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nfluenza infections cause substantial morbidity and

mortality every year in the United States.! Individu-

als with chronic medical conditions such as asthma
or chronic obstructive pulmonary disease (COPD) are at
increased risk of influenza-associated morbidity compared
with the general population.”” Influenza vaccination is 1
of the primary means of reducing this disease burden, and
while annual vaccination is recommended for everyone 6
months and oldet,®? influenza vaccination is particularly
important for individuals with ‘chronic medical conditions.
Despite these recommendations, influenza vaccination
rates in individuals with chronic medical conditions® have
been consistently lower than national goals.’

Patient reminder systems have proven effective at increas-
ing influenza vaccination rates in adults; recipients of reminders
typically have vaccination rates 15 percentage points higher than
those who do not receive reminders, though effectiveness has
varied widely across published studies.!®!! Most prior studies of
influenza vaccination reminders have relied on letter, postcard,

214 _methods that are not interactive

or auto-dialer reminders
and not easily tailored to individual patients. However, newer
technologies such as interactive voice response (IVR) systems
create opportunities to provide more individualized reminders,
which may prove more effective. IVR systems can gather infor-
mation from call recipients and use this information within com-
plex branching logic to provide a more tailored message.'® While
IVR systems have been used for a variety of health promotion

and disease management purposes,'¢'®

such systems have not
been used extensively for influenza vaccination reminders. In ad-
dition, few studies have examined the cost of I[VR systems com-
pared with standard mail or auto-dialer—based reminders.

To address these gaps in knowledge, a study was conduct-
ed to examine the effectiveness and cost of different types of
influenza vaccination reminders among adults with asthma
or COPD. The specific objectives of this study were: 1) to

assess the effectiveness of IVR reminders (either alone or

ABSTRACT

Objectives: To assess the effectiveness and cost of interac-

tive voice response (IVR) reminders for influenza vaccination
compared with postcards, among adults with asthma or chronic
obstructive pulmonary disease (COPD).

Study Design: Pragmatic, 3-arm, randomized control trial.

Methods: The trial was conducted in an integrated healthcare
organization during 2012 and 2013, using an existing IVR system.
All adults aged 19 through 64 years with asthma or COPD (n =
12,285) were randomized to receive 1 of the following vaccination
reminders: 1) postcard reminder only, 2) IVR reminder only, or 3)
postcard plus IVR reminder. The primary outcome was influenza
vaccination by October 31, 2012; the secondary outcomes were
influenza vaccination by December 31, 2012, and by March 31,
2013.

Results: For subjects receiving an IVR call, 57% received a mes-
sage on their answering machine; 27% answered the call; and
16% were not reached. Influenza vaccination rates were 29.5%,
31.1%, and 30.6% in the postcard-only, IVR-only, and postcard-
plus-IVR study arms, respectively. After controlling for relevant
covariates, IVR reminders were not significantly more or less
effective than postcard reminders. Program costs were $0.78,
$1.23, and $1.93 per subject for postcard-only, IVR-only, and
postcard-plus-IVR reminders, respectively. Extrapolating costs
to the entire population at the study site that typically receives
influenza vaccination reminders (approximately 100,000 individu-
als), reminder costs would have been $0.55, $0.05, and $0.60
per subject for postcard-only, IVR-only, and postcard-plus-IVR
reminders, respectively.
Conclusions: IVR reminders are not more effective at promoting
influenza vaccination than postcard reminders, but IVR reminders
may be less expensive for large patient populations.
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Take-Away Points

This study was conducted in an integrated healthcare delivery system. Adults with
asthma or chronic obstructive pulmonary disease were randomized to receive in-
teractive voice response (IVR) calls, postcards, or both as a reminder for influenza

vaccination.

B Influenza vaccination rates were not significantly higher or lower among those

who received IVR calls versus postcards.

B When costs were extrapolated to the entire population at the study site that typi-
cally receives influenza vaccination reminders (approximately 100,000 individuals),

IVR was the least costly reminder method.

Study Design and Randomization

A 3-arm, randomized control trial was
conducted of different reminder strategies
for annual influenza vaccination. Subjects
were aware of what type of reminder they
received; however, the study aims were not
described in the reminders. Randomization
was performed by simple random alloca-

tion with no restrictions.

B Based on study findings, IVR was adopted as the primary strategy for annual

influenza vaccination reminders at the study site.

in conjunction with postcard reminders) compared with
postcard reminders only; 2) to determine the cost associ-
ated with each reminder method; and 3) to estimate the
projected cost of these reminder methods if they were
used in the future for all high-risk adults and children at

the study site, a large managed care organization.

Study Setting

The study was conducted between July 2012 and March
2013 in Kaiser Permanente Colorado (KPCO), a managed
care organization with approximately 480,000 members in
the metropolitan Denver area. KPCO uses an electronic
health record (EHR), which captures demographic data,
health plan enrollment information, encounter data in-
cluding diagnosis codes, and immunization administra-
tion information. The local human subjects review board

approved the study and written consent was not required.

Study Population

All adults aged 19 to 64 years at KPCO with a diagnosis
of asthma or COPD were identified. Children and the elderly
were not included in the trial, because they were already receiv-
ing vaccination reminders based upon their age. Subjects with
asthma were included if they had an International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) di-
agnosis code of asthma (493.x) in the prior 3 years. From this
population, subjects were excluded if they had no dispensing
of an asthma-related medication in the prior 2 years. Subjects
with COPD were included if they had an ICD-9-CM diag-
nosis code of COPD (491.x, 492.x, 493.2, and 496.x) at any
time in the past. From the population with asthma or COPD,
subjects were excluded if they lived in a household with other
individuals in high-risk categories for influenza morbidity,**
because these households were already scheduled to receive

postcard reminders for influenza vaccination as usual care.

Reminder Intervention

At KPCQ, it is considered usual care for
every individual with asthma or COPD to receive an annual
postcard reminder for influenza vaccination. In the current
study, subjects received 1 of the following interventions: 1)
postcard reminder only (usual care); 2) [VR reminder only;
or 3) postcard-plus-IVR reminder. The content of the post-
card and IVR reminders was similar: subjects were encour-
aged to receive influenza vaccination; groups at increased
risk from influenza were highlighted; subjects were informed
that no appointment was needed for vaccination; and sub-
jects were told that vaccination was provided at no cost.
However, subjects receiving [IVR reminders could access ad-
ditional information during the IVR call, as described below.

Postcards were mailed to subjects via standard mail
during the last 2 weeks of September 2012. As is typical
for standard postcards, no “return request” was made on
the study postcards; therefore, it was not possible to know
how many postcards were undeliverable.

An existing [IVR system was used to contact subjects
by telephone. The caller identification displayed “Kaiser
Permanente” on the subject’s phone. The IVR reminders
were designed to be interactive; using the numbers on a
touch-tone telephone, subjects could listen to general in-
formation about influenza vaccination and hear a mes-
sage from an asthma/COPD specialist at KPCO, with the
option to listen to additional information about influenza
infections if desired. A maximum of 2 telephone calls were
made per subject. If the IVR system reached an answering
machine, a message was left encouraging influenza vac-
cination. Calls were made to the primary listed telephone
number in the EHR, and the IVR system requested the
responder to verify their identity. The IVR system tracks
when the call ends, providing specific information on how
much call content each subject received. If after 2 attempts
the IVR system was not able to detect a person or answer-
ing machine, the call was classified as not delivered. IVR
calls were made during the last 2 weeks of September 2012;
subjects in the postcard-plus-IVR reminder group may
have received their IVR call before or after their postcard.
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Outcome Measures

The primary study outcome was receipt of influenza
vaccine by October 31, 2012, as documented in the EHR.
This date was chosen because we speculated that any im-
pact of reminders on behavior was most likely to occur
within the month following the intervention. As second-
ary outcomes, receipt of influenza vaccine by December
31, 2012, and by March 31, 2013, were examined. Ad-
ditionally, the costs of each of the 3 interventions were
examined; costs were calculated for the study population
and were also extrapolated to the entire population at
KPCO that typically receives influenza vaccination re-
minders (approximately 100,000 individuals).

Statistical Analyses

Vaccination rates were compared among the 3 study
arms using pairwise comparison statistics. Wald asymp-
totic confidence limits were used to test for differences in
rates. Analyses were based on intention-to-treat.

Multivariable analyses were used to examine the effect
of reminder type on receipt of influenza vaccine, while
controlling for relevant covariates. For these analyses,
the dependent variable was vaccination (“yes” or “no”),
and the primary predictor variable was the study arm.
Other covariates included age, sex, race, Hispanic eth-
nicity, Chronic Disease Score (CDS),!” Charlson comor-
bidity index (CCI) score,® insurance type, KPCO group
coverage (employees of the healthcare system and their
family members), outpatient visit rate, and prior receipt
of influenza vaccine. CDS and CCI are comorbidity mea-
sures; CDS is based on current medication use, while CCI
is based on diagnosis codes. A Poisson regression model
with robust error variance?! was used to examine the rel-
ative risk of receipt of vaccine. Each demographic and
clinical covariate of interest was tested individually for its
association with risk of vaccination. A priori, study arm,
age, gender, race, and Hispanic ethnicity were included
in a multivariable model. Other covariates with P <.20 in
bivariable models were included in preliminary models;
those with an adjusted P >.05 were removed in a step-wise
fashion to arrive at a final model. CCI was removed from
the final model due to an adjusted P =.05. All analyses
were performed using SAS version 9.2 (SAS Institute,
Cary, North Carolina).

Intervention Cost Analyses

The methods used to estimate intervention costs asso-
ciated with the 3-arm trial were consistent with those used
in other intervention trials conducted at KPCO and else-

where.??* All intervention-related costs associated with

Influenza Vaccination Reminder Systems

the postcard and IVR reminders were measured. All staff
tracked their time spent on reminder activities. Measured
personnel hours were converted into costs, based on sal-
ary and benefits per labor category, using the highest wage
range of the 2011 United States Bureau of Labor Statistics
and a fringe rate of 35%.

In addition to labor costs, other intervention-related ex-
penses were accounted for. Costs for supplies, printed ma-
terials, mailing of postcards, and the costs associated with
the IVR system (telephone lines, server, licensing) were
recorded. The IVR system is used for other interventions
within KPCQO; therefore, only the portion of IVR system
costs that were associated with developing and delivering
the influenza vaccination reminders was used in cost cal-
culations. The cost per subject of each study arm was cal-
culated by dividing the number of participants in the study
arm by the total costs for the intervention in that arm.

Extrapolation of Costs

In prior years, KPCO sent approximately 100,000 post-
card reminders for influenza vaccination to members at
increased risk of influenza-related morbidity and mortality.
While this study was conducted among patients with asth-
ma or COPD, KPCO planned to use these results to make
decisions about reminder methods for the entire high-risk
population. Therefore, additional analyses were conducted
to extrapolate cost estimates to a population size of 100,000.
For extrapolation, it was assumed that the costs associated
with cohort identification, content development, and voice
talent would be fixed (ie, would not vary with the number
of patients contacted), but mailing cost would vary directly
with the number of mailed reminders. IVR costs associated
with licensing fees and phone lines would increase only

when additional capacity was needed.

A total of 12,428 adults aged 19 to 64 years were identified
with asthma or COPD. As shown in the Figure, 141 subjects
were excluded due to having no available telephone number,
and 2 were excluded due to having no mailing address. The
remaining 12,285 subjects were randomly allocated to 1 of
the 3 study arms, resulting in 4095 subjects per arm.

Subjects’ baseline demographic and clinical character-
istics are summarized in Table 1. Asthma was the qualify-
ing condition for 94% of the population, COPD for 5%,
and asthma with COPD for 1%.

Information on completion of the reminder calls, for
the IVR-only and the postcard-plus-IVR arms, was as
follows: for 56.6% and 57.9%, respectively, messages were
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B Figure. Study Flow Diagram

Assessed for eligibility: adults

aged 19 to 64 years with
asthma or COPD (N = 12,428)

Excluded (n = 143)
* No telephone number (n = 141)
* No address (n = 2)

Enrollment

Allocation

Follow-up

Randomized (n = 12,285)

!

y

Allocated to postcard-only arm

(n = 4095)

® Received allocated
intervention (n = 4095)

e Did not receive allocated
intervention (n = 0)

l

Evaluated for follow-up

(n = 4095)

e Lost to follow-up (n = 0)

* Discontinued intervention
(n=0)

Analyzed (n = 4095)
e Excluded from analysis
(n=0)

Allocated to IVR-only arm

(n = 4095)

® Received allocated
intervention (n = 3439)

e Did not receive allocated
intervention (IVR system
not able to detect person or
answering machine) (n = 656)

l

Evaluated for follow-up

(n = 4095)

e Lost to follow-up (n = 0)

¢ Discontinued intervention
(n=0)

Analyzed (n = 4095)
e Excluded from analysis
(n=0)

!

Allocated to postcard-plus-IVR

arm (n = 4095)

® Received allocated
intervention (n = 3438)

* Did not receive allocated
intervention (IVR system
not able to detect person or
answering machine) (n = 657)

l

Evaluated for follow-up

(n = 4095)

e Lost to follow-up (n = 0)

* Discontinued intervention
(n=0)

Analyzed (n = 4095)
e Excluded from analysis
(n=0)

Analysis

COPD indicates chronic obstructive pulmonary disease; IVR, interactive voice response.

left on answering machines; 5.6% and 5.2%, respectively,
listened to a vaccination reminder but hung up prior to re-
ceiving additional information; 20.4% and 19.3%, respec-
tively, listened through to the message from the asthma/
COPD specialist; 1.3% and 1.5%, respectively, listened to
all content and requested more information from the in-
fluenza hotline; and 16% and 16% of calls, respectively,
were incomplete with no answer and no message left.

By October 31, 2012, 29.5% of subjects in the postcard-
only arm, 31.1% in the IVR-only arm, and 30.6% in the
postcard-plus-IVR arm had received influenza vaccina-
tion. As shown in Table 2, no significant difference was
found in vaccination rates among the 3 study arms for the
primary outcome. Table 2 also shows influenza vaccina-
tion receipt by December 31, 2012, and March 31, 2013.

Multivariable analyses of factors associated with re-
ceipt of influenza vaccination are shown in Table 3. After

adjusting for other covariates, vaccination was not sig-
nificantly higher for the IVR-only and postcard-plus-IVR
arms compared with the postcard-only arm. Of interest,
several covariates were significantly associated with vac-
cination, which was significantly more likely in older age
groups, for example. Compared with those with a tradi-
tional managed care insurance plan, those with a deduct-
ible plan were significantly less likely to receive influenza
vaccine (adjusted odds ratio, 0.89; 95% CI, 0.84-0.94).

The cost associated with the different types of remind-
ers is shown in Table 4. In the postcard-only arm, the cost
per subject to receive the intervention was $0.78; for IVR-
only, the cost was $1.23; and for postcard-plus-IVR, the
cost was $1.93. When these costs were extrapolated to a
theoretical population of 100,000 subjects, the anticipated
costs per subject would be $0.55, $0.05, and $0.60 in the
postcard-only, IVR-only, and postcard-plus-IVR groups,
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H Table 1. Demographic and Clinical Characteristics of Subjects Randomly Allocated to the 3 Study Arms,

September 2012 (n = 12,285)

Characteristic
Sex, n (%)
Male
Female
Age in years, n (%)
19-29
30-39
40-49
50-59
60-64
Race, n (%)
Black
White

Native American/Alaskan Native and Asian/
Pacific Islander

Missing
Hispanic ethnicity, n (%)?
Qualifying condition, n (%)
Asthma only
COPD only
Asthma and COPD

Chronic Disease Score, excluding asthma and
COPD,® median (IQR)

Proportion of prior 4 influenza seasons
vaccinated,® n (%)

0%
25-33%
50-75%
100%
Newly enrolled
Insurance type, n (%)
Traditional managed care
Deductibled
High-deductible
Self-funded
Other
Kaiser group coverage, n (%)e

Outpatient visit rate,f median (IQR)

COPD indicates chronic obstructive pulmonary disease; IQR, interquartile range; IVR, interactive voice response.
aData on Hispanic ethnicity missing for n = 1614 (13%) of subjects.

Postcard Only

(n = 4095)

1417 (34.6)
2678 (65.4)

898 (21.9)
1088 (26.6)
967 (23.6)
826 (20.2)
316 (7.7)

154 (3.8)
2759 (67.4)

118 (2.9)

1064 (26.0)
490 (12.0)

3829 (93.5)
206 (5.0)
60 (1.5)

0(0,1)

1791 (43.7)
619 (15.1)
810 (19.8)
745 (18.2)
130 (3.2)

2017 (49.3)
1567 (38.3)
183 (4.5)
172 (4.2)
156 (3.8)
287 (7.0)
3(1,5)

IVR Only
(n =4095)

1427 (34.9)
2668 (65.2)

875 (21.4)
1136 (27.7)
972 (23.7)
789 (19.3)
323 (7.9)

140 (3.4)
2797 (68.3)

148 (3.6)

1010 (24.7)
457 (11.2)

3847 (93.9)
198 (4.8)
50 (1.2)

0(0,1)

1809 (44.2)
607 (14.8)
841 (20.5)
713 (17.4)
125 (3.1)

2044 (49.9)
1549 (37.8)
204 (5.0)
157 (3.8)
141 (3.4)
261 (6.4)
3(1,5)

Postcard Plus IVR

(n =4095)

1486 (36.3)
2609 (63.7)

874 (21.3)
1065 (26.0)
1024 (25.0)
819 (20.0)
313 (7.6)

132 (3.2)
2820 (68.9)

117 (2.9)

1026 (25.1)
473 (11.6)

3834 (93.6)
192 (4.7)
67 (1.6)

0(0,1)

1823 (44.5)
626 (15.3)
798 (19.5)
711 (17.4)
137 (3.4)

2112 (51.6)
1491 (36.4)
213 (5.2)
143 (3.5)
136 (3.3)
278 (6.8)
2.7 (1,5)

b Medication dispensings from 2010 through 2012 used to calculate Chronic Disease Score, using methods of Von Korff and colleagues'®; medication

classes related to asthma treatment removed.

¢Denominator is the number of influenza seasons the subject was enrolled in the health plan for the prior 4 years; numerator is the number of

seasons the subject received influenza vaccine; proportion could not be calculated for subjects newly enrolled in health plan.

dDefined as co-payments for routine care; lower premiums than traditional managed care; does not qualify as a high-deductible plan.
eKaiser employees and those covered under employees’ insurance plan.

fincludes primary care and specialty care; rate calculated as (365 x visit count for 1 year)/number of days enrollment in the year.
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M Table 2. Number and Percentage of Subjects Who Received Influenza Vaccine, 2012-2013 Influenza Season
(n=12,285)
Intervention Group Difference in Percentage (95% Cl)
Postcard only IVR only T IVR only vs Postcard plus IVR MHGILAZ
n (%)? n (%)? plusTME postcard only® vs postcard only® CESCER DI
Date vaccinated by n (%)? IVR®
October 31, 2012¢ 1207 (29.5) 1272 (31.1) 1251 (30.6) 1.6 (-0.4 to 3.6) 1.1 (-0.9t0 3.1) 0.5(-1.5t02.5)
December 31, 2012 1675 (40.9) 1766 (43.1) 1674 (40.9) 2.2 (0.1-4.4) 0.0 (2.1 t0 2.2) 2.3(0.1-4.4)
March 31, 2013 1866 (45.6) 1941 (47.4) 1844 (45.0) 1.8(-0.3t04.0) -0.6 (-2.7 t0 1.6) 2.4 (0.2-4.5)

IVR indicates interactive voice response.

aNumber and percent vaccinated by specified date.
bPercentage point difference in vaccination (95% Cl).
°Primary study outcome.

respectively. We performed an additional analysis to find
the “break-even” point; 7916 postcards could be sent for
the same cost as 100,000 IVR calls.

In this investigation of different reminder methods
for influenza vaccination among adults with asthma or
COPD, using [IVR-based reminders was not significantly
more or less effective for promoting influenza vaccination
compared with postcard reminders or postcard-plus-IVR
reminders. In addition, the IVR calls were not as inter-
active or tailored as was intended, as only 20% listened
to a message from an asthma/COPD specialist, and only
2% requested information from the influenza hotline. The
intervention achieved only modest influenza vaccination
rates of 45% to 47% by the end of the influenza season, and
the strongest predictor of vaccination was receipt of influ-
enza vaccine in prior years. In cost analyses in the study
population of 12,285 individuals, IVR reminders were
more costly than postcard reminders due to the higher
fixed costs of the IVR system. However, when costs were
extrapolated to the entire high-risk population at KPCO,
IVR-based reminders would have been the least expen-
sive among the methods tested. These findings led KPCO
to use IVR-based reminders as the primary method for
influenza vaccination reminders for the entire high-risk
population at KPCO for the 2013-2014 influenza season.

Although it was anticipated that [IVR reminders would
be more effective than postcard reminders for encourag-
ing influenza vaccination, vaccination rates by October
31, 2012, were similar across the 3 study arms. [VR is con-
sidered a promising tool for health promotion and disease
management because messages can be personalized and
respondents can interact with the system through voice or
touch-tone responses via telephone.”>?” However, in this

study, use of the IVR system did not result in substantial

interaction with respondents, because most either had a
message left on an answering machine or did not choose
to receive additional influenza information through the
hotline. It is possible that higher immunization rates
could have been achieved had more individuals listened
to the additional information provided.

Nationally, during the 2012-2013 influenza season, an
estimated 47% of adults aged 19 to 64 years with chronic
medical conditions were immunized against influenza,®
and 34.6% of adults with asthma aged 18 to 49 years were
immunized.” These influenza immunization rates are con-
siderably lower than the national goal of 90% coverage.’
The current study was conducted among insured adults in
a managed care organization with walk-in immunization
available—a setting presumably with fewer barriers to
vaccination than faced by the general population. How-
ever, across the 3 study arms, only 45% to 47% were immu-
nized by the end of the influenza season; several factors
may have contributed to the lower-than-expected rates.
Because KPCO patients are sent reminders every year and
are potentially exposed to other types of reminders within
KPCO (eg, in Kaiser newsletters), awareness may be high
enough that patients do not need the additional cue to
action that reminders provide. Additionally, it is possible
some subjects were vaccinated outside of KPCQO, and that
this information was not entered into the KPCO EHR, re-
sulting in falsely low rates.?” Finally, misperceptions about
the need for influenza vaccination are prevalent, even
among individuals with chronic medical conditions®®*;
it is possible that the brief reminders used in the current
study did little to change attitudes and behaviors.

While annual influenza vaccination reminders have
proven effective in a variety of settings when compared with
no reminders, much less is known about the cost of vari-
ous reminder methods. Interestingly, [VR-based reminders
were more costly than postcards for the study population
of 12,285, but substantially less costly than postcards when
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M Table 3. Unadjusted and Adjusted Relative Risk of Receipt of Influenza Vaccine by October 31, 2012 (n = 12,285)

Characteristic
Intervention arm
Postcard only
IVR only
Postcard plus IVR
Sex
Male
Female
Age in years
19-29
30-39
40-49
50-59
60-64
Race
Black
White

Native American/Alaskan Native and Asian/Pacific Islander

Missing
Hispanic ethnicity
Yes
No
Missing
Qualifying condition
Asthma and COPD
COPD only
Asthma only
Chronic Disease Score, excluding asthma and COPD?
Proportion of prior 4 influenza seasons vaccinated®
0%
25-33%
50-75%
100%
Newly enrolled
Insurance type
Traditional managed care
Deductible®
High-deductible
Self-funded
Other
Kaiser group coverage®
Outpatient visit rate®

COPD indicates chronic obstructive pulmonary disease; IVR, interactive voice response; Ref, reference category.

Unadjusted Relative Risk

(95% Cl)

1.00 (Ref)
1.05 (0.99-1.13)
1.04 (0.97-1.11)

1.00 (Ref)
1.32 (1.24-1.40)

1.00 (Ref)
1.62 (1.47-1.79)
1.71 (1.565-1.89)
2.25(2.04-2.48)
2.89(2.61-3.21)

0.67 (0.55-0.80)
1.00 (Ref)
1.00 (0.86-1.16)
0.80 (0.74-0.88)

0.92 (0.85-1.01)
1.00 (Ref)
0.80 (0.74-0.88)

1.58 (1.35-1.85)
1.30 (1.17-1.44)
1.00 (Ref)
1.11 (1.10-1.13)

1.00 (Ref)
2.95 (2.62-3.32)
6.14 (5.58-6.76)
8.03 (7.32-8.81)
2.89 (2.38-3.51)

1.00 (Ref)
0.76 (0.72-0.81)
0.93 (0.82-1.05)
0.80 (0.68-0.93)
0.87 (0.75-1.01)
1.79 (1.67-1.93)
1.03 (1.03-1.04)

(95% Cl)

1.00 (Ref)
1.05 (0.99-1.11)
1.05 (0.99-1.11)

1.00 (Ref)
1.13 (1.07-1.18)

1.00 (Ref)
1.31 (1.20-1.43)
1.32 (1.21-1.45)
1.54 (1.41-1.69)
1.74 (1.58-1.91)

0.89 (0.76, 1.05)
1.00 (Ref)
1.00 (0.88-1.14)
0.99 (0.90-1.09)

0.98 (0.90-1.11)
1.00 (Ref)
1.02 (0.91-1.14)

1.01 (0.88-1.17)
1.11 (1.01-1.22)
1.00 (Ref)
1.01 (0.99-1.02)

1.00 (Ref)
2.83 (2.52-3.19)
5.51 (5.00-6.07)
7.01 (6.38-7.70)
2.66 (2.19-3.24)

1.00 (Ref)
0.89 (0.84-0.94)
0.96 (0.86-1.06)
1.02 (0.89-1.16)
0.97 (0.84-1.12)
1.39 (1.30-1.49)
1.02 (1.01-1.02)

Adjusted Relative Risk

#Medication dispensings from 2010 through 2012 used to calculate Chronic Disease Score, using methods of Von Korff and colleagues’®; medication

classes related to asthma treatment removed.

bDenominator is the number of influenza seasons the subject was enrolled in the health plan for the prior 4 years; numerator is the number of

seasons the subject received influenza vaccine; proportion could not be calculated for subjects newly enrolled in health plan.

°Defined as co-payments for routine care; lower premiums than traditional managed care; does not qualify as a high-deductible plan.

dKaiser employees and those covered under employees' insurance plan.

¢Includes primary care and specialty care; rate calculated as (365 x visit count for 1 year)/number of days enrollment in the year.
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CLINICAL

H Table 4. Costs of Influenza Reminders Across 3 Study Arms

Cost for Actual Reminder Study, $

Postcard only IVR only
Variable (n = 4095) (n = 4095)
Personnel costs®
Registered nurse 42 .81 N/A
Health educator 31.12 77794
Database administrator 364.08 364.08
Program manager 561.33 270.29
Id\g?/;z;zt:rm architect/ N/A 1636.47
Internist N/A 29.72
Voice talent® N/A 75.00
Subtotal 999.34 3153.50
Supplies, hardware, and software
et mnm -
IVRT1 telephone lines¢ N/A 21.74
Server N/A 1875.00
Licensing N/A 2.83
Subtotal 2211.30 1899.57
Total costs 3210.64 5053.07
Cost per subject 0.78 1.23

IVR indicates interactive voice response; N/A, not applicable.

Cost Extrapolation,® $

ET:;CIE\];; Postcard only IVR only :;T:;clz\‘;:
(n = 4095) (n=100,000) (n=100,000) (n = 100,000)
42.81 42.81 N/A 42.81
809.06 31.12 77794 809.06
364.08 364.08 364.08 364.08
831.62 561.33 270.29 831.62
1636.47 N/A 1636.47 1636.47
29.72 N/A 29.72 29.72
75.00 N/A 75.00 75.00
3788.76 999.34 3153.50 3788.76
2211.30 54,000.00 - 54,000.00
21.74 N/A 21739 217.39
1875.00 N/A 1875.00 1875.00
2.83 N/A 28.26 28.26
4110.87 54,000.00 2120.65 56,120.65
7899.63 54,999.34 5274.15 59,909.41
1.93 0.55 0.05 0.60

aThe study site (Kaiser Permanente Colorado) typically sends approximately 100,000 reminders for influenza vaccination to health plan members at

increased risk of influenza-related morbidity and mortality each year.

bHours spent on reminders measured for each individual; salary and benefits calculated by type of position using the highest range of the 2011
United States Bureau of Labor Statistics per labor category and a fringe rate of 35%.

¢Invoiced cost.

9Two T1 lines used in study; 1 T1 line can accommodate making 5000 calls over a 2-week period. When extrapolated to 100,000 subjects, 10T1 lines

would be needed.

applied to a much larger population, a finding that led
KPCO to adopt [IVR-based reminders for the entire high-

risk population for the subsequent influenza season.

Limitations

This study is subject to several important limitations.
The study did not include a control group that received
no reminders; however, because vaccination reminders
are a recommended standard of care nationally, and a
long-standing part of usual care at KPCO, having a “no re-
minder” study arm was not appropriate on ethical grounds.
Reminders were left on answering machines, but it is not
known whether these messages were ultimately heard by the
intended recipients. Some subjects may have received influ-
enza vaccination outside of KPCO, such as at a pharmacy
or workplace, and this information would not routinely be
captured within the EHR.?” While standard cost-capture

methods were used, it is possible that not all reminder costs

were measured. Finally, IVR systems can be expensive,
costing $50,000 or more to initially implement or purchase.
The IVR purchase or start-up costs were not included in
our IVR reminder cost estimates because the KPCO IVR
system has been in place for more than a decade, it is cur-
rently used for multiple purposes, and it is unlikely that a
healthcare entity would purchase an IVR system solely for
influenza vaccination reminders. This may limit the gener-
alizability of our cost findings to organizations with existing
IVR systems or those willing to purchase one, and we are
unaware of published estimates of how prevalent IVR sys-

tems are among healthcare organizations.

In summary, in a randomized control trial, [VR-based
reminders were not more or less effective for promoting

annual influenza vaccination than postcard reminders.
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While IVR is a promising new technology for health pro-
motion, when IVR-based reminders were used for influen-
za vaccination, many patients did not receive any tailored
messaging as intended. Regardless of the type of reminder
used in this study, only modest influenza vaccination rates
were achieved, indicating that additional strategies may
be needed to overcome misperceptions about the need for

annual influenza vaccination.
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