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ARTICLE INFO ABSTRACT

Keywords: Background: Missed appointments can have negative effects on several facets of healthcare, including disruption
Multiple sclerosis of services, worse patient health outcomes, and increased costs. The influence of demographic and clinical
Treatment adherence factors on missed appointments has been studied in a number of chronic conditions, but not yet in multiple

Appointment attendance

sclerosis (MS). Engagement in healthcare services is a particular concern with this population, given the com-
Predictor model

plexity of the condition. Furthermore, excessive missed appointments has emerged as a risk factor for suboptimal
adherence to disease modifying therapies (DMTs), prompting further exploration into this issue and whether a
tool could be developed to triage possible interventions for persons with MS on DMTs who are missing their
appointments. As such, this study aimed to investigate the rate and factors associated with missed appointments
among a large national sample of persons with MS and develop a predictive model of excessive missed ap-
pointments.

Methods: Administrative data from 01/01/2013 to 12/31/2015 were extracted from the VA MS Center of
Excellence Data Repository. Variables not related to excessive missed appointments, defined as missing more
than 20% of scheduled appointments, in bivariate analyses (p > 0.20) were excluded. Remaining baseline co-
occurring conditions, demographic, and healthcare utilization variables were entered into a logistic regression
model, using a backward elimination criteria of p < 0.05. Calibration and discrimination of the model were
assessed. An initial predictive score was generated based on the value of the variable and its 3-value from the
final model.

Results: The number of missed appointments ranged from 0 to 84 over a two-year period. Over 59% missed at
least one appointment, though only 4.28% had excessive missed appointments. Seven variables were retained in
the model: adherence to DMTs, age, distance, histories of post-traumatic stress disorder, congestive heart failure,
and chronic obstructive pulmonary disease, and emergency visits. Predictive scores ranged from -6.42 to 0.96
(M = -2.61, SD = 1.15). The final model had good discrimination, calibration, and fit.

Conclusions: By using this model and accompanying score, clinicians could have a good chance of predicting
individuals who will miss more than 20% of their appointments and triaging interventions.

No shows

1. Introduction and their association with worse healthcare outcomes, higher rates of
multi-morbidity and mortality, and increased direct and indirect

Missed appointments are a significant concern of the healthcare healthcare costs (Hussain-Gambles et al., 2004; Macharia et al., 1992;
community due to disrupted medically necessary healthcare services McQueenie et al., 2019; Nguyen et al., 2011). As a result of missed
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appointments, healthcare providers can have unfilled appointment
times, which can result in clinical inefficiency and financial losses
(Moore et al., 2001). For instance, Kheirkhah et al. (2015) calculated
that during the 2008 fiscal year, the marginal cost of missed appoint-
ments using the actual cost per encounter at a Veterans Affairs (VA)
medical center in Houston, Texas was $14.58 million, with an average
cost of $196 per Veteran. While the rates of missed appointments vary
greatly between patient populations and types of clinics, it has been
reported that rates of missed appointments range from 5% to 55% in
primary care clinics in the US (George and Rubin, 2003). In studies that
have focused on individuals receiving services through the VA, the
mean “no show” rate has ranged from 8.4% to 25.7% (Boos et al., 2016;
Kheirkhah et al., 2015). Missed appointments can be a source of frus-
tration for healthcare providers, which can result in the development of
negative attitudes toward those patients (Hussain-Gambles et al.,
2004).

The influence of demographic and clinical factors on missed ap-
pointments has been studied in a number of chronic conditions. For
instance, in HIV, younger age, less severe disease course, and aspects of
social support were predictive of non-attendance (Bodenlos et al., 2007;
Bofill et al., 2011; Catz et al., 1999). In contrast, persons with schizo-
phrenia who have higher levels of psychopathology have been noted to
be less likely to keep their appointments (Daniels et al., 2014). Other
factors, such as having an established outpatient clinician, issues re-
lated to the individual's primary support group, and leaving against
medical advice, were predictors of appointment attendance post-psy-
chiatric hospitalization (Compton et al., 2006). Financial factors, such
as higher copayments for appointments and medications, have also
been shown to be associated with more missed appointments in the
hypertension and diabetes populations (Karter et al.,, 2004;
Nwabuo et al., 2014).

Surprisingly, little is known about appointment adherence in mul-
tiple sclerosis (MS), an unpredictable and progressive demyelinating
central nervous system disorder that affects approximately one million
individuals in the United States alone (Wallin et al., 2019). The onset of
MS typically occurs in young adults, especially women, and progresses
over essentially a normal life span. The disease can result in multiple
physical, cognitive, and emotional impairments. These impairments can
lead to other conditions, which may complicate care and negatively
affect health-related quality of life (Marrie and Hanwell, 2013). These
difficulties, particularly fatigue and mobility, may also barriers to re-
ceiving needed healthcare services (Chiu et al., 2017).

In other populations, excessive missed appointments can be an in-
dicator that individuals are not up-to-date with preventative health

Individuals at case-finding starting point
(N = 49,204)
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services or of a worsening clinical presentation (Mitchell and
Selmes, 2007; Nguyen et al., 2011). In MS, persons who have excessive
missed appointments have been shown to be less adherent to their
disease modifying therapies (DMTs) (Gromisch et al., 2019). As such,
missed appointments may be an easy “red flag” for clinicians to detect
persons with MS who may not be adherent to their MS-related treat-
ment and are at-risk for a decline in functioning due to disruption of
services. DMTs in particular are an important component of MS care
given their known efficacy to reduce disease progression and disability
(Burks et al., 2017; Freedman, 2006; Tsivgoulis et al., 2015). The as-
sociation between medication adherence and appointment attendance
is not unique to persons with MS, as it is a well-known problem in other
populations (Karter et al., 2004; Nwabuo et al., 2014; Ogedegbe et al.,
2007).

Given the dearth of information on missed appointments in the MS
population and its role as a potential risk factor for suboptimal DMT
adherence, this study aimed to investigate the rate of excessive missed
appointments among a large national sample of persons with MS. In
addition, this study examined the demographic and clinical factors,
adherence to DMTs, impairments associated with MS, and other co-
occurring conditions that were related to missed appointments and
created an initial clinical prediction model and accompanying score to
target interventions at those with the most missed appointments.

2. Methods
2.1. Participants

Data for this study were extracted from a large national sample of
individuals in a unified national health care system, the VA MS Center
of Excellence Data Repository, which is housed on the Corporate Data
Warehouse (CDW) server. It is composed of U.S. Veterans receiving
services at any VA medical center. A similar dataset was used in another
study (Gromisch et al., 2019); however, that study focused on an ex-
planatory model of DMT adherence, while the current study's aims were
to examine factors associated with missed appointments and develop a
predictive model. Based on the case-finding starting point (ICD-9 code
340), there were 49,204 Veterans in the Repository at the time of data
extraction. That number was narrowed down by excluding Veterans
who did not have at least one outpatient visit (not restricted to MS-
related visits) in 2013, were deceased in 2015, and/or were not pre-
scribed a DMT (i.e., teriflunomide, natalizumab, interferon beta-1a,
interferon beta-1b, dimethyl fumarate, fingolimod, or glatiramer
acetate) (Fig. 1). The individuals who did not meet the three inclusion

Excluded individualswho
were deceased in 2015

Individuals alive in 2015
(N = 18,924)

(N = 30,280)

Excluded individuals who:
1) Did not have at least one outpatientvisit
in 2013 (N = 2,437)

Individuals with all three inclusion criteria
(N =3,742)

2) Were not prescribed a DMT (N = 789)
3) Did not have at least one outpatient visit
and a DMT prescription (N = 11,956)

Fig. 1. Flowchart of participant selection from the VA MS Center of Excellence Data Repository.

DMT: disease modifying therapy; VA: Veterans Affairs.
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criteria were older (t(4952.20) = 35.28, p < 0.001) and had a higher
percentage of men (Xz(l) = 60.94, p < 0.001). Similar inclusion
criteria have been previously used with a high probability of success-
fully identifying individuals with a definite diagnosis of MS
(Culpepper et al., 2006).

2.2. Procedures

Data extraction was conducted on a 24-month period between 01/
01/2013 and 12/31/2015. Appointment adherence was calculated by
dividing the number of missed appointments to any clinic by the total
number of scheduled appointments over the 24-month period. Overall
appointment attendance, rather than adherence to MS-specific ap-
pointments, was examined to understand whether missed appointments
as a whole were a problem in this population. Furthermore, given that
the VA is an integrated medical setting, information derived from this
study could be useful in care coordination of patients (e.g., letting a
nurse case manager know that someone is less likely to follow up on
appointments referred by the MS clinic as well as those referred to the
MS clinic). Cancelled appointments were not included in the definition
of missed appointments, as this has been previously noted to be a dif-
ferent behavior from "no showing" to an appointment (Karter et al.,
2004; Ogedegbe et al., 2007). Participants were categorized as having
excessive missed appointments if they missed more than 20% of their
appointments, based on the previously used definition of less than 80%
for suboptimal adherence to medication (Osterberg and Blaschke, 2005;
Siegel et al., 2008; Turner et al., 2007, 2009).

The demographics included age, gender, marital status, and service
connection (a VA determined benefit for Veterans for an illness or in-
jury that was sustained or worsened from their active military service).
Participants’ distance from their closest VA was calculated using the
centroids of their residential zip codes (Turner et al., 2013). A proxy
variable for participants’ disease duration was calculated using the first
date of a diagnostic code for MS in the CDW, ranging as far back as
1998, and the first date of the current data extraction.

Pharmacy records were used to determine adherence to DMTs,
which was defined in greater detail in another study (Gromisch et al.,
2019). Briefly, suboptimal adherence was characterized as refilling
prescribed DMTs less than 80% of the time over five time intervals (i.e.,
3 months, 6 months, 12 months, 18 months, and 24 months). Treatment
switches were noted when participants began a different DMT within
90 days of the last refill of their initial DMT (Reynolds et al., 2010).
Only DMT refills were examined for the purposes of defining medica-
tion adherence. Although participants could potentially be on other
medications for symptom management or a co-occurring condition,
DMTs are the primary treatment for MS that have several benefits for
persons with MS (Burks et al., 2017; Freedman, 2006; Halpern et al.,
2011; Tsivgoulis et al., 2015). Furthermore, they are often expensive
(Hartung et al., 2015) and can result in significant side effects
(National Multiple Sclerosis Society, 2018), which can negatively in-
fluence adherence.

The presence of co-occurring medical and psychiatric conditions
were determined by corresponding ICD-9 codes from prior to 01/01/
2013, which were reviewed and confirmed by all authors. If partici-
pants were issued one or more assistive devices (e.g., cane, walker,
wheelchair, and electric wheelchair) per their records, they were noted
as needing ambulatory assistance. This disability variable was then
dichotomized (i.e., wheelchair versus no wheelchair). Healthcare uti-
lization was noted based on CPT codes for emergency room (ER), ob-
servational, and inpatient services during the 24-month period. This
study was approved by the Institutional Review Boards (IRB) at VA
Puget Sound Health Care System and VA Connecticut Healthcare
System.
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2.3. Statistical analyses

Descriptive statistics were run to characterize the sample.
Differences between suboptimal appointment adherence groups were
determined using chi-squares for categorical variables and t-tests for
continuous variables. Variables that appeared to not be related to
suboptimal appointment attendance (p > 0.20) were excluded from
the model. The remaining baseline comorbidities, demographic, and
healthcare utilization variables were entered into the logistic regression
model, using a backward elimination criteria of p < .05 in order to
find the optimal fit for a prediction model (Sainani, 2014). A backward
elimination process was selected over forward entry as this method is
less likely to remove variables implicated in suppression effects
(Field, 2009). Linearity, independence of errors, and multicollinearity
were assessed through the interaction between continuous predictors
and their log transformation, Durbin-Watson test, and variance infla-
tion factor (VIF), respectively. Calibration of the model was assessed
using the Hosmer and Lemeshow test, and its discrimination was
evaluated with the optimism-corrected c-statistic using bootstrap ana-
lysis (n = 2000).

An initial predictive score was generated based on the value of the
variable and its 3-value from the final model. A receiver-operating-
characteristic (ROC) analysis was run to determine the sensitivity and
specificity of the scores, which was used to calculate the likelihood
ratios (i.e., sensitivity/1-specificity). The optimal cut-off score for de-
tecting suboptimal appointment attendance was established based on
the Youden index (Youden, 1950). A calibration curve was also gen-
erated for the final model. The analyses were conducted using SAS
Enterprise 7.1, with the exception of the optimism-corrected c-statistic
and calibration curve which were created using R 3.5.1

3. Results

A total of 3742 participants were included in the sample (Table 1).
The number of missed appointments ranged from 0 to 84 across the 24-
month period, with an average of 2.76 (SD = 5.52). Over 59%
(n = 2214) missed at least one appointment during this time, with the
mean “no-show” rate over the 24-month period being 4.74% (range:
0-60%). Only 4.28% of the sample (n = 160) had excessive missed
appointments. These individuals were younger, lived closer to the VA,
had been in the VA for MS care for fewer years, and were less likely to
be married or issued a wheelchair. They had lower rates of hyperten-
sion and hyperlipidemia, but higher rates of mood, personality, psy-
chotic (e.g., schizophrenic disorders), post-traumatic stress (PTSD),
other anxiety (e.g., generalized anxiety), tobacco, alcohol, and other
substance use disorders. Compared to participants who missed 20% or
fewer of their appointments, they were nearly two times more likely to
have suboptimal DMT adherence.

A total of 22 variables were entered into the logistic regression
based on the bivariate analyses with the dichotomized missed ap-
pointments variable as the outcome: DMT adherence, age, marital
status, distance from the VA, wheelchair issuance, disease duration
proxy, usage of ER and observational services, hyperlipidemia, hy-
pertension, congestive heart failure (CHF), chronic obstructive pul-
monary disease (COPD), diabetes, and thyroid, mood, personality,
psychotic, PTSD, anxiety, tobacco, alcohol, and other substance use
disorders. Seven of these variables were retained in the model
(Table 2). All assumptions for the logistic regression were met and less
than 3% of the standardized residuals had an absolute value of 2. The
model was a significant fit of the data (X2(7) = 164.84,p < 0.001). It
had an optimism-corrected c-statistic of 0.78 (95% CI: 0.75, 0.82), in-
dicating good discrimination (Fig. 2), and a non-significant Hosmer and
Lemeshow test (XZ(S) = 6.73, p = 0.567), indicating good calibration.

An initial predictive score was calculated by multiplying the 3-value
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Table 1
Demographics of overall sample and by appointment adherence groups.
Total sample (n = 3742) > 20% no show rate (n = 160) <20% no show rate (n = 3582) p value
Demographics
Age (years) 55.67 = 11.54 48.69 = 12.23 55.98 + 11.41 < 0.001
(23-90) (23-76) (23-90)
Years in the VA for MS care 7.57 = 4.38 6.44 + 4.43 7.63 = 4.38 0.001
(0-14.31) (0-13.26) (0-14.31)
Gender (male) 78.11% 75.63% 78.22% 0.437
Married 59.42% 45.86% 60.02% < 0.001
Service connected 71.03% 71.25% 71.02% 0.950
Issued a wheelchair 33.08% 24.38% 33.47% 0.017
Distance from the closest VA (miles) 47.76 = 46.95 36.45 + 32.64 48.25 * 46.70 < 0.001
(0.36-374.30) (0.81-126.90) (0.36-374.30)
Co-occurring conditions
Congestive heart failure 3.05% 5.00% 2.96% 0.142
Coronary artery disease/peripheral artery disease 21.08% 18.75% 21.19% 0.459
Hypertension 54.57% 46.25% 54.94% 0.031
Hyperlipidemia 65.29% 49.38% 66.00% < 0.001
Diabetes 17.72% 13.75% 17.90% 0.179
Thyroid disease 13.82% 9.38% 14.01% 0.096
Chronic obstructive Pulmonary disease 21.94% 26.88% 21.72% 0.123
Malignancies 14.00% 15.00% 13.96% 0.710
Acid peptic disease 8.07% 10.00% 7.98% 0.360
Crohn's disease 1.44% 1.25% 1.45% 0.834
Renal disease 3.79% 4.38% 3.77% 0.695
Liver failure 2.86% 2.50% 2.88% 0.780
Human immunodeficiency virus 0.37% 0.63% 0.36% 0.595
Glaucoma 19.88% 18.13% 19.96% 0.569
Epilepsy 4.73% 5.00% 4.72% 0.869
Traumatic brain injury 6.49% 8.75% 6.39% 0.237
Mood disorders 60.07% 70.00% 59.63% 0.009
Personality disorders 4.81% 10.63% 4.55% < 0.001
Psychotic disorders 5.75% 10.00% 5.56% 0.018
Anxiety disorders 33.86% 44.38% 33.39% 0.004
Post-traumatic stress disorder 17.48% 30.00% 16.92% < 0.001
Alcohol-related disorders 12.08% 19.38% 11.75% 0.004
Drug-related disorders 9.06% 17.50% 8.68% < 0.001
Tobacco use disorders 34.18% 43.75% 33.75% 0.009
Pain disorders 62.77% 59.38% 62.93% 0.363
Cognitive disorders 18.12% 20.00% 18.03% 0.528
Sleep disorders 35.84% 33.13% 35.96% 0.465
Treatment adherence
< 80% DMT adherence 44.12% 78.13% 42.60% < 0.001
Number of treatment switches 0.20 = 0.47 0.17 = 0.42 0.20 = 0.47 0.471
(0-5) (0-2) (0-5)
Healthcare utilization
At least one inpatient visit 9.38% 9.38% 9.38% 0.998
At least one ER visit 31.83% 26.25% 32.08% 0.122
At least one observational visit 1.68% 3.13% 1.62% 0.148

DMT: disease modifying therapy; ER: emergency room; VA: Veterans Affairs medical center.

Table 2

Retained predictor variables for suboptimal appointment attendance.
Variable B-value 0Odds ratio (95% CI) p value
DMT adherence (1 = < 80%) 1.53 4.61 (3.13, 6.99) < 0.001
CHF (1 = Yes) 0.88 2.41 (1.02, 5.02) 0.028
COPD (1 = Yes) 0.46 1.58 (1.06, 2.31) 0.021
Age (continuous) —0.05 0.95 (0.94, 0.97) < 0.001
Distance from VA (continuous) —-0.01 0.99 (0.99, 1.00) < 0.001
PTSD (1 = Yes) 0.50 1.65 (1.13, 2.39) 0.009
ER Use (1 = At least one visit) -0.74 0.48 (0.32, 0.69) < 0.001

CHF: Congestive heart failure; COPD: Chronic obstructive pulmonary disease;
DMT: disease modifying therapy; ER: emergency room; PTSD: Post-traumatic
stress disorder; VA: Veterans Affairs medical center.

by the value of the variable, which were either dichotomous (DMT
adherence, histories of a PTSD, CHF, and COPD, and ER use) or con-
tinuous (age and distance from the VA), and summing all six together:
(DMT adherence*1.53) + (history of CHF*0.88) + (history of
COPD*0.46) + (age*—0.05) + (distance from the VA*-0.01)
+ (history of PTSD*0.50) + (ER use* —0.74). The scores for the sample
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Fig. 2. Calibration curve for appointment attendance predictive model.

ranged from —6.42 to 0.96 (M = —2.61, SD = 1.15). These scores
were plotted against their corresponding likelihood ratio (i.e., how
much more likely an individual is to have excessive missed appoint-
ments, which was calculated by dividing sensitivity by 1-specificity for
each score) (Fig. 3). For instance, a 65-year-old individual who lives 11
miles from the VA, takes his DMT at least 80% of the time, has no
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Predictive Score

Fig. 3. Scatterplot of likelihood ratio (sensitivity/1-specificity) by predictive score.

histories of CHF, COPD, or PTSD, and has had at least one ER visit
would have a score of —4.10, which has a corresponding likelihood
ratio of 1.09. A 72-year-old, DMT adherent, individual who lives 50
miles away with none of the other risk or protective factors would also
have the same score. On the other hand, an individual with a score of
—0.39 (i.e., a 42-year-old who lives 28 miles from the VA with sub-
optimal DMT adherence and a history of COPD) would be nearly six and
a half times more likely to have excessive missed appointments. As
such, participants with fewer risks and/or more protective factors had
lower likelihoods of missing more than 20% of their appointments.

If clinicians wish to use a cut-off score for determining who is most
likely to have suboptimal appointment attendance, the optimal score
was —2.03, which yielded a sensitivity of 75% and a specificity of 70%
and a likelihood ratio of 2.50. An example of a profile with this score
would be a 59-year-old individual who lives 37 miles away from the VA
with suboptimal DMT adherence, a history of PTSD, and at least one ER
visit.

4. Discussion

This study is the first to examine the rate of missed appointments in
the MS population, using a large national sample of persons with MS
who use the VA. In addition, factors associated with excessive missed
appointments were explored and used to develop a clinical prediction
model and score. More than 59% of the sample had at least one missed
appointment, but only 4.28% met the criterion for excessive missed
appointments, meaning they missed more than 20% of their scheduled
appointments. Of the 22 predictors entered into the logistic regression,
seven were retained in the model: four risk (histories of PTSD, CHF, and
COPD, and suboptimal DMT adherence) and three protective factors
(older age, further distance from the VA, and ER use). Adherence to
DMTs had the highest B-value (1.53), highlighting the important con-
nection between medical appointments and medication management.
The resulting prediction score from the model showed that as

individuals had a greater number of risk factors and/or fewer protective
factors, their likelihood of having excessive missed appointments in-
creased. If using a cut-off score to predict adherence, —2.03 and greater
demonstrated good to fair sensitivity (75%). However, it has a mod-
erate false positive rate—30%—meaning that the model predicts poor
appointment attendance in those who have excessive missed appoint-
ments well, but it has a tendency to predict more problems with ap-
pointment attendance than truly exist. While clinicians will need to
keep this caveat in mind when using this prediction tool, it should be
noted that in screening a population of limited size for a health beha-
vior, the benefits of identifying those in need to additional assistance is
high and the risks associated with misclassification, particularly false
positives, are modest.

Having at least one missed appointment was prevalent within this
sample, though the average “no show” rate was only 4.74%, with
4.28% of the sample having excessive missed appointments. This
number is lower than previous numbers for primary care and VA clinics
(Boos et al., 2016; George and Rubin, 2003; Kheirkhah et al., 2015).
That being said, none of those studies investigated persons with MS
specifically. While some of these predictors, such as age and presence of
a mental health diagnosis, have been previously been associated with
appointment attendance in different populations (Boos et al., 2016;
Dantas et al., 2018; Moore et al., 2001), others are in contrast to prior
studies, which may be due to differences in the patient population and/
or setting. For instance, both CHF and COPD have been associated with
fewer missed appointments among Veterans who did not have MS
(Daggy et al., 2010). One explanation for the difference may be that
persons with MS who also have CHF and COPD struggle to keep their
appointments as they have the additional burden of multiple chronic
conditions, such as additional or worsening symptoms that may keep
them from attending an appointment or difficulty managing a more
complex treatment regimen.

Three separate studies found that either greater distance was pre-
dictive of missed appointment (Daggy et al., 2010) or distance from
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their clinics was not significantly related to missed appointments
(Boos et al., 2016; Moore et al., 2001), while the current study showed
that individuals living closer to the VA were more likely to miss their
appointments. As mobility and accessibility are potential barriers for
persons with MS (Chiu et al., 2017), individuals living further away
may invest more time and energy into planning their appointments,
which might increase their likelihood of attendance. In addition, if a VA
is located in an area with fewer socioeconomic and psychosocial re-
sources, this may influence individuals who live closer's ability to at-
tend their appointments. Another difference is that individuals in a
community clinic who had excessive missed appointments were more
likely to use emergency services (Nguyen et al., 2011), which is in
contrast to this sample. While the direction of this relationship is sur-
prising, given that ER usage was a risk factor for suboptimal DMT ad-
herence (Gromisch et al., 2019), one possibility is that individuals who
sought emergency services received follow-up reminders to attend their
outpatients appointments (Ritchie et al., 2000). Besides further in-
vestigating these phenomena, it will be important to replicate this study
to determine whether there are similar rates of excessive missed ap-
pointments and if these factors are predictive of appointment atten-
dance among persons with MS who receive care in different settings
(e.g., community hospital), as well as non-veterans with MS.

The findings from the current and accompanying study (Gromisch
et al.,, 2019) suggest a strong relationship between appointment at-
tendance and DMT adherence among persons with MS, though there are
likely different underlying phenomenon contributing to each of these
health-related behaviors. While the patient-provider relationship likely
affects multiple health-related behaviors, its influence might be stron-
gest in terms of attending appointments, which requires face-to-face
interactions. For instance, persons with MS have reported that feeling
like their providers are not listening to their needs is a barrier to re-
ceiving healthcare service (Chiu et al., 2017). Research in other po-
pulations have suggested additional interpersonal factors, such as per-
ceived reasons for non-attendance and resulting attitudes, that may be
influencing appointment attendance. In one study of primary care
providers, those surveyed indicated that missed appointments were a
problem in several of their practices, with many blaming patients due to
their forgetfulness or that they “couldn't be bothered” to attend the
appointment (Hussain-Gambles et al., 2004). In the subsequent focus
groups, the providers noted that while patients’ embarrassment might
contribute to why they do not cancel an appointment instead of “no
showing,” many stated that this behavior was due to a lack of respon-
sibility or ignorance. Furthermore, providers endorsed developing ne-
gative attitudes towards these patients.

However, a corresponding study with patients (Neal et al., 2005)
showed that the largest reason they missed their appointments was
because of forgetfulness, with only one individual noted that “I couldn't
be bothered.” A separate qualitative study involving patients noted that
anticipatory fear and feeling disrespected contributed to missed ap-
pointments (Lacy et al., 2004). Attachment styles may also play a role.
Ciechanowski et al. (2006) found that among persons with diabetes,
missed primary care visits were more likely in individuals with dis-
missing or fearful attachment styles. The authors recommended dif-
ferent approaches for reducing missed appointments in these in-
dividuals, such as offering same day appointments to patients and
educating providers on attachment theory so their approaches can be
tailored towards patients’ needs. Another approach may be through
fostering self-management skills, such as forming collaborative part-
nerships with healthcare providers (Lorig and Holman, 2003), which
may assist with potential interpersonal issues. Furthermore, these pro-
grams can use techniques such as motivational interviewing and cog-
nitive behavioral strategies (Rae-Grant et al., 2011; Shevil and
Finlayson, 2009), which can help promote positive behavioral changes.
As such, follow-up studies should consider investigating the inter-
personal contributors to missed appointments in the MS population,
which may help further explain the directional relationship between
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appointment attendance and DMT adherence and inform strategies to
keep these at-risk patients engaged in treatment.

Besides behavioral approaches, a potential technology-based inter-
vention is the use of appointment reminders. Through a systematic
review of general hospital-based appointments, Hasvold and
Wootton (2011) found a 39% reduction in the rate of missed appoint-
ments when manual reminders were used (e.g., a phone call made by a
medical staff member) versus a 29% reduction with automated re-
minder (e.g., short message service; SMS). They did not find a strong
effect on the time between when the reminder was sent and the ap-
pointment; however, all reminders were sent within a week. Another
meta-analysis and systematic review, which only focused on SMS re-
minders, found that the likelihood of appointment attendance increased
by 50% when compared to no appointment reminders (Guy et al.,
2012). That being said, there are several factors that may negatively
influence reminders’ effectiveness, such as the accuracy of patients’
records, the reminder not being received, and barriers to understanding
the reminder (e.g., cognitive impairment) (McLean et al., 2016). As a
recent study showed that 86.1% of persons with MS use a smartphone,
tablet, or both, (Marrie et al., 2019), using technology to improve ad-
herence has potential. Since missing appointments can potentially have
a negative impact on health status, efforts to optimize attendance
among persons with MS need to be investigated further.

There are limitations to consider when interpreting the results of
this study. While internal validation was done with this prediction
model via bootstrapping, it will be important to conduct further ex-
ternal validation in order for it to be ready to implement in a clinical
setting. Future research may investigate whether the rate of missed
appointments among persons with MS varies between clinics and con-
firm this model for MS-specific appointments. As individuals who were
not on any DMTs for the duration of the study were excluded, this may
have resulted in an underestimation of the rate of missed appointments.
Furthermore, these findings may not be applicable to persons with MS
who are not on a DMT. Although the causal relationship between DMT
adherence and appointment attendance is unclear, it is possible that
these individuals could have worse appointment attendance because
they might not need medication refills as regularly. Other factors that
could theoretically be associated with appointment attendance in the
MS population that have been studied in other populations, such as
time until appointment, financial costs, beliefs regarding treatment,
race/ethnicity, socioeconomic status, and condition-related knowledge
(Karter et al., 2004; Mitchell and Selmes, 2007; Nwabuo et al., 2014),
were not included and may be considered in future studies. Finally,
given that this model was tested and validated using Veterans with MS
who use the VA, who as a whole had a greater percentage of men and
high prevalence of medical and psychiatric co-occurring conditions,
these findings may not generalize to the civilian MS or non-VA Veteran
populations.

5. Conclusions

Missed appointments can have negative effects on both healthcare
outcomes and costs in general (Karter et al., 2004; Kheirkhah et al.,
2015; Nwabuo et al., 2014; Ogedegbe et al., 2007), and often in-
dividuals who need additional help with self-management are not at-
tending them (Osterberg and Blaschke, 2005). Overall, while more than
half of this large national sample of persons with MS missed at least one
appointment during a two-year period, only 4.28% were considered as
having excessive missed appointments. Missing appointments and ad-
herence to DMTs were highly associated, although it still remains un-
clear what the causal relationship is between these two health-related
behaviors. This model and accompanying score represent a first step
towards developing a tool that will help clinicians better predict who is
likely to miss more than 20% of their appointments, thus allowing them
to develop and triage interventions that may improve their appoint-
ment attendance and adherence to MS-related treatments.
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