Pharmacogenomics and Personalized Medicine

Dovepress
open access to scientific and medical research

ORIGINAL RESEARCH

Pharmacogenomics and Personalized Medicine downloaded from https://www.dovepress.com/ by 34.237.138.69 on 26-Nov-2020
For personal use only.

Open Access Full Text Article

Pharmacogenetic polymorphism as an
independent risk factor for frequent
hospitalizations in older adults with
polypharmacy: a pilot study
This article was published in the following Dove Press journal:
Pharmacogenomics and Personalized Medicine
14 October 2016
Number of times this article has been viewed

Joseph Finkelstein 1
Carol Friedman 1
George Hripcsak 1
Manuel Cabrera 2
1
Department of Biomedical
Informatics, 2Department of
Medicine, Columbia University
College of Physicians and Surgeons,
New York, NY, USA

Correspondence: Joseph Finkelstein
Department of Biomedical Informatics,
Columbia University College of
Physicians and Surgeons, 622 West
168th Street, PH-20, Room 401A,
New York, NY 10032, USA
Tel +1 917 477 3909
Email jf193@cumc.columbia.edu

107

submit your manuscript | www.dovepress.com

Pharmacogenomics and Personalized Medicine 2016:9 107–116

Dovepress

© 2016 Finkelstein et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/PGPM.S117014

Powered by TCPDF (www.tcpdf.org)

Abstract: Pharmacogenetic testing identifies genetic biomarkers that are predictive of individual
sensitivity to particular drugs. A significant proportion of medications that are widely prescribed
for older adults are metabolized by enzymes that are encoded by highly polymorphic genes.
Pharmacogenetic testing is increasingly used to optimize the medication regimen; however, its
potential in older adults with polypharmacy has not been systematically explored. Following
the initial case–series study, this study hypothesized that frequently hospitalized older adults
with polypharmacy have higher frequency of pharmacogenetic polymorphism as compared to
older adults with polypharmacy who are rarely admitted to a hospital. To test this hypothesis, a
nested case–control study was conducted with pharmacogenetic polymorphism as an exposure
and hospitalization rate as an outcome. In this study, frequently hospitalized older adults (≥65
years of age) with polypharmacy were matched with rarely hospitalized older adults with polypharmacy by age, gender, race, ethnicity, and chronic disease score. Average age and number of
prescription drugs did not differ in cases and controls (77.2±5.0 and 78.3±5.1 years, 14.3±5.3 and
14.0±2.9 medications, respectively). No statistically significant difference in sociodemographic,
clinical, and behavioral characteristics that are known to affect hospitalization risk was found
between the cases and controls. Major pharmacogenetic polymorphism defined as presence of
at least one allelic combination resulting in poor or rapid metabolizer status was identified in
all the cases. No major pharmacogenetic polymorphisms were detected in controls. Based on
the exact McNemar’s test, the difference in major pharmacogenetic polymorphism frequency
between cases and controls was statistically significant (p<0.05). In 50% of cases, more than one
major pharmacogenetic polymorphism was found. The frequency of CYP2C19 rapid metabolizer,
CYP3A4/5 poor metabolizer, VKORC1 low sensitivity, and CYP2D6 rapid metabolizer status
in cases was 67%, 33%, 33%, and 17%, respectively, which significantly exceeded respective
prevalence in general population. The mean number of major gene–drug interactions found
in cases was 2.8±2.2, whereas no major drug–gene interactions were identified in controls.
The difference in the number of major drug–gene interactions between cases and controls was
statistically significant (p<0.05). The pilot data supported the hypothesis that pharmacogenetic
polymorphism may represent an independent risk factor for frequent hospitalizations in older
adults with polypharmacy. Due to small sample size, the results of this proof-of-concept study
cannot be conclusive. Further work on the utility of pharmacogenetic testing for optimization
of medication regimens in this vulnerable group of older adults is warranted.
Keywords: urgent care utilization, risk factors, personalized medicine, elderly, case–control
study
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Background
Advances in medical sciences and discovery of new medications have significantly extended life expectancy and led to a
drastic increase of people living with multiple comorbidities.1
Rapid population aging in developed countries has resulted
in a growing demand for medical services and a significant
increase in health care expenditures. Urgent care utilization among older adults represents a significant portion of
annual expenditures on hospital care. Older adults have more
hospital stays than any other age group.2 While older adults
comprise ~12% of the US population, they account for onethird of all hospitalizations in the US, totaling ~$329 billion
or 44% of national hospital expenditures.2 Multiple risk factors for hospitalization of older adults have been reported in
various studies.3,4 They include age, gender, education, social
status, presence of geriatric syndromes, comorbidity scores,
history of urgent care utilization, and number of medications.4 Effective approaches are urgently needed to address
the growing health care needs of an aging population while
also improving quality of medical care and decreasing its cost.
Older adults with polypharmacy exhibit higher rates of
hospitalizations and adverse drug events (ADEs).5 In a cohort
of 887,165 older adults, 39.4% had polypharmacy defined
as simultaneous use of ≥5 medications.6 Among the known
risk factors of urgent care utilization, multiple medication
regimen or polypharmacy has been consistently identified as
one of the strongest modifiable predictors of hospitalization.5
A recent prospective cohort study demonstrated that older
adults with polypharmacy had 81% higher risk for 1-year
hospitalizations than older adults without polypharmacy.7
Another study in older adults found that a patient taking
more than 5 medications was almost 4 times more likely to
be hospitalized because of ADE.8 The US health care system
spent ~$300 billion on prescription medications in 2014 with
an estimated incremental increase of 6.3% spending annually
over the next decade.9 This economic problem is exacerbated
by a growing aging population accompanied by relatively
disjointed prescribing behaviors and poor patient monitoring.10 Modern precision medicine approaches offer powerful
tools to optimize medication regimens; however, potential
impact of these tools in older adults with polypharmacy has
not been fully appreciated yet.11
Providing precision medicine means to prescribe personalized treatment regimens based on individual genetic
variations.12 Pharmacogenetic testing has been increasingly
used to identify genetic biomarkers that predict individual
sensitivity to particular drugs.13 Polymorphism of genes
encoding cytochrome P450 (CYP) enzymes has been the
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major target of pharmacogenetics since CYP enzymes are
involved in the metabolism of >70% of all prescribed drugs.14
Particular attention in pharmacogenetic testing has been
devoted to CYP2D6, CYP2C19, CYP2C9, and CYP3A4/5
genes as they encode the most common CYP enzymes
involved in drug metabolism and are highly polymorphic.15
The various allele combinations of these genes result in a continuum of drug metabolizing activity and the corresponding
drug bioavailability.14 Individual drug metabolizing activity
for corresponding substrates varies from little or no activity
(poor metabolizer phenotype), reduced function (intermediate metabolizer phenotype), to “wild-type” activity (extensive
metabolizer phenotype), and increased enzyme expression in
the case of gene duplication (rapid metabolizer phenotype).16
For example, CYP2D6 genotype-stratified pharmacokinetic
studies of carvedilol17 and atomoxetine18 demonstrated nearly
30-fold variations in systemic exposure across study cohort
represented by a spectrum of subjects from poor to rapid
metabolizers. Recent studies also showed an important role
of other polymorphisms impacting drug activity such as
VCORC1 affecting sensitivity to warfarin.19 Previous studies have mainly focused on a single gene–drug interaction
and provided conflicting evidence of the clinical utility of
pharmacogenetic testing.20 Further evidence is necessary
to demonstrate the potential of pharmacogenetic testing to
improve quality of care for older adults with polypharmacy.
In the recent case series study, it was found that frequently
hospitalized older adults with polypharmacy exhibited a very
high frequency of pharmacogenetic polymorphisms, whereas
no major pharmacogenetic polymorphisms were found in
older adults with polypharmacy who were rarely hospitalized.21 Provided that all patients had similar comorbidities
and disease severity, were receiving guideline-concordant
care, and were adherent to their treatment regimen, the study
hypothesized that the potential source of wide disparity in
hospitalization rates in these patients could be due to different
efficacies of drug therapy, caused by differences in individual
response to medication regimen. This hypothesis is consistent
with recent studies that demonstrated that hospitalization
rates may vary widely in older adults even though they have
a similar level of disease severity22 and that older adults with
polypharmacy who were treated according to a pharmacogenetics-guided treatment plan had a significant decrease in
urgent care utilization.23 However, no systematic comparison
of the frequency of pharmacogenetic polymorphisms in older
adults with polypharmacy as related to their hospitalization
rate has been performed. This study is designed to address this
gap in our knowledge. The primary hypothesis to be tested
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in this study is that frequently hospitalized older adults with
polypharmacy have a higher frequency of pharmacogenetic
polymorphisms as compared to older adults with polypharmacy who are rarely admitted to the hospital.
An enormous burden is imposed on health care because
of prescribing inappropriate medication, particularly in the
context of older adults and polypharmacy. The overall objective of this pilot project is to explore the potential association
between the presence of pharmacogenetic polymorphisms
and high hospitalization rates in older adults with polypharmacy using a nested case–control design. Establishing such
an association will support a broader introduction of personalized medicine in the care of older adults with polypharmacy.

Methods
Study design
The primary goal of this project was to assess whether pharmacogenetic polymorphism is an independent risk factor for
frequent hospitalizations (FHs) in older adults with polypharmacy. To address this goal, a comprehensive conceptual
framework containing previously described hospitalization
risk factors4,24 was employed in this study (Figure 1). The
framework accounted for major hospitalization risk factors in
older adults comprising patient characteristics from clinical,
demographic, psycho-behavioral, and social profiles.
In addition to currently accepted risk factors, the framework included a new factor, pharmacogenetic polymorphism,
which was not yet systematically assessed as a risk factor
for FH in older adults with polypharmacy. Pharmacogenetic
polymorphism means the presence of any genetic polymorphism that affects pharmacokinetics or pharmacodynamics
of currently prescribed medications.
In order to test the main study hypothesis, a nested
case–control study was conducted in older adults with polypharmacy. The study design is presented in Figure 2. The
study cohort consisted of older adults with polypharmacy
and history of cardiovascular disease to ensure homogeneity

Pharmacogenetic profile

Clinical
profile

Hospitalization
rate

Behavioral
profile

Demographic
profile

Social profile

Figure 1 Hospitalization risk factors.

Pharmacogenomics and Personalized Medicine 2016:9

Cohort
Older adults with polypharmacy and CVD
Cases
High rates of
hospitalization

Matched
Age, gender,
race, ethnicity,
comorbidity

Controls
(matched)
Low rates of
hospitalization

Analysis
Comparison of PGx frequency in cases and controls
Figure 2 Study design.
Abbreviations: CVD, cardiovascular disease; PGx, pharmacogenetic.

of the study sample. The cases were presented by eligible
individuals with the history of FH. The controls included
eligible patients with infrequent hospitalizations (IHs) randomly drawn from the study cohort, based on case–control
matching criteria. On the basis of a previous work,22 cases
(FH) were defined as individuals who were hospitalized
at least 3 times during the past 2 years. The controls were
matched with the cases by age group, gender, race, ethnicity,
and chronic disease score (CDS). Subject characteristics were
ascertained by a manual chart review supplemented by the
patients’ self-reports and data from clinical data warehouse.

Study cohort
The study cohort was chosen on the basis of relevance to
the aims of this study and existing evidence on the potential
association between the exposure variable (pharmacogenetic
polymorphism) and the study outcome (hospitalization rate).
The inclusion criteria for the study cohort were: 1) physician
diagnosis of chronic cardiovascular condition (congestive
heart failure, coronary atherosclerosis, cardiac dysrhythmias,
and history of acute coronary syndromes); 2) drug regimen
consisting of 5 or more prescription medications; and 3) age
≥65 years of age. Patients who satisfied at least one item
from the following exclusion criteria list did not take part
in the study: 1) previously having pharmacogenetic testing;
2) a diagnosis of current malabsorption syndrome; 3) currently receiving treatment for or diagnosed with cancer; 4)
current diagnosis of malnourishment; 5) a history of organ
transplant; 6) receiving intravenous antibiotics or immunosuppressant medications; and 7) chronic liver disease. The
exclusion criteria were chosen to minimize bias caused by
other factors which may potentially affect drug metabolism
in addition to pharmacogenetic polymorphism such as liver
disease, malnutrition, or malabsorption. Overall, 6 cases and
6 controls were enrolled in this pilot study. All participants
provided written informed consent.
submit your manuscript | www.dovepress.com
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Sociodemographic profile
The demographic profile included age, gender, race, ethnicity, income, and number of years spent in school. Age group,
gender (female, male), race (Blacks, Whites, Asians, other),
and ethnicity (Hispanic, non-Hispanic) were used to match
cases and controls. The social profile consisted of variables
that were associated with higher hospitalization risk including
marital status, presence of caregiver, insurance coverage, and
number of people in the household.

Clinical and behavioral profile
The clinical profile was ascertained on the basis of a comprehensive review of disease history of the patients and
comprised hospital utilization over the last 5 years, comorbidities, disease severity, medication regimen, body mass
index (BMI), and geriatric syndromes including frailty.
Overall disease severity was gauged using the CDS which
was developed as an integrative indicator of illness severity
in people with multiple comorbidities.25 CDS accounts for the
number of different chronic diseases, complexity of medication regimen, and presence of potentially life-threatening or
progressive diseases.26 In several studies, CDS was shown
to predict hospitalization and mortality in the following
year.27,28 CDS was found to be an effective means to control
for confounding comorbidities in various epidemiological
studies.29 Previous studies showed that CDS can be reliably
generated from electronic medical record data.27,28 CDS ≥7
was associated with 5-fold increase in 1-year hospitalization risk.27 It was used in this study for matching cases with
controls along with age, gender, race and ethnicity.
Symptom severity and overall illness trajectory were estimated on the basis of patients’ self-reports. The behavioral
profile included factors that may potentially affect hospitalization risk in older adults. Health literacy was assessed by
self-report based on patient response to a Likert-type question
about the level of personal illness comprehension. Medication
adherence was assessed using the Medication Adherence scale
which was shown to have excellent psychometric properties.30
Medication adherence self-efficacy was assessed using a validated questionnaire with known psychometric properties.31
Health literacy, medication adherence, and medication adherence self-efficacy were shown to be the major factors affecting
efficacy of drug therapy in older adults with multiple chronic
conditions32 and were associated with urgent care utilization.33

Pharmacogenetic profile
Pharmacogenetic testing was performed by a New York
State-licensed Personalized Medicine laboratory (GENETWORx, LLC) accredited by the College of American
110
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Pathologists Laboratory Accreditation Program and with
Clinical Laboratory Improvement Act certification. Among
other tests, the laboratory carries out pharmacogenetic testing to detect common variants in genes which may affect
individual response to medications. The GENETWORx
Comprehensive PGRx Panel detects all common and many
rare genetic variants with known clinical significance. Laboratory specimens are analyzed for the target genes using the
GENETWORx Personalized Medicine Panel. The assay is
based on the bead-based multiplex xTAG chemistry from
Luminex Corporation. The CYP2D6 assay is an in vitro
diagnostic assay from Luminex Corporation that also uses
their xTag Technology. Genomic DNA is extracted from the
submitted specimen and amplified by the polymerase chain
reaction (PCR) using consensus oligonucleotide primers
specific for the variants listed above. Genomic DNA is
amplified in a multiplex fashion. The PCR is then subjected
to a primer extension step that is specific for the allele that is
being analyzed: Allele-Specific Primer Extension (ASPE).
The 5’ end of the ASPE primers is attached to an xTAG
universal tag sequence. The 5’ universal tag sequence is
hybridized to the complementary anti-tag sequence coupled
to a particular xMAP bead set that is then detected by the
xMAP Luminex 200 analyzer.
The laboratory provides testing kits including instructional materials, consent forms, and buccal swab tools.
After a buccal swab is collected from inside each cheek, it is
placed in the provided envelopes and returned to the laboratory through overnight express mail. The testing results are
provided by the testing facility through a password-protected
secure online portal (www.GENETWORx.com) a week after
the submission of the buccal swabs. The portal contains a
detailed report with results of the genetic testing as well
as interpretation of the findings. The portal also provided
comprehensive education materials explaining the content
of pharmacogenetic testing reports.
Pharmacogenetic profile was assessed on the basis of
the presence or absence of mutant alleles responsible for the
expression of proteins or enzymes affecting pharmacokinetics
and pharmacodynamics of the prescribed medications. The
gene panel tested in this study was chosen on the basis of
the high prevalence of particular medication classes in older
adults and evidence that sensitivity to these medications may
be affected by known genetic polymorphisms.34,35 Variants
in the following genes were tested in this study: CYP2C19,
CYP2C9, VCORC1, CYP2D6, and CYP3A4/3A5. These variants were shown to play a major role in patient susceptibility
to drugs frequently associated with ADEs in older adults with
polypharmacy.5,36,37
Pharmacogenomics and Personalized Medicine 2016:9
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Statistical analysis

Table 1 Sociodemographic characteristics of cases and controls

Statistical analysis was carried out using the standard computer package IBM SPSS Statistics 22.0 (IBM Corporation,
Somers, NY, USA, 2015). The results were presented as proportions for categorical variables and as means and standard
deviations for continuous variables. Nonparametric tests were
employed to compare the cases and controls since the normal
distribution in the study population could not be assumed.38
The Wilcoxon signed-rank test was used while comparing
the means of continuous variables from matched samples.
The exact McNemar’s test was used on paired nominal data.
Statistical significance was confirmed at p<0.05. For analytical purposes, several variables were constructed on the basis
of pharmacogenetic testing reports. Major pharmacogenetic
polymorphism was defined as allele combination resulting in
poor or rapid metabolizer status. A binary variable equal to 1
was introduced if at least one major genetic polymorphism
was identified from the list of all tested genes, otherwise
it was equal to zero. For gene–drug interaction analysis, a
variable representing the number of major drug–gene interactions of moderate to serious severity was constructed for
each study subject. The severity of drug–gene interactions
indicated the degree of risk associated with the drug based
on the patient’s genetic status and was confirmed by an independent pharmacist review.
The study protocol was approved by Institutional Review
Board at Columbia University Medical Center.

Parameters

Cases

Controls

Age (mean ± SD), years
Gender (%)
Race (%)
Ethnicity (%)

77.2±5.0
M =67; F =33
W =83; B =17
H =67; NH =33
2.2±0.4
10.3±2.7
Married =33;
single =67
USA =67;
non-USA =33
0
NP =33; GE =67
<$40K =83;
>$40K =17
MM =100;
PHP =17

78.3±5.1
M =67; F =33
W =83; B =17
H =67; NH =33
2.0±0.6
13.2±5.5
Married =33;
single =67
USA =67;
non‑USA =33
0
NP =33; GE =67
<$40K =83;
>$40K =17
MM =100;
PHP =33

Results
Sociodemographic profile
Sociodemographic characteristics of the cases and controls
are presented in Table 1. As cases and controls were matched
by age group, gender, race, and ethnicity, there was no difference between these variables in the study groups. The average
age of cases was 77±5 years ranging from 69 to 83 years,
and the average age of controls was 78±5 years ranging from
70 to 84 years. The majority of the patients in both groups
were single. All subjects indicated the presence of at least
1 caregiver, and only 1 subject in the control group lived
alone. Most subjects were born in the US and reported good
to excellent command of the English language. The annual
income of the majority of the subjects was <$40,000, and all
the subjects were covered by Medicare insurance. Overall,
no statistically significant difference in sociodemographic
characteristics was found between the cases and controls.

Clinical and behavioral profile
The clinical and behavioral characteristics of the cases and
controls are presented in Table 2. The CDS was used to match
Pharmacogenomics and Personalized Medicine 2016:9

Household size (mean ± SD)
Years in school (mean ± SD)
Marital status (%)
Country of birth (%)
Full-time employment (%)
English proficiency (%)
Income (%)
Insurance (%)

Abbreviations: B, black; F, female; GE, good to excellent; H, Hispanic; M, male;
MM, Medicare/Medicaid; NH, non-Hispanic; NP, none to poor; PHP, private health
plan; SD, standard deviation; W, white.

Table 2 Clinical and behavioral characteristics of cases and controls
Parameters

Cases

Controls

Chronic disease score
(mean ± SD)
Medication adherence
score (mean ± SD)
Medication adherence
self-efficacy (mean ± SD)
BMI (mean ± SD)
Current alcohol
consumption (%)
Current smoking (%)
Former smoker (%)
Number of comorbid
conditions (mean ± SD)
Number of geriatric
syndromes (mean ± SD)
Symptom severity (%)
Overall illness trajectory (%)
Health literacy (%)
Number of medications
(mean ± SD)
Number of gene–drug
interactions (mean ± SD)
Number of hospitalizations
in 2 years (mean ± SD)
Number of hospitalizations
in 5 years (mean ± SD)

7.8±1.2

7.8±1.2

6.9±1.1

7.0±1.0

2.5±0.5

2.7±0.4

29.2±4.1
0

29.3±3.1
0

0
33
8.2±1.2

0
67
8.2±2.0

4.0±1.7

3.7±0.5

NM =17; MS =83
P =50; S =50; I =0
Insuf =50; Suf =50
14.3±5.3

NM =33; MS =67
P =50; S =33; I =17
Insuf =50; Suf =50
14.0±2.9

2.8±2.2

0±0§

4.8±1.7

0.2±0.4§

11.2±9.3

0.8±0.8§

Note: §Statistically significant difference between cases and controls (P<0.05).
Abbreviations: BMI, body mass index; I, improving; Insuf, insufficient; MS,
moderate to severe; NM, none to mild; P, progressing; S, stable; Suf, sufficient; SD,
standard deviation.

the cases and controls by patients’ disease severity; the mean
value was the same in both the groups: 7.8±1.2. CDS ≥7
indicated significant multi-morbidity26 in both the cases and
controls. The mean number of chronic comorbid conditions
submit your manuscript | www.dovepress.com
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was 8 and the mean number of geriatric syndromes was 4 in
both the groups. Medication adherence in both the groups
was similar: 6.9±1.1 in cases and 7.0±1.0 in controls. Medication adherence score >6 indicated appropriate adherence
to medication regimen.30 Medication adherence self-efficacy
score did not differ in both the groups and was >2 indicating
sufficient patient confidence in their ability to take medications as prescribed. The mean number of prescribed medications in cases was 14.3±5.3 ranging from 7 to 22 and that in
the controls was 14.0±2.9 ranging from 10 to 18, indicating
high level of polypharmacy in both the groups. Average BMI
in both the groups was 29 with all the study subjects being
overweight and 33% cases and 50% controls being obese. All
the patients reported current abstinence from smoking and
alcohol consumption. A higher proportion of cases (83%)
reported moderate to severe symptom severity as compared
to controls (67%). Overall illness trajectory was assessed
as stable by 50% cases and as progressively worsening by
another 50% of cases, whereas 17% of the controls reported
improvement in their illness trajectory. There was a statistically significant difference in the number of hospitalizations
between cases and controls (p<0.05). The average number
of hospitalizations in the last 2 years in cases was 4.8±1.7
ranging from 3 to 7 and that in the controls was 0.2±0.4
ranging from 0 to 1. The average number of hospitalizations
in the last 5 years in cases was 11.2±9.3 ranging from 3 to
23, whereas in controls it was 0.8±0.8 ranging from 0 to 2.

Pharmacogenetic profile
The results of pharmacogenetics testing are listed in Table 3.
Each case was found to have at least one major pharmacogenetic polymorphism defined as mutant allele combination resulting in poor or rapid metabolizer status. No major
pharmacogenetic polymorphisms were found in the controls.
Based on the exact McNemar’s test, the difference in major
pharmacogenetic polymorphism frequency between the
cases and controls was statistically significant (p<0.05). In
50% of the cases, >1 major pharmacogenetic polymorphism
was found. The frequency of CYP2C19 rapid metabolizer,
CYP3A4/5 poor metabolizer, VKORC1 low sensitivity, and
CYP2D6 rapid metabolizer status in the cases was 67%,
33%, 33%, and 17%, respectively, whereas in the general
US population, it was reported not to exceed 4.5%, 10%,
12%, and 4.3%, respectively.14 The mean number of major
gene–drug interactions in the cases was 2.8±2.2, whereas no
major drug–gene interactions were identified in the controls.
The difference in the number of major drug–gene interactions
between the cases and controls was statistically significant
(p<0.05) based on the Wilcoxon signed-rank test.
112
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Table 3 Results of pharmacogenetic testing
Hospital
admissions

Pharmacogenetic profile
CYP2C19 CYP2C9

VKORC1 CYP2D6 CYP3A4/5

Cases
High
High
High
High
High
High

ENM
ENM
RM
RM
RM
RM

ENM
ENM
ENM
ENM
ENM
ENM

HWS
IWS
IWS
NWS
HWS
IWS

ENM
RM
ENM
ENM
ENM
ENM

PM
ENM
PM
ENM
ENM
IM

Low
Low
Low
Low
Low
Low

Controls
ENM
IM
IM
IM
IM
IM

ENM
ENM
ENM
ENM
ENM
IM

NWS
NWS
NWS
NWS
NWS
IWS

ENM
IM
ENM
ENM
IM
ENM

ENM
ENM
ENM
ENM
ENM
ENM

Abbreviations: ENM, extensive/normal metabolizer; HWS, high warfarin
sensitivity; IM, intermediate metabolizer; IWS, increased warfarin sensitivity; NWS,
normal warfarin sensitivity; PM, poor metabolizer; RM, rapid metabolizer.

Discussion
The results of this study demonstrated that there is an association between high hospitalization rates and pharmacogenetic
polymorphism in older adults with polypharmacy. This is
the first study that systematically explored whether pharmacogenetic polymorphism is an independent risk factor
for FH in older adults with polypharmacy. In this study, a
nested case–control design was used to account for potential
covariates. The nested case–control design is widely used in
studies of biologic precursors, such as somatic mutations,
especially when assessment of exposure requires costly and/
or labor-intensive testing.39 By matching on factors such as
age, race, gender, and comorbidity score, and selecting controls from a relevant cohort, the nested case–control design
is generally considered to be efficient in addressing potential
study biases.40
The results of this study support broader introduction
of pharmacogenetic testing in the care of older adults.
Based on a 2005–2006 survey study, >36% of older adults
were taking at least 5 prescription medications.41 In older
adults, polypharmacy has been associated with increased
health care costs, adverse drug reactions, drug interactions,
medication nonadherence, impaired functional and cognitive
status, falls, urinary incontinence, and malnutrition.5 Not
surprisingly, polypharmacy and potentially inappropriate
medication use were shown to be a significant precipitating
factor in frequent hospital admissions.42 The pharmacogenetic information that may currently be made available
to guide therapy selection and adjust dose requirements
can significantly enhance the utility of prescription drugs
and provides an opportunity for improving patient care.19
Pharmacogenomics and Personalized Medicine 2016:9
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Additionally, this new technology can lead to a decrease
in the number of ADEs and the enormous costs associated with these iatrogenic hospitalizations and emergency
room visits.43 Recent reports demonstrated that there is a
significant overlap between classes of medications most
frequently implicated as cause of ADE in older adults36,44
and classes of medications, action of which is significantly
affected by pharmacogenetic polymorphisms. 10 These
classes include anticoagulants, β-blockers, calcium-channel
blockers, nonsteroidal anti-inflammatory drugs, antibiotics,
antidepressants, benzodiazepines, proton pump inhibitors,
and chemotherapeutic agents.10,36 Medications from the
same classes are listed among most frequently prescribed
drugs for older adults.45 Thus, higher level of polypharmacy
makes it more likely for a patient to be affected by potential
drug–gene interactions.
Several recent reports supported the potential value of
pharmacogenetic testing in older adults with polypharmacy.46
In a recent observational study, a prospective cohort of older
adults whose medication regimen was optimized according
to pharmacogenetic testing was compared to a propensity
score-matched historical cohort.23 Comparison of urgent care
utilization between these two cohorts showed that patients
treated according to pharmacogenetics-guided treatment plan
had a significant decrease in hospitalizations and emergency
department visits with average cost savings of $218. A
recent article reviewed a case of a 74-year-old woman with
polypharmacy hospitalized due to severe ADE.43 Pharmacogenetic testing in this patient established major genetic
CYP3A5 polymorphism. Ensuing pharmacogenetic-guided
medication regimen readjustment led to remarkable patient
recovery with complete remission of coetaneous symptoms
and control of cardiac, hepatic, and renal symptomatology.
In another study, application of pharmacogenetics-guided
recommendations in older adults with polypharmacy in a
long-term care facility9 resulted in medication optimization
for 50% of the polypharmacy population tested with an
estimated annual savings of $621 per patient.
As the cost-effectiveness of pharmacogenetic testing is
considered one of the major barriers toward its wide introduction to clinical practice,47 these recent results uncover
potential approaches for overcoming cost barriers for pharmacogenetics by targeting subgroups of patients for whom
pharmacogenetic testing may result in substantial cost savings such as older adults with polypharmacy. Further studies
with appropriate design and sample size are necessary to
identify the prevalence of pharmacogenetic polymorphisms
in frequently hospitalized older adults and systematically
test the hypothesis that pharmacogenetic polymorphism
Pharmacogenomics and Personalized Medicine 2016:9
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is an independent risk factor of FH in older adults with
polypharmacy. Effective optimization of medication regimen
in older adults with polypharmacy requires a fundamental
shift in clinical decision making from the “one gene – one
drug – one disease” paradigm to a “pharmacogenetic profile –
polypharmacy – multimorbidity” paradigm.
The ultimate goal of this study is to develop comprehensive evidence-based clinical decision support technologies
facilitating effective introduction of pharmacogenetics into
routine clinical care of older adults. Identifying priority
populations of older adults who are most likely to benefit
from pharmacogenetic testing is a crucial step toward accomplishing this goal. This study provided initial evidence that
pharmacogenetic polymorphism is potentially an independent risk factor for high hospitalization rates in older adults.
Definitive confirmation of this hypothesis will require that
a definitive randomized clinical trial (RCT) be performed
to demonstrate that pharmacogenetic testing in frequently
hospitalized older adults with polypharmacy results in
reduction of urgent care utilization, decreased health care
costs, and improved quality of care. As lack of convincing
evidence demonstrating that genetic testing improves clinical
outcomes precludes Medicare from covering this procedure
in older adults, RCT-level evidence may greatly contribute
to supporting insurance coverage of pharmacogenetic testing
in frequently hospitalized older adults with polypharmacy.
Pharmacogenetic testing has an enormous potential in
optimizing drug therapy and improving quality of care.
A plethora of pharmacogenetic studies over recent years have
resulted in a significant body of knowledge on genetic-based
variations affecting individual drug susceptibility. However,
the application of pharmacogenetics in routine patient care is
hampered by conflicting information concerning its clinical
utility in specific patient subgroups and lack of consensus
on the extent to which physicians are expected to act on
pharmacogenetic test results. The majority of previous
pharmacogenetic studies of clinical utility have focused on
the associations between specific genes and a single drug
or disease. Our study introduced an innovative approach
in assessing the potential cumulative health care utilization impact of pharmacogenetic profile in older adults with
multiple comorbidities who have been prescribed a large
number of medications. Thus, this study is characterized by
several important strengths. First, this study introduces an
important shift in the application of pharmacogenetic testing
from a “one gene – one drug – one disease” approach to a
“pharmacogenetic profile – polypharmacy – multimorbidity” approach. This approach is particularly important in
the context of older adults because it provides systematic
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evidence on the potential utility of pharmacogenetic testing
in older adults routinely seen in inpatient and outpatient
care. There is a high probability that at least one medication
may be affected by genetic polymorphisms in these patients
because the metabolism, transport, or action of the drug is
affected by different enzymes. Drug efficacy and ADEs can
also be affected by the natural aging process and the presence
of geriatric syndromes. Second, the study’s specific focus on
older adults with polypharmacy who are frequently admitted to hospital is innovative. Limited systematic evidence
exists on how important it is to perform pharmacogenetic
testing in such a vulnerable subgroup as frequently hospitalized older adults with complex medication regimens and
multiple comorbidities. Evidence of higher prevalence of
pharmacogenetic polymorphism in this subgroup may be of
major importance because it may lead to recommendations
to prioritize genetic testing in these patients to optimize
drug therapy and prevent frequent readmissions. Third, this
study utilized a nested case–control design to systematically
compare the frequency of pharmacogenetic polymorphisms
in frequently hospitalized older adults with polypharmacy
with matched individuals who did not have a history of
frequent hospital admissions. This study was designed to
identify whether pharmacogenetic polymorphisms in older
adults with polypharmacy is an independent risk factor for
FH. No systematic study has been conducted that was aimed
at addressing this question using a nested case–control design
that accounts for multiple hospitalization risk factors. Fourth,
the proposed study establishes an evidence-based approach
for targeted application of pharmacogenetic testing in older
adults with polypharmacy. Systematic evidence supporting
pharmacogenetic testing in frequently hospitalized older
adults with polypharmacy may lead to targeted testing in
a group of patients who are most likely to benefit from the
testing results. With sufficient evidence, the hospital staff may
be advised to incorporate pharmacogenetic testing of this
specific cohort into the routine hospital discharge workflow
and utilize the pharmacogenetic testing results to optimize the
medication regimen on discharge as a part of a predischarge
medication reconciliation program. This approach may potentially reduce readmissions in these patients, improve their
quality of care, and reduce their health care expenses. Targeting particular patient subgroups may maximize the potential
benefits from pharmacogenetic testing and may p romote
the use of this promising technique in a cost-effective way.
Future intervention trials built on the evidence provided in
this study will be able to definitively test the clinical impact
and cost-effectiveness of pharmacogenetics-guided care in
older adults.
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The study has several limitations including small sample
size and lack of sufficient racial heterogeneity. Small sample
size precluded us from estimating relative risks and contributions of different factors to hospitalization risk using
conditional logistic regression. The Wilcoxon signed-rank
test was used in this study to compare the means of continuous variables from matched samples because it does
not assume normal distribution for dependent samples.48
The exact McNemar’s test was used on paired nominal
data in this study because it utilizes conservative estimates
applicable for small samples.49 These two tests were used
for small sample comparisons in previous studies; however,
the difference between samples should be very substantial
to achieve an acceptable level of statistical significance.50,51
Although recent studies concluded that there are no principal
objections to using appropriate statistical tests for groups
with small sample sizes,50–52 no definitive conclusions can be
adequately drawn from our proof-of-concept study due to its
limited sample size. However, even with small sample size,
this study was able to demonstrate potential difference in the
frequency of pharmacogenetic polymorphisms in older adults
with polypharmacy who are frequently hospitalized versus
those who are rarely admitted to a hospital. Our results support the implementation of more comprehensive study with
sufficient power to account for multiple hospitalization risk
factors and racial/ethnic heterogeneity. Future study should
employ larger sample size that allows for population-based
genetic analysis including analysis of Hardy–Weinberg equilibrium.53 As polypharmacy affects not only older adults but
also people with human immunodeficiency,54,55 cancer,56,57
and other complex conditions,58 identification of utility of
pharmacogenetic testing59 in other patient subgroups with
polypharmacy may help identify priority populations for
medication optimization using pharmacogenetic testing.

Conclusion
In a pilot nested case–control study, frequency of pharmacogenetic polymorphisms was shown to be significantly higher
in frequently hospitalized older adults with polypharmacy as
compared to older adults with polypharmacy rarely admitted
to a hospital. Due to a small sample size, definitive conclusions could not be drawn; however, the results of this study
justify conducting a large-scale population-based study.
Future research should provide definitive evidence to support
a recommendation for providing pharmacogenetic testing
to all older adults with polypharmacy who are frequently
admitted to a hospital. This recommendation would facilitate
broad introduction of a personalized medication regimen,
potentially reducing hospitalization rates, decreasing health
Pharmacogenomics and Personalized Medicine 2016:9
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care expenditures, and improving quality of care and patient
quality of life in such a vulnerable population as older adults
with polypharmacy.
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