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ealthcare delivery systems use many strategies to remind
patients of upcoming clinic appointments. A 1992 meta-
analysis found that mailed reminders or telephone calls
from clinic staff consistently reduced missed appointments.!
Newer tools, such as interactive voice response (IVR) telephone
calls and text messages, have also been effective while improving
the efficiency and reducing the cost of appointment reminders.>*

Although the effectiveness of visit reminders is well established,
little is known about the optimal number or timing of reminders. A
reminder several days in advance provides patients an opportunity
to cancel theirappointment with sufficient lead time for a clinic
to schedule other patients into vacated slots. On the other hand,
areminder the day prior to an appointment may allow the patient
to better assess whether the visit remains necessary or conflicts
with other obligations.® Although multiple reminders may be more
effective than a single reminder, patients may perceive them as
unnecessary or intrusive.

Learning health systems combine clinical data, quality improve-
ment methods, and research skills to address operational questions
rapidly and at low cost.®” When operational interventions are
randomized, the resulting information is both directly action-
able and potentially generalizable to other delivery systems. We
previously reported the results of a collaborative trial between
operational leaders and researchers in an integrated healthcare
system, which found that a single reminder delivered by text or
IVR message 1 day prior to a primary care appointment reduced
the rate of missed appointments compared with no reminder.®
To refine the approach to delivering appointment reminders,
we conducted a second randomized controlled trial to evaluate
3 strategies for providing primary care visit reminders: (1) a single
reminder 3 days prior to the visit, (2) a single reminder 1 day prior
to the visit (the standard approach based on the initial trial), or
(3) reminders both 3 days and 1day prior to the visit. We also assessed
the effect of these 3 approaches on visit satisfaction and the impact
of the intervention in the subgroup of patients at highest risk of
missing their appointments.

ABSTRACT

OBJECTIVES: To compare missed appointment rates for
patients receiving a single reminder either 3 days prior to a
primary care visit, 1 day prior to the visit, or both 3 days and
1 day prior to the visit.

STUDY DESIGN: Three-armed randomized controlled trial.

METHODS: Text messages or interactive voice response
calls were sent to patients with appointments at 25 primary
care clinics in an integrated delivery system. A multivariable
prediction model was developed to identify patients at high
risk of missing appointments, based on prior appointment-
keeping history and other variables from electronic

health records.

RESULTS: Among 54,066 randomized patients, those who
received reminders both 3 days and 1 day prior to the visit
were less likely to miss their appointment than those who
received only a 3-day or 1-day reminder (4.4% vs 5.8% vs
5.3%, respectively; P <.001). In patients at high risk, 20.5% of
those who received 2 reminders missed their visit, compared
with 25.0% and 24.2% of those with only 3-day or 1-day
reminders, respectively (P <.001). Visit satisfaction was
unaffected by providing an additional reminder.

CONCLUSIONS: Two automated reminders were more
effective than 1 in reducing missed appointments and did not
reduce visit satisfaction. A predictive model based on clinical
characteristics and prior appointment history can accurately
identify patients who are at highest risk of missing
appointments. These individuals may benefit more from
multiple reminders, but additional strategies are necessary
to further reduce their rates of missed appointments.
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TAKEAWAY POIN

personal calls rather than using IVR-T reminders,
whereas a second site was excluded because
it opted to continue using the 1-day reminder

Text message or phone reminders 3 days and 1 day before a primary care appointment were

more effective in reducing missed appointments than a single reminder, particularly in patients
whom a clinical prediction rule identified as at high risk of missing appointments.

» Decision makers posed the question to fine-tune existing reminder protocols through col-

laboration with researchers in a learning health system.

» Because prior randomized trials had not directly compared either the timing or number of

reminder calls, the findings may apply to other organizations.

protocol. We excluded scheduled telephone
visits, visits for office procedures, and visits
to non-primary care departments, such as
radiology and ophthalmology. Patients who
made appointments online through the KPCO
patient portal and received email reminders

METHODS
Study Setting

This project took place at Kaiser Permanente Colorado (KPCO), an
integrated healthcare delivery system with more than 650,000 members
in the Rocky Mountain West. Patients received care at 27 primary care
clinics that were staffed by family physicians, internists, pediatri-
cians, nurse practitioners, and physician assistants. Patients could
make appointments for primary care visits in person, by telephone,
or through a web portal. Since 2005, KPCO's research department
has operated a visit reminder system that initiates telephone calls
tolandlines or cellular phones and text messages to cellular phones.
Text messages are the primary communication modality unless the
recipient has requested voice messages. We designate this system as
IVR-T (interactive voice response or text). This system has been used
in numerous interventions, several of which have been deployed
operationally after completion of the research.®"

At the time of this study, the delivery system sent a single IVR-T
reminder to each primary care patient 1day before their scheduled
visit, based on the results of our prior randomized trial.® To fine-tune
the approach to visit reminders, operational leaders then asked
whether a 3-day reminder might be preferable to a 1-day reminder,
because it provided greater opportunity to fill slots vacated through
cancellations. Although leaders were also interested in determining
whether 2 reminders would further reduce missed appointments,
they raised concerns that multiple calls might be burdensome to
patients and encouraged us to use existing visit satisfaction data
to explore this issue.

Intervention Design

Inresponse to these questions, we designed a pragmatic intervention
trial. Stratifying by clinic site, we randomly assigned all patients with
primary care appointments between October 15, 2016, and December
15,2016, to 1 0f 3 groups: a single IVR-T reminder 3 calendar days prior
to the appointment; a single IVR-T reminder 1 calendar day prior
to the appointment; or 2 IVR-T reminders, with one made 3 days
and the other 1 day prior to the appointment. Calls were made on
weekends, as well as business days. All patients were eligible if they
had a primary care appointment and had made their appointment
3 or more days in advance of the scheduled visit. Patients who
previously requested not to be contacted by phone or text message
were excluded. One clinic was excluded because its staff made

were included in the intervention. Although
information about email reminders was unavailable, the randomized
design is likely to have distributed individuals who received these
reminders equally among the 3 groups.

All text messages or calls were delivered in English. Those receiving
a text message were asked to respond with their medical record
number if they wished to cancel the appointment. Patients who
answered the IVR call confirmed their identity by providing their
medical record number, then received a short message confirming
the date and time of the appointment and were offered the oppor-
tunity to cancel their appointment through the appointment line.
If an answering machine responded, a recorded message provided
the same information.

We used a randomization algorithm in the program that managed
the IVR database to assign each visit to 1 of the 3 groups. Because
randomization took place at the visit level, patients with multiple
visits during the study period could receive the IVR-T intervention
for some visits but not others. We limited the analysis to the first
appointment randomized.

Study Measures: Electronic Health Records and Visit
Satisfaction Survey

We used appointment records to determine the primary outcome:
whether the appointment was missed, cancelled, or completed.
We selected patient characteristics as covariates and potential
predictors of missed appointments based on the findings of prior
studies.®*** These variables included age, sex, race/ethnicity, marital
status, employment, day and time of the appointment, number of
comorbid conditions in the 2 years prior to the visit,” health insur-
ance type, duration of enrollment in KPCO (a proxy for the level of
familiarity with the system), lead time to appointment (defined as
the number of days between scheduling the appointment and the
date of that appointment), the sum of the number of emergency
department (ED) visits and hospitalizations within KPCO or other
institutions reimbursed by KPCO health insurance within 6 months
of the index appointment, and the number of missed primary care
appointments within 6 months prior to the index appointment.
KPCO developed and conducted ongoing surveys to assess

member satisfaction after completed primary care visits. These
surveys were distinct from standard surveys of patient experience,
such as the Hospital Consumer Assessment of Healthcare Providers
and Systems survey.”* Members who had missed or cancelled their
appointments were not surveyed. The 58-item survey included a
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global item on visit satisfaction: “Thinking just
about your visit on [date] with [clinician name],
and everything that happened from the time you
scheduled the appointment until the time you
left the medical office, how would you rate it?”
Response options were excellent, good, adequate,
and fair to poor. We added 4 items to surveys
administered between October 1, 2016, and
December 31, 2016. These items (with response
options in parentheses) were: (1) Did you receive
areminder message before your visit? (yes/no/
don’t remember); (2) Approximately how many
reminder messages did you receive (1/2/3/4 or
more/don’t remember); (3) How satisfied were
you with the timing of reminders we sent you
before your visit? (extremely satisfied/very
satisfied/somewhat satisfied/not very satisfied/
notatall satisfied/don’t know/not applicable);

Multiple Appointment Reminders

FIGURE. Participant Flowchart

65,038 appointments
(55,829 patients) N\
Exclude 2990 telephone,
procedure, or undefined
appointments
(1763 patients)

62,048 appointments
(54,066 patients)

Exclude 7982 repeat
appointments

54,066 first appointments
(54,066 patients)

Randomization

and (4) How satisfied were you with the number ¢

of reminders we sent you before your visit?

(same response options as for question 3).
The survey vendor attempted to complete

3-day reminder

(n=18,135)

1-day reminder
(n=18,029)

3-day and 1-day reminders
(n=17,902)

50 surveys from each primary care department
(internal medicine, family medicine, or pedi-
atrics) at each site. Surveys were initially administered by email.
If the member did not respond, they received a reminder email.
Patients without email addresses received a phone survey with up
to 5 call attempts. Surveys were typically completed within a week
of the visit, with a historical response rate of 35%.

Sample Size Estimation

We defined a1.0% absolute reduction in the rate of missed appoint-
ments (eg, from 6.0% to 5.0%) as an operationally significant effect.
We calculated that 100,000 primary care visits, equally apportioned

among study arms, would detect this difference, and projected that
2 months would enable us to reach this sample size. To estimate the

power to detect differences in visit satisfaction, we used pretrial

data that 84% of patients rated their visit as excellent or good to

determine that 726 surveys per study arm would detect a 5% change

in satisfaction.

Statistical Methods

To compare patient demographics, clinical characteristics, and inter-
vention outcomes among the 3 intervention groups, we used Wilcoxon
rank sum tests for nonnormally distributed continuous variables and
X’ tests for discrete variables. We conducted a prespecified subgroup
analysis to compare the effectiveness of the reminder interventions
in the quartile of patients at highest risk of missing appointments
with thatin the 3 quartiles at lower risk. We developed a predictive
model for the risk of missing an appointment based on previously
described variables from the electronic health record. We excluded
cancelled visits from this model. The clinical department (designated

asanintegrated primary care department, family medicine, internal
medicine, or pediatrics) and the 25 clinic sites were entered into
the model as fixed effects to address clustering of patients within
departments and departments within clinic site. Linear and quadratic
terms for continuous predictor variables were assessed, and both
terms were included in the final model if statistically significant.
Missing values for each predictor were included in the model as
a separate category. Backward selection with Wald y? tests guided
the selection of predictors. The final prediction model included
an indicator variable for treatment group and all covariates with
Pvalues <.05. The discrimination of the model was assessed with
the C statistic, defined as the probability that in any 2 individuals
randomly drawn from the sample, the predicted risk of a missed
appointment is higher among the individual who actually missed
the appointment.’

This project was approved by the KPCO Institutional Review
Board with a waiver of individual informed consent. Because the
project was conducted to address an operational issue, it was not
registered on clinicaltrials.gov.

RESULTS

Atotal of 65,038 appointments were scheduled for 55,829 patients at
25 primary care clinics over the 2-month study period. After exclusions
shown in the Figure, we analyzed 54,066 visits for 54,066 patients.
Text messages were sent to 41,339 individuals (76.4%), IVR calls
were made to 8038 (14.9%), and 4689 (8.7%) could not be reached by
either modality. Of these 54,066 patients, 18,135 were randomized

THE AMERICAN JOURNAL OF MANAGED CARE® VOL. 24, NO. 8

379



MANAGERIAL

TABLE 1. Baseline Comparison of Patient-Level Variables Among Intervention Groups

Variable (n=18,135)

Age, years, %

<18 18.3
18-39 17.7
40-54 18.2
55-64 16.8
65-74 16.5
275 12.5
Sex (female), % 57.1
Race/ethnicity, %
White 68.3
Asian 3.9
Black 5.2
Hispanic 0.2
Native American 0.8
Unknown/other 21.6
Marital status, %
Divorced/separated 6.3
Married 46.1
Single 38.2
Widowed 4.2
Unknown/other 5.2
Employment, %
Employed 6.0
Not employed 1.8
Part-time 0.6
Retired 5.4
Student 0.5
Unknown 85.8

Day of appointment, %

Monday 24.0
Tuesday 21.2
Wednesday 17.4
Thursday 14.7
Friday 22.8
Time of appointment, %
Morning 56.1
Afternoon 43.8
Evening 0.1

Median number of comorbid conditions

3-Day Reminder Group 1-Day Reminder Group 3-Day and 1-Day Reminder Group
(n=18,029) (n=17,902)
19.4 18.7
17.5 17.4
18.0 17.9
16.8 16.9
16.1 16.8
12.3 12.4
57.0 56.7
68.6 68.9
3.5 3.4
5.0 5.5
0.2 0.3
1.0 0.8
21.7 21.1
6.5 6.3
45.3 45.9
38.4 38.1
4.5 4.5
5.4 583
5.6 5.8
1.9 2.0
0.5 0.6
5.5 5.6
0.5 0.4
86.0 85.7
24.5 24.4
21.1 215
17.5 17.6
14.3 14.5
22.6 22.0
55.7 56.6
443 43.4
0.1 0.1
0(0,3) 0(0,3)

0(0,3
(5th percentile, 95th percentile)'” o

to receive a 3-day reminder call, 18,029 to receive a 1-day reminder
call, and 17,902 to receive both 3-day and 1-day reminders. Patient
characteristics were balanced across intervention arms (Table 1).

Overall, 5.2% of appointments were missed, 15.2% were cancelled,
and 79.7% were completed. As shown in Table 2, the group

[continued)

receiving both 3-day and 1-day reminders had the lowest rate of
missed visits (P <.0001). The number needed to treat (NNT) was
76; in other words, 1 fewer appointment was missed for every 76
patients who received both reminders compared with those who
received a single reminder. In separate comparisons between
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TABLE 1. (Continued) Baseline Comparison of Patient-Level Variables Among Intervention Groups

3-Day Reminder Group

3-Day and 1-Day Reminder Group

1-Day Reminder Group

Variable (n=18,135)

Health insurance type, %

Deductible/coinsurance 30.5
High-deductible 9.8
Medicaid 8.3
Self-funded 2.6
Traditional HMO 48.1
Unknown/other 0.6
Duration of enrollment in health plan, %
<0.5 year 8.6
0.5-1 year 9.4
1-5 years 35.2
5-10 years 16.8
>10 years 30.0
Appointment lead time, %
3-7 days 39.1
8-14 days 31.2
15-30 days 20.9
31-60 days 7.0
261 days 1.9
ED visits or hospitalizations, prior 6 months
Mean (SD) 0.29 (0.89)
Median (5th percentile, 95th percentile) 01(0,2)
Missed primary care appointments, prior 6 months
Mean (SD) 0.39(1.11)
Median (5th percentile, 95th percentile) 0(0,2)

(n=18,029) (n=17,902)
29.6 30.2
10.7 10.2
8.3 7.8
2.7 2.6
48.1 48.5
0.8 0.7
8.8 8.7
9.1 9.6
35.3 34.8
16.7 16.3
30.1 30.6
39.2 39.0
30.4 30.9
21.6 21.1
7.2 7.2
1.6 1.9

0.29 (0.84) 0.29 (0.87)
0(0,2) 0(0,2)
0.38(1.11) 0.38(1.1¢)
0(0, 2) 0(0,2)

ED indicates emergency department; HMO, health maintenance organization.

missed and completed appointments and between cancelled
and completed appointments, the intervention reduced missed
appointments (P <.0001) but had no effect on cancellations (P =
.53). The 3 groups did not differ in satisfaction with the number
or timing of reminders or in overall visit satisfaction (Table 2).
Individuals who received 2 IVR-T reminders did report receiving
more reminder messages (a mean of 1.8 reminders vs 1.5 reminders
in the other 2 groups; P <.0001).

Text messages and telephone calls were equally effective in
reducing the rate of missed appointments. Among those who
received text messages, rates of missed appointments were 5.6%,
4.9%, and 4.2% for the 3-day, 1-day, and both-days intervention
groups, respectively, whereas among those who received calls,
rates of missed appointments were 4.8%, 4.4%, and 3.8% (P <.001).

The statistical model for missed appointments included 45,873
patients after excluding 8193 individuals who cancelled appointments.
Predictors of missing an appointment are shown in Table 3. The
strongest individual predictor was the number of missed outpatient
appointments within the prior 6 months. The multivariable model
showed excellent discrimination (C statistic =0.93). Amodel limited

to linear and quadratic terms for the number of prior missed visits
also showed excellent discrimination (C statistic = 0.92).

The missed appointment rate in the highest-risk quartile was
23.3%, compared with 0.4% in the 3 lower-risk quartiles. In the
highest-risk quartile, 2 reminders reduced the rate of missed
appointments by 4.5% compared with the 3-day reminder and by
3.7% compared with the 1-day reminder (Table 4). The 2-reminder
intervention had an NNT of 25 compared with a single reminder.
In the 3 lower-risk quartiles, 2 reminders remained significantly
more effective than a single reminder, but the NNT was 1328. The
interaction among subgroups was statistically significant (P =.047).

DISCUSSION

In this 3-armed randomized trial, we found that 2 reminders, delivered
by text message or telephone 3 days and 1day prior to a primary care
visit, were more effective than a single reminder delivered either 3
days or1day prior to a visit. The intervention was effective despite a
low baseline rate of missed appointments."* Member satisfaction with
the reminder process and the primary care visit was similar in the 3
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TABLE 2. Effect of 3-Day, 1-Day, or 3-Day and 1-Day IVR-T Reminders on Appointment Keeping and Visit Satisfaction?

3-Day Reminder

Variable

Missed appointments, %

Cancelled appointments, %
Completed appointments, %
Completed visit satisfaction survey, n

Did you receive a reminder message before your visit? (yes, %)

How many reminder messages did you receive? (mean [SD])
Satisfaction with the timing of reminders, %
Extremely satisfied
Very satisfied
Somewhat satisfied
Not very satisfied
Not at all satisfied
Don’t know/not applicable
Satisfaction with the number of reminders, %
Extremely satisfied
Very satisfied
Somewhat satisfied
Not very satisfied
Not at all satisfied
Don’t know/not applicable
Overall visit satisfaction, %
Excellent
Good
Adequate/fair/poor

1-Day Reminder 3-Day and 1-Day

Group Group Reminder Group
(n=18,135) (n =18,029) (n=17,902)
5.8 5.3 A <.0001®
14.9 15.4 15.2
79.3 79.3 80.4
501 529 516
85.4 85.1 86.6 .80
.5(0.6) 1.5(0.61) 1.8(0.72) <.0001
46
41.7 39.6 45.0
50.7 50.9 47.7
5.8 6.1 515
0.3 1.3 0.8
0.5 0.8 0.0
1.6 1.5 1.0
.99
38.8 38.1 39.4
50.3 49.7 47.8
6.4 7.5 8.4
1.1 1.3 1.3
0.5 1.0 0.8
2.9 1.4 2.3
24
67.2 67.5 65.6
27.2 27.4 27.3
5.6 /A 6.6
0.0 0.8 0.4

Don’t know

IVR-T indicates interactive voice response or text.

2Comparisons used Wilcoxon rank sum tests for nonnormally distributed continuous variables and x? tests for discrete variables.

®Using 2x3 ¥’ test.

study arms. The effectiveness of the intervention was substantially
greater in patients at highest risk of missing their appointments,
as defined by a multivariable prediction model.

The effectiveness of a single visit reminder in medical settings
is well established.® Less is known about the effect of varying the
timing or number of reminders. One randomized trial in an endoscopy
clinic found that IVR reminders 3 days versus 7 days prior to the
appointment were equally effective.”! Systematic reviews have found
that the effectiveness of a single reminder was comparable when
delivered between 1 and 7 days prior to a visit, although they did
not report any trials that directly compared the timing or number
of reminders.** Thus, our finding that 2 automated reminders were
more effective than a single reminder in reducing missed appoint-
ments suggests a simple approach to increase reminder effectiveness.

The patient-level predictors of missed appointments in Table
3 are similar to those found in prior studies.®*'*'® The C statistic of
0.93 indicates that the model was able to accurately discriminate
between individuals who completed their appointments and

those who missed them."” Other organizations have also reported
high predictive accuracy for such models.?! Although several
sociodemographic and clinical variables contributed to the model,
a model including just the number of prior missed appointments
had a C statistic of 0.92, which suggests that attendance at prior
appointments alone can accurately identify individuals at risk of
subsequent missed visits.

Our analysis of high-risk patients was particularly informative.
We developed a multivariable risk score rather than assessing inter-
vention impact on multiple subgroups as defined by individual risk
factors.?>?% This analysis showed that among 75% of patients, the
risk of a missed appointment was less than 1% (Table 4). Although
2 reminders were slightly more effective than a single reminder
in this group, the NNT of 1328 demonstrated that reminders for
primary care visits were rarely beneficial. In contrast, the model
identified a high-risk quartile of patients whose rate of missed
appointments was 23%, comparable with rates reported in other
settings.'” In this subgroup, 2 reminders were substantially more
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effective than 1 (NNT of 25), but they only reduced the rate of missed

need to be augmented by more resource-intensive interventions,
such as staff outreach or patient navigation,'®** to further reduce
missed appointments in these individuals.

Strengths and Limitations

The study had several strengths. It demonstrated that randomization
can be used to rapidly address questions of operational importance
using data from administrative and clinical sources. The marginal
costs of the intervention were low because operational data, the IVR-T
system, and the survey protocol were already in place. The results
are consistent with those of other recent studies and systematic
reviews>>* and should be replicable in other healthcare systems
that provide automated reminders by telephone or text message.

The study also had limitations, many of which illustrate the
constraints of conducting randomized trials in an operational
environment. Our intervention took place within a single integrated
delivery system with a low baseline rate of missed appointments.
Thus, our findings may not be generalizable to other settings. Fewer
individuals were randomized into the trial than projected. Although
the sample size could easily have been increased by extending the
trial, we honored our original commitment to organizational leaders
to complete the intervention within 2 months. Consequently, the
number of completed surveys was also smaller than predicted,
limiting statistical power to identify differences in satisfaction.
Because only individuals who kept their appointments were included
in the visit satisfaction survey, we could not assess whether those
who missed or cancelled their visits had different attitudes about
reminders. Additionally, although the response rate was not calcu-
lated in our study, about 35% of members typically respond to visit
satisfaction surveys, raising concerns about response bias. The study
was conducted over 2 months, and we did not assess the sustained
effectiveness of the intervention. Some variables in our prediction
model, such as the number of prior outpatient appointments, ED
visits, and hospitalizations, may be more difficult to assess outside
of integrated healthcare delivery systems. Although patients who
made appointments online received email reminders in addition to
IVR-T reminders, these individuals were likely distributed equally
among the 3 study arms and did not affect the relative differences
we observed. Finally, we did not determine whether appointments
cancelled after the 3-day reminder were more often filled by other
patients than those cancelled after the 1-day reminder.>?

CONCLUSIONS

If other studies confirm that multiple reminders are more effective
than a single reminder in reducing missed appointments, system
leaders will face the decision about whether to send multiple
reminders to all patients with upcoming appointments or restrict
thisapproach to patients at highest risk. An argument in favor of the
first approach is that multiple reminders did not appear to reduce

Multiple Appointment Reminders

TABLE 3. Prediction Model for Missed Versus Completed Appointments?

appointments to 20.5%. Automated text or phone messages will OR (95% CI) P

Intervention
3-day reminder (ref]
1-day reminder
3- and 1-day reminders
Specialty
Integrated primary care department (ref)
Family practice
Internal medicine
Pediatrics
Age, years
18-39 (ref)
<18
40-54
55-64
65-74
275
Sex
Male (ref)
Female
Race/ethnicity
White (ref)
Asian
Black
Hispanic
Native American
Unknown/other
Marital status
Married (ref)
Divorced/separated
Single
Unknown/other
Widowed

Comorbidity (per additional
comorbid condition)

Health insurance type
Traditional HMO (ref)
Deductible/coinsurance
High-deductible
Medicaid
Self-funded
Unknown/other

Appointment lead time
3-7 days (ref)

8-14 days
15-30 days
31-60 days
261 days

1.00
0.93(0.84-1.04)
0.75(0.67-0.84)

1.00
1.42(1.07-1.89)
2.51(1.83-3.45)
1.31(1.05-1.64)

1.00
0.64(0.53-0.77)
0.58(0.51-0.67)
0.32(0.27-0.38)
0.26 (0.22-0.32)
0.33(0.27-0.42)

1.00
0.83(0.75-0.91)

1.00
1.22(0.94-1.57)
1.71 (1.44-2.04)
0.93(0.35-2.46)
1.20 (0.78-1.84)
1.59 (1.43-1.77)

1.00
0.94(0.76-1.15)
1.18 (1.04-1.33)
1.63 (1.34-1.98)
1.09 (0.84-1.42)

0.94 (0.90-0.98)

1.00
0.96(0.85-1.09)
0.94(0.79-1.13)
1.74 (1.50-2.00)
0.81(0.59-1.12)
1.00 (0.58-1.72)

1.00
1.11 (1.00-1.23)
1.10(0.96-1.24)
0.94(0.76-1.17)
2.09 (1.54-2.82)

19
<.0001

.02
<.0001
.02

<.0001
<.0001
<.0001
<.0001
<.0001

<.0001

4
<.0001
.88
40
<.0001

.53
.008
<.0001
.52

.003

.52
.52
<.0001
.20
.99

.06

.18

.58
<.0001

[continued)
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TABLE 3. (Continued] Prediction Model for Missed Versus Completed
Appointments?

OR (95% CI) P

Number of ED/H within 6 months

1.00
0.82(0.76-0.87)  <.0001
1.01 (1.00-1.01)  .008

None (ref)
Each additional ED/H
Square of number of ED/H within 6 months

Any MA within 6 months

No MA (ref) 1.00
Each additional MA 6.97 (6.49-7.47)  <.0001
Square of number of MA within 6 months 0.84(0.83-0.85) <.0001

ED/H indicates emergency department visit or hospitalization; HMO,

health maintenance organization; MA, missed primary care appointment; ref,
reference group.

aN = 45,873 for this analysis (8193 individuals with cancelled appointments
excluded). C statistic for the final model was 0.93. Fixed effects for 25 clinics
were statistically significant in the model, but coefficients are not shown.
Variables not included in the model [multivariate P >.05 in a model using
backward selection of variables): employment status, day of appointment,
time of appointment, duration of enrollment in health plan, and square of
number of comorbidities.

TABLE 4. Effectiveness of 3-Day, 1-Day, or 3-Day and 1-Day IVR-T

Reminders in Patients at Highest Risk of Missing Appointments

Highest-Risk
Quartile

3 Lower-Risk
Quartiles
(n=11,468) (n = 34,405)

Rate RR Rate RR Rate RR
(%) (95% CI) (%) (95% CI) (%) (95% CI)

Overall
(N = 45,873)*

3-day 6.8 1.00 (ref) 25.0  1.00 (ref) 0.5  1.00 (ref)
0.92 0.96 0.55
1-day 6.3 (0.84-1.01) 24.2  (0.86-1.07) 0.3 (0.36-0.84)
P=.08 P=.42 P=.006
3-day 0.76 0.79 0.63
and 5.2  (0.69-0.83) 20.5 (0.71-0.88) 0.3 (0.42-0.95)
1-day P <.0001 P <.0001 P=.03

IVR-T indicates interactive voice response or text; ref, reference group; RR,
relative risk.

2In total, 8193 individuals with cancelled appointments were excluded.

visit satisfaction. However, if local satisfaction surveys suggest
that patients view repeated reminders as unnecessary or intrusive
or if an external IVR-T vendor bases their charges on the number
of reminders sent, restriction of multiple reminders to high-risk
patients might be justified despite the additional analytic effort
necessary to implement the risk algorithm in real time.

In conclusion, we found that multiple text message or telephone
reminders were more effective than a single reminder in reducing
missed primary care visits, particularly in patients at highest risk.
This study also demonstrates the value of a learning health system
collaboration between operational leaders and researchers to address
pragmatic questions of immediate concern.” m
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