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A large number of epidemiological studies has shown that 
hypertension is a major risk factor for heart failure (HF).1 

It has further been documented that (1) the hypertension-related 
risk of HF is not irreversible because in randomized clinical tri-
als (RCTs), antihypertensive drug treatment is accompanied by 
a substantial reduction of HF incidence2,3 and (2) although some 
differences may exist,3 the HF reduction can be obtained with 
several antihypertensive drug classes,3 which implies that the 
benefit largely depends on blood pressure (BP) lowering per se.2

A consensus exists that in real life, adherence with the 
antihypertensive treatment regimen is low4,5 and that this 
affects to a major extent the reduction of BP6 and the protec-
tion against cerebrovascular and coronary events.7 However, 
few investigations have so far assessed the effect of adherence 
with antihypertensive treatment on the risk of HF in the setting 
of clinical practice8 making the real-world evidence on this 
issue still incompletely known. This is an important gap of 
knowledge because HF is (1) the most common cause of hos-
pitalization in the elderly,9 with a high hospital readmission, 
mortality rate,10,11 and cost12 and (2) more and more frequently 
diagnosed13 because of ageing of the population and better 
survival of patients from an acute coronary event.

We carried out a population-based case–control investiga-
tion, nested into a large cohort of patients on antihyperten-
sive drug treatment with the aim of assessing the relationship 
between long-term adherence to the prescribed treatment 
regimen and risk of the first hospitalization for HF. Data were 
also separately analyzed for the drug class prescribed to find 
whether the effect of adherence on HF was different for differ-
ent antihypertensive treatments.

Methods

Setting
The data used for this study were retrieved from the healthcare utili-
zation databases of Lombardy, a region of Italy which accounts for 
≈16% (≈10 millions) of its population. In Italy, the whole population 
is covered by the National Health Service, and in Lombardy, this has 
been associated since 1997 with an automated system of databases 
to collect a variety of information. Details of healthcare utilization 
databases of the Lombardy Region and of their use in the field of 
cardiovascular diseases have been reported elsewhere.4,7,10,11

Cohort Selection and Follow-Up
The target population included Lombardy residents, aged 40 to 80 
years, who were beneficiaries of the National Health Service. Of 
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these, those who received at least 1 antihypertensive drug prescription 
during 2005 were identified, and the first dispensation was defined 
as the index prescription. Antihypertensive drugs included diuret-
ics, angiotensin-converting enzyme inhibitors, angiotensin receptor 
blockers, β-blockers, and calcium-channel blockers (CCBs) initially 
dispensed as monotherapy. Patients with an initial prescription of ≥2 
antihypertensive drugs were excluded to reduce the range of hyper-
tension severity, given that compared with monotherapy, need of 
multiple drug treatment reflects an increased risk of cardiovascular 
events, including HF.14 Exclusion was extended to other patient cat-
egories, such as patients who (1) received at least 1 antihypertensive 
drug prescription within the 5 years before the index prescription, to 
limit inclusion to newly treated individuals; (2) had been hospitalized 
for cardiovascular disease or used drugs for coronary heart disease or 
HF, within the 5 years before the index prescription to limit data col-
lection to the setting of primary cardiovascular prevention; (3) were 
beneficiaries of the National Health Service from <5 years before the 
start of prescription; and (4) did not reach at least 1 year of follow-
up. Patients who had previously received ≥1 prescriptions of digi-
talis were also excluded because the use of digitalis might represent a 
proxy of existing HF. The remaining patients were included into the 
final cohort whose members accumulated person-years of follow-up 
from the date of the index prescription until the earliest date among 
hospital admission for HF, death, emigration, or December 31, 2012.

Selection of Cases and Controls
When the effect of time-dependent exposure on rare events needs to be 
investigated in the context of large databases, the nested case–control 
design is a valid alternative to the cohort design.15 The case–control study 
was thus nested into our cohort of incident antihypertensive drug users. 
Cases were members of the cohort who during follow-up were hospi-
talized for HF (International Classification of Disease-9 code 428.x) or 
hypertensive HF (402.01, 402.11, and 402.91). The earliest date of hos-
pitalization with one of these codes was considered as the event date.

For each case patient, 5 controls were randomly selected from the 
cohort to be matched for sex, age at cohort entry, and the date of in-
dex prescription. Controls had to be at risk of the outcome when the 
matched case had it.

Measuring Adherence With Antihypertensive 
Medication
For each case and control, all antihypertensive drugs dispensed during 
follow-up were identified. The period covered by an individual prescrip-
tion was calculated by dividing the total amount of the drug prescribed 
for the defined daily dose. For overlapping prescriptions, the patient was 
assumed to have taken the drugs contained in the first prescription before 
starting the second. Adherence was measured by the cumulative num-
ber of days in which the antihypertensive drug was available divided by 
the days of the overall follow-up, the ratio expressing the PDC.16 Four 
categories of adherence were considered, that is, very low (≤ 25%), low 
(26%–50%), intermediate (51%–75%), and high (>75%) PDC values.

Covariates
In addition to the categories of adherence, information included 
covariates measured at baseline, that is, (1) the antihypertensive drug 
class used at index prescription, (2) use of statins and antidiabetic and 
antidepressant agents within the 5 years before the index prescrip-
tion, and (3) the Charlson comorbidity index17 that was calculated 
via the diagnostic information provided by the inpatient charts within 
the 5 years before the index prescription. Information also included 
covariates measured during follow-up, that is, (4) the number of anti-
hypertensive drug classes, (5) the switching between antihyperten-
sive drugs, (6) the addition of other cardiovascular drugs (nitrates, 
digitalis, and antiarrhythmic drugs) to the antihypertensive treatment 
regimen, and (7) the number of prescribing physicians.

Data Analysis
The χ2 test, or its version for the trend, was used when appropriate to 
test for differences between cases and controls. Conditional logistic 
regression models were fitted to estimate the odds ratio, and its 95% 

confidence interval (CI), of HF hospitalization in relation to the PDC 
categories, using the shortest category (≤25%) as reference. Adjustments 
were made for the above reported covariates. Odds ratio trends were 
tested, when feasible, according to the statistical significance of the 
regression coefficient of the recoded variable obtained by scoring the 
corresponding categories. The effect of PDC categories on the HF risk 
was evaluated for the entire cohort, as well as for sex and age strata 
at index prescription, and classes of antihypertensive drugs prescribed.

Sensitivity Analyses
To verify the robustness of our findings, 3 sensitivity analyses were 
performed. One, we categorized exposure to antihypertensive drugs 
according to quartiles of PDC rather than to predefined categories 
as in the main analysis. Two, to check whether our estimates were 
affected by the adopted criteria for defining the outcome, the earli-
est date between the first HF hospitalization or the first prescription 
of digitalis was considered as the outcome. Three, the potential bias 
associated with unmeasured confounders was investigated by the rule-
out approach described by Schneeweiss18 whose aim is to detect the 
extension of the overall confounding required to fully account for the 
exposure–outcome association, thus moving the observed point esti-
mate to the null. We set the possible generic unmeasured confounder 
(1) to have a 10% or 50% prevalence in the study population; (2) to 
increase hospitalization for HF ≤10-fold more in patients exposed 
than in those unexposed to the confounder, and (3) to be ≤10-fold 
more or less common in high- than very low-adherent patients.

All analyses were performed using the Statistical Analysis System 
Software (version 9.2; SAS Institute, Cary, NC). Statistical signifi-
cance was set at the 0.05 level. All P values were 2-sided.

Results
Patients
The distribution of the exclusion criteria is shown in Figure 1. 
The 76 017 patients included into the study cohort accumulated 
502 818 person-years of observation (on average, 6.6 years per 
patient) and generated 622 first hospital admissions for HF. 
These 622 case patients were matched to 3110 controls.

The characteristics of cases and controls are shown in 
Table 1. At the date of the index prescription, (1) mean age 
of cases and controls was 67 years and 54% of the patients 
were men; (2) angiotensin-converting enzyme inhibitors were 
the most common initial drugs in both cases and controls; 
(3) more cases than controls started with diuretics, this being 
the case either for the loop (7% versus 5%) and for the other 
diuretic (5% versus 3%) types; (4) the proportion of patients 
on treatment with antidiabetic drugs and having comorbidi-
ties (Charlson score) was significantly higher among cases 
than among controls. During follow-up, most patients had a 
very low adherence to antihypertensive medicaments, cases 
being worse than controls. With respect to controls, cases also 
received a larger variety of antihypertensive agents, showed 
a greater rate of switching between antihypertensive drug 
classes, experienced >1 prescribing physician, and were more 
frequently treated with other cardiovascular drugs.

Adherence With Antihypertensive Therapy and 
Risk of HF
The risk of HF hospitalization associated with adherence to 
antihypertensive drugs is shown in Table 2. Compared with 
very low-adherence group, the risk exhibited a significant and 
marked progressive reduction as adherence increased to the 
low, intermediate, and high categories. There was also evi-
dence that the risk was increased among patients who used 
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a larger variety of antihypertensive agents, switched between 
antihypertensive drug classes, experienced >1 prescribing phy-
sician, and added other cardiovascular medicaments during 
follow-up. The risk decreased among users of statins, whereas 
the opposite happened for those who used antidiabetic agents. 
There was a significant linear trend toward increasing HF risk 
as the Charlson score increased.

The relationship between adherence with antihypertensive 
medicaments and HF risk according to age and sex is shown 
in Figure 2. Low- and intermediate-adherence categories 
were pooled to increase the power in the middle adherence 
groups. A significant linear progressive decrease of HF risk as 
adherence increased was observed in both younger and older 
patients. This was the case also in men, whereas the trend did 
not reach the statistical significance in women. A progressive 
decrease of HF risk for increasing levels of adherence was 
seen for diuretic, angiotensin-converting enzyme inhibitor, 
and angiotensin receptor blocker treatment, whereas the trend 
was not significant for β-blockers and CCBs (Figure 3).

Sensitivity Analyses
The relationships described above did not substantially change 
by (1) varying the criteria for categorization of adherence with 
antihypertensive drug therapy or (2) adopting a more demand-
ing criterion for defining the outcome. Taking the lowest quar-
tile as reference, the odds ratio of HF decreased to 0.88 (95% 
CI, 0.67–1.16), 0.77 (95% CI, 0.58–1.02), and 0.70 (95% CI, 
0.56–0.88) as the PDC quartiles increased. Similarly, the odds 

ratio of HF decreased from 0.99 (95% CI, 0.79–1.24) to 0.72 
(95% CI, 0.57–0.91) and 0.67 (95% CI, 0.55–0.81) by using 
an alternative criterion for defining the outcome, that is, that 
based not only on hospitalization but also on incident digitalis 
prescription.

The results of the residual confounding analysis obtained 
by the rule-out approach are shown in Figure 4. Assuming that 
patients with high adherence to antihypertensive drugs (1) had 
a 3-fold higher odds of exposure to the confounder than those 
with very low adherence and (2) the confounder prevalence 
in the study population was 10% or 50%, the analysis shows 
that confounding should increase the HF risk by 7.5-fold or 
4.5-fold (10% and 50% prevalence, respectively) to nullify 
the observed protective effect of high adherence on hospital-
ization for HF weaker confounder; outcome associations are 
required for confounders more intensely unbalanced between 
patients with very low and high adherence, but increases of 
HF risk of 4-fold and 2-fold are still required for a confounder 
prevalence of 10% and 50%, respectively, to move to the null 
the effect on HF of adherence to treatment.

Discussion
The most important finding of our study is that in patients newly 
treated with antihypertensive drugs in a real-world setting, the 
risk of hospitalization for HF decreases markedly and progres-
sively as adherence to the prescribed antihypertensive drug regi-
men increases. This provides evidence that the protective effect 
of antihypertensive treatment on HF documented in RCT3 is 

Figure 1. Flow-chart of inclusion and exclusion criteria. CV indicates cardiovascular.

 by guest on July 22, 2018
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


Corrao et al  Antihypertensive Agents and Heart Failure  745

transferable to real-life conditions. It also emphasizes, however, 
the paramount importance for the magnitude of this protective 
effect of abiding by the prescribed antihypertensive medicaments.

In line with previous investigations,4,5 our study shows that 
adherence with antihypertensive drug therapy is extremely 
poor in real-life medicine, the number of patients in whom 
the prescribed drugs were available for less than half of the 
overall follow-up exceeding 50%. This makes improvement of 
adherence with antihypertensive medicaments, a fundamental 

goal to pursue for protecting patients against HF. Our study 
also agrees with a post hoc analysis of an intervention trial 
performed in Australia19 that better adherence to treatment is 
accompanied by HF protection in old hypertensive patients, 
a finding of obvious importance because in old individuals, 
HF plays a crucial role as a cause of death, hospitalization, 
and healthcare-related costs.9,12 However, in the Australian 
study, better adherence to treatment was found to guarantee a 
lesser degree of protection in younger patients, whereas in our 

Table 1. Characteristics of the 622 Case Patients Hospitalized for Heart Failure and the 
Corresponding 3110 Controls

Characteristics Case Patients Controls P Value*

Baseline

    Men 334 (54%) 1670 (54%) MV

    Age, mean (SD) 67 (10.0) 67 (10.0) MV

    Antihypertensive drug class

     Diuretics 76 (12%) 237 (8%) 0.005

     ACEIs 230 (37%) 1248 (40%)

     ARBs 109 (18%) 568 (18%)

     β-Blockers 88 (14%) 469 (15%)

     CCBs 119 (19%) 588 (19%)

    Other treatments

     Statins 102 (16%) 608 (20%) 0.068

     Antidiabetic agents 109 (18%) 337 (11%) <0.001

     Antidepressant agents 81 (13%) 456 (15%) 0.287

    Charlson comorbidity index score

     0 526 (85%) 2810 (90%) <0.001

     1 40 (6%) 130 (4%)

     ≥2 56 (9%) 170 (6%)

During follow-up

    Adherence with antihypertensive therapy†

     Very low 285 (46%) 1283 (41%) 0.042

     Low 93 (15%) 405 (13%)

     Intermediate 82 (13%) 432 (14%)

     High 162 (26%) 990 (32%)

    No. of antihypertensive classes

     1 263 (42%) 1600 (51%) <0.001

     2 165 (27%) 834 (27%)

     ≥3 194 (31%) 676 (22%)

    Switching between antihypertensive 
drugs

429 (69%) 1883 (61%) <0.001

    >1 prescribing physician 51 (8%) 189 (6%) 0.049

    Concomitant CV treatments

     Digitalis 11 (2%) 15 (0%) <0.001

     Nitrates 34 (5%) 58 (2%) <0.001

     Antiarrhythmic drugs 21 (9%) 50 (2%) 0.003

ACEIs indicate angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, calcium-channel 
blockers; CV, cardiovascular; and MV, matching variable.

*According to χ2 test (antihypertensive agent used at entry, switching between antihypertensive drugs, concomitant use of 
other drugs, and no. of prescribing physician) or its version for the trend (categories of the Charlson comorbidity index score, 
adherence with antihypertensive therapy, and no. of antihypertensive classes).

†Adherence was measured according to the proportion of days with antihypertensive drugs available with respect to the days 
of overall follow-up. Categories are the following: very low, ≤25%; low, 26%–50%; intermediate, 51%–75%; and high, >75%.
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study, adherence to antihypertensive treatment had a similarly 
marked protective effect in patients younger and older than 70 
years, in line with the conclusion of meta-analyses of RCT.20 
In this context, it should be mentioned that in the Australian 
study, adherence to treatment was self-reported and expressed 
in dichotomized form (yes or not), 2 fallible means to measure 
this variable that cannot match our measurement of adherence 
by objective (prescription renewal) and continuous form data.16

Our study provides the following additional results. One, 
better adherence with antihypertensive drug treatment prevents 
HF in men, but it does not offer evidence for a similar beneficial 
effect in women. This cannot be accounted for by a sex-related 
effect of antihypertensive drugs on BP or hypertension-related 
complications because meta-analyses of RCT have not shown 
sex-related differences in antihypertensive treatment effects.21 
Furthermore, real-life BP control has frequently been reported 
to be better in women than in men.22 However, because no 
RCT has so far compared treatment effects between sexes, the 
sex difference seen in this study, as well as more in general 
the protective effects of antihypertensive drugs in men and 
women, deserves further investigation. Two, our results show 
that the relationship between improved adherence to treatment 
and reduction of HF holds for several different treatments, 
such as diuretics, angiotensin-converting enzyme inhibitors, 

and angiotensin receptor blockers, the trend being qualita-
tively similar, although not statistically significant, also for 
β-blockers. This suggests that the greater protection against HF 
seen with better adherence to drug treatment is because of a 
better BP control, a conclusion supported by the evidence that 
adherence to treatment and achieved BP values exhibit a close 
relationship.23 Three, no clear relationship between adherence 
to antihypertensive drug treatment and protection against HF 
was detected for CCBs. This has an apparent bearing with the 
results of some meta-analyses of RCT that, while effectively 
reducing the risk of stroke and coronary disease, CCBs do not 
match other antihypertensive drugs as far as protection against 
HF is concerned, possibly because they adversely affect neu-
rohumoral factors involved in HF prognosis.3 However, this is 
unlikely to be the only explanation of our observations because 
RCTs have also shown that CCBs can reduce the HF risk when 
BP reduction occurs.3,24 Thus, the lack of relationship between 
adherence to CCB treatment and HF risk remains at least in 
part unexplained. Finally, our findings suggest that in real life, 
other factors are relevant to protection against HF. The risk of 
HF was significantly greater in patients in whom during follow-
up antihypertensive treatment switched from the original pre-
scription to other drugs, used a wider range of antihypertensive 
agents, and more frequently changed the prescribing physi-
cian possibly because all these factors reflect treatment failure 
or greater difficulties to achieve BP control. Also, there was 
a greater HF risk in patients under antidiabetic drugs, which 
is attributable to the importance of diabetes mellitus as a risk 
factor for HF,25 as well as to the limited effect of antidiabetic 
treatment on diabetic-related macrovascular complications.26 
Finally, the risk of HF was less in individuals with when com-
pared with those without administration of statins. This implies 
a protective effect of lipid-lowering treatment on HF, a benefit, 
however, not yet unequivocally demonstrated in RCT.27

This study has several elements of strength. One, the inves-
tigation was based on a large unselected population, which 
was made possible because in Italy, a cost-free healthcare sys-
tem involves virtually all citizens. Two, the drug prescription 
database provided highly accurate data because pharmacists 
are required to report prescriptions in detail to obtain reim-
bursement, and incorrect reports about the dispensed drugs 
have legal consequences.28 Three, participants were identi-
fied at the time of their initial antihypertensive drug therapy, 
a new-user approach that reduced the potential for selection 
bias.29 Four, patients were included only if there was no pre-
vious evidence (drug treatment or hospitalization) of HF for 
several years. Finally, the data provided by the main analysis 
were confirmed by many sensitivity analyses.

Limitations
Our study has limitations. One, because of privacy regulations, 
hospital records were not available for scrutiny, which means 
that diagnosis of HF could not be checked. Although the diag-
nostic accuracy for identification of HF has been shown to be 
high,30 because of the lack of evidence from up-to-date stud-
ies performed in the healthcare system of the region we study, 
misclassification cannot be completely excluded in our setting. 
Two, adherence with treatment was derived from drug pre-
scriptions, that is, a widely used method to estimate adherence 

Table 2. Effect of Adherence With Antihypertensive Drug 
Therapy and of Other Factors on the Risk of Hospitalization for 
Heart Failure

Effect OR* 95% CI

Adherence with antihypertensive therapy

    Very low 1.00 Reference

    Low 0.83 0.63–1.10

    Intermediate 0.73 0.55–0.98

    High 0.66 0.52–0.83

    P trend <0.001

No. of antihypertensive classes

    1 1.00 Reference

    2 1.28 1.02–1.60

    ≥3 1.99 1.57–2.53

Switching between 
antihypertensive drugs

1.61 1.32–1.95

>1 prescribing physician 1.22 1.02–1.46

Concomitant CV treatments

    Digitalis 2.65 1.13–6.18

    Nitrates 2.63 1.66–4.17

    Antiarrhythmics 1.65 0.96–2.86

Other treatments

    Statins 0.71 0.56–0.91

    Antidiabetic agents 1.69 1.31–2.17

    Antidepressant agents 0.82 0.63–1.07

Charlson comorbidity index score

    0 1.00 Reference

    1 1.48 1.01–2.16

    ≥2 1.55 1.12–2.14

CI indicates confidence interval; CV, cardiovascular; and OR, odds ratio.
*Adjusted OR and 95% CI, estimated with conditional logistic regression.
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to treatment in large populations,31 which requires, however, 
the assumption that the proportion of days covered by a pre-
scription corresponds to the proportion of days of drug use.32 
Finally, because allocation of antihypertensive drug therapy 
was not randomized, the results may be affected by confound-
ing. That is, the reduction in HF risk associated with a better 
adherence to antihypertensive medicaments might have been 
generated by factors, accompanying but different from a better 
adherence to antihypertensive drug treatment. However, fac-
tors, such as ethnicity or socioeconomic status, can be confi-
dently ruled out because the Lombardy population is largely 
white, and we have previously found that in Lombardy, income 
and educational differences play no role in the persistence on 
antihypertensive drug treatment.33 Furthermore, it is unlikely 
that the increased risk of HF in patients with low adherence 
to antihypertensive drug treatment is accounted for a more 
compromised clinical status because (1) patients prescribed 
multiple antihypertensive drugs at the start were excluded to 
minimize participation in the study of individuals with a more 
severe hypertension and greater cardiovascular risk14, (2) data 
were adjusted for several demographic, therapeutic, and clini-
cal characteristics, (3) although our database did not make BP 
values available,32 adjustment included several proxies of the 
severity of hypertension and the difficulties of achieving thera-
peutic results, such as the number of antihypertensive drugs, 
the switching between antihypertensive drug classes, the num-
ber of prescribing physicians, and the addition to antihyperten-
sive drug treatment of nonhypertensive cardiovascular agents,34 
and (4) patients with a more severe hypertension and a higher 
cardiovascular risk are known to have a better rather than a 
worse adherence to drug treatment.35 Of course, this does not 

entirely eliminate the problem of confounding, one aspect of 
which is that because adherence may be a surrogate for overall 
health-seeking behavior, patients more adherent to antihyper-
tensive drugs might also have more regularly followed healthy 
lifestyle advices, more effectively treated other cardiovascular 
risk factors, or dealt with HF more frequently as out- rather 
than in-hospital. However, as far as the last 2 possibilities are 
concerned, (1) data were adjusted for drug treatment of other 
cardiovascular risk factors and (2) therapy with most cardio-
vascular drugs was less, equal or only slightly more common 
in cases than in control patients, at variance with what might 
be expected from the more thorough medical attention associ-
ated with a better health-seeking behavior. Finally, as shown 
in Figure 4, we calculated that to account for the difference of 
HF risk between groups with different adherence to treatment, 
an unmeasured confounder should increase HF risk to such an 
extent (several folds) to make this explanation of the results, 
although in principle possible, highly unlikely.

Conclusions
In a real-life setting, antihypertensive therapy with a variety of 
drugs reduces the risk of HF in both middle age and elderly indi-
viduals, but good adherence to the prescribed treatment regimens 
is a critical factor in making the reduction substantial. This empha-
sizes the need for physicians and healthcare providers to recognize 
the importance of adherence to the prescribed treatment regimen 
to translate into real-life medicine the benefit shown by trials.

Perspectives
Our study confirms the results of previous investigations 
showing that adherence with antihypertensive medications 

Figure 2. Effect of adherence with antihypertensive drug therapy on the odds ratio of hospitalization for heart failure according to age and 
sex. Adherence was measured according to the proportion of days with antihypertensive drugs available with respect to the days of overall 
follow-up (PDC). Categories are the following: very low, ≤25%; low, 26%–50%; intermediate, 51%–75%; and high, >75%. Odds ratio and 
95% confidence interval (CI), estimated with conditional logistic regression. Estimates are adjusted for the covariates listed in Table 1.
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is extremely poor in real-life practice. Moreover, this study 
offers evidence that adherence with antihypertensive therapy 
is associated with a reduction of HF risk. Future studies should 
concern strategies to achieve better adherence, in particular 
for patients at high cardiovascular risk, and their clinical and 
economic implications.

Sources of Funding
This study was funded by grants from the Italian Minister for University 
and Research (‘Fondo d’Ateneo per la Ricerca’ portion, year 2014).

Disclosures
G. Corrao received research support from the European Community, 
the Italian Agency of Drug, and the Italian Minister for University and 
Research. He took part to a variety of projects that were funded by 
pharmaceutical companies (ie, Novartis and GSK). He also received 
honoraria as a member of advisory board from Roche. G. Mancia 
received honoraria for participation as speaker/chairman in national/
international meetings from Bayer, Boehringer Ingelheim, CVRx, 
Daiichi Sankyo, Ferrer, Medtronic, Menarini Int, Merck, Novartis, 
Recordati, and Servier. The other authors report no conflicts.

References
 1. Britton KA, Gaziano JM, Djoussé L. Normal systolic blood pres-

sure and risk of heart failure in US male physicians. Eur J Heart Fail. 
2009;11:1129–1134. doi: 10.1093/eurjhf/hfp141.

 2. Turnbull F, Neal B, Pfeffer M, Kostis J, Algert C, Woodward M, Chalmers 
J, Zanchetti A, MacMahon S; Blood Pressure Lowering Treatment Trialists’ 
Collaboration. Blood pressure-dependent and independent effects of agents 
that inhibit the renin-angiotensin system. J Hypertens. 2007;25:951–958.

 3. Zanchetti A, Thomopoulos C, Parati G. Randomized controlled trials of 
blood pressure lowering in hypertension: a critical reappraisal. Circ Res. 
2015;116:1058–1073. doi: 10.1161/CIRCRESAHA.116.303641.

 4. Corrao G, Zambon A, Parodi A, Poluzzi E, Baldi I, Merlino L, Cesana 
G, Mancia G. Discontinuation of and changes in drug therapy for hyper-
tension among newly-treated patients: a population-based study in Italy.  
J Hypertens. 2008;26:819–824. doi: 10.1097/HJH.0b013e3282f4edd7.

 5. Vrijens B, Vincze G, Kristanto P, Urquhart J, Burnier M. Adherence  
to prescribed antihypertensive drug treatments: longitudinal study of  
electronically compiled dosing histories. BMJ. 2008;336:1114–1117.  
doi: 10.1136/bmj.39553.670231.25.

 6. Breekveldt-Postma NS, Penning-van Beest FJ, Siiskonen SJ, Koerselman 
J, Klungel OH, Falvey H, Vincze G, Herings RM. Effect of persistent use 

Figure 3. Effect of adherence with specific antihypertensive classes on the reduction in odds ratio of hospitalization for heart failure. 
Adherence was measured as mentioned in Figure 2. ACEs indicate angiotensin-converting enzymes; ARBs, angiotensin receptor 
blockers; CI, confidence interval; and PDC, proportion of days covered by treatment.

Figure 4. Influence of a confounder on the relationship between 
heart failure risk (outcome) and adherence with antihypertensive 
drug treatment (exposure). The graph indicates the RRCO–ORCE 
combinations (ie, the confounder–outcome and the confounder–
exposure associations, respectively) that would be required to 
move the observed protective effect of adherence to treatment 
toward the null for 2 possible values of the confounder’s 
prevalence in the study population (Pc=10% and 50%).

 by guest on July 22, 2018
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


Corrao et al  Antihypertensive Agents and Heart Failure  749

of antihypertensives on blood pressure goal attainment. Curr Med Res 
Opin. 2008;24:1025–1031. doi: 10.1185/030079908X280554.

 7. Corrao G, Parodi A, Nicotra F, Zambon A, Merlino L, Cesana G, Mancia 
G. Better compliance to antihypertensive medications reduces cardiovascular 
risk. J Hypertens. 2011;29:610–618. doi: 10.1097/HJH.0b013e328342ca97.

 8. Perreault S, Dragomir A, White M, Lalonde L, Blais L, Bérard A. Better 
adherence to antihypertensive agents and risk reduction of chronic heart 
failure. J Intern Med. 2009;266:207 –2 18.

 9. Kozak LJ, DeFrances CJ, Hall MJ. National Hospital Discharge Survey: 
2004 annual summary with detailed diagnosis and procedure data. National 
Center for Health Statistics. Vital Health Stat 13. 2006;162:1–209.

 10. 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;181:81–87. doi: 10.1016/j.ijcard.2014.12.004.

 11. 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;16:729–736. doi: 10.1002/ejhf.105.

 12. Allen LA, Stevenson LW, Grady KL, Goldstein NE, Matlock DD, 
Arnold RM, Cook NR, Felker GM, Francis GS, Hauptman PJ, Havranek 
EP, Krumholz HM, Mancini D, Riegel B, Spertus JA; American Heart 
Association; Council on Quality of Care and Outcomes Research; Council 
on Cardiovascular Nursing; Council on Clinical Cardiology; Council on 
Cardiovascular Radiology and Intervention; Council on Cardiovascular 
Surgery and Anesthesia. Decision making in advanced heart failure: a 
scientific statement from the American Heart Association. Circulation. 
2012;125:1928–1952. doi: 10.1161/CIR.0b013e31824f2173.

 13. Koelling TM, Chen RS, Lubwama RN, L’Italien GJ, Eagle KA. The 
expanding national burden of heart failure in the United States: the influ-
ence of heart failure in women. Am Heart J. 2004;147:74–78.

 14. Weber MA, Julius S, Kjeldsen SE, Jia Y, Brunner HR, Zappe DH, Hua 
TA, McInnes GT, Schork A, Mancia G, Zanchetti A. Cardiovascular 
outcomes in hypertensive patients: comparing single-agent therapy with 
combination therapy. J Hypertens. 2012;30:2213–2222. doi: 10.1097/
HJH.0b013e3283582ed6.

 15. Essebag V, Platt RW, Abrahamowicz M, Pilote L. Comparison of 
nested case-control and survival analysis methodologies for analy-
sis of time-dependent exposure. BMC Med Res Methodol. 2005;5:5.  
doi: 10.1186/1471-2288-5-5.

 16. Andrade SE, Kahler KH, Frech F, Chan KA. Methods for evalua-
tion of medication adherence and persistence using automated data-
bases. Pharmacoepidemiol Drug Saf. 2006;15:565–74, discussion 575.  
doi: 10.1002/pds.1230.

 17. Charlson ME, Charlson RE, Peterson JC, Marinopoulos SS, Briggs 
WM, Hollenberg JP. The Charlson comorbidity index is adapted to pre-
dict costs of chronic disease in primary care patients. J Clin Epidemiol. 
2008;61:1234–1240. doi: 10.1016/j.jclinepi.2008.01.006.

 18. Schneeweiss S. Sensitivity analysis and external adjustment for unmea-
sured confounders in epidemiologic database studies of therapeutics. 
Pharmacoepidemiol Drug Saf. 2006;15:291–303. doi: 10.1002/pds.1200.

 19. Nelson MR, Reid CM, Ryan P, Willson K, Yelland L. Self-reported 
adherence with medication and cardiovascular disease outcomes in the 
Second Australian National Blood Pressure Study (ANBP2). Med J Aust. 
2006;185:487–489.

 20. Briasoulis A, Agarwal V, Tousoulis D, Stefanadis C. Effects of antihy-
pertensive treatment in patients over 65 years of age: a meta-analysis of 
randomised controlled studies. Heart. 2014;100:317–323. doi: 10.1136/
heartjnl-2013-304111.

 21. Daugherty SL, Masoudi FA, Ellis JL, Ho PM, Schmittdiel JA, Tavel HM, 
Selby JV, O’Connor PJ, Margolis KL, Magid DJ. Age-dependent gender 
differences in hypertension management. J Hypertens. 2011;29:1005–
1011. doi: 10.1097/HJH.0b013e3283449512.

 22. Ljungman C, Kahan T, Schiöler L, Hjerpe P, Hasselström J, Wettermark 
B, Boström KB, Manhem K. Gender differences in antihypertensive 
drug treatment: results from the Swedish Primary Care Cardiovascular 
Database (SPCCD). J Am Soc Hypertens. 2014;8:882–890. doi: 10.1016/j.
jash.2014.08.015.

 23. Bramley TJ, Gerbino PP, Nightengale BS, Frech-Tamas F. Relationship of 
blood pressure control to adherence with antihypertensive monotherapy in 
13 managed care organizations. J Manag Care Pharm. 2006;12:239–245.

 24. Weber MA, Julius S, Kjeldsen SE, Brunner HR, Ekman S, Hansson L, 
Hua T, Laragh JH, McInnes GT, Mitchell L, Plat F, Schork MA, Smith 
B, Zanchetti A. Blood pressure dependent and independent effects of 
antihypertensive treatment on clinical events in the VALUE trial. Lancet. 
2004;363:2049–2051. doi: 10.1016/S0140-6736(04)16456-8.

 25. Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez 
M, Gale CP, Deanfield J, Smeeth L, Timmis A, Hemingway H. Type 2 dia-
betes and incidence of cardiovascular diseases: a cohort study in 1·9 mil-
lion people. Lancet Diabetes Endocrinol. 2015;3:105–113. doi: 10.1016/
S2213-8587(14)70219-0.

 26. Held C, Gerstein HC, Yusuf S, Zhao F, Hilbrich L, Anderson C, Sleight 
P, Teo K; ONTARGET/TRANSCEND Investigators. Glucose levels 
predict hospitalization for congestive heart failure in patients at high 
cardiovascular risk. Circulation. 2007;115:1371–1375. doi: 10.1161/
CIRCULATIONAHA.106.661405.

 27. Preiss D, Campbell RT, Murray HM, et al. The effect of statin therapy 
on heart failure events: a collaborative meta-analysis of unpublished  
data from major randomized trials. Eur Heart J. 2015;36:1536–1546. 
doi: 10.1093/eurheartj/ehv072.

 28. Strom BL. Overview of automated databases in pharmacoepidemiology. 
In: Strom BL, ed. Pharmacoepidemiology. 3rd ed. Chichester, UK: Wiley; 
2000:219–222.

 29. Ray WA. Evaluating medication effects outside of clinical trials: new-user 
designs. Am J Epidemiol. 2003;158:915–920.

 30. Romano PS, Mark DH. Bias in the coding of hospital discharge data and 
its implications for quality assessment. Med Care. 1994;32:81–90.

 31. Halpern MT, Khan ZM, Schmier JK, Burnier M, Caro JJ, Cramer J, 
Daley WL, Gurwitz J, Hollenberg NK. Recommendations for evaluat-
ing compliance and persistence with hypertension therapy using retro-
spective data. Hypertension. 2006;47:1039–1048. doi: 10.1161/01.
HYP.0000222373.59104.3d.

 32. Corrao G, Mancia G. Generating evidence from computerized healthcare 
utilization databases. Hypertension. 2015;65:490–498. doi: 10.1161/
HYPERTENSIONAHA.114.04858.

 33. Corrao G, Zambon A, Parodi A, Mezzanzanica M, Merlino L, Cesana G, 
Mancia G. Do socioeconomic disparities affect accessing and keeping 
antihypertensive drug therapy? Evidence from an Italian population-based 
study. J Hum Hypertens. 2009;23:238–244. doi: 10.1038/jhh.2008.84.

 34. Breekveldt-Postma NS, Penning-van Beest FJ, Siiskonen SJ, Falvey H, 
Vincze G, Klungel OH, Herings RM. The effect of discontinuation of anti-
hypertensives on the risk of acute myocardial infarction and stroke. Curr 
Med Res Opin. 2008;24:121–127. doi: 10.1185/030079908X253843.

 35. Mazzaglia G, Mantovani LG, Sturkenboom MC, Filippi A, Trifirò G, 
Cricelli C, Brignoli O, Caputi AP. Patterns of persistence with antihyperten-
sive medications in newly diagnosed hypertensive patients in Italy: a retro-
spective cohort study in primary care. J Hypertens. 2005;23:2093–2100.

What Is New?
•	Randomized clinical trials offer conclusive evidence that antihyperten-

sive drugs are effective in reducing the risk of heart failure.
•	 Limited evidence exists, however, on whether this benefit is translated 

into real-life practice.

What Is Relevant?
•	Compared with patients with very low adherence with antihypertensive 

agents, those with higher adherence had progressively lower risk of 
heart failure, the risk reduction in the high-adherence group being 34%.

•	Similar effects were observed in younger (40–70 years), older (71–80 
years) patients, and patients treated with angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, or diuretics.

Summary

In the real-life setting, achieving a suitable adherence with antihy-
pertensive medicaments is effective for the primary prevention of 
hospitalization for heart failure.

Novelty and Significance
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