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Aims Guidelines support use of drug combinations in most hypertensive patients, and recently treatment initiation with
two drugs has been also recommended. However, limited evidence is available on whether this leads to greater
cardiovascular (CV) protection compared to initial monotherapy.

...................................................................................................................................................................................................
Methods
and results

Using the healthcare utilization database of the Lombardy Region (Italy), the 44 534 residents of the region (age
40–80 years) who in 2010 started treatment with one antihypertensive drug (n = 37 078) or a two-drug fixed-dose
combination (FDC, n = 7456) were followed for 1 year after treatment initiation to compare the risk of hospitaliza-
tion for CV disease associated with the two treatment strategies. To limit the confounding associated with
non-randomized between-group comparisons, data were also analysed by: (i) matching the two groups by the high-
dimensional propensity score (HDPS) and (ii) comparing, in patients experiencing one or more CV events
(n = 2212), the CV event incidence during subperiods in which patients were prescribed mono- or FDC therapy
(self-controlled case series design). Compared to initial monotherapy, patients on initial FDC therapy showed a
reduced 1 year risk of hospitalization for any CV event (-21%, P < 0.01). This was the case also when groups were
compared according to the HDPS analysis (-15%, P < 0.05). Finally, in patients experiencing CV events, the event in-
cidence was much less when, during the 1 year follow-up, they were under FDC therapy than under monotherapy
(-56%, P < 0.01). The reduced risk of hospitalization was always significant for ischaemic heart disease and new
onset atrial fibrillation, and included hospitalization for cerebrovascular disease and heart failure when monother-
apy and FDC therapy were compared within patients.

...................................................................................................................................................................................................
Conclusion In a real-life setting, a comparison of the incidence of early CV events during antihypertensive monotherapy and

FDC shows that the latter strategy leads to a more effective CV protection. This scores in favour of a two-drug
FDC strategy as first step in the hypertensive population.
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Introduction

Uncontrolled hypertension is extremely common worldwide1 and,
based on epidemiological data, accounts for a huge number of yearly
deaths and disability (18% or 9.4 million of premature deaths and 173
million disability-adjusted years) globally.2 Several studies suggest that

initiating treatment with two antihypertensive drugs may represent a
more effective treatment strategy compared to the time-honoured
conventional initial monotherapy.3 For example, initial two-drug
combinations lower blood pressure (BP) more promptly,4–8 possibly
with a more timely protective effect in patients at high or very high
cardiovascular (CV) risk, in whom a CV event may occur within a
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short period.9 Furthermore, treatment discontinuation is lower
when treatment starts with two rather than one drug,10 no matter
which drug is used,11 possibly because a more effective initial BP re-
duction increases patient’s motivation to comply with the prescribed
drug regimen.12 Finally, and most importantly, initial combination
treatment has been shown to be associated with a more frequent BP
control up to 1 year or more after treatment initiation,13 probably
because, in addition to improving adherence, starting treatment with
two drugs neutralizes therapeutic inertia, i.e. reluctance to move
from monotherapy to more complex treatments even when BP is
not controlled.14,15

Limited evidence exists on whether and to what extent the above
advantages translate into a difference in CV outcomes,16,17 i.e. a fun-
damental aspect for validation of two-drug combinations as a better
1st step treatment approach. This may not be ideally addressed
by clinical trials because, although remaining the gold standard for
obtaining medical evidence, trials minimize some of the reported
advantages of initial combination treatment, e.g. higher adherence,
lower therapeutic inertia, and lesser therapeutic errors etc., which
are an important component of real-life medicine. We carried out an
observational study to explore whether, compared to initial use of
antihypertensive monotherapy, initial use of two antihypertensive
drugs was associated with a reduced risk of CV outcomes during an
early (1 year) treatment period. The study was conducted in a large
real-life cohort of Italian patients who were not prescribed antihyper-
tensive treatment in the previous years. To minimize the confounding
effect of comparing two non-randomized groups, data were also
analysed according to a high-dimensional propensity score (HDPS)
and a self-controlled case series (SCCS) design,18 the latter allowing
comparison to be made within patients who during the year of
follow-up experienced an event and were prescribed monotherapy
in some subperiods and a two-drug combination therapy in others.
Data analysis focused on two-drug fixed-dose combinations (FDCs)
because in Italy FDCs are used much more frequently than free drug
combinations to treat hypertension.3

Methods

The data used for the present study were retrieved from the healthcare
utilization databases of Lombardy, a Region of Italy that accounts for
about 16% (almost 10 million) of its population. The Italian population is
covered by the National Health Service (NHS) and, in Lombardy, an
automated system of databases has been created to collect a variety of in-
formation, including: (i) an archive of residents who receive NHS assist-
ance (the whole resident population), reporting demographic and
administrative data; (ii) a database on hospital discharge records, including
information about primary diagnosis and up to five co-existing conditions
and performed procedures, coded according to the 9th International
Code of Diseases (ICD-9-CM); and (iii) a database providing information
on all prescriptions reimbursed by the NHS, with drugs coded according
to the Anatomical Therapeutic Chemical (ATC) classification system.
The use of a unique identification code allows linkage of all databases. In
order to preserve privacy, each identification code is automatically con-
verted into an anonymous code. Details on utilization of the Lombardy
databases for pharmacoepidemiology in general,19 and more specifically
for the therapeutic area related to the present study, are reported else-
where.11,20,21 According to the rules from the Italian Medicines
Agency (available at: http://www.agenziafarmaco.gov.it/sites/default/files/

det_20marzo2008.pdf), retrospective studies using administrative data-
bases do not require Ethics Committee protocol approval.

The ICD-9-CM and ATC codes used for hospital and antihypertensive
drug information provided by the databases are reported in the
Supplementary material online, Table S1.

Cohort selection
The target population consisted of all beneficiaries of the NHS resident in
Lombardy aged 40–80 years. According to the 2011 Italian Census, this
population amounted to 5 097 075 individuals. From these, we identified
patients for whom at least one prescription of an antihypertensive agent
was dispensed during 2010, and the first dispensation was defined as the
index prescription. We excluded patients who (i) had received antihyper-
tensive drug prescriptions within 10 years before the index prescription,
to focus the study on newly treated patients22; (ii) started antihyperten-
sive therapy with a free drug combination, because in Italy two-drug FDC
combination is by far the most common type of initial combination treat-
ment specifically used for hypertension3; (iii) did not reach at least 1 year
of follow-up (the period of interest); and (iv) during the year of follow-up
experienced one or more episodes of treatment discontinuation, i.e.
spent 90 days or more without antihypertensive drug coverage, to avoid
between-group discrepancy in a factor that majorly affects outcome23.
The remaining patients were included into the final cohort (Figure 1).

Drug exposure
Cohort members were classified according to initial antihypertensive treat-
ment strategy, i.e. whether monotherapy or two-drug FDC therapy was
dispensed at the index prescription date. All the antihypertensive agents
dispensed during the year after the index prescription date were identified
and classified as belonging to the category of mono or FDC combination
therapy. Fixed-dose combinations did not include ACE inhibitors or angio-
tensin receptor antagonists with calcium channel blockers because in
2010–2011 fixed-dose renin angiotensin system-calcium channel blocker
combinations were not reimbursable by the NHS, and thus were not part
of the database. The period covered by an individual prescription was calcu-
lated by dividing the total amount of the drug prescribed for the defined
daily dose. For overlapping prescriptions, the patient was assumed to have
used all the drugs contained in the first prescription before starting those
contained in the second one. Because during hospitalizations information
on drug therapies was not available, the exposure to antihypertensive drugs
before hospital admission was assumed to continue for the entire duration
of the hospital stay.24 In this way, the entire sequence of subperiods of the
follow-up during which each cohort member was under mono or FDC
therapy was obtained. As described in detail in previous studies,20,21 adher-
ence to antihypertensive therapy was assessed as the cumulative days in
which the drug was made available by prescription divided by the number
of days of follow-up (i.e. 365 days or 1 year).

Additional information included cotreatments with CV drugs, cotreat-
ments with non-CV drugs, comorbidities, and hospital admission for CV
disease during the 10-year period before the index prescription. The
Multisource Comorbidity Score,25 was also calculated from the informa-
tion based on the large set of data available in the healthcare utilization
databases of Lombardy and other Italian regions. This score has been re-
cently found to be more sensitive predictor of mortality than the
Charlson comorbidity26 and other scores.

Outcome identification
We identified cohort members who during the year after the index pre-
scription date experienced one or more hospital admissions for which a
CV event was a primary diagnosis. Hospitalization for ischaemic heart dis-
ease, cerebrovascular disease, heart failure and atrial fibrillation were
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..separately analysed because of the close relationship of all three events
with BP levels.27–29 The WHO-MONICA criteria were adopted for
defining ischaemic heart and cerebrovascular disease.30,31

Data analysis
Several statistical tests (v2, its version for the trend and t-test) were used,
when appropriate, to test differences in demographic and clinical charac-
teristics between patients starting on mono or combined antihyperten-
sive drug therapy. Intention-to-treat principle and time-to-event
techniques were used for comparing patients on mono- or combination
therapy. The Cox proportional hazard regression model was fitted to es-
timate the hazard ratio (HR), and its 95% confidence interval (CI), for
patients with initially dispensed FDC therapy with respect to monother-
apy. Calculations addressed individual and all CV events combined.

Comparing patients starting treatment with one or two antihyperten-
sive drugs is open to the criticism that effects on outcome may depend
on differences in initial demographic and clinical characteristics rather
than on therapeutic differences. For this reason, adjustments were made
for the aforementioned baseline covariates, including cotreatments with
CV and non-CV drugs, comorbidities and CV diseases, type of treatment
(e.g. use or no use of renin angiotensin system blockers), and the
Multisource Comorbidity Score. Furthermore, because adjustments are
an imperfect approach to elimination of baseline confounders, data were
analysed according to the (i) matching of the two groups by the HDPS
and (ii) the self-controlled series design, as described below.

High-dimensional propensity score
The HDPS32 was calculated using the above-mentioned baseline covari-
ates plus the covariates automatically selected from the archives of

prescriptions and hospitalizations in the 2-year period before the date of
the index prescription. The aim of HDPS algorithm is to empirically iden-
tify the variables strongly associated with the exposure and outcome.
We decided to select the 200 most prevalent covariates, and for each pa-
tient in the initial combination treatment group, randomly selected one
patient under initial monotherapy who was matched with that patient for
the HDPS (±0.01). In this way, two groups similar for the pre-treatment
risk of outcomes, based on a large number of variables, were formed.

Self-controlled case series design
The HDPS matching overcomes some limitations of the covariates adjust-
ment approach, but it cannot remove the possible role played by unmeas-
ured variables. In our setting, this was a relevant limitation because
administrative databases suffer from lack of some crucial clinical informa-
tion, such as BP values.19 We address this confounding by using a special
case-only (within-person) approach known as the self-controlled or
SCCS design,33 which, unlike the conventional between-person designs,
offers the advantage of removing time-invariant confounders.34,35 We
selected cohort members who during the first year after the index pre-
scription (i) experienced at least one CV outcome and (ii) used mono-
therapy in some subperiods and FDC therapy in others, in the SCCS
subperiods. The incidence of CV outcomes during person-times on
mono- or on combination therapy was calculated, and a conditional
Poisson regression model was fitted for estimating the between subper-
iods incidence rate ratio (IRR), and the corresponding 95% CI.36

We further consider the possibility that, in the SCCS analysis, treat-
ment exposure (monotherapy or FDC) and outcome occurred without
a causal link. This would happen, for example, if patients experienced an
outcome during the first months after treatment initiation, as a result of

Figure 1 Flow-chart of inclusion and exclusion criteria that were used to select the final cohort.

3656 F. Rea et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/39/40/3654/5060560 by guest on 20 August 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
which doctors changed treatment, either from monotherapy to FDC
therapy or vice-versa. It would also happen if, in patients at high CV risk,
an event occurred just after the index prescription. We tried to account
for this source of bias by two types of analysis. First, the SCCS design was
applied to early (first 6 months) and late (next 6 months) subperiods of
the year of follow-up, the Mantel–Haenszel estimator being used as a
common, subperiod adjusted, IRR. Second, we compared the IRR esti-
mate obtained with the above-described SCC design with the IRR esti-
mate obtained from a referent group. This was drawn by randomly
selecting, for each patient included into the SCCS design, one patient
from the cohort members who, during the year of follow-up, used both
monotherapy and FDC therapy and did not experience a CV outcome.
Case and referent patients were matched for gender, age at cohort entry,
and date of index prescription. Referent patients were assumed to

experience the outcome when the matched case suffered from it. In this
way, a self-controlled referent series design was performed, to which the
conditional Poisson regression model was again fitted for estimating the
between periods reference rate ratio (IRRr). Because referent subjects
did not experience an event, IRRr does not estimate the association be-
tween exposure and outcome but only the portion of IRR due to change
in therapeutic strategy. By dividing IRR by IRRr, an IRR adjusted for time-
trend was obtained.

The Statistical Analysis System Software (version 9.4; SAS
Institute, Cary, NC, USA) was used for the analyses. For all hypothe-
ses tested, two-tailed P-values less than 0.05 or, in an equivalent
manner, 95% CI of HR or IRR which does not contain the value
expected under the null hypothesis (i.e. the value 1), was considered
to be significant.

....................................................................................................................................................................................................................

Table 1 Demographic, clinical and therapeutic characteristics of subjects starting antihypertensive treatment with a
single drug or with a fixed-dose two-drug combination

Monotherapy

(n 5 37 078)

Combination therapy

(n 5 7456)

P-valuea

Age: mean (standard deviation) 59.1 (10.4) 59.2 (10.3) 0.34

Men 20 876 (56.3%) 3663 (49.1%) <0.01

Cotreatments

Digitalis or nitrates 446 (1.2%) 43 (0.6%) <0.01

Antiarrhythmic agents 701 (1.9%) 73 (1.0%) <0.01

Antiplatelet drugs 6127 (16.5%) 739 (9.9%) <0.01

Oral anticoagulant agents 839 (2.3%) 66 (0.9%) <0.01

Statins 4940 (13.3%) 747 (10.0%) <0.01

Antidiabetic drugs 2880 (7.8%) 337 (4.5%) <0.01

Drugs for respiratory disease 8382 (22.6%) 1623 (21.8%) 0.11

Antidepressant agents 4276 (11.5%) 802 (10.8%) 0.05

Multisource Comorbidity Score

0 33 482 (90.3%) 7063 (94.7%) <0.01

1 2111 (5.7%) 206 (2.8%)

2 983 (2.7%) 131 (1.8%)

3 225 (0.6%) 20 (0.3%)

4 277 (0.7%) 36 (0.5%)

aAccording to t-test (age), v2 (gender and cotreatments) or its version for the trend (categories of the Multisource Comorbidity Score).

...............................................................................

....................................................................................................................................................................................................................

Table 2 Hazard ratios (HR), and 95% confidence intervals (CI), estimating the effect of starting antihypertensive
treatment with fixed-dose two-drug combinations with respect to monotherapy on the 1 year risk of CV outcomes

Outcome Unadjusted event rate (*1000 PY) HRa (95% CI) P-value

Monotherapy

(n 5 37 078)

Combination therapy

(n 5 7456)

Any CV event 87 52 0.79 (0.71–0.88) <0.01

Ischaemic heart disease 32 13 0.61 (0.50–0.75) <0.01

Cerebrovascular disease 12 9 0.95 (0.73–1.22) 0.67

Heart failure 6 4 0.82 (0.55–1.23) 0.34

Atrial fibrillation 12 5 0.63 (0.45–0.88) <0.01

CV, cardiovascular; PY, person-year.
aHazard ratios estimated according to Cox proportional hazard model. Estimates were adjusted for covariates listed in Table 1; the HR reduction in patients with initial combin-
ation treatment was significant for any CV event, ischaemic heart disease, and atrial fibrillation (P < 0.01).
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Results

Main analyses
Among the large number of treated hypertensive patients available in
the Lombardy database, 44 534 patients met the inclusion criteria
and represented the study cohort (Figure 1). In all, 37 078 (83%)
started treatment with one drug, those on initial two-drug FDC ther-
apy being 7 456 (17%). Prescription of FDCs was largely limited to an
ACE inhibitor or an angiotensin receptor blocker with a diuretic
(77%), whereas the most common monotherapy prescription was a
blocker of the renin angiotensin system (68%) followed by a beta-
blocker (16%) and a calcium channel blocker (12%). Based on pre-
scription coverage (see Methods section), adherence to therapy was
similar in the two groups, i.e. on average 74% and 73% of patients in
the groups starting with one drug and FDC, respectively.

Table 1 shows that patients starting on mono- and FDC therapy
did not substantially differ for age and use of drugs for respiratory dis-
ease and depression. Compared to initial monotherapy, however,
patients prescribed an initial two-drug FDC were more frequently
females and less frequently co-treated with either non-CV or CV
drugs. They also reported a less frequent history of hospitalization
for a variety of CV diseases (Supplementary material online, Table

S2). As shown in Table 2, when estimates were adjusted for the avail-
able covariates (see Methods section), there was evidence that, with
respect to patients prescribed an initial monotherapy, patients on ini-
tial FDC therapy had a significant reduction in the 1 year risk of

Figure 2 Incidence rate ratio (IRR), and 95% CI, of CV outcomes in patients (n = 2212) who during the year of follow-up experienced CV events
and were under a two-drug FDC in some subperiods and monotherapy in others. IRR under monotherapy is taken as reference. IRR was obtained
by fitting a conditional Poisson regression model to data arranged according to the self-controlled case series design (see Methods section). CV,
cardiovascular.

.................................................................................................

Table 3 Hazard ratios (HR), and 95% confidence inter-
vals (CI), estimating the effect of starting antihyperten-
sive treatment with fixed-dose two-drug combinations
with respect to monotherapy on the 1 year risk of CV
outcomes after HDPS matching

Outcome HRa (95% CI) P-value

Any CV event 0.85 (0.74–0.97) 0.02

Ischaemic heart disease 0.73 (0.56–0.95) 0.02

Cerebrovascular disease 0.83 (0.61–1.14) 0.26

Heart failure 0.90 (0.54–1.51) 0.69

Atrial fibrillation 0.63 (0.42–0.94) 0.02

CV, cardiovascular; HDPS, high-dimensional propensity score.
aHazard ratios estimated according to Cox proportional hazard model. Estimates
were obtained after HDPS matching; the HR reduction in patients with initial
combination treatment was significant for any CV event, ischaemic heart disease,
and atrial fibrillation (P < 0.05).
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hospitalization for any CV event (-21%). This was the case for the risk
of hospitalization for ischaemic heart disease (-39%) and atrial fibrilla-
tion (-37%). The hazard ratios were directionally similar also for cere-
brovascular disease and heart failure, without, however, achieving
statistical significance. Similar results were obtained when the HDPS
was used to obtained an extended baseline matching between
patients of the two treatment groups (Table 3). There was no

significant between-group difference in the hospitalization for non-
CV diseases. Mental disorders, for example, occurred in 2.7% of the
hospitalized patients with initial monotherapy and 4.0% of those with
initial combination treatment (P = 0.17). The corresponding figures
for respiratory diseases were 6.6% and 7.9% (P = 0.35).

The results obtained from the analysis performed via the SCCS de-
sign, i.e. by the inclusion of 2212 patients who used monotherapy or
FD two-drug combination therapy in different subperiods of the
follow-up year and experienced at least one CV outcome, are shown
in Figure 2. Compared to subperiods under monotherapy, the risk of
any CV event was significantly and markedly reduced during the sub-
periods under combination therapy (-56%). This was the case also
for the risk of ischaemic heart disease, cerebrovascular disease, heart
failure, and atrial fibrillation (59%, 34%, 71%, and 59% respectively).

Additional analyses
Use of monotherapy and hospitalization for CV events was greater
during the first months after the index prescription date (Figure 3). As
shown in Table 4, upper part, for most CV events, the IRR was signifi-
cantly less for subperiods on two-drug FDC than for subperiods on
monotherapy both during the first 6 months after treatment initiation
and in the later 6 months period, the Mantel–Haenszel estimates
exhibiting similar values as those found in the main analysis.
Furthermore, the incidence rate reduction associated with two-drug
FDC treatment showed an attenuation but remained statistically sig-
nificant after the time-trend adjustment provided by the inclusion of
the self-controlled referent series (Table 4, lower part), except for
cerebrovascular disease.

Discussion

Our study shows that among the NHS beneficiaries who live in
Lombardy, initiation of antihypertensive treatment with a two-drug
FDC led over the following year to a significant reduction (-21%,
P < 0.01) of the risk of CV events compared to patients initiating

Figure 3 The top panel shows the monthly distribution of mono-
therapy or FDC therapy in the patients experiencing a CV event
included in the self-controlled case series. The bottom panel shows
the monthly distribution of the events. CV, cardiovascular; FDC,
fixed-dose combination.

...................................................................................................................................................................................................................

Table 4 Incidence rate ratios (IRR), and 95% CI, of CV outcomes in patients on antihypertensive treatment during 1
year of follow-up

Any CV event Ischaemic

heart disease

Cerebrovascular

disease

Heart failure Atrial fibrillation

Subperiods stratification

First 6 months 0.34 (0.30–0.39) 0.26 (0.21–0.32) 0.59 (0.29–1.17) 0.22 (0.15–0.34) 0.35 (0.25–0.50)

Later 6 months 0.67 (0.52–0.88) 0.68 (0.46–1.02) 0.83 (0.56–1.23) 0.28 (0.11–0.68) 0.45 (0.25–0.84)

Mantel–Haenszel estimate 0.39 (0.35–0.45) 0.31 (0.26–0.38) 0.77 (0.54–1.07) 0.23 (0.16–0.34) 0.37 (0.27–0.51)

Time-trend adjustment

Self-controlled case series

(main analysis)

0.44 (0.40–0.49) 0.41 (0.35–0.47) 0.66 (0.50–0.87) 0.29 (0.21–0.40) 0.41 (0.32–0.53)

Self-controlled referent series 0.64 (0.50–0.82) 0.62 (0.43–0.90) 0.65 (0.33–1.28) 0.63 (0.29–1.36) 0.77 (0.49–1.20)

Time-trend adjusted estimate 0.67 (0.51–0.87) 0.66 (0.44–0.99) 1.01 (0.48–2.14) 0.46 (0.22–0.98) 0.53 (0.32–0.89)

In the upper part, data are shown for subperiods during which patients were on a fixed-dose two-drug combination with respect to the subperiods in which they were on
monotherapy, separately for the first and later 6 months of the year. In the lower part, IRR are shown after the time-trend adjustment provided by the inclusion of the self-con-
trolled referent series. IRR and 95% CI were obtained by fitting a conditional Poisson regression model to data arranged according to the self-controlled case series design.
See text for explanation about methods for taking into account time-trend bias.
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.
treatment with one drug only. Because patients starting treatment
with a two-drug FDC exhibited a lower comorbidity index, a less fre-
quent history of hospitalization for CV disease and, based on the rate
of cotreatments, a lower prevalence of CV risk factors or cardiac dis-
ease, this could have been due to their lower baseline CV risk. Our
study, however, provides evidence that this was not the only factor
involved from three sets of results. First, in the group starting treat-
ment with a fixed-dose two-drug combination a lower risk of CV
events was seen after adjustment for the available baseline character-
istics, including a sensitive predictor of mortality such as multisource
comorbidity score, developed and validated for the Italian popula-
tion.25 Second, this was the case also when comparison was made be-
tween patients under mono or combination therapy who were
matched for HDPS, obtained via a large number of pre-treatment
variables. Third, and most importantly, during the year of follow-up,
treatment with two-drug FDC was associated with a lower risk of
CV events than monotherapy (-56%, P < 0.01) also when comparison
was carried out within patients, i.e. by confronting the incidence of
CV outcomes between periods on mono- or combination therapy in
the same individuals. This removes the possibility that the between-
group difference of CV risk was due to measured or unmeasured
baseline differences (a key limitation of previous observations in fa-
vour of a greater CV protective effect of initial combination vs. single
drug therapy16,17) and provides strong support to the conclusion
that starting treatment with a two-drug FDC protects patients more
effectively than starting treatment with one drug only because (i) the
reduction of CV outcome associated with FDC treatment was
marked and included in the SCCS series all specific CV outcomes and
(ii) data were generated from the whole residentship of Lombardy,
which suggest that the adoption of a two-drug FDC as the
starting antihypertensive treatment step may offer a markedly greater
protection and should thus be considered not just for some hyper-
tensive subgroups (e.g. those with a high CV risk in the European
hypertension guidelines12) but for the more general hypertensive
population.

Our database does not explain why in real life initial two-drug
FDC treatment is more protective than initial monotherapy despite
the fact that initial one drug prescriptions are free to and, according
by hypertension guidelines, should be upgraded to combination ther-
apy in most patients.12 This can find an explanation, however, in
some observations made in previous studies.3 First, although in the
present study adherence to treatment was similar regardless the ini-
tial treatment strategy (presumably because to minimize confounding
we excluded patients with treatment discontinuation and thus
selected a more adherent cohort), initial combination treatment has
been shown to favour, over the long-term, a better adherence to the
prescribed treatment regimen,10,37 perhaps because the more fre-
quent and faster BP control that accompanies the assumption of two
or more antihypertensive drugs increases patient’s motivation38 to
continue with the BP lowering intervention.3 Second, uptitration
from mono to combination therapy may be delayed or prevented by
physicians’ inertia14,15 or patients’ reluctance to assume multiple
drugs, which may be perceived as a marker of the severity of their dis-
ease. This may make overall BP control persistently less effective
when monotherapy is the initial treatment strategy, a phenomenon
that has been documented by the observation that, after 1 year, BP
control is still less common with initial prescription of one drug as

compared to two-drug combinations, either in a free or a single tablet
format13. Compared to free combinations, however, administering
two drugs in a single tablet allows a simplification of the treatment
regimen that has been shown to have a pro-adherence effect,39 pos-
sibly further enhancing the protective effect over initial monotherapy.

Our study has several elements of strength as well as limitations.
The strengths are that our data provide information on antihyperten-
sive treatment in real life, which is open to the influence of adverse
factors which are minimized in clinical trials in which the organization-
al setting favours a much lower physicians’ inertia to the need to up-
grade treatment, a much better patients’ adherence to the prescribed
treatment regimen, and a reduction of the therapeutic errors that
may occur in daily practice. They are also that the results were based
on a large number of hospitalizations for CV events, which allowed
analysis to extend to their cause specific nature (cerebrovascular dis-
ease, heart failure, coronary disease, and atrial fibrillation), with ac-
ceptable statistical power. Finally, an element of strength is
represented by the results of the sensitivity analyses that allowed to
verify the robustness of our main results by excluding a role of poten-
tial confounders in the interpretation of the data provided by the
SCCS analysis. The limitations are those peculiar to the healthcare
utilization databases,19 i.e. the unavailability of BP (as well as serum
cholesterol, blood glucose, and other CV variables) data which, in the
present study, did not allow to determine whether the greater pro-
tective effect of initial combination treatment depends on an overall
faster and better BP control or on other factors as well. In addition,
our results did not include FDCs of current use, such as those based
on blockers of the renin angiotensin system and calcium channel
blockers because in 2010–2011 these FDCs were not reimbursed by
the Italian NHS, and thus could not be part of the database. Finally,
we could not compare the risk of CV events between initial fixed-
dose and free drug combinations because use of the latter strategy as
initial treatment was rare, i.e. only 1 out of 10 patients starting treat-
ment with two drugs. This leaves the question whether in a real-life
setting simplifying treatment by the FDC approach carries a substan-
tial advantage unanswered.

A final comment is that in Lombardy initial two-drug combination
treatment was much rarer than monotherapy (about 1 out of 5 patients)
and that only in about 10% of the cases a free drug administration was
employed. If this reflects what happens in other countries, another con-
clusion of our study is that, even in the FDC form, initial combination
treatment is poorly employed in medical practice, and that, given its
advantages, a substantial increase might be a desirable goal to try to in-
crease in the future the effectiveness of antihypertensive treatment-
related CV prevention.3

Supplementary material

Supplementary material is available at European Heart Journal online.
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