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Abstract 
Introduction: 
Patients with heart failure (HF) and chronic kidney disease (CKD) are often sub-optimally treated due 
to concerns of hyperkalaemia, declining kidney function, and hypotension. They commonly suffer 
from fluid overload which can lead to frequent hospitalisations and death. This research aims to 
determine the characteristics associated with hospital admissions and death in patients with CKD 
and HF. 
Methods: 
Consecutive patients with CKD stage 3 to 5 and HF (regardless of ejection fraction) attending a large, 
specialised CKD-HF clinic between 12/Sept/2019 and 11/Nov/2021 were identified and data were 
collected on demographic factors, renal and heart function, medications, hospitalisations, and 
death. Multinomial and Cox regressions determined the characteristics of patients requiring 
hospitalisation and their risk of death, respectively.  
Results: 
A total of 667 admissions were attributable to 318 patients, 201 admissions were for HF. Men were 
less likely than women to have been admitted to hospital for HF (RR 0.43, 95% CI 0.20, 0.94) and 
non-HF causes (RR 0.21, 95% CI 0.10, 0.47). A serum haemoglobin level greater than 100 g/L was 
associated with fewer HF and non-HF admissions compared to a serum haemoglobin less than 100 
g/L (RR 0.26, 95% CI 0.09, 0.74; RR 0.17, 95% CI 0.06, 0.47). Compared to CKD stage 3, CKD stage 4 
was associated with an increased risk of HF and non-HF admissions (RR 4.01, 95% CI 1.04, 15.5; RR 
4.33, 95% CI 1.13, 16.5). Having a HF admission (HR 2.41, 95% CI 1.27, 4.60), HFrEF (HR 2.18, 95% CI 
1.30, 3.63)), CKD stage 4 (HR 1.91, 95% CI 1.16, 3.16), and loop diuretic use (HR 2.24, 95% CI 1.14, 
4.40)  were associated with a significantly increased risk of death compared to people with no 
admissions, with HFpEF, CKD stage 3, and no diuretic use, respectively. The use of RAAS inhibitors 
halved the risk of death compared to non-prescribed patients (HR 0.44, 95% CI 0.27, 0.72).  
Conclusion: 
Hospital admissions among CKD-HF patients were common, particularly in those with lower serum 
haemoglobin levels and advanced CKD stage. The risk of death was higher in those with HF 
admissions, the presence of HFrEF, advanced CKD stage, loop diuretic use, and those not prescribed 
RAAS inhibitors. 
  

D
ow

nloaded from
 http://karger.com

/crm
/article-pdf/doi/10.1159/000541806/4354252/000541806.pdf by St G

eorge's, U
niversity of London user on 17 April 2025



 

4 
 

Introduction 
Heart failure (HF) and chronic kidney disease (CKD) are increasingly common comorbidities in an 
ageing global population [1,2]. These conditions can feature independently, each with significant risk 
factors for hospitalisations and death, but also frequently coexist. Approximately half of HF patients 
suffer from co-existing CKD, which further increases the risk of hospital admissions and mortality. 
[3–5]. 
In this comorbid population, worsening estimated glomerular filtration rates (eGFR) are associated 
with an increase in hospitalisations and mortality. After adjusting for demographic characteristics 
and cardiovascular risk factors, rates of HF admissions have been shown to be 1.7 (95% CI 1.3, 2.2) 
and 2.2 (95% CI 1.7, 2.9) times higher in patients with an eGFR of 30-44 ml/min/1.73 m2 and <30 
ml/min/1.73 m2, respectively, compared to patients with an eGFR of ≥45 ml/min/1.73 m2 [5]. In 
multivariable analysis, compared to HF patients without CKD, HF patients with CKD stage 3 (HR 1.59, 
95% CI 1.49, 1.69) and CKD 4 or CKD 5 (HR 2.17, 95% CI 1.95, 2.40) had an increased risk of death [4]. 
The relationship between ejection fraction (EF) and prognosis in patients with CKD and HF is less well 
defined. Chronic kidney disease is strongly associated with mortality in patients with HF with 
reduced ejection fraction (HFrEF) and preserved ejection fraction (HFpEF) [6–8]. Recent trials have 
shown empagliflozin to slow the decline of eGFR in patients with HFrEF and HFpEF [9,10]. This has 
helped inform the 2023 Focused Update of the 2021 ESC Guidelines for HF, which now include Class 
1 and Level A recommendations for the use of sodium-glucose co-transporter 2 inhibitors (SGLT2i) in 
HFmEF and HFpEF, alongside its already established use in HFrEF [11]. Previous work from our group 
has found that in patients with coexisting HF and CKD, the degree of impairment of EF was 
correlated with outcome: those with HFrEF were more likely to be admitted to hospital and were 
also 4.5 times more likely to die (adjusted odds ratio 4.5; 95% CI 1.43, 14.05) compared to patients 
with HF with moderately reduced EF (HFmEF) and HFpEF, after adjusting for age, sex, diabetes, and 
CKD severity [12].  
This study aimed to build upon this previous work to identify the factors associated with an 
increased likelihood of hospitalisations and risk of death of patients attending our novel, 
multidisciplinary CKD-HF clinic. 
Methods 
Patients were eligible for the CKD-HF clinic if they had CKD stages 3, 4, or 5 and established HF 
regardless of ejection fraction [12]. The diagnosis of HF was made prior to enrolment in our clinic 
and was established using clinical evaluation, serum natriuretic peptide levels, and 
echocardiography. All consecutive patients attending the CKD-HF clinic between 12th April 2019 and 
11th September 2021 were identified from hospital records. Data collected included HF and CKD 
status, demographics, comorbidities, blood test results, and their heart failure medication 
prescriptions (including angiotensin converting enzyme inhibitors (ACEi), angiotensin receptor 
blockers (ARBs), angiotensin receptor neprilysin inhibitors (ARNIs), mineralocorticoid receptor 
antagonists (MRAs), beta-blockers, sodium-glucose co-transporter 2 (SGLT2) inhibitors, and loop 
diuretics). In addition, the number, length, and cause of hospitalisations, as well as the date of 
death, if applicable, were collected for each patient. 
Only acute admissions were considered – day-case procedures, elective procedures, and patients 
who attended the emergency department and were discharged without subsequent onward referral 
were excluded. The causes of relevant admission were determined by examining clerking notes, 
medical progress notes, and discharge summaries. “Heart failure” admissions were defined as a 
decompensation of HF or signs or symptoms of HF including pulmonary oedema or fluid overload 
where HF was suspected to be a contributing factor. 
Descriptive statistics summarised the sample’s demographics, comorbidities, blood results, 
medications, and hospital admissions. We investigated two univariate outcomes (responses): a 
categorical outcome defined as never admitted, admitted at least once for HF, and admitted but 
never for HF, and a survival outcome for time since the first clinic attendance to death, with 
censoring at the end of the observation period (11th September 2021).  
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Regression techniques have been tailored to the defined outcomes, i.e., multinomial logistic 
regression for the outcome indicating their hospital admission status and a Cox regression for the 
survival setting. The associations between the outcome variables and the explanatory variables are 
quantified as relative risk ratios (RR for multinomial regression) and hazard ratios (HR for survival 
setting). An RR/HR greater (or smaller) than 1 indicates a direct (or inverse) association when 
comparing the levels of the categorical admission outcome and death vs. survival. A p-value less 
than 0.05 indicated a statistically significant result.  
Univariate analyses investigated associations of these outcomes with each available potential 
explanatory variables whilst multivariable analyses were used to build the most parsimonious 
models, i.e., models with the least number of parameters yet explaining most of the variability in the 
outcome. A backward selection procedure guided by Akaike information criterion (AIC), in which 
models started with all covariates and then were sequentially removed until only statistically 
significant covariates remained, was used for the final multivariable model choice. Measures of 
goodness of fit have been applied to ensure models’ adequacy; a generalised Hosmer-Lemeshow to 
multinomial regressions and Schoenfeld residuals for survival analyses [13]. Medication data were 
not included in the multinomial regression model with hospital admissions and was instead 
examined descriptively. This is because the medication data was collected at the end of the study 
period for each participant, and therefore after any recorded hospital admissions. The general 
assumption for all regression techniques is that the potential explanatory variables should precede 
the dependent variable temporally. The dates of each individual admission were sparse and 
inaccurate and hence difficult to provide reliable information into analyses. Medication data was 
included in the multivariable Cox regression analyses because the outcome variable of death was 
recorded after (or at the same time as) the patients’ medication data would have been recorded. 
All data cleaning, statistical analyses and graphics were performed in R version 4.2.1 (R Foundation 
for Computing, Vienna, Austria). 
Results 
In total 318 clinic patients were identified during the study period. Their baseline demographics and 
medication use are in Tables 1 and 2. Stratification by sex was performed due to significant sex 
differences found in the subsequent regression analyses. The 318 patients contributed to a total of 
443 person-years of follow up, with a median follow-up of 492 days. The 318 patients contributed to 
667 hospital admissions, with 91 (28.6%) of the patients not being hospitalised during the study 
period. Of the 667 admissions, 201 were due to HF. This was contributed to by 110 patients (34.6%), 
as the remaining 208 patients did not have any admissions due to HF. During the study period 79 
(24.8%) of the patients died. 
The discrete distributions of the total number of admissions associated with a participant, overall 
and stratified by admission type, can be seen in Figure 1. The median follow-up was 492 days. 
Table 1 presents baseline demographics and clinical variables overall and stratified by sex. Males 
were more likely to be diabetic and have HFmEF and HFrEF (compared to HFpEF). They also had a 
slightly higher mean eGFR and higher mean serum Hb levels. Table 2 presents the cohort’s 
medication data, once again overall and stratified by sex. The prescription rate of ACEi/ARB/ARNi 
was high (overall 62.3%). When considering females this remained high at 56.0% (males 65.6%), 
despite the majority of female patients having HFpEF (52.3%).   
Table 3 presents summary statistics for the three-categorical outcome indicating admission status 
(no hospital admissions, at least 1 HF admissions, and admitted but not for HF) as well as the 
corresponding unadjusted multinomial regression analysis and the adjusted multinomial regression 
analysis derived from backward selection. Post estimation of the risk ratio (RR) of at least one HF 
admission vs. non-HF admission were also derived. A significant interaction term between CKD and 
BMI was included in the multinomial regression. It means that the RR measuring the association 
between admission outcome and BMI varies across CKD levels and vice-a-versa, the levels of the RR 
measuring the association between admission outcome and CKD varies across BMI levels. 
Nevertheless, the effect is not statistically strong (p=0.024), and it dissipates in the observed data 
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analysis, namely an analysis using multiple imputation techniques under missing at random 
assumption. This multiple imputation and the post-estimation of the multinomial model is presented 
in the supplementary file.  
In unadjusted analysis (Table 3) males were less likely to be admitted for non-HF admission versus 
no admission (RR 0.36, 95% CI 0.19, 0.67). This persisted in the multivariable analysis, which showed 
males to be less likely to have HF (RR 0.43, 95% CI 0.20, 0.94) and non-HF admissions (RR 0.21, 95% 
CI 0.10, 0.47) when compared to no admissions (Table 3). Compared to CKD stage 3, CKD stage 4 was 
associated with 4-times increased risk of HF and non-HF admissions (compared to no admissions) in 
adjusted analysis (RR 4.01, 95% CI 1.04, 15.5; RR 4.33, 95% CI 1.13, 16.5). Serum haemoglobin levels 
greater than 100 g/L were associated with a decreased risk of both HF and non-HF admissions (when 
compared to haemoglobin levels less than 100 g/L) in both unadjusted and adjusted analysis. There 
was no evidence to suggest any association between ejection fraction and hospital admissions in this 
sample. Table 3 shows 26.4% of the BMI data was missing for the non-admitted group. Therefore, 
we performed a multiple imputation by chained equations and repeated the multinomial regression 
models [14,15]. This analysis can be found in the supplementary file. Kaplan Meier curves 
demonstrated a significantly lower survival for patients with at least one HF admission compared to 
those with no admissions and non-HF admissions (Fig. 2). Adjusted Cox proportional hazards 
modelling showed that patients having at least one HF admission were more than twice as likely to 
die compared to patients with no admission (HR 2.41, 95% CI 1.27, 4.60) and almost twice as likely to 
die if they had at least one HF admission compared to those with non-HF admissions (HR 1.86, 95% 
CI 1.11, 3.14) (Table 4). Additionally, patients with HFrEF (HR 2.18, 95% CI 1.30, 3.63), patients with 
CKD stage 4 (HR 1.91, 95% CI 1.16, 3.16), and patients prescribed a diuretic (HR 2.24, 95% CI 1.14, 
4.40) were associated with an increased risk of death compared to patients with HFpEF, CKD stage 3, 
and patients not prescribed a diuretic, respectively (Table 4). The use of RAAS inhibitors 
(ACEi/ARB/ARNi) was associated with a reduced risk of death (HR 0.44, 95% CI 0.27, 0.72). 
Discussion 
Summary of results 
This study of patients with CKD and HF demonstrated a high frequency of hospital admission, one 
third of which due to heart failure. This work shows that a serum Hb level above 100 g/L is 
associated with a reduced risk of hospitalisations and that worsening CKD is associated with an 
increased risk of hospitalisations. In turn, having hospital admissions for HF, HFrEF, worsening CKD 
stage, diuretic use, and not being prescribed RAAS inhibitors were associated with an increased risk 
of death. Ejection fraction was found not to be associated with hospital admissions in this study.  
Chronic kidney disease stage 
This study found worsening stages of CKD to be associated with an increased risk of both HF and 
non-HF admissions and an increased risk of death. It is important to note that most previous 
research investigating the impact of eGFR on prognosis in patients with CKD and HF have compared 
hospitalisations and mortality between patients that have one condition with patients that have 
both conditions [4,7,8]. There is a paucity of studies such as ours, which have investigated the 
relative impacts of varying stages and subtypes of CKD and HF on prognosis in patients with both 
conditions. This study further adds to the literature that not only does having CKD worsen outcomes 
in HF patients, but in our clinic, worsening CKD stages also conferred worse outcomes. Recently 
published large retrospective cohort studies also support the association between lower eGFR and 
increased hospital admissions [16,17]. 
Serum haemoglobin 
Serum haemoglobin levels greater than 100 g/L were associated with fewer HF and non-HF hospital 
admissions when compared to Hb levels below 100 g/L. Anaemia in CKD is common and is caused by 
decreased production of erythropoietin (EPO) and is associated with adverse outcomes including 
increased mortality [18]. However, previous clinical trial evidence in non-dialysis CKD patients has 
consistently shown no benefit in using erythropoietin stimulating agents (ESA) to achieve higher Hb 
targets of >130 g/L compared to lower targets of >110 g/L [19–21]. These trials also showed that 
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using ESAs to achieve higher targets was associated with an increased risk of death and 
cardiovascular disease. The findings of this study are purely observational and do not contradict 
these clinical trials. We simply report an association between hospital admissions and lower Hb, the 
latter of which may be contributed to by many other factors such as co-existing HF.  
BMI 
This study found that BMI had a significant interaction with CKD stage when considering 
hospitalisations. Descriptive analyses found that the median BMI was statistically significantly higher 
in those not admitted to hospital (28.4 kg/m2) than in those admitted for HF (26.9 kg/m2) and non-
HF causes (26.3 kg/m2). This study also found a significant proportion of missing BMI data in the 
never admitted group (26.4%). This was dealt with by performing a multiple imputation by chained 
equations, under the missing at random assumption, which can be found in the supplementary file. 
The average BMI of the cohort was 28.4 kg/m2. It is possible that lower BMI may be a surrogate of 
disease progression in the form of cachexia and frailty, which is well established in later stages of HF 
and CKD [22,23]. Lower BMI may be associated with an increased risk of hospital admissions because 
of unmeasured confounding caused by increased disease progression or frailty. Future studies may 
adjust for this effect by including a frailty or mobility score.  
Ejection fraction 
Based on our data, there was no evidence to suggest that HFrEF was associated with 
hospitalisations, however, it was associated with an increased risk of death in multivariable Cox 
regressions. This supports previous works including the Meta-Analysis Global Group in Chronic Heart 
Failure (MAGGIC) study as well as a subsequent large Swedish retrospective cohort study, both of 
which found that CKD was more strongly associated with death in patients with HFrEF compared 
with HFpEF [6–8]. Previous work from our group has found that in patients with co-existing HF and 
CKD, those with reduced EF had an increased risk of death [12]. 
Sex differences 
The multinomial regression in Table 3 shows that males were less likely to have a non-HF admission 
(versus not being admitted) compared to females (RR 0.36, 95% CI 0.19, 0.67). Table 1 shows the 
cohorts baseline demographics stratified by sex. While males were more likely to be diabetic and 
have HFrEF, they had a higher mean Hb and higher mean eGFR compared to females. It is possible 
that better kidney function and a more optimised serum Hb has contributed towards males having 
fewer non-HF admissions compared to females. 
Additionally, the multinomial regression found that males were also less likely to have a HF 
admission (versus no admissions) compared to females (RR 0.43, 95% CI 0.20, 0.94). The same 
arguments as the ones above may apply; males had a higher eGFR and serum Hb which may have 
contributed to them having fewer admissions. However, Table 1 shows males were more likely to 
have HFrEF (40.2% vs 27.5%) and less likely to have HFpEF (34.9% vs 52.3%). This fits with the 
previous literature that HFpEF is more common in females than males [24]. Looking at Table 2 we 
can see that males were more likely to be prescribed an ACEi/ARB/ARNi, MRA, beta blocker, and 
SGLT2i (despite no statistical significance). There are fewer evidence-based treatments for HFpEF 
than for HFrEF, and because males are less likely to have HFpEF, this may explain why they were less 
likely to be admitted.  
This analysis also showed that males were twice as likely to have a HF admission compared to non-
HF admissions (RR 2.01, 95% CI 1.14, 3.55). Observational studies of just HFpEF patients have shown 
females to have a lower risk of death and admissions compared to males, however the results are 
conflicting [25–27]. More work is required to discover the many gaps that remain between the sexes 
of heart failure patients. This includes increasing the proportion of females in HF clinical trials which 
has historically been around 10-30% [28]. It is of note that there was no difference in mortality 
observed between the sexes in this study.  
ACEi/ARB/ARNIs 
This study found ACEi/ARB/ARNis were more likely to be prescribed in patients who were not 
admitted to hospital (through descriptive statistics in Table 2) and found them to be associated with 
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decreased risk of death. RAAS inhibition has been well documented to slow disease progression for 
each HF and CKD and as such is incorporated into guidelines for the management of both conditions. 
However, CKD-HF patients are less likely to be prescribed ACEi/ARB/ARNIs due to concerns over 
hyperkalaemia, hypotension, and short term decreases in eGFR [1,12,29,30]. Hyperkalaemia may be 
managed with potassium binders (Lokelma, sodium zirconium cyclosilicate and Veltassa, patiromer) 
to allow the use of ACEi/ARB/ARNis. Short term decreases in eGFR after initiation of RAAS inhibitors 
are common but should not deter clinicians as they likely reflect haemodynamic changes in the 
glomerulus and the evidence for the long term benefit of these medications in renal and heart 
disease has been well established [31]. While hypotension and its symptoms can be distressing for 
patients, the benefits and risks of RAASi should be considered before deciding against their use [32]. 
All these considerations are discussed in our multidisciplinary clinic with cardiologists and 
nephrologists and this clinic is effective in producing relatively high rates of ACEi/ARB/ARNI use 
(62.3% overall, 73.7% in CKD 3, 54.3% in CKD 4, and 51.3% in CKD 5), which in turn reduced the risks 
of hospitalisations and death in our cohort of CKD-HF patients. This study also provides data for 
ACEi/ARB/ARNi use in CKD stage 4 and 5 patients who are often excluded from large trials [33]. 
Loop diuretics 
Loop diuretic use was associated with an increased risk of death, and patients who were admitted to 
hospital for HF were more likely to be taking a diuretic and had higher mean daily doses prescribed 
than patients not admitted to hospital (Tables 1 and 4). This effect is likely explained by both the 
diuretic resistance that develops with progressive CKD and congestion in higher risk patients with 
advanced CKD. Larger doses of loop diuretics are often needed to achieve adequate diuresis as eGFR 
decreases [12]. Furthermore, the use of diuretics (particularly at higher doses) and its association 
between death and hospitalisations is likely confounded by the severity of CKD, as increased severity 
of CKD is associated with both an increased risk of death and increasing diuretic doses. 
Strengths, limitations, and further research 
This study has many strengths. Firstly, the benefits of our joint CKD-HF clinic, which has both 
nephrologists and cardiologists, can be seen in the relatively high rates of GDMT for HF among our 
cohort. This is important in reducing the morbidity and mortality of HF in CKD patients because 
clinicians may struggle to initiate these medications due to concerns over hyperkalaemia and 
decreases in eGFR. The benefits of these medications, including RAAS inhibitors, is well established 
in the existing literature and is again supported by the results of this study. Secondly, few studies 
have investigated the relative impacts of varying stages and subtypes of CKD and HF on prognosis in 
patients with both conditions, as the majority of previous studies compare the effects of worsening 
kidney function in HF patients with controls having HF and normal kidney function. Thirdly, previous 
works have analysed admissions binarily (no admissions and greater than one admission) using 
logistic regressions and used rates per person-time and rate ratios using aggregated data. This 
however does not account for the cause of hospital admissions, the most common and detrimental 
of which being attributed to HF. This study used a more refined method of multinomial regression to 
capture the three distinct states a patient may have with regard to their hospital admission status. 
This study suggests that among CKD-HF patients, worsening CKD stages are associated with an 
increased risk of hospitalisations and death, and that an increased risk of death in this group is 
associated with worsening CKD stages, HFrEF, and not being on RAAS inhibitors, .Finally, there is 
limited data on the use of ACEi/ARBs in severe CKD, and while medications were not included in 
regression analysis examining hospital admissions due to the temporality of data collection, this 
study adds that RAAS inhibitors may have a role in CKD stage 4 and 5 patients, who are an 
understudied group of patients that are often excluded from clinical trials [28].  
Limitations of this study include its observational nature and as such causality cannot be determined 
from correlations alone. We did not have information on the admission or discharge dates, just the 
number and length of each admission. We used the judgement of a single clinician to determine the 
cause of hospital admission – other studies have used criteria such as the Framingham criteria or had 
more than one person determining causes of admissions. Additionally, this study excluded 
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emergency department encounters for patients with fluid overload who were not subsequently 
admitted to hospital – this may represent lost information about the morbidity of HF. This sample 
represents patients with CKD stages 3-5 and may not represent patients with less severe kidney 
disease. Future studies may build on this work and further elucidate the characteristics associated 
with hospitalisations and death in order to improve the prognosis of patients with HF and moderate 
to severe CKD. 
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Figure Legends 
Fig. 1. Distributions of the total number of admissions associated with a participant, overall and stratified by 
admission type. People were followed up for different lengths of time and their admission dates were not 
recorded hence a Poisson regression to derive the mean number of admissions were difficult to derive. Given that 
24.8% of patients died and the different lengths of time the patients were followed-up, the figure has just 
empirical value. 
Fig. 2. Kaplan-Meier survival curves stratified by the type of hospital admissions in the cohort. 
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Overall (n=318) 

Sex 

Females Males 

(n=109) (n=209) 

Sex 
Females 109 (34.3%)   

Males 209 (65.7%) - - 

Age 
Mean (SD) 74.4 (13.3) 73.7 (15.9) 74.7 (11.7) 

Median [Q1, Q3] 78 [68, 83] 79.0 [66, 84] 78.0 [68, 83] 

BMI 

(kg/m2) 

BMI < 18.5 4 (1.3%) 4 (3.7%) 0 (0%) 

BMI 18.5-25 100 (31.4%) 34 (31.2%) 66 (31.6%) 

BMI > 25 

 

187 (58.8%) 62 (56.9%) 125 (59.8%) 

Missing 27 (8.5%) 9 (8.3%) 18 (8.6%) 

Overall mean (SD) 28.4 (6.79) 28.9 (8.5) 28.1 (5.7) 

Overall median [Q1, Q3] 27.1 [23.5, 31.9] 27.0 [23.3, 33.25] 27.1 [23.8, 31.5] 

Diabetes 
No 145 (45.6%) 59 (54.1%) 86 (41.1%) 

Yes 173 (54.4%) 50 (45.9%) 123 (58.9%) 

Heart Failure 

type 

HFpEF 130 (40.9%) 57 (52.3%) 73 (34.9%) 

HFmEF 65 (20.4%) 18 (16.5%) 47 (22.5%) 

HFrEF 114 (35.8%) 30 (27.5%) 84 (40.2%) 

Missing 9 (2.8%) 4 (3.7%) 5 (2.4%) 

CKD stage 

and eGFR 

(mL/min/1.73 

m2) 

CKD 3 133 (41.8%) 49 (45.0%) 84 (40.2%) 

CKD 4 140 (44.0%) 44 (40.4%) 96 (45.9%) 

CKD 5 39 (12.3%) 14 (12.8%) 25 (12.0%) 

Missing 6 (1.9%) 2 (1.8%) 4 (1.9%) 

Overall mean (SD) 29.5 (12.0) 28.1 (10.2) 30.2 (12.8) 

Overall median [Q1, Q3] 29.0 [22, 35] 27.0 [22, 34.75] 29.0 [22, 36] 

Serum 

haemoglobin 

(g/L) 

Hb <100 67 (21.1%) 23 (21.1%) 44 (21.2%) 

Hb 100-150 235 (73.9%) 84 (77.1%) 151 (72.2%) 

Hb >150 9 (2.8%) 0 (0%) 9 (4.3%) 

Missing 7 (2.2%) 2 (1.8%) 5 (2.4%) 

Overall mean (SD) 115 (18.4) 110 (15.1) 117 (19.6) 

Overall median [Q1, Q3] 113 [102, 126] 111 [102, 120] 116 [103, 131.25] 

 

Table 1: Cohort demographics and comorbidities overall and stratified by sex. Body mass index 

(BMI), heart failure with preserved ejection fraction (HFpEF, ejection fraction ≥50%), heart failure 

with moderately reduced ejection fraction (HFmEF, ejection fraction 41-49%), heart failure with 

reduced ejection fraction (HFrEF, ejection fraction ≤40%), estimated glomerular filtration rate 
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  Overall (n=318) 
Sex Hospital admission status 

  Females (n=109) Males (n=209) P-value No admissions (n=91) >=1 HF admission (n=110) Admitted but not for HF (n=117) 

ACEi/ARB/ARNi No 120  37.7% 48 44.0% 72 34.4% 0.121 26 28.6% 54 49.1% 40 34.2% 

Yes 198  62.3% 61 56.0% 137 65.6% 65 71.4% 56 50.9% 77 65.8% 

MRA No  232  73% 84 77.1% 148 70.8% 0.29 65 71.4% 73 66.4% 94 80.3% 

Yes 86 27% 25 22.9% 61 29.2% 26 28.6% 37 33.6% 23 19.7% 

Beta blocker No  64  20.1% 25 22.9% 39 18.7% 0.45 16 17.6% 23 20.9% 25 21.4% 

Yes 254 79.9% 84 77.1% 170 81.3% 75 82.4% 87 79.1% 92 78.6% 

SGLT2i No 233 73.3% 84 77.1% 149 71.3% 0.332 66 72.5% 80 72.7% 87 74.4% 

Yes 85  26.7% 25 22.9% 60 28.7% 25 27.5% 30 27.3% 30 25.6% 

All 4 GDMT No 289  90.9% 101 92.7% 188 90.0% 0.554 82 90.1% 99 90.0% 108 92.3% 

Yes 29 9.1% 8 7.3% 21 10.0% 9 9.9% 11 10.0% 9 7.7% 

Loop diuretic No 85  26.7% 28 25.7% 57 27.3% 0.865 27 29.7% 17 15.5% 41 35.0% 

Yes 233  73.3% 81 74.3% 152 72.7% 64 70.3% 93 84.5% 76 65.0% 

Daily diuretic dose 

(mg of furosemide) 

Mean (SD) 72.3  (77.7) 78.0 (78.3) 69.4 (77.4) 0.335 56.3 (61.3) 101 (88.8) 57.9 (70.8) 

Median [Q1, Q3] 40.0 [0, 120] 40.0 [0, 130] 40.0 [0, 95] 40 [0, 80] 80 [40, 160] 40 [0, 80] 

Missing 4  1.3% 1 0.9% 3 1.4% 1 (1.1%) 1 0.9% 2 1.7% 

 

Table 2: Medication data stratified by the categorical admissions outcome defined as never admitted, admitted with at least one heart failure admission, and admitted but not for 

heart failure. Medication data was collected at the end of the observation period for each patient. Angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers 

(ARB), angiotensin receptor/neprilysin inhibitor (ARNi), mineralocorticoid receptor antagonist (MRA), sodium-glucose cotransporter-2 inhibitors (SGLT2i), guideline directed 

medical therapy (GDMT). 
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Hospital Admissions Status Unadjusted multinomial logistic regression Adjusted multinomial logistic regression 

No admissions 

(n=91) 

>=1 HF 

admission 

(n=110) 

Admitted but 

not for HF 

(n=117) 

>=1 HF admission  

vs.  

No admissions 

Admitted but not for HF  

vs.  

No admissions 

>=1 HF admission  

vs. 

Admitted but not for HF 

>=1 HF admission  

vs.  

No admissions 

Admitted but not for HF  

vs. 

No admissions 

>=1 HF admission  

vs.  

Admitted but not for HF 

No. % No. % No. % RR 95% CI P-value RR 95% CI P value RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value 

Sex 
Females 21 23.1% 35 31.8% 53 45.3% 1   1   1   1      1   

Males 70 76.9% 75 68.2% 64 54.7% 0.64 0.34, 1.21 0.170 0.36 0.19, 0.67 0.001 1.77 1.03, 3.05 0.038 0.43 0.20, 0.94 0.035 0.21 0.10, 0.47 <0.001 2.01 1.14, 3.55 0.016 

Age 

Mean (SD) 73.4 (13.8) 75.7 (12.2) 73.8 (13.8) 1.01 0.99, 1.04 0.219 1.00 0.98, 1.02 0.846 1.01 0.99, 1.03 0.270          

Median [Q1, Q3] 77 [67, 83] 78 [72, 83] 78 [66, 83]                   

BMI 

kg/m2 

BMI <25 22 24.2% 35 31.8% 47 40.2% 1   1   1   1   1   1   

BMI ≥25 45 49.5% 74 67.3% 68 58.1% 1.03 0.54, 1.98 0.920 0.71 0.38, 1.33 0.282 1.46 0.84, 2.53 0.175 1.47 0.57, 3.80 0.429 1.25 0.48, 3.24 0.650 1.18 0.49, 2.80 0.711 

Missing 24 26.4% 1 0.9% 2 1.7%                   

Diabetic 
No 48 52.7% 50 45.5% 47 40.2% 1   1   1            

Yes 43 47.3% 60 54.5% 70 59.8% 1.34 0.77, 2.34 0.304 1.66 0.96, 2.89 0.072 0.81 0.48, 1.36 0.422          

Heart 

Failure 

type 

HFpEF 36 39.6% 49 44.5% 45 38.5% 1   1   1            

HFmEF 21 23.1% 17 15.5% 27 23.1% 0.60 0.28, 1.29 0.186 1.03 0.50, 2.11 0.939 0.58 0.28, 1.20 0.141          

HFrEF 27 29.7% 44 40.0% 43 36.8% 1.20 0.63, 2.28 0.583 1.27 0.66, 2.44 0.466 0.94 0.52, 1.68 0.834          

Missing 7 7.7% 0 0% 2 1.7%                   

CKD Stage 

CKD 3 47 51.6% 35 31.8% 51 43.6% 1   1   1   1   1   1   

CKD 4 35 38.5% 60 54.5% 45 38.5% 1.64 0.91, 2.96 0.100 1.34 0.75, 2.42 0.325 1.22 0.70, 2.12 0.482 4.01 1.04, 15.5 0.044 4.33 1.13, 16.5 0.032 0.93 0.35, 2.44 0.878 

CKD 5 5 5.5% 15 13.6% 19 16.2% 1.63 0.50, 5.35 0.418 2.96 1.01, 8.68 0.048 0.55 0.22, 1.41 0.213 1.48 0.27, 8.16 0.651 2.65 0.54, 13.1 0.232 0.56 0.13, 2.31 0.135 

Missing 4 4.4% 0 0% 2 1.7%                   

Serum 

Hb (g/L) 

Hb <100 7 7.7% 26 23.6% 34 29.1% 1   1   1   1   1   1   

Hb ≥100 80 87.9% 82 74.5% 82 70.1% 0.28 0.11, 0.67 0.005 0.21 0.09, 0.50 <0.001 1.31 0.72, 2.37 0.377 0.26 0.09, 0.74 0.012 0.17 0.06, 0.47 <0.001 1.57 0.83, 2.96 0.162 

Missing 4 4.4% 2 1.8% 1 0.9%                   

Interaction 

term 

between 

CKD and 

BMI 

CKD 3*BMI≥25                1   1   1   

CKD 4*BMI≥25                0.26 0.05, 1.26 0.096 0.16 0.04, 0.79 0.024 1.64 0.49, 5.49 0.425 

CKD 5*BMI≥25                0.98 0.08, 11.7 0.988 1.07 0.10, 11.1 0.954 0.91 0.13, 6.35 0.929 

Table 3: Variables’ summaries stratified by the multinomial outcome with three distinct categories: no hospital admissions, at least one hospital admission for HF, and at least one hospital admission 

but no HF admissions. Adjusted multinomial regression was performed using backward selection (AIC - Akaike Information Criterion) until only three significant covariates remained (sex, CKD 
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 Survival data summary Univariate Cox regression Multivariable Cox regression 

  Survived (n=239, 75.2%) Died (n=79, 24.8%) HR 95% CI p-value HR 95% CI p-value 

Admission 

status 

No admissions (ref) 76 31.8% 15 19.0% 1   1   

At least 1 HF admission 71 29.7% 39 49.4% 3.15 1.73, 5.73 <0.001 2.41 1.27, 4.60 0.007 

Admitted but not for HF 92 38.5% 25 31.6% 1.54 0.81, 2.92 0.190 1.29 0.65, 2.57 0.460 

Admitted but not for HF (ref) 92 38.5% 25 31.6% 1   1   

At least 1 HF admission 71 29.7% 39 49.4% 2.05 1.24, 3.39 0.005 1.86 1.11, 3.14 0.019 

Sex Females 85 35.6% 24 30.4% 1      

 Males 154 64.4% 55 69.6% 1.27 0.79, 2.06 0.324    

Age Mean (SD) 72.7 14 79.4 9.24 1.04 1.02, 1.07 <0.001    

 Median [Min, Max] 77 [20, 94] 81 [54, 93]       

BMI (kg/m2) 

BMI <25 75 31.4% 29 36.7% 1      

BMI ≥ 25 

 

139 58.2% 48 60.8% 0.86 0.54, 1.36 0.509    

Missing 25 10.5% 2 2.5%       

Diabetic No 106 44.4% 39 49.4% 1      

 Yes 133 55.6% 40 50.6% 0.77 0.50, 1.20 0.246    

Heart 

Failure 

type 

HFpEF 101 42.3% 29 36.7% 1   1   

HFmEF 53 22.2% 12 15.2% 0.88 0.45, 1.72 0.700 1.15 0.59, 2.27 0.682 

HFrEF 79 33.1% 35 44.3% 1.64 1.01, 2.69 0.049 2.18 1.30, 3.63 0.003 

Missing 6 2.5% 3 3.8%       

CKD Stage 

CKD 3 110 46.0% 23 29.1% 1   1   

CKD 4 96 40.2% 44 55.7% 2.20 1.36, 3.57 0.001 1.91 1.16, 3.16 0.011 

CKD 5 27 11.3% 12 15.2% 2.01 0.87, 4.65 0.102 2.07 0.86, 4.97 0.104 

Missing 6 2.5% 0 0%       

Serum 

Haemoglobin 

(g/L) 

Hb <100 49 20.5% 18 22.8% 1      

Hb ≥100 183 76.6% 61 77.2% 0.91 0.54, 1.55 0.735    

Missing 7 2.90% 0 0%       

ACEi/ARB No 73 30.50% 47.0 59.50% 1      

/ARNi Yes 166 69.50% 32.0 40.50% 0.40 0.26, 0.63 <0.001 0.44 0.27, 0.72 <0.001 

MRA No 175 73.20% 57.0 72.20% 1      

 Yes 64 26.80% 22.0 27.80% 1.20 0.73, 1.96 0.477    

Beta blocker No 44 18.40% 20.0 25.30% 1      

 Yes 195 81.60% 59.0 74.70% 0.81 0.48, 1.34 0.402    

Loop 

Diuretics 

No 73 30.50% 12.0 15.20% 1      

Yes 166 69.50% 67.0 84.80% 2.30 1.24, 4.24 0.008 2.24 1.14, 4.40 0.019 

 

Table 4: Cox proportional hazards analyses for death during the follow up since diagnosis/joining the clinic. Backward selection (AIC - Akaike Information Criterion) was 

used until only significant covariates remained in the multivariate model (admission status, HF type, CKD stage, ACEi/ARB/ARNi use, and diuretic use). Body mass index 

(BMI), heart failure (HF), heart failure with preserved ejection fraction (HFpEF), heart failure with moderately reduced ejection fraction (HFmEF), heart failure with 

reduced ejection fraction (HFrEF), chronic kidney disease (CKD), haemoglobin (Hb), angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers 

(ARB), angiotensin receptor/neprilysin inhibitor (ARNi), mineralocorticoid receptor antagonist (MRA). 

D
ow

nloaded from
 http://karger.com

/crm
/article-pdf/doi/10.1159/000541806/4354252/000541806.pdf by St G

eorge's, U
niversity of London user on 17 April 2025


	TableStart

