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Impact of Electronic Health Record-Based Alerts on
Influenza Vaccination for Children With Asthma

WHAT’S KNOWN ON THIS SUBJECT: Influenza vaccination rates
remain low for children and adolescents with asthma. EHR-based
alerts have proved effective in improving vaccine delivery for

routine pediatric vaccines but have not been thoroughly examined for
influenza vaccine.

WHAT THIS STUDY ADDS: This study is the first trial of EHR-based
clinical alerts to improve influenza vaccine delivery in pediatric
primary care.

abstract
OBJECTIVE: The goal was to assess the impact of influenza vaccine
clinical alerts on missed opportunities for vaccination and on overall
influenza immunization rates for children and adolescents with
asthma.

METHODS: A prospective, cluster-randomized trial of 20 primary care
sites was conducted between October 1, 2006, and March 31, 2007. At
intervention sites, electronic health record-based clinical alerts for
influenza vaccine appeared at all office visits for children between 5
and 19 years of age with asthma who were due for vaccine. The pro-
portion of captured immunization opportunities at visits and overall
rates of complete vaccination for patients at intervention and control
sites were compared with those for the previous year, after standard-
ization for relevant covariates. The study had�80% power to detect an
8% difference in the change in rates between the study and baseline
years at intervention versus control practices.

RESULTS: A total of 23 418 visits and 11 919 children were included in
the study year and 21 422 visits and 10 667 children in the previous
year. The majority of children were male, 5 to 9 years of age, and
privately insured. With standardization for selected covariates, cap-
tured vaccination opportunities increased from 14.4% to 18.6% at in-
tervention sites and from 12.7% to 16.3% at control sites, a 0.6%
greater improvement. Standardized influenza vaccination rates im-
proved 3.4% more at intervention sites than at control sites. The 4
practices with the greatest increases in rates (�11%) were all in the
intervention group. Vaccine receipt was more common among chil-
dren who had been vaccinated previously, with increasing numbers of
visits, with care early in the season, and at preventive versus acute
care visits.

CONCLUSIONS: Clinical alerts were associated with only modest im-
provements in influenza vaccination rates. Pediatrics 2009;124:159–
169
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Receipt of influenza vaccination is a
benchmark of quality care for children
and adolescents with asthma and
other high-risk conditions. Despite rec-
ommendations from both the Advisory
Committee on Immunization Practices
(ACIP) and the American Academy of
Pediatrics,1 rates throughout the na-
tion remain low for children with
asthma and have been found to be
even lower for teens.2–4 In this setting,
the Centers for Disease Control and
Prevention called on the medical
and public health communities to de-
velop plans for improving vaccine de-
livery for the 2006–2007 season.5 The
American Academy of Pediatrics em-
phasized that improving vaccination
rates among children with high-risk
conditions and extending vaccination
throughout the influenza season were
2 of the highest priorities.6

To address low vaccination rates, strate-
gies may target public demand, ac-
cess to vaccines, or vaccine delivery
in medical settings.7 For the latter,
successful interventions have included
use of reminder/recall systems,8–11 year-
round scheduling of visits for influenza
vaccine,12 and feedback to providers
regarding rates.13 Even with labor-
intensive measures, however, improve-
ments in rates often have been modest.
Electronic health records (EHRs) are
increasingly common in ambulatory pe-
diatric settings14 and are capable of
identifying children at high risk and re-
mindingproviders that influenza vaccine
is due.15 However, no published random-
ized trial has evaluated the benefit of
EHR-based clinical alerts at the point of
pediatric primary care for improving in-
fluenza vaccine delivery.

This cluster-randomized, multisite
study using an EHR-based clinical alert
system was designed to fill this gap in
the understanding of strategies to im-
prove influenza vaccine rates by focus-
ing on those with asthma. The study
had 2 specific aims, that is, to assess

the impact of EHR-based alerts for in-
fluenza vaccination on captured op-
portunities for influenza vaccination
among children and adolescents with
asthma between 5 and 19 years of age
in the pediatric primary care setting
and to improve up-to-date influenza
vaccination rates in this population.

METHODS

Setting and EHR

This study was conducted at the first
20 practices in the Children’s Hospital
of Philadelphia Pediatric Research
Consortium that implemented the am-
bulatory EHR EpicCare (Epic Systems,
Verona, WI). All practices that were ap-
proached agreed to participate. The
Pediatric Research Consortium is a
multistate, hospital-owned, primary
care practice-based, research net-
work including�235 000 children and
adolescents. Study practices included
4 urban teaching practices, where
�35% of patients had private insur-
ance, and 16 primarily suburban prac-
tices not involved in resident teaching,
where �80% of children were pri-
vately insured.

Study Design and Patient
Population

We conducted a prospective, 20-pri-
mary care site, cluster-randomized,
decision-support trial between Octo-
ber 1, 2006, and March 31, 2007 (the
study period). For each site, captured
opportunities for influenza vaccination
and influenza vaccination rates were
compared with those for the same pe-
riod in the previous year. Subjects in-
cluded all children with asthma who
were�60 months of age as of October
1, 2005, for the baseline year and Octo-
ber 1, 2006, for the study year and�20
years of age as of March 31, 2006, and
March 31, 2007, for the baseline and
study years, respectively. Children
�60 months of age were excluded be-
cause of recommendations for univer-
sal vaccination and the use of alerts at

all intervention and control sites for
this population.

Children with asthma were identified
on the basis of International Clas-
sification of Diseases, Ninth Revision
codes for asthma on their chronic
problem list or visit diagnoses. We in-
cluded mild intermittent asthma, mild
persistent asthma, moderate persis-
tent asthma, and severe persistent
asthma, consistent with national guide-
lines at the time.16 Because the inter-
vention required an office visit with a
clinician to be effective, all children
and adolescents in the study were re-
quired to have �1 visit during the in-
fluenza season.

Intervention

Following a previously published ap-
proach, influenza vaccine alerts ap-
peared prominently at the top of the
computer screen, in bold and high-
lighted text, whenever a patient en-
counter was opened within the EHR for
a study subject at an intervention site
who was due for this vaccine; a link
was provided to simplify vaccine or-
dering.17 According to ACIP recommen-
dations for children with asthma,
alerts prompted the use of trivalent in-
fluenza vaccine, conformed to the need
for 2 doses �1 month apart for chil-
dren �9 years of age who had not
been vaccinated previously and 1 dose
for others, and did not appear for chil-
dren with egg allergy.1 The clinician, in
consultation with the family, decided
to order vaccine. In addition, a 30-
minute, Internet-based, slide presenta-
tion describing influenza morbidity
and mortality rates, as well as current
recommendations and contraindica-
tions for influenza vaccination, was de-
livered by 2 expert primary care pedi-
atricians to practicing clinicians and
interested staff members at all sites.
At intervention sites only, the presen-
tation included information on use of
the alert system for children with
asthma. All clinicians were e-mailed a
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copy of the presentation that their site
received.

Randomization

Practices were divided into 2 groups
on the basis of practice structure
and patient demographic features,
that is, urban resident-teaching prac-
tices and non–resident-teaching prac-
tices. Practices within these groups
were assigned randomly to receive ei-
ther the influenza vaccine clinical alerts
or routine care during the study year.

Outcome Measures
This study was designed to test the ef-
fects of influenza vaccine alerts on 2

main outcomes, that is, (1) rates of
captured opportunities for influenza
vaccination (visit-level analysis) and (2)
up-to-date influenza vaccination among
patients with asthma. Rates of captured
influenza vaccinationopportunitiesmea-
sured the proportion of all eligible visits
at which influenza vaccine was admin-
istered (if due). Eligible visits included
preventive and acute care visits that
were conducted by physicians, nurse
practitioners, or trainees (residents or
fellows).

Children were considered up to date if
theywere fully vaccinated according to
ACIP guidelines with 1 or 2 doses, de-

pending on age and previous vaccina-
tion status. In a secondary analysis,
the proportion of children receiving at
least 1 dose of influenza vaccine was
assessed.

Covariates

Covariates were chosen to control for
demographic, clinical, and influenza
vaccine-specific factors potentially in-
fluencing the effect of clinical alerts on
influenza vaccination (Tables 1 and 2).
The presence of chronic medical prob-
lems except for asthma was deter-
mined by using a previously published
list.18

TABLE 1 Patient Characteristics

Variable No. of Patients (%)

Control Practices Intervention Practices

Baseline Year Study Year Baseline Year Study Year

Total population 5338 5809 5329 6110
Demographic characteristics
Female 2362 (44) 2541 (44) 2312 (43) 2684 (44)
Age
5–9 y 2851 (53) 3119 (54) 2830 (53) 3177 (52)
10–14 y 1753 (33) 1870 (32) 1769 (33) 2062 (34)
15–19 y 734 (14) 820 (14) 730 (14) 871 (14)
Race/ethnicity
Black 2100 (39) 2256 (39) 2510 (47) 2861 (47)
White 2731 (51) 3001 (52) 2417 (45) 2790 (46)
Hispanic 93 (2) 103 (2) 116 (2) 132 (2)
Asian 83 (2) 94 (2) 44 (1) 54 (1)
Other 331 (6) 355 (6) 242 (5) 273 (4)
Private insurance (vs nonprivate) 3747 (70) 4084 (70) 3492 (66) 4030 (66)
Clinical factors
Severity of asthma (from problem list)
Severe persistent 44 (1) 46 (1) 41 (1) 37 (1)
Moderate persistent 407 (8) 379 (7) 476 (9) 464 (8)
Mild persistent 888 (17) 862 (15) 1063 (20) 1080 (18)
Mild intermittent 1713 (32) 1688 (29) 1583 (30) 1621 (27)
All other problem list severitiesa 1806 (34) 2596 (45) 1727 (32) 2623 (43)
Asthma not on problem list 480 (9) 238 (4) 439 (8) 285 (5)
Chronic medical condition (except asthma, vs none) 164 (3) 194 (3) 209 (4) 238 (4)
Urban resident-teaching practice (vs non–resident-teaching) 1689 (32) 1854 (32) 1964 (37) 2231 (37)
No. of visits during influenza season
1 2652 (50) 3023 (52) 2599 (49) 3102 (51)
2 1371 (26) 1434 (25) 1361 (26) 1501 (25)
3 684 (13) 676 (12) 700 (13) 751 (12)
�4 631 (12) 676 (12) 669 (13) 756 (12)

Influenza vaccine-specific variables
Previous influenza immunization 3063 (57) 3642 (63) 3142 (59) 4011 (66)
Influenza vaccine reminders at primary visit siteb

Advertised at visit site 3468 (65) 4287 (74) 4483 (84) 3942 (65)
Reminder letters sent 2335 (44) 366 (6) 2572 (48) 1087 (18)
Reminder calls made 566 (11) 0 (0) 488 (9) 1388 (23)

a These included problem list entries such as asthma, asthma not otherwise specified, asthma unspecified, and asthma unspecified with exacerbation.
b Data on reminders were available only at the site level.
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Statistical Analyses

To measure the effectiveness of the
site randomization, the proportions
of the population with each covariate
of interest were compared between
intervention and control practices
for the study year, by using a model-
based approach with robust vari-
ance estimates that accounted for
clustering. In particular, we used lo-

gistic regression in Stata 9 (Stata,
College Station, TX) for these analy-
ses, with the robust option that im-
plements the sandwich estimator.19

Because the performance of each
practice was compared with that of
the same practice during the previ-
ous year, the stability of the popula-
tions at control and intervention
practices was assessed.

The children included in our study
might be the same or different for
the baseline and study years. The
analysis accounted for clustering
within site, which addresses the lack
of independence of subjects within
each practice. Because the children
did differ from year to year, we
treated this analysis as a repeated
cross-sectional design, which pro-

TABLE 2 Visit Characteristics

Variable No. of Visits (%) Pa

Control Practices Intervention Practices

Baseline Year Study Year Baseline Year Study Year

Total population 10 627 11 320 10 795 12 098
Demographic characteristics
Female 4743 (45) 5089 (45) 4771 (44) 5465 (45) .90
Age .60
5–9 y 5842 (55) 6199 (55) 5737 (53) 6386 (53)
10–14 y 3329 (31) 3549 (31) 3529 (33) 3948 (33)
15–19 y 1456 (14) 1572 (14) 1529 (14) 1764 (15)
Race/ethnicity .10
Black 3518 (33) 3719 (33) 4480 (41) 4975 (41)
White 6107 (57) 6484 (57) 5442 (50) 6181 (51)
Hispanic 197 (2) 230 (2) 276 (3) 296 (2)
Asian 172 (2) 180 (2) 94 (1) 112 (1)
Other 641 (6) 715 (6) 517 (5) 546 (5)

Private insurance (vs nonprivate) 7779 (73) 8302 (73) 7352 (68) 8426 (70) .78
Clinical factors
Severity of asthma (from problem list) .65
Severe persistent 118 (1) 124 (1) 129 (1) 102 (1)
Moderate persistent 859 (8) 798 (7) 1078 (10) 964 (8)
Mild persistent 1815 (17) 1727 (15) 2196 (20) 2109 (17)
Mild intermittent 3093 (29) 2962 (26) 2897 (27) 2983 (25)
All other problem list severities 3333 (31) 4899 (43) 3240 (30) 5017 (41)
Asthma not on problem list 1409 (13) 810 (7) 1255 (12) 923 (8)

Chronic medical problem (except asthma, vs none) 393 (4) 451 (4) 476 (4) 504 (4) .81
Urban resident-teaching practices (vs non–resident-teaching) 2935 (28) 3078 (27) 3413 (32) 3757 (31) .87
Well visit (vs sick visit) 2349 (22) 2539 (22) 2212 (20) 2665 (22) .91
Provider type (at visit) .97
Physician 9289 (87) 9974 (88) 9428 (87) 10 511 (87)
Nurse practitioner 760 (7) 766 (7) 732 (7) 834 (7)
Trainee 578 (5) 580 (5) 635 (6) 754 (6)

Visit month .13
October 1670 (16) 1896 (17) 1765 (16) 2113 (17)
November 1893 (18) 1887 (17) 1858 (17) 1966 (16)
December 1603 (15) 1773 (16) 1563 (15) 1951 (16)
January 1723 (16) 1985 (17) 1791 (17) 2139 (18)
February 1668 (16) 1868 (16) 1772 (16) 1913 (16)
March 2070 (19) 1911 (17) 2046 (19) 2016 (17)
Fever .90
No fever 10 012 (94) 10 745 (95) 10 262 (95) 11 502 (95)
Temperature of 100–101°F 293 (3) 296 (3) 282 (3) 297 (2)
Temperature of�101°F 322 (3) 279 (2) 251 (2) 299 (2)

Influenza vaccine-specific variables
Previous influenza immunization 6293 (59) 7359 (65) 6612 (61) 8085 (67) .66

a P values are for the difference between the proportion of patients with the factor of interest in intervention versus control practices for the study year, accounting for the clustering of visits
according to site.
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vides conservative (larger) esti-
mates of variance.

Unadjusted odds ratios, with 95% con-
fidence intervals (CIs), for the associa-
tion of each covariate with receipt of
vaccine (at both the patient and visit
levels) were determined by using lo-
gistic regression with the selected co-
variate as the only independent vari-
able and adjusting variances to
account for the clustered design.20 Fol-
lowing this approach, the interaction
of the intervention with time was used
to test the overall effectiveness of the
alerts.

In a multivariate logistic regression
analysis that accounted for the clus-
tered design, changes over time in the
proportions of captured immunization
opportunities at visits or in the propor-
tions of patients with up-to-date vacci-
nations at intervention and control
sites were adjusted for included co-
variates. We also conducted a second-
ary analysis with patient receipt of a
single dose of influenza vaccine as the
outcome. For both patient-level and
visit-level analyses, linear models con-
firmed that results were robust to
model specification. To assess the im-
pact of shortages on the intervention,
a secondary analysis limited to visits
on days when vaccination was actively
occurring (�2 doses of vaccine were
administered at a given site) was per-
formed. Because previous work dem-
onstrated that alerts for routine pedi-
atric vaccines were effective in
resident-teaching practices,17 we con-
ducted an analysis at the patient level
that was limited to these sites and then
we tested the significance of the inter-
actions of the intervention with time
and practice type (teaching versus
nonteaching), to confirm the results.

Key comparisons from logistic regres-
sion analyses were transformed into
standardized proportions by using mar-
ginal standardization.21 These standard-
ized proportions are interpreted as the

expected outcome (immunization) if the
entire sample were alternatively sub-
jected to the intervention or monitored
asacontrol group. Thisanalysis controls
for all covariates. Bias-corrected CIs
were estimated by using bootstrap re-
sampling. The study had �80% power
to detect an 8% difference in the change
in rates between the study and baseline
years at intervention versus control
practices. Power calculations were per-
formed through simulation and were
based on both the number of sites and
the number of subjects at each site. The
anticipated effect size and the variability
acrossboth subjects and siteswere con-
sidered in the process. Assumptions
used in the simulation were based on
both pilot data from our network and
published literature findings.

Analyses were performed by using
Stata 9, Stata 10, and SAS 9.1 (SAS In-
stitute, Cary, NC). The Children’s Hospi-
tal of Philadelphia institutional review
board approved the study.

RESULTS

Study Population and Cluster
Randomization

A total of 5338 children with asthma
were included at control sites for the
baseline year, with 5809 for the study
year. At intervention sites, 5329 chil-
dren with asthma were included in the
baseline year and 6110 in the study
year (Table 1). Only 65% of children
with asthma who were seen for any
reason at a study site during the previ-
ous year had�1 sick or well visit dur-
ing the study year influenza season. A
majority of children were male, were
between 5 and 9 years of age, had re-
ceived influenza vaccine previously,
and had private insurance (Table 1).
Mild intermittent asthma was most
common among those with docu-
mented severity.22

For the study year, no significant dif-
ferences in patient characteristics
were observed between control and in-

tervention sites (Table 1). A nonsignifi-
cant 8% difference was seen in the
proportions of black children at inter-
vention versus control sites. Although
2 urban teaching practices with large
proportions of black patients were in
each arm of the study, this difference
arose because, by chance, the larger
practices were assigned randomly to
the intervention group. Overall, the
characteristics of the study popula-
tions in control and intervention prac-
tices were stable between the baseline
and study years.

Visit-Level Characteristics and
Outcomes

Visit-level characteristics are pre-
sented in Table 2. There were no signif-
icant differences in visit characteris-
tics between the intervention and
control sites for the study year, and the
population accruing visits was stable
over time.

Overall rates of captured opportuni-
ties for vaccination increased 3.8%,
from 12.3% to 16.1%, at control prac-
tices and 4.8%, from 14.4% to 19.2%, at
intervention sites, a difference of 1%
(95% CI: �2.4% to 4.9%). With stan-
dardization for selected covariates,
overall rates of captured opportuni-
ties increased from 14.4% to 18.6% at
intervention sites and from 12.7% to
16.3% at control sites, a 0.6% (95% CI:
�1.9% to 2.5%) greater improvement.
When the analysis was limited to visits
on days when individual visit sites ad-
ministered�2 doses of influenza vac-
cine (to explore the impact of short-
ages), the impact of the intervention
was similar.

We also examined covariates affecting
the receipt of influenza vaccine at vis-
its (Table 3). Factors significantly asso-
ciated with improved vaccination in
both the crude and adjusted analyses
included care during the study versus
baseline year, documented asthma se-
verity on a child’s problem list, care at
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urban resident-teaching practices,
visit for preventive versus acute care,
and previous receipt of influenza vac-
cine. Girls, nonblack children, children
with fever, and children with visits
later in the influenza season were sig-
nificantly less likely to be immunized.
The monthly decline in vaccination
was especially steep, with rates of
captured opportunities decreasing
steadily from 28% in October to 4% in
March at control and intervention
sites during the study year. The alerts
resulted in minor improvements in
late-season captured opportunities at
intervention versus control practices
of 4.4, 3.3, and 0.3 percentage points in
January, February, and March, respec-
tively (P � .63 for the impact of the
intervention in the first versus last 3
months of the influenza season, with
all P values accounting for clustering).

Patient-Level Outcomes

Rates of up-to-date influenza vacci-
nation increased from 44.2% to 48.2%
at control sites and from 45.0% to
53.0% at intervention sites, a 4.0%
(95% CI: �1.3% to 9.1%) greater but
not statistically significant improve-
ment (Table 4). With standardization
for selected covariates, up-to-date vac-
cination rates increased similarly by
3.4% (95% CI:�1.4% to 9.1%), a statis-
tically nonsignificant improvement.
The 4 practices with the greatest im-
provements in rates (between 11%
and 15%) were all in the intervention
group (Fig 1) and, on the basis of the
standardized improvement in rates
with the intervention, 208 additional
children with asthma at intervention
sites alone were fully vaccinated as a
result of the alerts. Results were simi-
lar when the outcome was receipt of a
single dose of influenza vaccine, with a
statistically nonsignificant 4.0% (95%
CI: �1.1% to 10.7%) relative improve-
ment at intervention versus control
sites. When only the urban resident-
teaching practices were considered

TABLE 3 Odds of Receiving Influenza Vaccine at Visit

Variable Proportion of Study
Population, %

Odds Ratio for Vaccination
(95% CI)

Unadjusted Adjusted

Demographic characteristics
Gender
Male 55 Reference Reference
Female 45 0.92 (0.85–0.98) 0.95 (0.90–0.99)
Age
5–9 y 54 Reference Reference
10–14 y 32 1.05 (1.01–1.10) 0.97 (0.92–1.03)
15–20 y 14 0.92 (0.79–1.07) 0.84 (0.74–0.95)
Race/ethnicity
Black 37 Reference Reference
White 54 0.35 (0.26–0.47) 0.64 (0.54–0.76)
Hispanic 2 0.57 (0.37–0.88) 0.88 (0.69–1.13)
Asian 1 0.54 (0.40–0.73) 0.79 (0.61–1.04)
Other 5 0.44 (0.31–0.63) 0.77 (0.64–0.92)
Insurance
Nonprivate 29 Reference Reference
Private 71 0.49 (0.40–0.58) 0.95 (0.86–1.04)
Site type
Control 49 Reference Reference
Intervention 51 1.22 (0.66–2.26) 1.22 (0.94–1.61)
Study year
Baseline 48 Reference Reference
Intervention 52 1.39 (1.27–1.51) 1.43 (1.30–1.59)

Clinical factors
Severity of asthma from problem list
Asthma not on problem list 10 Reference Reference
Other problem list asthma entries 37 1.29 (1.04–1.60) 1.11 (0.92–1.35)
Mild intermittent 26 2.22 (1.73–2.84) 1.29 (1.03–1.62)
Mild persistent 18 2.51 (1.96–3.22) 1.35 (1.08–1.68)
Moderate persistent 8 2.47 (1.92–3.19) 1.20 (0.96–1.50)
Severe persistent 1 1.89 (1.38–2.58) 0.91 (0.67–1.23)
Chronic medical problems (except asthma)
No chronic medical problem 96 Reference Reference
Chronic medical problem 4 1.00 (0.82–1.23) 0.89 (0.77–1.04)
Primary visit site
Nonteaching practice 71 Reference Reference
Urban teaching practice 29 3.07 (2.39–3.93) 2.05 (1.62–2.60)
Encounter type
Sick visit 78 Reference Reference
Well visit 22 5.71 (4.26–7.65) 5.33 (3.93–7.24)
Provider type (at visit)
Physician 87 Reference a

Nurse practitioner 7 0.83 (0.61–1.12)
Trainee 6 2.49 (1.83–3.38)
Visit monthb

October, November, or December 49 Reference Reference
January, February or March 51 0.20 (0.14–0.27) 0.18 (0.13–0.25)
Fever
No fever 95 Reference Reference
Temperature of 100–101°F 3 0.31 (0.22–0.45) 0.58 (0.44–0.75)
Temperature of�101°F 3 0.12 (0.08–0.19) 0.24 (0.17–0.35)

Influenza vaccine-specific variables
Influenza vaccine alerts active at visit
No 73 Reference Reference
Yes 27 1.02 (0.88–1.20) 0.99 (0.81–1.22)
Previous influenza immunization
No 37 Reference Reference
Yes 63 1.74 (1.45–2.01) 1.63 (1.36–2.00)

a Not included because of colinearity with primary visit site.
b Months were pooled because of instability of estimates for late-season vaccination according to month as a result of
infrequent influenza administration, especially during March.
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and the outcome was up-to-date vacci-
nation, standardized rates increased
from 47.8% to 53.8% at control prac-
tices and from 47.1% to 58.5% at inter-
vention practices, a statistically signif-
icant 5.4% (95% CI: 1.6%–9.7%) relative
improvement (Table 4). However, when
the impact of practice on the interven-
tion was considered in a model includ-
ing all practices, results were no
longer significant (P� .23).

Covariates affecting up-to-date influ-
enza vaccination also were considered

(Table 5). Factors significantly associ-
ated with complete vaccination in both
the crude and adjusted analyses in-
cluded Asian race (versus black), se-
vere persistent asthma, chronic medi-
cal problems other than asthma, care
at urban teaching practices, increas-
ing numbers of office visits during the
influenza season, and previous receipt
of influenza vaccine. Rates for children
with 1, 2, 3, or 4 visits to the office dur-
ing the influenza season improved by
5, 5.4, 9.8, and 7.5 percentage points

more, respectively, at intervention
practices than at control practices (P
� .38). Similarly, at intervention sites,
compared with control sites, the rela-
tive improvement in rates was 6.5% for
children who had received the influ-
enza vaccine previously, compared
with just 3.2% for those who had not
(P� .61).

DISCUSSION

We found that influenza alerts for chil-
dren and teens with asthma resulted
in relative improvements in up-to-date
influenza vaccination rates of 3.4%
overall and 5.4% in the urban setting.
Because rates increased at both in-
tervention and control practices, the
before/after design proved especially
effective for determining the indepen-
dent contribution of the alerts. The
rates of improvement were similar to
those in a trial of tailored interventions
for children at high risk 2 to 6 years of
age23 and a controlled trial of reminder
recall for a general population of chil-
dren 6 to 24 months of age10 but
smaller than the 17% improvement
seen with reminder recall in a popula-
tion of high-risk Colorado children be-
tween 6 months and 6 years of age.11 A
smaller number of sites, existing pro-
vider interest in immunization re-
search at each of those locations, a
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FIGURE 1
Differences between the study and baseline years in the proportions of patients with up-to-date
influenza vaccination, according to site. Each bar represents a different site. T indicates the resident
teaching practices, all of which were located in urban settings.

TABLE 4 Rates of Up-To-Date Influenza Vaccination

Site Type Unadjusted Rate, % Adjusted Rate, %a

Before After Difference Difference in Rates
of Improvement,
Estimate (95% CI)

Before After Difference Difference in Rates
of Improvement,
Estimate (95% CI)

Overall results
Intervention 45.0 53.0 8.0 4.0 (�1.3 to 9.1) 45.7 51.0 5.3 3.4 (�1.4 to 9.1)
Control 44.2 482 4.0 46.0 47.9 1.9

Urban resident-teaching practices
Intervention 46.8 59.0 12.2 6.0 (0.8 to 11.8) 47.1 58.5 11.4 5.4 (1.6 to 9.7)b

Control 47.7 53.9 6.2 47.8 53.8 6.0
Nonteaching practices (primarily suburban)
Intervention 44.0 49.5 5.5 2.6 (�2.2 to 7.0) 44.5 46.2 1.7 1.7 (�2.7 to 5.9)
Control 42.6 45.5 2.9 44.8 44.8 0.0

a Obtained by using marginal standardization and controlling for patient-level covariates.
b Results were not significant in multivariate models that included all practices and assessed the significance of the alerts according to the interaction of the intervention with time and
practice type.
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younger population with more routine
physician visits, and lower baseline
rates (25%) might have contributed to
the larger impact of the intervention in
that study. Although we did observe
higher baseline influenza vaccination
rates, nearly one half of all children
were not immunized, which suggests
that the baseline rate is unlikely to
fully explain the small impact of this
intervention.

Despite improvements, influenza
vaccination rates nationally remain
much lower than rates for routine
pediatric immunizations, are only
slightly better for children with
asthma than for other children, and
leave many children at risk.2 In a re-
flection of the importance of the ini-
tial acceptance of influenza vaccine
by families, we found that children
who had received influenza vaccine
previously had 8 times greater odds
of up-to-date vaccination by the end
of the influenza season. Concern
about vaccine side effects is known
to limit influenza vaccine receipt,
however, and as many as 70% of
parents think that the vaccine can
cause influenza disease.8,24,25 In ad-
dition, many parents consider influ-
enza vaccine less safe in high-risk
populations than in healthy popula-
tions.26 Our results suggest that sim-
ply reminding clinicians to vaccinate
children in the office is an inade-
quate strategy for overcoming these
barriers.

Our visit-level data indicate that bet-
ter capturing of available immuniza-
tion opportunities remains an essen-
tial strategy for improving rates. The
EHR-based clinical alerts resulted in
a minimal 0.3% better improvement
in rates of captured vaccination op-
portunities at intervention practices,
compared with control practices,
and �80% of eligible children with
asthma failed to receive the vaccine
at visits with clinicians even with the

TABLE 5 Odds of Up-To-Date Influenza Immunization (Patient-Level Analysis)

Variable Proportion
of Study

Population, %

Odds Ratio for Up-To-Date
Vaccination (95% CI)

Unadjusted Adjusted

Demographic characteristics
Gender
Male 56 Reference Reference
Female 44 0.91 (0.85–0.98)a 0.99 (0.93–1.05)

Age
5–9 y 53 Reference Reference
10–14 y 33 1.01 (0.91–1.12) 1.18 (1.05–1.32)a

15–20 y 14 0.73 (0.61–0.87)a 0.88 (0.74–1.05)
Race/ethnicity
Black 43 Reference Reference
White 48 1.00 (0.82–1.21) 1.17 (1.01–1.37)a

Hispanic 2 0.99 (0.70–1.40) 0.97 (0.72–1.31)
Asian 1 1.70 (1.18–2.43)a 1.85 (1.34–2.54)a

Other 5 0.72 (0.57–0.90)a 1.04 (0.88–1.23)
Insurance
Nonprivate 32 Reference Reference
Private 68 0.97 (0.82–1.15) 1.24 (1.12–1.37)
Site type
Control 49 Reference Reference
Intervention 51 1.13 (1.07–1.19)a 0.99 (0.76–1.28)
Study year
Baseline 47 Reference Reference
Intervention 53 1.27 (1.21–1.34)a 1.10 (0.95–1.29)

Clinical factors
Severity of asthma (from problem list)
Asthma not on problem list 6 Reference Reference
Other problem list asthma entries 39 1.14 (0.79–1.66) 0.91 (0.66, 1.25)
Mild intermittent 29 1.39 (1.07–1.82)a 0.95 (0.73–1.23)
Mild persistent 17 2.29 (1.71–3.06)a 1.24 (0.96–1.60)
Moderate persistent 8 2.7 (1.90–3.84)a 1.25 (0.93–1.68)
Severe persistent 1 4.23 (2.70–6.61)a 1.62 (1.20–2.17)a

Chronic medical problems (except asthma)
No chronic medical problem 96 Reference Reference
Chronic medical problem 4 1.78 (1.41–2.25)a 1.27 (1.06–1.51)a

Primary visit site
Nonteaching practice 72 Reference Reference
Urban teaching practice 28 1.31 (1.03–1.67)a 1.49 (1.22–1.82)a

No. of office visits during influenza season
1 50 Reference Reference
2 25 1.26 (1.17–1.36)a 1.28 (1.16–1.42)a

3 12 1.52 (1.39–1.65)a 1.64 (1.45–1.87)a

�4 12 1.94 (1.67–2.25)a 1.93 (1.63–2.28)a

Influenza vaccine-specific variables
Influenza vaccine alerts active at site of care
No 73 Reference Reference
Yes 27 1.18 (0.98–1.40) 1.19 (0.93–1.54)
Previous influenza immunization
No 39 Reference Reference
Yes 61 8.86 (6.75–11.6)a 8.32 (6.34–10.9)a

Influenza vaccine reminders at visit site
Vaccine not advertised at site 28 Reference b

Vaccine advertised at site 72 1.33 (0.88–2.03)
Reminder letters not sent 72 Reference b

Reminder letters sent 28 1.02 (0.79–1.32)
Reminder calls not made 89 Reference b

Reminder calls made 11 1.13 (0.81–1.57)
a P� .05 accounting for clustering of patients within sites.
b Not included in multivariate models because of colinearity.
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alerts active. These rates of missed
opportunities are similar to those
found among children 6 months to 6
years of age with asthma at prac-
tices in metropolitan Denver, Colo-
rado, where vaccination, as in the
current study, was less common at
acute care than preventive visits.27

Our analysis suggested that short-
ages, which represent a known bar-
rier to influenza vaccination,28 had
minimal impact on the effectiveness
of this intervention.

By activating the alerts through the
end of March, we anticipated in-
creased vaccination in the last 3
months of the influenza season, which
is a public health goal.6 Relative im-
provements of up to 4.4% were seen
for intervention versus control prac-
tices in the last 3 months of the influ-
enza season. However, the decrease in
influenza vaccination rates throughout
the influenza season, which was also
seen in previous studies,27 indicates
that expanding late-season vaccina-
tion remains a challenge. These de-
creases occurred despite the contin-
ued prevalence of influenza disease
through April.29,30 Because clinician
recommendation has been found re-
peatedly to be the strongest predictor
of influenza vaccination acceptance by
parents,31–33 these results underscore
the need for ongoing training for clini-
cians regarding the importance of
their role in preventing missed oppor-
tunities throughout the influenza sea-
son. Our finding that children with
more visits during the influenza sea-
son benefited more from the clinical
alerts suggests that repeated discus-
sions with families at each visit may be
helpful.

The use of additional strategies in con-
junction with the alerts might have in-
creased the effectiveness of the inter-
vention. The alerts appeared at the
point of care among children known to
be at high risk, offered a specific rec-

ommendation, and then facilitated
compliance, all of which are suggested
approaches for maximizing decision-
support effectiveness.34,35 However,
combining in-office, EHR-based alerts
with reminder recall and educational
communication, all of which are possi-
ble through health information tech-
nology,9 might have improved vaccina-
tion rates more effectively.

This study had several limitations.
We had no specific information on
why influenza vaccine was not given
at individual visits. Data on whether
alerts triggered clinicians to ad-
dress influenza vaccine and, if they
did, whether parents refused the
vaccine would have been helpful for
better understanding the impact of
the intervention. Our previous re-
sults with the same system sug-
gested that clinicians did act on vac-
cine alerts, at least in the resident-
teaching practices at visits with
young children who were due for
routine pediatric vaccinations.17 Fur-
thermore, although the EHR offered a
robust source of information on vac-
cine receipt at study sites and the
receipt of vaccine outside study
practices was abstracted if re-
ported, we might have missed some
children who were vaccinated in
other settings. None of these limita-
tions is likely to have changed the
overall results.

The results of this study contrast with
the success of the alert system in im-
proving vaccination rates and reduc-
ing missed opportunities for routine
pediatric vaccinations among young
children.17 Given the complexity of and
frequent changes in the routine immu-
nization schedule, clinicians might
have benefited more from reminders
for routine vaccines. Furthermore,
routine pediatric vaccinations for
young children may be more accepted
by families than influenza vaccination
for older children and adolescents, be-

cause of effective requirements for
routine vaccine receipt before entry
into day care or school.36,37 Finally, the
study of the routine vaccination alerts
occurred exclusively in resident-teach-
ing practices, where the influenza vac-
cine alerts also had an impact on up-
to-date vaccination rates.

CONCLUSIONS

Although practices with EHR-based
alerts performed better than control
practices, relative improvements at
intervention versus control prac-
tices were modest and by them-
selves would not justify the imple-
mentation of an immunization alert
system. If practices are already us-
ing such a system for routine pediat-
ric vaccinations, however, then the
addition of an influenza reminder
system may be helpful, especially in
the setting of urban resident-teach-
ing practices. More broadly, alterna-
tive or complementary strategies
will be needed to address the ongo-
ing challenge of better capturing
missed opportunities and ensuring
that children and teens visit the of-
fice and receive influenza vaccine
throughout the entire season. These
approaches will be especially impor-
tant because new national recom-
mendations call for universal influ-
enza vaccination for youths between
5 and 18 years of age, the age group
targeted in this study.38
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E R R A T A Fiks AG, Hunter KF, Localio AR, et al. Impact of Electronic Health Record-Based
Alerts on Influenza Vaccination for Children With Asthma. Pediatrics.
2009;124(1):159–169

Errors occurred in this article (doi:10.1542/peds.2008-2823). On page 159, under
the RESULTS heading of the abstract, the 6th line as published reads “With stan-
dardization for selected covariates, captured vaccination opportunities in-
creased from 14.4% to 18.6% at intervention sites and from 12.7% to 16.3% at
control sites, a 0.3% greater improvement.” This should read: “With standardiza-
tion for selected covariates, captured vaccination opportunities increased from
14.4% to 18.6% at intervention sites and from 12.7% to 16.3% at control sites, a
0.6% greater improvement.”

Thismistake was also repeated in the results section. The error occurred on page
163, under the heading “Visit-Level Characteristics and Outcomes”, in the second
full paragraph, on the 11th line of the paragraph. As published, the sentence
reads: “With standardization for selected covariates, captured vaccination oppor-
tunities increased from 14.4% to 18.6% at intervention sites and from 12.7% to
16.3% at control sites, a 0.3% (95% CI:�1.9% to 2.5%) greater improvement.” This
should read: “With standardization for selected covariates, captured vaccination
opportunities increased from 14.4% to 18.6% at intervention sites and from 12.7%
to 16.3% at control sites, a 0.6% (95% CI:�1.9% to 2.5%) greater improvement.”

Finally, an error occurred in Table 4 on page 165 in the first line of results in the
last column on the right. Under “Difference in Rates of Improvement, Estimate
(95% CI)”, the table as published reads “3.4 (1.4 to 9.1).” This should have read:
“3.4 (�1.4 to 9.1). The finding is stated correctly in the text in the first paragraph,
10th line, under “Patient-Level Outcomes” on page 164.

doi:10.1542/peds.2010-0981

Klein JD, Sesselberg TS, Johnson MS, et al. Adoption of Body Mass Index
Guidelines for Screening and Counseling in Pediatric Practice. Pediatrics. 2010;
125(2):265–272

An error occurred in this article (doi:10.1542/peds.2008-2985). On page 267, in the
right column of Table 2, “Pediatricians’ Practices at Well Visits”, under “Compute
and/or plot BMI for children�2 y old”, the number (n) and percent (%) incorrectly
read: ”At most or every visit“ 314 (52), ”At some visits“ 175 (26) and ”Never or
rarely“ 147 (22). They should have read: ”At most or every visit“ 370 (55), ”At some
visits 189 (28%), and “Never or rarely” 111 (17).

doi:10.1542/peds.2010-1130
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