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Antibiotic overconsumption is the main force driving the emergence of multidrug-resistant bacterial strains. To promote better
antibiotic use in France, a nationwide campaign has been run every year from October to March since 2002. In 2007, it was
shown that winter outpatient antibiotic consumption had decreased by 26.5% compared to the 2000-2002 baseline period. Here,
we quantified outpatient antibiotic use between 2000 and 2010 as a follow-up analysis of the nationwide campaign. Reimbursed
outpatient antibiotic prescriptions were extracted from computerized French National Health Insurance databases. Entire series
and age group and antibiotic class analyses were computed. Time series analyses used autoregressive moving-average models
with exogenous variables and intervention functions. Two periods were considered: October to March “campaign” periods and
April to September “warm” periods. Compared to the precampaign (2000-2002) baseline period, the numbers of weekly antibi-
otic prescriptions per 1,000 inhabitants during campaign periods decreased until winter 2006 to 2007 (—30% [95% confidence
interval {CI}, —36.3 to —23.8%]; P < 0.001) and then stabilized except for individuals > 60 years of age, for whom prescriptions
reached the precampaign level. During the warm periods from April to September, no significant differences were estimated
compared to the baseline level for the entire series, but seniors had an increasing trend that became significant as of 2005, reach-
ing +21% (95% CI, +12.9 to +29.6%) in 2009 (P < 0.0001). These results highlight the need for a better understanding of anti-

biotic use by the elderly, requiring research with targeted and tailored public health actions for this population.

ver the last 4 decades, the emergence and dissemination of

multidrug-resistant bacterial strains have become major
global health issues (1). Because of antibiotic resistance, manage-
ment of bacterial infections is becoming more complex, and num-
bers of treatment failures are increasing. In the European Union,
an estimated 25,000 deaths are caused by drug-resistant bacteria
annually (2). In the community, 3-lactam-resistant Streptococcus
pneumoniae is one of the best-known bacteria that has dissemi-
nated during the past 20 years. Antibiotic overuse is the main force
driving the spread of multidrug-resistant bacteria (3, 4). In devel-
oped countries, antibiotics are prescribed mostly in outpatient
settings for upper respiratory tract infections. However, because
most of these infections are viral, antibiotics are usually unneces-
sary (5, 6, 7).

In the early 2000s, France had the highest rate of antibiotic-
resistant S. prneumoniae in Europe and was identified as one of the
highest antimicrobial users worldwide (3). In this context, a na-
tionwide public health campaign was launched (“Antibiotics Are
Not Automatic!” and “Antibiotics, Used Unnecessarily, Lose
Their Potency!”) and has been repeated every winter from Octo-
ber to March (period of highest antibiotic consumption) since
2002, with the main goal of decreasing prescriptions in the com-
munity, particularly for children. In addition, the 7-valent pneu-
mococcal conjugate vaccine (PCV7) was introduced in 2003 to
prevent invasive S. pneumoniae disease in children <2 years old at
risk because of medical or living conditions. It was further ex-
panded to every child <2 years old.

Between 2002 and 2007, winter outpatient antibiotic con-
sumption decreased by 26.5% compared to the baseline 2000-
2002 period (8). Because no detailed and prolonged longitudinal
antibiotic consumption evaluation has been performed since
then, it is not known whether the decreasing trend of outpatient
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antibiotic consumption has been sustained. Moreover, such infor-
mation, according to age group and antibiotic class, is crucial to
refining the communication strategies directed toward physi-
cians. Therefore, by using time series analyses, we quantified the
evolutions of outpatient antibiotic use between 2002 and 2010 for
the entire series and by age group and therapeutic class.

MATERIALS AND METHODS

Data sources. French National Health Insurance (NHI) covers all medical
care provided by outpatient and private-practice physicians and pharma-
cies. We used aggregated 2000-2010 data on all outpatient antibiotics
prescribed and reimbursed, computed from the databases of the 2 main
NHI agencies that cover salaried workers and self-employed individuals
(>90% of the French population). Each file contains drug-related infor-
mation, the prescription date, and the patient’s sex, year of birth, and
region of residence. The study concerned only systemic antibiotics (ana-
tomical therapeutic chemical class J01) used in the community. To take
into account French population growth during the study period, we used
demographic data obtained from the French National Institute for Statis-
tics and Economic Studies (INSEE) (http://www.insee.fr/). The results are
presented as weekly rates of antibiotic prescriptions per 1,000 inhabitants.

Weekly flu-like syndrome (FLS) incidence was provided by the French
Sentinel Network (http://websenti.u707.jussieu.fr/sentiweb/) (9), which
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FIG 1 Overall weekly antibiotic consumption per 1,000 inhabitants (plain) and flu-like syndrome incidence (dotted) between 2000 and 2010, periods and
intervention functions used for the construction of the ARMAX model. Dummy variables are ¢, to ¢y (campaign period) and w, to w,, (warm period).

defines FLS as the combination of the following clinical symptoms: sud-
den onset of fever of =39°C, myalgias, and respiratory symptoms (e.g.,
dyspnea and/or cough). The data are presented as FLS incidence per
100,000 inhabitants.

Statistical analyses. We considered 2 periods: the first, called the
“campaign” period (October to March), coincides with the targeted pub-
lic service campaign, and the second, the “warm” period, corresponds to
April to September. More specifically, we examined 2 truncated series,
both lasting 26 weeks: campaign periods started at week 40 of year n and
finished at week 13 of year n + 1, whereas warm periods started at week 14
of year n and finished at week 39 of the same year. Time series analyses
examined the evolution of outpatient antibiotic consumption per 1,000
inhabitants during the successive periods. Use of autoregressive moving-
average models with exogenous variables (ARMAX) allowed us to adjust
for FLS incidence and include intervention functions (10-13).

The intervention ARMAX models were built in 2 steps. The first con-
cerned the 2000-2002 period, before the first public health campaign,
considering antibiotic consumption during this time as the baseline. Be-
cause of seasonal fluctuations, a trigonometric function had to be esti-
mated for the 2000-2002 period. This function was then removed from
the entire series so that the residual series was in a stationary mode. We
then fitted an autoregressive moving-average (ARMA) model to the ob-
served 2000-2002 data. Because it was assumed that those campaigns did
not modify seasonal fluctuations or change the ARMA model structure
but affected only the means, in the second step, we added 15 dummy
variables to the model (8 for each campaign period [c, to ¢g] and 7 for each
warm period [w, to w,]). For each series, an ARMAX model was esti-
mated and properly fitted to the observed antibiotic consumption, leaving
a Gaussian white noise residual series. The FLS incidence was added to this
model, using a simple transfer function when possible. The construction
and the writing of the model were partly described previously (see Sup-
porting Text S1 in reference 14). Because FLS incidence by age group is
not available in France, no adjustment could be made for the age group
analyses.

We quantified the estimated difference in absolute number and per-
cent change of weekly antibiotic prescriptions per 1,000 inhabitants for
each campaign and warm period versus the corresponding baseline pe-
riod, meaning that we calculated the difference between the estimated
number predicted by the model and the one expected under the assump-
tion of no change since the baseline period.

Analyses were computed for the entire series and by age group (0 to 5,
6 to 15, 16 to 60, or >60 years) and by antibiotic class (penicillins, ceph-
alosporins, macrolides, or quinolones). Computations were done with
SAS 9.1 software, with a P value of <0.05 defining significance.
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RESULTS

Nine series were considered between July 2000 and March 2010
(see Fig. 1 for the entire series). Strong seasonality of FLS and
antibiotic prescriptions was observed, with the highest rates being
found during the winter campaign periods. Between 2000 and
2010, the weekly numbers of reimbursed antibiotic prescriptions
ranged between 9 and 33 per 1,000 inhabitants, with a mean of 19
(95% confidence interval [CI], 9.6 to 28.3) (Table 1). Considering
antibiotic classes, mean numbers of prescriptions ranged between
1.6 for quinolones and 7.7 for penicillins. Penicillins were the
most prescribed antibiotic class, representing >40% of the total
antibiotic consumption; cephalosporins and macrolides were
similarly consumed, each representing around 20%, while quino-
lones, much less used, represented only 8%. Considering age
groups, very different consumptions were observed, with the
highest for 0- to 5-year-old age group (mean = 44.4) and the
lowest for 16- to 60- and >60-year-old age groups (mean = 17.0).
The 0- to 5- and >60-year-old age groups each consumed 18% of
all antibiotics.

An ARMAX model fulfilling goodness-of-fit criteria was ob-

TABLE 1 Consumption of antibiotics overall, per antibiotic class, and
per age group

No. of antibiotic prescriptions/1,000

inhabitants % of total
0

Series Mean (95% CI) Min Max consumption
Entire series 18.94 (9.60-28.28) 8.65 32.61 100
Antibiotic class
Penicillins 7.67 (3.80-11.55) 3.51 14.00 40.50
Cephalosporins  4.33 (1.30-7.36) 1.42 8.67 22.86
Macrolides 4.29 (1.63-6.96) 1.50 8.50 22.65
Quinolones 1.62 (1.15-2.09) 0.91 2.30 8.55
Age group (yr)
0-5 44.38 (8.12-80.63) 10.75 101.15 17.42
6—15 17.45 (4.50-30.39)  6.14 46.56 11.46
1660 16.66 (9.56-23.75) 8.28 27.53 52.92
>60 16.98 (9.76-24.20)  8.25 30.09 18.20
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FIG 2 Overall weekly antibiotic consumption per 1,000 inhabitants between 2000 and 2010, ARMAX model predictions, and estimated differences in percent-
ages for campaign and warm periods. Black lines are expected antibiotic consumption levels during campaign and warm periods under the assumption of no
change since the baseline period (2000 to 2002). Red lines are antibiotic consumption levels during campaign and warm periods predicted by the model. The
indicated percentages are relative changes compared to the baseline period. ##, P < 0.001 compared to baseline values (7 test).

tained for each series (see Fig. 2 for the entire series). The esti-
mated differences in antibiotic consumption per 1,000 inhabit-
ants during the campaign and warm periods between 2002 and
2010 are reported in Fig. 2 for the entire series (absolute numbers
and percentages) as well as in Tables 2 and 3 (in absolute numbers)
and Fig. 3 (in percentages) for all the considered series. Additional
results in percentages are available in Tables S1 and S2 in the
supplemental material. Different trends were observed. During
the campaign periods, for the entire series, a maximum significant
decrease of 30% (95% CI, —36.3 to —23.8%) was estimated in
2006 to 2007, and thereafter, reductions were smaller but stable
(between —25% and —27%) and still significant compared to the
baseline value (P < 0.0001). The same trend was found for the 0-
to 5-, 6- to 15-, and 16- to 60-year-old age groups, with a higher
reduction for the youngest children (—39% [95% CI, —50.8 to
—26.3%] in 2007 to 2008) (Table 2). During the last campaign
period, estimated decreases were —33% (95% CI, —45.4 to
—19.8%; P < 0.0001), —24% (95% CI, —33.1 to —14.5%; P <
0.0001), and —17% (95% CI, —22.7 to —11.2%; P < 0.0001) for
the 0- to 5-, 6- to 15-, and 16- to 60-year-old age groups, respec-
tively. For the oldest group (>60 years), the trend was very differ-
ent, with fluctuations around baseline values and only 2 signifi-
cant decreases, with the largest being observed in 2006 to 2007
(—9.0% [95% CI, —14.9 to —3.2%]; P = 0.004). During the warm
periods, no significant differences were estimated versus the base-
line for the entire series and the youngest age group (Table 3). For
6- to 15-year-olds, the trend was comparable to that observed
during campaign periods, with a maximum diminution in 2006
(—36% [95% CI, —49.5 to —22.5%]; P < 0.0001), which subse-
quently stabilized (between —32% and —29%) and remained sig-
nificant (P < 0.0001). For subjects >15 years of age, an increasing
trend became marginally significant in 2009 for those 16 to 60
yearsold (+7.5% [95% CI, —0.5 to +15.5%]; P = 0.074) and as of
2005 for those >60 years old, reaching +21% in 2009 (95% CI,
+12.9 to +29.6%; P < 0.0001) (Table 3).Trends by therapeutic
class showed disparities. During the campaign periods, as for the
entire series, prescription rates for cephalosporins declined signif-
icantly until 2006 to 2007 (—37% [95% CI, —45.3 to —28.3%];
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P < 0.0001) and then stabilized at —36% (P < 0.0001) (Table 2).
The same trend was observed for macrolides (—40% [95% CI,
—46.7 to —34.0%] in 2006 to 2007; P < 0.0001), but the decrease
continued more weakly (—46% [95% CI, —52.6 to —39.0%] in
2009 t02010; P < 0.0001). Quinolone use remained at the baseline
level. The trend for penicillins showed a maximum significant
decrease of —25% (95% CI, —36.2 to —13.4%) in 2006 to 2007
(P < 0.0001), followed by nonsignificant differences from base-
line value. During warm periods, as for the entire series, no signif-
icant differences versus the baseline were estimated for cephalo-
sporins or macrolides between 2003 and 2006, but the latter began
to significantly decline as of 2006, at —13% (95% CI, —23.1 to
—3.4%; P = 0.009), ending in 2009, at —17% (95% CI, —27.4 to
—5.7%; P = 0.003) (Table 3). More surprising were the trends of
quinolones and penicillins: prescriptions for the former increased
significantly during all warm periods, with 2 maxima in 2007 and
2008 of +25% (P < 0.0001), and prescriptions for the latter rose
significantly as of 2005, reaching its maximum of +43% (95% CI,
+25.3 to + 60.8%; P < 0.0001) in 2009.

DISCUSSION

Between 2002 and 2010, outpatient antibiotic use during October
to March campaign periods showed a decline of —26% (adjusted
for FLS fluctuations), with no significant change during the warm
periods of April to September. This reduction reached a maxi-
mum of —30% in winter 2006 to 2007 and then stabilized at
around —26%. The maximum decrease was observed for 0- to
5-year-old children and was followed by stabilization since 2006
to 2007. For seniors >60 years old, antibiotic use fluctuated
around the baseline level during campaign periods but rose sub-
stantially during warm periods and significantly since 2005. Also,
trends differed according to therapeutic class, with less use of all
but quinolones and, more surprisingly, significantly increased
penicillin prescription starting in 2007.

Our results are consistent with analyses of Sabuncu et al. (8),
with an overall decrease of ~30% until winter 2006 to 2007 and
the steepest decline for children <5 years old. The ARMAX mod-
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TABLE 2 Estimated changes of the weekly absolute numbers of antibiotic prescriptions per 1,000 inhabitants compared to the baseline 2000-2002
period during campaign periods (week 40 of year n to week 13 of year n + 1) for the entire series and by antibiotic class and age group”

Baseline no. of

Estimated change of wkly absolute no. of antibiotic prescriptions/1,000 inhabitants

antibiotic
95% CI
prescriptions/1,000 (95% CD
Series inhabitants 2002-2003 2003-2004 2004-2005
Entire series (FLS adjusted) 25.24 —2.69%** (—3.70-—1.68) —3.58%** (—4.89-—2.27) —4.90**% (—6.35-—3.45)
Entire series (FLS unadjusted) 25.24 —2.94%%*% (—4.33——1.55) —3.52%**% (=5.22-—1.81) —4.90** (—6.76——3.04)
Antibiotic class (FLS adjusted)
Penicillins 10.72 —1.64%** (—2.49-—0.79) —1.36* (—2.41-—0.31) —1.08 (—2.23-0.07)
Cephalosporins 6.65 —0.98** (—1.35-—0.62) — 115" (—1.62-—0.69) —1.59%%* (—2.11-—1.07)
Macrolides 6.51 —0.91%%* (=1.17-—0.64) —1.33%%% (=1.67-—0.99) —1.71%%% (=2.09-—1.33)
Quinolones 1.66 —0.04 (—0.12-0.04) —0.15%%*% (—0.24-—0.06) —0.01 (—0.09-0.08)
Age group (yr) (FLS unadjusted)
0-5 65.78 —5.66 (—11.97-0.65) —9.20* (—17.28-—1.12) —14.47% (—22.54-—6.40)
6-15 26.68 —2.50% (—4.49-—0.51) —3.774%% (—5.88——1.65) —5.50%%% (—7.68-—3.36)
16-60 21.31 —3.32%%% (—4.12-—2.51) —2.97% (—3.98-—1.96) —3.45%%% (—4.54——2.36)
>60 18.43 —1.42*%* (—2.31-—0.52) —0.51 (—1.53-0.51) —0.20 (—1.26-0.87)

X, P <0.05; %, P < 0.01; ***, P < 0.001 (compared to baseline [¢ test]). FLS, flu-like syndrome.

els used by Sabuncu et al. differed from ours, supporting the
changes estimated with these models.

Considering the entire series, decreases during campaign peri-
ods and no changes during warm periods were observed. Between
2002 to 2003 and 2006 to 2007, the reduction was linear, going
from —10% to —30%, starting during the first national campaign
in 2002 to 2003. In children <5 years old, the introduction of
PCV7 in 2002 to 2003 might have contributed to the observed
decrease in antibiotic use. However, a substantial coverage of vac-
cination was obtained only as of 2005 (15). Therefore, until the
2004-2005 campaign, the decrease was most likely attributable to
national campaigns.

During 2006 to 2007, all antibiotic consumption stabilized,
raising the question of the sustainability of the behavioral change
promoted by the campaign. However, the yearly seasonal expo-
sure of the general public and physicians to the campaign over a
prolonged period should exert a sustained effect. Considering age
groups, the greatest impact was on children =15 years old, partic-
ularly 0- to 5-year-olds, with almost 40% fewer prescriptions in
winter 2007 to 2008. Similar findings were obtained with antibi-
otic data from a survey of medical prescriptions by a panel of
French private practitioners: for children, the greatest reductions
were observed for diagnoses of rhinopharyngitis (16). Also, re-
peated cross-sectional studies on antibiotic treatments for chil-
dren attending day care centers in southeastern France showed
that the proportion of children who had received antibiotics dur-
ing the previous 3 months fell from 48.0% in 2004 to 29.7% in
2008 (17). While those results are encouraging, they are more
uncertain in adults, especially for seniors (>60 years), whose de-
creased antibiotic consumption was weakly significant during the
2006-2007 campaign period and increased regularly thereafter.
Notably, the campaigns did not specifically target this age group.
Of greater concern is their significantly increased antibiotic use
during warm periods since 2005. To take into account the demo-
graphic changes of seniors during the study period, separate anal-
yses have been done for individuals 61 to 70, 71 to 80, and >80
years old (see Tables S3 and S4 in the supplemental material). An

74 aac.asm.org

age effect can be observed, with increasing antibiotic consump-
tion with an increase in age. However, the trend was identical for
all the age groups during the study period, indicating the absence
of a differential effect among this age group (see Fig. SI in the
supplemental material).

Prescriptions for all therapeutic classes except quinolones de-
clined until 2007. Similarly, a previous study found that all anti-
biotic classes except fluoroquinolones decreased for 7- to 18-year-
olds (16). Here again, the campaign seems to have been effective
during the first 5 years for almost all therapeutic classes. Since
2007, cephalosporin consumption has remained stable, and mac-
rolide use has continued to decline. Above all, penicillin con-
sumption has been increasing significantly since 2007. Notably,
penicillin consumption has increased significantly for subjects
>60 years old since 2007, reaching +16% and +27% during the
2008-2009 campaign and 2009 warm periods, respectively (data
not shown). Moreover, quinolone consumption by this group has
also significantly increased since 2005, but this class represents a
smaller proportion of all antibiotics (data not shown).

Many countries have initiated campaigns to promote better-
targeted antibiotic use. Although there seems to be a downward
trend of antibiotic consumption in most countries for which data
are available, several European countries without major public
health programs (Denmark, Italy, and Ireland) have observed in-
creasing trends of antibiotic use over the last decade (18). Our
results are consistent with those reported in other countries with
large-scale national campaigns to promote better antibiotic pre-
scription. For example, in Belgium, a country comparable to
France in terms of antibiotic overuse, a 36% reduction was seen
between 1999 to 2000 and 2006 to 2007 (19). In Sweden, where
antibiotic use is the lowest in Europe, the detection of multiresis-
tant pneumococcal clones together with an increasing trend of
antibiotic consumption led to the implementation of a compre-
hensive program to preserve antibiotic efficacies in the mid-1990s.
In this context, macrolide consumption decreased by 65% be-
tween 1995 and 2004, representing the sharpest decline among all
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TABLE 2 (Continued)

French Outpatient Antibiotic Use between 2000 and 2010

Estimated change of wkly absolute no. of antibiotic prescriptions/1,000 inhabitants

(95% CI)

2005-2006 2006-2007 2007-2008

2008-2009 2009-2010

—6.397* (—7.91-—4.87) —7.58%** (—9.15-—6.01)

—6.55%%* (—8.48-—4.63) —7.49%** (—9.46-—5.52)

—2.2200% (—=3.41-—1.03)
—2.14%%* (—2.69-—1.59)
—2.08*%% (—2.48-—1.68)
—0.06 (—0.14-0.03)

—2.66%** (—3.88——1.44)
—2.45%%* (=3,01-—1.88)
—2.63%%% (—3.04——2.21)
0.02 (—0.06-0.11)

—21.85%** (—29.85-—13.86)
—4.98%%% (=7.19-—2.77)
—4.88%% (—6.00-—3.76)
—1.41* (—2.48-—0.33)

—24.89%** (—32.89-—16.89)
—7.55%%% (=9.79-—5.31)
—5.34%¢% (—6.48-—4.20)
—1.66%* (—2.74-—0.58)

—6.857** (—8.45-—5.25)

—6.88%** (—8.88——4.88)

—0.79 (—2.03-0.45)
—2.41%%* (—2.98——1.83)
—2.68%%* (—3.10-—2.26)
0.06 (—0.03-0.15)

—25.37%%* (—33.42-—17.32)
—7.63%%* (—9.90-—5.36)
—4.08%%* (—5.25-—2.91)
—0.06 (—1.18-1.05)

—6.33%** (—7.96-—4.70) —6.46*** (—8.15-—4.77)

—6.07%** (—8.10——4.04) —5.97*** (—8.10-—3.85)

—0.09 (—1.33-1.15)
—2.37%%¢ (=2.95-—1.78)
—2.81%%* (—3.24-—2.38)
0.04 (—0.05-0.13)

—0.67 (—1.96-0.62)
—2.42%% (=3.03——1.81)
—2.99%%% (—3.43-—2.54)
0.03 (—0.06-0.12)

—23.84%** (—31.88-—15.81)
—7.34%%¢ (=9.65-—5.02)
—3.38%0% (—4.55-—2.20)
1.04 (—0.05-2.14)

—21.44%** (—29.85-—13.03)
—6.35%%* (—8.83——3.87)
—3.61%%* (—4.83-—2.38)
0.23 (—0.88-1.33)

therapeutic classes (20). The campaign had no impact on quino-
lones.

This long-term monitoring of outpatient antibiotic prescrip-
tions was made possible by the existing large NHI databases that
provide individual data on antibiotic reimbursements for >90%
of the French population. These weekly data allowed analysis of
time trends in outpatient antibiotic use because they are not af-
fected by an information bias. We used ARMAX models that are well
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suited for time series analyses. These models were selected indepen-
dently, and very similar underlying structures (ARMA model) were
found for all the series, supporting the validity of those models. Sea-
sonal FLS variations that could affect antibiotic prescriptions and
hamper the interpretation of the trends were accounted for in the
entire series and therapeutic class analyses. Unfortunately, FLS inci-
dence could not be adjusted for age group analyses. However, percent
changes might have differed if we had adjusted for the age group FLS
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by age group and therapeutic class. *, P < 0.05 compared to baseline values (t test). Asterisks were lined up when the space between dots was too small.
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TABLE 3 Estimated changes of the weekly absolute numbers of antibiotic prescriptions per 1,000 inhabitants compared to the baseline 2000-2002 period during warm periods (week 14 of year
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2004 2005 2006 2007 2008 2009

2003

inhabitants
16.54

Series

—0.39 (—1.8-1.03) —0.80 (—2.30-0.70) 0.35 (—1.21-1.91) 0.30 (—1.31-1.92) 0.57 (—1.08-2.22)

—0.01 (—1.2-1.18)

—0.42 (—1.43-0.59)

Entire series

(FLS adjusted)

0.26 (—1.59-2.10) —0.28 (—2.20-1.64) 0.89 (—1.08-2.86) 1.14 (—0.88-3.15) 1.46 (—0.58-3.51)

—0.05 (—1.43-1.32) 0.54 (—1.15-2.24)

16.54

Entire series

(FLS unadjusted)

Antibiotic class (FLS

adjusted)
Penicillins

3.07% (1.81-4.34)
0.02 (—0.57-0.62)

2.98* (1.73-4.22)

2.69% (1.47-3.91)
0.07 (—0.49-0.64)

1.29% (0.09-2.48)

1.30% (0.15-2.44)
0.16 (—0.35-0.67)

0.86 (—0.19-1.91)

0.09 (—0.76-0.94)
—0.07 (—0.43-0.28)

—0.19 (—0.45-0.07)

0.08* (0.00-0.16)

7.14
3.63
3.99
1.39

—0.01 (—0.59-0.57)
—0.69* (—1.11=—0.27)

0.34* (0.25-0.43)

—0.18 (—0.72-0.36)
—0.53* (—0.92-—0.13)

0.21% (0.12-0.30)

0.06 (—0.39-0.52)

Cephalosporins
Macrolides
Quinolones

—0.66* (—1.09-—0.23)

0.26* (0.17-0.35)

—0.47* (—0.88——0.06)

0.34% (0.25-0.43)

—0.26 (—0.63-0.11)

0.15% (0.06-0.24)

—0.20 (—0.53-0.13)

0.09% (0.00-0.17)

(FLS unadjusted)

Age group (yr)
0-5

—4.76 (—12.83-3.32)
—4.58% (—6.88——2.29)

1.11 (—0.07-2.29)
2.78%%* (1.68-3.87)

—5.78 (—13.82-2.26)
—5.54* (—7.78-—3.30)

0.56 (—0.61-1.73)

—4.64 (—12.66-3.38)
—5.18% (—7.38——2.98)

0.86 (—0.29-2.00)

—5.94 (—13.94-2.07)
—5.77* (—7.94-—3.60)
—0.09 (—1.21-1.03)
1.04 (—0.03-2.11)

—1.28 (—9.32-6.76)

4.55 (—3.45-12.56)

2.74 (—3.77-9.25)

38.40
16.04
14.76
13.08

—3.37% (—5.48-—1.25)

0.04 (—1.04-1.13)
1.22* (0.17-2.28)

—3.48% (—5.56-—1.41)
—0.14 (—1.16-0.87)

0.64 (—0.38-1.62)

—2.87* (—4.85-—0.88)
—0.19 (—1.01-0.64)
0.20 (—0.70-1.10)

4%, P < 0.05; %%, P < 0.001 (compared to baseline [f test]).

6-15

16-60
>60

2.65%** (1.54-3.75)

2.24*%% (1.16-3.32)

incidence, but the trend would probably not have been markedly
modified. Analyses with and without adjustment for FLS incidence
have been performed for the entire series, and the results are similar
(Tables 2 and 3). There is no reason to believe that it would be mark-
edly different for age group analyses.

This analysis has several limitations. First, preintervention data
are limited (2 years), as we did not have data for before July 2000.
We cannot exclude a change in antibiotic consumption before the
start of the nationwide campaigns. However, between 2000 and
2002, the outpatient antibiotic consumption rate seemed to be
stable, so the potential change would probably be negligible com-
pared to the changes observed after the start of the campaigns.
Second, considering the context, we could not have a control
group. Therefore, as underscored by Sabuncu et al. (8), because of
the absence of a control group and the limited preintervention
data, a cause-effect relationship between the campaigns and re-
duced antibiotic use cannot be established. Also, the absence of
data on the diagnoses that led to antibiotic prescriptions limits the
understanding of the impact of the campaigns. Unfortunately,
studies on antibiotic prescriptions including indications for treat-
ment are scarce and focused only on pediatric prescriptions (16,
17), as children are the predominant consumers of antibiotics and
were thus the main target of the national campaign.

In conclusion, overall outpatient antibiotic use in France de-
clined significantly between 2002 and 2010, but an upward trend
has been observed since 2007. Moreover, trends markedly differed
between age groups and therapeutic classes. Particularly, antibi-
otic consumption by the elderly (>60 years old) tended to in-
crease. This observation highlights that a better understanding of
antibiotic use by senior outpatients is urgently needed to target
and tailor public health actions for this population. With respect
to therapeutic classes, further research is warranted to understand
the determinants of prescription that could explain the contrast-
ing trends.
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