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A B S T R A C T   

Background: Patients with heart failure (HF) are often cared for by non-cardiologists. The implications are 
unknown. 
Methods: In a nationwide HF cohort with reduced ejection fraction (HFrEF), we compared demographics, clinical 
characteristics, guideline-based therapy use and outcomes in non-cardiology vs. cardiology in-patient and out- 
patient care. 
Results: Between 2000 and 2016, 36,076 patients with HFrEF were enrolled in the Swedish HF registry (19,337 
[54%] in-patients overall), with 44% of in-patients and 45% of out-patients managed in non-cardiology settings. 
Predictors of treatment in non-cardiology were age > 75 years (adjusted odds ratio for non-cardiology 1.20; 95% 
confidence interval 1.14–1.27), lower education level (0.71; 0.66–0.76 for university vs. compulsory), valve 
disease (1.24; 1.18–1.31) and systolic blood pressure (SBP) >120 mmHg (1.05; 1.00–1.10). Non-cardiology care 
was significantly associated with lower use of beta-blockers (0.80; 0.74–0.86) and devices (intracardiac defi-
brillator [ICD] and/or cardiac resynchronization therapy [CRT]: 0.63; 0.56–0.71), and less frequent specialist 
follow-up (0.61; 0.57–0.65). Over 1-year follow-up the risk of all-cause mortality (adjusted hazard ratio 1.09; 
1.03–1.15) was higher but the risk of first HF (re-) hospitalization was lower (0.93; 0.89–0.97) in non-cardiology 
vs. cardiology care. 
Conclusions: In HFrEF, non-cardiology care was independently associated with older ageand lower education. 
After covariate adjustment, non-cardiology care was associated with lower use of beta-blockers and devices, 
higher mortality, and lower risk of HF hospitalization. Access to cardiology care may not be equitable and this 
may have implications for use of guideline-based care and outcomes.   

1. Introduction 

Heart failure (HF) is associated with poor quality of life and high risk 
of hospitalization and death, and is increasing in prevalence [1]. Due to 
the limited availability of specialized cardiology in-patient wards and 

out-patient clinics, a substantial proportion of patients with HF are 
treated in non-cardiology settings. This seems to be especially the case 
with older patients with HF and preserved ejection fraction (HFpEF), 
while cardiology wards seem to be more often reserved for HF patients 
with reduced ejection fractions (HFrEF) presenting with shock, coronary 
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syndromes and arrhythmic events [2–5]. Previous studies suggest that 
HF patients managed in cardiology settings have different characteris-
tics, higher utilization of HF therapies (i.e. beta-blockers [BBs], renin- 
angiotensin system inhibitors [RASi] and mineralocorticoid receptor 
antagonists [MRAs]) and more favorable outcomes in terms of HF ad-
missions (and re-admissions) and mortality [2–13]. This is a matter of 
concern particularly in patients with HFrEF, for whom multiple phar-
macological and non-pharmacological interventions are proven to 
improve outcomes. Nonetheless, most of these studies had small sample 
sizes, short enrollment periods, and limited multivariable adjustments. 
Accordingly, studies so far have failed to provide a representative pic-
ture of patient characteristics, use of guidelines recommended treatment 
and outcomes independently associated with access to non-cardiology 
care. Thus, in patients with HFrEF in the Swedish Heart Failure Regis-
try (SwedeHF) we assessed a) associations between demographics, 
clinical characteristics and non-cardiology care, b) associations between 
non-cardiology care and use of guideline-based care, and c) associations 
between non-cardiology care and 1-year outcomes. 

2. Materials and methods 

2.1. Study design 

SwedeHF (www.swedeHF.se) has been previously described [14]. 
The only inclusion criteria are clinician-judged HF and age ≥ 18. 
Approximately 80 variables are recorded at discharge from hospital or 
after out-patient clinic visit on a web-based case report form and entered 
into a database managed by the Uppsala Clinical Research Center (www. 
ucr.uu.se). Both cardiology and non-cardiology in-patient wards and 
out-patient clinics participate in SwedeHF. Cardiology and non- 
cardiology care were reported by healthcare professionals who regis-
tered patients in SwedeHF. Cardiology was defined as the primary 
provider being a specialist in cardiology or a specialist in internal 
medicine with cardiology expertise; non-cardiology was defined as the 
primary provider being a specialist in internal medicine with no specific 
expertise in cardiology or a specialist in primary care. 

The Swedish Board of Health and Welfare (www.socialstyrelsen.se) 
administers the National Patient Registry and Cause of Death Registry, 
which provided cause and date of hospitalization and death. From the 
National Patient Registry, we also obtained baseline comorbidities not 
collected in the SwedeHF case report form. Patient and cause of death 
registry data were defined according to International Classification of 
Diseases, Tenth Revision (ICD-10) codes (Supplementary Table 1). Sta-
tistics Sweden (www.scb.se) provided socioeconomic characteristics. All 
Swedish residents have unique personal identification numbers that 
enable linking of disease-specific health registries and governmental 
health and statistical registries. 

Establishment of SwedeHF and this analysis with linking of the above 
registries were approved by a multisite ethics committee. Individual 
patient consent was not required, but patients in SwedeHF are informed 
of entry and are allowed to opt out. Registration of ICD-10 codes in 
administrative registries does not require any patient consent. 

2.2. Patients 

SwedeHF is designed to capture characteristics and treatment at a HF 
encounter. For both out-patient and in-patient (hospitalized) encoun-
ters, investigators are instructed to enroll patients with clinician-judged 
heart failure. A vast majority of patients are enrolled in cardiology or 
internal medicine in-patient or out-patient settings and a few in geriat-
rics in-patient wards and in out-patient primary care centers with spe-
cific HF expertise. This suggests that HF is the primary diagnosis in a vast 
majority of cases. However, it is possible that in a few cases, HF is a 
secondary diagnosis for hospitalization, develops during hospitalization 
for another reason, or is a secondary diagnosis in an out-patient 
encounter for a specific non-HF diagnosis. 

Patients enrolled in SwedeHF as in- or out-patients between May 11, 
2000 (date of the start of the registry) and December 31, 2016 were 
considered eligible for the current analysis if they had no missing data 
for EF and for type of care at index date (non-cardiology vs. cardiology), 
and had an EF < 40%. Timing of EF measurement was not necessarily at 
admission or outpatient visit. Data on timing of EF were available on 
60.4% of patients. Median time [25th–75th percentile] from EF mea-
surement to visit was 49 [23–127] days for outpatients and from EF 
measurement to admission 7 [3–39] days for inpatients. When the same 
patient was registered more than once, the first registration was 
considered. The index date was defined as the date of hospital admission 
(for in-patients) or the date of clinic visit (for out-patients). The end of 
follow-up was December 31, 2016. 

2.3. Study variables 

Variables related to patients’ demographics, socio-economic status 
(level of education, income and marital status), index year of hospital-
ization and/or out-patient visit, clinical characteristics and relevant 
pharmacotherapy were examined. HFrEF was defined as left ventricular 
EF <40% [15]. Analyses were performed in the overall patient cohort 
and, separately, in in- and out-patients. 

The primary outcome was all-cause mortality and the secondary 
outcome first hospitalization for HF (HHF). In-hospital mortality was 
also considered for the in-patient population. Finally, the association 
between type of care and the study outcomes was further investigated in 
predefined, clinically relevant subgroups. 

2.4. Statistical analysis 

Baseline characteristics of patients receiving cardiology vs. non- 
cardiology care were presented as median [25th–75th percentile] or 
counts (percentage) and compared with the Mann-Whitney test if 
continuous variables, and with the chi-square test if categorical vari-
ables. Non-cardiology care included management by internal medicine, 
geriatrics or general medicine, as previously detailed. To identify inde-
pendent associations with non-cardiology care, univariable and multi-
variable logistic regression analyses were performed using non- 
cardiology care as the dependent variable. The independent variables 
included in the models were selected based on their clinical relevance 
and were the same for univariable and multivariable analyses. Variables 
included in the models are labeled with “†” in Table 1. Body mass index 
(BMI) was not included due to the high percentage of missing observa-
tions. Rates of all-cause mortalityand first HHF were calculated and are 
presented as cases/1000 patient-years (95% confidence interval (CI)). 
Survival free from the study outcomes at 30 days, 6 months and 1 year 
are presented as % (95% CI), while in-hospital mortality as numbers 
(%). Kaplan-Meier curves were used to present time to event for all- 
cause mortality and first HHF according to cardiology/non-cardiology. 
To identify independent predictors of outcomes, univariable and 
multivariable Cox regression analyses were performed using all-cause 
mortality and HHF as the dependent variable and the same baseline 
variables as in the logistic regressions above (plus type of care) as in-
dependent variables. The patients were censored at 1-year follow-up if 
they had not yet experienced an event, on the date of death in the an-
alyses assessing first HHF as outcome or 2016-12-31. Age, location (in- 
vs. out-patient), systolic blood pressure and RASi were deemed not to 
have proportional hazards and were therefore included as strata vari-
ables in a consistency analysis for the primary endpoint. As an additional 
consistency analysis, we also ran the multivariable survival models by 
including all variables that had a P value<0.1 in the univariable anal-
ysis. In-hospital mortality for the in-patient population was analyzed 
with logistic regression adjusting for the same variables as the logistic 
and Cox regressions above. Missing data was imputed with multiple 
imputation (R-package mice; 10 imputed datasets) [16]. Variables 
included in the multiple imputation models are labeled with an asterisk 
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Table 1 
Baseline characteristics of study cohort stratified by ward type (cardiology vs. non-cardiology) and treatment setting (outpatient vs. inpatient).*, ††

Missing 
(%) 

Overall population Inpatient population Outpatient population 

Cardio Non-cardio p Cardio Non-cardio p Cardio Non-cardio p 

n  20,190 15,886  10,906 8431  9284 7455  
Male gender† 0.0 14,457 (71.6) 11,090 (69.8) <0.001 7589 (69.6) 5619 (66.6) <0.001 6868 (74.0) 5471 (73.4) 0.399 
Age, years 0.0 72.0 [63.0, 

80.0] 
75.0 [66.0, 
82.0] 

<0.001 74.0 [65.0, 
82.0] 

79.0 [70.0, 
85.0] 

<0.001 70.0 [62.0, 
78.0] 

72.0 [64.0, 
79.0] 

<0.001 

Age ≥ 75 years† 0.0 8171 (40.5) 7793 (49.1) <0.001 5115 (46.9) 5101 (60.5) <0.001 3056 (32.9) 2692 (36.1) <0.001 
Outpatients† 0.0 9284 (46.0) 7455 (46.9) 0.076       
Year of inclusion† 0.0   <0.001   <0.001   <0.001 

2000–2004  931 (4.6) 709 (4.5)  457 (4.2) 367 (4.4)  474 (5.1) 342 (4.6)  
2005–2008  5363 (26.6) 4491 (28.3)  3224 (29.6) 2851 (33.8)  2139 (23.0) 1640 (22.0)  
2009–2012  7442 (36.9) 5463 (34.4)  4442 (40.7) 2719 (32.3)  3000 (32.3) 2744 (36.8)  
2013–2016  6454 (32.0) 5223 (32.9)  2783 (25.5) 2494 (29.6)  3671 (39.5) 2729 (36.6)  

Single/Widowed† 0.3 10,155 (50.4) 8042 (50.7) 0.582 5795 (53.3) 4636 (55.1) 0.012 4360 (47.1) 3406 (45.8) 0.094 
Education level† 2.2   <0.001   <0.001   <0.001 

Compulsory  8354 (42.4) 7824 (50.2)  4719 (44.5) 4532 (55.2)  3635 (39.9) 3292 (44.7)  
Secondary  7888 (40.1) 5783 (37.1)  4128 (39.0) 2770 (33.7)  3760 (41.3) 3013 (40.9)  
University  3453 (17.5) 1968 (12.6)  1746 (16.5) 913 (11.1)  1707 (18.8) 1055 (14.3)  

Income above 
median **†

0.3 10,725 (53.3) 7292 (46.0) <0.001 5494 (50.5) 3381 (40.2) <0.001 5231 (56.5) 3911 (52.6) <0.001 

BMI, kg/m2 43.5 26.0 [23.1, 
29.5] 

25.9 [23.1, 
29.5] 

0.982 25.6 [22.7, 
29.2] 

25.4 [22.6, 
29.1] 

0.451 26.4 [23.6, 
29.9] 

26.5 [23.6, 
30.0] 

0.389 

BMI ≥ 30 kg/m2 43.5 2807 (22.7) 1804 (22.6) 0.858 1457 (21.1) 864 (20.3) 0.388 1350 (24.6) 940 (25.2) 0.598 
HF history>6 m † 1.8 9309 (46.7) 7399 (47.8) 0.041 5203 (48.4) 4048 (49.0) 0.091 4106 (44.6) 3351 (46.3) 0.026 
NYHA class† 26.6   <0.001   <0.001   <0.001 

I  1387 (9.0) 980 (8.9)  449 (6.7) 302 (7.0)  938 (10.7) 678 (10.1)  
II  7271 (47.1) 4823 (43.7)  2713 (40.6) 1527 (35.3)  4558 (52.0) 3296 (49.0)  
III  6116 (39.6) 4595 (41.6)  2978 (44.5) 1954 (45.2)  3138 (35.8) 2641 (39.3)  
IV  672 (4.4) 648 (5.9)  547 (8.2) 540 (12.5)  125 (1.4) 108 (1.6)  

SBP, mmHg 1.2 120.0 [110.0, 
136.0] 

120.0 [110.0, 
140.0] 

<0.001 120.0 [110.0, 
135.0] 

120.0 [110.0, 
139.8] 

<0.001 120.0 [110.0, 
140.0] 

120.0 [110.0, 
140.0] 

0.039 

SBP ≥ 120 mmHg † 1.2 11,894 (59.6) 9704 (61.9) <0.001 6175 (57.2) 4955 (59.5) <0.001 5719 (62.4) 4749 (64.6) 0.004 
DBP, mmHg 1.4 70.0 [65.0, 

80.0] 
70.0 [65.0, 
80.0] 

0.548 70.0 [64.0, 
80.0] 

70.0 [64.0, 
80.0] 

0.051 72.0 [65.0, 
80.0] 

70.0 [65.0, 
80.0] 

0.111 

HR, bpm 4.7 72.0 [64.0, 
84.0] 

73.0 [64.0, 
85.0] 

0.002 75.0 [66.0, 
86.0] 

76.0 [67.0, 
89.0] 

<0.001 70.0 [60.0, 
80.0] 

70.0 [60.0, 
80.0] 

0.766 

HR ≥ 70 bpm† 4.7 11,908 (61.4) 9208 (61.5) 0.965 7178 (69.0) 5461 (69.6) 0.421 4730 (52.6) 3747 (52.5) 0.863 
Smoking status† 19.5   0.113   <0.001   <0.001 
Current  2563 (15.2) 1778 (14.6)  1482 (17.2) 959 (16.3)  1081 (13.1) 819 (13.0)  
Former  7446 (44.2) 5528 (45.3)  3703 (42.9) 2454 (41.7)  3743 (45.5) 3074 (48.7)  
Never  6846 (40.6) 4895 (40.1)  3446 (39.9) 2471 (42.0)  3400 (41.3) 2424 (38.4)  
Atrial fibrillation† 1.6 10,383 (52.3) 8336 (53.3) 0.064 5998 (55.8) 4741 (57.0) 0.004 4385 (48.2) 3595 (49.1) 0.251 
Diabetes† 0.6 5449 (27.1) 4427 (28.1) 0.047 3254 (30.0) 2603 (31.1) 0.337 2195 (23.7) 1824 (24.6) 0.175 
Hypertension† 2.9 11,465 (58.1) 9255 (60.5) <0.001 6381 (59.9) 5058 (61.4) <0.001 5084 (56.0) 4197 (59.5) <0.001 
COPD† 0.0 2611 (12.9) 2058 (13.0) 0.962 1554 (14.2) 1216 (14.4) 0.032 1057 (11.4) 842 (11.3) 0.873 
Stroke† 0.0 2707 (13.4) 2276 (14.3) 0.013 1591 (14.6) 1423 (16.9) <0.001 1116 (12.0) 853 (11.4) 0.258 
IHD† 28.7 8310 (57.5) 6794 (60.3) <0.001 5089 (60.8) 3990 (63.2) 0.235 3221 (52.9) 2804 (56.5) <0.001 
Valve disease† 2.6 4929 (25.0) 4614 (29.9) <0.001 3086 (29.2) 2831 (34.8) <0.001 1843 (20.2) 1783 (24.4) <0.001 
Cancer† 0.0 2924 (14.5) 2320 (14.6) 0.756 1607 (14.7) 1279 (15.2) 0.007 1317 (14.2) 1041 (14.0) 0.698 
Liver disease† 0.0 569 (2.8) 330 (2.1) <0.001 366 (3.4) 188 (2.2) <0.001 203 (2.2) 142 (1.9) 0.222 
ICD/CRT† 0.7 1687 (8.4) 760 (4.8) <0.001 810 (7.5) 311 (3.7) <0.001 877 (9.5) 449 (6.1) <0.001 
Hb, gr/l 1.1 135.0 [122.0, 

147.0] 
134.0 [122.0, 
146.0] 

<0.001 132.0 [119.0, 
145.0] 

130.0 [118.0, 
143.0] 

<0.001 138.0 [126.0, 
148.0] 

138.0 [127.0, 
148.0] 

1.000 

Anemia† 1.1 6376 (32.0) 5152 (32.7) 0.170 4150 (38.2) 3372 (40.1) 0.007 2226 (24.6) 1780 (24.2) 0.583 
GFR, ml/min/ 

1.73m2 
0.6 63.6 [46.0, 

82.0] 
61.2 [44.1, 
79.4] 

<0.001 59.5 [41.7, 
78.7] 

55.8 [39.3, 
74.4] 

<0.001 67.9 [51.3, 
84.9] 

66.7 [50.4, 
83.4] 

0.001 

GFR ≥ 60 ml/min/ 
1.73m2†

0.6 11,088 (55.3) 8234 (52.1) <0.001 5385 (49.5) 3705 (44.0) <0.001 5703 (62.1) 4529 (61.2) 0.248 

NT-ProBNP, pg/ 
ml*** 

57.8 3140.0 
[1370.0, 
7000.0] 

3400.0 
[1525.0, 
7733.0] 

<0.001 4959.0 
[2273.0, 
10,490.0] 

6000.0 
[2865.0, 
12,918.0] 

<0.001 2211.0 
[1010.0, 
4744.0] 

2363.0 
[1062.5, 
4803.8] 

0.061 

NT-proBNP above 
median †

57.8 4561 (48.9) 3055 (51.7) 0.001 2606 (65.0) 1742 (71.1) <0.001 1955 (36.8) 1313 (38.0) 0.277 

Beta-Blocker † 0.4 18,497 (92.0) 14,122 (89.2) <0.001 9880 (91.3) 7292 (86.9) <0.001 8617 (92.9) 6830 (91.8) 0.012 
RASi****† 1.6 17,846 (90.1) 13,771 (87.8) <0.001 9036 (85.1) 6797 (81.8) <0.001 8810 (95.7) 6974 (94.6) 0.001 
MRA† 0.8 6991 (34.9) 5389 (34.1) 0.112 3735 (34.7) 2791 (33.3) 0.043 3256 (35.2) 2598 (35.1) 0.866 
Diuretics† 0.9 15,706 (78.5) 12,260 (77.9) 0.140 9120 (84.7) 7087 (84.9) 0.779 6586 (71.3) 5173 (69.9) 0.060 
Digoxin† 0.5 3171 (15.8) 2465 (15.6) 0.608 1908 (17.6) 1430 (17.1) 0.299 1263 (13.6) 1035 (13.9) 0.596 
Statins† 0.5 9835 (49.0) 7631 (48.3) 0.188 5059 (46.7) 3819 (45.5) 0.091 4776 (51.6) 3812 (51.4) 0.820 
Nitrates † 0.6 2707 (13.5) 2403 (15.2) <0.001 1744 (16.1) 1584 (18.9) <0.001 963 (10.4) 819 (11.0) 0.206 
ASA† 0.6 9756 (48.6) 7812 (49.4) 0.153 5600 (51.8) 4438 (52.9) 0.157 4156 (44.9) 3374 (45.5) 0.473 
Anticoagulant† 0.5 8544 (42.5) 6445 (40.7) 0.001 4402 (40.7) 3144 (37.5) <0.001 4142 (44.7) 3301 (44.4) 0.730 
FU in HF clinic† 6.8 10,481 (55.4) 8128 (55.3) 0.843 4867 (48.9) 3157 (42.2) <0.001 5614 (62.6) 4971 (68.8) <0.001 
FU by specialist† 6.2 15,011 (79.0) 10,450 (70.5) <0.001 6874 (69.0) 4200 (55.4) <0.001 8137 (90.0) 6250 (86.2) <0.001  

* Categorical variables are presented with n (%) and tested with chi-square test and continuous variables with median [q1-q3] and tested with Mann-Whitney U test. 
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(“†”) in Table 1. The primary outcome was included as the Nelson-Aalen 
estimator, whereas care type was not included in the imputation model. 
A two-sided p-value of <0.05 was considered statistically significant. All 
analyses were performed using R version 3.6.2 (R Core Team 2019). The 
R code, the project specific data handling and statistical analyses are 
found online at https://github.com/KIHeartFailure/wardtype_outcome 
s. 

3. Results 

The study cohort consisted of 36,076 patients with HFrEF, 20,190 
(56%) were managed in cardiology setting compared with 15,886 (44%) 
patients in non-cardiology setting. Overall, 19,337 (54%) patients were 
in-patients (10,906 [56%] in cardiology, 8431[44%] in non-cardiology 
wards) whereas the remaining 16,739 (46%) were seen in out-patient 
clinics (9284 [55%] in cardiology, 7455 [45%] in non-cardiology 
clinics). The CONSORT diagram of the study is depicted in Fig. 1. 

3.1. Associations between clinical variables and non-cardiology care 

Baseline demographic and clinical characteristics of patients strati-
fied by cardiology vs non cardiology in the overall population and in the 
in- and outpatient sub-populations separately are shown in Table 1. 

Overall, non-cardiology care patients were older, more frequently 
females and had a higher prevalence of valvular heart disease, ischemic 
heart disease and most comorbidities (i.e. diabetes, hypertension, stroke 
and chronic kidney disease) compared with cardiology care patients. 
Notably, non-cardiology patients more often had a lower level of edu-
cation and a lower income (Table 1). Most of these differences remained 
significant in both the in-patient and out-patient subgroups (Table 1). 

It is expected and may also be appropriate that certain patients 
receive non-cardiology care. To assess which factors were independently 
associated with non-cardiology care we performed multivariable ana-
lyses. Several patient characteristics were independently associated with 
non-cardiology care (Fig. 2). Regarding demographics, older age was 
significantly associated with higher likelihood of being treated in non- 
cardiology care. In terms of socioeconomic factors, a higher level of 
education and a higher income were independently and significantly 
associated with lower odds of being treated in non-cardiology care. 
History of heart valve disease, NYHA class IV and higher systolic blood 
pressure (SBP) were significantly associated with a higher odd of being 
treated in non-cardiology care, as was absence of liver disease and 
absence of anemia. Analyses stratified by setting of treatment (in- vs. 
out-patient) are reported in Supplemental Fig. 1. In the in-patient setting 
most associations between non-cardiology care and variables mentioned 
above (older age, lower level of education and income, history of valve 
disease, absence of liver disease) were also shown to be significant. 
Similarly, for the out-patient setting variables significantly associated 
with non-cardiology care were lower level of education and income, 
history of valve disease and known hypertension . 

3.2. Associations between non-cardiology care and use of guideline-based 
care 

Importantly, patients in non-cardiology care less frequently received 
treatment with beta-blockers, RASi and intra-cardiac defibrillators (ICD) 
and/or cardiac resynchronization therapy (CRT) compared with pa-
tients in cardiology care (Fig. 3). 

Being treated in non-cardiology care was independently associated 
with lower use of beta-blockers, diuretics and ICDs/CRTs, after 

** Income is disposable income (including e.g. pension) and is considered above median if it is above the 50 percentile for that respective year of inclusion. 
*** NT-proBNP is considered above median if it is above or equal to the 50 percentile within each EF group. 
**** RASi is defined as yes if arb, acei or arni = yes (and arb and acei both non-missing) and no if both arb and acei = no. Since arni was introduced into SwedeHF at a 

later date all missing are presumed to be no. 
† Included in the multiple imputation model (although not necessarily imputed if there is no missing data). 
†† ASA: acetylsalicylic acid; BMI: body mass index; bpm: beats per minute; COPD: chronic obstructive pulmonary disease; CRT: cardiac resynchronization therapy; 

DBP: diastolic blood pressure; GFR: glomerular filtration rate; FU: follow-up; Hb: hemoglobin; HF: heart failure; HR: heart rate; ICD: intra-cardiac defibrillator; IHD: 
ischemic heart disease; MRA: mineralocorticoid receptor blocker; NYHA: New York Heart Association; RASi: renin-angiotensin system inhibitor; SBP: systolic blood 
pressure. 

Fig. 1. Flow chart of patient selection. 
EF: ejection fraction. 
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multivariable analysis (Fig. 2). Furthermore, it was also associated with 
a higher likelihood of referral to HF nurse-led clinic but lower likelihood 
of referral to specialist care for follow-up (Fig. 2). Analyses stratified by 
in- vs. out-patient setting are reported in Supplemental Fig. 1. In the in- 
patient setting associations between type of non-cardiology care and 
lower use of ICD/CRT, beta-blocker and diuretics remained significant. 
In contrast, for the out-patient setting non-use of RASi and ICD/CRT 
were significantly associated with non-cardiology care. 

3.3. Associations between non-cardiology care and outcomes 

During 1-year follow-up, cumulative survival rates were 84 (84–85) 
% treated in cardiology care and 80 (80–81) % for patients treated in 
non-cardiology care (unadjusted HR: 1.30; 95% CI: 1.24–1.37; adjusted 
HR: 1.09; 1.03–1.15), while the respective rates for HHF were 71 
(71–72) % and 73 (72–74) % (unadjusted HR: 0.93; 95% CI: 0.89–0.97; 
adjusted HR: 0.91; 95% CI: 0.88–0.95; Fig. 4, Table 2). Similar results 
were observed in the consistency survival analysis with age, location, 

systolic blood pressure and RASi as strata variables (Table 2), as well as 
in the second consistency analysis which included all variables that had 
a P value < 0.1 in the univariable analysis as covariates in the multi-
variable analysis (data not shown). 

For in-patients alone, post-discharge survival rates were higher for 
patients treated in cardiology compared with non-cardiology wards, 
while no difference was noted for first HHF (Fig. 4, Table 2). Interest-
ingly, in-hospital mortality rates were also lower for patients treated in 
cardiology vs. non-cardiology wards [2.6% vs. 3.9%; unadjusted HR for 
non-cardiology vs. cardiology: 1.48; 95% CI: 1.26–1.74, P < 0.001] 
(Table 2). 

In out-patients, the rates of mortality were lower but the rates of first 
HHF were higher for patients treated in cardiology compared with non- 
cardiology clinics (Fig. 4, Table 2). 

3.4. Subgroup analysis 

The association between cardiology vs non-cardiology care, all-cause 

Fig. 2. Forest plot of associations between non-cardiology care and patient characteristics. 
COPD: chronic obstructive pulmonary disease; CI: confidence interval; GFR: glomerular filtration rate; FU: follow-up; HF: heart failure; HR: heart rate; ICD/CRT: 
intra-cardiac defibrillator/cardiac resynchronization therapy; IHD: ischemic heart disease; LVEF: left ventricular ejection fraction; MRA: mineralocorticoid receptor 
antagonist; NYHA: New York Heart Association; OR: odds ratio; RASi: renin-angiotensin system inhibitor; SBP: systolic blood pressure; TIA: transient ischemic attack. 
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mortality and HHF was further investigated in pre-specified, clinically 
relevant subgroups (Fig. 5). The association between type of care and 
outcomes was consistent in most subgroups explored. However, in pa-
tients without diabetes non-cardiology care was associated with an even 
lower survival. Regarding interactions between type of care and first 
HHF, male patients seemed to have an even lower risk of HHF when 
receiving non-cardiology care. 

4. Discussion 

In this large and comprehensive analysis of patients with HFrEF 
enrolled over a 16-year period in the national SwedeHF registry, we 
observed that non-cardiology care was associated with (A) older age, 
lower income and lower education and (B) lower use of BBs and intra-
cardiac devices and (C) higher risk of all-cause mortality, but lower risk 
of first HHF during 1-year follow-up. 

4.1. Associations between patient characteristics and type of care 

The differential characteristics of patients treated by different care 
provider types have been described in previous studies. In general, HF 
patients treated by non-cardiologist have been observed to be older, 

more often female, with more comorbidities, higher EFs and lower use of 
HF therapy [2,3,6,11,12,17,18]. These studies reported unadjusted 
differences between patients treated by cardiologists vs non- 
cardiologists, thus being subject to confounding. For example, older 
patients may have more comorbidities which are better and more ho-
listically served by generalists and may also reduce the benefits of HF 
therapy over time [19–21]. 

In contrast, in our study extensive adjustment for confounding fac-
tors was performed, confirming that some factors (age, higher SBP, 
history of valve disease), but not others (female sex, diabetes, atrial 
fibrillation, chronic kidney disease) were independently associated with 
non-cardiology care. Interestingly, other independent predictors of non- 
cardiology care were identified, such as having severely symptomatic 
HF (NYHA class IV), which contradicts some older reports [2,9], but is 
confirmed in a more recent report [4]. There is a possibility that NYHA 
IV reflects a worse functional class associated with frailty and comor-
bidity which may more likely be managed in non-cardiology. NYHA IV 
and potential complications of advanced HF, such as e.g. severe CKD, 
refractory congestion, diuretic resistance, and right-sided HF are ther-
apeutic challenges that would demand cardiology expertise. We have no 
explanation but speculate that more advanced HF may sometimes be 
referred to non-cardiology because of severe or even terminal comor-
bidities or because the provider does not consider additional in-
terventions indicated or cost-effective. It is also possible that NYHA IV 
represents severe functional limitations that may be due not only to HF 
but also to age and comorbidity-related frailty. In contrast, suffering 
from liver disease predicted being treated in cardiology setting, possibly 
indicating that patients with congestion and right-sided HF, who often 
present with liver function derangement, represent a therapeutic chal-
lenge which frequently needs specialized management [22,23]. 

That clinical characteristics determine type of care may to some 
extent be expected and reflect appropriate triage, prioritization and use 
of resources. But, that lower income and lower education were inde-
pendently associated with non-cardiology care cannot be appropriate or 
justified. Signals of patients with lower socio-economic status experi-
encing delayed access to or not receiving referrals for follow up to car-
diology care have been previously provided [24,25]. In these cases, the 
lower socio-economic status may have been a marker of appropriate 
clinical reasons for generalist care, such as comorbidity, whereas in the 
present work, lower income and education were independent predictors 
and thus may not only represent markers but also likely risk factors for 
non-cardiology care. However, despite the extensive multivariable 
adjustment, we cannot preclude that these associations are attributed to 
residual confounding. Even if this finding represents a causal 

Fig. 3. Rates of heart failure drugs use among patients treated in cardiology vs 
non-cardiology. 
BB: beta-blockers; ICD/CRT: intra-cardiac defibrillator/cardiac resynchroniza-
tion therapy; MRA: mineralocorticoid receptor antagonist; RASi: renin- 
angiotensin system inhibitor. * P < 0.05. 

Fig. 4. Kaplan-Meier curves for all-cause mortality and first heart failure hospitalization according to type of care. 
Overall population (A), in-patients (B) and out-patients (C). AC: all-cause; CI: confidence interval; HF: heart failure; HR: hazard ratio. 
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relationship, our study may only be hypothesis generating and cannot be 
used to postulate explanations or underlying mechanisms for this trend. 

4.2. Association between type of care and guideline-recommended HF 
treatment 

Unequal access to cardiology care may not be as concerning if there 
were no consequences. However, our data show that non-cardiology 
care was associated with lower use of guideline-based care and also 

Table 2 
Outcomes of heart failure patients treated in cardiology vs. non-cardiology wards among the overall population, hospitalized patients and outpatients.   

Overall population Inpatients Outpatients 

Cardiology Non-cardiology Cardiology Non-cardiology Cardiology Non-cardiology 

All-cause mortality 
Survival free % (95% CI) 30 days 97 (97–97) 96 (96–96) 95 (94–95) 93 (92–93) 99 (99–100) 99 (99–100) 
Survival free % (95% CI) 6 months 90 (89–90) 87 (86–87) 84 (83–85) 79 (78–80) 96 (96–97) 95 (95–96) 
Survival free % (95% CI) 1 year 84 (84–85) 80 (80–81) 78 (77–78) 71 (70–72) 93 (92–93) 91 (91–92) 
Incidence (sum py, rate/1000py (95% 

CI)) 
3052, 17,603, 173 
(167–180) 

3042, 13,381, 227 
(219–236) 

2401, 9040, 266 
(255–276) 

2423, 6620, 366 
(352–381) 

651, 8564, 76 
(70–82) 

619, 6760, 92 
(84–99) 

Crude HR (95% CI), p-value ref 1.30 (1.24–1.37), 
<0.001 

ref 1.36 (1.29–1.44), 
<0.001 

ref 1.20 (1.08–1.34), 
0.001 

Adj. HR (95% CI), p-value ref 1.09 (1.03–1.15), 
0.002 

ref 1.08 (1.02–1.15), 
0.010 

ref 1.09 (0.97–1.22), 
0.138 

Adj. HR (95% CI), p-value age, location, 
systolic blood pressure, RASi as strata 

ref 1.09 (1.03–1.15), 
0.002 

ref 1.08 (1.02–1.15), 
0.008 

ref 1.09 (0.97–1.22), 
0.130  

In-hospital mortality 
n (%) – – 289 (2.6%) 326 (3.9%) – – 
Crude OR (95% CI), p-value – – ref 1.48 (1.26–1.74), 

<0.001 
– – 

Adj. OR (95% CI), p-value – – ref 1.14 (0.94–1.38), 
0.177 

– –  

First HF hospitalization 
Survival free % (95% CI) 30 days 93 (93–94) 94 (93–94) 91 (91–92) 91 (91–92) 96 (95–96) 97 (96–97) 
Survival free % (95% CI) 6 months 78 (78–79) 80 (79–81) 72 (71–73) 74 (73–75) 85 (84–86) 87 (86–87) 
Survival free % (95% CI) 1 year 71 (71–72) 73 (72–74) 65 (64–66) 65 (64–67) 79 (78–79) 81 (80–81) 
Incidence (sum py, rate/1000py (95% 

CI)) 
5384, 14,651, 367 
(358–377) 

3907, 11,367, 344 
(333–355) 

3490, 7151, 488 
(472–504) 

2544, 5338, 477 
(458–495) 

1894, 7500, 253 
(241–264) 

1363, 6029, 226 
(214–238) 

Crude HR (95% CI), p-value ref 0.93 (0.89–0.97), 
0.001 

ref 0.97 (0.92–1.02), 
0.181 

ref 0.90 (0.83–0.96), 
0.002 

Adj. HR (95% CI), p-value ref 0.91 (0.88–0.95), 
<0.001 

ref 0.94 (0.89–0.99), 
0.019 

ref 0.86 (0.80–0.92), 
<0.001 

*CI: confidence interval; HF: heart failure; HR: hazard ratio; n: number; OR: odds ratio; Py: patient-year; RASi: renin-angiotensin system inhibitor. 

Fig. 5. Prespecified Subgroup Analyses in the overall study population. 
Shown are hazard ratios for all-cause mortality (left) and first hospitalization for heart failure (right). COPD: chronic obstructive pulmonary disease; eGFR: estimated 
glomerular filtration rate; NYHA: New York Heart Association, CI; confidence interval, HR; hazard ratio. 
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higher mortality. If this association indicates causality needs further 
investigation. Nonetheless, it is in line with previous data and likely 
reflects the faster uptake of specialized knowledge and novel technolo-
gies among cardiologists vs. non-cardiologists [26–28]. Previous studies 
have shown that cardiologists were more likely to prescribe more and 
higher doses of HF treatments in patients at hospital discharge from 
cardiology vs. internal medicine ward [2,7,8,11,12,17]. However, these 
associations were again crude, contrary to the findings of our study, 
which were adjusted for multiple potential confounders. Being treated 
by cardiologists during a HHF was also accompanied by a significantly 
higher adherence to the 3 out of 4 Joint Commission HF core measures 
(EF measurement, discharge instructions, smoking cessation counseling) 
compared with non-cardiologists [8]. Nonetheless, another study from 
the U.S. contradicted the abovementioned results [9]. Cardiology care 
may also be associated with other quality measures, such as rehabili-
tation programs and self-care [29]. 
Аn interesting finding in our study was that non-cardiology care was 

an independent predictor of lower diuretics use, a finding that is difficult 
to explain, especially given that these patients tended to be more 
symptomatic. As this association was noted in outpatients and inpatients 
alike, lack of familiarity with fluid status assessment and diuretics 
administration [30], rather than knowledge of potential pitfalls in di-
uretics use [31], seem to be the most reasonable explanations. However, 
this hypothesis needs further investigation. Moreover, non- 
cardiovascular hospitalizations, even when HF is present as a diag-
nosis, do not always require diuretics and as they are certainly more 
frequent in non-cardiology care, this could also explain the lower use of 
diuretics in this setting. 

4.3. Association between type of care and outcomes 

Previous studies on the relationship between care type and outcomes 
in HF patients have provided contradictory results [2,7–9,11–13,17]. 
Issues that limit their robustness are small sample size, retrospective 
design, use of administrative data, selectivity of patient populations, 
enrolment of non-contemporary populations, and/or limited adjustment 
for relevant confounders. Furthermore, these studies solely examined in- 
hospital patients, who were treated for either de novo or worsening HF. 
Importantly, our study for the first time reports outcomes for both HFrEF 
in-patients and out-patients and demonstrates that non-cardiology care 
was associated with increased mortality, even after adjustment for 
covariates, including the lower use of guideline-based care. This sug-
gests that there are unmeasured beneficial factors associated with car-
diology care, such as potentially higher medication doses and better 
monitoring. 

Our finding of higher mortality but lower HHF readmission rates 
among in-patients and out-patients managed in non-cardiology vs. car-
diology settings seems counterintuitive. However, it has been previously 
reported in a large study of patients hospitalized for HF [6]. Nonethe-
less, this previous analysis considered administrative data from the mid- 
1990s, which might limit the generalizability of its findings to 
contemporary HF care. Our results may reflect a better follow-up and 
lower threshold for hospital admission among patients who were 
initially treated in cardiology settings, and may even suggest that timely 
HF hospitalization may avert subsequent deterioration and death. This 
higher HHF but lower mortality was also observed among patients fol-
lowed in HF nurse clinics in Sweden in the SwedeHF [32]. The dogma 
remains that HHF are a marker of HF severity and subsequent mortality 
[33,34], but there also seem to be conditions under which reduction of 
hospitalizations may lead to downstream increase of mortality [32,35]. 
Finally, our findings may merely be the result of survivor bias as only 
subjects who survive are at risk for subsequent hospitalization [32,36]. 
Thus, as more in-patients treated in cardiology wards in our study sur-
vived, a larger proportion of them were at risk of being subsequently 
hospitalized. This statistical phenomenon also highlights the need of a 
different handling of HHF and death as outcomes in some settings. 

4.4. Current landscape and future perspectives 

Lack of access to cardiology specialists was detrimental to patients in 
this study and will likely be more detrimental to patients in the future. 
During the 2000–2016 enrolment period in this study, HFrEF therapy to 
improve morbidity/mortality was essentially ACEi/ARB, beta-blockers, 
MRAs, heart transplantation and during later periods also CRTs/ICDs, 
ventricular assist devices and HF clinics. Over the last few years there 
have been remarkable advances in novel interventions, and patients 
with HFrEF are now candidates for angiotensin receptor-neprilysin in-
hibitors (ARNIs), sodium-glucose co-transporter-2 (SGLT2) inhibitors, 
soluble guanylate cyclase stimulators, and in some cases to mechanical 
circulatory support, heart transplantation, ablation procedures, 
implantable hemodynamic monitoring, percutaneous mitral valve in-
terventions, structured palliative care, exercise programs and/or HF 
nurse programs. Navigating this complex field will be increasingly 
challenging for non-cardiologists and will require simpler and more 
frequent cardiology referral [37–39]. What good are all these novel in-
terventions if they are not used [40]? This gap in care is increasingly 
recognized in the field of implementation science, and there is an 
increased focus on quality of care in Europe. The European Society of 
Cardiology (ESC) Heart Failure Association (HFA) ATLAS describes 
European HF epidemiology and access to care and the ESC-HF Long- 
Term Registry has described “real-world” eligibility for guideline based 
care and highlighted differences in care according to primarily age and 
sex [41–43]. On the other hand, and in light of the increased global HF 
burden, additional measures are needed, including potentially struc-
tured educational programmes and outreach, treatment algorithms, 
checklists, quality of care reporting, patient organization advocacy, and 
potentially screening. 

4.5. Limitations 

As with any observational study, causality cannot be inferred from 
our study. Although we performed extensive adjustments for multiple 
clinically relevant variables, we cannot rule out potential residual con-
founding. Unfortunately, data on regional disparities, which may in-
fluence availability of cardiology facilities and/or patient referral, thus 
representing a source of confounding of our results, were not easily 
available and could therefore not readily be adjusted for without 
introducing potential further bias. The diagnosis of HF in the SwedeHF 
registry was based on physicians’ judgement and not adjudicated by a 
central committee. This may result in a few patients being included in 
the registry without HF. This may be a particular concern in HFpEF, but 
in the present work, all patient had a documented HFrEF. Furthermore, a 
selection bias may exist as participation in the registry is voluntary. 
Nonetheless, baseline characteristics of patients in the registry are 
similar to contemporary HF registry data [44], suggesting that patients 
enrolled in SwedeHF are representative of European real-life patients 
with HF. Moreover, our study population was enrolled over a 16-year 
time period characterized by significant changes in the diagnosis and 
management of HF. Therefore, we cannot exclude that confounding due 
to the time of enrollment exists. Furthermore, the variable ward type is 
not explicitly defined in SwedeHF and thus different centers may 
possibly have defined differently (at different time periods). Conse-
quently, the results should be interpreted with caution. Cardiology vs. 
non-cardiology may not be truly dichotomous. Certainly, the level of 
expertise is highly variable among cardiologists and non-cardiologists 
alike. Furthermore, in the non-cardiology setting, consultation with 
cardiology expertise may have occurred but not captured in our analysis. 
Additionally, our analysis assessed setting of care at a single time-point 
(first registration in SwedeHF) of each patient’s healthcare pathway. 
The fact that we could not adjust for future encounters of the patient 
with the healthcare system, including potential “cross-overs” from one 
setting of care to the other, represents a major limitation that needs to be 
considered. This is particularly relevant for out-patients, given that out- 
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patient care is a continuum rather than a single event. 

5. Conclusion 

Among patients with HFrEF, higher age, lower income and lower 
education were independently associated with care in an in-patient and 
out-patient non-cardiology setting. Non-cardiology care was associated 
with less use of guideline-recommended HF treatments and with higher 
mortality. This suggests access to cardiology care may not be inequitable 
and may have implications for use of guideline-based care and for out-
comes in HFrEF. 
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