presence of CKD at all stages of renal dysfunction.

Implications of all the available evidence

People with HF and CKD are a high risk group. Strategies to pre-
vent and manage CKD in people with HF are urgently required
to improve outcomes.
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approximately 50% mortality within 5 years of diagnosis [2]. HF together
with type 2 diabetes (T2D) and diabetic chronic kidney disease (CKD)
are major pandemics of the twenty first century [3]. These chronic dis-
eases often occur together, with complex inter-relations, which calls for
more clarity on the relative associations between each of the three con-
ditions and adverse outcomes.

Due to the system based specialisation in the medical model of care,
current strategies for managing most chronic diseases such as HF, CKD
and T2D, encourage clinicians to adopt evidence-based guidelines for
these conditions separately [4]. In recent years however, due to
improvements in diagnosis and treatments resulting in more people liv-
ing longer with these chronic long-term conditions, strategies that are
more complex are often needed [5]. The emergence of therapeutic
agents that provide cardio-reno-protective benefits [6,7]. are shifting
the treatment paradigm to a broader goal of reducing morbidity, mor-
tality and end-organ complications in these chronic conditions. Despite
this knowledge, little contemporary information is available on mortal-
ity or cardiovascular and non-cardiovascular hospitalisation trends in
people with HF in relation to the presence of T2D and CKD.

In a recent large multi-national population-based study, it was
shown that HF and renal disease manifestation were the first reasons
for admission in people with prior diabetes and no cardio-renal dis-
ease [8]. In another study using registry data of people with T2D, CKD
was associated with higher risk of cardiovascular events and all-
cause mortality [9].

The aim of the current analysis was to build on the findings of
these previous studies, to investigate the distinct and combined asso-
ciations between T2D and CKD comorbidities and cause-specific hos-
pital admissions and death in people with HF in England between
1998 and 2017.

2. Methods

2.1. Study population

All patients with a new onset of HF recorded in the Clinical Prac-
tice Research Datalink (CPRD) or the Hospital Episode Statistics (HES)
(Supplementary Figure 1) between 1st January 1998 and 31st July
2017. The CPRD, as the world’s largest database of routinely recorded
clinical data from primary care, has been validated for epidemiologi-
cal research, [10] and includes an age and sex representative sample
of the UK general population (approximately 7%). The HES database
includes all admissions to NHS hospitals in England.

Patients from CPRD or HESwere aged� 30 years with a first code for
HF (Supplementary Table 1), recorded in their clinical record during the
study time window and were eligible for data linkage. Patients in HES
were included if they had a first HF ICD-10 diagnostic code (Supplemen-
tary Table 2) in the primary discharge position and had linked CPRD
data. Where patients appeared in both datasets, the first code was used
as the HF index date. All patients required a minimum of 12-months of
‘up to standard’ CPRD data, prior to study entry. ‘Up-to-Standard’ is a
quality marker indicating that patient data is continuous and complete.
Follow-up was until the first of death or 31st July 2017.

2.2. Exposures

T2D was identified before or on the index date using an algorithm
based on a detailed set of clinical codes, medications, age of diabetes
onset and BMI, [11] to differentiate between type 1 and type 2 diabe-
tes mellitus (Supplementary Figure 2). Patients with type 1 diabetes
were excluded.

CKD was defined as estimated glomerular filtration rate (eGFR)
<60ml/min per 1.73 m2, calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula [12] including the
most recent eGFR measure before or on the index date (median time
between the most recent eGFR measure and the index date was
91 days [IQR 23 to 286]). CKD was further stratified by four severity
groups, based on the Kidney Disease: Improving Global Outcomes
guidelines [13] as follows: CKD-3a (eGFR 45�59, ‘mild to moderate’
kidney disease); CKD-3b (eGFR 30�44, ‘moderate to severe’); CKD-4
(eGFR 15�29, ‘severe’) and CKD-5 <15 (‘kidney failure’ or dialysis).

HF patients were categorised by the presence of T2D and CKD, as fol-
lows: (i) T2D 0 CKD 0 (reference group), (ii) T2D 0 CKD 1 (HF-CKD-only),
(iii) T2D 1 CKD 0; (HF-T2D-only) and (iv) T2D 1 CKD 1 (HF-T2D-CKD). To
assess the influence of CKD severity, we further stratified the CKD group
by the four CKD severity categories (CKD-3a to CKD-5).

2.3. Other characteristics

Based on the most prevalent ethnic groups in the 2011 census in
England and Wales, ethnicity was categorised into 3 distinct groups:
White, South Asian or Black. People coded as ‘mixed’ ‘other’ or
‘unknown’ were categorised as ‘other’. The 2010 patient level Index
of multiple Deprivation (IMD) score [14] was used to define socio-
economic status which was ranked into quintiles (the most affluent
group; quintile 1, to the most deprived group; quintile 5). Cardiovas-
cular medications were identified by at least one prescription in a 4-
month time-window prior to HF diagnosis. For patients with T2D,
glucose-lowering medications at baseline included metformin, sul-
phonylureas, thiazolidinediones, incretins, ‘other’ oral medications,
and insulin. Cardiovascular and non-cardiovascular comorbidities
were identified using Read and ICD-10 codes in CPRD and HES,
respectively, recorded up to and including the index date. We also
collected information on other risk factors using the most recent
measure prior to study entry, including smoking and alcohol status,
body mass index (BMI), systolic blood pressure, total cholesterol and
haemoglobin concentrations.

2.4. Outcomes

All unplanned hospitalisations with at least one overnight stay
that occurred after the index date were included. Admissions during
follow-up were counted for each patient and further stratified,
according to the primary discharge code, into cardiovascular (ICD-10
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chapter 9 codes) and non-cardiovascular admissions (other ICD-10
chapters). In a sensitivity analysis, we further stratified CVD admis-
sions by HF and other-CVD causes. The Office of National Statistics
database was used to ascertain date of death from any cause.

2.5. Statistical analysis

Baseline characteristics were first presented by exposure group as
number (%) or mean with 95% confidence intervals, estimated using
1000 bootstrap samples. Outcome rates during the follow-up were
calculated for each calendar year of HF diagnosis and for two 4-year
summary time periods at the start (1998�2002) and towards the end
(2012�2015) of the study time-window. As data was over dispersed,
negative binomial models were used. An interaction term between
calendar year as a categorical variable and comorbidity severity
group was entered into the model, which also included age. Outcome
rates in HF are not constant over time and are significantly higher
during the first year after diagnosis; therefore, to improve accuracy,
rates were predicted separately for the first year of follow-up and for
all subsequent years, in those surviving their first year. For the mor-
tality outcome only, given the high number of in-hospital and imme-
diate post discharge deaths, we also reported first month deaths
separately. Rates were predicted for each comorbidity group and for
each calendar year, at the mean population age (78 years). We inves-
tigated the difference in trends among comorbidity groups using the
P value of an interaction term between calendar year as a continuous
variable and comorbidity groups entered into the model adjusted for
age. Two sensitivity analyses were conducted. First, given the poten-
tial higher outcome rates in people with HF diagnosed in the hospital
setting compared to the community, we stratified our results by place
of diagnosis. Second, we used Joinpoint Regression to identify any
significant change in trend lines over time.

Next, overall differences in hospitalisation rates among comorbid-
ity groups were investigated using negative binomial models to esti-
mate incidence rate ratios (IRR) with 95% confidence intervals
adjusting for age, gender, ethnicity, socioeconomic status, calendar
year of diagnosis, place of diagnosis (primary care or hospital), car-
diovascular medications, smoking, alcohol, comorbidities, BMI, blood
pressure and cholesterol and haemoglobin levels. Overall difference
in time to death among comorbidity groups were investigated using
Royston-Parmar-Lambert flexible parametric survival models to esti-
mate hazard ratios with 95% confidence intervals adjusted by the
same variables. The reference group for both outcomes was the HF
group without T2D and CKD. Age-standardised survival at 1, 3 and 5-
years, stratified by comorbidity status and adjusted for calendar year,
were also estimated. Survival curves were calculated using the Stata
command stpm2_standsurv [15].

All analyses were performed in Stata-MP 16.0. To account for
missing data in the multivariable models, multiple imputations using
chained equations were performed using MI Impute in Stata (Supple-
mentary Table 3): results were obtained using Rubin’s rules combin-
ing 10 imputed datasets [16]. Three sensitivity analyses were
performed: CVD admissions were stratified by cause (HF or other
CVD) and by gender and we conducted a complete case analysis.

2.6 Patient involvement

This study used available data on CPRD and HES and no direct
patient involvement or engagement took place as part of the study.
However, in our recent review on priorities of patients with cardio-
metaboilic multimorbidities prior to the study, we found that
patients’ priorities are mainly driven by their illness experiences in
preserving functional ability. Both cardiovascular and non-cardiovas-
cular hospitalisations can adversely affect functional ability. The find-
ings in this study will be disseminated to diabetes UK and the British
Heart Foundations.
3. Results

3.1. Study population

There were 87,709 patients with new-onset HF, median follow-up
2.36 [IQR 0.46,5.67] years, mean age 78 years (SD 11.3), 49% female
and 41% diagnosed with HF in the hospital setting (Table 1). 67,227
(77%) of the patients had eGFR data at baseline. Of these patients,
21,815 (32%) had no T2D and CKD (reference group), 26,881 (40%)
had CKD only, 7893 (12%) had T2D only and 10,638 (16%) had both
CKD and T2D. Compared to the reference group (mean age 74 years),
the HF-CKD-only group were 9 years older, the HF-T2D-only were 1
year younger and the HF-T2D-CKD group were 6 years older. At base-
line, All T2D and CKD comorbidity groups were more likely to have
cardiovascular comorbidities than the reference group. All HF
patients with T2D (with or without CKD) were more likely to be pre-
scribed cardiovascular medications and have a lower cholesterol and
systolic blood pressure, but higher BMI than the HF patients with
CKD-only and these patterns were consistent across CKD severity
groups (Supplementary Table 4). Prescription of angiotensin-convert-
ing enzyme (ACE) inhibitor reduced with increasing CKD severity
(Supplementary Table 5). Between 1998 and 2017, prescribing of ACE
or angiotensin receptor blocker (ARB) increased for patients diag-
nosed in the community, but reduced after 2011 for patients diag-
nosed first in the hospital (Supplementary Table 6). These patterns
were consistent across all CKD severity groups. In those with T2D,
prescription of insulin increased and Metformin decreased, with
increasing CKD severity (Supplementary Table 5).

3.2. Trends in hospitalisation rates

First-year rates: Compared to the reference group without T2D or
CKD, age-adjusted CVD hospitalisation rates were significantly higher
for HF patients with CKD-only and T2D-only (35.1; 95% CI 34.0, 36.1
per 100 person-years vs. 46.4; 44.9, 47.9 vs. 49.2; 46.7, 58.8 respec-
tively). First-year rates increased with increasing CKD severity reach-
ing 89.1 (65.8, 112.4) in the HF-T2D-CKD-5 group. Between
1998�2001 and 2012�2015, CVD hospitalisation rates increased sig-
nificantly by 26% for the HF-CKD-only group but significantly reduced
by 24% for the HF-T2D-only group (Table 2). When CVD admissions
were stratified by specific type (HF admission and ‘other CVD’ admis-
sions), patterns were similar, but the divergence between the HF-
CKD-only and HF-T2D-only groups was greater for HF admissions
(Supplementary Table 7). The reduction in CVD admissions in the HF-
T2D-only group was lost for all HF-T2D-CKD severity groups (Table 2,
Fig. 1) and was similar for both HF and other-CVD admissions (Sup-
plementary Table 7). When stratified by place of diagnosis, rates of
CVD admissions were between 50 and 100% higher for the HF groups
diagnosed in the hospital, compared to the group diagnosed in the
community. However, both settings experienced similar trends over
time, with a significant reduction in rates for the HF-T2D-only group,
which was not present for the groups with CKD (Supplementary
Table 8). Men had slightly higher overall rates than women across all
comorbidity groups (Supplementary Table 9). Whilst CVD admission
rates remained stable or decreased over time for men, women expe-
rienced a significant increase in the reference group (interaction-P
<0.001) and HF-CKD-only group (interaction-P 0.009).

Non-CVD hospitalisation rates were higher for the CKD-only
group (71.7; 69.8, 73.6) and the T2D-only group (85.1; 81.3, 88.9)
compared to the reference group (62.2; 60.7, 63.8) and were highest
in the combined T2D-CKD group reaching 223 (177, 269) in T2D-
CKD-s5. Over time, non-CVD admission rates significantly increased
by 22% in the reference group and 41% in the CKD-only group (inter-
action-P<0.001) (Fig. 1). The T2D group had stable rates; however,
such stability was lost in the T2D-CKD groups who experienced the
highest increases, reaching 74% rise in the T2D-CKD-4 group. When



Table 1
Patients’ characteristics by comorbidity status.

All HF patients N = 87,709 HF with no T2D and CKD
(reference group) N = 21,815

HF with CKD-only N = 26,881 HF with T2D-only
N = 7893

HF with T2D and
CKD N = 10,638

CKD missing N = 20,482

Age in years 77.8 (77.8,77.9) 73.9 (73.8,74.1) 82.6 (82.5,82.7) 72.5 (72.3,72.7) 79.7 (79.5,79.8) 76.9 (76.8,77.1)
Female 43,173 (49.2) 9263 (42.5) 15,158 (56.4) 2983 (37.8) 5297 (49.8) 10,472 (51.1)
Most affluent group 16,357 (18.7) 4501 (20.7) 5509 (20.5) 1241 (15.7) 1793 (16.9) 3313 (16.2)
Most deprived group 14,745 (16.8) 3301 (15.1) 3868 (14.4) 1634 (20.7) 1904 (17.9) 4038 (19.8)
Diagnosis in hospital 36,094 (41.2) 8215 (37.7) 11,811 (43.9) 3776 (47.8) 5847 (55.0) 6445 (31.5)
Beta blocker 26,421 (30.1) 7076 (32.4) 9125 (33.9) 2853 (36.1) 3981 (37.4) 3386 (16.5)
ACE inhibitor 32,732 (37.3) 8175 (37.5) 10,451 (38.9) 3622 (45.9) 4778 (44.9) 5706 (27.9)
ARB 9069 (10.3) 2068 (9.5) 3313 (12.3) 1125 (14.3) 1881 (17.7) 682 (3.3)
ACE or ARB 40,559 (46.2) 9960 (45.7) 13,388 (49.8) 4585 (58.1) 6374 (59.9) 6252 (30.5)
AA 5718 (6.5) 1354 (6.2) 2188 (8.1) 600 (7.6) 988 (9.3) 588 (2.9)
Diuretic (loop) 42,932 (48.9) 8915 (40.9) 15,027 (55.9) 3390 (42.9) 6211 (58.4) 9389 (45.8)
Aspirin 33,554 (38.3) 7481 (34.3) 11,012 (41.0) 3395 (43.0) 4877 (45.8) 6789 (33.1)
Comorbidities Number; mean (SD) 4.1 (4.1,4.1) 3.4 (3.4,3.4) 4.7 (4.6,4.7) 4.9 (4.8,4.9) 6.1 (6.1,6.2) 2.7 (2.6,2.7)
IHD 43,537 (49.6) 9795 (44.9) 13,846 (51.5) 4479 (56.7) 6568 (61.7) 8849 (43.2)
MI 23,197 (26.4) 5290 (24.2) 7288 (27.1) 2534 (32.1) 3663 (34.4) 4422 (21.6)
AF 34,730 (39.6) 9011 (41.3) 12,470 (46.4) 3081 (39.0) 4652 (43.7) 5516 (26.9)
Hypertension 56,403 (64.3) 13,255 (60.8) 18,983 (70.6) 6217 (78.8) 9186 (86.4) 8762 (42.8)
Stroke 10,585 (12.1) 2152 (9.9) 3555 (13.2) 1027 (13.0) 1799 (16.9) 2052 (10.0)
Anaemia 11,089 (12.6) 2418 (11.1) 4051 (15.1) 1154 (14.6) 2224 (20.9) 1242 (6.1)
Obesity 21,996 (25.1) 5583 (25.6) 5201 (19.3) 3645 (46.2) 4320 (40.6) 3247 (15.9)
COPD 16,357 (18.6) 4350 (19.9) 4707 (17.5) 1754 (22.2) 2145 (20.2) 3401 (16.6)
Asthma 16,396 (18.7) 4551 (20.9) 4600 (17.1) 1882 (23.8) 2187 (20.6) 3176 (15.5)
Depression 19,873 (22.7) 5503 (25.2) 5852 (21.8) 2205 (27.9) 2614 (24.6) 3699 (18.1)
Osteoarthritis 32,430 (37.0) 8042 (36.9) 11,362 (42.3) 2979 (37.7) 4522 (42.5) 5525 (27.0)
Cancer 20,399 (23.3) 5040 (23.1) 7524 (28.0) 1663 (21.1) 2736 (25.7) 3436 (16.8)
Dementia 3969 (4.5) 829 (3.8) 1574 (5.9) 301 (3.8) 537 (5.0) 728 (3.6)
Smoking 17,204 (19.6) 4555 (20.9) 4090 (15.2) 1663 (21.1) 1564 (14.7) 5332 (26.0)
Alcohol 53,401 (60.9) 14,965 (68.6) 16,651 (61.9) 4951 (62.7) 6131 (57.6) 10,703 (52.3)
BMI (kg/m2) 27.7 (27.7,27.8) 27.5 (27.4,27.6) 26.6 (26.6,26.7) 30.7 (30.5,30.9) 29.6 (29.5,29.8) 26.9 (26.8,26.9)
Systolic BP (mm/Hg) 137.9 (137.7,138.0) 135.1 (134.9,135.4) 136.2 (136.0,136.5) 135.2 (134.8,135.7) 136.5 (136.1,136.9) 145.3 (145.0,145.6)
Cholesterol (mmol/L) 4.7 (4.7,4.7) 4.8 (4.8,4.8) 4.8 (4.7,4.8) 4.3 (4.3,4.3) 4.3 (4.3,4.3) 5.4 (5.4,5.5)

Data are reported as number (%) for categorical variables and as means (standard deviation) for continuous data. T2D, type II diabetes mellitus; CKD, chronic kidney disease; ACE, angiotensin-converting
enzyme; ARB, angiotensin receptor blocker; AA, aldosterone antagonist (spironolactone or eplerenone). IHD, ischaemic heart disease; MI, myocardial infarction; AF, atrial fibrillation; COPD, chronic obstructive
pulmonary disease; BMI, body mass index; BP, blood pressure.
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Table 2
Predicted outcome rates following HF diagnosis by population groups and calendar year.

Predicted rate per 100 py (95% CI) Relative diff. (%)a P interactionb

Overall 1998�2001 2012�2015

Hospitalisation rates during the first year following heart failure diagnosis
CVD
T2D 0 CKD 0 35.1 (34.0�36.1) 32.9 (31.2�34.6) 34.6 (32.4�36.8) 5.2 ref
T2D 0 CKD 1 46.4 (44.9�47.9) 40.2 (36.8�43.6) 50.7 (47.2�54.1) 26.1 0.001
T2D 0 CKD-3a 39.7 (38.0�41.5) 33.2 (29.4�37.1) 42.3 (38.3�46.3) 27.4 0.011
T2D 0 CKD-3b 50.4 (47.7�53.1) 43.6 (37.2�50.0) 58.8 (52.0�65.6) 34.9 <0.001
T2D 0 CKD-4 65.6 (59.8�71.4) 65.3 (49.6�81.0) 68.3 (55.4�81.3) 4.6 0.9301
T2D 0 CKD-5 77.8 (60.8�94.8) 71.1 (35.8�106.4) 64.2 (33.2�95.3) �9.7 0.702
T2D 1 CKD 0 49.2 (46.7�51.8) 58.6 (51.9�65.3) 44.8 (40.6�49.0) �23.5 <0.001
T2D 1 CKD-3a 56.5 (52.5�60.5) 55.6 (43.7�67.5) 57.6 (50.1�65.1) 3.6 0.743
T2D 1 CKD-3b 63.2 (58.1�68.4) 47.7 (33.5�61.8) 65.3 (55.7�74.8) 36.9 0.454
T2D 1 CKD-4 83.7 (73.8�93.7) 73.4 (36.3�110.5) 78.9 (62.6�95.2) 7.5 0.328
T2D 1 CKD-5 89.1 (65.8�112.4) 59.4 (�8.0�126.8) 74.6 (40.6�108.6) 25.6 0.388
Non-CVD
T2D 0 CKD 0 62.2 (60.7�63.8) 54.1 (51.8�56.5) 66.1 (62.7�69.5) 22.2 ref
T2D 0 CKD 1 71.7 (69.8�73.6) 59.4 (55.2�63.6) 83.6 (78.9�88.3) 40.7 0.001
T2D 0 CKD-3a 61.2 (59.0�63.4) 51.6 (46.6�56.5) 70.1 (64.7�75.6) 35.9 0.017
T2D 0 CKD-3b 76.0 (72.6�79.4) 62.0 (54.3�69.6) 89.8 (81.3�98.4) 44.8 0.032
T2D 0 CKD-4 98.0 (90.7�105.2) 83.2 (65.7�100.8) 109.3 (92.2�126.4) 31.4 0.378
T2D 0 CKD-5 170.2 (140.8�199.6) 117.7 (71.7�163.6) 240.6 (152.0�329.2) 104.4 0.008
T2D 1 CKD 0 85.1 (81.3�88.9) 75.6 (67.9�83.3) 88.6 (81.7�95.4) 17.2 0.765
T2D 1 CKD-3a 84.2 (79.1�89.2) 66.9 (54.3�79.4) 101.5 (90.6�112.4) 51.7 0.054
T2D 1 CKD-3b 96.4 (89.9�103.0) 71.1 (52.9�89.2) 112.9 (99.3�126.5) 58.8 0.227
T2D 1 CKD-4 130.6 (117.6�143.5) 85.6 (46.8�124.5) 149.0 (124.6�174.1) 74.1 0.437
T2D 1 CKD-5 223.2 (177.0�269.3) 215.7 (32.5�399.0) 280.9 (184.8�377.1) 30.2 0.876

Deaths in first month N (%) Mortality rates during the first year following heart failure diagnosis in those who survived the first month
1998�2001 2012�2015 Overall 1998�2001 2012�2015

T2D 0 CKD 0 1387 (13.0) 567 (8.4) 20.5 (19.8�21.2) 22.3 (21.1�23.5) 17.2 (15.9�18.5) �22.9 ref
T2D 0 CKD 1 155 (16.7) 370 (12.7) 24.9 (23.9�25.8) 24.3 (22.3�26.3) 25.4 (23.6�27.1) 4.5 <0.001
T2D 0 CKD-3a 321 (14.4) 325 (11.6) 19.8 (18.8�20.7) 20.2 (17.9�22.5) 19.4 (17.5�21.3) �4.0 0.002
T2D 0 CKD-3b 176 (14.3) 277 (15.1) 26.1 (24.6�27.6) 25.6 (22.1�29.1) 29.2 (26.0�32.3) 14.1 <0.001
T2D 0 CKD-4 99 (22.4) 170 (23.3) 40.4 (37.1�43.8) 38.4 (30.2�46.6) 36.8 (30.7�42.9) �4.2 0.152
T2D 0 CKD-5 31 (26.7) 28 (25.2) 74.1 (60.5�87.8) 44.9 (26.0�63.8) 63.8 (37.9 - 89.8) 42.1 0.026
T2D 1 CKD 0 219 (12.7) 245 (9.3) 25.1 (23.5�26.7) 33.7 (29.5�37.9) 21.2 (18.8�23.6) �37.1 0.067
T2D 1 CKD-3a 68 (13.5) 135 (10.6) 25.8 (23.8�27.8) 26.1 (20.3�31.9) 25.9 (22.4�29.5) �0.8 0.010
T2D 1 CKD-3b 53 (18.1) 131 (13.0) 30.4 (27.8�32.9) 22.5 (15.4�29.6) 29.2 (24.9�33.5) 29.8 0.050
T2D 1 CKD-4 26 (24.1) 81 (16.0) 46.6 (41.2�52.0) 49.7 (27.4�71.9) 42.3 (34.2�50.4) �14.9 0.637
T2D 1 CKD-5 8 (32.0) 23 (19.7) 78.6 (60.2�97.0) 122.7 (22.4�222.9) 68.5 (41.4�95.5) �44.2 0.757

T2D, type II diabetes mellitus; CKD, chronic kidney disease (1: Estimated Glomerular Filtration Rate (eGFR) <60ml/min/m2; 3a: Estimated Glomerular Filtration Rate
(eGFR) 45�59ml/min/m2; 3b: eGFR 30�44; 4: eGFR 15�29; 5 eGFR <15).
Crude death rates are reported for the first month following HF diagnosis as N (%); number and percentage. Age adjusted death rates are reported for the first year in
people who survived the first month following diagnosis. All predictions are at the mean population age (78 years).
Relative diff., relative difference; py, person-years; CI, confidence interval, Q; quintile.
a relative percentage difference in rates (per 100 person-years) between the first and second diagnosis calendar time periods, calculated by 100*([time-period 2 � time
period 1] / time-period 1].
b P value for the difference in trend lines between groups. Estimated by fitting an interaction term between calendar year and exposure group in the Poisson models
also containing age. As interaction tests have low power, p-values should be interpreted along with the graphical trends (Figs. 1 and 2).
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Fig. 1. Trends in estimated 1-year rates of cause-specific hospitalisations
Predicted admission rates at mean population age (78 years) per 100 person-years between 1998 and 2015. Follow up was until death or study end. Spikes indicate 95% CI.
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stratified by place of diagnosis, trends over time were similar, with an
increase in rates for the CKD-only group and stable rates for the T2D-
only group. This stability was lost for the T2D-CKD group diagnosed
in the hospital setting (Supplementary Table 8). Overall rates were
similar between men and women across comorbidity groups (Sup-
plementary Table 9). Over time rates remained stable in men but sig-
nificantly increased for women across comorbidity groups. There was
no significant deflection in the trend lines for first year hospitalisa-
tion rates, with the exception of non-CVD rates in the T2D-CKD
group, which experienced the steepest increase prior to 2002.

Subsequent year rates: Hospitalisation rates after the first year of
follow-up were lower than those observed during the first year rates
but showed similar patterns by comorbidity groups (Supplementary
Table 10). Over time, CVD admissions reduced for the reference group
and T2D-only group but remained stable in all CKD and T2D-CKD
groups whereas non-CVD admissions remained relatively stable.

3.3. Trends in mortality rates

Compared to the rate in the reference group (20.5 per 100 person
years; 19.8, 21.2), first year mortality rates were higher for the HF-
CKD-only (24.9; 23.9, 25.8) and HF-T2D-only (25.1 (23.5, 26.7) groups
(Table 2). Rates increased progressively with the severity of CKD and
were highest in the HF-T2D-CKD-5 group (78.6; 60.2, 97.0). Over
time mortality rates significantly decreased by 23% in the reference
group whilst remaining stable in the HF-CKD-only group (interac-
tion-P <0.001). The HF-T2D-only group experienced a 37% reduction
in mortality rates over time, but for all HF-T2D-CKD severity groups,
rates remained generally stable (Fig. 2). When stratified by place of
diagnosis, mortality rates were twice as high in the group diagnosed
in the hospital compared to the group diagnosed in the community
(Supplementary Table 8). However, trends over time were similar
between the groups with significant reductions in the reference and
T2D-only groups, which were lost once CKD was present. Men had
higher mortality rates than women across all comorbidity groups
(Supplementary Table 9). Mortality rates in men reduced over time
for most comorbidity groups but remained stable in the HF-T2D-CKD
group. Rates in women were relatively stable overall, with the excep-
tion of the HF-T2D-only group where the rates reduced. There was
no significant deflection in the trend lines for first year death rates,
with the exception of the T2D-only group, which experienced the
steepest reduction prior to 2006.

Subsequent year rates after the first year of follow-up were lower
but showed similar trends over time (Supplementary Table 10).

3.4. Overall differences in hospitalisation rates

In HF patients, compared to those without CKD and T2D, patients
with HF-CKD-only (adjusted incident rate ratio (IRR): 1.20; 95% CI:
1.16, 1.24) and HF-T2D-only (1.42; 1.36, 1.48) showed higher CVD
hospitalisation rates. The incidence rate ratio increased with increas-
ing severity of CKD in both the HF-CKD-only and HF-T2D-CKD sever-
ity groups and was highest in the HF-T2D-CKD-5 group: IRR 2.08
(1.63, 2.53) (Supplementary Table 11; Fig. 3). These patterns were
similar for non-CVD admissions: HF-CKD-only (adjusted IRR 1.34;
1.30, 1.39), HF-T2D-only (1.35; 1.31, 1.40), HF-T2D-CKD-5 (2.76;
2.37, 3.20). Incidence rate ratios stratified by gender were similar
(Supplementary Table 12).

3.5. Overall differences in mortality rates

The median survival was 50% lower in the HF-CKD-only group
(2.2 years; 95% CI 2.2, 2.3) compared to the reference group without
CKD and T2D (4.4; 4.3,4.5). The HF-T2D-only group had a median sur-
vival of 4.1 years (4.0, 4.3) years, which was significantly smaller with
each increasing stage of CKD, reaching 0.7 years (0.5, 1.1) in the HF-



Fig. 2. Trends in estimated mortality rates and survival by diabetes status
a) Estimated mortality rates at mean population age (78 years) per 100 person-years between 1998 and 2015. Spikes indicate 95% CI. Rates were calculated in survivors of the

first month following HF diagnosis. b) 10-year age and calendar year standardised survival by comorbidity status.
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T2D-CKD-5 group (Supplementary Table 13). Compared to the refer-
ence group, the HF-CKD-only group (HR 1.10; 95% CI 1.08, 1.12) and
the HF-T2D-only group (1.24, 1.20, 1.28) had an increased risk of
death. This risk increased for both comorbidity groups from CKD-3b
to CKD-5 and was highest in the HF-T2D-CKD-5 group (2.25, 1.98,
2.52) (Fig. 3). The age standardised risk at 1, 3 and 5 years was 28%,
45% and 58% respectively in the reference group (Supplementary
Table 14). The risk progressively increased with increasing CKD
severity and was highest in the HF-T2D-CKD severity groups (Fig. 2).
1,3 and 5 year risk estimates in the HF-T2D-CKD-5 group were 56%,
76%, 86%.

3.6. Complete case analysis

Comorbidity associations with both outcomes were similar in the
complete case analysis (Supplementary Tables 15 and 16)

4. Discussion

As people age, changes in their physiology and cardiovascular
structure causes an increased susceptibility to CVD resulting in older
people being more likely to be faced with a constellation of chronic
conditions such as diabetes, HF and CKD [10]. In this cohort of older
people with new-onset HF with a mean age of 78 years, high rates of
mortality, CVD and non-CVD hospitalisations were observed at one
year,. The presence of CKD was associated with worsening outcomes
over the past 2 decades, whilst the presence of diabetes conferred an
improvement in these outcomes over time. However, when CKD was
present, these trends in improvement were lost and outcomes for
people with HF and T2D worsened for each stage of increasing CKD
severity, pointing to an urgent need for strategies to prevent and
manage CKD in people with HF.

In people with T2D and new onset HF, the first-year rates of car-
diovascular and non-cardiovascular morbidity and mortality
increased with increasing comorbid CKD severity, peaking at CKD-
stage 5. Between 1998�2001 and 2012�2015, whereas we noted a
26% increase in CVD hospitalisation rates for people with HF and
CKD, there was a 24% reduction in those with HF and T2D. This reduc-
tion was attenuated in the presence of CKD at all stages. Over the
same time-frame, non-CVD admission rates significantly increased in
people with HF alone, and even more in people with HF and CKD. The
presence of T2D seemed to stabilize the non-CVD admission rate until
CKD was present, when rates then increased for all severity groups.
Similarly, whilst reductions of 23% in mortality were seen in people
with only HF over time, these reductions were even greater at 37% in
people with HF who also had T2D. These reductions in mortality
trends were not observed in people with CKD or with T2D and CKD.
In general, despite the CVD and non-CVD hospitalisations and mortal-
ities all improving over time in people with new onset HF and comor-
bid T2D, presence of comorbid CKD was associated with worse
outcomes for each stage of increasing CKD severity.

T2D, CKD and HF are multifactorial diseases of considerable het-
erogeneity, but with many common risk factors and shared patho-
physiological pathways [17]. Multiple target organ damage from
physiological stresses in people with HF may synergistically increase
their susceptibility for worsening diabetes control and CKD and



Fig. 3. Adjusted associations between comorbidity groups and outcomes.
Differences in hospitalisation rates among comorbidity groups were investigated using negative binomial models to estimate incidence rate ratios (IRR) with 95% confidence

intervals. Overall difference in time to death among comorbidity groups were investigated using Royston-Parmar-Lambert flexible parametric survival models to estimate hazard
ratios with 95% confidence intervals. All models were adjusted for adjusting for age, gender, ethnicity, socioeconomic status, place of diagnosis (primary care of hospital), cardiovas-
cular medications, smoking, alcohol, comorbidities, BMI, blood pressure, cholesterol and haemoglobin concentrations.
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increase their mortality [18,19]. It is known that the same age-associ-
ated pathological and biological changes involved in the develop-
ment of CKD and insulin resistance in T2D, also predispose people to
other chronic disease such as HF [20] and cardiorenal syndrome is
the most frequent first comorbidity in people with T2D [21]. When
these multiple diseases are present together, there is a bidirectional
relationship with one condition accelerating the presentation and
progression of the other [22]. Insulin resistance ultimately leads to
hyperglycaemia which activates the renin-angiotensin-aldosterone
system (RAAS) and this turn leads to efferent vaso-constriction
through the neuro-hormonal effects on the efferent arterioles of the
glomerulus leading to increase in hyper-filtration [23]. Hyper-filtra-
tion has been noted to be the main driver of the pathophysiological
changes in diabetes nephropathy [24]. In the initial stages of diabetes
kidney disease, the kidneys increase in size due to the hyper-filtra-
tion. This is followed by progressively increasing glomerular damage
resulting in the ever-increasing excretion of urine albumin until there
is overt proteinuric renal impairment and subsequent rise in blood
pressure and anaemia. These place extra burdens on the heart, which
by this stage is already weakened through the macrovascular compli-
cations of long-standing diabetes. The development of HF causes
activation the RAAS the sympathetic nervous system, thereby com-
pleting the vicious cycle [25].

Furthermore, sometimes there can be therapeutic complexities such
that a medication for one disease can inadvertently worsen the control
of another; for example, the use of pioglitazone [26] or saxagliptin
[27,28] in the management of T2D has been associated with an
increased risk of hospitalisation for HF. Beta-blockers for HF with the
exception of carvedilol can lead to slight hyperglycaemia [29], thus
potentially worsening long-term glycaemic control. Conversely, angio-
tensin converting enzyme inhibitors used in HF and CKD can cause
hypoglycaemia [30], which is associated with cardiac arrhythmias [31].

The decreasing trends in cardiovascular and non-cardiovascular
hospitalisations and mortality in subjects with T2D are not dissimilar
to previous findings [32,33]. Gregg et al. reported that between 1971
and 1986 and 1988 to 2000, the all-cause mortality rate reduced by
18.2 deaths per 1000 person-years in men with diabetes [32]. In a
recent analysis, reducing rates were also observed in subjects with
T2D for nonfatal myocardial infarction, total stroke and nonfatal
stroke [26]. Several explanatory factors for these trends range from
the improved control of cardiovascular risk factors in people with
T2D to the use of improved lifesaving technology [34-37]. There is
now a focus on the multi-factorial control of people with T2D and
CVD with emphasis on advice on smoking cessation, lipid levels,
blood pressure and glycaemic control and appropriate use of aspirin
and influenza vaccination [38-41].

In general, our observation of worsening trends on adverse outcomes
in people with HF and CKD is a consistent finding [42,43]. A possible
explanation of this trend is that the declines in both the CVD and non-
CVD adverse events in people with T2D could lead to a proportionately
higher numbers of people living with CKD [44]. Despite the cardiovascu-
lar benefits of targeting the renin-angiotensin-aldosterone-system for
over the past two decades [45,46], there is a still a residual risk of pro-
gression to end-stage kidney disease associated with increased morbid-
ity, hospitalisation and death rates [47,48]. Conversely, progression of
CKD in patients with HF limits the use of the same HF guideline-directed
disease modifying therapies (inhibitors of the renin-angiotensin-aldoste-
rone-system). In people with T2D, evidence points to a high proportion
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of people not being tested appropriately for CKD, resulting in significant
under diagnosis [49]. This lack of awareness among patients and health
care professionals could potentially lead to more severe CKD and act as a
counterbalance to any benefits gained through earlier cardiovascular dis-
ease prevention in T2D. The high risk of poor outcomes associated with
CKD in HF in our study, increased in the presence of T2D and highlights
the need for multi-faceted interventions. Optimising cardiovascular drug
therapies is important combined with risk factor management including
lowering blood pressure and cholesterol and improving anaemia and
exercise [50,51]. The introduction of sodium-glucose cotransporter-
2 inhibitors with proven benefits in T2D, [52-54] HF, [8, 55] and CKD [7]
in routine clinical practice will hopefully address the residual risk of
worsening of these cardio-reno-metabolic conditions.

Our study is the first to our knowledge to assess not only the rela-
tive associations between HF, T2D and CKD severity and cardiovascu-
lar and non-cardiovascular outcomes, but also the trends over 2
decades. A notable strength of this study is the inclusion of only new
onset HF, in an attempt to tease apart the ‘chicken or egg’ relation-
ships among T2D, CKD and HF. The increased frequency of adverse
outcomes in people with HF, T2D and CKD, highlight the need for evi-
dence-based treatment strategies that addresses all three conditions.

Our study is limited first by lack of ejection fraction data, thus lim-
iting the possibility to differentiate between phenotypes of HF i.e.
with preserved or reduced ejection fraction which may have different
rates of adverse events. Second, whilst our definitions were based on
validated coding, there is also a possibility of misclassification of
comorbidities with the use of routinely collected data and we did not
account for new comorbidities developing after the onset of HF. That
said, given the strong association between CKD, T2D and worse out-
comes, any residual effect from new comorbidities developing during
follow-up, would only serve to weaken and not strengthen the asso-
ciations reported. Third, we did not have albuminuria data and eGFR
was missing for 23% of the cohort, however we used a multiple impu-
tation approach to account for missing data. Some of the covariates
extracted from the databases for analysis such as smoking and alco-
hol are reliant on updated clinical recording of self-reported informa-
tion. We used the most recent recording and imputation for missing
data, but could not account for any inaccuracies of information. It is
also possible that some of these covariates might be on the causal
pathway between TD2 or CKD and HF.
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