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Objective. The primary objective of the study was to estimate the rates of polypharmacy among individuals with multimorbidity
defined as chronic condition clusters and examine their associations with polypharmacy. Methods. Cross-sectional analysis
of 10,528 individuals of age above 21, with at least one physical condition in cardiometabolic (diabetes or heart disease or
hypertension), musculoskeletal (arthritis or osteoporosis), and respiratory (chronic obstructive pulmonary disease (COPD) or
asthma) clusters from the 2009 Medical Expenditure Panel Survey. Chi-square tests and logistic regressions were performed to
analyze the association between polypharmacy and multimorbidity. Results. Polypharmacy rates varied from a low of 7.2% among
those with respiratory cluster to a high of 64.1% among those with all three disease clusters. Among those with two or more
disease clusters, the rates varied from 28.3% for musculoskeletal and respiratory clusters to 41.8% for those with cardiometabolic
and respiratory clusters. Individual with cardiometabolic conditions alone or in combination with other disease clusters were more
likely to have polypharmacy. Compared to those with musculoskeletal and respiratory conditions, those with cardiometabolic and
respiratory conditions had 1.68 times higher likelihood of polypharmacy. Conclusions. Rates of polypharmacy differed by specific
disease clusters. Individuals with cardiometabolic condition were particularly at high risk of polypharmacy, suggesting greater

surveillance for adverse drug interaction in this group.

1. Introduction

Care of individuals with multimorbidity defined as the
coexistence of two or more chronic conditions is an emerging
area of research. Existing studies have reported negative
effects of multimorbidity on a variety of health outcomes
such as disability, functional status, health-related quality
of life, healthcare expenditures, and survival [1-12]. Multi-
morbidity is also associated with healthcare utilization spe-
cifically an increased number of hospital admissions [11] and
prescription medications among individuals with multiple
chronic conditions [13, 14]. In a US study of the elderly,
it was found that an overwhelming majority (73%) with
three or more chronic conditions were using 5 or more
prescription drugs [15]. In an Australian study of multi-
morbidity across all age groups, it was reported that those
with multimorbidity were 7 times to 22 times as likely to
use four or more prescription medications as those without
multimorbidity [13].

Multiple medications use often results in harmful drug-
drug interactions [16]. A study by Nolan and O’Malley
suggested that individuals taking 10 or more medications had
over a 90% probability of experiencing one or more clinically
significant drug interactions [17]. Such drug interactions
have severe consequences such as hospital readmissions [18].
There have been many studies on polypharmacy among
the elderly [19]; however, studies with specific focus on
the association between polypharmacy generally defined as
concurrent use of multiple medications and multimorbidity
are very limited. One Italian study [20] of hospitalized
elderly patients reported significant associations between
specific clusters of diseases and polypharmacy. In this
study, elderly patients with diabetes and coronary heart
disease and cerebrovascular diseases had greater likelihood
of polypharmacy compared to those without diabetes and
cerebrovascular diseases. The adjusted odds ratio (AOR) was
9.8 with 95% confidence interval of 1.3-72.2, suggesting
that coronary heart disease may increase the likelihood of
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polypharmacy. However, this study was limited to hospital
settings. Additionally, polypharmacy issues have only been
examined in the elderly populations while an Australian
study documented that multimorbidity was prevalent (4.4%
for 20-39 years of age and 15.0% for 40-59 years of age)
in the younger adults as well [13]. Therefore, it is necessary
to examine the relationship between polypharmacy and
multimorbidity across all age groups.

The primary objective of the current study was to esti-
mate rates of polypharmacy among individuals living in the
community with specific clusters of chronic conditions,
using a nationally representative sample of households in
the United States. We also examined the independent rela-
tionship between specific clusters of chronic conditions and
polypharmacy within a multivariate framework after con-
trolling for demographic, socioeconomic, access to care,
health status, lifestyle risk factors, and outpatient visits that
may be associated with polypharmacy. We hypothesize that
the rates of polypharmacy will depend on the specific
chronic condition cluster and multiple conditions may not
necessarily lead to greater rates of polypharmacy compared
to those with single clusters.

2. Methods

2.1. Study Design. We used a cross-sectional study design.
Data were extracted from the Agency for Healthcare Research
and Quality- (AHRQ-) sponsored Medical Expenditure
Panel Survey (MEPS) which is a nationally representative
household survey of the United States noninstitutionalized
civilian population [21]. The MEPS Household Component
(HC) collected information on demographic and socio-
economic characteristics of household members, medical
conditions, and treatments for these conditions including
prescription drug use [21] over five interview rounds. Data
on prescription drug use were collected through pharmacy
providers and self-reports. A sample of medical providers
were contacted to gather information on dates of visit,
diagnosis and procedure codes, charges, and payments and
were typically used as an imputation source to supplement/
replace the data on household reported expenditures [21].
Medical conditions file was used to derive chronic condition
clusters. The MEPS captured chronic and acute conditions
of a respondent in several ways. (1) A disease condition may
be reported in the Priority Condition Enumeration section
in which persons are asked if they have been diagnosed with
specific conditions; (2) a disease condition may be reported
by the respondent when they had a particular medical event
(hospital stay, outpatient visit, emergency room visit, home
health episode, prescribed medication purchase, or medical
provider visit); (3) a disease condition may be reported
as the reason for one or more episodes of disability days;
(4) a disease condition may be reported by the household
level respondent as a condition “bothering” the person
during the reference period [21]. A study by Machlin
et al. [22] on sensitivity of household reported medical
conditions in the MEPS found that household reports
tend to be accurate for many conditions. Information on
medical conditions was recorded verbatim and verbatim
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text was translated into International Classification of
Diseases, 9th Edition, Clinical Modification (ICD-9-CM)
codes by experienced and professional coders (http://meps
.ahrq.gov/mepsweb/data_stats/download_data/pufs/h128/h1
28doc.pdf). For privacy reasons, 5-digit ICD-9-CM codes
were also grouped into clinical condition classification codes.
MEPS provided the crosswalk between ICD-9-CM and
clinical condition classification codes.

2.2. Data. For purposes of our study, data were drawn from
multiple files of MEPS (2009 survey) such as household,
medical conditions, prescribed medicines, and office-based
medical provider visits and outpatients visits. Medical con-
dition files were used to identify specific clusters of chronic
conditions. Polypharmacy use was defined from prescription
medication files. Total outpatient visits were computed from
office-based and outpatient visits files. Other independent
variables were derived from the full-year consolidate house-
hold file.

2.3. Study Sample. Our study sample comprised living indi-
viduals over 21 years of age as of the end of 2009, reported
having had at least one chronic physical condition in the
following clusters: cardiometabolic (consisting of diabetes or
heart disease or hypertension), musculoskeletal (consisting
of arthritis or osteoporosis), and respiratory (consisting
of COPD or asthma). Our analytical sample consisted of
10,528 individuals representing approximately 102 million
individuals of the United States civilian noninstitutionalized
population. This sample comprised 33.3% of total individu-
als interviewed during year 2009.

2.4. Measures

2.4.1. Dependent Variable: Polypharmacy. There is no con-
sensus in defining polypharmacy. However, a systematic
review of the literature [23] stated “use of six or more con-
comitant medications” as one of the most cited definitions
of polypharmacy. Accordingly we classified polypharmacy
variable into two categories: (1) 0 to 5 drugs and (2)
polypharmacy (=6 drugs). MEPS prescription medica-
tions file contains information on therapeutic classes of
medications through linkage of Multum Lexicon database
(http://www.multum.com/Lexicon.htm). The unique ther-
apeutic class codes were used to identify the maximum
number of classes of medications taken by individuals in any
one of the five interview rounds. We defined polypharmacy
as using at least six prescribed medications in any one of the
five rounds of interviews during year 2009.

2.4.2. Key Independent Variable: Multimorbidity Categories.
We identified multimorbidity categories by grouping clusters
of diseases based on specific organ domains [24]. Such
clustering of disease conditions based on synergism in treat-
ment patterns and self-management approaches have been
used in our prior study [25]. Using a similar approach
[25], we grouped three clinically meaningful disease clusters
among diabetes, heart disease, hypertension, COPD, asthma,
arthritis, and osteoporosis. These conditions were chosen
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due to their high prevalence, cost, morbidity, and mortal-
ity (http://meps.ahrq.gov/mepsweb/data_files/publications/
st167/stat167.shtml) [26]. The specific clusters were (1)
cardiometabolic (diabetes or heart disease or hypertension),
(2) musculoskeletal (arthritis or osteoporosis), and (3)
respiratory (asthma or COPD). These clusters were pooled
together to form the following seven mutually exclusive
categories of multimorbidity: (1) cardiometabolic conditions
only; (2) musculoskeletal conditions only, (3) respiratory
conditions only, (4) cardiometabolic and musculoskeletal
conditions, (5) cardiometabolic and respiratory conditions,
(6) musculoskeletal and respiratory conditions, and (7) car-
diometabolic, musculoskeletal, and respiratory conditions.

2.4.3. Other Independent Variables. Demographic variables
consisted of gender (women, men), race/ethnicity (white,
African American, Latino, other), age (22-39, 40-49, 50-64,
65—69, 70-74, and 75 and older), and marital status (mar-
ried, widowed, separated/divorced, never married). Socio-
economic variables consisted of education (less than high
school, high school, above high school), area of residence
(metro, nonmetro), and poverty status (poor, near poor,
middle income, high income). Access to care was assessed
using health insurance coverage (private, public, uninsured)
and usual source of care (yes, no). Health status was
measured with variables such as perceived physical and
mental health status (excellent/very good, good, fair/poor).
Lifestyle risk factors comprised of body mass index (BMI)
(underweight/normal weight, overweight, obese), current
smoking (yes/no), and physical activity (vigorous activity 3
days a week/other). We also included ftotal number of visits to
either office-based provider or outpatient hospital clinics as
a measure of contact with the healthcare system.

2.5. Statistical Techniques. Chi-square tests were used to
assess significant differences between the multimorbidity
categories and polypharmacy. Unadjusted and multivariate
logistic regressions were used to analyze the association
between polypharmacy and multimorbidity categories and
other independent variables. We also contrasted the AORs
of polypharmacy for specific multimorbidity categories. For
example, we compared the AORs of polypharmacy between
cardiometabolic and musculoskeletal clusters and car-
diometabolic and respiratory clusters. In all these regres-
sions, “0-5 drugs” category was compared to “polyphar-
macy.” All analyses used primary sampling unit, strata, and
weights provided in the MEPS to control for clustering and
unequal probability design and were conducted in survey
procedures using SAS 9.2 to handle study weights and
clustering.

3. Findings

Table 1 characterizes the study sample by multimorbidity
categories in our study sample above 21 years of age, alive,
with at least one of the cardiometabolic, musculoskeletal,
and respiratory conditions in year 2009. Thirty-four percent
of our study sample had cardiometabolic conditions and
25% had both cardiometabolic and musculoskeletal disease

clusters; 4% had both cardiometabolic and respiratory
disease clusters. However, only 7% of the study sample had all
the three, cardiometabolic, musculoskeletal, and respiratory
disease clusters.

Table 2 summarizes number and weighted percentages
of individuals with polypharmacy by selected characteristics.
Women compared to men were significantly more likely to
be on polypharmacy (OR = 1.41, 95% CI = 1.27-1.56).
Individuals in older age groups 4049, 50-64, 65-69, 70-74,
and 75 and older were also significantly more likely to be on
polypharmacy compared to individuals in the age group 22—
39. The odds ratios ranged from 2.03 to 7.70. There was also a
positive and significant association between total outpatient
visit quartiles and polypharmacy. Individuals who had visits
in the upper quartile (4th quartile) were 17 times as likely as
those with visits in the 1st quartile (OR = 16.77; 95% CI =
12.5-22.4).

We present weighted percentage of individuals with
polypharmacy among different multimorbidity categories
in the left panel of Table3. As seen from Table 3, the
highest rates (64.1%) of polypharmacy were found in sample
individuals with all three (cardiometabolic and respiratory
and musculoskeletal) disease clusters. The next highest
rates (41.2% and 41.8%) were observed among those with
cardiometabolic and musculoskeletal disease clusters and
among those with cardiometabolic and respiratory disease
clusters. The lowest rates were found in those with only
musculoskeletal (7.9%) and only respiratory clusters (7.2%).

Unadjusted logistic regressions and multivariable logistic
regressions were used to examine the association between
chronic condition clusters and polypharmacy. Odds ratios
(OR) and AORs with their 95% confidence intervals for
polypharmacy are presented in Table 3. Compared to indi-
viduals with all the three disease clusters (cardiometabolic,
musculoskeletal, and respiratory), those with either one or
two disease clusters were significantly less likely to receive
polypharmacy. The unadjusted odds ratios ranged from 0.04
among those with respiratory conditions only to 0.40 among
those with cardiometabolic and respiratory disease clusters.

We also examined the differences in the likelihood of
polypharmacy between different single condition clusters.
Compared to individuals with cardiometabolic disease clus-
ter only, those with musculoskeletal cluster only and respira-
tory cluster only had lower odds ratios of reporting poly-
pharmacy (OR = 0.38 and OR = 0.35, resp.). On the other
hand, there were no significant differences in ORs between
individuals with musculoskeletal conditions only and respi-
ratory conditions only (OR = 0.91, 95% CI = (0.59, 1.39)).

When examining the differences in the likelihood of
polypharmacy by two disease clusters, we found that individ-
uals with both cardiometabolic and musculoskeletal clusters
were more likely to report polypharmacy compared to those
with both musculoskeletal and respiratory clusters (OR =
1.77). Similarly, individuals with both cardiometabolic and
respiratory clusters were more likely to report polypharmacy
(OR = 1.82) as compared to those with both musculoskeletal
and respiratory clusters. Individuals with cardiometabolic
and respiratory clusters did not significantly differ in the
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TaBLE 1: Weighted percentages of chronic condition clusters by sample characteristics. Medical expenditure panel survey, 2009.
CMonly Musc. only Resp.only CMandMusc. CMandResp. Musc.and Resp. CM, Musc, and Resp.
All 34.3 19.5 7.5 25.1 4.0 2.9 6.9
Gender Ak
Women 28.0 21.0 8.2 26.7 4.1 3.7 8.4
Men 42.2 17.6 6.6 23.0 3.8 1.9 5.0
Age in years ok
22-39 24.7 33.1 24.8 7.8 2.8 4.7 2.0
40-49 34.0 26.8 9.6 16.7 4.4 3.7 4.7
50-64 37.8 18.5 3.5 25.3 3.8 2.7 8.2
65-69 38.3 9.3 2.7 32.7 4.7 3.1 9.2
70-74 36.8 11.2 2.2 35.2 4.3 1.2 9.0
75 and older 32.9 9.3 1.6 42.0 4.5 0.9 8.8
Race/ethnicity ok
White 32.5 20.0 7.7 25.3 4.1 3.2 7.1
African American ~ 42.7 13.1 5.6 26.4 44 1.2 6.6
Latino 36.0 21.3 7.8 23.1 3.6 2.5 5.8
Other 38.9 21.5 7.4 21.8 2.8 1.8 5.8
Health insurance R
Private 36.4 20.7 8.3 22.5 3.6 2.9 5.6
Public 29.1 12.8 4.2 34.8 5.1 2.6 11.4
Uninsured 33.1 28.0 10.6 17.0 3.5 3.5 4.3
Poverty status ok
Poor 27.0 18.8 7.3 26.9 4.9 3.9 11.3
Near poor 31.3 16.6 6.2 28.6 5.2 3.1 9.1
Middle income 34.0 19.4 8.4 25.3 3.6 2.8 6.5
High income 38.1 21.0 7.4 22.7 3.4 2.5 4.9
Total visits K
1st quartile 40.6 27.3 12.3 12.2 2.8 2.6 2.1
2nd quartile 41.8 17.8 8.9 21.5 3.9 1.8 4.4
3rd quartile 33.9 17.6 5.8 28.6 4.0 2.3 7.7
4th quartile 24.0 17.6 4.6 33.2 4.8 4.4 11.3

Note: Based on 10,528 adults alive at the end of 2009, reported having at least one chronic condition (cardio-metabolic, musculoskeletal, or respiratory
condition). All analyses accounted for complex survey design of the Medical Expenditure Panel Survey. Asterisks represent statistically significant group
differences based on chi-square tests. CM: Cardio-metabolic; Musc.: musculoskeletal; Resp.: respiratory.

*HEP < 0.001; ¥%0.001 < P < 0.01; 01 < P < 0.05.

OR of polypharmacy from those with cardiometabolic and
musculoskeletal clusters (OR = 1.03, 95% CI = 0.80, 1.32).

Multivariable logistic regressions to assess the association
between multimorbidity and polypharmacy that controlled
for gender, age, race/ethnicity, marital status, education,
poverty status, health insurance, usual source of care, per-
ceived physical and mental health, smoking status, BMI, and
exercise revealed similar findings. For example, compared
to individuals with cardiometabolic disease cluster only,
those with musculoskeletal cluster only (AOR = 0.38; 95%
CI = 0.30-0.49) and respiratory cluster only had lower
likelihood (AOR = 0.62; 95% CI = 0.40-0.96) of polyphar-
macy. However, individuals with respiratory conditions had
higher likelihood of receiving polypharmacy as compared
to individuals with musculoskeletal conditions only (AOR =
1.62,95% CI = 1.01-2.60).

4. Discussion

Our study estimated the rates of polypharmacy by multi-
morbidity categories among individuals with specific dis-
ease clusters such as cardiometabolic, musculoskeletal, and
respiratory conditions. In our sample multimorbidity was
highly prevalent with 39% of our sample having two or more
disease clusters. In our sample, of all living adults over age 21,
the prevalence of polypharmacy was 26%. While this rate is
within the reported range from 5% to 78% of polypharmacy
among the elderly [19], we are not able to find other studies
in individuals across all age groups supporting the prevalence
rates from our study.

We found that multimorbidity was associated with poly-
pharmacy and rates of polypharmacy varied across multi-
morbidity categories. When examined by two disease clus-
ters, those with cardiometabolic conditions had higher
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TaBLE 2: Number and weighted percent with polypharmacy. Unadjusted odds ratios and 95% CI from logistic regression on polypharmacy.

Medical Expenditure Panel Survey, 2009.

Logistic regression

N Wt % OR 95% CI Sig
All 2,692 25.5
Gender
Women 1,727 28.4 1.41 (1.27,1.56) A
Men 965 22.0
Age in Years
22-39 162 8.4
40-49 284 15.7 2.03 (1.58,2.61) Ak
50-64 956 25.1 3.67 (2.93,4.59) Ak
65—69 371 37.2 6.50 (5.14, 8.21) Ak
70-74 291 40.3 7.40 (5.73, 9.56) K
75 and older 628 41.3 7.70 (6.17,9.60) HAK
Race/ethnicity
White 1,587 27.2
African american 556 23.9 0.84 (0.73,0.97) *
Latino 383 18.4 0.60 (0.51, 0.72) oAk
Other 166 19.4 0.65 (0.51, 0.82) Hx
Health insurance
Private 1,336 22.4
Public 1,231 39.5 2.26 (2.01, 2.55) ok
Uninsured 125 10.6 0.41 (0.33,0.52) o
Poverty status
Poor 557 30.3 1.53 (1.33,1.76) Hkk
Near poor 691 31.4 1.62 (1.40, 1.86) Ak
Middle income 741 24.7 1.16 (1.02, 1.32) *
High income 703 22.1
Total visits
Ist quartile 113 5.1
2nd quartile 433 13.8 2.95 (2.18, 3.99) HAK
3rd quartile 778 27.1 6.88 (5.17,9.15) HAK
4th quartile 1,368 47.6 16.77 (12.5,22.4) A

Note: Based on 10,528 adults alive at the end of 2009, reported having at least one chronic condition (cardio-metabolic, musculoskeletal, or respiratory
condition). All analyses accounted for complex survey design of the Medical Expenditure Panel Survey. Asterisks represent statistically significant group
differences based on chi-square tests. CM: Cardio-metabolic; Musc.: musculoskeletal; Resp.: respiratory; Wt: weighted; OR: odds Ratio; CI: confidence Interval.

*XXP < 0.001; ¥*0.001 < P < 0.01; ¥0.01 < P < 0.05.

rates of polypharmacy as compared to those without car-
diometabolic conditions. Even when examined by single
disease clusters, those with cardiometabolic conditions were
more likely to have polypharmacy compared those with
other single clusters. This finding is consistent with an
Italian study [20] of hospitalized elderly patients. In the US,
during office visits cardiovascular medication classes were
a consistent part of polypharmacy between 1990 and 2000
[27]. High rates of polypharmacy among individuals with
cardiometabolic conditions are not surprising because of the
use of many therapeutic categories such as beta-blockers,
angiotensin converting enzyme inhibitors, calcium channel
antagonists, antiarrhythmics, and lipid lowering drugs [28—
30] for synergistic management of these conditions. Indeed,
the mean number of prescribed medications was above 7
for those with diabetes and/or heart disease [20]. On the

other hand, for example, in COPD, on average an individual
used only 3.5 medications [31]. Our study findings suggest
that providers need to routinely monitor individuals with
cardiometabolic conditions for adverse drug events and
drug-drug interactions. In addition, a new drug classification
system based on pharmacokinetic profiles and interaction
potential that is currently proposed to combat the harmful
effects of multiple medications use [16, 32] may go a long
way in reducing adverse outcomes due to drug interactions
in this group.

Although highest rates of polypharmacy were found
among elderly over 65 years of age, younger individuals
between 50 and 64 years of age were also significantly more
likely to report polypharmacy as compared to individuals in
the age group 22-39 years. The prevalence of multimorbidity
(i.e., the presence of all three disease clusters) was similar
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TABLE 3: Weighted percentage with polypharmacy. Unadjusted and adjusted odds ratio and 95% confidence intervals for chronic condition
clusters. From logistic regressions on polypharmacy. Medical Expenditure Panel Survey, 2009.

Weighted
percentage with Estimates from logistic regressions on polypharmacy
polypharmacy

Percentage OR 95% CI Sig. AOR 95% CI Sig.
cM 18.3 0.13 (0.10, 0.15) ok 0.23 (0.18, 0.30) Kok
Resp. 7.2 0.04 (0.03, 0.07) ok 0.15 (0.09, 0.24) A
Musc. 7.9 0.05 (0.04, 0.06) ok 0.09 (0.06, 0.13) Hokk
CM and Musc. 412 0.39 (0.32, 0.48) Hok 0.45 (0.35, 0.57) Hokk
CM and Resp. 41.8 0.40 (0.30, 0.55) ok 0.53 (0.38, 0.75) Kk
Musc. and Resp. 28.3 0.22 (0.15,0.32) K 0.32 (0.21,0.48) ok
f/ll\lfs’feSp' and 64.1 (Reference group)
CM 18.3 (Reference group)
Musc. 7.9 0.38 (0.31, 0.48) ok 0.38 (0.30, 0.49) ok
Resp. 7.2 0.35 (0.24, 0.52) AE 0.62 (0.40, 0.96) *
Musc. 7.9 (Reference group)
Resp. 7.2 0.91 (0.59, 1.39) 1.62 (1.01, 2.60) *
CM and Musc.. 41.2 (Reference group)
CM and Resp 41.8 1.03 (0.80, 1.32) 1.19 (0.92, 1.54)
Musc. and Resp. 28.3 (Reference group)
CM and Musc. 41.2 1.77 (1.29,2.42) ke 1.42 (1.00, 2.01)
CM and Resp. 41.8 1.82 (1.25, 2.65) o 1.68 (1.11, 2.56) *

Note: Based on 10,528 adults alive at the end of 2009, reported having at least one chronic condition (cardio-metabolic, musculoskeletal, or respiratory
condition). All analyses accounted for complex survey design of the Medical Expenditure Panel Survey. The regressions also include intercept terms and
parameter estimates for other variables controlled are not presented. Asterisks represent statistically significant group differences compared to the reference
group. “0 to 5 drugs” is the reference group for the dependent variable. CM: cardio-metabolic; Musc.: musculoskeletal; Resp.: respiratory; Wt: weighted; OR:

Odds ratio; AOR: adjusted Odds ratio; CI: confidence interval.
*¥*¥*¥P < .001; ¥¥0.001 < P <0.01; ¥0.01 < P < 0.05.

between 65 and older (9.0%) and adults in the 50-64 age
group (8.2%). These two findings taken together suggest
that multimorbidity in 50-64 age group was similar to those
of elderly and the relationship between multimorbidity and
polypharmacy is similar across the two groups. Again our
findings are consistent with the Australian study by Taylor et
al. [13], which reported that multimorbidity was associated
with polypharmacy in all the adult age groups.

An interesting study finding was the association between
greater number of visits and presence of polypharmacy,
suggesting that ambulatory care visits increased the likeli-
hood of polypharmacy. This finding is supported by existing
literature. In a literature review on polypharmacy in the
elderly, it was reported that [19, 28] five or more visits to a
primary care physician increased the risk of polypharmacy by
fifteen times. Approximately 75% of all the visits to primary
care physicians end with a written prescription [33]. It is also
plausible that the risk of polypharmacy could be increased to
treat the high symptom burden among those with multiple
conditions. However, a prospective randomized study at a
single urban general practice in Ireland suggested that a
ten-minute review of medications by general practitioners
showed that 70% of the patients had stopped at least one
medication after review [34]. This finding suggests that a

routine medication review by primary care physicians can
be incorporated to reduce the risk of polypharmacy among
those with multiple chronic conditions.

Individuals with multimorbidity often see multiple
providers to manage their chronic conditions and also
may have the increased likelihood of hospitalization [11].
Although managed care organizations in the United States
attempt to provide coordinated care, the financial incentives
of the fee-for-service system in the country do not encourage
integrated and coordinated care between providers, specif-
ically between primary and specialized care providers [35,
36] and care sites (hospital and outpatient settings). Care
from different providers without coordination often involves
handoff of care among healthcare providers and changes to
the medication regimens [37, 38], ultimately resulting in
polypharmacy. Reducing polypharmacy will require coordi-
nated efforts by physicians, nurses, and pharmacists [38].

Our study has several advantages such as use of nationally
representative sample of adults and a large sample size,
which allowed examination of polypharmacy across all adult
age groups. Our definition of multimorbidity was based
on synergism in treatment patterns and self-management
approaches among different disease clusters [39]. Our study
also included a comprehensive list of independent variables
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that may be associated with polypharmacy. Some limitations
of our study need to be taken into account while interpreting
the findings. All measures in the study were self-reported and
subject to recall bias. Our study is an observational study
and may suffer from selection bias. Additionally, we included
only individuals with any of seven chronic conditions. We
also did not measure severity of chronic conditions which
may necessitate multiple medications use. Polypharmacy was
broadly defined as number of therapeutic classes and in
many of the chronic conditions combination therapies have
become the norm rather than an exception.

Despite these limitations, our study added to the existing
literature by defining multimorbidity in term of disease
clusters rather than count of conditions and also highlighting
the variation in polypharmacy across different types of
disease clusters. Future research needs to examine specific
drugs in those with polypharmacy and identify potential
drug combinations that may cause adverse drug events and
adverse health outcomes. In addition, our study highlighted
the need for routine surveillance to monitor polypharmacy
and its adverse consequences among individuals with car-
diometabolic conditions.
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