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ABSTRACT

Background and Aims: Polypharmacy, characterized by the concurrent use of five or more medications in a prescription,
potentially resulting in adverse outcomes, is frequently observed among individuals with metabolic syndrome, which en-
compasses a collection of conditions that co-occur, heightening the likelihood of heart disease, stroke, and type 2 diabetes. This
study seeks to ascertain the prevalence of polypharmacy and the use of potentially inappropriate medications (PIMs) among
Iranian patients with metabolic syndrome, while also evaluating the contributing individual and sociodemographic factors.
Methods: This was a population-based, cross-sectional national study. Two databases were used: (a) Iranians Health Insurance
Service database and (b) Iran's STEPS 2016 survey. Patients with metabolic syndrome conjoint in both databases were selected.
Among these patients, polypharmacy and PIM were evaluated, and their association with individual and sociodemographic
factors was assessed. Univariate and multivariate logistic regression were used to analyze the associations. All statistical
analyses were done using SPSS 22 and Python 3.

Results: Out of 2075 metabolic syndrome patients, 10.3% had polypharmacy. Polypharmacy significantly increased by age (OR:
4.334, adjusted for > 80-year-olds vs. 25-39-year-olds [CI: 1.664-11.283], p < 0.001), and its prevalence was significantly higher
in urban areas (OR: 2.326 [CI: 1.645-3.288], p < 0.001). Polypharmacy was 5.88% in West, 5.41% in Southeast, 5.04% in Central,
and 4.83% in North-Northeast of Iran. PIM was 13.2% in > 60 years and significantly higher in urban areas (OR: 2.014 [CIL:
1.153-3.519], p < 0.001).

Conclusions: Since the area of residency affects polypharmacy and PIM more significantly than wealth status and education
level, it is important to implement preventive measures in urban areas.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
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1 | Introduction

Polypharmacy, a term coined more than a century ago,
describes the utilization of multiple drug regimens. According
to the references, there are different definitions of poly-
pharmacy, mostly defining it as the concurrent use of > 5 drugs
regardless of clinical indication [1-3]. Polypharmacy can stem
from both physicians and patients and is influenced by factors
like communication gaps, misdiagnosis, improper prescriptions,
and inadequate coordination of physicians [4]. Patients may
also contribute through self-medication or obtaining multiple
prescriptions from different healthcare providers [5, 6]. More-
over, according to different studies, sociodemographic factors
such as age, education level, and lifestyle can also affect poly-
pharmacy [7]. Although polypharmacy is not always harmful, it
can heighten the likelihood of drug interactions, diminish the
quality of life, increase morbidity and mortality rates, and incur
expenses for both patients and the healthcare system [8].

In older adults, the likelihood of drug intolerance and medi-
cation errors increases due to a higher susceptibility to poly-
pharmacy stemming from multiple comorbidities and often
poor adherence, which could lead to adverse drug reactions
[9-13]. Potentially inappropriate medication (PIM) is one of the
major risk factors for adverse drug events [14, 15]. Therefore, it
is crucial to assess the possibility of PIM in the elderly as a
consequence of polypharmacy [15]. According to studies,
functional status, depression, health quality, economic situa-
tion, a high comorbidity score, reduced cognition, self-
medication, and high risk of clinical-functional vulnerability are
some of the confounding factors for PIM [16]. Since these fac-
tors may be different in various societies, it is important to
assess these covariates in Iran as well.

Among various diseases, metabolic syndrome is a constellation
of different risk factors associated with some cardiovascular
diseases and diabetes mellitus and is growing worldwide. Due
to MetS's various comorbidities, patients often face poly-
pharmacy to manage their complications [17-19]. Also, ac-
cording to different studies, polypharmacy is associated with
lower therapeutic benefits and higher rates of morbidity and
mortality [20-22]. Some studies have also found that with
multiple therapies, the cost-benefit ratio drops in chronic dis-
eases [23, 24]. Therefore, it is important to assess the prevalence
and confounding factors of polypharmacy among MetS patients.
This study examined polypharmacy and PIM in the prescrip-
tions of individuals with MetS, alongside their correlation with
both individual and sociodemographic factors, which, to our
knowledge, has not been conducted at this scale in Iran before.

2 | Methods
2.1 | Dataset

This study was a cross-sectional, multi-level national investi-
gation utilizing data from the Iranian Health Insurance and the
STEPS Iran 2016 survey. The STEPS survey employed in this
study is an ongoing, sequential, large-scale, cross-sectional
population-based surveillance of four noncommunicable dis-
eases (cardiovascular, diabetes, respiratory diseases, and cancer)

across all 31 provinces of Iran at the national level. Approxi-
mately 31,050 individuals aged 25 years and above were ran-
domly enrolled in the STEPS 2016 study and identified by their
Unique National ID. Their demographic and epidemiological
information, as well as risky behaviors, were documented
through laboratory data, medical examinations, and question-
naires [25]. To identify patients with available prescription data
as well as individual and sociodemographic information, we
compared the national ID of patients from the 102 million
prescriptions recorded in the Iranian Health Insurance dataset
for 2015 and 2016 with the national ID of patients included in
the STEPS 2016 survey dataset in Iran. Approximately 16,000
patients were chosen based on this overlap. Subsequently, we
categorized the prescriptions of these patients, along with their
medications, using Anatomical Therapeutic Chemical (ATC)
codes [26]. Among these 16,000 patients, MetS patients were
separated based on the American Heart Association criteria
[27, 28].

To identify prescriptions with polypharmacy, we followed these
steps: (a) one prescription for each MetS patient was randomly
selected from the Iranian Health Insurance dataset for
each year (2015 and 2016). (b) Given the chronic nature of
MetS, we assessed whether medications recurred in patients’
other prescriptions within the same year, including only drugs
repeated at least three times annually [29]. (c) If the afore-
mentioned criterion was met, we tallied the number of medi-
cations in each specific prescription to evaluate polypharmacy,
defined as five or more medications within a single prescription.

2.2 | Data Classification

The study examined traits of MetS patients, including gender,
residential area, age, marital status, and education level. Addi-
tionally, it utilized a wealth index as outlined in the STEPS
protocol to categorize patients into five economic groups [30].
The populations of provinces were age-standardized (except
Qom, since it was not included in the STEPS study), and
polypharmacy prevalence was assessed across four regions in
Iran, based on a previous study, which divided the country into
four regions of North-Northeast, West, Central, and Southeast
based on geography and socioeconomic state (SES) of the pa-
tients [31] (Figure 1). To mitigate PIM risks, the American
Geriatrics Society (AGS) issues a list of medications unsuitable
for adults aged 65 and above, based on the Beers criteria [32].
However, as many developing countries, including Iran, define
elderly age starting from 60, we adopted this threshold [32-34].
Beers criteria provide a list of drugs to be avoided in the elderly,
categorized based on low, moderate, and high quality of evi-
dence. In this study, we only chose the drugs in the moderate
and high categories as PIM. Logistic regression analyses were
performed by merging data from 2015 to 2016, considering any
prescription with polypharmacy or PIM in either year.

2.3 | Statistical Analysis

In this study, we aimed to evaluate the effect of individual and
sociodemographic factors on polypharmacy and PIM. To do so,
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FIGURE 1 | Distribution of polypharmacy as % in four regions of Iran. Courtesy of Farzadfar et al. [31].

descriptive statistical analysis was done based on both individ-
ual factors (gender and age) and sociodemographic factors
(education level, area of living, marital status, and wealth index)
as independent variables. First, polypharmacy was considered
as a dependent variable, and individual and sociodemographic
factors were all considered independent variables. Afterward,
drugs considered PIMs were defined based on the Beers criteria,
and then using this data and prescription data among patients
60 years and above, python programming was used to separate
these patients into two groups with and without PIM. Subse-
quently, PIM was considered as the dependent variable, and
polypharmacy, individual, and sociodemographic factors were
all considered as independent variables. Crude (univariate) and
adjusted logistic regression (multivariate) models were used to
assess the associations. SPSS version 22 and Python program-
ming system version 3 were used for data analyses with a
significance level set at p <0.05.

2.4 | Ethics Approval
The Ethical Committee of Shahid Beheshti University of Med-
ical Sciences approved the study of the Medical School

Pharmacology under reference number IR.SBMU.MSP.REC.
1400.004.

3 | Results

3.1 | General Information

MetS patients totaled 2075 (12.9%), with 1391 (67.03%) females,
having a mean (SD) age of 54.75 (14). The prevalence of

polypharmacy was 10.3%, escalating from 2.8% in the 25-39 age
group to 17.2% in the 60-80 age bracket before declining to
12.9% in those over 80 years old (p < 0.001) (Table 1).

Of the total, 1314 (63.3%) patients resided in urban areas.
Polypharmacy was 6.3% in rural areas and 12.6% in urban set-
tings (OR: 2.33 [CI: 1.645-3.288], p < 0.001) (Table 1).

3.2 | Regional Distribution of Polypharmacy

Polypharmacy exhibited the highest prevalence in the Western
regions of Iran, while the lowest prevalence was observed in the
North-Northeastern areas (Figure 1).

33 | PIM

In 2015 and 2016, among 766 patients aged 60 years and above,
13.2% were identified with PIM. The prevalence of PIM was
6.6% among patients without polypharmacy, contrasting
with 46.1% among those with polypharmacy (OR: 11.6
[7.154-19.023], p < 0.001). PIM occurrence was notably higher
in urban settings (16.8%) (OR: 2.01, [CI: 1.153-3.519], p =0.01)
(Table 2).

4 | Discussion

In this study, polypharmacy exhibited a significant correlation
with age and was notably higher in urban regions of Iran,
affecting 10.3% of patients in 2015 and 2016. This prevalence
was reported as 7%-45% based on an umbrella study, which
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cI¢ (95%)
(adjusted OR)
0.440-1.180

p value
(adjusted OR)
0.2

Adjusted OR
0.72

CI (95%)
(crude OR)
0.400-1.050

p value
(crude OR)
0.08

Crude
OR®
0.65

28 (7.4)
214 (10.3)

Polypharmacy (%)

Total
no. (%)
377 (18.2)

2075
(12.9%)

(Continued)

Richest

Factor
Total

20.3% of patients did not give an answer based on their marital status.

1% of patients had no tendency to answer for their wealth index.
€OR: odds ratio.

*Indicates the significance of the association.

4CI: confidence interval.

TABLE 1

assessed 11 systematic reviews of different countries [35]. A
systematic review and meta-analysis on polypharmacy in Eur-
ope, Asia, North America, Australia, South America, and
Africa, among 54 studies, reported 37% polypharmacy, which
showed that sex and geographical location were not associated
with differences in polypharmacy prevalence [36]. In another
study in one of the provinces of Iran, the prevalence of poly-
pharmacy was 9.51% among over 14,000 individuals, which is
closer to our results [37]. Although all these studies considered
polypharmacy as the concomitant use of 5 or more medications,
none of them used our criterion that considered only the drugs
repeated 3 times or more in the prescriptions of 1 year. This
may be the reason for our lower prevalence, but it gives us
insight into the chronic use of medications.

Among the elderly, the prevalence of PIM was 13.2%. Compared
with the United Kingdom and Canada, the prevalence was
notably lower in Iran. The United Kingdom exhibited a higher
prevalence at 31% [38], while Canada reported an even higher
rate of 56% among older adults with diabetes [39]. These dif-
ferences in findings may stem from our focus solely on MetS
patients as our target population, as well as our stringent
criteria for defining polypharmacy, which required medications
to be repeated three times or more each year.

Polypharmacy escalates significantly with age in Iran, reach-
ing its peak in urban locales. However, there is a decrease in
patients aged over 80 compared to those in the 60-80 age
bracket, potentially attributed to the latter group having a
higher burden of comorbidities. This trend mirrors findings
from a study conducted on elderly Italians, where poly-
pharmacy prevalence was higher among older individuals and
urban residents [40]. Enhanced access to medical facilities
and healthcare providers in urban areas of Iran likely con-
tributes to the observed higher rates of polypharmacy. Con-
versely, the rural regions of Iran operate under a referral
system wherein patients are initially assessed by a family
physician and then, if necessary, referred to a specialist. This
systematic approach may serve as a preventive measure
against patients receiving multiple prescriptions.

The richest patient group exhibited the lowest prevalence of
polypharmacy. While this association lacked significance, it
challenges the notion, at least within Iran, that higher-income
individuals consume more medications. This finding may stem
from the inclination and capacity of wealthier patients to con-
sult specialist physicians, potentially mitigating the risk of
unnecessary polypharmacy. Similarly, a cross-sectional study
involving 730 patients in England found that polypharmacy was
notably more prevalent in lower-income groups [41].

Regionally, the prevalence of polypharmacy was highest in
the West, and lowest in the North-Northeast of Iran. Although
the Central region of Iran has the highest SES [31], poly-
pharmacy was rather lower in this region. This finding again
confirms the idea that higher SES does not necessarily
increase polypharmacy.

A significant association of PIM with polypharmacy and urban
residence suggests a potential need for closer medication
management among the elderly with multiple prescriptions and
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TABLE 2 | Individual and sociodemographic characteristics of patients above 60 years (data of patients with no tendency to answer are not
shown).

Factor No. (%) PIM no.” (%) p value Adjusted OR? CI® (95%)
Total 766 (36.9) 101 (13.2)
Age group

60-80 699 (91.3) 92 (13.5)

> 80 67 (8.7) 9 (10.6) 0.7 0.83 0.365-1.896
Gender

Female 496 (64.8) 66 (13.3)

Male 270 (35.2) 35 (13.0) 0.4 0.8 0.483-1.337
Area of living

Rural 295 (38.5) 22 (7.5)

Urban 471 (61.5) 79 (16.8) 0.01* 2.01 1.153-3.519
Years of schooling

0 389 (50.8) 31 (14.0)

1-6 189 (24.7) 31 (13.7) 0.9 0.95 0.519-1.764

7-12 105 (13.7) 31 (15.3) 0.7 1.11 0.601-2.067

>12 83 (10.8) 8 (6.8) 0.03 0.36 0.140-0.912
Wealth Index

Poorest 196 (25.6) 28 (14.3)

Poor 149 (19.5) 21 (14.1) 0.9 0.98 0.488-1.980

Average 153 (20.0) 16 (10.5) 0.1 0.58 0.276-1.215

Rich 138 (18.0) 20 (14.5) 0.6 1.23 0.604-2.518

Richest 121 (15.8) 15 (12.4) 0.9 0.97 0.450-2.095
Polypharmacy

No 638 (83.3) 42 (6.6)

Yes 128 (16.7) 59 (46.1) <0.001* 11.6 7.154-19.023

*Indicates the significance of the association.
?OR: odds ratio.

PPIM: potentially inappropriate medication.
°CI: confidence interval.

those residing in urban areas. In the current study, no signifi-
cant association was observed between PIM, education level,
and wealth index; in contrast, in Sweden, lower education levels
among women were linked to higher rates of both poly-
pharmacy and PIM, emphasizing the importance of education
in medication management [1]. In France, sociodemographic
status played a significant role, with unemployment and lower
household incomes correlating with increased PIM prevalence
[42]. Similarly, in the United States, lower education and
income levels were associated with higher PIM prevalence,
indicating a need for targeted interventions to address health-
care disparities among socioeconomically disadvantaged popu-
lations [43]. These differences highlight the importance of the
assessed population, considering local context, cultural factors,
urbanization, education, socioeconomic status, geographical
differences, as well as healthcare system characteristics, and
regulations governing physician prescription standards.
Addressing these factors through comprehensive healthcare
policies and interventions could help reduce the burden of
inappropriate medication use among patients and, especially,
older adults.

4.1 | Strengths

This study was performed on an individual level based on an
original database, on a national scale. The definitions were
considered strictly, and the study was solely done on MetS pa-
tients, as they are prone to polypharmacy due to multiple
complications. In polypharmacy assessment, we only counted
medications that appeared in prescriptions at least three times
over the course of a year. This approach provides a more
accurate understanding of polypharmacy among MetS patients.

4.2 | Limitations

This was a cross-sectional study; therefore, further studies are
required to assess the trend of the issue over periods of time.
The data used in this study was a subset of the STEPS survey
dataset; therefore, the data related to the provinces was age-
standardized and combined in four large regions of Iran to gain
more reliable statistical results. According to the STEPS survey,
Qom province did not provide data for analyses, which might
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alter the results. Moreover, in addition to prescription drugs,
over-the-counter drugs are also obtained by metabolic syn-
drome patients; therefore, this compromises the actual number
of polypharmacy and PIM.

5 | Conclusion

These results highlight the importance of implementing mea-
sures to control unnecessary polypharmacy, thus mitigating the
risk of PIM and medication errors. For example, leveraging the
referral system in rural areas of Iran could serve as a beneficial
strategy to reduce polypharmacy in urban settings; furthermore,
enhancing electronic prescribing systems in Iran could aid in
detecting prescription errors and unnecessary polypharmacy by
both prescribers and pharmacists. Future research endeavors
could focus on analyzing more recent datasets to discern trends
in polypharmacy over time. Additionally, exploring diverse
insurance databases and examining prescriptions without
insurance coverage could provide valuable insights into varia-
tions in polypharmacy patterns.
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