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prescriptions: interrupted time series
design with comparison group

Raquel Vázquez-Mourelle1* , Eduardo Carracedo-Martínez2 and Adolfo Figueiras3
Abstract

Background: Hospital drug formularies are reduced lists of drugs designed to optimise inpatient care. Adherence
to the drugs included in such formularies is not always 100% but is generally very high. Little research has targeted
the impact of a change in these formularies on outpatient drug prescriptions. This study therefore sought to
evaluate the impact of a change affecting bronchodilator medications in a hospital drug formulary on intra- and
out-of-hospital drug prescriptions in a region in north-western Spain. Two new drugs belonging to this same class
were brought onto the out-of-hospital market, overlapping with the intervention.

Methods: We used a natural before-after quasi-experimental design with control group based on monthly data.
The intervention evaluated was the modification of a hospital drug formulary, which involved withdrawing
salmeterol/fluticasone in order to retain formoterol/budesonide as the sole inhaled corticosteroid and long-acting
beta-agonist (ICS/LABA). Using official data sources, we extracted the following dependent variables: defined daily
doses (DDD) per 1000 inhabitants per day, DDD per 100 bed-days, and cost per DDD.

Results: Intra-hospital use showed a 173.2% rise (95% CI 47.3–299.0%) in the medication retained in the formulary,
formoterol/budesonide, and a 94.9% drop (95% CI 77.9–111.9%) in the medication withdrawn from the formulary,
salmeterol/fluticasone. This intervention led to an immediate reduction of 75.9% (95% CI 82.8–68.9%) in the intra-
hospital cost per DDD of ICS/LABA. No significant changes were observed in out-of-hospital use.

Conclusions: Although this intervention was cost-effective in the intra-hospital setting, the out-of-hospital impact
of a change in the drug formulary cannot be generalised to all types of medications and situations.
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Contributions to the literature

� It appears that the impact induced by a change in hospital

pharmacotherapy guidelines on intra- and out-of-hospital

drug prescriptions cannot be generalised to all compounds

and circumstances.

� Beyond the change in hospital pharmacotherapy guidelines,

there are external factors, such as the recent appearance on

the market of new medications in the same group, which

could serve to neutralise the possible effect of a guideline

change at an out-of-hospital level.

� From a methodological standpoint, the availability of a

control group in interrupted time series studies is of great

relevance.
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Introduction
Pharmaceutical products account for a substantial pro-
portion of total health-care expenditure in developed
countries [1]. The growth of this expense is attributable
to various factors, such as the appearance of new drugs
[2], changes in clinical practice [1], and/or hospital-
induced drug prescribing among primary care physicians
[2–5], and differs between countries and drug thera-
peutic classes [1].
In Spain, the proportion of out-of-hospital pharma-

ceutical cost to total health-care cost is around 16–18%
[5, 6], twofold that of countries such as Denmark (6.8%)
or Sweden (9.9%) [6]. In order to improve drug prescrib-
ing, different strategies (educational, administrative,
management, regulatory, etc.) have been implemented
[6, 7] but have not always attained the desired goals.
A traditional tool of rational use in the hospital setting is

the hospital drug formulary (HDF) or reduced list of drugs
[8–13] for use on hospitalised patients. However, there is
very little evidence of the impact of a change in the HDF
on the intra- and out-of-hospital setting [14, 15, 16, 17]. Re-
cent studies conducted by our group found that a change
in low molecular weight heparins (LMWH) in the HDF
also had an important impact (induction of prescription)
on the out-of-hospital setting [17]. Even so, it is not known
whether this effect is generalisable or, on the contrary, de-
pends on other factors, such as therapeutic group, type of
formulary change (withdrawal, restriction on use, or inclu-
sion), or other contextual factors, e.g. the marketing of new
drugs. Taking the theoretical model into account, we postu-
lated the following hypothesis, namely, that a change in the
HDF would influence intra- and out-of-hospital prescribing
patterns, not only in terms of the target medication, but
also in terms of the other medications belonging to the
same therapeutic group.
Accordingly, this study set out to evaluate the impact

on these two health-care settings (hospital and/or
primary care) of a change in a hospital drug formulary
affecting inhaled fixed-dose corticosteroids and long-
acting beta2-agonists (ICS/LABA), a therapeutic class in
which two new drugs were brought onto the out-of-
hospital market, overlapping with the intervention.

Material and methods
Setting
The study was undertaken in Galicia, a region in north-
west Spain with a population of 2,708,339 in 2017. A
total of 98.2% of the population is covered by the Public
Health Service under a public health insurance system.
The Galicia Public Health Service has a daily average of
38,050 health professionals, 2601 of whom are primary
care physicians. The region is divided into 7 health areas.
Health-care services are free of charge, and while intra-
hospital drug provision is likewise free of charge, out-of-
hospital drug provision is subject to a monetary contri-
bution (co-payment).
The official prices of subsidised drugs dispensed at re-

tail pharmacies are set by the state. When it comes to
intra-hospital use, however, individual hospitals are free
to negotiate their prices with pharmaceutical companies.
Competence to decide on a drug’s inclusion in or with-
drawal from a given hospital’s drug formulary lies with
the collegiate body known as the Intra-hospital Phar-
macy and Therapeutics Committee.
Respiratory tract diseases account for 11.6% of all hos-

pital discharges and are the fourth leading cause of hos-
pitalisations in Spain [18]. In 2015, the out-of-hospital
costs per defined daily doses (DDD) of the respective
ICS/LABA were as follows: formoterol/budesonide,
€1.14; formoterol/fluticasone, €1.32; vilanterol/flutica-
sone, €1.71; formoterol/beclometasone, €1.74; and sal-
meterol/fluticasone, €2.47. Formoterol/fluticasone and
vilanterol/fluticasone are combinations which were
brought onto the market shortly before the intervention
evaluated by this study.

Study design
We used a quasi-experimental ecological design with a
control group, based on monthly drug-use data from
January 2014 to January 2018. The longitudinal nature
of the data and the fact of having a control group lent
the design a special robustness [19], owing to the fact
that in these types of designs, confounding bias is con-
trolled for by design, with each study unit (study popula-
tion area) being compared in the post-intervention
versus the pre-intervention period. Only time-dependent
confounding variables might affect the study, and a con-
trol group was thus used to control for these [20, 21].
This study was neither sponsored nor funded by any

company. The methodological and reporting guidelines
recommended by Jandoc et al. for interrupted time
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series studies were followed to ensure standardisation
and enhance the quality of the reporting [22].

Intervention
We studied a change in the hospital drug formulary af-
fecting the ICS/LABA therapeutic group of pulmonary
inhalation therapy drugs. The change consisted of with-
drawing salmeterol/fluticasone in order to retain just
one ICS/LABA, namely, formoterol/budesonide. This
change was made in January 2015.

Intervention group
In 2016, the health area targeted by the intervention had
a catchment population of 447,699, a 1049-bed referral
hospital, 75 primary care centres, and a daily average of
1710 physicians (active in primary and hospital care, in-
cluding emergency units or services). Table 1 shows the
population distribution of the intervention and control
groups.

Control group
Another health area of similar population characteristics
and health-care resources, coming under the same pub-
lic health service, served as the control health area
(Table 1). The proposed study intervention was not im-
plemented here, with the two ICS/LABA then in use,
formoterol/budesonide and salmeterol/fluticasone, thus
being retained in the local formulary. In 2017, this area
had a catchment population of 550,473, a 1359-bed re-
ferral hospital, 71 primary care centres, and a daily aver-
age of 1744 physicians.

Data source
All data were sourced from official Public Health Service
records, in which the registration of data is population-
based (no sampling) and exhaustive (practically no risk
of under-reporting), inasmuch as it is linked to phar-
macy accounting and invoicing aspects. There was no
Table 1 Intervention and control groups: demographic data

Characteristics Intervention group Control group

N = 445,474 N = 549,292

Age—n (%)

0–18 years 67,347 (15.1) 83,157 (15.1)

19–30 years 47,669 (10.7) 56,328 (10.2)

31–50 years 134,660 (30.3) 171,673 (31.2)

51–70 years 119,066 (26.7) 144,879 (26.4)

> 70 years 76,732 (17.2) 93,255 (17.0)

Sex—n (%)

Men 215,653 (48.4) 263,249 (47.9)

Women 229,821 (51.5) 286,043 (52.1)
change in the data registration system across the study
period.
In the case of intra-hospital data, we used the Hospital

Pharmacy Corporate Information System (Sistema de
Información Corporativo de Farmacia Hospitalaria),
which furnishes the figures for all drugs dispensed by
Public Health Service hospital pharmacies for use on
hospitalised patients.
Out-of-hospital prescriptions were obtained from the

Official Pharmacy Information System for Complex
Pharmacy Service Analyses (Sistema Corporativo de
Información de Análisis Complejos Prestación Farmacéu-
tica). This shows all medications dispensed by commu-
nity pharmacies in the health area on the basis of official
medical prescriptions billed to the Public Health Service.

Definition of variables
We calculated the number of monthly DDD [23] of the
five ICS/LABA marketed, namely, formoterol/budeso-
nide, formoterol/beclometasone, vilanterol/fluticasone,
formoterol/fluticasone, and salmeterol/fluticasone.
The DDD is the assumed average maintenance dose

per day for a drug used for its main indication in adults
[24]. We calculated the DDD per 1000 inhabitants per
day (DDD/TID), and the DDD per 100 bed-days (DDD/
100 b-d) [25] across the study period.
These are the basic units of consumption used inter-

nationally to examine drug use at a population or hos-
pital level and are not affected by the different forms of
drug presentation [23].
We took into account the mean population of the

study areas to calculate DDD/TID [24] and mean hos-
pital stays to calculate DDD/100 b-d [24]. For both
DDD/TID and DDD/100 b-d, we calculated the monthly
values across the study period.
Cost per DDD was calculated by dividing the total

monthly cost by the number of DDD prescribed that
month.

Statistical analysis
The model selected uses aggregate data collected over
equally spaced intervals (monthly).
The number of measurements obtained was 13 points

pre-intervention and 35 points post-intervention (Table S2),
in the period from January 2014 to January 2018. For statis-
tical analysis purposes, we used interrupted time series (ITS)
analysis and constructed a segmented regression model with
a control group [26]. This is a method increasingly used in
drug-use analysis [22, 27, 28]; its principal strength lies in
the fact that it evaluates the effect of the intervention by
explaining all the important trends which precede the inter-
vention [19]. This model allows one to evaluate the longitu-
dinal effect of interventions where randomisation is not
feasible, and one has the monthly data sequence of a large
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historical series [22]. Furthermore, if adjustment is made for
the values of the control area, this will highlight the effects
of the intervention, by eliminating the possible influence of
external co-interventions, such as alerts, commercial promo-
tions, or the marketing of new drugs.
It should be noted that the inclusion of the terms ZX,

ZT, and XT, as well as X, T, and Z, responds to the need
to maintain the hierarchical principle and to the need to
maintain them even though they may not be statistically
significant.
To do so, we used the following equation:

Yt ¼ β0 þ β1Tt þ β2Xtþ β3XtTt þ β4Zþ β5ZTt

þβ6ZXtþ β7ZXtTt þ et

where:

� Yt is the dependent variable with monthly values
(DDD/TID, DDD/100 b-d, and cost per DDD).

� β0 represents the initial level of the dependent
variable.

� β1 is the slope of the dependent variable until the
implementation of the intervention.

� Tt is the number of months from study onset.
� β2 represents the change in the level of the

dependent variable which occurs in the immediate
post- versus the immediate pre-intervention period.

� Xt is a dummy variable representing the
intervention (pre-intervention period, 1; post-
intervention period, 0).

� β3 represents the difference between the pre- and
post-intervention period in the slope of the
dependent variable.

� XtTt is an interaction term.
� In the pre-intervention period, β4 represents the

difference in level of the dependent variable between
the intervention and control areas.

� Z is a dummy variable that denotes cohort
allocation (intervention = 0, control = 1).

� In the pre-intervention period, β5 represents the
difference in slope of the dependent variable
between the intervention and control areas.

� ZTt is an interaction term.
� β6 indicates the difference between the control and

intervention groups in terms of the level of the
dependent variable immediately after the
intervention.

� ZXt is an interaction term.
� β7 represents the difference between the control and

intervention groups in terms of the difference
between the slope of the dependent variable pre-
and post-intervention.

� ZXtTt is an interaction term.
� et is the random error term.

To evaluate possible autocorrelation, we introduced
auto-regressive terms into the model.
Based on the regression coefficient β6, we calculated

the percentage reduction in each ICS/LABA with respect
to the situation immediately preceding the change in the
hospital drug formulary.
Two sensitivity analyses were performed: the first to

assess the influence of the control group on the out-
comes, applying a classic ITS model (without control
group; Table S1), and the second to analyse the other re-
spiratory system medications with indication for asthma
or COPD, in order to ascertain whether there was some
type of impact on these.
The statistical software programme used for analysis

purposes was IBM SPSS Statistics.

Results
Table 1 describes the characteristics of the population of
the study areas by sex and age. As can be seen, both
were very similar in terms of age and sex structure.
Table S2 shows the mean (SD) DDD/100 b-d for ICS/
LABA and the cost (€/DDD) pre- and post-intervention
in the study and control groups in intra-hospital settings,
and it also shows the mean (SD) DDD/TID for the sum
of ICS/LABA and the cost (€/DDD) in the study and
control groups in out-of-hospital settings.

Intra-hospital use
Table 2 shows the results of the ITS. Figure 1 depicts
the monthly trend in DDD/100 b-d for the sum of the
two ICS/LABA in the formulary and for each individu-
ally. There were significant differences between the
intervention and control groups.
The results were as follows:
(1) In the case of the formoterol/budesonide combin-

ation medication which was retained in the formulary,
there was an immediate increase in intra-hospital use of
173.2% (95% CI 47.3–299.0%), and
(2) In the case of the salmeterol/fluticasone combin-

ation medication which was withdrawn from the formu-
lary, there was an immediate reduction of 94.4% (95% CI
77.9–111.9%) in intra-hospital use.

Out-of-hospital use
Table 2 shows the results of the segmented regression.
Figure 2 depicts the monthly trend in out-of-hospital
DDD/TID for the sum of the five ICS/LABA and for
each individually.
In the case, both of the ICS/LABA which was with-

drawn (salmeterol/fluticasone) and that which was
retained (formoterol/budesonide) in the formulary, there



Table 2 Interrupted time series segmented regression analysis with control group of inhaled corticosteroid and long-acting β2-
agonist combinations (ICS-LABA)

Pre-intervention trend Post-intervention

Immediate impact of the formulary
change

Change in trend after the formulary
change

Coefficient 95% confidence interval Coefficient 95% confidence interval Coefficient 95% confidence interval

DDD/100 stays-day

Total ICS-LABA − 0.464 − 2.117 to 1.188 3.344 − 10.312 to 17.002 0.317 − 1.359 to 1993

Formoterol/budesonidea 0.012 − 1.438 to 1.464 15.830* 3835 to 27,825 − 0.200 − 1.672 to 1,272

Salmeterol/fluticasoneb − 1.043 − 2.483 to 0.396 − 7.792* − 15.113 to − 0.471 1.075 − 0.37 to 2.521

Inpatient expenditure per DDD

Total ICS-LABA − 0.003 − 0.119 to − 0.113 − 0.953* − 1.733 to − 0.174 0.009 − 0.108 to 0.127

DDD/TID

Total ICS-LABA − 0.405 − 1.046 to 0.235 0.994 − 1.484 to 3.474 0.348 − 0.290 to 0.986

Formoterol/budesonide 0.066 − 0.102 to 0.235 − 0.015 − 0.820 to 0.790 − 0.068 − 0.238 to 0.101

Salmeterol/fluticasone − 0.039 − 0.194 to 0.115 − 0.143 − 0.991 to 0.704 0.034 − 0.121 to 0.190

Formoterol/beclometasone − 0.008 − 0.141 to 0.123 − 0.182 − 0.817 to 0.453 − 0.030 − 0.164 to 0.102

Formoterol/fluticasone 0.006 − 0.021 to 0.033 0.107 − 0.103 to 0.319 0.001 − 0.026 to 0.029

Vilanterol/fluticasone 0.008 − 0.01 to 0.027 − 0.023 − 0.154 to 0.107 − 0.017 − 0.037 to 0.002

Outpatient expenditure per DDD

Total ICS-LABA − 0.405 − 1.046 to 0.235 0.994 − 1.484 to 3.474 0.348 − 0.290 to 0.986
aThe only ICS-LABA that remained in the intervention hospital drug formulary after the intervention
bAfter the intervention, this ICS-LABA was removed from the intervention hospital drug formulary (not at the control hospital)
*p < 0.05
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were no significant changes at an out-of-hospital level
when compared to the control group.
Similarly, there were no significant changes in the

remaining drug presentations in the same group (formo-
terol/beclometasone, vilanterol/fluticasone, formoterol/
fluticasone), when the model was adjusted for the con-
trol group.
Likewise, the use of other pulmonary inhalation ther-

apy drugs with indication for asthma or COPD showed
no significant shifts following the change in the
formulary.

Costs
Figure 3 shows that the intra-hospital cost per DDD of
total ICS/LABA underwent a significant immediate post-
intervention reduction of 75.9% (95% CI 82.8–68.9%)
(Table 2), which entailed a savings of €27,564 over 35
months.
At the intervention hospital, the cost/DDD was ob-

served to fall until reaching practically zero, but this did
not occur at the control hospital.
At an out-of-hospital level, costs/DDD were practically

the same in the two groups throughout the study period
(Table 2 and Fig. 3).
No significant differences were found between the

intervention and control areas in respiratory system
medications other than ICS/LABA.
Sensitivity analysis
To evaluate the role of possible time-dependent con-
founding factors in the results, a traditional ITS analysis
without a control group was performed (Table S1). It
was observed that if no adjustment was made for the
control group, the effects of the intervention would in-
deed prove statistically significant in the out-of-hospital
setting, with the use of the combination retained in the
formulary as the sole ICS/LABA increasing both imme-
diately (p < 0.005) and in the long term (p < 0.005).

Discussion
The results of this quasi-experimental study with control
group indicate that a change in the HDF has an import-
ant intra-hospital impact, in great measure increasing
the prescription of the drug retained and decreasing that
of the drug withdrawn from the formulary. As the medi-
cation retained was a lower-priced me-too drug, the
intervention amounted to an immediate reduction of
more than 75% in the cost/DDD of all medications in
the class. These results are highly relevant, since they in-
dicate that a simple change in the HDF can yield sub-
stantial savings.
Despite the fact that there are HDFs in practically all

countries around the world, few studies have evaluated
their impact on intra- and out-of-hospital drug prescrip-
tions [14–17] (see Table 3). The important intra-hospital



Fig. 1 Trends in hospital total inhaled corticosteroid and long-acting beta2-agonist combination utilization
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effect found by our study (almost 100% adherence to the
HDF, with an immediate increase in the use of the medi-
cation retained and a very substantial reduction in the
use of the medication withdrawn) is comparable to the
findings of the other two studies conducted in the same
setting with similar methodology on proton pump inhib-
itors and on LMWH, as well as another five conducted
in different settings on the influence of hospital phy-
sicians’ prescribing on that of primary care physicians
[2, 5, 14, 15, 29, 30].
The possible impact at an out-of-hospital level is a

relevant aspect for ascertaining the induction effect of
the hospital intervention on primary care. The absence
of effect on out-of-hospital drug prescriptions is in con-
trast to the results reported by two studies undertaken
by our group on proton pump inhibitors and on
LMWH, and other studies in other settings [2, 5, 14, 15].
This contrast in results with respect to the studies con-
ducted by our group [16, 17] cannot be attributed to the
health-care setting (since all addressed the intervention
at the same hospital under the same health service). The
main contextual factors which could account for this ab-
sence of effect are the following (see Table 3):
(1) Firstly, the therapeutic group studied (bronchodila-

tors versus PPI or LMWH). According to Gallini et al.,
the therapeutic group does influence the impact of hos-
pital prescriptions on out-of-hospital prescriptions, with
the classes of drug used for the cardiovascular system
(e.g. LMWH) being the most affected, and
(2) Secondly, the appearance of two new drugs (formo-

terol/fluticasone and vilanterol/fluticasone) in the com-
munity setting for the same indications, overlapping in
time with the intervention. Despite the fact that these
new, recently marketed drugs were not included in any
HDF, they swiftly captured the out-of-hospital market—as
is often the case with this class of drugs —[4] in detriment
to traditional me-too drug use. Some studies claim that
the speed of this shift is attributable, among other factors,
to the considerable influence exerted by the pharmaceut-
ical industry’s strong promotional campaign that accom-
panies any new-product launch [31–34]. Lastly, one
cannot rule out the possibility that there may be more



Fig. 2 Trends in out-of-hospital total inhaled corticosteroid and long-acting beta2-agonist combination utilization
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studies in which changes in the HDF have not led to an
out-of-hospital effect, but which have not been reported
(publication bias) due to the absence of the expected and/
or noteworthy results.
We regard the matter of costs as very important, since

changes in the HDF come at almost zero cost and instant-
aneously result in almost 100% adherence, with a reduc-
tion in costs of over €27,000 across the post-intervention
months studied. Hence, even though the out-of-hospital
effects may be small and non-significant, the intra-
hospital impact could in itself justify the intervention.

Advantages and limitations
One of the strengths of our study lies in its methodology:
the ITS design enables control by design of potentially
confounding variables that remain unchanged across the
study period (socio-demographic variables, determinants
of prescribing, and determinants of drug supply), since
these remain constant or with minimal variations across
the pre- and post-intervention periods [20, 21].
Another strength is the use of ITS with a control

group, especially in view of the fact that most ITS stud-
ies do not generally use one [22]. The advantage of this
methodology is that it allows one to control for the ef-
fect of external factors which occur at the same time as
the intervention and might otherwise confound the ac-
tion or the treatment. This aspect is highly relevant,
since in the present case, without such adjustment (see
Table S2), the conclusions obtained at an out-of-hospital
level would be different (i.e. without a control group



Fig. 3 Trends in expenditure (€) per DDD for total inhaled corticosteroid and long-acting beta2-agonist combination utilization
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significant changes are indeed in evidence). This indi-
cates that there seems to be time-dependent confound-
ing which could not have been controlled for without
the use of a control group.
One limitation is the short temporal window prior to

the intervention (13 measurements), since a key aspect
of ITS analyses is the assumption of trends preceding
the intervention in order to extrapolate predictions that
subsequently occur [26, 27]. In our case, however, we
consider these sufficient to capture the preceding trend,
which is practically non-existent in all the dependent
variables (see Table 2). Hence, in our study, the principal
effect of the short time window prior to the intervention
would be to reduce statistical power. Even so, our
sensitivity analysis without a control group shows that
there is sufficient power to detect statistically significant
effects (see Table S2).
Moreover, as with all ecological studies, every relation-

ship of causality must be interpreted with caution. When
it comes to extrapolating the results, one has to bear in
mind the fact that the Spanish health system finances
practically all me-too drugs at an out-of-hospital level,
and this is not necessarily the case elsewhere, e.g. in
countries such as the USA or New Zealand [35–37].

Conclusions and implications
The change in the hospital drug formulary proved to be
cost-effective in terms of intra-hospital prescription of
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the ICS/LABA therapeutic group. These effects were im-
mediate, with a high level of treatment adherence. Yet,
the results of this study indicate that these changes in
hospital prescribing patterns did not generate induction
in prescribing in the out-of-hospital setting, which indi-
cates in turn that the effect of induction cannot be gen-
eralised to all classes of medications and situations.
Hence, there is a need for more studies that would make
it possible to identify which factors are associated with
out-of-hospital impact. At all events, changes in the
HDF are very effective, though their effect may well be
restricted to the hospital setting.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13012-020-00996-y.

Additional file 1: Table S1. Interrupted time-series segmented
regression analysis without control group of inhaled corticosteroid and
long-acting β2-agonist combinations (ICS-LABA).

Additional file 2: Table S2. Number of measurements, minimum,
maximum, mean and standard deviation pre- and post-intervention in
the intervention and control group.

Abbreviations
ICS/LABA: Inhaled corticosteroids and long-acting beta2-agonists;
DDD: Defined daily doses; DDD/TID: Defined daily doses per 1000
inhabitants per day; DDD/100 b-d: Defined daily doses per 100 bed-days

Acknowledgements
Not applicable

Authors’ contributions
RVM conceived the study and collected, validated, and standardised the
data; AF and ECM developed the methodological design of the study; and
all three authors jointly interpreted the data and results. RVM wrote the
paper, and ECM and AF were responsible for the critical review of the
different versions, making major contributions. All authors approved the final
version of the manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
Authors declare that they have no competing interests.

Author details
1Galician Health Service (Servicio Gallego de Salud - SERGAS), Galicia
Regional Authority, Administrativo San Lázaro s/n, 15703 Santiago de
Compostela, Galicia, Spain. 2Santiago de Compostela Health Area Authority,
Galician Health Service, Rúa da Choupana, s/n, 15706 Santiago de
Compostela, A Coruña, Galicia, Spain. 3Department of Preventive Medicine
and Public Health, Faculty of Medicine, Consortium for Biomedical Research
in Epidemiology & Public Health (CIBER en Epidemiología y Salud Pública -
CIBERESP), and Health Research Institute of Santiago de Compostela
(Instituto de Investigación Sanitaria de Santiago de Compostela - IDIS),
University of Santiago de Compostela, Praza Seminario de Estudos Galegos,
s/n, 15705 Santiago de Compostela, Galicia, Spain.

Received: 13 October 2019 Accepted: 30 April 2020
References
1. Belloni, A., D. Morgan, V. Paris. OECD Health Working Papers. Pharmaceutical

expenditure and policies: past trends and future challenges. 2016. https://
doi.org/10.1787/5jm0q1f4cdq7-en. Accessed 15 Nov 2019.

2. Feely J, Chan R, McMans J, Oshea B. The influence of hospital-based
prescribers on prescribing in general practice. Pharmacoeconomics. 1999;16:
175–81.

3. Robertson J, Fryer JL, O’Connell DL, Sprogis A, Henry DA. The impact of
specialists on prescribing by general practitioners. Med J Aust. 2001;175(8):
407–11.

4. Florentinus SR, Heerdink ER, van Dijk L, Griens F, Groenewegen PP, Leufkens
HGM. Is new drug prescribing in primary care specialist induced? BMC
Health Serv Res. 2009;9:6.

5. Grimmsmann T, Schwabe U, Himmel W. The influence of hospitalisation on
drug prescription in primary care--a large-scale follow-up study. Eur J Clin
Pharmacol. 2007;63(8):783–90.

6. World Health Organization. Drug and therapeutics committee training
course. Session 9. Strategies to Improve Medicine Use— Overview. 2007.
https://www.who.int/medicines/technical_briefing/tbs/09-PG_Strategiest-
Improve-Drug_final-08.pdf?ua=1 . Accessed 15 Jan 2018.

7. Autoridad independiente de responsabilidad fiscal. Evaluación del gasto
publico. Estudio de medicamentos dispensados a través de receta médica.
2018. https://www.airef.es/wp-content/uploads/2019/06/Estudio2-SR/
Estudio-Proyecto-2-final.pdf. Accessed 15 Oct 2019.

8. American Society of Hospital Pharmacy. ASHP guidelines on the pharmacy
and therapeutics committee and the formulary system. Am J Health-Syst
Pharm. 2008;65:1272–83.

9. World Health Organization. Managing access to medicines and health
technologies. Part III: management support systems. Hospital pharmacy
management. 2012. http://apps.who.int/medicinedocs/documents/s19622
en/s19622en.pdf. Accessed 20 Jun 2018. Accessed 20 May 2018.

10. Puigventós F, Santos-Ramos B, Ortega A, Durán-García E. Structure and
procedures of the pharmacy and therapeutic committees in Spanish
hospitals. Pharm World Sci. 2010;32(6):767–75.

11. Gallini A, Juillard-Condat B, Saux MC, Taboulet F. Drug selection in French
university hospitals: analysis of formularies for nine competitive
pharmacological classes. Br J Clin Pharmacol. 2011;72:823–31.

12. Plet HT, Hallas J, Kjeldsen LJ. Adherence to hospital drug formularies and
cost of drugs in hospitals in Denmark. Eur J Clin Pharmacol. 2013;69:1837–43.

13. Gustafsson LL, Wettermark B, Godman B, Andersén-Karlsson E, Bergman U,
Hasselström J, et al. The ‘wise list’- a comprehensive concept to select,
communicate and achieve adherence to recommendations of essential
drugs in ambulatory care in Stockholm. Basic Clin Pharmacol Toxicol. 2011;
108:224–33.

14. Gallini A, Legal R, Taboulet F. The influence of drug use in university
hospitals on the pharmaceutical consumption in their surrounding
communities. Br J Clin Pharmacol. 2013;75:1142–8.

15. Larsen MD, Schou M, Kristiansen AS, Hallas J. The influence of hospital drug
formulary policies on the prescribing patterns of proton pump inhibitors in
primary care. Eur J Clin Pharmacol. 2014;70:859–65.

16. Vázquez-Mourelle R, Carracedo-Martinez E. The influence of changes in
hospital drug formulary on the prescription of proton pump inhibitors.
Farm Hosp. 2017;41:49–67.

17. Vázquez-Mourelle R, Carracedo-Martínez E, Figueiras A. Impact of removal
and restriction of me-too medicines in a hospital drug formulary on in- and
outpatient drug prescriptions: interrupted time series design with
comparison group. Implement Sci. 2019;14(1):75.

18. Ministerio de Sanidad, Servicios Sociales e Igualdad. Registros sobre la
hospitalización-Registro de altas- CMBD. 2013. https://www.mscbs.gob.es/
estadEstudios/estadisticas/docs/INFORME_CMBD_2013.1.pdf. Accessed 24
Jun 2018.

19. Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression
based quasi-experimental approach when randomisation is not an option:

https://doi.org/10.1186/s13012-020-00996-y
https://doi.org/10.1186/s13012-020-00996-y
https://doi.org/10.1787/5jm0q1f4cdq7-en
https://doi.org/10.1787/5jm0q1f4cdq7-en
https://www.who.int/medicines/technical_briefing/tbs/09-PG_Strategiest-Improve-Drug_final-08.pdf?ua=1
https://www.who.int/medicines/technical_briefing/tbs/09-PG_Strategiest-Improve-Drug_final-08.pdf?ua=1
https://www.airef.es/wp-content/uploads/2019/06/Estudio2-SR/Estudio-Proyecto-2-final.pdf
https://www.airef.es/wp-content/uploads/2019/06/Estudio2-SR/Estudio-Proyecto-2-final.pdf
http://apps.who.int/medicinedocs/documents/s19622en/s19622en.pdf.%20Accessed%2020%20Jun%202018
http://apps.who.int/medicinedocs/documents/s19622en/s19622en.pdf.%20Accessed%2020%20Jun%202018
https://www.mscbs.gob.es/estadEstudios/estadisticas/docs/INFORME_CMBD_2013.1.pdf
https://www.mscbs.gob.es/estadEstudios/estadisticas/docs/INFORME_CMBD_2013.1.pdf


Vázquez-Mourelle et al. Implementation Science           (2020) 15:33 Page 11 of 11
interrupted time series analysis. BMJ. 2015;350:h2750. https://doi.org/10.
1136/bmj.h2750.

20. Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for
the evaluation of public health interventions: a tutorial. Int J Epidemiol.
2017;46(1):348–55.

21. Bernal JL, Cummins S, Gasparrini A. The use of controls in interrupted time
series studies of public health interventions. Int J Epidemiol. 2018;47(6):
2082–93.

22. Jandoc R, Burden AM, Mamdani M, Lévesque LE, Cadarette SM. Interrupted
time series analysis in drug utilization research is increasing: systematic
review and recommendations. J Clin Epidemiol. 2015;68(8):950–6.

23. World Health Organization. WHO Collaborating Centre for Drug Statistics
Methodology. 2018. https://www.whocc.no/. Accessed 20 Feb 2018.

24. World Health Organisation. WHO Collaborating Centre for Drug Statistics
Methodology. Definition and general considerations. 2018. https://www.
whocc.no/ddd/definition_and_general_considera/. Accessed 5 Jan 2018.

25. Laporte JR, Tognoni G. Los principios de epidemiología del medicamento.
Masson Salvat Medicine. 67-87 (2007).

26. Linden A, Arbor A. Conducting interrupted time-series analysis for single
and multiple group comparisons. The Stata Journal. 2015;15(2):480–500.

27. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression
analysis of interrupted time series studies in medication use research. J Clin
Pharm Ther. 2002;27(4):299–309.

28. World Health Organization. Drug and therapeutics committees - a practical
guide. 2003. http://apps.who.int/medicinedocs/en/d/Js4882e/. Accessed 15
Jan 2018.

29. Lapointe-Shaw L, Fischer HD, Newman A, John-Baptiste A, Anderson GM,
Rochon PA, Bell CM. Potential savings of harmonising hospital and
community formularies for chronic disease medications initiated in hospital.
PLoS One. 2012;7(6):e39737.

30. Jones MI, Greenfield SM, Bradley CP. Prescribing new drugs: qualitative study
of influences on consultants and general practitioners. BMJ. 2001;323:1–7.

31. Jacoby A, Smith M, Eccles M. A qualitative study to explore influences on
general practitioners’ decisions to prescribe new drugs. Br J General Pract.
2003;53:120–5.

32. Mason A. New medicines in primary care: a review of influences on general
practitioner prescribing. J Clin Pharm Ther. 2008 Feb;33(1):1–10.

33. Tobin L, de Almedia Neto AC, Wutzke S, Patterson C, Mackson J, Weekes L,
Williamson M. Influences on the prescribing of new drugs. Aust Fam
Physician. 2008;37(1-2):78–80.

34. McGettigan P, Golden J, Fryer J, Feely CJ. Prescribers prefer people: the
sources of information used by doctors for prescribing suggest that the
medium is more important than the message. Br J Clin Pharmacol. 2001;51:
184–9.

35. U.S. Department of Veteran Affairs. Pharmacy benefits management
services. 2019. https://www.pbm.va.gov/PBM/NationalFormulary.asp.
Accessed 15 Jan 2019.

36. Markovitz AA, Holleman RG, Hofer TP, Kerr EA, Klamerus ML, Sussman JB.
Effects of guideline and formulary changes on statin prescribing in the
veterans Affairs. Health Serv Res. 2017;52(6):1996–2017.

37. Cumming J, Mays N, Daubé J. How New Zealand has contained
expenditure on drugs. BMJ. 2010. https://doi.org/10.1136/bmj.c2441.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

https://doi.org/10.1136/bmj.h2750
https://doi.org/10.1136/bmj.h2750
https://www.whocc.no/
https://www.whocc.no/ddd/definition_and_general_considera/
https://www.whocc.no/ddd/definition_and_general_considera/
http://apps.who.int/medicinedocs/en/d/Js4882e/
https://www.pbm.va.gov/PBM/NationalFormulary.asp
https://doi.org/10.1136/bmj.c2441

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Material and methods
	Setting
	Study design
	Intervention
	Intervention group
	Control group
	Data source
	Definition of variables
	Statistical analysis

	Results
	Intra-hospital use
	Out-of-hospital use
	Costs

	Sensitivity analysis
	Discussion
	Advantages and limitations

	Conclusions and implications
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

