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Abstract

Objective In order to evaluate the prescribing pattern in the
Italian paediatric population, prescriptions involving
923,353 children under 14 years old and dispensed during
2006 by the retail pharmacies of 22 Italian local health units
were analysed.

Materials and methods A total of 561,237 children (61%)
received at least one drug prescription. The prescription
prevalence rate was highest in children 3 years of age
(78%), decreased with increasing age and was higher in
boys than in girls (x*=655; p<<0.001). Each treated child
received an average of 3.2 prescriptions and 4.8 boxes.
Results Antibiotics and anti-asthmatics were the more
prescribed therapeutic classes and represented 80% of
prescriptions. Amoxicillin+clavulanic acid was the most
prescribed drug (24% of the overall population; 17% of all
boxes), followed by inhaled beclometasone and amoxicillin.
A total of 620 different drugs were prescribed and the ten
leading drugs represented 64% of the prescribed boxes. Six
of the ten most prescribed drugs were the same in all age
groups. Wide differences were found in the prevalence rate
between the different local health units; these ranged
between 50.1 and 68.4% (p<<0.001). The prescription
prevalence increased in the 2000-2002 period (from 62.2
to 68.3%) and slightly decreased afterwards.

A. Clavenna (D<) - M. Bonati

Laboratory for Mother and Child Health,

“Mario Negri” Institute for Pharmacological Research,
via G. La Masa 19,

Milan 20156, Italy

e-mail: clavenna@marionegri.it

A. Berti - L. Gualandi * E. Rossi * M. De Rosa
CINECA, Interuniversity Consortium,
Bologna, Italy
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Introduction

Although the importance of obtaining evidence for a more
rational use of medicines for children, infants and neonates
is widely recognised among professionals and lay people
(parents, patients and politicians), a dearth of information
on the safety and efficacy of drugs in childhood exists [10,
32]. Many aspects can contribute to this understudied
position of children with respect to optimal drug therapies,
some of which include: the different pharmacokinetic and
pharmacodynamic profiles during growth and development;
ethical and financial reasons; resources and research
capabilities; and regulatory guidelines and constraints
[39]. More efforts are, thus, needed to guarantee that
children receive medications that are appropriate (safe and
effective) to their clinical conditions, in doses and for-
mulations suitable to their personal requirements, for
adequate periods of time, and at the lowest cost to their
families and communities, i.e. a rational drug use [38]. In
such a context, pharmacoepidemiology is a useful tool [21]
that, with the appropriate methodologies, can improve the
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effectiveness and efficiency of healthcare interventions
[36]. Patterns of drug prescribing and use in developed
and developing countries have been studied extensively
[20], but, to date, the drug profiles in children continue to
remain a rarity instead of a routine approach [6].

In order to evaluate the prescribing pattern in the Italian
paediatric population, an analysis of the data collected in a
large prescription database was performed.

Methods
The Italian health system framework

Italian healthcare is provided free or at a nominal charge
through a network of 195 local health units (LHUs)
covering an average of 290,000 citizens. Every Italian
resident is registered with a family (paediatric or general)
practitioner. There are about 7,450 primary care paedia-
tricians caring for over 7 million children, the majority of
whom are less than 6 years old. Children are assigned to a
paediatrician until they are 6 years old; afterwards, the
parents can choose to register a child with a general
practitioner. A national formulary is available, in which
drugs are categorised into two classes: class A includes
essential drugs that patients do not have to pay for and class
C contains drugs not covered by the National Health
Service. Some drugs are reimbursed for some indications
only. Most antibiotics and nearly all chronic disease
therapies are free of charge.

Data source: the ARNO database

The ARNO database is a population-oriented database that
collects information on drug use outside the hospital setting
in Italy. The system, active since 1988, is run by CINECA,
a National Interuniversity Consortium, and merges infor-
mation regarding prescriptions, the population, geographi-
cal areas and the community setting into a single database.

The analysis involved all paediatric prescriptions reim-
bursed by the National Health Service and dispensed by the
retail pharmacies of 22 Italian LHUs (which were part of
the ARNO project) between 1 January 2006 and 31
December 2006. LHUs were located in six Italian regions
from the northern, central and southern areas, and were
representative of urban and rural settings.

The data were managed and analysed using an anony-
mous patient code, after obtaining each LHU director’s
authorisation.

The study population was composed of 923,353 children
under 14 years of age living in the 22 LHUSs’ areas. The
study sample represented 14% of the Italian paediatric
population and the male/female ratio was 1.06. The gender
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and age distribution of the sample was not different from
that of the Italian paediatric population.

The prescribed drugs were classified according to the
International Anatomic Therapeutical Classification system
(ATC).

The number of boxes was used as an indicator to
evaluate the pharmaceutical consumption.

Prevalence data by sex and age were calculated by
dividing the number of drug users by the total number of
male and female residents in each age group. A Mantel-
Haentzel x> test was performed to compare the drug
prescription prevalence in boys and girls.

The area under the prevalence—time curve (AUC) from
time 0 to 14 years (data plotted at the mid-time interval)
were calculated according to the linear trapezoidal rule and
compared by the paired #-test. The decreasing phases of the
prevalence versus time curve were estimated by log-linear
least square fitting of the 3- and 13-year age points.
Comparisons were made using the #-test.

The relation between the prevalence rates of the most
prescribed therapeutic classes by LHU was investigated
using the non-parametric Spearman rank correlation test.

Statistical analysis was performed using SPSS 10.1
software and IBM DB2 Intelligent Miner for Data version
6. WinNonlin version 4.1 was used in calculating the AUC.

A p-value <0.05 was considered to be statistically
significant.

Results
Prescribing pattern during 2006

During 2006, 561,237 children (61% of the population)
received at least one drug prescription. The highest
prevalence was observed in the 14 years old period
(average value 76%); it then decreased according to a
two-phase slope: the 4-7 years old (76 to 58%) period was
faster than the 7-13 years old period (58 to 43%) (p<
0.0001) (Fig. 1).

The prevalence was slightly higher in boys than in girls
for all ages (x*=655; p<<0.001), but had the same profile.
The AUC,_;4 male/female ratio was 1.04.

In all, 1,117 paediatricians prescribed drugs to 77% of
the children, while to 19% of the children, drugs were
prescribed by 5,871 general practitioners. A total of
1,805,521 prescriptions were dispensed, corresponding to
2,697,979 boxes. Each treated child received an average of
3.2 prescriptions (median 3) and 4.8 boxes (median 3)
during the one-year study period. Boys received a greater
average number of prescriptions (3.3 versus 3.1) and boxes
(5.0 versus 4.6) than girls.
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Fig. 1 Prescription prevalence
rate and the average number of
prescriptions/treated child by
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The highest number of prescriptions/treated child was
observed in children age 3—4 years old (3.8; median 3).
While prescription prevalence decreased steadily in the 7—
13 years old period, the decrease in the average number of
prescriptions per treated child was less prominent.

A total of 22% of treated children received only one box,
while 27% received more than five (and ten or more boxes
were dispensed to 11%). The rate of children receiving six
or more boxes was higher in males than in females (28
versus 25%; x*=862; p<<0.001), and in children aged 1—
4 years old (33%) compared to those <1 year (18%) and
>5 years (23%) (p<<0.001) of age.

Antibiotics were the most prescribed therapeutic class
(52% of the population), followed by anti-asthmatics
(26%), systemic corticosteroids (8%) and anti-histamines
(6%). Altogether, these four therapeutic classes comprised
90% of the prescribed boxes.

Most children received drugs belonging to one thera-
peutic class only (52% of treated children), while 32%
received drugs belonging to two classes (mainly antibiotics
and anti-asthmatics, prescribed to 26% of treated children),
and 16% to three or more classes (8% received antibiotics,
anti-asthmatics and systemic steroids).

Figure 2 reports the prevalence trend by gender and age
of the four most prescribed therapeutic classes. The trend
for antibiotics is similar to the overall trend, while the
highest value of anti-asthmatic and systemic steroid
prevalence was observed at 1 year of age (40 and 13%,
respectively). The prevalence of anti-asthmatics reached a
second age-dependent peak at 3 years of age (39%), while
the systemic steroid prevalence progressively decreased
after 1 year of age.

4 5 6 7 8 9 10 11 12 13
Age (years)

The prevalence of anti-histamines increased with in-
creasing age, reaching a maximum of 7% at 4 years of age,
and then slightly decreased.

The AUC,,_;4 male/female ratio ranged between 1.03 for
the antibiotics and 1.30 for the anti-histamines classes.

Among the most prescribed therapeutic classes, antibiotics
were associated with the highest average number of boxes
per treated child (3.2), while systemic steroids were
associated with the lowest (1.7). The greatest proportion of
children receiving more than five boxes was observed among
antibiotic users (14%), followed by anti-asthmatic users
(9%). On the contrary, 65% of children treated with systemic
steroids received only one box, compared to 54% of those
treated with anti-histamines, 43% of those treated with anti-
asthmatics and 31% of children treated with antibiotics.

Penicillins were the most prescribed antimicrobial class
(65% of the antibiotic users), followed by cephalosporins
(39%) and macrolides (37%).

A total of 86% of anti-asthmatic users received at least one
prescription of inhaled steroids, while 54% received adrenergic
drugs (alone or in fixed combination with other anti-asthmatics).

A total of 620 drugs were prescribed. Amoxicillin+
clavulanic acid was the most common (24% of children),
followed by inhaled beclometasone (15%) and amoxicillin
(14%) (Table 1).

The ten most prescribed drugs, six of which were anti-
biotics, represented 64% of the prescribed boxes and covered
89% of children receiving at least one drug prescription.

A total of 41 drugs, belonging to 12 main ATC
therapeutic groups, comprised 90% of the prescribed boxes.
In particular, 15 were antibiotics, eight were anti-asthmatics
and six were anti-histamines.

@ Springer



176

Eur J Pediatr (2009) 168:173-180

Fig. 2 Prescription prevalence
rate by age of the four most
prescribed therapeutic classes
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Beclometasone was the most prescribed drug in children
under 1 year old, while amoxicillin+clavulanic acid was the
leading drug in children >1 year of age. Although the
prevalence rates differed across ages, six of the ten most
prescribed drugs were the same in all ages. It can, thus, be
concluded that a total of 15 drugs would suffice to address
the main therapeutic needs of children, independently of age.

Four age groups shared the same most prescribed drugs.
Flunisolide, budesonide and salbutamol in fixed combina-
tion with other anti-asthmatics ranked among the top ten
drugs only in children <1 year old, cefixime, azithromycin
and ceftibuten in those >1 year of age, while cetirizine and
fluticasone were among the most prescribed in children
>7 years and >12 years of age, respectively (Table 1).

A total of 38% of treated children received one drug,
24% two, 15% three and 23% four or more different drugs.
The proportion of children receiving four or more drugs

Table 1 The ten most prescribed drugs by age group

Age (years)

was higher in boys compared to in girls (25% versus 22%;
x*=748; p<<0.001) and in children 1-4 years old (30%)
compared to children <1 year (22%) and >5 years (17%)
(p<<0.001) of age.

Distribution of prevalence by LHU

Wide differences were found in the prevalence rates
between different LHUs; these ranged between 50.1 and
68.4% (p<<0.001). The mean prevalence rate was 59.5%
(median 60.3%).

The greatest difference was observed between systemic
steroid prevalence, which ranged between 1.1 and 19.9%,
with a median of 2%.

Geographical differences were also found. Prescription
prevalence was lower in northern Italy (57.3%) and higher
in the two LHUs in southern Italy (68.3%).

<1 year 1-6 years 7-11 years >12 years 0-13 years

Drug % Drug % Drug % Drug % Drug %
Beclometasone 20.6 Co-Amoxiclav 28.4 Co-Amoxiclav 17.9 Co-Amoxiclav 13.1 Co-Amoxiclav 23.6
Amoxicillin 18.6 Beclometasone 18.0 Beclometasone 10.0 Amoxicillin 7.0 Beclometasone 14.8
Co-Amoxiclav 18.1 Amoxicillin 17.2 Amoxicillin 9.2 Clarithromycin 7.0 Amoxicillin 14.1
Salbutamol 14.3 Clarithromycin 13.2 Clarithromycin 9.0 Beclometasone 6.8 Clarithromycin 11.4
Betamethasone 9.3 Salbutamol 12.9 Azithromycin 7.3 Azithromycin 5.6 Salbutamol 10.4
Clarithromycin 8.8 Azithromycin 10.2 Salbutamol 6.9 Salbutamol 4.5 Azithromycin 8.8
Salbutamol+others 6.6 Betamethasone 9.4 Cefixime 5.5 Cefixime 4.5 Betamethasone 7.7
Flunisolide 6.3 Cefaclor 9.3 Betamethasone 53 Betamethasone 3.8 Cefaclor 6.8
Cefaclor 5.1 Cefixime 7.3 Cefaclor 4.4 Cetirizine 2.6 Cefixime 6.5
Budesonide 4.1 Ceftibuten 6.0 Cetirizine 3.5 Fluticasone 2.0 Flunisolide 4.3
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A statistically significant correlation between rank dis-
tributions at the LHU level of the overall prevalence rate and
of the prevalence of the four most prescribed therapeutic
classes was found. The rank correlation was close, especially
with antibiotics (r,=0.99) and systemic steroids (r;=0.82), as
well as between antibiotic and systemic steroid prevalence
(rs=0.84). On the contrary, no statistically significant rank
correlation was found between anti-asthmatic and systemic
steroid prevalence (7,=0.37) and between anti-asthmatic and
anti-histamine prevalence (7,=0.42).

Trends in the 2000-2006 period

Prescription prevalence increased between 2000-2002 from
61.5 to 66.9% and decreased afterwards. The prevalence of
antibiotics and anti-asthmatics increased in 2006 by 6 and
19%, respectively, compared to 2000.

A total of eight of the ten most prescribed drugs for each
year were the same in the 2000-2006 period.

Beclometasone was the most prescribed drug in 2000 and
2001, while it was replaced by amoxicillin+clavulanic acid
from 2002 onwards. The prescription prevalence trend for
the ten most prescribed drugs was quite similar to the overall
trend, with the exception of amoxicillin+clavulanic acid,
whose prevalence increased steadily from 13.2 to 24.4%.
The 2006 prevalence was higher than in 2000 for most of
these drugs, with the exception of cefaclor and ceftibuten,
whose prevalence decreased, and beclometasone, whose
prevalence did not change. Amoxicillintclavulanic acid and
salbutamol were the drugs with the highest percentage
increase in prevalence rate (86 and 73%, respectively).

Expenditure

The total expenditure in 2006 was €37 million (2.4% of the
overall pharmaceutical expenditure in the ARNO sample).
The mean expenditure for each treated child was €66, was
higher for males than females (€70 versus €60) and
increased with increasing age, reaching the highest value
in 13-year-old children (€85).

Amoxicillint+clavulanic acid was the drug with the
highest expenditure (14.5% of the overall expenditure),
followed by clarithromycin (11.6%) and azithromycin
(7.1%). A total of six drugs (the three just mentioned plus
beclometasone, cefixime and montelukast) accounted for
50% of the expenditure, while the first 30 drugs in the order
of expenditure accounted for 90%.

Discussion

The size (nearly 1 million children) and geographical
distribution of the population are among this study’s major

strengths.. Despite some limitations, the findings are
representative of prescribing patterns in the Italian outpa-
tient population. The profile observed in this study is quite
similar, in terms of rate, gender and age differences and
therapeutic classes most frequently prescribed, to those
previously observed in national and international settings
[1,9, 19, 22, 24, 26, 31-33].

Some findings seem to be specific to Italy, however.

First of all, Italian children are exposed to a high number
of drugs. Nearly 1/4 of the children treated received four or
more drugs and 1/10 more than nine boxes (corresponding
to a prevalence of 7% in the paediatric population).

Pre-schoolers are the most exposed to drugs, especially
children aged 3—4 years old, a finding consistent with the
increased incidence of infections upon entry into the
community. However, the finding that 1/3 of children aged
1-4 years old needing a drug therapy received more than
five boxes/year and more than four different medications is
of concern.

The huge number of drugs prescribed (620) is another
finding that seems peculiar to the Italian situation. Despite
this plethora of medications, the first 41 drugs (7%) in the
order of prevalence, 29 of which were antibiotics, anti-
asthmatics and anti-histamines, covered 90% of the
dispensed boxes. Moreover, 15 drugs seem to be sufficient
to cover the most common diseases, independently of age.

Antibiotics were the most prescribed type of drugs: they
were prescribed to nine of ten children receiving a
prescription. The prevalence reported in the Italian paedi-
atric population is 3—4-fold higher than that in the Nether-
lands or United Kingdom [30]. Despite this fact, a 6%
increase in the antibiotic prevalence rate was observed in
the 2000-2006 period.

Amoxicillint+clavulanic acid was the most prescribed
drug and its prevalence nearly doubled in the 2000-2006
period; on the contrary, several international guidelines
consider amoxicillin alone as the first choice of treatment
for the most common childhood infections (acute otitis
media, pharyngo-tonsillitis, sinusitis) [2, 3, 11, 34, 35].
Despite the fact that, in other countries, amoxicillin is the
most prescribed antibiotic [30], in Italy, amoxicillin+
clavulanic acid was probably preferred due to its twice-
daily schedule regimen that is supposed to give a better
compliance compared to the amoxicillin dosage schedule,
to an unproved concern of beta-lactamase-producing
bacteria and to the market availability (since 2002) of a
more tolerable suspension with an amoxicillin:clavulanic
acid ratio of 7:1 instead of 4:1

Moreover, nearly 40% of children receiving antibiotics
were prescribed cephalosporins or macrolides, second line
agents likely chosen, more often than not, not on the basis
of safety and efficacy data, but because of palatability and
shorter length of therapies.
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The profile of anti-asthmatic drug prescriptions was
similar to that previously described (frequent use of inhaled
steroids, in particular, nebulised beclometasone, occasion-
ally prescribed to pre-school children) and suggests that the
prescriptions concerning these drugs are often inappropriate
[12].

The prevalence of anti-asthmatic drug prescriptions was
higher than both the prevalence of asthma in Italy and the
estimated rate in other paediatric contexts [4, 5, 14, 16, 18,
25, 27]. Furthermore, 60% of the children treated with anti-
asthmatics are under 6 years old, while most episodes of
wheezing that appear in pre-school children disappear with
age and it is difficult to diagnose asthma in children under 6
years of age [17, 23, 37].

Moreover, the lack of correlation between the anti-
asthmatic and anti-histamine or systemic steroid prevalence
rate is indicative of the fact that anti-asthmatic drugs are
often prescribed for diseases different from asthma, as
observed in other studies that reported a wide use of
nebulised steroids in Italy as prophylaxis or treatment for
viral wheezing [9]. The fact that, in Italy, nebulised
beclometasone is also licensed for rhino-pharyngitis and
the misbelief that it could relieve inflammation due to
infections could have contributed to its high prescription
prevalence.

The prescribing pattern of systemic steroids also appears
inappropriate, since 65% of treated youths received only
one box and the highest prevalence was observed in 1-year-
old children. The most prescribed drug was betamethasone
(96% of systemic steroid users), available in Italy as
dispersible tablets and often prescribed for the treatment
of upper respiratory tract infections [9]. Steroid prevalence
varied widely between LHUs, with a 19:1 ratio between the
highest and lowest values. Moreover, it is interesting to
note the strong correlation between antibiotic and systemic
steroid prevalence and its geographical clustering, which
are two findings that support the hypothesis that it is used
for the treatment of respiratory infections and the fact that
inappropriate drug use is more frequent in a few contexts.

The youngest children, in particular, infants, are more
likely to receive drugs with a questionable evidence base.
The population of children <1 year of age was, in fact,
characterised by a wide use of steroids, either as an inhaled
formulation or as systemic use.

Beclometasone was the most prescribed drug in children
<1 year of age (prevalence 21%). Flunisolide and
budesonide can be considered as quite “typical” of this
population, since they ranked among the ten most prescribed
drugs only in children <1 year of age, with a prevalence of
6% and 4%, respectively. Moreover, 9% of infants were
prescribed betamethasone.

Prescription prevalence did not change in the 2000—
2006 period. Periodic reports have been released since
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2000 with the aim to share data collected by the ARNO
database with healthcare professionals at the national and
local levels and to implement the rational use of drugs in
the paediatric population [13, 29]. Furthermore, several
Italian drug utilisation studies were published in the last
six years (in particular, concerning antibiotics and anti-
asthmatics) [8, 9, 12, 15, 28], but they had little impact on
the prescribing habits of practitioners, at least according to
these findings.

The case of beclometasone is emblematic: an open letter
was published in 2001 to warn paediatricians about the
overuse of this drug [7]; despite this initiative, its
prevalence did not change, even after five years.

Moreover, in 2003, the Italian Ministry of Health
published a paediatric formulary entitled “Guida all’uso
dei farmaci per i bambini” [Guide to the use of drugs for
children], a translation and adaptation to the Italian context
of “Medicines for Children” and sent it to healthcare
professionals. Only 42% of the drugs prescribed during
2006 were quoted in the formulary. Although “Medicines
for Children” may reflect attitudes different from those of
Italian practitioners, this figure indicates that many drugs
have a questionable evidence base.

The expenditure for drugs prescribed to children is
negligible when compared with the overall pharmaceutical
expenditure (2.4%). Since the need to reduce expenditure is
one of the main determinants of programmes to implement
the rational use of drugs, a very low expenditure could
paradoxically represent a reason to not address the problem.
However, the findings from this study indicate that a
significant reduction of expenditure could be achieved by
simply choosing the less expensive drug among a plethora
of “me-too” medications.

This study has some limitations. The first, common to
many studies based on prescription databases, is the lack of
information concerning the diseases for which drugs are
prescribed.

The second is the lack of data concerning drugs without
state reimbursement and over-the-counter drugs. It was,
therefore, not possible to evaluate the prescription pattern
of some drugs commonly prescribed to children, e.g.
paracetamol and antitussive medications.

The decrease in the prevalence rate observed after 2002
may be, at least in part, due to a change in the list of the
drugs reimbursed by the Italian National Health Service that
was made during 2003, with the exclusion of some classes
(e.g. anti-histamines, prokinetics etc.) [13]. Nowadays, anti-
histamines can be reimbursed, but with restrictions (chronic
treatment for moderate to severe allergies) and their
prevalence may, therefore, be underestimated. In this
regard, it is interesting to note that, despite the limitation
to chronic treatment, 54% of those treated with anti-
histamines received only one box.
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Conclusions

Despite some limitations, the ARNO database is a valuable
tool for evaluating therapeutic needs and the appropriate-
ness of care. The analysis of the 2006 data confirms
previous findings: many drugs, belonging to only a few
therapeutic classes, are prescribed, and often without an
evidence-based indication. The use of a wide range of
drugs, related to a limited number of very common
childhood diseases, and the lack of compliance with
therapeutic guidelines suggest the need for continuous
audit and educational programmes (also and especially) in
paediatric general practice. Prescribing physicians and
children’s parents should, therefore, make an effort to
achieve a more rational drug use.
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