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Effectiveness of clinical pathway in heart failure

Effectiveness of clinical pathway in subjects 
with heart failure: A real-world study from 
Italian health claims 

ABSTRACT 

Background: Several process-of-care indicators have been developed and implemented to improve the quality of 
heart failure (HF) patients care. The aim of this study is to assess the relationship between a set of recommendations 
for HF care with measurable clinical outcomes, also in terms of outcomes that could be avoided.
Methods: A retrospective cohort study was carried out on subjects with at least one hospitalization with a primary 
diagnosis of HF in 2007. Data were retrieved from healthcare utilization databases of Lombardy region (Italy). Exposure 
to selected recommendations (periodic control of echocardiogram and use of blockers of the renin-angiotensin system 
and beta-blockers) was recorded. All-cause mortality and hospitalization with primary diagnosis of HF were considered 
as outcomes. Multivariable Cox models and Poisson model were fitted to estimate the exposure-outcome association.
Results: Among 8207 cases of HF, those who adhered to none, one or all recommendations during the first year 
after diagnosis were 11%, 60% and 30%, respectively. Compared to patients who adhered to no recommendation, 
a significant mortality risk reduction of 24% (95% CI 17-31%) and 44% (36-52%) were observed for those who 
adhered to one and all recommendations, respectively. A significant reduction in the rate of re-hospitalizations in 
subjects adhered to at least one recommendation was also observed. A decreased trend in Population Attributable 
Fraction for death cases according to follow-up time was observed.
Conclusion: A strict control of patients with HF through regular clinical examinations must be considered as 
fundamental for the reduction of mortality and re-hospitalizations.
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INTRODUCTION

Heart failure (HF) is a complex clinical syndrome that 
affects more than 23 million people worldwide [1]. Its 

prevalence is between 1% and 3% in adult population of 
high-income countries, but it increases up to 30% among 
older people [2,3]. Because HF is the leading cause of 
hospitalizations in subjects aged over 65 years [4,5] and 
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it is associated with increased healthcare costs in Europe 
and a high burden of mortality and morbidity [6], HF is 
considered a major public health issue. 

As recently done for other conditions such as 
diabetes [7], several standard, guideline-based, process-
of-care performance measures have been developed and 
implemented in the last years, that provide a mechanism 
through which the quality of HF care can be measured 
and improved [8]. The selection of appropriate process 
measures for use in quality improvement, public profiling 
or financial incentives is quite important, with potential 
implications for patients’ outcomes, the healthcare system 
and the administrative burden [9]. Studies have been 
conducted on inpatient HF performance measures, and 
some process-of-care measures were associated with post-
discharge clinical outcomes [10–13]. Only a few studies 
examine the relationships between adherence to several 
current and emerging outpatient HF process measures 
and clinical outcomes [11,14–16]. However, to date, no 
studies explore the impact of outpatient recommendations’ 
adherence profiles on clinical outcomes for these patients.

Given these gaps in the literature, we conducted a 
population-based cohort study in the Lombardy region of 
Italy to evaluate the association between the adherence to 
defined process-of-care indicators and selected outcomes 
for HF outpatient subjects. Moreover, the second aim of this 
study was to assess the impact of indicators’ adherence 
profiles in terms of outcomes that could be avoided. 

METHODS

Data sources

This study is based on computerized healthcare 
utilization databases from the Italian Lombardy Region, 
that covered almost 10 million beneficiaries of the Italian 
National Health Service (NHS). As reported in a previous 
study [17], the Regional information system of healthcare 
utilization databases collects a variety of information 
including: (i) an archive of residents who receive NHS 
assistance (the whole resident population), reporting 
demographic and administrative data, other than the 
dates in which the individual started (because he/she 
was born or immigrated) or stopped (because he/she 
died or emigrated) the condition of NHS beneficiary; 
(ii) a database on hospital discharge records including 
information about primary diagnosis, co-existing conditions 
and performed procedures (coded according to the ICD-9 
CM classification system); (iii) a drug prescription database 
providing information on all community drugs reimbursed by 
the NHS (coded according to the Anatomical Therapeutic 
Chemical (ATC) classification system); (iv) a database on 
outpatient visits, including visits in specialist ambulatories, 
diagnostic imaging and diagnostic laboratories accredited 
from the NHS. A unique identification code was used 

and, in order to preserve privacy, identification codes 
were automatically converted into anonymous codes, 
and the inverse process was prevented by deletion of the 
conversion table. 

Diagnostic and therapeutic codes used in the current 
study are reported in Supplementary material.

Cohort selection and follow-up

Beneficiaries of the NHS who in 2007 (index 
year) had aged 50 years or older and were resident in 
Lombardy Region formed target population. In order of 
allowing patients’ characterization through their previous 
contacts with the NHS, cohort members were excluded if 
they were recorded as beneficiaries of the regional NHS 
after the year 2004.

Subjects belonging to the target population were 
included in the cohort whether they had at least one 
hospitalization with a primary diagnosis of HF with 
a date of discharge between 1st January and 31st 
December 2007 (prevalent subjects). In case of multiple 
hospitalizations, the first one during the index year will be 
consider as the index hospitalization. Subjects who died 
during the index hospitalization were excluded from the 
study. Furthermore, only incident cases, i.e., those who did 
not experience any hospital admission with diagnosis of 
HF and/or with the DRG code (Diagnosis-Related Group) 
of HF and shock in the last three years prior the index one 
[18], were included in the study cohort.

According to the user-only design [19,20], only 
HF patients with at least one prescription of angiotensin 
converting enzyme inhibitors (ACEi)/angiotensin receptor 
blockers (ARB) or beta-blockers within 90 days from the 
index hospitalization discharge date were considered for 
the analysis. Therefore, the most recent prescription date 
between the first prescription of ACE inhibitors/ARB and 
the first prescription of beta-blockers was considered as the 
index date. Cohort members accumulated person-years of 
follow-up starting from the index date until the occurrence 
of one of the following events, whichever came first: the 
study outcomes (emergency hospital admission for HF 
and death), emigration, or end-point of follow-up, i.e., 
December 31, 2012.

Covariates

Baseline characteristics of cohort included gender, 
age, drug therapies and comorbidities. Drug therapies 
included antidiabetic drugs, antiplatelet, digitalis 
glycosides, organic nitrates, other blood pressure- and 
lipid-lowering agents, antidepressants, non-steroidal 
anti-inflammatory drugs, anti-gout agents and drugs for 
respiratory disease. Comorbidities were measured through 
previous hospitalizations for cancer, diabetes, ischaemic 
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heart, cerebrovascular, respiratory and kidney disease. 
In addition, the so-called Multisource Comorbidity Score 
(MCS), a new comorbidity index obtained from both 
inpatients’ diagnostic information and outpatients’ drug 
prescriptions, and recently validated using data from the 
here considered Italian regions [21], was considered. 

Adherence to recommendations

Echocardiogram execution and drug dispensation of 
ACE inhibitors/ARB and beta-blockers during follow-up 
were identified. A patient was considered adherent to 
recommendations whether he/she was submitted to at 
least one echocardiogram [22] and had a proportion of 
days covered (PDC) by treatment (with ACE inhibitors/ARB 
and beta-blockers) ≥ 75% [23–25] in the first year after 
the index date. 

Other than for each individual recommendation, a 
classification describing the adherence profile of each subject 
was developed and cohort members were classified in three 
groups: non-adherent to any recommendations (Score 0), 
adherent to at least one of the two drugs recommendations 
(Score 1) and adherent to at least one of the two drugs 
recommendations and to echocardiogram one (Score 2). 

Outcome

Two outcomes were considered to take into account 
complications of HF potentially avoidable: (i) all-cause 
mortality; (ii) a new emergency hospitalization occurred with 
primary diagnosis of HF (ICD-9 CM codes used for capturing 
outcomes are reported in Supplementary material). Both 
outcomes were calculated through the whole follow-up. 

Association between adherence profile and outcomes 

To assess the impact of recommendation’s adherence 
on defined outcomes, only patients with at least 365 days 
of follow-up were included in the final cohort. The analysis 
was performed in three steps. 

In the first step, a propensity score (PS) matching 
design was used to ensure that patients classified 
according to their adherence with recommendations 
had similar baseline features [26]. Two strategies were 
used for calculating the PS. Conventional logit regression 
considering the dichotomous exposure to an individual 
recommendation as the outcome of interest was initially 
fitted. Logit regression was extended to the setting of 
three levels overall adherence index as the outcome of 
interest. In both the settings, the outcome was modelled 
as a function of specific covariates and balanced cohorts 
were then built by using 1:1 (adherence vs. no adherence) 
and 1:1:1 (increasing levels of overall adherence index) 
nearest neighbour matching algorithm [27].

Then, a Cox proportional hazard regression model 
was fitted for estimating the hazard ratio (HR) and its 
95% confidence interval (CI), for the association between 
adherence to each recommendation taken individually, as 
well as to adherence group, and the risk of experiencing the 
outcomes. In particular, mortality risk was assessed starting 
from the second year after the index date until the end of 
follow-up period, while emergency re-hospitalization risk 
was calculated only during the second year of follow up. 

In the second analysis, a Poisson model was also 
fitted to evaluate the impact of the adherence on the 
number of re-hospitalizations during the second year in 
terms of incidence rate ratio (IRR) and its 95% CI.

In the latter analysis, the Population Attributable Fraction 
(PAF) was used to assess the impact of process’ adherence 
on outcomes in terms of cases that would not have occurred 
if all subjects were adherent to drug recommendations or to 
drug and echocardiogram recommendations (Score 1 and 
Score 2 group, respectively). A SAS macro was applied, 
following the approach proposed by Laaksonen et al [28] 
for PAF estimation in cohort studies. Both mortality and 
new emergency hospitalizations were used as outcome of 
interest in the whole follow-up.

For all hypotheses tested, p-value less than 0.05 was 
considered significant.

RESULTS

Adherence to recommendations and outcome

Baseline characteristics of the cohort of 9,178 
subjects hospitalized for HF during 2007 are shown in 
Table 1. Among these subjects, those who had at least 
365 days of follow-up were 8,207.

During the first year after diagnosis, HF subjects had 
similar and high adherence to recommendation related 
to drug assumption (69.9% and 67.3% for ACEi/ARB 
and beta-blockers assumption, respectively) but a low 
adherence to echocardiogram, being only 31.9% of them 
submitted to this exam (Table 2). It is noteworthy that about 
60% of newly taken in care HF subjects adhered to at 
least one drug recommendation. In calculating the total 
adherence score, 260 subjects were not included in any 
of the defined groups, therefore they were not considered 
in the subsequent analysis.

During follow-up, cohort members accumulated 40,028 
person-years of observation and experienced 3,242 deaths 
(incidence rate, 80.9 cases every 1,000 PY) and 2,768 
new emergency admissions with a primary diagnosis of HF 
(incidence rate, 83.9 cases every 1,000 PY).

Association between adherence and outcomes

Forrest plots for the adherence-outcome relationship 
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are shown in Figure 1 and Figure 2. Adherence to 
recommendations related to drugs assumption is associated 
with a significant mortality risk reduction (23% (95% 
CI, 16% to 30%) and 32% (26% to 38%) for ACEi/
ARB and beta-blockers assumption, respectively), but no 
association is observed with emergency re-hospitalization 
risk. Adherence to echocardiogram recommendation 

seemed to be not related with both outcomes (Figure 1). 
Compared to subjects who were non-adherent to any 
recommendation, a significant mortality risk reduction 
of 24% (17% to 31%) and 44% (36% to 52%) were 
observed for those who adhered to at least one drugs’ 
recommendation (Score 1 group) and to at least one 
drug and echocardiogram recommendations (Score 2 

 
 

Clinical profile
Combined

(N = 9,178)Good Intermediate Poor

(N = 3,067) (N = 3,305) (N = 2,806)

Male gender  1,684 (54.9) 1,769 (53.5) 1,624 (57.9) 5,077 (55.3)

Age (years)

50-59 457 (14.9) 217 (6.6) 136 (4.85) 810 (8.8)

60-69 783 (25.5) 629 (19.0) 554 (19.74) 1,966 (21.4)

70-79 1,091 (35.6) 1,333 (40.3) 1,240 (44.1) 3,664 (39.9)

80-89 664 (21.6) 1,003 (30.4) 788 (28.08) 2,455 (25.8)

≥90 72 (2.4) 123 (3.7) 88 (3.1) 283 (3.1)

Medications † 

Antidiabetic  364 (11.9) 847 (25.6) 1,153 (41.1) 2,364 (25.8)

Antiplatelet  1,046 (34.1) 2,612 (79.0) 2,403 (85.6) 6,061 (66.0)

Digitalis glycosides  54 (1.8) 700 (21.2) 550 (19.6) 1,304 (14.2)

Organic nitrates  126 (4.1) 1,211 (36.6) 1,273 (45.4) 2,610 (28.4)

Antiarrhythmics  170 (5.5) 632 (19.1) 668 (23.8) 1,470 (16.0)

Other Blood-pressure lowering agents  1,197 (39.0) 2,598 (78.6) 2,376 (84.7) 6,171 (67.2)

Lipid lowering agents  537 (17.5) 1,248 (37.8) 1,320 (47.0) 3,105 (33.8)

Antidepressants  218 (7.1) 346 (10.5) 477 (17.0) 1,041 (11.3)

NSAIDs  989 (32.2) 1,335 (40.4) 1,194 (42.6) 3,518 (38.3)

Anti-gout drugs  95 (3.1) 472 (14.3) 909 (32.4) 1,476 (16.1)

Drugs for respiratory disease  265 (8.6) 582 (17.6) 798 (28.4) 1,645 (17.9)

Comorbidities # 

Cancer  71 (2.3) 106 (3.2) 625 (22.3) 802 (8.7)

Diabetes  79 (2.6) 317 (9.6) 883 (31.5) 1,279 (13.9)

Ischemic heart disease  159 (5.2) 692 (20.9) 1,221 (43.5) 2,072 (22.6)

Cerebrovascular disease  32 (1.0) 150 (4.5) 656 (23.4) 838 (9.1)

Respiratory disease  112 (3.6) 309 (9.4) 772 (27.5) 1,193 (13.0)

Kidney disease  4 (0.1) 34 (1.0) 494 (17.6) 532 (5.8)

Abbreviations: MCS, Multisource Comorbidity Score; NSAID, Non-steroidal anti-inflammatory drugs
† According to drug dispensed in the 3 years before 2007 
# According to hospital admissions in the 3 years before 2007
Clinical profile was assessed by means of the Multisource Comorbidity Score (MCS). Three groups of the clinical profile were defined as follows: good 
(MCS = 1), intermediate (MCS=2) and poor (3≤MCS≤5)

TABLE 1. Baseline characteristics of patients in the whole study cohort as well as according to the clinical profile. Lombardy 
Region, Italy (2007)
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FIGURE 1.

Forest plots of hazard ratios (HR) for the association between first-year adherence to selected recommendations and the risk of death and emergency 
hospital re-admission for HF.
Adherence to recommendations is considered during the first-year period after index date, mortality risk is considered during the whole follow-up 
period while the re-hospitalization risk is calculated in the second year after the index hospitalization. HR, and 95% confidence intervals (represented 
by horizontal lines), were estimated by fitting a Cox proportional hazard model. Subjects were matched using propensity score method according to 
baseline covariates.
Abbreviations: HR, hazard ratio; ACEi, Angiotensin Converting Enzyme inhibitors; ARB, angiotensin receptor blockers.

  Cases (8,207) 

  N  % 

Echocardiogram  2,618  31.9 

ACEi/ARB assumption†  5,739  69.9 

Beta-blockers assumption#  5,521  67.3 

Total adherence score

Score 0  843  10.6 

Score 1  4,746  59.7 

Score 2  2,358  29.7 

Subjects non-adherents to any recommendations belong to Score 0 group, those adherents to at least one of the two drugs’ recommendations belong to 
Score 1 group and those adherents to at least one of the two drugs’ and to echocardiogram recommendations belong to Score 2.
Abbreviations: ACEi, Angiotensin Converting Enzyme inhibitors; ARB, Angiotensin Receptor Blockers
† Considered among subjects who received a prescription of ACEi/ARB within 3 months from the index date
# Considered among subjects who received a prescription of beta-blockers within 3 months from the index date

TABLE 2. Cohort subjects with at least 365 days of follow-up who, during the first year after index date, adhered to selected 
recommendations. Lombardy Region, Italy (2007)
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group), respectively (Figure 2). A decreased risk of 
emergency re-hospitalization is also observed in subjects 
who adhered to at least one drug recommendation (Score 
1 group), while the adherence to at least one drug and 
echocardiogram recommendations (Score 2 group) is not 
associated with a significant risk reduction. 

In Figure 3 results from Poisson model are shown. There is 
a significant reduction in IRR for emergency re-hospitalizations 
of 22% (7% to 34%) in subjects adhered to at least one 
drug recommendation (Score 1 group), but no association is 
shown in subjects belonging to Score 2 group.

Figure 4 shows the impact of being adherent 
to recommendations on deaths and of emergency 
re-hospitalization for HF, using the PAF estimate. About 
2 deaths and emergency re-hospitalizations cases out of 
100 could be avoided if all no-adherent subjects were 
adherent to at least one drug recommendation (Score 1 
group). Whether all no-adherent subjects were adherent to 
at least one drug and echocardiogram recommendations 
(Score 2 group), a mean of 6 and 5 (out of 100) deaths 
and emergency re-hospitalizations cases, respectively, 
could be prevented.

A decreased trend in PAF for death cases according 
to follow-up time (intervals of 365 days) is reported in 
Figure 5, starting from the second year after the index 

date. This trend started from about 12 and 4 cases of 
death that could be prevented in the first year until about 
2 and 1 cases in the last year of follow-up, whether all 
subjects in Score 0 group were in both Score 2 and Score 
1 groups, respectively.

DISCUSSION

This study shows that the adherence to one or 
more recommendation can lead to a decreased risk of 
clinical outcomes in HF subjects. A non-adherence profile 
to recommendations could be considered as the non-
adherence to a specific clinical pathway and, therefore, 
could represent a risk factor for developing the outcome. 
Results from this study show the impact of the adherence 
to specific recommendations on the outcome in terms of 
PAF, that represent the proportion of cases that could be 
prevented by eliminating the risk factor (a non-adherent 
behavior). We considered the adherence to the specific 
recommendations both taken individually and categorized 
in a total score of adherence. For the creation of score’s 
classes, we taken in consideration two main aspects. The 
first is about subjects who, after a hospitalization for HF, 
were only subjected to echocardiographic examination 

FIGURE 2.

Forest plots of hazard ratios (HR) for the association between total adherence score and the risk of death and emergency hospital re-admission for HF
Adherence to recommendations is considered during the first-year period after index date, mortality risk is considered during the whole follow-up period 
while the re-hospitalization risk is calculated in the second year after the index hospitalization. HR, and 95% confidence intervals (represented by horizontal 
lines), were estimated by fitting a Cox proportional hazard model. Subjects were matched using propensity score method according to baseline covariates. 
Subjects non-adherents to any recommendations belong to Score 0 group, those adherents to at least one of the two drugs’ recommendations belong to 
Score 1 group and those adherents to at least one of the two drugs’ and to echocardiogram recommendations belong to Score 2.
Abbreviations: HR, hazard ratio; CI, confidence interval.
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FIGURE 3.

Forest plots of incidence rate ratios (IRR) for the association between the adherence profile and the number of emergency re-hospitalizations for HF
Adherence to recommendations is considered during the first-year period after index date and the number of emergency re-hospitalizations for HF is 
calculated in the second year after the index date.  IRR, and 95% confidence intervals (represented by horizontal lines), were estimated by fitting a 
Poisson model. Subjects were matched using propensity score method according to baseline covariates. Subjects non-adherents to any recommendations 
belong to Score 0 group, those adherents to at least one of the two drugs’ recommendations belong to Score 1 group and those adherents to at least 
one of the two drugs’ and to echocardiogram recommendations belong to Score 2.
Abbreviations: IRR, incidence rate ratio; CI, confidence interval.

FIGURE 5.

PAF trend for death according to follow-up time
PAF represents the number of outcome cases (deaths) that could be prevented if all subjects in Score 0 group (non-adherents to any recommendation) 
would be in Score 1 group (adherents to at least one of the two drugs’ recommendations) or Score 2 group (adherents to at least one of the two drugs’ 
and to echocardiogram recommendations). Adherence to recommendations is considered during the first-year period after index date, PAF is considered 
during the whole follow-up period, starting from the second year after the index hospitalization. PAF estimates were adjusted for gender, age and 
selected medications and comorbidities (please see covariates listed in Table 1).
Abbreviations: PAF, population attributable fraction.
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and did not use drugs during the first year of follow-up. 
These subjects were excluded from our analysis (and do not 
fall into any of the score categories) because it is difficult 
to clinically justify such a behavior, and they are certainly 
different patients compared to all other cohort members. 
The second aspect concerned the recommendation about 
drug assumption. As indicated by clinical guidelines, 
not all subjects should undergo double hypotensive 
therapy (ACEi/ARB and beta-blockers) [8]. Therefore, 
in the construction of the score we took this issue into 
consideration, indicating that the condition was satisfied if 
subjects took at least one of the two recommended drugs.

However, this study shows a lower adherence 
rate of outpatient subjects with HF to drugs’ assumption 
recommendations then that reported from other studies. 
In fact, about 70% and 67% of Lombard subjects with 
HF were adherent to ACE inhibitors/ARB therapy and to 
beta-blockers, respectively. Fonarow et al [11], reported 
an adherence rate of about 80% and 86% for ACE 
inhibitors/ARB and beta-blockers, respectively, while a 
study of Wu et al [15] showed an adherence rate of 
88.8% for ACE inhibitors/ARB. However, both studies 
measured the adherence to ACE inhibitors/ARB indicator 
among only subjects with left ventricular ejection fraction 
(LVEF) lower than 40%, whereas we did not apply any 
exclusion criterion on LVEF.

Moreover, in our study, the adherence measured 
using both the three singles indicators (echocardiogram, 
ACE inhibitors/ARB and beta-blockers therapy) and the 
adherence score calculated in the first year after index 
date is related to a low mortality risk in HF subjects with a 
follow-up of at least 365 days. In particular, adherence to 
ACE inhibitors/ARB therapy shows a decreased mortality 
risk comparable with that reported by Wu et al [15]. 
Fonarow et al [11], also found that adherence to both 
ACE inhibitors/ARB and beta-blockers was associated with 
a low mortality risk of 49% and 55%, respectively. In his 
study, Wu consider the documentation about left ventricular 
function as a process-of-care indicator for outpatient care, 
as recommended by clinical guidelines [8]. In our study, 
we can consider the indicator of echocardiogram execution 
as a proxy of left ventricular assessment, because during 
an echocardiogram this particular assessment is always 
conducted, even if we do not know any result of this 
procedure. However, we found no association between the 
adherence to echocardiogram indicator and the mortality 
risk, as reported also by Wu et al [15].

In our study, we explored the emergency re-hospitalization 
for HF as the second outcome of interest. In particular, we 
considered this outcome as an acute event that can occur 
early after the follow-up beginning, mostly in subjects 
that have a non-adherent profile to recommendations. 

FIGURE 4.

PAF for deaths (PAF_M) and for emergency re-hospitalizations (PAF_riH) 
PAF represents the number of outcome cases (deaths or emergency re-hospitalizations) that could be prevented if all subjects in Score 0 group (non-
adherents to any recommendation) would be in Score 1 group (adherents to at least one of the two drugs’ recommendations) or Score 2 group 
(adherents to at least one of the two drugs’ and to echocardiogram recommendations). Adherence to recommendations is considered during the first-year 
period after index date, PAF for death is considered during the whole follow-up period while the PAF for emergency re-hospitalization is calculated in 
the second year after the index hospitalization. PAF estimates were adjusted for gender, age and selected medications and comorbidities (please see 
covariates listed in Table 1).
Abbreviations: PAF, population attributable fraction; PAF_M, population attributable fraction for death; PAF_riH, population attributable fraction for 
emergency re-hospitalization.
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For this reason, as we calculated the adherence to 
recommendations in the first year after the index date, this 
outcome was assessed only in the second year of follow-
up. Under this condition, we found that the adherence to 
drugs’ recommendations (at least one between ACEi/ARB 
or beta-blockers assumption) was positively associated with 
a risk reduction of being re-hospitalized for HF. At the same 
time, for subjects with the adherence profile just mentioned, 
we found also a significant reduction in the number of 
emergency-re-hospitalization.

Furthermore, to quantitively evaluate the contribution 
of the adherence to recommendations to the outcomes, we 
estimated the PAF. Recently, this measure has been used in 
order to assess the impact of prescriptive inappropriateness 
on drug adverse outcomes at the population level [29]. 
To date, it has been one of the most applied measures 
for estimating the association between cardiovascular risk 
factors and clinical outcomes, allowing policy makers to 
anticipate the potential impact of preventive strategies 
targeting certain risk factors [30–33]. Nevertheless, there 
are no studies that measure the impact of following a 
specific clinical pathway on clinical outcomes, in particular 
in outpatient subjects. 

From our study, we can observe that the PAF for 
mortality is higher in the first years of follow-up considered, 
and tent to decrease with time. This means that there is a 
higher risk of experiencing an outcome in the first years 
after an acute event, that can be kept under control by 
assuming a specific drug therapy. In fact, we observed 
that if non-adherent subjects become adherents to drugs’ 
recommendations (at least one between ACEi/ARB or 
beta-blockers assumption), this change can lead to a 
higher number of avoidable cases. This number is even 
greater if subjects were adherent to both drugs’ and 
echocardiogram recommendations. At the same time, this 
result can be interpreted as a survival curve, where subjects 
that had a longer free-outcome survival are those that more 
difficultly will experience the outcome itself. However, data 
from our analysis show that the adherence in the first year 
is sub-optimal and thus it is necessary to support patients 
on their clinical path, in order to make them aware of the 
importance of care to be followed. 

This study has several limitations that should be taken 
into account for correctly interpreting our results. First, 
because of privacy regulations, hospital records were not 
available for scrutiny, which means that diagnosis of HF 
could not be checked. Second, information about health 
service outpatient facilities supplied by private organizations 
are not available from our databases. For example, we can 
suspect that a portion of echocardiograms, the indicator 
to which less patients were adherent, is performed in 
private clinics. Third, it should be remembered that the 
recommendation about ACEi/ARB assumption is indicated 
for subjects with reduced LVEF [8]. In the present study, a 
stratification of subjects according to LVEF was not carried 
out as this data, as well as other clinical information (e.g., 

blood pressure, serum cholesterol), was not available. 
Finally, validity of our estimates is based on the assumption 
that drugs dispensed by pharmacies correspond to drug 
consumption, which may not be the case [34]. It should 
be mentioned that this type of bias necessarily leads to an 
underestimation of attributable fractions.

CONCLUSIONS

This study is among the first ones that demonstrate 
a significant association between the adherence to 
HF process measure, calculated with ACEi/ARB, beta-
blockers and echocardiogram, and the overall survival and 
the emergency re-hospitalization for HF. In particular, this 
is the first study that explore the impact of this adherence 
in terms of PAF, i.e., the proportion of outcomes that 
could be prevented if all HF subjects were to some extent 
adherent to clinical recommendations. Further evidence is 
thus needed to confirm the protective role of adherence to 
recommendations among HF subjects.

References

1.	 Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile 
of heart failure. Nat Rev Cardiol 2011;8:30–41. https://doi.
org/10.1038/nrcardio.2010.165.

2.	 Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart 
Br Card Soc 2007;93:1137–46. https://doi.org/10.1136/
hrt.2003.025270.

3.	 Dunlay SM, Roger VL. Understanding the Epidemic of Heart Failure: 
Past, Present, and Future. Curr Heart Fail Rep 2014;11:404–15. 
https://doi.org/10.1007/s11897-014-0220-x.

4.	 Roger VL. Epidemiology of Heart Failure. Circ Res 2013;113:646–
59. https://doi.org/10.1161/CIRCRESAHA.113.300268.

5.	 Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman 
M, et al. Heart disease and stroke statistics--2015 update: a report 
from the American Heart Association. Circulation 2015;131:e29-
322. https://doi.org/10.1161/CIR.0000000000000152.

6.	 Jhund PS, Macintyre K, Simpson CR, Lewsey JD, Stewart S, Redpath 
A, et al. Long-term trends in first hospitalization for heart failure and 
subsequent survival between 1986 and 2003: a population study 
of 5.1 million people. Circulation 2009;119:515–23. https://
doi.org/10.1161/CIRCULATIONAHA.108.812172.

7.	 Corrao G, Rea F, Di Martino M, Lallo A, Davoli M, De Palma 
R, et al. Effectiveness of adherence to recommended clinical 
examinations of diabetic patients in preventing diabetes-related 
hospitalizations. Int J Qual Health Care 2019;31:464–72. 
https://doi.org/10.1093/intqhc/mzy186.

8.	 Bonow RO. ACC/AHA Clinical Performance Measures for Adults 
With Chronic Heart Failure: A Report of the American College of 
Cardiology/American Heart Association Task Force on Performance 
Measures (Writing Committee to Develop Heart Failure Clinical 
Performance Measures): Endorsed by the Heart Failure Society 
of America. Circulation 2005;112:1853–87. https://doi.

e13323-9



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2020, Volume 17, Number 1

Effectiveness of clinical pathway in heart failure

org/10.1161/CIRCULATIONAHA.105.170072.
9.	 Fonarow GC, Peterson ED. Heart failure performance measures and 

outcomes: real or illusory gains. JAMA 2009;302:792–4. https://
doi.org/10.1001/jama.2009.1180.

10.	 Werner RM, Bradlow ET. Relationship between Medicare’s 
hospital compare performance measures and mortality rates. 
JAMA 2006;296:2694–702. https://doi.org/10.1001/
jama.296.22.2694.

11.	 Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade 
M, Greenberg BH, et al. Association between performance 
measures and clinical outcomes for patients hospitalized with heart 
failure. JAMA 2007;297:61–70. https://doi.org/10.1001/
jama.297.1.61.

12.	 Patterson ME, Hernandez AF, Hammill BG, Fonarow GC, Peterson 
ED, Schulman KA, et al. Process of care performance measures 
and long-term outcomes in patients hospitalized with heart failure. 
Med Care 2010;48:210–6. https://doi.org/10.1097/
MLR.0b013e3181ca3eb4.

13.	 Fonarow GC, Yancy CW, Hernandez AF, Peterson ED, Spertus 
JA, Heidenreich PA. Potential impact of optimal implementation 
of evidence-based heart failure therapies on mortality. Am Heart 
J 2011;161:1024-1030.e3. https://doi.org/10.1016/j.
ahj.2011.01.027.

14.	 Chan PS, Oetgen WJ, Buchanan D, Mitchell K, Fiocchi FF, Tang 
F, et al. Cardiac performance measure compliance in outpatients: 
the American College of Cardiology and National Cardiovascular 
Data Registry’s PINNACLE (Practice Innovation And Clinical 
Excellence) program. J Am Coll Cardiol 2010;56:8–14. https://
doi.org/10.1016/j.jacc.2010.03.043.

15.	 Wu W-C, Jiang L, Friedmann PD, Trivedi A. Association between 
process quality measures for heart failure and mortality among 
US veterans. Am Heart J 2014;168:713–20. https://doi.
org/10.1016/j.ahj.2014.06.024.

16.	 Driscoll A, Meagher S, Kennedy R, Hay M, Banerji J, Campbell 
D, et al. What is the impact of systems of care for heart failure on 
patients diagnosed with heart failure: a systematic review. BMC 
Cardiovasc Disord 2016;16:195. https://doi.org/10.1186/
s12872-016-0371-7.

17.	 Corrao G, Ghirardi A, Ibrahim B, Merlino L, Maggioni AP. Short- 
and long-term mortality and hospital readmissions among patients 
with new hospitalization for heart failure: A population-based 
investigation from Italy. Int J Cardiol. 2015;181:81-7.

18.	 Corrao G, Ghirardi A, Ibrahim B, Merlino L, Maggioni AP. 
Burden of new hospitalization for heart failure: a population-based 
investigation from Italy. Eur J Heart Fail 2014;16:729–36. https://
doi.org/10.1002/ejhf.105.

19.	 Cox E, Martin BC, Van Staa T, Garbe E, Siebert U, Johnson ML. 
Good research practices for comparative effectiveness research: 
approaches to mitigate bias and confounding in the design of 
nonrandomized studies of treatment effects using secondary data 
sources: the International Society for Pharmacoeconomics and 
Outcomes Research Good Research Practices for Retrospective 
Database Analysis Task Force Report--Part II. Value Health J Int Soc 
Pharmacoeconomics Outcomes Res 2009;12:1053–61. https://
doi.org/10.1111/j.1524-4733.2009.00601.x.

20.	 Corrao G, Ghirardi A, Segafredo G, Zambon A, Della Vedova 

G, Lapi F, Cipriani F, Caputi A, Vaccheri A, Gregori D, Gesuita R, 
Vestri A, Staniscia T, Mazzaglia G, Di Bari M; BEST investigators. 
User-only design to assess drug effectiveness in clinical practice: 
application to bisphosphonates and secondary prevention of 
fractures. Pharmacoepidemiol Drug Saf. 2014;23:859-67.

21.	 Corrao G, Rea F, Martino MD, Palma RD, Scondotto S, Fusco D, et 
al. Developing and validating a novel multisource comorbidity score 
from administrative data: a large population-based cohort study from 
Italy. BMJ Open 2017;7:e019503. https://doi.org/10.1136/
bmjopen-2017-019503.

22.	 McDonagh TA, Blue L, Clark AL, Dahlström U, Ekman I, Lainscak 
M, et al. European Society of Cardiology Heart Failure Association 
Standards for delivering heart failure care. Eur J Heart Fail 
2011;13:235–41. https://doi.org/10.1093/eurjhf/hfq221.

23.	 McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, Böhm M, 
Dickstein K, et al. ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure 2012: The Task Force for the 
Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 
of the European Society of Cardiology. Developed in collaboration 
with the Heart Failure Association (HFA) of the ESC. Eur Heart 
J 2012;33:1787–847. https://doi.org/10.1093/eurheartj/
ehs104.

24.	 WRITING COMMITTEE MEMBERS, Yancy CW, Jessup M, Bozkurt 
B, Butler J, Casey DE, et al. 2013 ACCF/AHA guideline for the 
management of heart failure: a report of the American College of 
Cardiology Foundation/American Heart Association Task Force on 
practice guidelines. Circulation 2013;128:e240-327. https://
doi.org/10.1161/CIR.0b013e31829e8776.

25.	 Hess LM, Raebel MA, Conner DA, Malone DC. Measurement of 
adherence in pharmacy administrative databases: a proposal for 
standard definitions and preferred measures. Ann Pharmacother 
2006;40:1280–8. https://doi.org/10.1345/aph.1H018.

26.	 Wang SV, Jin Y, Fireman B, Gruber S, He M, Wyss R, et al. 
Relative Performance of Propensity Score Matching Strategies 
for Subgroup Analyses. Am J Epidemiol 2018. https://doi.
org/10.1093/aje/kwy049.

27.	 Austin PC. A comparison of 12 algorithms for matching on the 
propensity score. Stat Med 2014;33:1057–69. https://doi.
org/10.1002/sim.6004.

28.	 Laaksonen MA, Härkänen T, Knekt P, Virtala E, Oja H. Estimation 
of population attributable fraction (PAF) for disease occurrence in 
a cohort study design. Stat Med 2010;29:860–74. https://doi.
org/10.1002/sim.3792.

29.	 Comoretto RI, Rea F, Lucenteforte E, Mugelli A, Trifirò G, Cascini 
S, et al. Bleeding events attributable to concurrent use of warfarin 
and other medications in high-risk elderly: meta-analysis and 
Italian population-based investigation. Eur J Clin Pharmacol 2018. 
https://doi.org/10.1007/s00228-018-2467-8.

30.	 Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM, 
Bailey KR, et al. Congestive heart failure in the community: a study 
of all incident cases in Olmsted County, Minnesota, in 1991. 
Circulation 1998;98:2282–9.

31.	 Gustafsson F, Schou M, Videbaek L, Nielsen T, Ulriksen H, 
Markenvard J, et al. Treatment with beta-blockers in nurse-led 
heart failure clinics: titration efficacy and predictors of failure. 
Eur J Heart Fail 2007;9:910–6. https://doi.org/10.1016/j.

e13323-10



ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2020, Volume 17, Number 1

Effectiveness of clinical pathway in heart failure

ejheart.2007.05.008.
32.	 Kvaavik E, Batty GD, Ursin G, Huxley R, Gale CR. Influence of 

individual and combined health behaviors on total and cause-
specific mortality in men and women: the United Kingdom health 
and lifestyle survey. Arch Intern Med 2010;170:711–8. https://
doi.org/10.1001/archinternmed.2010.76.

33.	 Iorio A, Senni M, Barbati G, Greene SJ, Poli S, Zambon E, et al. 
Prevalence and prognostic impact of non-cardiac co-morbidities 
in heart failure outpatients with preserved and reduced ejection 
fraction: a community-based study. Eur J Heart Fail 2018. https://
doi.org/10.1002/ejhf.1202.

34.	 Corrao G, Mancia G. Generating evidence from computerized 
healthcare utilization databases. Hypertens Dallas Tex 
1979 2015;65:490–8. https://doi.org/10.1161/
HYPERTENSIONAHA.114.04858.

SUPPLEMENTARY MATERIAL

Drugs ATC codes

ACE inhibitors/ARB C09

Beta-blockers C07

Antidiabetic agents A10

Antiplatelet B01A

Digitalis glycosides C01AA

Organic nitrates C01DA

Antiarrhythmics C01B

Other blood-pressure lowering agents C02, C03, C08

Lipid lowering agents C10

Antidepressants N06A

NSAIDs M01A

Anti-gout drugs M04

Drugs for respiratory disease R03

ATC codes

DESCRIPTION ICD9-CM CODES

Case identification and outcome

Heart failure 428.*, 402.01, 402.11 and 402.91

Covariates

Cancer 140-239.*

Diabetes 250.*

Ischemic heart disease 410-414.*

Cerebrovascular disease 430-438.*

Respiratory disease 460-519.*

Kidney disease 584-586.*

ICD-9 codes
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