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ABSTRACT

Background: Asthma is difficult to diagnose in children and at times misdiagnosis of an
infection can occur. However, little is known about the magnitude and patterns of

antibiotic consumption in children with asthma relative to those without asthma.

Methods: Using population-based data, 128,872 children were identified with at least 6
years of follow-up. The adjusted rate-ratio (RR) of antibiotics dispensed to asthmatic as

compared to non-asthmatic children was determined.

Results: At age six, the RR of antibiotic consumption for asthmatics compared to non-
asthmatics varied between, 1.66 to 2.32, depending on the year of asthma diagnosis. Of
the 18,864 children with asthma at ages 2-8, 52% (n=9,841) had antibiotics dispensed in
the 6 months prior to their index date of asthma diagnosis. The RR of antibiotic
consumption in the 1 month prior to asthma diagnosis compared to 5 months prior was
1.66 (95% CI 1.60-1.71). The RR was lower in males compared to females (1.58 vs
1.77), and lower in those who received antibiotics in the first year of life relative to those

that did not (1.60 vs. 1.76).

Conclusions: There is higher antibiotic consumption in children with asthma compared
to those without asthma. The pattern of antibiotic use suggests that diagnosis guidelines
are difficult to follow in young children leading to misdiagnosis and over treatment with

antibiotics.



BACKGROUND

Studies performed in varying populations over the last 30 years have indicated
that the prevalence of asthma has significantly increased [1,2]. Asthma rates are
particularly high in children with one in eight school children being affected [3]. Asthma
is difficult to diagnose — particularly in children as frequently their only symptom is
coughing which may be mistaken for an upper respiratory tract infection in addition to
the fact that they cannot participate in many of the standard diagnostic tests. The North
American guidelines [4,5] for pediatric asthma management outline a stepwise approach
to asthma management with the aim being to initiate control of asthma with regular anti-
inflammatory therapy and monitor the level of control by use of rescue medication as
well as symptoms, and in older children with assessment of airflow obstruction [6,7]. As
such, patients should start treatment that is consistent with the initial severity of their
asthma and then step down when control has been achieved. The availability of
guidelines does not necessarily mean a high uptake by clinicians. Several studies have
evaluated the use of asthma medications in adults and children and have shown that 40 to

60% of prescribing does not reflect the recommendations in guidelines [8,9,10].

In contrast to the use of asthma medications, antibiotics are over utilized in
children and often prescribed for viral infections [11,12,13,14,15]. Our recent studies
have evaluated the use of antibiotics in Canadian children and we showed that although
overall antibiotic use had declined over a decade, their use in a Canadian population
exceeds that of European children [11]. In addition, the use of antibiotics in children

under 4 years of age, was double that of children between 10-14 years of age — and was



primarily associated with upper respiratory tract infections, acute otitis media and

bronchitis [12].

We know that antibiotics are not routinely used in the treatment of asthma — the
asthma treatment guidelines clearly state that although symptoms associated with poor
asthma control often overlap with symptoms associated with respiratory tract infections,
clinicians should take care in differentiating between the two conditions. We conducted
this study to determine the patterns of antibiotic consumption in children with asthma.
Specifically, we wanted to determine if antibiotic consumption was greater in children
who developed asthma compared to those who did not and to examine the rate of

antibiotic consumption prior to the diagnosis of asthma.

METHODS

Study Population

The longitudinal study cohort consisted of all live births in British Columbia
(BC), Canada, from January 1997 through December 2003. Follow-up information was

available from all data files up to December 2005.

Data Sources

We used population-based, linked administrative health data that contained
information on all physician services (known as MSP), hospital admissions, vital status
information, socioeconomic status (SES) (determined through postal code and census
classifications such as median neighbourhood income and split by quintiles therefore

those in neighborhoods reporting the greatest 20% of incomes in the population will be in



the 5th quintile) and outpatient dispensing episodes of prescription drugs (PharmaNet) to
assess potential antibiotic exposures, potential confounders, and outcomes. Linkages
among the various data files were achieved through the use of a personal health number
unique to every BC resident; all traceable personal identifiers were removed to protect
patient confidentiality. Ethics approval was obtained from the University of British

Columbia Behavioral Research Ethics Board.

Information on dispensed asthma drugs and antibiotics between 1997 and 2005
was extracted based on the 2009 Anatomical Therapeutic Chemical Classification System
(ATC) codes [16]. Asthma medications (ATC codes RO3A-D) consisted of short-acting -
agonists, inhaled corticosteroids, ipratropium, or leukotriene receptor antagonists and
ketotifen (ATC code RO06AX17). Antibiotics (ATC code JO1) were classified as

penicillins, cephalosporins, macrolides, sulfonamide, or other classes.

Physician visits in the database were classified according to the 3-digit diagnostic
code (International Classification of Diseases, Ninth Revision (ICD-9)) associated with
that visit and the type of physician (e.g. general practitioner versus specialist). These
visits were also extracted in the year prior to asthma diagnosis. In addition, any visits to
an allergist, respirologist, or immunologist visit were obtained. Similar codes were used

to classify hospitalizations.

Asthma Definition and Index Date

The definition of asthma employed in our study was either: (1) a hospital
discharge for asthma (ICD9 493); or (2) two medical fee-for-service claims coded ICD9

493 within a moving 12-month period; or (3) two prescriptions for a known asthma



medication within a moving 12-month period. The index date was defined as the date of
the first episode by which the diagnosis of asthma was established. Previous research
comparing various database asthma definitions to a gold standard of an allergist’s
diagnosis of childhood asthma found that this definition of asthma had a positive
predictive value of 92%, which was higher than other definitions requiring fewer visits

and prescriptions [17,18].

Statistical Analysis

Antibiotic rates in asthmatics versus controls

Rates of antibiotic dispensing in asthmatics and non-asthmatics by age 6 were
examined in those with at least 6 years of follow-up from birth (n=128,872). We defined
five groups according to their asthma diagnosis in this period: 'no asthma by age 6' or
asthma definition reached at age 2, 3, 4, and 5 years. Asthmatics reaching the index date
within their first two years of life (n=22,736) were excluded since the diagnosis of
asthma is difficult and confounded by other illnesses and the rate of antibiotic dispensing
was high and variable in this age range. Annual antibiotic dispensing rates until age 6
years were calculated in these five cohorts. As previous work has shown changes in
antibiotic prescribing rates in this population over time [12], we adjusted for calendar
year in all analyses. Rate ratios for antibiotic dispensing in the four asthma groups

compared to the 'no asthma by age 6' reference group were also plotted.

Antibiotic rates near the asthma index date

We examined incident asthma cases identified prospectively from age two years

until the earliest of: 31st December 2005, death, or departure from BC (n=18,864). For



children not registered in the MSP on 31st December 2005, the date of departure from
BC was defined as the latest occurrence of: MSP coverage, MSP visits, hospital
separations, or PharmaNet records. This allowed follow-up up to capture asthma
diagnosed to a maximum age of 8 years. The monthly rates of antibiotic and asthma
medication dispensing were plotted by age at asthma index date in those followed for 6

months prior to and also for 6 months post the asthma index date (n=17,297).

Poisson regression analysis was used to estimate rate ratios (RR) and their 95%
confidence intervals (CI) for the rate of antibiotic dispensing in the six months prior to
the index date adjusting for the various potential confounders. As the number of
antibiotics dispensed per child was overdispersed, the deviance chi-square was used to
adjust the standard errors. Potential confounders adjusted for included gender, birth
weight, and congenital anomalies. Time varying covariates included calendar year,
seasonality, child age, and in the preceding year: quintiles of socioeconomic status (SES),

frequency of physician visits, and allergist/respirologist/immunologist visit.

To calculate the RR and 95% CI for the antibiotic prescribing rate in the month
before the index date compared to the 5 months before that, Poisson models were used
with general estimating equations to obtain robust standard errors accounting for the
correlation between the two rates being estimated for each child [19]. Interactions
between the RR and all of the confounders were tested in a Poisson model and results

were presented for confounders that independently significantly altered this RR.

To examine indications for antibiotics prescribing in the six months prior to the

index date, the infectious diagnosis (according to ICD9 codes) were reported for the most



temporal MSP billing code within 5 days preceding the dispensing episode. Proportions
of the indications for antibiotic prescribing in the month prior to the index date and the 5

months prior to that were compared via chi-square tests.

RESULTS

Antibiotic rates in asthmatics versus controls

For those 106,136 children with at least 6 years of follow-up (excluding
asthmatics reaching their index date in the first 2 years of life), 96,496 (91%) did not
meet the definition of asthma by age 6 years and the remaining met the definition at age 2
(2.6%), 3 (2.4%), 4 (2.1%) and 5 (1.9%). The asthmatics first met the criteria for
diagnosis in 57% of cases via a medical claim, 53% by prescription, and 5% by
hospital discharge. 12% met the criteria for asthma diagnosis by medical claim and
prescription simultaneously. The rates of antibiotic prescribing by year of age and by
age at the asthma index date (adjusted for calendar year - presented for year 2000) were
characterized for these children (Table 1). The rate was elevated in the asthmatics
compared to the non-asthmatics and this ratio peaked during the year of asthma diagnosis

with a RR of around 2.30-2.36 (Table 1).

Antibiotic rates near the asthma index date

A total of 18,864 children first met our definition of asthma between their 2nd
birthday and 31 December 2005. Antibiotics were dispensed to 9,841 (52%) of these
children in the 6 months leading up to their asthma index date. They were dispensed

17,245 courses of antibiotics during this period and 4,293 (25%) of these antibiotics were



dispensed in the month before the index date. The three most frequently antibiotics/type
of antibiotics dispensed were amoxicillin (45%), macrolides (29%) and cephalosporins
(14%). Antibiotic dispensing increased prior to the asthma index date and rapidly
decreased in the 6 months afterwards (Figure 1). Very few asthma medications were
dispensed prior to the asthma index date, a large rate dispensed on the asthma index date
(61% of asthmatics dispensed asthma medications on the index date), and then a level

similar to that of antibiotic dispensing afterwards (around 200 per 100 PY) (Figure 2).

Exposure to antibiotics in the first year of life was associated with increased
antibiotic dispensing in the 6 months prior to the index date (RR 1.26, 95% CI 1.22-1.30)
in the multivariable model (Table 2). In addition, visiting a specialist in the previous year
(RR 0.85, 95% CI 0.75-0.96) and congenital anomalies (RR 0.93, 95% CI 0.88-0.98)
were associated with lower antibiotic dispensing. Asthma diagnosed in spring and
summer was associated with a greater rate of antibiotics being dispensed in the previous 6
months than asthma diagnosed in the winter or fall. A decreasing rate of antibiotics
dispensing was observed across increasing SES quintiles with the highest SES quintile
being associated with 0.91 (95% CI, 0.86-0.96) fold fewer antibiotics being dispensed.
Also an increasing rate of dispensing was observed across increasing frequencies of
physician visits in the last year, so those visiting a physician > 12 times in the previous
year were dispensed antibiotics 7.79 (95% CI, 7.13-8.51) times more frequently relative

to those visiting a physician <12 times.

The rate of antibiotic dispensing one month prior to the index date was elevated
(RR 1.66, 95% CI 1.60-1.71) compared to the immediate 5 months before this (Table 3).

Gender, season, SES, visit to a specialist, and frequency of physician visits in the year



prior to diagnosis all independently modified this RR. Specifically, in the subgroup
analysis, the rate of antibiotic dispensing in girls and boys was significantly higher in the
one month prior to the index date as compared to the 5 months prior (RR 1.77, 95% 1.68-
1.87 and 1.58; 95% CI 1.51 — 1.65, respectively). Similarly, those who had not visited a
specialist in the year prior had a higher ratio (RR 1.67, 95% 1.61-1.73) relative to those
that had. The RR was greater in the fall and winter than spring and summer, although all
seasons were associated with a significantly greater rate of antibiotic dispensing one
month prior to the index rate than in the previous 5 months. The ratios were also higher
for those with fewer physician visits in the prior year and those with a lower SES. For
example, those with <2 physician visits (RR 2.22, 95% CI 1.86-2.64) and those in the
lowest SES quintile (RR 1.70, 95% CI 1.59-1.82) had a higher rate of antibiotic

dispensing in the one month prior to the index date compared to the 5 months prior.

Upper and lower respiratory tract infections (RTIs), otitis media and bronchitis
were the most frequent diagnoses preceding the antibiotic dispensations in the 6 months
prior to the index date (Table 4). Lower RTI and bronchitis were more frequently
associated with antibiotic dispensing in the one month before the index date compared to
the 5 months before. Upper RTI, acute otitis media, lower urinary tract infection, and
skin/soft tissue infection were less frequently associated with antibiotic dispensing in the

one month before the index date compared to the 5 months before that.

DISCUSSION



This is the first study to clearly show a pattern of increased consumption of
antibiotics in children in the period immediately before the diagnosis of asthma. Those
children who were eventually diagnosed with asthma had a higher rate of antibiotic use
than those who were never diagnosed with asthma during the follow up period of the
study. However, the rate of antibiotic use was at the highest in the year that asthma was
diagnosed. Specifically, in the one month period leading up to their first asthma-related
episode, children with asthma were almost 1.7 times more likely to receive an antibiotic
prescription than in the five months prior. In addition, these children were more likely to
receive a diagnosis of a lower respiratory tract infection or bronchitis rather than asthma
in this time period. This finding, coupled with the fact that those children that were
ultimately diagnosed with asthma had a higher baseline rate of antibiotic consumption,
highlights the need for clinicians to diagnosis asthma in children promptly and not to

inappropriately prescribe antibiotics, especially in those with respiratory symptomes.

Antibiotics are an important component of treating bacterial infections in both
adults and children. But their overuse has important public health consequences as it
leads to drug resistance [20,21,22,23,24]. Several studies have showed that antibiotic use
in Canadian children is not only higher than their European counterparts but that
penicillins are more likely to be prescribed in Europe compared to macrolides in
Canadian children [11,12]. Furthermore, clinicians should also keep in mind that young
children who present with symptoms of shortness of breath and wheezing may have an
infection but for the most part it is viral rather than bacterial, negating the need for
antibiotics [25]. As such, much of the antibiotic use documented in this study may have

been avoidable. Given the high probability of cough and shortness of breath in young



children being due to a viral infection or possibly non-infectious cause (e.g., asthma), a
“watch and wait” approach [26,27,28] is advocated for upper respiratory tract infections
and frequently for otitis media. Asthma guidelines have been shown to be effective in
controlling antibiotic prescribing in this regard but are often challenging to implement

[29].

It is well known that the diagnosis of asthma in children less than 5 years of age is
difficult and related to the fact that episodic wheezing and shortness of breath are also
present in children who do not have asthma [30]. In addition, there is a challenge to
objectively measuring airflow obstruction in this age group especially in primary care
where access to spirometry in all age groups is not readily available. Thus, guidelines
suggest the following as having a high positive predictive value of asthma in children —
frequent (more then once a month) episodes of wheeze, activity induced cough or
wheeze, nocturnal cough when the child does not have a viral infection, absence of
seasonal variation in wheeze and persistence of respiratory symptoms after the age of 3
years. In young children, the diagnosis of asthma is based on a clinician’s judgment,
symptomatic improvement after a trial of therapy with inhaled corticosteroids and use of
a short acting beta-agonist for symptom relief. In our study, we partially circuamvented the
problem by excluding all asthma diagnoses in the first two years of life. In addition, the
patterns of antibiotic use were the same for older children (5 years old and greater) as

younger children (< 5 yrs) increasing the confidence of our results in younger children.

Several of our observations require further thought. The strongest associations
occurred in children from lower socioeconomic status. Our data do not allow for a

definitive statement regarding this phenomenon. However, since higher socioeconomic



status is associated with higher education, it is possible that parents of higher
socioeconomic status were more inquisitive of the child’s care leading to the
consideration of alternate diagnoses other than infection. Also, we found that females
were more likely to have a higher number of prescriptions for antibiotics prior to the
diagnosis of asthma. Given that asthma is more common in prepubescent boys than in
girls, this result seems counterintuitive. However, given this difference in incidence
physicians may be even more reluctant to consider asthma as a diagnosis for girls in this
age group and therefore are more likely to prescribe more antibiotics. Another finding of
note included that exposure to antibiotics in the first year of life was associated with
increased antibiotic dispensing in the 6 months prior to the index date. Despite the fact
that the frequency of physician visits were adjusted for in the analysis, it is possible that
this finding might be due to residual confounding due to treatment seeking behavior.
Finally, we found that asthma diagnosed in spring and summer was associated with a
greater rate of antibiotics being dispensed in the previous 6 months than asthma
diagnosed in the winter or fall. A possible explanation for this finding is that, due to the
presence of allergens in the spring and summer, clinicians might experience patients with
more severe respiratory infections and can easily rule out seasonal influenza as the cause.
As such, more antibiotics are prescribed during these seasons. All of these findings merit

further examination in well-conducted prospective studies.

Our study is not without limitations. Due to the nature of the data, many
important potential confounders (such as birth order, family history of allergic disease,

maternal smoking) could not be adjusted for in the multivariable models. However, these



variables are unlikely to impact the main analysis which showed an increased rate of

antibiotic prescription just before the diagnosis of asthma.

There are many ways to define asthma diagnosis in administrative data
[31,32,33]. We employed a method that was developed and validated by researchers in
Canada although on a slightly older group of asthmatics [18]. However, it is possible
that, by using this method, we have misclassified some children as asthmatics whose
symptoms subsequently resolve. In addition, the converse is also possible with some
asthmatic children being classified as non-asthmatic. It’s likely there is physician and
possibly parental reluctance, to consider asthma as a diagnosis given the potential
implications such a label brings. For example, Their et al showed that physicians were
very likely to prescribe inhaled corticosteroids for children with asthma but only a small
minority of patients had their prescription filled [34]. As such, these patients might be

misclassified in an administrative database study.

We acknowledge that the diagnosis of asthma is difficult in those less than 5 years
of age but believe that the consistency of our results between the younger (< Syears) and
older (> or = to 5 years) is a validation of our definition. Although we document an
association between antibiotic use and the diagnosis of asthma, our study does not
address the issue of whether asthma is caused by antibiotics or is an associated finding.
Clarifying the answer to this question would be difficult to prove conclusively without a
clinical trial which would obviously be prohibited by ethical issues. However, the pattern
of use of antibiotics and the immediate reduction in their use post-asthma diagnosis

suggests that antibiotics were being used for asthmatic wheeze. This assumption is



strengthened by considered the reasons for antibiotic prescription leading up to the

asthma diagnosis (bronchitis and upper respiratory infections).

CONCLUSIONS

Our study shows an increased use of antibiotics in children ultimately diagnosed
with asthma compared to children without this diagnosis and use of antibiotics is highest
just before the diagnosis of asthma. This suggests that clinicians are initially slow to
respond to a pattern of cough as being due to asthma but rather label it as an acute
infection. In the setting where antibiotics are often prescribed, a wait and see approach
and earlier consideration of the possibility of asthma would lead to a faster resolution of
symptoms and the establishment of a correct diagnosis. Less use of antibiotics would also
facilitate a lower risk for the development of bacterial resistance as well as the avoidance
of antibiotic related morbidity linked to adverse events. We therefore propose that the
prescription of more than two courses of antibiotics for respiratory symptoms in a child
over a six month period should be sufficient to warrant consideration of an asthma

diagnosis.
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Figure 1. Monthly rate of antibiotic medication dispensing per 100 person-years by
months before and months after asthma index date and by age at asthma index date* (Age
(years) at asthma index date: blue diamonds=3, pink squares=4, yellow triangles=5,

turquoise crosses=6, purple stars=7, brown circles=8-9).

*N = 17,297 with 6 months follow-up before and 6-months follow-up post asthma index date

Figure 2. Monthly rate of asthma medication dispensing per 100 person-years by months
before and months after asthma index date and by age at asthma index date* (Age (years)
at asthma index date: blue diamonds=3, pink squares=4, yellow triangles=5, turquoise

crosses=06, purple stars=7, brown circles=8-9).

* N = 17,297 with 6 months follow-up before and 6-months follow-up post asthma index date



onp.a 2J0.4 — Yy ‘SAvaL uos1ad — [ J $o1301quup — XV SU0DINLQqY

IedAk Iepuoled 10J palsnlpe pue g a3e Aq puIyISE INOYIIM SO} UI XV JO 91kl 0) paredwioo

(8G°1-1G°1) GG} 0'Lylk (69°1-€9°1) 99°} zestH (pL 1691 2L} L'9G} (08°1-GL° 1) LL'} G2olt G'16 g obe
alojeg
(lv'e-1ee) 1ee 1861 (00'2-€8°1) 16°} 0¥9lt (6L 1-¥9° 1) 2L} A4} (GL71-09°1) L9°} eyl 8'G8 S
(P27 1-2G71) 99°} 6Lyt (0¥'2-02°2) 0€°2 0,6} (£671-18°1) 68} 1291 (08'1-G9°1) €7} L8yl 1’68 14
(29 t-9v°1L) v5'1 6'9¢t (187 1-89°1) 9L°} 8'9G} (ev'evee) eee G202 (66°L-¥8°L) 16°} 0°0Lt 068 €
(9¥'1-ge1) 6e’t 6veh (€9 1-8¥°1) 9G°} zovlk (€L71-859°1) GO} 06Yk (S¥'2-82°2) 9¢e'2 o€le 106 4
(9¥'1-92°1) 2e'} 7'9G1 (G¥1-eet) 6e't 069t (es t-ov'1) ov't v'ELL (99°1-¥5°1) 09°} L1061 88l b
(ge't-gz'1) 8zt €801 (8e71-62'1) 1e°L 80LL Ly 1-vE L) ov'L G8lLlL (es 1-0v"1) Lv'L 6'cch 948 0
(1D %G6) "y Ad 001 (1D %G6) "y Ad 001 Jad (1D %G6) "y Ad 001 Jad (1D %56) 1Y Ad 00} sad Ad 001 sieak
Jod Xgv Xay o orey Xavy 4o orey Xgv joeley  Jad Xgy jo ejey ‘aby
(6€0'2=U) G %ﬁ = (8ez'2=u) v aby (2/G'2=u) ¢ aby (16272=U) Z 9By (96¥'96=U) 9 abe
a]ep xapul Bwyise je aby AqQ ewyise oN

(000T TeaA I0J pazIpiepue)s sdjel) 9

33e Aq sonjewyjse-uou 03 paredwod soner el pue SISOUILIP BwWY)se Jo A3e AQ 938 Jo 1eaA 1ad pasuadsip sonoiqnue Jo sajey :| 9qeL



Japuap

0ET-¢CT 9C'T 8'€T¢C L'YS zeeot SOA

T000°> 00T 9'SY1 €SP s’ ON
JeaA 1s41} ul aunsodxa 21101q13uy

68'0-180 S80 9'0ST €T 9sT’s led

8T'T-L0T €11 6’761 L9T wt'e Jawwns

0ET-6TT Vet 8'LTC LT ovT’s 8unds

1000°> 00T 6'6L1 0'LcC G80°S Jo1UIM
sisougelp ewy3Se JO UOSeas

9T'T-560 SO'T €TLT T'1¢ TL6°E S00¢

80'T-680 860 [ 74} T'€C 1SEY 700¢

LO'T-880 L60 7'081 S'81 vev'e €00¢

90'T-980 S6°0 0'8LT S'q1 ¥26°C ¢00¢

vT'1-€60 €01 0'90¢ S'T11 G9T'C T00¢

60'T-880 860 8°L0¢C 6'L 8Y'T 000¢

T000°> 00T 6'9¢¢C S'¢ SLY 6661
sisougelp ewyise Jo JeaA

66'0-180 680 VLTT 9'v VL8 8-L

¢T'T-960 €01 6'€ST L9 et 9

LT'T-v0T oT'T 6'TLT Vet 8€€’C S

S0'T-S60 00T 7’991 9'LT 9TE’e 14

LO'T-860 €01 S'G8T S'S¢ 018’V €

T000°> 00T 6'60¢C (A3 ¥ST'9 [4
sisoudelp ewyjise je 938y
d 1D %56 4y (sisoudelp % u Japunojuo)

03 Joud syjuow 9)
Ad 00T J3d XgV jo aiey

oJep xoput oy} 03 Jord syjuowr XIs ur Jursuadsip oroiquiue Jo sonel el A[qeLeANNA T 9[qeL



99°'T-¢S0 €60 €LT 10 [44 umouiun

€CT-€80 10T 9691 T'¢C 10V S <
¢CT-L80 €0'T 0'6LT Ty 8VLL Sv-9'€
6T°'T-980 10T 9°G81 6'0S €656 S'€-G¢C
T¢T-S80 10T ¢'S61 6’ €¢6 SC-91
00T €681 60 LLT ST>
260 (8%) yS1em yuig
19'8-€T°L 6L’L €'99¢ 6'0¢ Sv6'e CI<
LES-6V'Y 16’V £°0¢¢ 8'¢¢C 80€V ¢1-0T
¢9'€-¢0'¢e T€'€ €LYT S've 979t 6-S
6C'C-L81T L0C W4 L9T LYT'E v-€
T000> 00T €y 0'sT 8€8°C -0
JedA 1se| ul syUSIA ueisAyd
STT-960 S0'T €TLT S'€ 999 umouiun
96'0-980 160 6°LST 9T vvL'e a|1uInb yyi4
00°T-060 S6°0 0'0LT VLT 06C'€ 3|13uInb yyno4
€0'T-€60 860 7’681 6’61 vvL'E a|1uInb pay L
€0'T-v6°0 860 8'68T 9'1¢ vL0'v 3|1uInb puodas
¥00°0 00'T 9'10¢ T'€C LSE'Y a|iuinb 3sui4
«(uonejndod ajoym jo saiauinb) sisoudelp aio4aq Jeah syl ul S35
86'0-880 €60 6'06T (A0} 1C6°T SOA
9000 00T 0'¢8T 868 €V69T ON
(4edA 15414 ul) saljewoue |eURZUOD)
96'0-SL°0 S8°0 L7961 0¢ LLE SOA
800°0 00T L7C8T 0'86 L8Y'8T ON
(4e3A 15€] UI) AUSIA 3S180]0UNWIWI/1SIS0|0J1dS./1S1848| |V
¢0'T-S60 660 €81 6'89 0T'TT oleN

8€0 00T 0'18T [N T9L'L delwad



9mumb

QWIOOUT JSIMO] Y} ST Is11J Ay} pue o[nuInb swoout 31soy31y ay} SI YiJiy oY) — s9[uInb swoour pooyInoqysrau Aq Snjeis JIou0I0I0S 4

onypa 2104 — Y ‘S1vak uosiad — {4 $o101quup — XV SUOUD1A24qqY



T000™> 9'T-191 91 8ViT 9'38T1 9'1¢ vL0'Y 3|uinb

puodas
T000™> 0L'T-6ST 0L'T 7'0C1 S'v0¢C T'€C LSE'Y 3d|1uInb 3s1i4
(uoneindod ajoym jo sajinuinb) sisoudelp a1o0jaq Jeah ay3 ul S35
T000™> LST-TV'1T 67’1 9'8¢¢E S'887 6'0¢ Sv6'e CI<
T000™> ¢81T-6S91 0L'1 9°L61 ¢'9€e 8'¢¢ 80€V ¢1-0T
T000™> 88'T-19'1 VLT CTET €'8¢¢ S've 929y 6-S
T000™> 8T'C-€L'T 76'T 008 (A1)} L91 LYT'E v-€
T000™> v9'C-98'1T (444 8'9¢ 9’18 0'ST 8€8°C -0
(s9113uinb) 4edA 1se| ul sHSIA uelIsAyd
S0 TS'T-080 OoT'1 v'e6l CETe 0'¢ LLE SOA
T000™> €LT-T91 L9°T v'vo1 T'vLe 0’86 L8Y'ST ON
(4eaA 1se| ul) UsIA 1s130j0UNWIWI/1SI80|041dSB4 /151843 )Y
T000™> vo'c-LLT 06’1 CTET 0'6v¢ €LC 9sT’s led
00 TCT-001T oT'1 L1161 8'0T¢ L91 wt'e Jawwns
T000™> €S'T-6€1 1A 6'¢0¢C 6°06¢C LT ovT’s 8unds
T000™> 0g'Cc-v0'¢ LT'C 1991 €9¢e 0'LC S80S J21UIM
sisougelp Bwy3Se JO UOSeaS
T000™> S9'T-1S1 891 17°89T 1°99¢ 6'8S ToT'TT S[eN
T000™> L8T-891 LLT ¥'091 S'18¢ (AN 79L'L dewa4
Japuan
T000™> TLT-091 991 6791 T'€Le 0°00T 79881 [Ie43A0
d 1D %S6 Yy (sisou8elp 240490 (sisoudeip 240499 % u dnoJ3qns
91049( syjuow g sa sisoudelp SYyuow 9-T) Ad 00T ~ Yiuow) Ad 00T
9J0J9q Yluow ui Xgy Jo ai1ey Jad xgy jo a1ey Jad Xgy jo 91ey

sdnoi3qns Jued1yrugIs

Ul 9J0Joq syjuow ¢ 0) paredwod djep X9pul AY) 210Joq Yiuow ul Jursuadsip onorqnue Jo Aduanbaiy oyl Jo soner ey ¢ 9qeL



omumb

QWIOUT 1SOMO] Y} ST ISI1J 9y} pue o[nuInb swoour 1sayS1y 2y} ST YaJiy oYy — so[nuInb awoour pooyioqysiou £q snjeis JIWOUOIAOII0S

oD 2J0d — Y ‘SADaL uostad — [ J $o1301quup — XV SUODINILQQY

T000> TIST-9€T  1IST T'L6 v opT 9vT WL a|uInb Y14

T000> 09T-L¥'T 09T 0°€0T 1'59T VLT 067'€ 3|nuinb
y1nod

T000>  08T-99T 08T T°60T 6'S6T 66T vyL's  3unb payy



"Jey} 81048q syuow G o0} pasedwod yjuow snoindid ay} ul sisoubelp Jeyi 0} anp pasuadsip soioiqiue jo uoiodoid ul 8ousiayIp Joj 1sa) asenbs-1yod Joy 10°0>d ,

0 6C 0 0c 0 6 (€6¥) plyISY
€1 €54 91 90T 90 Y4 (665
‘L6S ‘S6S) UONIJJUI JoeI) ATRULIN JOMO]
14! e 91l S0T 60 6¢ %(989-089 ‘GE0) UONOSJUL ANSST) YOS/UDYS
v'e L6S 0¢ 98¢ 6'v 11C +(981-18%) uondaqur joen Krojerdsar 10mo|
€Cl ¥89¢ 91 oric Lel 1445 #(C8E-18€) BIPAUW SN0 ANOY
6'¢l evye 8¢l 8691 €81 G8L «(161-06% ‘99%) sniyouolg
I'€c 98014 9°€T 290¢ I'ee £66 (S9¥
-19% ‘¢€0) uonoojur 3oen K1ojendsar roddn
% suondirdsaad % suondrrdsaad % suondrrdsaad (3pod ¢@DI) sisouserq
noiqruue noiquue noIquue Jo _quinN
Jo J_quInN Jo _quInN

310J3q Syjuow XIS 310J3q syjuow 9-| 310J3q Yjuow du(

(suonduosaxd

onoIqnUE GH7*L1=N) 91ep Xopul oY)

0} Joud syjuow g Y} UI PIsudSIp soNOIqNIUE 0) PIJR[AI SISOUSBIP UOWWIOD ISO]N ‘§ J[qe],



Incidence of ABX (per 100PY)

500

400

300

200

100 -

Figure 1

-1 0 1 2 3 4 5

Time from index date (months)




[7)]
[
o
S
©
o
©
m/\
EX
(4]
£ 8
T
D =

(]
Sa
(@]
()
(&)
[
()
o
(&)
=

Figure 2

1400

1200

1000

800

600

400

200

Time since index date (months)




	Start of article
	Figure 1
	Figure 2

