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Abstract 

Diabetes mellitus (DM) is a well-established risk factor for adverse prognosis in patients 

with heart failure (HF). Outcomes in this patient population have not been thoroughly investigated 

in specialized heart function clinics (HFC). Recently, sodium-glucose cotransporter-2 (SGLT2) 

inhibitors have become a novel treatment for patients with HF. In addition to the natriuretic effect 

of SGLT2 inhibitors they likely have direct positive effects on the heart, proving to be efficacious 

in adults with HF based on randomized clinical trials. 

 

We aim to assess the initiation of SGLT2 inhibitors in HF patients with and without DM 

to assess utilization of this novel medication, as well as investigate more thoroughly the difference 

in HF patients with and without DM. We investigated outcomes of DM patients in a specialized 

HFC and compared to patients without DM, and their guideline-directed medical therapy (GDMT) 

utilization. Additionally, we compared SGLT2 inhibitor uptake and outcomes in two real-world 

cohorts: a population-based cohort of all adults with DM and HF in Alberta, Canada and a HFC 

cohort. The HFC cohort was created by chart review of patients seen in the HFC between February 

2018 and August 2022. We examined GDMT utilization, baseline reported quality of life and 

outcomes amongst DM and non-DM cohort. The population-based cohort was derived from linked 

provincial healthcare datasets.  We examined the association between SGLT2 inhibitor use 

(modeled as a time-varying covariate) and all-cause mortality or deaths/cardiovascular 

hospitalizations. 

 

 Of the 4,885 individuals with DM and HF in the population-based cohort, 64.2% met the 

eligibility criteria of the trials proving the efficacy of SGLT2 inhibitors, SGLT2 inhibitor usage 
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increased from 1.2% in 2017 to 26.4% by January 2022. In comparison, of the 530 patients with 

DM and HF followed in the HFC, SGLT2 inhibitor use increased from 9.8% in 2019 to 49.1 % 

by March 2022. SGLT2 inhibitor use in the population-based cohort was associated with fewer 

deaths (aHR 0.51, 95% CI 0.41–0.63) and fewer deaths/cardiovascular hospitalizations (aHR 

0.65, 95% CI 0.54–0.77). SGLT2 inhibitor usage rates were far lower in HF patients without DM 

(3.5% by March 2022 in the HFC cohort). 

 

Within the HFC, patients with DM had higher rates of co-morbidities with the largest 

differences seen in hypertension (70.6% vs 43.8%), dyslipidemia (32.8% vs 16.9%) and chronic 

kidney disease (44.7% vs 26.1%), compared to those without DM (all p values < 0.001). 

Additionally, it was more common for patients with DM to have HF secondary to ischemic heart 

disease (p < 0.001). Patients without DM were more likely to have heart failure with preserved 

ejection fraction (HFpEF) compared to those with DM (p < 0.05).  The main significant difference 

in GDMT utilization was SGLT2 inhibitor usage across all HF sub-types, which was much higher 

in the DM group (DM group = 33.8% vs. non-DM group = 3.1%, p < 0.001). In the heart failure 

with reduced ejection fraction (HFrEF) group for the overall cohort, GDMT utilization was 17.9% 

for SGLT2 inhibitors, 96.5% for beta-blocker, 82.0% for mineral corticoid receptor antagonists 

(MRA), and 94.6% for renin-angiotensin system (RAS) inhibitors. Additionally, In the HFrEF 

group for the overall cohort, 81.0% were on triple therapy and 16.0% on quadruple therapy. 

Patient-reported QoL was worse in those with DM (median 68.1, IQR: 45.8 – 87.5) compared to 

those without DM (76.0, IQR: 53.1 – 92.7, p < 0.001). When comparing patients based on ejection 

fraction only, QoL was significantly better in the heart failure with preserved ejection fraction 

(HFpEF) group compared to HFrEF and heart failure mildly reduced ejection fraction (HFmrEF) 
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patients (p < 0.001). During a median follow-up time of 38.7 months (IQR: 30.7 – 48.2 months), 

patients with DM exhibited an increased risk of composite outcomes (aHR: 1.34, 95% CI 1.13 – 

1.60) and all-cause mortality alone (aHR: 1.12, 95% CI 1.01 – 1.43) compared to non-DM patients. 

 

 Our results critically highlight that HF patients with DM are a complex and vulnerable 

patient population, and special consideration for follow-up, management of comorbidities and 

rapid initiation of SGLT2 inhibitors should be given. 
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Introduction 

DM is a well-established risk factor for adverse prognosis in patients with HF. The 

combination of HF and DM confers an increased risk for hospitalization and worse health 

outcomes2. The prevalence of DM among patients with HF is 24%, over two times higher than the 

population average.3 SGLT2 inhibitors have been commercially available for over ten years but, 

until recently, were primarily used to treat T2DM as a glucose-lowering agent, where there is now 

evidence for their use in heart failure regardless of the ejection fraction.4  

 

SGLT2 inhibitors in Heart Failure 

SGLT2 inhibitors reduce blood glucose by inhibiting glucose reabsorption in proximal 

tubules and by promoting urinary glucose excretion.5 There are multiple sodium-glucose co-

transporters throughout the body, but SGLT2 makes up the majority of glucose reabsorption in the 

kidneys (90%).6 Dapagliflozin and Empagliflozin are currently approved for HF in Canada and 

are both selective inhibitors to SGLT2, with Empagliflozin being the most selective out of all 

currently available.7, 8  In 2015, the Empagliflozin, Cardiovascular Outcomes, and Mortality in 

Type 2 Diabetes (EMPA-REG) study demonstrated that HF hospitalizations decreased by 35% 

following SGLT2 inhibitor treatment.9 It was then hypothesized that SGLT2 inhibitors had direct 

effects on cardiac cells. SGLT2 inhibitors are known to have indirect effects on the cardiac system, 

which should not be understated. Specifically, these have been shown to lower blood glucose, 

which was their primary intention. Additionally, they have a small but significant impact on weight 

loss, typically between 1-3 kg lost.10 They have also been found to have a small but significant 

drop in blood pressure.11  Additionally, the renal protective effects are well known and have been 
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reflected in modern guidelines.12  These indirect effects are well known and agreed upon as 

common mechanisms that make SGLT2 inhibitors cardio-protective.  

 

Directly, SGLT2 inhibitors also work by inhibiting sodium-hydrogen exchangers in the 

myocardium, which increases the concentration of sodium ions in mitochondria, a common 

electrolyte disturbance in heart failure and something that seems to exert more positive effects 

during states of stress.6, 13 The natriuretic effect which was found to be quite substantial in animal 

models, contributes to improvements in preload and afterload.14  Recently, SGLT2 inhibitors have 

been found to suppress apoptosis in different disease states, which can improve myocardial fibrosis 

by preventing cardiac apoptosis.15  SGLT2 inhibitors have also been found to enhance macrophage 

activation, resulting in reduced infiltration of myofibroblasts and collagen accumulation, another 

mechanism that likely improves and prevents myocardial fibrosis.16   

 

In HF ketone body concentrations are increased and thought to be increased in response to 

stress in HF.17 SGLT2 inhibitors increase ketone bodies through enhanced gluconeogenesis.18 

Increased ketone bodies are known to decrease adverse cardiac remodeling, oxidative stress and 

inflammation.19  Since ketone bodies are a powerful source of energy for HF these increased ketone 

bodies are thought to have a positive effect on heart failure.20 

 

Given these effects, it is not surprising that SGLT2 inhibitors have been proven efficacious 

in clinical trials. In 2019, the first outcome trial of SGLT2 inhibitors in T2DM patients with HFrEF 

reported reduced all-cause mortality and CV mortality.21 Subsequently, the Dapagliflozin in 

Patients with Heart Failure and Reduced Ejection Fraction (DAPA-HF) and Cardiovascular and 
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Renal Outcomes with Empagliflozin in Heart Failure (EMPEROR Reduced) trials demonstrated a 

reduction in the risk of worsening HF or CV mortality in patients with HF independent of DM 

status.22, 23 In 2021, the Empagliflozin in Heart Failure with a Preserved Ejection Fraction 

(EMPEROR Preserved) trial reported that the risk of CV mortality or HF hospitalization was lower 

for patients treated with empagliflozin with a left ventricular ejection fraction (LVEF) greater than 

40% known as heart failure with mid-range ejection fraction (HFmrEF) and heart failure with a 

preserved ejection fraction (HFpEF) 24 – a result confirmed by the Dapagliflozin in Heart Failure 

with Mildly Reduced or Preserved Ejection Fraction, (DELIVER) trial with dapagliflozin in 

2022.25  These clinically important improvement in outcomes have also translated to a meaningful 

improvement in functional status as well.26 

 

Diabetes-Specific Considerations in Heart Failure  

 In addition to SGLT2 inhibitor, there has been an abundance of research surrounding 

other diabetic medications and cardiac outcomes. The main classes of medications with specific 

considerations in addition to SGLT2 inhibitors are sulfonylureas, GLP-1RAs and DPP4 

inhibitors. Recently, GLP-1RA have been shown to be beneficial compared to DPP4 inhibitors 

for preventing major adverse CV events. However, sulfonylureas were associated with worse 

outcomes for major adverse CV events.27 This has previously been shown not to have an 

increased risk of death or HF, so potentially this is related more so to ischemic related events 

rather than HF.28   

 

Sulfonylureas have been around for decades and are primarily used to treat type 2 DM. 

Primarily, their mechanism of action is to close ATP-sensitive K-channels in the pancreatic beta-
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cell plasma membrane.29  Several sulfonylureas have previously been shown to exhibit high-

affinity blockage of cardiac mitochondrial ATP-sensitive potassium channels (mitoKATP), and 

are thought to interfere with ischemic preconditioning, an important mechanism of cardiac 

protection.30  Glyburide is a high cardiac mitoKATP high-affinity, and gliclazide is a low-

affinity mitoKATP sulfonylurea.30 Overall, the usage of sulfonylurea is still inconclusive, but 

likely to not be superior to other treatment options.  

 

GLP-1RAs are a new area of research interest, given their benefit in obesity.31 In patients 

with HFpEF they have been shown to significantly improve symptoms and weight loss, which 

both can be a challenge in HF patients.32 Data in HFrEF is limited, but early analysis may appear 

to have a slightly worse outcome for patients with HFrEF.32 Specifically, in the EXSCEL trial, 

heart failure hospitalization in the group with an EF of less than 40% had an OR of 1.9 (1.02, 

2.83) when being treated with Exenatide.33 Further research for HFrEF and HFmrEF is 

warranted for this class. 

 

Gastric inhibitory peptides did not seem to demonstrate benefit in cardiovascular disease 

or weight loss. However, there is now a dual GLP-1 and gastric inhibitory peptide (GIP) called 

tirzepatide and early findings are that this may have superior efficacy in terms of glycemic 

control and weight loss.34, 35 More evidence is needed for conclusive recommendations in HF and 

CVD.  

 

DPP-4 inhibitors also have limited evidence in HF. It is thought that the sympathetic 

activation of certain DPP-4 inhibitors may cause harm in HF.36 DPP-4 activity is decreased in 
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heart failure, and it compensates against the elevated sympathetic activity, inhibiting this 

decreases this adaptive mechanism, theoretically causing myocardial damage.37 This has been 

shown in clinical trials, with saxagliptin to cause an increased risk or hospitalization for heart 

failure.38  This has not been replicated with other DPP-4 inhibitors. and they are typically 

deemed safe in HF.39 It was even shown that there was no inferiority between linagliptin and 

glimepiride on major adverse CV outcomes.34 

 

Objective 

Given the efficacy of SGLT2 inhibitors in the HF and DM population from randomized 

trials, we designed this study to compare the uptake of SGLT2 inhibitors and associated outcomes 

in two cohorts: a population-based cohort of all adults with DM and HF in Alberta, Canada, and a 

specialized heart function clinic (HFC) cohort based at the Mazankowski Alberta Heart Institute 

(MAHI) in Edmonton, Alberta. Additionally, within the HFC cohort, we aim to evaluate outcomes, 

quality of life (QoL) and GDMT utilization in patients with and without DM.  
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Methods 

Population-Based Cohort and Design 

 We conducted a population-based retrospective cohort study in the province of Alberta, 

Canada. The 4.4 million residents of Alberta have universal healthcare, and virtually all are 

covered by the Alberta Health Care Insurance Plan (AHCIP). Alberta has an integrated healthcare 

system that allows for the capture and linkage, based on a unique patient healthcare number, of 

most encounters with the healthcare system. The health administrative data includes the Discharge 

Abstract Database (DAD) (for all acute care hospitalizations and collects up to 25 International 

Classification of Diseases, Tenth Revision diagnosis codes, Canada (ICD-10-CA), and up to 20 

procedures codes); National Ambulatory Care Reporting System (NACRS) (for all emergency 

department visits and hospital-based ambulatory care, and collects up to 10 ICD-10-CA diagnosis 

codes and up to 10 procedure codes); Pharmaceutical Information Network (for community 

medication dispensations); the provincial laboratory databases; and the provincial registry (to 

identify death date, residence location). Additionally, the echocardiogram data was acquired from 

the MAHI and Libin Cardiovascular Institute of Alberta (Calgary) databases (both are tertiary care 

centres) using each patient’s personal health identifier to stratify patients based on LVEF into 

HFrEF (LVEF <40%), HFmrEF (LVEF 40-49%), and HFpEF (LVEF ≧50%).  

 

We identified all Alberta residents aged 18 years and above with a diagnosis of T2DM and 

HF that were alive by the index date, which was defined as the latest of either HF diagnosis, DM 

diagnosis or January 1, 2017 (Figure 1). From this, we identified those individuals with a first 

echocardiogram between one year prior and seven days after their index date. We classified 

patients as SGLT2 inhibitor users or not based on dispensation records between their index date 
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and March 31, 2022, through a time-varying approach. Patients who were using SGLT2 inhibitors 

at baseline were included in the SGLT2 inhibitor cohort for the duration of follow-up (or until they 

stopped the medication), whereas patients who started SGLT2 inhibitor after baseline were moved 

to the SGLT2 inhibitor cohort at the time they initiated treatment.  

 

For further analysis, we created two more cohorts, in addition to the cohort mentioned 

above (cohort 1). We created an inclusion (cohort 2) and exclusion (cohort 3) cohort based on the 

RCT eligibility criteria. We excluded those with: 1) prior (1-year look back from index date) 

median value of B-type natriuretic peptide (BNP) <100 pg/mL or BNP <200 pg/mL with history 

of atrial fibrillation; or 2) prior (1-year look back from index date) median value of N-terminal pro 

b-type natriuretic peptide (NT-proBNP) <300 ng/L or NT-proBNP <900 ng/L with a history of 

atrial fibrillation; or 3) estimated glomerular filtration rate (eGFR) < 25 mL/min/1.73m2; or 4) 

documentation of amyloidosis, Fabry disease, Hemochromatosis, hypertrophic obstructive 

cardiomyopathy (HOCM), constrictive pericarditis, liver disease, heart transplant, or dialysis. This 

was to ensure a similar population to the major RCTs that studied SGLT2 inhibitor usage in 

patients with HF.40  

 

This part of the study was conducted with approval from the University of Alberta Health 

Research Ethics Board in accordance with the ethical principles of the Declaration of Helsinki and 

with waiver of individual patient consent since de-identified data was used (Ethics Approval No. 

Pro00010852).  
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Figure 1: Population cohort enrolment flow chart, STROBE diagram  

 

STROBE, Strengthening the Reporting of Observational Studies in Epidemiology. F/U: Follow 

up time. 
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Specialized Clinic Cohort Study and Design 

Since February 2018, over 1600 patients attending appointments at the MAHI HFC have 

been enrolled in a prospective registry. This HFC is a tertiary referral centre in Alberta, Canada, 

for a catchment of over two million adults. The clinic specializes in a multi-disciplinary care 

approach for managing HF, including nurse practitioners, social workers, dieticians, and 

pharmacists. Patients enrolled had a diagnosis of HF confirmed by a cardiologist at the HFC. 

Patients were followed according to the usual standard of care, and prescriptions were at the 

attending physician’s discretion. This part of the study was conducted with approval from the 

University of Alberta Health Research Ethics Board in accordance with the ethical principles of 

the Declaration of Helsinki and with individual patients’ written informed consent (Pro00077124).  

 

 We excluded patients younger than 18 years of age, with type 1 DM, or with less than one 

year of follow-up time (n = 37) (Figure 2). QoL assessments were conducted on enrollment using 

the shortened Kansas City Cardiomyopathy Questionnaire (KCCQ-12). KCCQ-12 scores were 

derived from physical limitations, symptom burdens, social limitations and QoL domains and 

summarized on a scale of 0 to 100. Review of electronic medical records in combination with 

accessing the linked healthcare administrative databases available through Alberta Health Services 

was performed for all patients to gather clinical characteristics, comorbidities, medications, 

laboratory values, and clinical outcomes up until July 31, 2022, as we have described previously.41 
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Figure 2: HFC cohort enrolment flow chart, STROBE diagram 

 

 

STROBE, Strengthening the Reporting of Observational Studies in Epidemiology. F/U: Follow 

up time. 
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Clinical Characteristics 

For the population-based cohort, we used DAD and NACRS records from the five years 

prior to cohort enrollment to define baseline comorbidities (previously shown to have a specificity 

of greater than 98% for cardiovascular conditions) (Table 1).42 We defined LVEF levels from the 

echocardiographic database using the echocardiogram result closest to the index date. We collected 

data on dispensations for beta-blockers (BB), angiotensin-converting enzyme inhibitors (ACEi) or 

angiotensin II receptor blockers (ARB), mineralocorticoid receptor antagonists (MRA), 

ARB/neprilysin inhibitor (ARNI), Statins, SGLT2 inhibitor, Dipeptidyl peptidase 4 inhibitors 

(DPP-4-I), sulfonylureas, insulin, glucagon-like peptide-1 agonists (GLP-1) in the six months prior 

to the index date. The Pampalon Material Deprivation Index was used as a proxy for 

socioeconomic status.43  

 

For the specialized-clinic cohort, demographics, primary HF etiology, echocardiographic 

parameters, comorbidities, laboratory values, and medications were obtained through electronic 

chart review. DM status was described as any patient with a hemoglobin A1C greater than 6.5% 

at enrollment or throughout the study. A time varying SGLT2 inhibitor prescription was used for 

the date of SGLT2 inhibitor initiation based on the same approach as for the population level 

cohort stated earlier. CV hospitalizations were obtained through admission diagnosis with ICD-

10-CA for all provincial hospitalizations and defined as any hospitalization related to a cardiac 

cause (HF, acute coronary syndrome, ventricular arrhythmias, sudden cardiac death, stroke, atrial 

fibrillation, atrial flutter, cardiomyopathy). The primary outcomes were all-cause mortality and 

death/CV hospitalization. 
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Table 1: Definitions based on ICD-9 and ICD-10 codes 

 ICD-9 Codes ICD-10 codes 

Diabetes (1 hit DAD or 2 hits CLM 

within 2-year period-NDSS)) 

250.x E10.x, E11.x, E13.0, E13.1, 

E14.0, E14.1 

Heart failure (1 DAD/1 NACRS/ 2 

CLM within 1 year) 

428.x I50.x 

Cardiovascular disease (CVD) (1 hit 

DAD/1 hit NACRS/1 hit CLM) 3 

years prior to index date 

398.9, 402.0, 402.1, 402.9, 

404.0, 404.1, 404.9, 425.4, 

425.5, 425.7, 425.8, 425.9, 

428, 410, 411, 412, 413, 

426, 427, 427.5, 427.9, 

798, 362.3, 430, 431, 432, 

433, 434, 435, 436, 437, 

438, 427.3 

I50, I21, I20.0, I47.2, I49.0, 

I46.1, H34.1, I63, I64, I61, I60, 

G45, I48 

UTI (1 hit DAD/1 hit NACRS/1 hit 

CLM) from index until end of follow-

up (die/ immigrate or March 31, 2022) 

599.0 N390, N398, N399 

Acidosis (1 hit DAD/1 hit NACRS/1 

hit CLM) from index until end of 

follow-up (die/ immigrate or March 

31, 2022) 

276.2 E101, E111, E121, E131, 

E141, E872 

Hypertension (1 hit DAD/1 hit 

NACRS/1 hit CLM) 5 years prior to 

index date 

401-405 I10, I11, I12, I13, I15 

Dyslipidemia (1 hit DAD/1 hit 

NACRS/1 hit CLM) 5 years prior to 

index date 

272 E78 

Myocardial infarction (1 hit DAD/1 

hit NACRS/1 hit CLM) 5 years prior 

to index date 

410,412 I21, I22, I252 
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Atrial fibrillation (1 hit DAD/1 hit 

NACRS/1 hit CLM) 5 years prior to 

index date 

427.3 I48 

Cerebrovascular Disease (1 hit DAD/1 

hit NACRS/1 hit CLM) 5 years prior 

to index date 

430,431,433,434,435,436,

362.3 

H341, I63, I64, I61, I60, G45 

COPD (1 hit DAD/1 hit NACRS/1 hit 

CLM) 5 years prior to index date 

491,492,496 J41, J42, J43, J44 

Depression (1 hit DAD/1 hit 

NACRS/1 hit CLM) 5 years prior to 

index date 

296.2,296.3,296.5,300.4,3

09,311 

F204, F313, F314, F315, F32, 

F33, F34.1, F41.2, F43.2 

Anemia (1 hit DAD/1 hit NACRS/1 

hit CLM) 5 years prior to index date 

280-285 D50-D64 

Chronic Kidney Disease (1 hit DAD/1 

hit NACRS/1 hit CLM) 5 years prior 

to index date 

583-586, 592, 593.9 N00-N23 

Cancer (1 hit DAD/1 hit NACRS/1 hit 

CLM) 3 years prior to index date 

 C77-C80, C00-C26, C30-C43, 

C45-C76, C81-C85, C88, C90-

C97 

Amyloidosis 277.3 E85 

Fabry - E75.21 

Hemochromatosis 275.0 E83.11 

HOCM 425.1 I42.1 

Constrictive pericarditis - I31.1 

Liver disease 

456,572 K704, K711, K721, K729, 

K765, K766, K767, 

I850,I859,I864,I982 

COPD 491,492,496 J41, J42, J43, J44  

Heart transplant - Z941 

Dialysis - Z992 
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 ATC codes 

SGLT2 (PIN data) (from index until 

end of follow-up (die/ immigrate or 

March 31, 2022)) 

A10BK01  dapagliflozin  

 A10BK02  canagliflozin  

 A10BK03  empagliflozin  

 A10BD15  metformin and dapagliflozin  

 A10BD16  metformin and canagliflozin  

 A10BD19  linagliptin and empagliflozin 

 A10BD20 metformin and empagliflozin 

Heart Failure/Cardiac 

Medications/Diabetic medications 

(PIN data) 6 months prior to index 

date 

  

 C09A ACE 

 C09C ARB 

 C09DX04 ARNI 

 C07 BB 

 C03DA01, C03DA04 MRA 

 C10AA, C10BA, C10BX Statin 

 A10BA Biguanide 

 A10BB Sulphonylurea 

 A10BH DPP4i 

 A10BJ GLP1 

 A10A Insulin 

Abbreviations: DAD = Discharge Abstract Database; NACRS = National Ambulatory Care 

Reporting System; CLM = Practitioner Claims; PIN = Pharmaceutical Information Network 
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Statistical Analysis 

The categorical variables were described using frequency and percentage. The continuous 

variables were described using means with standard deviations or median with interquartile range 

(IQR) when appropriate. We compared percentages and means with standard deviations (for 

normally distributed variables) or medians with 25th and 75th percentiles (for non-normally 

distributed variables) using ANOVA and Kruskal–Wallis tests, respectively. We compared 

categorical variables using the chi-squared test. For the analysis of primary outcome (all-cause 

mortality; death or CV hospitalization), SGLT2 inhibitor use was considered as a time-varying co-

variate: specifically, the patient’s medication status was updated every interval defined as the 

number of days covered by the medication (based on days supplied) plus a 120-day grace period 

(to ensure that no prescriptions were missed). Such intervals were updated until the end of follow-

up on March 31, 2022, or censored when appropriate to determine the SGLT2 inhibitor status and 

outcomes.  

 

Multivariable Cox regression models adjusting for all co-variates (including age, Pampalon 

material deprivation quintile, rural resident, sex, past medical history [dyslipidemia, myocardial 

infarction, atrial fibrillation, cerebrovascular disease, chronic obstructive pulmonary disease 

(COPD), depression, anemia, chronic kidney disease (CKD), cancer], LVEF, medications [ACEi, 

ARB, ARNI, BB, MRA, Statin, Metformin, Sulphonylurea, DPP-4-I, GLP-1, Insulin]) were 

conducted to investigate the association between SGLT2 inhibitor use and outcomes within the 

population cohort. We conducted analyses to determine factors affecting discontinuation following 

each prescription of SGLT2 inhibitor. Factors associated with discontinuation were examined 
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using logistic regression with generalized estimating equations method to account for repeated 

prescriptions.  

 

 For the specialized clinic cohort, age and sex were included for all adjustments; the 

remaining variables considered were atrial fibrillation, cancer, COPD, CKD, HF etiology, HF type, 

usage of beta-blocker, ACEi/ARB/ARNI, MRA, and device therapy including pacemaker (PM), 

implantable cardioverter-defibrillator and cardiac resynchronization therapy (CRT). An 

univariable analysis was first conducted, and the variables with a p-value greater than 0.15 were 

removed. Forward selection was then completed with an entry p-value of 0.1 and a removal p-

value of 0.15. The remaining variables were checked for collinearity using a variance inflation 

factor of less than 10 (all values were less than 1.5). Based on this method, the variables adjusted 

for CV hospitalization and mortality were age, sex, CKD, hypertension, and HF etiology. The 

same variables and HF type, usage of ACEi/ARB/ARNI, and COPD were used to compare 

association between SGLT2 inhibitor utilization with all-cause mortality. 

 

 When analyzing SGLT2 inhibitor utilization in patients with HF and DM, cox-regression 

with time-varying co-variate analysis was used to account for immortal time bias as outlined by 

Zhou et al. where patients taking an SGLT2 inhibitor were included in the SGLT2 inhibitor cohort 

while taking, and when they weren’t taking, they were included in the non-SGLT2 inhibitor cohort 

(i.e.: stopped medication, or prior to taking the medication) 44. Patients prescribed SGLT2 

inhibitors were presented as a percentage of patients alive in the registry at any given time. All 

statistical analyses were performed using SPSS version 28 (IBM Corporation) and SAS version 

9.4 (SAS Institute, Cary, NC) with statistical significance considered based on two-tailed p < 0.05.  
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Results 

Population-Based Cohort  

In the population-based cohort, 4,885 patients with DM and HF (median age 72, 38.9% 

female, 24.2% HFrEF) were eligible for analyses (Figure 1, Table 2). SGLT2 inhibitors were 

dispensed to 957 (19.6%) total patients prior to March 31, 2022, increasing from 1.2% in 2017 to 

26.4% by 2022 (of patients eligible for analysis at a given time) (Figure 3). Patients prescribed 

SGLT2 inhibitors were younger, more often male, with lower deprivation and Charlson 

comorbidity score. Additionally, the group prescribed SGLT2 inhibitors at baseline had lower rates 

of atrial fibrillation, COPD, depression, CKD, and cancer but higher rates of dyslipidemia and 

myocardial infarctions. Patients prescribed an SGLT2 inhibitors had a reduced LVEF and were 

also on higher rates of other HF guideline-directed medical therapy (GDMT) and diabetic 

medications (Table 2). SGLT2 inhibitor use was associated with fewer deaths (aHR 0.51, 95% CI 

0.41–0.63) and fewer composite outcome of deaths/CV hospitalizations (aHR 0.65, 95% CI 0.54–

0.77) in the population-based cohort over a median follow-up of 39 months (IQR: 21–49 months) 

in an adjusted multi-variable analysis (Figure 4,5, Table 3).  
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Table 2 Patient baseline characteristics and management in the population-based cohort of 
patients with DM and HF (n = 4,885)  

 Overall (= 4885) SGLT2 inhibitor user 
(n = 957) 

Non-user (n = 3928) 

Demographics 

Age (years) 72 (63-81) 67 (59-74) 74 (65-82) 

Sex (female) 1898 (38.9%) 278 (29.0%) 1620 (41.2%) 

Rural residence 671 (13.7%) 157 (16.4%) 514 (13.1% 

Pampalon Material Deprivation Quintile 

Quintile 1 626 (15.9%) 745  (15.3%) 119 (12.4%) 

Quintile 2 603 (15.4%) 736  (15.1%) 133 (13.9%) 

Quintile 3 663 (16.9%) 847  (17.3%) 184  (19.2%) 

Quintile 4 712 (18.1%) 904  (18.5%) 192  (20.1%) 

Quintile 5 1107 (22.7%) 249  (26.0%) 858  (21.8%) 

Unknown 546  (11.2%) 80  (8.4%) 466  (11.9%) 

Charlson Comorbidity  

Score Index 4.0  (3.0-6.0) 4.0  (2.0-5.0) 4.0  (3.0-7.0) 

Medical History 

Hypertension 4129  (84.5%) 809  (84.5%) 3320  (84.5%) 

Dyslipidemia 1233  (25.2%) 278  (29.0%) 955  (24.3%) 

MI 1265  (25.9%) 297  (31.0%) 968  (24.6%) 

Atrial Fibrillation 1539  (31.5%) 253  (26.4%) 1286  (32.7%) 

COPD 684 (14.0%) 94  (9.8%) 590 (15.0%) 

CKD 1368  (28.0%) 184  (19.2%) 1184  (30.1%) 

Cancer 1974  (40.4%) 267  (27.9%) 1707  (43.5%) 

LVEF group 

HFpEF 3066  (62.8%) 513  (53.6%) 2553  (65.0%) 

HFmrEF 639  (13.1%) 138  (14.4%) 501  (12.8%) 

HFrEF 1180  (24.2%) 306  (32.0%) 874  (22.3%) 

Baseline medications  

ACEi/ARB/ARNI 2874 (58.8%) 633 (66.6%) 2241 (57.1%) 
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ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, 

angiotensin receptor/neprilysin inhibitor; CKD, chronic kidney disease; COPD, chronic 

obstructive pulmonary disease; DPP IV, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 

1;HFmrEF, heart failure with mildly reduced ejection fraction;  HFpEF, heart failure with 

preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MI, myocardial 

infarction, MRA, mineralocorticoid receptor antagonist; SGLT2 inhibitor, sodium-glucose 

transporter 2 inhibitor. 

 

  

Beta-blocker 2469 (50.5%) 522 (54.5%) 1947 (49.6%) 

MRA 419 (8.6%) 106 (11.1%) 313 (8.0%) 

Insulin 1103 (22.6%) 299 (31.2%) 804 (20.5%) 

Metformin 1911 (39.1%) 582 (60.8%) 1329 (33.8%) 

Sulfonylurea 603 (12.3%) 222 (23.2%) 381 (9.7%) 

GLP-1/DPP IV 330 (6.8%) 133 (13.9%) 227 (5.8%) 
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Figure 3: Initiation of SGLT2 inhibitors in the population cohort 

 

 
Figure 4: Survival analysis of CV mortality alone for the population cohort comparing patients 
with diabetes prescribed and not prescribed SGLT2 inhibitor 
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Figure 5: Survival analysis of CV hospitalization or mortality for the population cohort 
comparing patients with diabetes prescribed and not prescribed SGLT2 inhibitor 
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Table 3: Associations between time-varying SGLT2 inhibitor utilization status and outcomes, (n 
= 4,885) 

 

Values are given as n (%) or median (interquartile range). Atrial fib, atrial fibrillation; CKD, chronic 

kidney disease; COPD, chronic obstructive pulmonary disease; HFmrEF, heart failure with mildly 

reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure 

with reduced ejection fraction; MI, myocardial infarction. 

  

 Mortality Composite 

Multi-variable analysis 

 0.51  (0.41-0.63) 0.65  (0.54-0.77) 

Demographics 

Sex (female) 0.98  (0.89-1.08)  0.98  (0.91-1.05) 

Rural residence 1.00  (0.87-1.14) 1.06  (0.95-1.18) 

Charlson Comorbidity  

Score Index 1.68  (1.18-2.39) 1.24  (0.99-1.55) 

Medical History 

Hypertension 1.00  (0.87-1.16) 1.15  (1.03-1.30) 

Dyslipidemia 0.86  (0.78-0.96) 0.95  (0.88-1.03) 

MI 0.93  (0.84-1.04) 1.01  (0.93-1.10) 

Atrial Fib 1.12  (1.02-1.23) 1.18  (1.09-1.27) 

COPD 1.25  (1.14-1.38) 1.07  (0.99-1.15) 

CKD 1.26  (1.14-1.38) 1.13  (1.04-1.21) 

Cancer 1.40  (1.25-1.56) 1.08  (0.99-1.19) 

LVEF group (referent HFrEF) 

HFpEF 0.92  (0.79-1.06) 0.86  (0.76-0.97) 

HFmrEF 0.83  (0.74-0.93) 0.73  (0.67-0.80) 
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When assessing whether these patients would have been included in the landmark trials 

(cohort 2), 3,138 (64.2%) of the 4,885 patients met the eligibility criteria.21-25 In the sensitivity 

analysis restricted to only those patients who would have been eligible for the trials, the 

associations with lower risk of all-cause mortality (aHR 0.44, 95% CI 0.30–0.58) and death or CV 

hospitalizations (aHR 0.64, 95% CI 0.52–0.80) were even stronger (Table 4). In the analysis 

restricted to the patients who did not meet trial eligibility criteria based on the criteria above 

(BNP/NT-proBNP/eGFR too low, or specific comorbidities, n=1,747) with cohort 3, there was 

still an association with lower risk of all-cause mortality (aHR 0.68, 95% CI 0.48–0.96), but no 

significant association was seen for the composite outcome (aHR 1.05, 95% CI 0.73–1.51) (Table 

4). 

In the population-based cohort, discontinuation of SGLT2 inhibitors occurred in 33.3% of 

patients. The only characteristics that were significantly associated with increased risk of 

discontinuation were rural residence compared to urban residence (33.9% vs 26.7%, p < 0.001) 

and previous history of myocardial infarction compared to no previous history (32.9% vs 26.4%, 

p = 0.001) (Table 5).  
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Table 4: Results in the population-based cohort, by trial eligibility 

 

Comparison of results among the different cohorts. Cohort 1: Population based cohort, Cohort 2: Patients 

meeting the inclusion criteria of the RCT’s, Cohort 3: Patients not meeting the inclusion criteria of the 

RCT’s. RCT = Relevant landmark randomized control trials 

  

   All-cause death Composite 

   HR* (95% CI) p-value HR* (95% CI) p-value 

Cohort 1 (n=4,885) Univariable 0.40 (0.32-0.49) <.0001 0.63 (0.53-0.74) <.0001 

Multivariable 0.51 (0.41-0.63) <.0001 0.65 (0.54-0.77) <.0001 

Cohort 2 (n=3,138) Univariable 0.36 (0.28-0.47) <.0001 0.64 (0.52-0.8) <.0001 

Multivariable 0.44 (0.33-0.58) <.0001 0.64 (0.52-0.8) <.0001 

Cohort 3 (n= 1,747) Univariable 0.50 (0.36-0.70) <.0001 1.13 (0.79-1.62) 0.5151 

 Multivariable 0.68 (0.48-0.96) 0.0271 1.05 (0.73-1.51) 0.7954 
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Table 5: Patient baseline characteristics based on discontinuation status of SGLT2 inhibitor in 
the Population-based cohort (n = 957) 

Values are given as n (%) or median (interquartile range). Atrial fib, atrial fibrillation; CKD, chronic 

kidney disease; COPD, chronic obstructive pulmonary disease; HFmrEF, heart failure with mildly 

 Overall (= 957) Discontinued (n = 274) Not Discontinued (n = 
683) 

Demographics 

Age (years) 67 (59-74) 67 (56-73) 68 (60-74) 

Sex (female) 278 (29.0%) 92 (33.6%) 186 (27.2%) 

Rural 
residence 

112 (12.7%) 45 (16.4%) 157 (16.4%) 

Pampalon Material Deprivation Quintile 

Quintile 1 119 (12.4%) 32 (11.7%) 87 (12.7%) 

Quintile 2 133 (13.9%) 32 (11.7%) 101 (14.8%) 

Quintile 3 184 (19.2%) 50 (18.2%) 134 (19.6%) 

Quintile 4 192 (20.1%) 61 (23.3%) 131 (19.2%) 

Quintile 5 249 (26.0%) 76 (27.7%) 173 (25.3%) 

Unknown 80 (8.4%) 23 (8.4%) 57 (8.3%) 

Charlson Comorbidity  

Score Index 4 (2-5) 4 (2-5) 4 (2-5) 

Medical History 

Hypertension 578 (83.9%) 74 (84.3%) 578 (84.6%) 

Dyslipidemia 204 (29.9%) 80 (27.0%) 204 (39.9%) 

MI 217 (31.8%) 69 (29.2%) 217 (31.8%) 

Atrial Fib 184 (26.9%) 32 (25.2%) 184 (26.9%) 

COPD 137 (20.1%) 56 (20.4%) 137 (20.1%) 

CKD 186 (27.2%) 81 (29.6%) 186 (27.2%) 

Cancer 71 (10.4%) 31 (11.3%) 71 (10.4%) 

LVEF group 

HFpEF 513 (53.6%) 161 (58.8%) 352 (51.5%) 

HFmrEF 138 (14.4%) 27 (9.9%) 11 (16.3%) 

HFrEF 30 (32.0%) 86 (31.4%) 220 (32.2%) 
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reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure 

with reduced ejection fraction; MI, myocardial infarction. 
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Specialized Clinic Cohort  

In the specialized clinic cohort, we identified 530 patients with diabetes (median age 69, 

26.4% female) eligible for analyses: 261 (49.2%) patients had HFrEF, 119 (22.5%) had HFmrEF, 

and 144 (27.2%) had HFpEF (Table 6). The median follow-up was 39 months (IQR: 30–48 

months). Of the 530 patients with DM and HF followed in the HFC, 185 (34.9%) patients were 

prescribed an SGLT2 inhibitor, increasing from 9.8% in 2019 to 49.1 % by March 2022 of patients 

eligible for analysis (Figure 6).  

 

We found no substantial difference in SGLT2 inhibitor usage rate amongst different LVEF 

subgroups. SGLT2 inhibitor use had no significant difference for all-cause mortality (aHR 0.81, 

95% CI 0.54–1.20) and deaths/hospitalizations (aHR 0.88, 95%CI 0.64–1.21) (Figure 7,8). There 

were no clear signals of substantial impacts on the use or dosing of other HF medications within 

the first year of starting an SGLT2 inhibitor, apart from the finding that 19.4% of patients required 

a reduction in their diuretic dose (Table 7). In the HFC, discontinuation rate of SGLT2 inhibitors 

was lower than those from the population-based cohort, and only 32 patients (15.4%) permanently 

discontinued SGLT2 inhibitor, with the most common reason attributed to genitourinary 

symptoms (primarily yeast infections) seen in nine patients (28.1%) (Table 8). 
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Table 6: Patient baseline characteristics and management of the HFC cohort (n=1,301) 

 Overall (n = 1301) Without DM (n= 

771) 

With DM (n= 530) 

Demographics 

Age (years) 66 (57-76) 65 (54-76) 69 (60-76) 

Sex (male) 911 (70.0 %) 519 (67.3 %) 390 (73.6 %) 

Ethnicity 

White 1104 (84.9 %) 675 (87.5 %) 429 (80.9 %) 

Indigenous 28 (2.2 %) 12 (1.6 %) 16 (3.0 %) 

Latin America 17 (1.3 %) 11 (1.4 %) 6 (1.1 %) 

Black 17 (1.3 %) 10 (1.3 %) 7 (1.3 %) 

Middle Eastern 21 (1.6 %) 12 (1.6 %) 9 (1.7 %) 

Asian 75 (5.8 %) 33 (4.3 %) 42 (7.9 %) 

Unknown 39 (3.0 %) 18 (2.3 %) 21 (4.0 %) 

Etiology       

IHD 427 (32.8 %) 206 (26.7 %) 221 (41.7 %) 

Non-IHD 874 (67.2 %) 565 (73.3 %) 309 (58.3 %) 

Medical History 

Hypertension 714 (54.7 %) 338 (43.8 %) 374 (70.6 %) 

Atrial Fibrillation 456 (35.0 %) 260 (33.7 %) 196 (37.0 %) 

CKD 439 (33.7 %) 202 (26.1 %) 237 (44.7 %) 

Cancer 385 (29.6 %) 208 (27.0 %) 177 (33.4 %) 

COPD 287 (22.1 %) 150 (19.5 %) 137 (25.8 %) 

DLP 304 (23.4 %) 130 (16.9 %) 174 (32.8 %) 

Devices 

PM 165 (12.6 %) 94 (12.2 %) 70 (13.2 %) 

ICD 278 (21.4 %) 142 (18.4 %) 136 (25.7 %) 

CRT 63 (4.8 %) 33 (4.3 %) 29 (5.7 %) 

Baseline Medications 

ACEi/ARB/ARNI 1144 (87.9 %) 674 (87.4 %) 470 (88.7 %) 

Beta-blocker 1165 (89.5 %) 677 (87.8 %) 488 (92.1 %) 
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Values are given as n (%) or median (interquartile range). P-value column is comparing the cohort 

with Diabetes vs without Diabetes. A1C, glycated hemoglobin; ACEi, angiotensin-converting enzyme 

inhibitors; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blockers; ARNI, angiotensin 

receptor/neprilysin inhibitor; BNP, brain natriuretic peptide; CKD, chronic kidney disease; CKD-Epi, 

equation used to calculate glomerular filtration rate; COPD, chronic obstructive pulmonary disease; 

CRT, cardiac re-synchronization therapy; DLP, dyslipidemia; DPP IV, dipeptidyl peptidase 4; EF, 

ejection fraction; GLP-1, glucagon-like peptide 1; HFmrEF, heart failure with mildly reduced ejection 

fraction;  HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced 

MRA 830 (63.8 %) 471 (61.1 %) 359 (67.7 %) 

Insulin 168 (12.9 %) 0 (0.0 %) 168 (31.7 %) 

Metformin 278 (21.4 %) 2 (0.3 %) 274 (51.7 %) 

SGLT2 inhibitor 92 (7.1 %) 1 (0.1 %) 91 (17.2 %) 

Sulfonylurea 93 (7.1 %) 0 (0.0 %) 93 (17.5 %) 

GLP-1/DPP IV 34 (2.6 %) 2 (0.3 %) 32 (6.0 %) 

Laboratory markers 

BNP (ng/L) 440 (172-976) 401 (157-898) 502 (198-1078) 

HbA1c (%) 6.3 (5.8-7.3) 5.8 (5.5-6.1) 7.1 (6.5-8.2) 

Creatinine 
(umol/L) 

102 (83-130) 96 (80-119) 114 (89-146) 

ACR (mg/mmol) 2.96 (0.8-15.4) 1.59 (0.45-8.20) 3.96 (0.97-16.46) 

Hemoglobin (g/L) 133 (119-146) 136 (122-148) 129 (115-129) 

Cholesterol 
(mmol/L) 

3.65 (3.09-4.61) 3.94 (3.27-4.83) 3.40 (2.94-4.23) 

CKD-Epi 
(mL/min/1.73m2) 

61 (43-80) 65 (48-82) 52 (37-72) 

Echocardiogram 

EF (%) 40.7 (30.4-52.5) 41.1 (31.1-52.5) 40.3 (30.0-52.5) 

HFrEF (≤40%) 626 (48.1 %) 365 (47.3 %) 261 (49.2 %) 

HFmrEF 262 (20.1 %) 143 (18.5 %) 119 (22.5 %) 

HFpEF (≥50%) 389 (29.9 %) 245 (31.8 %) 144 (27.2 %) 
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ejection fraction; ICD, implantable cardioverter defibrillator; IHD, ischemic heart disease; MRA, 

mineralocorticoid receptor antagonist; PM, pacemaker; SGLT2 inhibitor, sodium-glucose transporter 

2 inhibitor.  
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Figure 6: Initiation of SGLT2 inhibitors in the population cohort  

 

 
Figure 7: Survival analysis of all-cause mortality alone for the HFC cohort, comparing patients 
with diabetes prescribed and not-prescribed SGLT2 inhibitor 
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Figure 8: Survival analysis of CV hospitalization and mortality for the HFC cohort, comparing 
patients with diabetes-prescribed and not prescribed SGLT2 inhibitors  

 
 

 

  



 33 

Table 7: Analysis of change in medications after initiating an SGLT2 inhibitor. 

 DM 
medications 

Diuretics ACEi/ARB/ARNI MRA Beta-
blocker 

Increase 8 (4.2%) 12 (6.3%) 20 (10.5%) 7 (3.7%) 8 (4.2%) 

Decrease 12 (6.3%) 37 (19.4%) 25 (13.1%) 21 (11.0%) 16 (8.4%) 

No change 171 (89.5%) 142 (74.3%) 152 (79.6%) 163 (85.3%) 167 (87.4%) 

Follow-up data for n = 208, medication analysis over 12 months after starting an SGLT2 

inhibitor in the HFC cohort. ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin 

receptor blockers; ARNI, angiotensin receptor/neprilysin inhibitor; MRA, mineralocorticoid 

receptor antagonist. 
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Table 8: Analysis of reasons for discontinuation in patients who discontinued SGLT2 inhibitors 
in the HFC cohort (n = 32) 

Rationale for discontinuation Number (%) 

Genitourinary symptoms 9 (28.1%) 

DKA 6 (18.8%) 

Hypotension 2 (6.3%) 

Weight Loss 2 (6.3%) 

Other 13 (40.6%) 

DKA, Diabetic Ketoacidosis 
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When comparing the event rate per year of CV hospitalization and death, SGLT2 inhibitor 

non-users experienced 0.248 events per year and SGLT2 inhibitor users experienced 0.198 events 

per year (rate difference of 0.050, 95% CI -0.003 – 0.103) (Figure 9). In comparison, the 

population cohort saw 0.330 events per year amongst SGLT2 inhibitor non-users and 0.263 events 

per year in SGLT2 inhibitor users (rate difference of 0.066, 95% CI 0.041 – 0.091). Of note, the 

utilization of other HF medications in the specialized HFC cohort is much greater than in the 

population cohort (Figure 10).  

 

In total, 17% (n = 90) patients were on a sulfonylurea, only 5 were on glyburide, and none 

of them had a decrease in EF. Additionally, there was no significant differences in outcomes for 

patients comparing the different types of SGLT2 inhibitors (empagliflozin vs canagaflozin vs 

dapagliflozin). 

 

When analyzing the difference amongst the subgroups based on LVEF, there was no 

difference for HFrEF (p = 0.212, log rank) (Figure 11) and HFmrEF (p = 0.577, log rank) (Figure 

12) at 4 years, whereas there was a difference for HFpEF (p = 0.048, log rank) (Figure 13). 

  



 36 

Figure 9: Outcomes and characteristics comparing the HFC to the population cohort 

 

* Indicates a p value of <0.001 when comparing HFC cohort to the population cohort, ** indicates 

a p value of 0.01 when comparing HFC cohort to the population cohort. 
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Figure 10: Baseline heart failure medications in the population and HFC cohort  

 
* Indicates a p value of <0.001 when comparing HFC cohort to the population cohort 
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Figure 11: Survival analysis of all-cause mortality for the HFC cohort, comparing patients with 
diabetes and HFrEF prescribed and not prescribed an SGLT2 inhibitor 

 
 
Figure 12: Survival analysis of all-cause mortality for the HFC cohort, comparing patients with 
diabetes and HFmrEF prescribed and not prescribed an SGLT2 inhibitor 
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Figure 13: Survival analysis of all-cause mortality for the HFC cohort, comparing patients with 
diabetes and HFpEF prescribed and not prescribed an SGLT2 inhibitor 
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When considering the entirety of the specialized clinic cohort (with and without Diabetes) 

the majority of patients were male (70.0%) and white (84.9%). Overall, 48.1% of patients had HF 

with reduced EF (HFrEF), 20.1% had HF with mildly reduced EF (HFmrEF), and 29.9% had HF 

with preserved EF (HFpEF) (Table 9). The median follow-up was 38.7 months (IQR: 30.7 – 48.2 

months). Patients without DM were more likely to have HFpEF compared to those with DM (p < 

0.05, Figure 14). Patients with DM had higher rates of co-morbidities with the largest differences 

seen in hypertension (70.6% vs 43.8%), dyslipidemia (32.8% vs 16.9%) and chronic kidney 

disease (44.7% vs 26.1%), compared to those without DM (all p values < 0.001, Table 9). 

Additionally, it was more common for patients with DM to have HF secondary to ischemic heart 

disease (IHD) (p < 0.001, Table 9), however, there is still a large percentage of patients (58.3%, 

Table 9) without IHD, highlighting that HF is not only from ischemia in this patient population.45 

 

The main significant difference in GDMT utilization was SGLT2 inhibitor usage across all 

HF sub-types, which was much higher in the DM group (33.8% vs. 3.1%, p < 0.001). Additionally, 

patients with DM had higher utilization of beta-blockers in the HFmrEF and HFpEF group and 

higher utilization of mineralocorticoid receptor antagonists in the HFpEF group (all p < 0.001, 

Figure 15). In the HFrEF group for the overall cohort, GDMT utilization was 17.9% for SGLT2 

inhibitor, 96.5% for beta-blocker, 82.0% for MRA, and 94.6% for ACEi/ARB/ARNI. 

Additionally, In the HFrEF group for the overall cohort, 81.0% were on triple therapy and 16.0% 

on quadruple therapy. There was no difference amongst triple therapy when comparing DM vs 

non-DM (82.0% vs 79.7%, p = 0.24), but due to the differences of SGLT2 inhibitor usage, there 

was a larger percent of quadruple therapy for the DM cohort (32.2% vs 4.4%, p < 0.001). When 

analyzing patients eligible by July 2021 in the DM cohort, SGLT2 inhibitor usage was up to 51.4%. 
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Table 9: Baseline characteristics and management of the HFC cohort patients with DM and HF 
(n = 530) 

 Overall (n= 530) SGLT2 inhibitor 
users (n= 185) 

Non-users (n= 345) 

Demographics 

Age (years) 69 (60-76) 67 (59-72) 70 (60-78) 

Sex (female) 140 (26.4%) 36 (19.5%) 102 (29.6%) 

Ethnicity 

White 429 (80.9 %) 141 (76.2%) 288 (83.5%) 

Indigenous 16 (3.0 %) 7 (3.8%) 9 (2.6%) 

Latin America 6 (1.1 %) 0 (0.0%) 6 (1.7%) 

Black 7 (1.3 %) 4 (2.2%) 3 (0.9%) 

Middle Eastern 9 (1.7 %) 5 (2.7%) 4 (1.2%) 

Asian 42 (7.9 %) 19 (10.3%) 23 (6.7%) 

Unknown 21 (4.0 %) 9 (4.9%) 12 (3.5%) 

Etiology       

IHD 221 (41.7 %) 87 (47.0%) 134 (38.8%) 

Non-IHD 309 (58.3 %) 98 (53.0%) 211 (61.2%) 

Medical History 

Hypertension 374 (70.6 %) 124 (67.0%) 250 (72.5%) 

Atrial Fibrillation 196 (37.0 %) 55 (29.7%) 141 (40.9%) 

CKD 237 (44.7 %) 67 (36.2%) 170 (49.2%) 

Cancer 177 (33.4 %) 51 (27.6%) 126 (36.5%) 

COPD 137 (25.8 %) 33 (17.8%) 104 (30.1%) 

DLP 174 (32.8 %) 59 (31.9%) 115 (33.3%) 

Devices 

PM 70 (13.2 %) 20 (10.8%) 50 (14.5%) 

ICD 136 (25.7 %) 53 (28.6%) 83 (24.1%) 

CRT-D 29 (5.7 %) 7 (3.8%) 23 (6.7%) 

Baseline Medications 

ACEi/ARB/ARNI 470 (88.7 %) 175 (94.6%) 295 (85.5%) 

Beta-blocker 488 (92.1 %) 177 (95.7%) 311 (90.1%) 
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A1C, glycated hemoglobin; ACEi, angiotensin-converting enzyme inhibitors; ACR, albumin-to-

creatinine ratio; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor/neprilysin 

inhibitor; BNP, brain natriuretic peptide; CKD, chronic kidney disease; CKD-Epi, equation used 

to calculate glomerular filtration rate; COPD, chronic obstructive pulmonary disease; CRT, 

cardiac re-synchronization therapy; DLP, dyslipidemia; DPP IV, dipeptidyl peptidase 4; GLP-1, 

glucagon-like peptide 1; HFmrEF, heart failure with mildly reduced ejection fraction;  HFpEF, 

heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; 

ICD, implantable cardioverter defibrillator; IHD, ischemic heart disease; MRA, 

mineralocorticoid receptor antagonist; PM, pacemaker; SGLT2 inhibitor, sodium-glucose 

transporter 2 inhibitor. 

MRA 359 (67.7 %) 135 (73.0%) 224 (64.9%) 

Insulin 168 (31.7 %) 74 (40.0%) 94 (27.2%) 

Metformin 274 (51.7 %) 122 (65.9%) 152 (44.1%) 

Sulfonylurea 93 (17.5 %) 52 (28.1%) 41 (11.9%) 

GLP-1/DPP IV 32 (6.0 %) 24 (13.0%) 8 (2.3%) 

Laboratory markers 

BNP (ng/L) 502 (198-1078) 488 (157-965) 510 (212-1196) 

HbA1C (%) 7.10 (6.50-8.20) 7.87 (6.85-8.83) 6.90 (6.40-77.70) 

Creatinine 
(umol/L) 

114 (89-146) 108 (88-131) 119 (90-163) 

ACR (mg/mmol) 3.96 (0.97-16.46) 3.11 (0.85-15.95) 4.57 (1.09-16.76) 

Hemoglobin (g/L) 129 (115-129) 134 (123-148) 127 (111-141) 

Cholesterol 
(mmol/L) 

3.40 (2.94-4.23) 3.42 (2.82-4.12) 3.39 (2.94-4.25) 

CKD-Epi 
(mL/min/1.73m2) 

52 (37-72) 57 (46-77) 49 (32-71) 

Echocardiogram 

HFrEF (≤40%) 261 (49.2 %) 96 (51.9%) 165 (47.8%) 

HFmrEF 119 (22.5 %) 43 (23.3%) 76 (22.0%) 

HFpEF (≥50%) 144 (27.2 %) 43 (23.2%) 101 (29.3%) 
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Figure 14: Distribution of EF based on diabetes status in the HFC cohort 

 
 
 
Figure 15: GDMT utilization based on diabetes status and ejection fraction in the HFC cohort 

 
 
* = p value < 0.001 
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Patient-reported QoL was worse in those with DM (median 68.1, IQR: 45.8 – 87.5) 

compared to those without DM (76.0, IQR: 53.1 – 92.7, p < 0.001) (Figure 16). QoL was 

significantly better in the HFpEF group compared to HFrEF and HFmrEF patients (p < 0.001) 

(Figure 17). During a median follow-up time of 38.7 months (IQR: 30.7 – 48.2 months), patients 

with DM exhibited an increased risk of composite outcomes (aHR: 1.34, 95% CI 1.13 – 1.60) and 

all-cause mortality alone (aHR: 1.12, 95% CI 1.01 – 1.43) compared to non-DM patients (Figure 

18,19).  
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Figure 16: KCCQ-12 scored based on DM status in the HFC cohort 

 
 
* = p value < 0.001 
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Figure 17: KCCQ-12 score based on EF in the HFC cohort 

 
* = p value < 0.001 
 
Figure 18: Survival analysis of all-cause mortality for the HFC cohort, comparing DM status 

 

 
  



 47 

Figure 19: Survival analysis of CV hospitalization and mortality, for the HFC cohort, comparing 
DM status 

 

 
 
  



 48 

Discussion 

In patients with DM, HF is up to 4-fold more common than in the general population, and 

the frequency of concomitant HF and DM is expected to continue to increase as the prevalence of 

DM increases.46 As such timely initiation and up-titration of HF medications are essential to 

improve survival and quality of life in HF patients, especially with SGLT2 inhibitor initiation 

being reflected in updated guidelines.47 Moreover, the high prevalence of co-morbidities with DM 

emphasize the importance of managing other risk factors with disease modifying therapy such as 

statins, antiplatelets, and antihypertensives. The HFC specializes in a multi-disciplinary care 

approach for managing HF, including nurse practitioners, social workers, dieticians, and 

pharmacists (Figure 20). Overall, SGLT2 inhibitor up-titration was limited, but higher in the HFC 

when compared to the population level, SGLT2 inhibitor utilization has a reduced aHR for all-

cause death at the population level, and within the HFC cohort, DM has an increased aHR for both 

all-cause death and CV hospitalizations and all-cause death (Figure 21). 
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Figure 20: Multi-disciplinary HFC 
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Figure 21: Summary of Results 
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Our HFC exhibits better attainment of GDMT in DM patients with HFrEF compared to 

recent reports in the literature; for example, utilization of beta-blocker (94% vs 73.4%), 

ACEi/ARB/ARNI (93% vs 55.9%) and MRA (82% vs 13.8%) all being substantially higher than 

reported by Grewal et al.48 Even when comparing to other HFCs, our clinic achieved higher 

utilization in all patients than that reported by Dunlay et al.49; for example, utilization of beta-

blocker (96.2% vs 61.8%), ACEi/ARB/ARNI (94.2% vs 84.9%) and MRA (81.8% vs 22.7%). Due 

to the timeframe of both trials, neither reported SGLT2 inhibitor utilization. Interestingly, in our 

cohort, there was still a large utilization of GDMT in patients with HFpEF and HFmrEF, which 

may be due to recovered EF and other comorbidities, such as hypertension, atrial fibrillation, and 

coronary artery disease.  

 

The use of SGLT2 inhibitors as a cornerstone GDMT in patients with HF has been well-

established in recent clinical trials.22-25, 47, 50, 51 In this study, we found a lower uptake of SGLT2 

inhibitors in patients with HF and DM treated in the community compared to a specialized heart 

function clinic, likely attributable to several factors. Specialized clinics utilize a multi-disciplinary 

approach to help with prescribing, patient education, and monitoring/follow-up. In Alberta, 

towards the end of this study period in March 2022, there was a special authorization process for 

publicly funded SGLT2 inhibitor prescriptions, and only those patients who met the specific 

coverage criteria were eligible (LVEF less than or equal to 40% and NYHA class II or worse 

symptoms despite ACEi/ARB/ARNI, BB, and an MRA if tolerated).  Prior to this, only patients 

with DM were eligible for SGLT2 inhibitors provided they have utilized metformin previously.  

This is important as patients are less likely to use drugs if they require out-of-pocket payment, as 

was the case with SGLT2 inhibitors under most circumstances during our study period.52 
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The multidisciplinary HFC team helps prevent these unnecessary prescriptions, which has 

been shown to prevent optimal GDMT utilization, through appropriate prescribing and de-

prescribing, which individual cardiologists and family physicians may have difficulty with given 

the time commitment and resources this requires.53, 54 Pharmacists play a crucial role in a HFC, 

and have previously been shown to have a significant reduction in hospitalizations for HF patients 

and increase in GDMT utilization.55  These results are supported by a systematic review showing 

a significant risk reduction of HF hospitalizations for the pharmacist collaborative care group 

compared to directed care.56  Collectively, these results support the benefit of having pharmacists 

provide collaborative care within a HFC. 

 

 Considering the impressive association with SGLT2 inhibitor usage and decreased 

mortality and hospitalizations at the community level, coverage for these drugs needs to be 

universal to enhance the use of GDMT in HF. With the uptake being almost twice as high in a 

specialty clinic, perhaps multi-faceted strategies targeted to healthcare professionals, patients, and 

policymakers to guide risk identification and raise awareness of the clinical benefits are warranted, 

in addition to including them in drug coverage plans.  This relatively low uptake in the community 

setting is certainly multi-factorial. In addition to the cost of the drug and the difficulty of special 

authorization, there are system-wide issues, provider care issues, and patient-related factors.57  

 

Primary care teams (family physicians) who work in very busy clinics often face a heavy 

clinical workload. Prescribing GDMT can be very challenging to take the time to acknowledge the 

need, explain the rationale to the patient, provide routine follow-up laboratory work, and facilitate 



 53 

drug up-titration. With our current workforce in Canada, this is not always feasible. These 

appointments often take specialists and the multi-disciplinary team upwards of one hour, which is 

impossible in the primary care setting. Additionally, education to primary care providers about 

these medications is often limited.  These are well known barriers that need to be assessed to ensure 

ideal care for all.58  Advocating for universal coverage of these lifesaving medications in addition 

to ongoing education is something that is necessary to increase utilization at the population level. 

The benefit of comprehensive care in HFC has previously been shown to not be evident early on 

(three-month point), which emphasizes the HFC benefits patients via longitudinal care and 

ongoing interventions.59 

 

Risk predictors for heart failure hospitalization in patients with diabetes do not commonly 

take under consideration ethnicity, education, or geographical location which is very important as 

these factors have a large impact on patient health and outcomes.60 Patients who inhabit deprived 

neighborhoods are less likely to see a cardiologist whereas patients with higher socio-economic 

status are more likely to attend specialized HF clinic appointments.61 Newly-diagnosed HF patients 

residing in more deprived neighbourhoods had worse outcomes and reduced access to care than 

those less deprived.62  In terms of cardiac disease, readmissions are known to be increased in more 

rural settings compared to urban settings, likely in-part related to the quality of post-acute 

transitional care, something that the HFC is currently only able to support in an urban setting.63 

These are likely confounding reasons for the difference in outcomes between the population cohort 

and the HFC cohort. 
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Our results are consistent with observational population-based data in Ontario, Canada, as 

20.1% of patients with indications for SGLT2 inhibitors (DM and atherosclerotic CV disease) were 

prescribed an SGLT2 inhibitor by March 2020.64 For Albertans aged 65 or older, SGLT2 inhibitors 

are only covered under limited circumstances and up until recently, no generic option was 

available. Before March 2022, the most common way providers could get SGLT2 inhibitors 

covered for patients was as an add-on therapy for T2DM after a sufficient trial of metformin and 

sulfonylurea when insulin is not an option. Given the recent endorsement by clinical practice 

guidelines for using SGLT2 inhibitors in all HF phenotypes and the substantial outcome 

improvement, the relative lack of up-titration of SGLT2 inhibitors is concerning.  

 

Our findings emphasize the benefit of recommendations for GDMT implementation using 

multi-disciplinary titration clinics. This can be difficult in large geographical areas with low 

population density, which stresses the importance of in-hospital initiation/up-titration and virtual 

medicine especially given the disparities observed in GDMT utilization between rural and urban 

patients.65 The fact that the prescription rates of other HF GDMT medications were much higher 

in the HFC cohort than the population cohort with concomitantly lower event rates could explain 

why the statistically significant association between SGLT2 inhibitor use and lower mortality seen 

in the population-based cohort was not replicated with the HFC cohort. Accordingly, we have 

previously demonstrated within our HFC cohort that the ability to up-titrate GDMT towards the 

maximum recommended daily dose is linked to reverse cardiac remodelling and improved long-

term survival.66  This has also been shown by Crosier et al. that increase in GDMT intensity is 

beneficial and results in lower mortality in patients with ischemic heart failure both preserved and 

reduced EF.67 The combination of a ceiling effect and closer follow-up with a specialized 
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multidisciplinary HF team suggest that SGLT2 inhibitors may have a smaller incremental benefit 

in more medically optimized patients. 

 

 Diabetes was shown to have worse outcomes for HF patients when compared to no 

diabetes. This is likely multi-factorial, but in part related to the complications of diabetes from 

vascular disease and worse renal outcomes.  Patients with diabetes in our cohort were more likely 

to have CKD and their etiology of HF was more commonly ischemic in nature. Additionally, DM 

is thought to also precipitate or worsen HF through oxidative stress and high inflammatory states, 

consistent with the worse outcomes demonstrated here.34 

 

The end point of CV hospitalization or mortality may be strongly driven by mortality alone. 

This endpoint was selected as to make it clear that both CV hospitalizations and mortality were 

taken into consideration, and considering CV hospitalization alone there is concern that this would 

likely be confounded by mortality. There is growing evidence that SGLT2 inhibitors may have 

anti-arrhythmogenic effects, specifically regarding ventricular arrhythmias and adverse electrical 

remodeling 68, and patients with HF prescribed SGLT2 inhibitors had a significant difference in 

mortality, but a non-statistical significance in HF hospitalization. Our results are consistent with 

these findings, showing a greater impact on overall mortality than CV hospitalization/death. 

 

The HFC cohort had a lower SGLT2 inhibitor discontinuation rate than the provincial 

cohort and those reported by the EUCLID study, which was 28.1% over a median follow-up of 42 

months.69 At the HFC, physicians, pharmacists, and nurse practitioners can provide patients with 

the rationale for continuing the drugs and ensure these lifesaving medications are only stopped 
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with good reason. We found that 64% of patients with HF and DM in Alberta met RCT trial 

eligibility criteria for SGLT2 inhibitor, similar to other populational estimates of about 69%.70  

The patients that met this criteria (cohort 2) had impressive results, showing even greater survival 

benefits then those overserved in the combined cohort (cohort 1) and many of the RCTs. This 

clearly validates the benefits of these therapies in a large populational cohort. Even when 

considering the group not eligible (cohort 3) there was still a mortality benefit from SGLT2 

inhibitor usage, suggesting that further research to expand the SGLT2 inhibitor eligible population 

is warranted.   

 

In the contemporary era, SGLT2 inhibitors should be prescribed to individuals with HF 

irrespective of their DM status. Unfortunately, due to the lack of drug coverage for SGLT2 

inhibitors for patients without DM for the majority of this study time period in Alberta, we saw 

very little utilization, and as such, we focused on the individuals with HF and DM. With time, 

there will inevitably be further initiation of SGLT2 inhibitors and an increase in user sample size, 

allowing for further analyses. It should be noted that our population-based cohort estimates are 

based on drug dispensations, which underestimates prescriptions given primary non-adherence 

(failure to fill the first prescription), which can be as high as 9% for CV drugs in contemporary 

Canadian data.71 Moreover, there are many un-measured social and structural factors that will 

cause inherent bias in rates of SGLT2 inhibitor uptake, such as patients are more likely to receive 

SGLT2 inhibitor prescription with higher socio-economic status. Additionally, due to the nature 

of population-based cohort data, we were unable to perform individual chart review, and determine 

the exact rationale for discontinuation or specific drug-related adverse events. Lastly, for the 

population-based cohort, we required patients to have an echocardiogram result to classify them 
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according to ejection fraction, which could potentially cause a selection bias for those with access 

to tertiary care centers.  

 

The current analysis is limited by its observational nature. The improved survival amongst 

SGLT2 inhibitor users, specifically in the population cohort is likely multi-factorial in addition to 

the SGLT2 inhibitor itself. There are many un-measured social and structural factors that will 

cause bias inherently, such as patients more likely to get SGLT2 inhibitors may have higher socio-

economic status. Additionally, a limitation for the population cohort is that an echocardiogram was 

required at a tertiary care centre, which is likely an explanation for the limited rural residence of 

patients. In terms of co-morbidities, the dataset used did not have claims data, which may also 

limit accuracy in terms of baseline information.  

Conclusion 

This study confirms that the benefits of SGLT2 inhibitors reported in RCTs are also seen 

in clinical practice for patients with HF and DM. However, we demonstrated substantial under-

utilization of SGLT2 inhibitors in HF patients with DM, even in those followed in a specialty HF 

clinic. Given the evidence and clinical practice guidelines reflecting SGLT2 inhibitors as first line 

for HF, there is an ongoing need for innovative strategies to optimize uptake of guideline-directed 

therapy in the community.  

 

This study showcases that even with high rates of GDMT utilization in a contemporary 

specialized clinic, patients with concomitant HF and DM continues to experience poorer QOL and 

worse outcomes than HF patients without DM.  
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KCCQ-12 
Page 2 of 2 

6. Over the past 2 weeks, how much has your heart failure limited your enjoyment of life?

It has extremely 
limited my enjoyment 

of life 

It has limited my 
enjoyment of life 

quite a bit 

It has moderately 
limited my enjoyment 

of life 

It has slightly 
limited my enjoyment 

of life 

It has not limited 
my enjoyment 

of life at all 

O O O O O 
1 2 3 4 5 

7. If you had to spend the rest of your life with your heart failure the way it is right now, how would you feel about this?

Not at all 
satisfied 

Mostly 
dissatisfied 

Somewhat 
satisfied 

Mostly 
satisfied 

Completely 
satisfied 

O O O O O 
1 2 3 4 5 

8. How much does your heart failure affect your lifestyle? Please indicate how your heart failure may have limited your
participation in the following activities over the past 2 weeks.

Activity 
Severely 
Limited 

Limited 
quite a bit 

Moderately 
limited 

Slightly 
limited 

Did not 
limit at all 

Does not apply 
or did not do for 
other reasons 

a. Hobbies, recreational
activities O O O O O O 

b. Working or doing
household chores O O O O O O 

c. Visiting family or
friends out of your
home

O O O O O O 

1 2 3 4 5 6 

Rev. 2012-04-16 

According to the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB 
control number.  The valid OMB control number for this information collection is 0938-XXXX (Expires XX/XX/XXXX).  The time required to complete this 
information collection is estimated to average [Insert Time (hours or minutes)] per response, including the time to review instructions, search existing data 
resources, gather the data needed, and complete and review the information collection.  If you have comments concerning the accuracy of the time 
estimate(s) or suggestions for improving this form, please write to: CMS, 7500 Security Boulevard, Attn: PRA Reports Clearance Officer, Mail Stop 
C4-26-05, Baltimore, Maryland 21244-1850. ****CMS Disclosure****  Please do not send applications, claims, payments, medical records or any 
documents containing sensitive information to the PRA Reports Clearance Office.  Please note that any correspondence not pertaining to the information 
collection burden approved under the associated OMB control number listed on this form will not be reviewed, forwarded, or retained. 
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