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Abstract

Polypharmacy, or the daily
use of five or more medications,
is well documented in older
adults and linked to negative
outcomes such as medication
errors, adverse drug reactions,
and increased healthcare
utilization. Like older adults,
people with multiple sclerosis
(PwMS) are susceptible to
polypharmacy, owing to the
variety of treatments used to
address individual multiple
sclerosis (MS) symptoms and
other comorbidities. Between
15-65% of PwMS meet criteria
for polypharmacy; in this
population, polypharmacy
is associated with increased
reports of fatigue, subjective
cognitive impairment, and
reduced quality of life. Despite
evidence of adverse outcomes,
polypharmacy among PwMS
remains a neglected area of
research. This article examines
the current literature regarding
polypharmacy in MS, as well as
implications for clinical practice
and directions for future
research.

What is Multiple Sclerosis
and Who Gets 11?

Multiple sclerosis (MS) is an
inflammatory autoimmune disease
affecting the brain and spinal cord
(i.e., the central nervous system,
or CNS). Characterized by a

demyelinating neurodegenerative
process, lesions (or ‘scleroses’)
form throughout the CNS,
thereby slowing or interrupting
the conduction of nerve impulses
that lead to a variety of diverse
symptoms. Patients typically
experience acute inflammatory
episodes, also referred to as flare-
ups, which occur at unpredictable
intervals and can last from days to
months.! MS affects 2.3 million
people worldwide, with higher
prevalence in Europe and North
America.> MS is the leading cause
of non-traumatic neurologic
disability among young adults and
disproportionately affects women.?
While the pathogenesis of
MS is unclear, it likely involves a
complex interplay of susceptible
gene variants and environmental
risk factors, such as limited sun
exposure, obesity, Epstein-Barr
virus infection, and smoking.*
Genome wide association
studies have implicated genetic
loci in alleles of the major
histocompatibility complex, most
notably involving the human
leukocyte antigen class II locus.’
Symptom expression in MS
is highly variable; the clinical
subtypes of MS are characterized
by the rate and pattern of
symptom exacerbations and
disability accumulation over time
(Figure 1).! While there is no cure
for MS, a variety of medications
and lifestyle modifications can aid
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in symptom management, and in some cases, reduce
the rate of relapses and accumulation of disability.®’

Symptomatic Treatment in MS

Treatments for each patient are highly
individualized according to the specific symptoms
expressed. Clinical manifestations of MS comprise
a wide range of physical, cognitive, and emotional
symptoms, which vary according to the location
of damage in the CNS. Typical physical sequelae
include muscle weakness, spasticity, pain, tingling,
numbness, impaired balance, visual disturbance,
difficulties with speech and swallowing, bladder
and bowel symptoms, and sexual dysfunction.®
Cognitive and emotional symptoms typically include
slowed processing speed, impaired working memory,
attentional deficits, anxiety, depression, fatigue, and
sleep disturbance.” The following section provides
a brief review of common MS symptoms and their
respective treatments, highlighting those with CNS-
active properties.

Spasticity occurs in 40-84% of people with
multiple sclerosis (PwMS), causing painful
muscle contractions that can even lead to sleep
disturbances.'® The most common treatments for
spasticity are baclofen, tizanidine, and dantrolene
(which are muscle relaxants), diazepam (a sedative
in the benzodiazepine class) and botulinum toxin
(administered via intramuscular injections)."
Additionally, many PwMS report that spasticity
is relieved with cannabis use; a systematic review
by the American Academy of Neurology provided
supportive evidence for this indication.'"'? It is worth
noting that, with the exception of botulinum toxin,
all of these treatments permeate the blood-brain-
barrier and are thus more likely to cause adverse
effects like somnolence, dizziness, and asthenia."

Approximately 50% of PwMS may experience
disabling pain caused by a variety of pathways, such
as nociceptive pain, neuropathic pain, psychogenic
pain, and mixed pain.' Treatments for pain
account for nearly 30% of all medications used for
management of MS symptoms.® Typical medications
prescribed for pain in MS include anticonvulsants,
antidepressants, sodium-channel blockers, opiate
analgesics, and cannabinoids.®'* The majority of

these pharmacotherapies have the potential for
adverse CNS effects.”
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Subtypes of Multiple Sclerosis

Disability = >

Time (Lifespan) I::>

M Relapsing Remitting (RRMS)
M Secondary Progressive (SPMS)
M Primary Progressive (PPMS)

Figure 1. Disability Progression Across Subtypes of
Multiple Sclerosis ¢

Bladder dysfunction affects up to 88% of
PwMS.'7 The first line therapy for bladder
symptoms in MS are anticholinergics such
as oxybutynin and tolterodine.’® A recent
investigation suggests that anticholinergic
medications, including those used to manage
bladder symptoms, may negatively impact
cognition in PwMS."” This finding is particularly
relevant because 40-70% of PwMS experience
cognitive problems as a direct consequence of MS
disease pathology.'®

Cognitive dysfunction is frequently reported
in MS, most commonly in the domains of
information processing speed, working memory,
attention, visual processing, and verbal fluency.'®
Evidence of effective pharmacological treatment
options for cognitive symptoms is limited."”
While some isolated small studies have reported
benefit with CNS-active medications (such as
memantine or methylphenidate), larger studies
have frequently failed to confirm these findings.
Mood disorders, including depression and anxiety,
affect at least 50% of PwMS and are key predictors
of morbidity, quality of life, medication adherence,
and suicide risk.”*' Treatment of mood disorders in

19,20

MS typically involves antidepressant medication.®
Fatigue is ubiquitous among PwMS; in fact,
many regard it as their most disabling symptom.®



Despite its prevalence, fatigue is notoriously
difficult to measure and treat. There is little

data to support pharmacological treatments

for MS fatigue, perhaps with the exception of
amantadine.” Though evidence is limited and no
medications are FDA approved for the treatment
of fatigue in MS, patients with MS are frequently
prescribed CNS-active medications for this
purpose.”” Fatigue, along with mood disorders
and cognitive difficulties, significantly contributes
to problems in employment, social relationships,
and poorer health-related quality of life (HRQoL)
among PwMS.®

Disease-Modifying Therapies in MS
Beyond managing individual symptoms, people
with relapsing-remitting forms of MS are typically
encouraged to use a disease modifying therapy
(DMT).? DMTs are a group of medications that
modulate activity of the immune system. Each
medication has its own mechanism of action,
thus resulting in different side effects. Because of
the various medications and their associated side
effects, DMTs should be tailored to each patient
with careful consideration of the drug’s safety and
tolerability. Current recommendations indicate
that DMTs should be initiated as soon as possible
following diagnosis of relapsing-remitting MS
in order to slow disease progression and reduce
overall lesion load, thus potentially minimizing
preventable disability.”

What is Polypharmacy?

Polypharmacy is commonly defined as
the daily use of five or more medications, and
represents a known independent risk factor for
adverse drug reactions (ADRs), particularly among
older adults.” The prevalence of polypharmacy
continues to rise in older adults as the risk of
developing multiple chronic health conditions
increases with age.” Although the benefit-to-
risk ratios of individual medications are well
understood, polypharmacy leads to dramatically
increased complexity, contributing to increased
risk for ADRs, falls, hospitalization, and mortality,
especially among older adults.

Although the elderly represent approximately
15% of the U.S. population, they take 33% of
all prescription medications, and this number is
expected to increase to 50% by 2040.%* Further,
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estimates suggest that up to 10% of all hospital
admissions among older adults are due to ADRs;
indeed, the presence of polypharmacy at the time
of hospitalization is one of the few significant
predictors of ADRs in the inpatient setting.” Given
the increasing prevalence and additional medical
burdens posed by polypharmacy, it represents a
significant topic of public health concern.

Though life expectancies in PwMS are similar
to those seen in the general population, little
is known about the effects of polypharmacy in
older PwMS. It is common for studies on aging
to cite neurological disorders as exclusion criteria,
thereby precluding PwMS from study eligibility
and participation.” In a recent presentation, our
research group compared a cohort of older PwMS
(255 years) with age-matched non-neurologic
controls. PwWMS reported significantly more daily
medications than their counterparts without
MS (Table 1).* Further, the number of daily
medications in PwMS was significantly correlated
with fatigue, pain, and depression, while no such
relationship emerged in the non-neurologic controls
(Table 2).7” These findings underscore the need for
further study of polypharmacy in the aging MS
population.

Clinical Aspects of Appropriate and
Inappropriate Polypharmacy

Polypharmacy is associated with obvious
benefits afforded by multiple pharmaceuticals for
treating ongoing illnesses but also with a potentially
complex set of adverse effects. These adverse effects
can result from interactions between two or more
drugs, accidental duplicate drug therapy, or additive
therapeutic effects that exceed the upper therapeutic
window.??* Altogether, the negative effects of
polypharmacy lead to significant direct costs for
patients, payors, and providers due to the increased
rates of hospitalization, increased healthcare
utilization, and high prescription drug costs.*®

Beyond the direct impacts on outcomes
like risk of hospitalization, falls, and ADRs,
polypharmacy contributes to more nuanced effects
that broadly influence quality of life.”* For
example, patients with polypharmacy may endorse
feeling burdensome to others or experience role
limitations at home or work.?” The negative effects
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Table 1. Number of Daily Medications in Older Adults with and without Multiple Sclerosis 27

Group n Daily Medications (M + SD)
PWMS 50 11.6 £ 5.9*
PwoMS 55 8.5%£6.0

*Patients with MS reported significantly more daily medications than their age-matched, non-neurologic peers, 1(104) = -

2.68,p <.01.

Abbreviations: PwMS = people with multiple sclerosis; PwoMS = people without multiple sclerosis.

Table 2. Spearman’s p Correlations: Number of Medications, Fatigue, Pain, and Mood in Older Adults with and without

Multiple Sclerosis 27

Group MFIS Pain HADS-D HADS-A
PWMS .33* .32* 37** .00
PwoMS .05 .25 .06 -.06

*p <.01

*p <.001

MFIS = Modified Fatigue Impact Scale; Pain = MOS Pain Effects Scale; HADS-D = Hospital Anxiety and Depression Scale -
Depression subscale; HADS-A = Hospital Anxiety and Depression Scale - Anxiety subscale; PwMS = people with multiple

sclerosis; PwoMS = people without multiple sclerosis.

of polypharmacy are underscored by the fact that
functional declines correspond with drug burden
increases.’' Indeed, the burden of taking five or more
daily medications can be significant for patients,
such as requiring trips to multiple pharmacies and
difhiculty managing complex drug regimens, which
can increase risk for non-adherence.’* The risk of
improper dosing and other forms of non-adherence
may be especially magnified among PwMS at
increased risk of depression and cognitive decline.*"%
Polypharmacy in M$S

Older age, comorbidities, MS disease duration,
inpatient treatment, and increased disability are
significant risk factors for polypharmacy in PwMS.3*
3¢ We found prevalence rates for polypharmacy in MS
ranging from 33-90% in our prior study cohorts.””
Notably, those who met criteria for polypharmacy
reported significantly more fatigue and subjective
cognitive difficulties than their non-polypharmacy
counterparts, even after controlling for age, disease
duration, and level of disability.?” This investigation
was the first of seven original research studies
included in a qualitative systematic review by Frahm
and colleagues in 2020.%° The review highlighted the

242 | 118:3 | May/June 2021 | Missouri Medicine

hazards of polypharmacy in MS, including reduced
HRQoL and increased fatigue, particularly among
those on CNS-active medications.?*¢3

In a separate report, Frahm et al. explored
variations in polypharmacy in MS by sex; results
suggested that women and men with MS present
similar rates of polypharmacy, though the use
of certain drug types can vary by sex.** For
instance, women were more likely to take thyroid
medications and contraceptives compared to men.
This finding is suggestive of the fact that the use of
one medication can sometimes necessitate another:
certain DMTs are contraindicated for pregnancy,
thus warranting women of childbearing age with MS
to use contraception, such as birth control pills.*®
Additionally, DMTs can cause adverse side effects
that necessitate pharmacological treatment such
as antibiotic treatment for urinary tract infections
associated with mitoxantrone or pre-treatment to

mitigate flu-like symptoms associated with interferon
beta.”

Comorbidities among PwMS
Beyond the symptoms directly related to MS,
PwMS commonly have additional comorbid health



conditions.”” Typical comorbidities in PwMS include
hyperlipidemia, hypertension, gastrointestinal
disease, chronic lung disease, thyroid disease, obesity,
anxiety, and depression.?”*"** Certain comorbidities
(i.e., diabetes, obesity, cardiovascular disease, and
chronic obstructive pulmonary disease) increase
the likelihood of disability progression in PwMS.*
Additionally, comorbidities in this population can
decrease quality of life and even cause death: indeed,
mortality is increased among PwMS with psychiatric,
cerebrovascular, and cardiovascular comorbidities, as
well as diabetes, cancer, and Parkinson’s disease.*>*

Of particular concern, comorbidities may alter
the clinical presentation of MS and even delay the
prompt and accurate diagnosis of MS; these effects can
detrimentally influence decisions regarding the patient’s
MS treatment, adherence, and outcomes.??4%4145 For
instance, the likelihood of initiating a DMT for MS
decreases as the patients’ number of comorbidities
increases.®

Contribution of Herbal Supplements,
Recreational Drugs, or Other Substances

Outside of the prescription therapeutics used
to manage chronic diseases, the use of herbal
supplements, recreational drugs, or other substances
may also contribute to the burden of polypharmacy. A
growing literature indicates that these compounds can
interfere with other medical treatments by affecting
compliance and pharmacokinetics; such impacts range
from reducing therapeutic outcomes to producing toxic
adverse effects.*

Within the general population, moderate alcohol
consumption increases the risk of ADRs; indeed, the
incidence of emergency department visits for alcohol-
related ADRs increased as the patients’ number of
prescriptions increased.** Similarly, individuals with
polypharmacy who consume caffeinated beverages may
be at an increased risk of experiencing adverse effects
such as jolts, jitters, or tachycardia.”® Cannabis was the
third most common cause of drug-related ER visits
between 2004 and 2011,”' and mounting evidence
suggests a link between cannabis use and adverse events
related to cardiovascular disease.’* Furthermore, regular
cannabis use is associated with short- and long-term
effects, including respiratory, cardiovascular, cognitive,
and mood symptoms.>?

Such risks must be considered when examining
the potential therapeutic value of cannabis and
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cannabinoid formulations when polypharmacy is a
concern. This is even more relevant in neurologic
populations like MS, which are predisposed to
experience anxiety, depression, and impaired
cognition.'? Further information on the use of herbal
supplements, recreational drugs, or other substances as
related to MS development and progression are detailed
5354 The specific mechanisms by which

these substances contribute to polypharmacy effects

in MS remain unexplored. Of particular concern, it is
estimated that 50-75% of PwMS do not disclose their
use of complementary and/or recreational substances to
their treating physician.>>*

elsewhere.

Integration of Behavioral Health

Individuals with MS frequently suffer from
comorbidities that can be addressed with empirically
supported behavioral health treatments.® Among
others, empirically supported behavioral health
treatments are available for fatigue, depression, anxiety,
sleep disturbance, pain, obesity and spasticity.””*®
Regular use of behavioral treatment as a first line
therapeutic should be considered among PwMS at
risk of polypharmacy.®® Behavioral treatments have
few side effects and can be equally efficacious, if not
more so, compared to symptomatic pharmacologic
interventions.®

Unfortunately, several barriers to proper behavioral
treatment exist. The integration of health psychologists
into neurology departments as part of standard care
would address many of these obstacles by reducing
stigma and increasing access to behavioral health.
Further research and development of computer-assisted
behavioral health programs and behavioral telehealth is
also indicated. Along with regular medication reviews,
stronger integration of behavioral health has the
potential to significantly reduce the negative effects of
polypharmacy in MS.*®

Patients are rarely given information about the
effects of polypharmacy and are instead told about the
possible adverse effects of individual medications.*
As a result, providers should employ shared decision-
making approaches that provide education about
polypharmacy and, when possible, offer alternative
behavioral approaches with reduced risk.*

Future Directions for Research

Further research is needed to develop effective
tools for measuring and mitigating polypharmacy
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effects in the MS population. One such direction may
include the use of clinical decision-support knowledge
bases.”” For instance, our current research utilizes an
online calculator that estimates the anticholinergic and
sedative burden of an individual’s medication regimen,
a known contributor to polypharmacy effects.®
Vulnerability to adverse effects of polypharmacy

can vary considerably across individuals, and the
identification of biomarkers, including genetic

and epigenetic susceptibilities, which may predict
adverse outcomes remains an area of active research.®!
Additionally, future investigations are needed to fine-
tune the methods of assessing polypharmacy, such as
accounting for varying medication dosages and PRN
medications (i.e., those used on an ‘as needed’ basis).

We emphasize that causality cannot be inferred
from results currently described in the literature.

In other words, it is possible that PwMS take

more medications specifically for the treatment of
symptoms like fatigue, pain, depression, etc., so one
cannot state with certainty that polypharmacy causes
or contributes to these effects. Longitudinal study
designs may elucidate the causal relationships between
polypharmacy and patient health outcomes. While
ethical considerations limit the use of certain research
methodologies (e.g., PWMS cannot be randomized

to polypharmacy or non-polypharmacy conditions),
one viable alternative could involve randomization of
patients to medication review and adjustment versus
treatment as usual.

A deeper examination of lifestyle factors may
clarify the impact of substances and behaviors for
which physicians do not routinely assess in the context
of polypharmacy, such as the use of nutritional
supplements, herbal remedies, cannabis, alcohol or
caffeinated beverages.”® Given the prevalence of factors
that are neither assessed by physicians nor disclosed
by patients, innovative approaches are needed to
facilitate open communication and shared decision-
making between providers and PwMS.®* Finally,
future research should involve the development of
medication review interventions aimed at reducing
polypharmacy in PwMS.*® Armed with the right
information, providers for PwMS with polypharmacy
can collaborate with pharmacists to carefully
evaluate the full scope of their patients’ medications,
supplements and lifestyle factors to reduce adverse
outcomes and, ultimately, enhance quality of life.*®
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