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« Background (5 mins)
* Objective (1 min)

* Biologically Burdensome Polypharmacy (10

Agenda | "~

» A Successful Example (2 mins)

e Summary (2 mins)
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Background

« What exactly is medication burden?
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Background

« Burdensome in what way(s)?

 Adherence

Lifestyle

Cost

Achieving goals of care

Physically

Others
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Background

* Burdensome to whom?

* Patient

Caregiver(s)

Staff

Clinicians

Healthcare system
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Background

Conceptual Measure
heterogeneity heterogeneity
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Background

* Polypharmacy is the most common measure of medication burden
« Polypharmacy = total number of medications

« Often dichotomized with a threshold
e 2 5 concurrent medications = polypharmacy

« 210 concurrent medications = hyperpolypharmacy
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Background

« Polypharmacy often further subclassified:

Beers Criteria

Potentially STOPP/START
Inappropriate criteria

Polypharmacy

Medication
Appropriate Appropriateness
Index
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Background

* For questions about quality of care, perhaps a count of medications and a
subclassification of appropriateness thereof is sufficient?

« What about if you want to understand the biological burden exacted on the
body through the use of multiple medications?

* |s total count of medications ideal?

* Is it possible to create better measures?
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Objective

 To stimulate discussion about how we might continue to progress from a count
of medications (polypharmacy) toward measures that capture the biological
burden of multiple medication use

Biologically
Polypharmacy burdensome
polypharmacy
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Biologically Burdensome
Polypharmacy



Developing Biologically Burdensome Polypharmacy

Measures

* One way to develop measures of biologically burdensome polypharmacy is to
iIncorporate clinical pharmacology knowledge into measure development

« Specifically, both pharmacokinetic and pharmacodynamic knowledge

Pharmacokinetics

Pharmacodynamics

Prescribed

dosing ——

regimen

Drug at site of action

Drug

—

eltects

- Compliance

- '\lmnplmn
lissue and body fluid
mass and volume

- Drug interactions

- Elimination
Drug metabolism

Dosing and medication errors

- Drug receptor status

- Genetic factors
Drug interactions
folerance

Source: Concepts in Clinical
Pharmacokinetics, 6" Edition,
Lesson 1
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Pharmacokinetics

« Pharmacokinetics (PK) is often described as “what the body does to a drug”
and is the phases of how a drug moves through the body

P e Metabolism
Distribution :
1. First pass metabolism

I. Body water content decrcoscs decreases

2. Body fat tissue increascs 2. Microsomal hepatic oxidation

3. Serum albumin level decreases

decrcases 3. Clearance decreascs
4. Cardiac output decreaxces 4. Halflife increases
S. Renal blood flow decrcascs S. Leovels of active mctabolitc

6. Hepatic blood flow decreascs INCICXRCS

\bsorption Excretion

1. Gastne pH increascs I.Renal perfusion decreases Source: Mukker et al. (2016)

2. Gastric acid secretion 2. Renal s1ze decreascs . .
docreascs 3. Glomerular fliteration rate Pharmacokinetic and

3. Gastric surface arca Pharmacokinetics decrcascs Pharmacodynamic Considerations in
decreascs in Elderly 4. Tubular secretion decreases Elderly Population. In: Stegemann S.

: e bt : S. Tubular reabsorption (eds) Developing Drug Products in an
AT Population decreascs Ading Societ

5. Active transport mechanisms ging society.
decreases
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Pharmacokinetics

* Metabolism is frequently the most important phase of PK for determining the
effects of drugs and occurs through phase 1 and phase 2 pathways.

* Phase 1 pathways activate and inactivate drugs, and include hydroxylation,
oxidation, dealkylation, and reduction by cytochrome P450 (CYP) enzymes.

* Phase 2 pathways change the substances produced in phase 1 into
compounds that can be excreted in urine, and include glucuronidation,
conjugation, and acetylation.

* Most drugs undergo phase 1 followed by phase 2 metabolism
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Pharmacokinetics

« As age increases, impairment in phase 1 pathways increases, resulting in
reduced CYP metabolism, greater than expected serum concentrations of
medications, and a higher risk of serious PK drug interactions.

* PK interactions frequently occur because of modified transport or metabolism
of an object drug, most commonly mediated by the CYP isoenzyme system,
solute carrier uptake transporters, and/or adenosine triphosphate (ATP)-binding
cassette efflux pumps.
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Pharmacodynamics

 Pharmacodynamics (PD) is often informally described as “what the drug does
to the body”

* Involves drug-receptor interaction, post-receptor events, adaptive homeostatic
responses and, pathologic changes in organs

* Is why In older adults, the effects of similar drug concentrations at the site of
action (sensitivity) may be greater or smaller than those in younger people
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What to incorporate from PK/PD into our measures of
multiple medication use?

 How many of the drugs act on the same receptors?

« How many of the drugs are metabolized through the same CYP enzymes?

 What are the doses of the drugs?

« What is known about the dose responses of the drugs?

 What are the maximal effects of the drugs?

« What are the half-lives of the drugs?
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Biologically Burdensome Polypharmacy

e Consider:

» Do you believe that all possible combinations of the same number of drugs exert the same
effect in an older adult, or do you believe that some combinations of five drugs are worse

than other combinations?

* Do you believe that five drugs that are all processed through the same CYP enzyme might
be more biologically burdensome than five drugs that are each processed through a

different enzyme?
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A Successful Example

The Drug Burden Index (DBI)
(patented by Drs. Sarah Hilmer, Donald Mager, & Darrell
Abernethy)
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Example: The Drug Burden Index

* The drug burden index is

« “...an integrated model of exposure to the medications that have been most consistently

associated with functional impairment: those with anticholinergic and sedative effects”

[Source: Hilmer SN et al. A drug burden index to define the functional burden of medications in older people. Arch Intern Med. 2007
Apr 23;167(8):781-7. doi: 10.1001/archinte.167.8.781. PMID: 17452540.]

« “...essentially a linear additive model of pharmacological effect. It incorporates principles of
pharmacokinetics (dose) and pharmacodynamics (dose response, maximal effect) to

measure cumulative exposure to anticholinergic and sedative medications.” [Source: Hilmer SN,

Gnjidic D. The effects of polypharmacy in older adults. Clin Pharmacol Ther. 2009 Jan;85(1):86-8. doi: 10.1038/clpt.2008.224.
Epub 2008 Nov 26. PMID: 19037203.]
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Example: The Drug Burden Index

Countries

Australia
Canada
Finland Calculation
The Netherlands
New Zealand E D
UK o z D+o
DBI associated outcomes USA o
The hyperbolic function of
the Drug Burden Index:
pharmacological effect (E) is

Poorer physical function +
Poorer balance and falls +

Frailty + .

" The Drug Burden Index (DBI calculated by the daily dose
Poorer cognition and memory +/— g ( ) (D) and minimum effective
Mortality +/—

daily dose (9) of medication
as approved by the
regulator. «is the

Limitations proportionality constant

Hospitalization +
Increased GP visits +

Definitions of anticholinergic or sedative medications

Pharmacokinetic and pharmacodynamic parameters Source: Kouladjian L et al. Drug
Estimation of the minimum effective dose Burden Index in older adults:

Observational and pilot RCT studies theoretical and practical issues. Clin

Interv Aging. 2014 Sep 9;9:1503-15.
Figure | Summary of aspects of the DEI. doi: 10.2147/CIA.S66660. PMID:

Notes: +, positive association; +/—, inconsistent association. 25246778

'S

@®E BROWN

24 USDeN/AGING Webinar | Zullo @ Eﬂ School of Public Health




Summary

("

EE BROWN
@ EI’ School of Public Health



Summary

* For many research questions, we may need to move beyond a simple count of
the number of medications someone is taking, or even the number of
potentially inappropriate medications

 Incorporating pharmacological principles into our measures of multiple
medication use to derive “biologically burdensome” polypharmacy measures is
one potential and likely important important path forward

 The DBI is an excellent example that could be emulated to develop biologically
burdensome polypharmacy measures that expand beyond sedative and
anticholinergic drug use
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Thank You

Andrew Zullo, PharmD, PhD
andrew_zullo@brown.edu
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