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Abstract

Background: Heart failure (HF) has a 2% prevalence in the population and is a major cause of
morbidity and mortality. Multiple efforts have been made worldwide to improve quality of care
and decrease unplanned readmissions for HF patients, one of which has been the introduction
of specialist HF nurses (HFN) in primary health care. The present evidence on the benefits of
HFN is contradicting. This study aims to evaluate the impact of a quality improvement inter-
vention, availability of a HFN in Swedish primary care, on hospital readmissions.Methods: All
patients over the age of 65 with a HF diagnosis and with complete information on availability of
a HFN were included in this retrospective register-based study. Using propensity score match-
ing (PSM) techniques, two comparable groups of 128 patients each were created according to
the exposure status, availability or no availability of a HFN. The rate of readmission was com-
pared between the groups. Results: Using PSM, 256 patients were matched, 128 in the HFN
group and 128 in the no-HFN group. A total of 50% and 46.09% of patients in the HFN
and no-HFN groups were readmitted, respectively. Mean number of readmissions per patient
was 1.19 (SD 0.61) in the HFN group and 1.10 (SD 0.44) in the no-HFN group. Patients in the
HFN had 17.6% higher odds of being readmitted during the study period, OR: 1.176 (CI: 0.716–
1.932), and 3.8% lower odds of being readmitted within 30 days, OR: 0.962 (CI: 0.528–1.750).
Conclusions:Availability of a HFN in primary care was not significantly associated with reduced
readmissions for the patients included in this study. Further investigations are warranted look-
ing at the impacts of availability and access to a HFN in primary care on readmissions and other
patient outcomes.

Background

Heart failure (HF) is a major cause of death in developed countries, especially among the elderly
(Bui et al., 2011). HF is associated with a growing healthcare burden (Groenewegen et al., 2020)
The overall prevalence of HF in 13 European countries in 2019 was 1.7% (Seferović et al., 2021).
A Swedish population study from 2013 (Zarrinkoub et al., 2013), with a sample of 2.1 million
people, estimated that 0.5% of women and 1% of men aged 50–59 years and 18% of women and
21% of men aged 80–89 have HF. This poses a major challenge to health care as HF is a leading
primary diagnosis for hospitalization, with more than one million discharged patients in the
United States, in 2010 (Ziaeian and Fonarow, 2016). The same relative levels are reported
for Europe (Groenewegen et al., 2020). One important and well-accepted indicator for good
care processes for patients with chronic conditions is the rate of readmissions. It is used in most
healthcare systems, and it is a compound indicator of too early discharge, insufficient planning
and follow-up. It is a measure of how well coordination of care is performed (SALAR, no date).
Patients with HF are readmitted to a large extent. A study performed in 2009–2012 including
patients from 4500American hospitals reported a 23% risk of readmission within 30 days for HF
patients, after being discharged to their homes (Suter et al., 2014).

HF is one of a number of medical conditions, both acute and chronic, that have been con-
sidered as ambulatory care sensitive conditions (ACSCs), which should be treated outside the
hospital, in an ambulatory care setting (Socialstyrelsen, 2014). As HF can be treated with good
medical results in an ambulatory setting, preventing potentially harmful and expensive hospi-
talization and readmissions is an increasing priority for healthcare leaders and clinicians
(Imison et al., 2017). However, based on medical population registers, there has been no sig-
nificant change in the levels of readmissions for ACSCs, in Sweden, over the period 2010–
2019 (Socialstyrelsen, 2021).

To support the transition of HF care from hospitals to primary care or other outpatient care,
multiple initiatives or quality improvement (QI) efforts have been implemented and evaluated
worldwide (Imison et al., 2017). Improvement efforts for HF care can be divided into medical
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treatment, adherence to HF regimes, and improvement of the care
process by either focusing on transitions between care levels or
direct patient support. Efforts to improve adherence to medical
regimens have been successful. Data from 2007 to 2009 showed
a 50% adherence to medical regimes (Zhang et al., 2013), and a
systematic review of improvement of adherence tomedical regimes
from 2017 pointed out that five out of the eight (63%) included
studies showed improvement in adherence (Andrews et al., 2017).

HF patients are typically treated by more than one healthcare
provider, and more than 40% of HF patients have five
comorbidities or more (Ahluwalia et al., 2011; Stewart et al.,
2016), making communication between the patient, the next of
kin and the providers essential. Considering the complexity of
HF care, a representative model of delivering integrated care would
involve multiple specialists (Brunner-La Rocca et al., 2015). The
challenges for patients with HF are therefore the cooperation
between different caregivers, as well as managing the transitions
between them. Evidence-based guidelines for the diagnosis, treat-
ment and management of HF aid effective and safe practice
(Ponikowski et al., 2016), and there is a standard of care that
HF patients should expect even though the results vary (Timmis
et al., 2017).

QI interventions aim to enhance the efficiency and effectiveness
of health programmes, services or organizations (Batalden and
Davidoff, 2007). A systematic review of 25 studies from high-
income countries, in 2004–2016, showed a decline in readmission
rates for HF patients (Nuckols et al., 2017).

One example of QI interventions is the introduction of special-
ist HF nurses (HFN), who, in an outpatient setting, follow up
patients, optimize therapy, coordinate care and educate patients
about self-care. One important role for the HFN is to help the
patient to improve self-management. A systematic review of stud-
ies on the self-management of HF (Toback andClark, 2017), cover-
ing 1999–2016, shows that improved self-management increases
compliance, promotes patient quality-of-life, advances clinical out-
comes, reduces hospital readmission and decreases hospitalization
costs. Conversely, a more recent Swedish study (Gianluigi et al.,
2019), based on the national quality register Swedish Heart
Failure Registry, including 40 992 hospital discharges from the
whole country during 2000–2012, points out that 39% of patients
are referred to a HFN in a primary care setting, and that having a
HFN is associated with decreased mortality but not decreased
readmission.

On the basis of studies supporting the benefits of HFN in pri-
mary care on patient outcomes, Region Uppsala, in central
Sweden, initiated in 2016 the implementation of a QI multi-
component programme – The Heart Failure Program (HFP) –
to improve the care for patients with HF on equal terms. As HF
patients receive treatment from multiple caregivers, including
the hospital, primary care and home care, one of the components
of the HFP was the introduction of specialist HFN in primary care.
The HFN are employed at the primary healthcare centres (PHC),
and they integrate a team with a medical doctor, who is responsible
for the treatment and follow-up of patients with a HF diagnosis at
that PHC. Normally, a patient discharged from the hospital will be
followed up at their local PHC, and by both a medical doctor and a
HFN, who is their primary contact.

The HFN, as a component of the larger HFP QI effort, has not
been evaluated in the context of Swedish primary care in a natural
setting. The importance of evaluating QI improvement efforts in
health care is indisputable, given its potential to contribute evi-
dence to the benefits of current practice and to further

improvement of existing QI interventions. This study aims to
evaluate the impact of a QI intervention, availability of a specialist
HFN in primary care, on readmissions, in a naturalistic setting.

Methods

Study design and data sources

We adopted a retrospective register-based study design using indi-
vidual patient data from Region Uppsala’s Electronic Patient
Medical Records for the period between January 2019 and
December 2019. This database collects routine medical patient
data on inpatient, outpatient care and medication for about
383 000 inhabitants. Pseudonymized data on patient demographic
characteristics, hospital admission and discharge, as well as diag-
nostic and procedural codes were accessed after ethical approval by
the Swedish Ethical Review Authority (Ref: 2019-03208). The
Ethical Board did not ask for written or oral consent from every
individual, as this was a retrospective study of all patients with
HF, based on hospital admission data.

Study population

The study sample was restricted to patients aged 65 and older, hos-
pitalized with a primary diagnosis of HF, between January 2019
and December 2019, and registered at a PHC in Region
Uppsala. HF diagnosis was identified based on the International
Classification of Diseases – 10th Revision (ICD-10) codes: I500,
I501 and I509. The dataset included information on patients’
age, sex, comorbidities, PHC, date of hospitalization, date of dis-
charge, date of readmission and number of days to readmission.
Data on mortality were not provided. See Figure 1 for the study
sample selection.

Outcomes and exposure variable

The primary outcomes of interest were readmissions during the
study period and readmissions within 30 days of discharge and
included all types of readmissions whether planned or unplanned.
Planned readmissions are very rare in the Swedish system and
count for a small fraction of the total number. The exposure var-
iable was a binary variable indicating whether the patient was listed
in a PHC with a specialist HFN or without a specialist HFN. Based
on exposure status, patients were categorized into two groups,
HFN versus no-HFN. Information on which PHC hadHFN as part
of their care team was provided by co-author AO in her role as a
HFN coordinator.

Confounders

A set of observed patient-level variables deemed to have the ability
to confound the relationship between exposure and outcomes were
used in the matching procedure and also adjusted for in the regres-
sion analysis (Sherer et al., 2016; Marques et al., 2017; Kwok et al.,
2018; Lam et al., 2019). These variables included age, sex and num-
ber of comorbidities. Sex was treated as a categorical variable, male
and female, and age was treated as a continuous variable.
Comorbidities were treated as a categorical variable, where four
groups (0–2, 3–5, 6–8 and >09) denoting the numerical range
of comorbidities were created from the original continuous
variable.
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Statistical analyses

Descriptive statistics
Descriptive statistics before and after matching were carried out
for the primary outcomes, exposure and confounding variables of
the study population. Normality was examined using the
Kolmogorov–Smirnov statistical test for normality and graphically
using histograms. Means and standard deviations were used to
describe the continuous variables, while counts andpercentageswere
used for the categorical variables. Differences between groups were
examined using t-tests or Mann–Whitney tests based on whether
variables were normally distributed or not. Chi-square tests were
used for categorical variables. Fischer’s exact test was used for situa-
tions where there were less than five participants per cell, and thus a
Chi-square test could not be used. No missing data were present.

Matching
Patients in the HFN group were matched with patients in the non-
HFN group based on the available observable confounders: age, sex

and comorbidities, using propensity score matching (PSM) meth-
ods (Zhang et al., 2019). The PSM enables making the groups com-
parable by pairing individuals in the HFN group with individuals
in the non-HFN group, based on observable characteristics.
Making the groups comparable allows us to examine the relation-
ship between availability of a HFN and readmissions with minimal
effect on the observed confounders. A 1:1 matching without
replacement, with a k-nearest neighbour approach, was employed.
A 1:1 matching without replacement means that for each individ-
ual in the HFN group with a certain age, sex and number of
comorbidities, one similar individual was found in the non-
HFN group, where each individual in the non-HFN group could
only serve as a match once. A k-nearest neighbour approach finds
amatch with the closest propensity score (a weight between 0 and 1
assigned to each participant). Matching without replacement and a
k:1-nearest neighbour approach are a good choice for its simplicity
and good performance in situations where there are more controls
than “treated” individuals, such as the present study (Stuart, 2010).
Standardized mean differences (SMD) and percentage bias were

Inpatient care admissions in 
Uppsala in 2019.

N= 34 621

Admissions with another primary 
diagnosis than HF, not 

registered/living in Uppsala and 
with no info on healthcare center 

were excluded
N= 34 155

Patients admitted with the primary 
diagnosis HF, listed at a healthcare 

center and living in Uppsala
N= 466

Patients included in the analysis.
N= 438

Patients under the age of 65 were 
excluded.

N= 28

Patients included in the analysis 
after matching

N= 256

Patients who did not meet 
the 1:1 matching without 

replacement were excluded.
N= 182

Group without access to 
HFN.

N= 128

Group with access to 
HFN.

N= 128

Figure 1. Flow chart of the sample selection process
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used to examine balance in covariates between groups after PSM
(Austin, 2011; Heinze and Jüni, 2011; Ssegonja et al., 2019;
Zhang et al., 2019). P-values over 0.05 and SMD less than 5% indi-
cated good matching (Ssegonja et al., 2019). The success of the
matching was also examined graphically using the psgraph com-
mand, by examining the areas of overlapping between the exposed
and non-exposed groups. Matching with replacement was also
implemented as an extra analysis, resulting in a smaller sample
and with no change in final results. The PSM was performed in
STATA version 15 (StataCorp) using the psmatch2 command
(Leuven and Sianesi, 2018).

Exposure effect analysis
To examine the relationship between availability of a HFN and
readmissions, a binary logistic regression analysis was done. The
confounding variables age, sex and number of comorbidities, used
in the PSM, were also controlled for in the regression analysis to
enhance precision given the difficulties of obtaining perfect bal-
ance in matching procedures. Results from the logistic regression
were expressed as odds ratios, and significance was set at 0.05. The
regression analyses were performed in SPSS 26.

Results

Study population

In total, 438 (48.40% female) patients hospitalized with the pri-
mary diagnosis of HF were eligible for the study. The mean age
was 81.76 years (SD 7.63), mean number of comorbidities was
5.85 (SD 2.65) and 51.61% had six or more comorbidities. The
HFN group included 130 patients and the no-HFN group included
308 patients. Before matching, there was a statistically significant
difference in age between the HFN group and the no-HFN group.
All other differences with regard to the observed variables were not
statistically significant (Table 1).

In the PSM, we were able to match 256 patients, 128 in the HFN
group and 128 in the no-HFN group, whereas the remaining
patients in the HFN group had no matching peer. The mean
age was 83.45 years (SD 7.44) in the HFN group and 83.37 years
(SD 7.26) in the no-HFN group. The mean number of
comorbidities was 5.85 (SD 2.46) in the HFN group and 5.81
(SD 2.57) in the no-HFN group. A total of 50% and 46.09% of
patients in the HFN and no-HFN groups were readmitted, respec-
tively. Mean number of readmissions per patient was 1.19 (SD
0.61) in the HFN group and 1.10 (SD 0.44) in the no-HFN group.
Of these, 43.75 % in the HFN group and 49.15% in the no-HFN
group were within 30 days, with the majority registered as acute
(78.57% vs 72.41%, HFN and no-HFN group, respectively).
Number of days to readmission were 67.97 (SD 68.94) in the
HFN group and 61.34 (SD 67.64) in the no-HFN group.

The matched sample was balanced in terms of all observed var-
iables and confounders, and there were no statistically significant
differences between groups after matching (Table 2).

When examining the relationship between availability of a
HFN and readmissions using a binary logistic regression analysis
(Table 3), in all adjusted models, we found non-statistically signifi-
cant larger odds (17.6%) for patients in the HFN group of being
readmitted (including both readmissions within and beyond
30 days). For the same group of patients in the HFN group, we also
observed lower odds (3.8%) of being readmitted within 30 days,
although these results were not statistically significant. For the out-
come acute readmissions within 30 days, patients in the HFN

group showed non-statistically significant larger odds (0.9%) than
patients in the non HFN group.

Discussion

In this study, using PSM and regression analysis while controlling
for observed confounders, no significant effect was found of the
impact of availability of a HFN on overall readmissions or on
readmissions within 30 days for patients with HF. We note a
numerical difference in form of an increase in mean total
readmissions in the HFN group and a decrease in mean readmis-
sion within 30 days, though non-significant. This study was done
in an early stage of a QI initiative aiming at improving HF care.
There is a possibility that the cohort of HF patients had urgent
healthcare needs as identified by HFN and therefore accurately
sent to the hospital for treatment. This could be one possible
explanation to the larger readmission rates for these patients.

Our findings are not in concordance with the results reported in
the systematic review of 25 trials showing lower readmission rates
related to the implementation ofmulticomponent QI interventions
(Nuckols et al., 2017). A possible reason is that studies in the liter-
ature reporting positive findings are often from controlled envi-
ronments where QI is only a small part of a larger research
project. The results from the present study are, however, similar
to the results reported by Gianluigi et al. (2019), including
40 992 hospital discharges in Sweden, from 2000 to 2012.
Gianluigi et al. reported that referral to a HFN clinic in primary
care did not lead to a reduction in readmissions.

This study was performed in a naturalistic setting where a HFN
had been introduced during the last 2–3 years in only some of the
PHC. The available data, including all patients with HF diagnosis
over 65 years of age, have given the authors the opportunity to bet-
ter understand the effects of the implementation of a QI interven-
tion, in particular of the availability of a specialist HFN in Swedish
primary care, on readmission. The available data also show that
only approximately 30% of the patients in this study had availabil-
ity of a HFN at their PHC, which reveals that the implementation
has not yet been completed.

TheHFN in our study had the important role to help the patient
with improved self-management, which has, in a previously pub-
lished systematic review by Toback et al. (Toback and Clark, 2017),
been shown to reduce hospital readmissions.

The current study had many strengths. It investigates a unique
QI intervention in a Swedish setting, which is valuable, as results
from other settings cannot be directly transferred to the Swedish
healthcare setting due to existing structural differences, including
for instance where and how HF patients are managed (Wang et al.,
2013). The analyses were based on real-life data from patient elec-
tronic medical records, which reflects routine praxis and over-
comes the constraints of controlled studies, including non-
representative study populations, missing data and limitations of
self-reported data. Second, readmission rate is an accepted health-
care quality indicator used in multiple studies and evaluations;
hence, one is able to compare results across studies. Third, the
use of PSM was used to attempt to create comparable groups
and reduce uncertainty in the study results.

The current study also has limitations. We used the best avail-
able register data to investigate whether availability of HFN had
any impact on readmissions; however, we were not able to ascer-
tain whether patients listed at PHC with a HFN did in fact have
actual contact with and were treated by one. Amore detailed inves-
tigation on an individual level could reveal what kind of contact

4 Robert S. Kristiansson et al.

https://doi.org/10.1017/S1463423622000676 Published online by Cambridge University Press

https://doi.org/10.1017/S1463423622000676


there had been with the HFN, and thus actual exposure to the
evaluated intervention. A partnership between the HFN and a
medical doctor could have an impact on readmission, but that data
were not available within this study. Additionally, data limitations
hampered the possibilities of gathering more detailed information
on the competencies and practices of each individual HFN to
understand if there were variations in readmission rates between
different HFN. Another limitation is that there was no information
on the severity of HF for each patient. It is likely that patients with
more severe HF, that is, a higher New York Heart Association
(NYHA) functional classification stage, are more likely to be

readmitted regardless of whether they had availability to a HFN
or not. It is also possible that patients with higher NYHA class were
more likely to be assigned to a HFN in practices where these were
available, thus introducing bias. Further, it was not possible to get
information on the severity of comorbidities, which is thought to
explain some of the variation in the readmissions. In the current
study, categories were grouped based on numbers of comorbidities
and not on severity. Data on socioeconomic status as well as mor-
tality were unavailable which would have been an informative out-
come to study. Lastly, no evaluation protocol was integrated within
the system designed to monitor and evaluate the impacts of the QI

Table 1. Sample characteristics before matching

Total HFN No-HFN

Variable N (%) N (%) N (%) P-value

Patients 438 (100) 130 (29.68) 308 (70.32)

Age, mean (SD) 81.76 (7.63) 83.65 (7,56) 80.96 (7.53) 0.001*

Sex 0.687

Female 212 (48.40) 61 (46.92) 151 (49.03)

Male 226 (51.60) 69 (53.08) 157 (50.97)

Number of comorbidities, mean (SD) 5.85 (2.65) 5.82 (2.47) 5.86 (2.73) 0.957

Number of comorbidities 0.441

0–2 39 (8.90) 11 (8.46) 28 (9.09)

3–5 173 (39.50) 57 (43.85) 116 (37.66)

6–8 155 (35.39) 39 (30.00) 116 (37.66)

≥ 9 71 (16.21) 23 (17.69) 48 (15.58)

Admitted from 0.457

Home 410 (93.61) 123 (94.62) 287 (93.18)

Unit within Region Uppsala 22 (5.02) 7 (5.38) 15 (4.87)

Unit outside Region Uppsala 2 (0.46) 0 2 (0.65)

Elderly care home 4 (0.91) 0 4 (1.30)

Discharged to 0.889

Home 394 (89.95) 115 (88.46) 279 (90.58)

Unit within Region Uppsala 4 (0.91) 1 (0.77) 3 (0.97)

Unit outside Region Uppsala 3 (0.68) 1 (0.77) 2 (0.65)

Elderly care home 37 (8.45) 13 (10.00) 24 (7.79)

Number of admissions per patient, mean (SD) 1.14 (0.48) 1.15 (0.47) 1.13 (0.50) 0.398

Number of patients being readmitted 219 (50.00) 65 (29.68) 154 (70.32) 1.000

Acute admissions (% of readmissions) 165 (75.34) 49 (75.38) 116 (75.32) 0.992

Number of readmissions per patient, mean (SD) 1.18 (0.58) 1.18 (0.61) 1.18 (0.57) 0.999

Heart failure as main diagnosis at readmission (% of readmissions) 74 (33.79) 17 (26.15) 57 (37.01) 0.121

Readmissions within 30 days (% of readmissions) 100 (45.67) 28 (43.08%) 72 (46.75%) 0.675

Acute admissions (% of readmissions within 30 days) 77 (77.00) 22 (78.57) 55 (76.39) 0.816

Readmissions beyond 30 days (% of readmissions) 131 (59.82) 40 (61.54%) 91 (59.10%) 0.798

Number of days to readmission, mean (SD) (only for readmitted) 69.73 (72.14) 70.45 (71.26) 69.43 (72.74) 0.929

Mortality 4 (0.009%) 0 (0%) 4 (100%) –

SD= standard deviation; HFN= heart failure nurse.
*Statistically significant.
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Table 2. Sample characteristics for the matched sample, stratified by availability of a specialist HFN

HFN No-HFN

Variable N (%) N (%) P-value

Patients 128 128

Age, mean (SD) 83.45 (7.44) 83.37 (7.26) 0.954

Sex 0.707

Female 61 (47.66 %) 58 (45.31%)

Male 67 (52.34%) 70 (54.69%)

Number of comorbidities, mean (SD) 5.85 (2.46) 5.81 (2.57) 0.816

Number of comorbidities 0.584

0–2 10 (7.81%) 9 (7.03%)

3–5 56 (43.75%) 52 (40.63%)

6–8 39 (30.47%) 49 (38.28%)

≥ 9 23 (17.97%) 18 (14.06%)

Admitted from 0.525

Home 121 (94.53%) 118 (92.19%)

Unit within Region Uppsala 7 (5.47%) 9 (7.03%)

Unit outside Region Uppsala 0 (0%) 0 (0%)

Elderly care home 0 (0%) 1 (0.78%)

Discharged to 0.946

Home 113 (88.28%) 113 (88.28%)

Unit within Region Uppsala 1 (0.78%) 2 (1.56%)

Unit outside Region Uppsala 1 (0.78%) 1 (0.78%)

Elderly care home 13 (10.16%) 12 (9.38%)

Number of admissions per patient, mean (SD) 1.13 (0.51) 1.11 (0.38) 0.874

Number of patients being readmitted 64 (50%) 59 (46.09%) 0.532

Acute admissions 49 (76.56%) 45 (76.27%) 0.970

Number of readmissions per patient, mean (SD) 1.19 (0.61) 1.10 (0.44) 0.288

Heart failure as main diagnosis at readmission (% of readmissions) 17 (26.56%) 19 (32.20%) 0.492

Readmissions within 30 days (% of readmissions) 28 (43.75%) 29 (49.15%) 0.881

Acute admissions 22 (78.57%) 21 (72.41%) 0.589

Readmissions beyond 30 days (% of readmissions) 39 (60.94%) 32 (54.24%) 0.328

Number of days to readmission, mean (SD) (only for readmitted) 67.97 (68.94) 61.34 (67.64) 0.597

Mortality 0 (0%) 2 (100%) –

SD= standard deviation; HFN= heart failure nurse.

Table 3. Results of binary logistic regression analysis

Outcome

B Sig. Exp(B)

95% CI

Lower Higher

Readmitted Unadjusted 0.157 0.532 1.169 0.716 1.910

Adjusted* 0.162 0.521 1.176 0.716 1.932

Readmitted within 30 days Unadjusted −0.045 0.881 0.956 0.530 1.722

Adjusted* −0.039 0.898 0.962 0.528 1.750

Readmitted within 30 days and acute Unadjusted 0.074 0.832 1.076 0.546 2.123

Adjusted* 0.087 0.806 1.091 0.547 2.176

CI= confidence interval.
*Adjusted for sex, age and number of comorbidities. Significance of bold values was set at 0.05.
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initiative. This limited the possibility for the PHC management to
assess the effects of the programme.

For improved patient outcomes and organizational perfor-
mance, integrated systems for monitoring and evaluation need
to be in place to collect data that enable the assessment of the
impacts of QI initiatives that introduce new competencies or
capacities, such as the HFN, on both individual and system levels.

Conclusions

We conclude that the availability of a HFN in primary care was not
significantly associated with a reduction in readmissions for the
patients included in this study. Further investigations are war-
ranted looking at the impacts of availability and access to a
HFN in primary care on readmissions and other patient outcomes,
specifically assessing which components of this intervention are
potentially effective.
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