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Abstract
Introduction Worldwide, polypharmacy and medication appropriateness-related outcomes (MARO) are growing public 
health concerns associated with potentially inappropriate prescribing, adverse health effects, and avoidable costs to health 
systems. Continuity of care (COC) is a cornerstone of high-quality care that has been shown to improve patient-relevant 
outcomes. However, the relationship between COC and polypharmacy/MARO has not been systematically explored.
Objective The aim of this systematic review was to investigate the operationalization of COC, polypharmacy, and MARO 
as well as the relationship between COC and polypharmacy/MARO.
Methods We performed a systematic literature search in PubMed, Embase, and CINAHL. Quantitative observational studies 
investigating the associations between COC and polypharmacy and/or COC and MARO by applying multivariate regres-
sion analysis techniques were eligible. Qualitative or experimental studies were not included. Information on the definition 
and operationalization of COC, polypharmacy, and MARO and reported associations was extracted. COC measures were 
assigned to the relational, informational, or management dimension of COC and further classified as objective standard, 
objective non-standard, or subjective. Risk of bias was assessed by using the NIH Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies.
Results Twenty-seven studies were included. Overall, substantial differences existed in terms of the COC dimensions and 
related COC measures. Relational COC was investigated in each study, while informational and management COC were 
only covered among three studies. The most frequent type of COC measure was objective non-standard (n = 16), followed 
by objective standard (n = 11) and subjective measures (n = 3). The majority of studies indicated that COC is strongly 
associated with both polypharmacy and MARO, such as potentially inappropriate medication (PIM), potentially inappropri-
ate drug combination (PIDC), drug–drug interaction (DDI), adverse drug events (ADE), unnecessary drug use, duplicated 
medication, and overdose. More than half of the included studies (n = 15) had a low risk of bias, while five studies had an 
intermediate and seven studies a high risk of bias.
Conclusions Differences regarding the methodological quality of included studies as well as the heterogeneity in terms of 
the operationalization and measurement of COC, polypharmacy, and MARO need to be considered when interpreting the 
results. Yet, our findings suggest that optimizing COC may be helpful in reducing polypharmacy and MARO. Therefore, 
COC should be acknowledged as an important risk factor for polypharmacy and MARO, and the importance of COC should 
be considered when designing future interventions targeting these outcomes.
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 d.lampe@uni-bielefeld.de

Extended author information available on the last page of the article

1  Background

Due to aging populations and multimorbidity, polyphar-
macy (taking multiple drugs simultaneously) is an increas-
ing public health problem worldwide [1–5]. Across Europe, 

approximately one-third of people aged > 65 years are 
affected by polypharmacy [6]. Because of the heterogeneity 
of definitions [7] and due to different settings and popula-
tions studied, the worldwide prevalence of polypharmacy 
varies widely between 10 and 90% [8]. Studies have shown 
that polypharmacy is associated with potentially inappro-
priate prescribing [9] and several adverse health events 
[10–12]. Accordingly, polypharmacy directly and indirectly 
affects health care spending and causes avoidable costs [13, 
14]. Several interventions have been developed to tackle the 
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Key Points 

Continuity of care (COC), polypharmacy, and medica-
tion appropriateness-related outcomes (MARO) are 
measured in various ways, without an agreed-upon 
definition. This complicates study of these concepts and 
the associations between them.

Nevertheless, this review finds that COC is strongly 
associated with both polypharmacy and MARO across a 
large majority of included studies.

These results highlight the importance of (a) continu-
ing to study the relationship between COC and polyp-
harmacy/MARO, (b) developing agreed-upon defini-
tions and operationalizations for each concept, and (c) 
considering COC when designing interventions targeting 
polypharmacy or MARO.

hospitalizations [31, 32], and decreased healthcare costs 
[33]. Furthermore, a recent systematic review investigating 
relational COC in community pharmacies and its effect on 
patient outcomes found positive effects of higher COC on 
medication adherence, inappropriate drug use, and the use 
of other costly services (e.g., visits to the emergency depart-
ment) [34]. However, there is limited evidence regarding the 
association of COC with polypharmacy and MARO [24, 26]. 
Therefore, this study aims (i) to give an overview of how 
observational studies examining the relationship between 
COC and polypharmacy on the one hand and COC and 
MARO on the other operationalize these concepts and (ii) 
to perform a narrative synthesis of the results of these stud-
ies. The former is necessary since COC [25, 35–39], polyp-
harmacy [7], and MARO [40] are defined and measured in 
various ways, hampering the comparability of results.

2  Methods

This systematic review was performed following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) statement [41] (Electronic Sup-
plementary Material [ESM] Tables S4 and S5).

2.1  Search Strategy

We performed a systematic literature search from inception 
to 06 February 2023 using the databases MEDLINE via 
PubMed, Embase, and CINAHL via EBSCOhost Web. The 
search strategy included terms related to COC, polyphar-
macy, MARO, and relevant MeSH terms. For Embase and 
CINAHL, the same search terms were used (see supplement 
1 in the ESM). Additionally, reference lists of relevant stud-
ies were searched manually for further relevant publications. 
Databases were chosen due to their relevance and the search 
strategy was developed in accordance with published COC- 
and MARO-related systematic reviews [16, 19, 27, 34].

2.2  Study Selection

Studies were included if they investigated the relation-
ship between COC and polypharmacy and/or MARO. We 
included only studies focusing on the continuity of physician 
care, rather than COC with respect to nurses, pharmacies, 
or other care providers. Any operationalization of COC, 
polypharmacy, and MARO was eligible. Only quantitative 
observational studies (including those using written ques-
tionnaires and quantitative interviews) applying multivariate 
regression analysis techniques were included to ensure that 
included studies properly controlled for confounding fac-
tors. Any experimental and qualitative studies (or reviews 
of such), editorials, commentaries, conference abstracts, or 

growing problem of polypharmacy and associated adverse 
events; these interventions appear beneficial in terms of 
improving medication appropriateness-related outcomes 
(MARO), such as potentially inappropriate prescribing as 
measured by the Medication Appropriateness Index, Beers’ 
criteria, and the STOPP/START criteria. Yet, evidence of 
improvements in clinical outcomes (e.g., reduction of hos-
pital admissions), including patient-reported outcomes, 
remains inconclusive [15–19].

Suboptimal care transitions and a lack of collaboration 
between health care providers (e.g., physicians) have been 
identified as major problems impeding optimal medication 
management processes and patient safety [20–23]. In this 
regard, continuity of care (COC), widely acknowledged as 
a cornerstone of high-quality care, is highly relevant [24]. 
According to Haggerty et al. [25], COC comprises three 
dimensions: relational continuity, representing an ongoing 
therapeutic relationship between a patient and one or more 
providers, informational continuity, representing the use 
of information on past events and personal circumstances 
to make current care appropriate for each individual, and 
management continuity, representing a consistent and coher-
ent approach to the management of a health condition that 
is responsive to a patient’s changing needs. Furthermore, 
COC can be assessed using three types of measure: ‘objec-
tive standard measures’ (e.g., continuity indices), ‘objective 
non-standard measures’ (e.g., all other quantitative indices 
of patient–provider contact), and ‘subjective measures’ 
(patient-reported assessments of continuity) [26].

Evidence suggests that improving COC leads to improved 
patient-reported outcome measures (e.g., patient satisfac-
tion [26] and quality of life [27]), reduced mortality [28, 
29], fewer emergency hospital admissions [30], fewer 
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study protocols were excluded. Experimental studies were 
excluded as clarifying the operationalization of COC, polyp-
harmacy, and MARO and their relationship in observational 
studies is a necessary step before interventions targeting 
COC to improve polypharmacy and MARO can be properly 
evaluated. The selection was limited to articles published in 
English and German (see supplement 2 in the ESM). Two 
investigators (DL and JG) independently screened search 
results and assessed the eligibility of potentially relevant 
studies. Discrepancies were resolved by consensus. Another 
investigator (DG/JW) was involved if consensus could not 
be reached.

2.3  Data Extraction, Categorization, and Analysis

The following data were extracted from the included stud-
ies: information related to study design/analysis, data source 
(register, claims, administrative and pharmacy data summa-
rized as ‘register/claims data’), country, setting (of expo-
sure), and population. Regarding analyses and outcomes, 
information on how COC was operationalized was extracted 
and categorized according to the three dimensions (rela-
tional continuity, informational continuity, and management 
continuity) proposed by Haggerty et al. [25]. Additionally, 
studies were categorized by their type of COC measure into 
objective standard measures, objective non-standard meas-
ures, and subjective measures according to van Walraven 
et al. [26]. Key findings of the studies and reported effect 
sizes, that is, odds ratios (OR), risk ratios (RR), incidence 
rate ratios (IRR) resulting from regression models, were also 
extracted (Table 1). Finally, information related to the oper-
ationalization of polypharmacy and MARO was extracted 
(Table 2; Tables S1 and S2 in the ESM). One investigator 
(DL) performed the data extraction, which was verified by 
a second investigator (JG). Disagreements were resolved by 
consensus after discussion.

The results of the included studies were synthesized 
narratively, since the variety of COC, polypharmacy, and 
MARO measures as well as differences in reported outcomes 
and study designs did not allow a quantitative synthesis. 
For those studies reporting OR, RR, and IRR, we visualized 
point estimates of the effect sizes as well as reported confi-
dence intervals with forest plots. These plots were grouped 
by type of COC measure and type of outcome.

2.4  Quality Appraisal

Risk of bias was assessed using the NIH Quality Assessment 
Tool for Observational Cohort and Cross-Sectional Stud-
ies, which comprises 14 criteria and rating guidance [42]. 
This tool classifies the risk of bias of studies as good (low 
risk of bias), fair (intermediate risk of bias), or poor (high 
risk of bias). Two reviewers made independent judgments 

on each of the items (DL, JG). Disagreements between the 
two reviewers were resolved by consensus after discussion.

3  Results

3.1  Study Selection

The literature search identified 1984 articles, resulting in 
1758 articles after duplicates were removed. After screening 
titles and abstracts according to the eligibility criteria, we 
selected 175 articles for full-text review. Full-text articles 
(n = 160) were excluded with the following reasons: (i) no 
quantitative association of COC and either polypharmacy 
or MARO investigated (n = 117), (ii) experimental design 
or review of interventional studies (n = 39), (iii) conference 
abstract (no full-text available) (n = 3), (iv) language other 
than English or German (n = 1). Finally, 27 studies that met 
the inclusion criteria were included in the narrative synthe-
sis, including 12 studies that were found by searching the 
reference lists manually (Fig. 1).

3.2  Study Characteristics and Methodological 
Findings

Table 1 summarizes the included studies’ main study charac-
teristics and results. The majority of studies (n = 16) inves-
tigated the relationship between COC and MARO [43–47, 
51, 56–58, 60, 61, 63, 64, 66, 68, 69]. Seven studies focused 
on the relationship between COC and polypharmacy [48, 
53, 54, 62, 65, 67], and four studies investigated both the 
relationship between COC and MARO and between COC 
and polypharmacy [49, 50, 52, 59].

The included studies were from North America (n = 12), 
Europe (n = 6), and Asia (n = 9). Most of the studies (n = 9) 
were from the US [46, 48, 51, 57, 60, 63, 66, 67, 69] and 
Taiwan (n = 6) [43–45, 47, 50, 62]. The population of 
interest was mostly at least 60 years old. Only five stud-
ies included younger patients [45, 48, 51, 57, 58]. Nine 
studies focused on patients with specific diseases or risks, 
such as patients with a mental and/or behavioral disorder or 
dementia [47, 48, 51–54, 62, 67, 68]. All studies included 
outpatient data, while only two studies [51, 69] included 
inpatient data. Sample sizes varied substantially between 
384 [60] and 2,318,766 participants [50]. Cross-sectional 
analyses were performed in 20 [46, 48, 49, 52–54, 56–69] 
and longitudinal analyses in eight studies [43–45, 47, 50, 51, 
55, 69]. One study performed both cross-sectional and longi-
tudinal analyses [69]. Most studies (n = 19) performed their 
analyses based on register/claims data [43–57, 59, 61, 64, 
68]. Five studies used questionnaires/interviews [63, 65–67, 
69]. One study based its analyses on medical records [60]. 
A combination of multiple data sources was used by two 
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measure COC, with a high number of prescribers indicating 
low COC. Further measures were the number of treating 
physicians [49, 61], the number of providers [57, 67], the 
number of specialties [58], the tendency to visit multiple 
providers [62], and having a single primary care physician 
[61]. Exposure variables were treated as binary, ordinal, or 
continuous (Table 2; Tables S1 and S2 in the ESM).

Subjective measures of COC were used by three studies 
[65, 66, 69] (Table 2). In particular, patients were asked if 
they have a regular physician [65], whether they usually see 
the same physician [69], or whether they experienced a gap 
in care coordination [66]. These COC measures were treated 
as binary variables (yes vs no) (Tables S1 and S2, see ESM). 
Overall, a combination of the different types of COC meas-
ures was used by three studies [48, 57, 69].

3.2.2  Operationalization of Polypharmacy

Polypharmacy was mostly defined as having five or more 
medications prescribed (binary variable) [49, 50, 52, 55, 59, 
62, 65, 67]. Some studies (additionally) included extreme/
excessive polypharmacy (≥10 medications prescribed) [50, 
52–55, 62]. One study operationalized multiclass psycho-
tropic polypharmacy as taking two or more psychotropic 
medications from different drug classes for 60 days or more 
[48]. Observational periods varied from 2 weeks to 1 year; 
two studies also considered persistent (>181 days) polyphar-
macy [50, 62] (Table 2; Table S1, see ESM).

3.2.3  Operationalization of Medication 
Appropriateness‑Related Outcomes (MARO)

Overall, seven categories of MARO were investigated: 
Potentially inappropriate medication (PIM) [44, 46, 47, 49, 
52, 56, 59, 64, 69], drug–drug interaction (DDI) [45, 50, 57, 
64, 66, 68], adverse drug events (ADE) [58, 63], duplicated 
medication [43, 44], unnecessary drug use [60], overdose 
[51], and potential inappropriate drug combination (PIDC) 
[61] (Table 2).

Regarding the operationalization of PIM, different ver-
sions of the Beers criteria [71] were applied [46, 47, 64]. 
Other instruments were used, such as the Japanese STOPP-J 
list [59], the Norwegian General Practice (NORGEP) crite-
ria, which are based on the Beers criteria [56], the German 
PRISCUS list [49], and the STOPP/START criteria [52]. 
PIM was always analyzed by using a binary (yes vs no) vari-
able. Concerning DDI, the outcome variable was dichoto-
mized (yes vs no) in all but one included study, which treated 
DDI as a continuous variable [45]. PIDC, as used by Tam-
blyn et al. [61], is a combination of PIM and DDI, identified 

studies [58, 62]. The main setting (of exposure) was primary 
care/outpatient. Only two studies included providers from 
the primary care/outpatient and secondary care/inpatient set-
ting [51, 69]. The following subsections describe methodo-
logical characteristics of the included studies, including the 
measures used to capture COC, polypharmacy, and MARO. 
Table 2 gives an overview of the frequency of these meas-
ures overall and for studies investigating polypharmacy and 
MARO, respectively.

3.2.1  Operationalization of Continuity of Care (COC)

The most frequent COC dimension investigated was rela-
tional continuity, which was considered in every study. Only 
three studies [48, 57, 66] additionally considered informa-
tional continuity and management continuity (Table 1). 
Regarding the operationalization of COC, substantial dif-
ferences were observed.

Objective standard COC measures were used by 11 
studies. Among those, different COC indices were used to 
measure relational continuity, such as the Continuity of Care 
Index (COCI), the Usual Provider of Care (UPC) index, 
and the Sequential Continuity of Care Index (SECON). 
The COCI was analyzed in six studies [43–45, 47, 50, 52]. 
The studies differed in terms of their aggregation level. For 
example, two studies analyzed COCI at the site level in addi-
tion to the physician level [43, 45]. Moreover, the variables’ 
scale of measurement was variously defined as continuous 
[45, 47], ordinal [44, 45, 50, 52], or binary (e.g., low vs high 
COCI) [43, 50]. The UPC index was also calculated in six 
studies [43, 44, 52–54, 64]. Two of these studies used the 
UPC index to conduct supplementary sensitivity analyses 
beyond their primary COCI-based analyses [43, 44]. Dif-
ferences in the aggregational level (physician level vs site 
level) and the variables’ scale of measurement also existed 
among those studies. Two studies [48, 57] operationalized 
COC via care density, a proxy measure that may reflect how 
frequently a patient’s doctors collaborate/share patients. 
Thus, care density corresponds to better communication 
and information sharing between the patient’s care team, 
forming a social network of providers [70]. This was the 
only COC measure identified that represents informational 
and management COC. The SECON was only used by one 
study that also calculated the COCI and the UPC index [52]. 
Multiple objective standard measures of COC were used by 
three studies [43, 44, 52] (Table 2; Tables S1 and S2 in the 
ESM).

Among studies using objective non-standard measures 
of COC (n = 16), the majority (n = 11) used the number 
of prescribers [46, 48, 51, 55, 56, 59–61, 63, 68, 69] to 
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by an expert review. Duplicated medications were used as 
outcomes by Cheng and Chen [43] and Chu et al. [44]. ADE 
were defined as either the presence of an ADE-specific code 
[58] or as a binary (yes vs no) outcome self-reported by 
the study participants [63]. One study [60] measured unnec-
essary drug use based on the Medication Appropriateness 
Index [72]. Finally, overdose as an outcome was defined as 
the occurrence of one or more medical claims containing a 
diagnosis code for opioid or benzodiazepine poisoning on a 
person-day of opioid-benzodiazepine overlap [51] (Table S2, 
see ESM).

3.3  Association Between COC and Polypharmacy

Studies using objective standard measures of COC [48, 
50, 52–54] found mixed effects concerning the association 
between COC and polypharmacy (Table 1). For example, 
higher COC (highest quartile, ref.: lowest quartile) was 
not associated with polypharmacy but with a reduced risk 
of extreme polypharmacy [52]. Two studies by Guilcher 
et al. [53, 54] also showed a significant negative associa-
tion between COC and polypharmacy. Furthermore, COC 
(care density) was associated with the likelihood of receiv-
ing psychotropic polypharmacy. However, this relationship 
between COC (care density) and psychotropic polyphar-
macy varied depending on the type of physicians involved 
in the care team, and a significant negative relationship 
between COC (care density) and psychotropic polyphar-
macy was only observed among patients with only PCPs 
involved in their care teams, while a significant positive 
relationship was observed among patients who had both 
PCPs and specialists involved in their care team [48]. 
Weng et al. [50] showed that the proportion of patients 
with polypharmacy was significantly lower in a high COC 
group (87.80%) compared with a low COC group (94.29%) 
and that higher COC was related to fewer DDI events. 
This latter effect was partially mediated by polypharmacy. 
Fig. 2 shows the associations between COC and polyphar-
macy in studies using objective standard COC measures.

All studies using objective non-standard COC measures 
(e.g., number of prescribers/providers/treating physicians) 
[48, 49, 55, 59, 62, 67] demonstrated associations between 
COC and (different levels of) polypharmacy. Regarding 
polypharmacy (≥ 5 medications) [49, 55, 59, 62, 67], 
studies consistently showed a significant association with 
COC. For instance, one study demonstrated that higher 
COC (lower number of treating physicians) is a predictor 
of polypharmacy (independent of multimorbidity) in men 

and women above the age of 60 years [49]. Regarding 
subjective COC measures, one study showed that patients 
reporting low COC (not having a regular physician) are 
more than twice as likely to be taking five or more pre-
scribed drugs than those patients with high COC (having 
a regular physician) [65]. Figure 3 shows the associations 
between COC and polypharmacy in studies using objective 
non-standard or subjective COC measures.

3.4  Association Between COC and MARO

Studies using objective standard measures of COC [43–45, 
47, 50, 57, 64] to investigate the association of COC with 
PIM [44, 47, 52, 64], DDI [45, 50, 57, 64], and medication 
duplication [43, 44] demonstrated negative relationships 
(Table 1). In terms of PIM, however, one study [52] showed 
mixed results (significant or non-significant negative asso-
ciations) depending on the type of analysis. Figure 4 shows 
the associations between COC and MARO in studies using 
objective standard COC measures.

Objective non-standard COC measures were used by 12 
studies [46, 49, 51, 56–61, 63, 68, 69]. Regarding PIM, most 
studies revealed negative associations with COC [46, 49, 56, 
59]. However, one study showed that having low COC (high 
number of prescribers) was not significantly associated with 
PIM [69]. DDI [57, 68], ADE [58, 63], unnecessary drug 
use [60], overdose [51], and PIDC [61] were found to be 
negatively associated with COC. Thus, the more prescribers/
providers involved in the care process (representing lower 
COC), the higher the likelihood of inappropriate prescribing. 
Subjective COC measures were used by two studies [66, 69]. 
These studies also identified negative associations of COC 
(gap in care coordination) and DDI [66] and COC (usually 
seeing the same physician) and PIM [69]. Figure 5 shows 
the associations between COC and MARO in studies using 
objective non-standard or subjective COC measures.

3.5  Risk of Bias Assessment

Overall, 15 studies [43–57] had a low risk of bias, five 
studies [58–62] had an intermediate risk of bias, and 
seven studies [63–69] were deemed to have a high risk of 
bias (Table S3, see ESM). Among studies at high risk of 
bias, common problems were that the exposure measures 
(criteria 9) and outcome measures (criteria 11) were not 
clearly defined, valid, reliable, and implemented consist-
ently across all study participants, that the exposure was 
not measured before the outcome(s) (criteria 6), or that 
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the exposure was not assessed more than once over time 
(criteria 10). Loss to follow-up (criteria 13) was deemed 
not applicable (N/A) to the included studies, as all studies 
were retrospective.

4  Discussion

This systematic review had two aims. First, we aimed to 
explore how COC, polypharmacy and MARO are defined, 
operationalized, and measured in the included studies. 
Second, we aimed to investigate the relationship between 
COC and polypharmacy and MARO.

4.1  Methodological Findings: Measuring COC

COC is a multi-faceted concept with various measures avail-
able to researchers [38, 73]. However, different COC meas-
ures reflect the dimensions of relational, informational, and 
management continuity to various degrees. We found that 
the majority of included studies used objective non-standard 
measures, mainly the number of prescribers, while a signifi-
cant minority used objective standard measures, with only 
three studies using subjective measures.

Objective non-standard measures are typically simple to 
compute but are only partially adequate for measuring COC. 
First, these measures quantify the amount of patient-provider 
interaction (e.g., the number of particular patient-doctor 
encounters [26]) without considering the distribution of 
these interactions. However, this distribution is important to 
relational continuity. Second, objective non-standard meas-
ures do not adequately capture informational or manage-
ment continuity. For instance, it is not plausible to consider 
a patient with a moderate number of prescribers who do not 
effectively communicate and share information about the 
patient to have a higher COC than a patient with a somewhat 
larger but well-connected group of prescribers who adhere 
to joint treatment plans.

Similarly, objective standard measures were also mainly 
used to measure relational continuity. However, these meas-
ures may be better suited to measuring all COC dimensions 
than objective non-standard measures. First, they can cap-
ture aspects of relational continuity beyond the mere number 
of providers or prescribers, such as the distribution of visits 
to different providers. Second, while they were not com-
monly used, objective standard measures that are capable 
of measuring informational and management COC do exist 
(e.g., care density). When measuring relational continuity, 

included studies used a variety of COC indices and different 
cut-off values for high and low COC even when the same 
index was used. In fact, for the COCI, there is no agreed-
upon cut-off value for high and low continuity [74]. This 
makes it more difficult to compare results between studies.

Few studies used subjective COC measures [53, 55, 68]. 
While these patient-reported measures are more susceptible 
to bias than objective COC measures, subjective measures 
are a valuable supplement to objective measures relying on 
claims data. Overall, our findings on utilized measures of 
COC are consistent with other studies showing that objective 
COC measures referring to relational continuity are most 
commonly used [24, 26, 33].

The results indicate that there is no agreed-upon approach 
for measuring COC as a multi-faceted concept in the context 
of polypharmacy and medication appropriateness. Future 
research in this area should aim to measure all three dimen-
sions of COC and use multiple COC measures to make 
comparing measures and their results easier. This means 
researchers should ensure that the measures used cover all 
COC dimensions. For example, studies may use a relational 
COC measure in concert with an informational and manage-
ment COC measure such as care density or an appropriate 
subjective measure. However, it remains unclear to what 
extent these measures appropriately capture informational 
and management continuity. For instance, care density is 
only a surrogate measure for care communication and col-
laboration, based on the premise that certain aspects of 
coordination may be reflected and/or facilitated by patients 
seeing physicians whose patient panels significantly over-
lap [75]. It should also be taken into account that a high 
number of patients shared between physicians does not indi-
cate that these physicians necessarily exchange (sufficient) 
information about their patients [75]. Therefore, care den-
sity is only able to examine conditions that are more or less 
favorable toward management and informational continuity 
(care coordination) [75]. This highlights the need for devel-
oping, validating, and using new COC measures referring 
to the management and information dimension of COC. In 
addition, researchers should use a combination of different 
types of COC measures, even within COC dimensions. This 
means using and comparing multiple COC indices, includ-
ing those with different methodological approaches (e.g., 
dispersion, density, or sequence of doctor visits [33, 38]) 
when utilizing objective standard measures. This was only 
done in three studies [43, 44, 52]. Furthermore, many objec-
tive standard measures of relational continuity are calcu-
lated from values commonly used as objective non-stand-
ard measures. In such cases, researchers should report and 



487The Relationship of Continuity of Care, Polypharmacy and Medication Appropriateness

Table 2  Overview and frequency of COC, polypharmacy and MARO measures

COC measure All included 
studies 
(n = 27)

COC × 
polypharmacy 
(n = 11)

COC × MARO 
(n = 20)

Polypharmacy 
measure

Overall (n/N) MARO measure Overall (n/N)

Objective stand-
ard

11/27 (40.7%) 5/11 (45.5%) 8/20 (40%) ≥ 5 medications 
prescribed or 
taken (incl. 
OTC) in 2 
weeks

1/11 (9.1%) Duplicated medi-
cation

2/20 (10%)

COCI
(physician/site 

level)

6/27 (22.2%) 2/11 (18.2%) 6/20 (30%) ≥ 5 medications 
prescribed 
(1-month 
period)

1/11 (9.1%) PIM 8/20 (40%)

UPC-Index
(physician/site 

level)

6/27 (22.2%) 3/11 (27.3%) 4/20 (20%) ≥ 5 medications 
prescribed (40-
day period)

1/11 (9.1%) HF-PIM 1/20 (5%)

SECON-Index 1/27 (3.7%) 1/11 (9.1%) 1/20 (5%) ≥ 5 medications 
prescribed 
(3-month 
period/same 
quarter)

2/11 (18.2%) HF-PIM duration 1/20 (5%)

Care density 2/27 (7.4%) 1/11 (9.1%) 1/20 (5%) ≥ 5 drug 
substances pre-
scribed and dis-
pensed (3-month 
period/same 
quarter)

1/11 (9.1%) Psychoactive 
substance PIM

1/20 (5%)

Objective non-
standard

16/27 (59.3%) 6/11 (54.5%) 12/20 (60%) ≥ 5 medications 
prescribed 
(181-days/6-
month period)

2/11 (18.2%) DDI 4/20 (20%)

Number of pre-
scribers

11/27 (40.7%) 3/11 (27.3%) 9/20 (45%) ≥ 5 medications 
prescribed (on 
day of max. 
prescriptions)

1/11 (9.1%) Major DDI 1/20 (5%)

Number of treat-
ing physicians

2/27 (7.4%) 1/11 (9.1%) 2/20 (10%) ≥ 5 medications 
prescribed (on 
day of survey)

1/11 (9.1%) Potential DDI 1/20 (5%)

Number of provid-
ers

2/27 (7.4%) 1/11 (9.1%) 1/20 (5%) ≥ 10 medica-
tions prescribed 
(3-month 
period/same 
quarter)

2/11 (18.2%) ADE 2/20 (10%)

Number of spe-
cialties

1/27 (3.7%) 0/11 (0%) 1/20 (5%) ≥ 10 drug 
substances pre-
scribed and dis-
pensed (3-month 
period/same 
quarter)

1/11 (9.1%) Overdose 1/20 (5%)

Single primary 
care physician

1/27 (3.7%) 0/11 (0%) 1/20 (5%) ≥ 10 medications 
prescribed (181 
days/6-month 
period)

1/11 (9.1%) Unnecessary drug 
use

1/20 (5%)

Tendency to visit 
multiple provid-
ers

1/27 (3.7%) 1/11 (9.1%) 0/20 (0%) ≥ 10 drug classes 
prescribed 
(1-year period)

2/11 (18.2%) PIDC 1/20 (5%)

Subjective 3/27 (11.1%) 1/11 (9.1%) 2/20 (10%) ≥ 10 medications 
prescribed (on 
day of max. 
prescriptions)

1/11 (9.1%)
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compare the values and associations with polypharmacy/
MARO for both the objective standard and objective non-
standard measures. This was only done in two studies [48, 

57]. Finally, sensitivity analyses may be appropriate when 
using COC indices to acknowledge methodological differ-
ences in operationalization.

Table 2  (continued)

COC measure All included 
studies 
(n = 27)

COC × 
polypharmacy 
(n = 11)

COC × MARO 
(n = 20)

Polypharmacy 
measure

Overall (n/N) MARO measure Overall (n/N)

Having a regular 
physician

1/27 (3.7%) 1/11 (9.1%) 0/20 (0%) ≥ 2 psychotropic 
medications 
from different 
drug classes for 
≥ 60 days

1/11 (9.1%)

Usually seeing 
same physician

1/27 (3.7%) 0/11 (0%) 1/28 (5%)

Gap in care coor-
dination

1/27 (3.7%) 0/11 (0%) 1/28 (5%)

ADE adverse drug event, COC(I) continuity of care (index), DDI drug–drug interaction, HF heart failure, MARO medication appropriateness-
related outcomes, PIDC potentially inappropriate drug combination, PIM potentially inappropriate medication, SECON sequential continuity of 
care, UPC usual provider of care

Records identified from 
Databases (n = 1,984): 

 Pubmed (n = 1,480) 
 Embase (n = 312) 
 CINAHL (n = 192) 

Records removed before 
screening: 

Duplicate records removed 
(n = 226) 

Records screened 
(n = 1,758) 

Records excluded 
(n = 1,583) 

Reports sought for retrieval 
(n = 175) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 175) Reports excluded: 

Reason 1 (n = 117) 
Reason 2 (n = 39) 
Reason 3 (n = 3) 
Reason 4 (n = 1) 

Records identified from: 
Hand search (n = 12) 

Reports assessed for eligibility 
(n = 12) 

Reports excluded  
(n = 0) 

Studies included in review 
(n = 27) 

Identification of studies via databases and registers Identification of studies via other methods 

Id
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Reports sought for retrieval 
(n = 12) 

Reports not retrieved  
(n = 0) 

...

Fig. 1  PRISMA 2020 flow diagram. Reason 1: No quantitative asso-
ciation of COC and either polypharmacy or MARO investigated, rea-
son 2: experimental design or review of interventional studies, rea-

son 3: conference abstract (no full-text available), reason 4: language 
other than English or German. COC continuity of care, MARO medi-
cation appropriateness-related outcomes
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Similar conclusions can be drawn from an analysis of the 
data types used by the included studies. A large majority of 
studies used claims data or similar data types to measure 
continuity, allowing researchers to reach very large sample 
sizes and compute objective standard and objective non-
standard measures. However, COC indices based on claims 
data cannot fully capture the multiple dimensions of COC 
[33, 76]. A small number of studies used survey data to 
measure continuity. While survey data alone is also inad-
equate to capture all three dimensions of continuity [77], 
future studies should use appropriate survey-based measures 
to complement claims-based measures to capture COC in all 
its facets [76]. This is particularly important when investi-
gating the association between COC and polypharmacy or 
MARO, as research has shown discrepancies between COC 
measured through survey data and claims data [78].

4.2  Methodological Findings: Measuring 
Polypharmacy and MARO

Substantial differences existed concerning how polyp-
harmacy and MARO were operationalized and analyzed. 
While most of the studies defined polypharmacy using a 
numerical threshold of more than five drugs, which is com-
monly used in the literature [7], studies differed concerning 
the timeframe in which the numerical threshold could be 
reached. For instance, some studies analyzed the number 
of drugs within a 1-year period, while others focused on 
the day of maximum prescriptions. This finding aligns with 
current research showing that polypharmacy continues to 
lack a universally accepted definition [7, 79]. However, 
operationalizations based solely on numerical data do not 
adequately capture the complexity of the problem and make 
it difficult to assess the safety and appropriateness of drug 
therapy in clinical practice. For instance, using multiple 
medications is not necessarily harmful and associated with 
adverse health effects but may even be entirely reasonable 
and appropriate for some (multimorbid) patients. Thus, the 
use of strict numerical cut-offs to measure and operational-
ize polypharmacy has been criticized. Accordingly, some 
authors propose distinguishing between appropriate and 
inappropriate polypharmacy and placing more emphasis on 
qualifying the term polypharmacy rather than quantifying it 
[80, 81]. However, there is little evidence on how to distin-
guish between appropriate and inappropriate polypharmacy 
[82]. In the absence of a uniform definition, studies should 
continue to use the five-drug threshold to ensure compara-
bility across studies. However, researchers should perform 

sensitivity analyses with higher or lower thresholds to test 
the robustness of their results. Finally, future research should 
work toward developing a useable definition of ‘inappropri-
ate polypharmacy’, moving away from strictly quantitative 
definitions. Regarding the operationalization of MARO, 
future research should aim to use agreed-upon definitions 
and operationalizations (particularly concerning DDI) to 
ensure the comparability of results.

4.3  Methodological Findings: Risk of Bias

Most studies had a low risk of bias (n = 15/24). These stud-
ies examined exposure and outcome based on register/claims 
data. Studies using questionnaire/interview-based data had 
a higher risk of bias, indicating that large claims databases 
can be useful for analyzing COC. However, this is due to 
the subjective measures used in the included questionnaire/
interview-based studies and does not show that subjective 
measures are generally inappropriate for measuring COC. 
Instead, these results again highlight the importance of 
developing suitable and agreed-upon subjective measures 
for COC, especially the informational and management 
dimensions.

Additionally, several studies had a higher risk of bias 
because they failed to address time-dependent bias, a com-
mon methodological flaw in COC research [26, 83]. Appro-
priate accounting for the relative timing of COC and out-
comes was ensured by only 11 studies [43–45, 47, 50–52, 
55, 60, 65, 69]. In terms of the study design, longitudinal 
studies had rather good quality compared with cross-sec-
tional studies. However, well conducted, cross-sectional 
studies did exist [46, 48, 49, 52–54, 56, 57]. Overall, dif-
ferences regarding the methodological quality of included 
studies need to be considered when interpreting the results. 
Future studies should ensure that COC is measured before 
outcomes, or at least address the issue of relative timing with 
appropriate methods; aim to have a longitudinal design to 
investigate the long-term effects of COC on outcomes; and 
use register/claims data to reduce potential recall bias and to 
expand the study period at comparatively low cost.

4.4  Empirical Findings

Yet, despite the conceptual variety and differences in quality 
between studies, our findings suggest a strong association 
between COC and polypharmacy and between COC and 
MARO. These results yield that (i) lower COC increases the 
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chance of polypharmacy and (ii) lower COC increases the 
chance of MARO such as PIM, PIDC, DDI, ADE, unnec-
essary drug use, medication duplication, and overdose. As 
shown by Weng et al. [50], the relationship between COC 
and inappropriate prescribing (DDI) is mediated by polyp-
harmacy, indicating that polypharmacy itself is an important 
risk factor for several drug-related adverse events [84].

Our results contribute to the findings of Choi and Lee 
[34], who investigated the relationship of relational COC 
between patients and community pharmacy (CP) pharma-
cists. They showed that a high degree of relational COC 
between patients and CP pharmacists was associated with 
improved medication adherence. Patients who had visited 
a single pharmacy were more adherent to their medication 
regimen compared with those visiting multiple pharmacies. 
Moreover, a high level of relational continuity could lower 

inappropriate drug use and emergency department visits 
caused by adverse drug reactions [34]. Other studies also 
showed the importance of doctor–patient COC for safer 
medication management, demonstrating that higher COC 
was associated with higher medication adherence and com-
pliance [85–87].

4.5  Implications for Research and Practice

Our findings have significant implications for health care 
research and practice. Concerning the operationalization and 
measurement of COC, our methodological findings high-
light that researchers should (i) ensure that all three dimen-
sions of COC (relational, informational, and management 
continuity) are covered by the COC measures used, (ii) use 
and compare different COC measures of the same type, (iii) 

Fig. 2  Association between COC and polypharmacy for objective 
standard COC measures. Solid green line indicates significant nega-
tive association between COC and polypharmacy; dashed red line 
indicates non-significant negative association; blue dotted line indi-
cates significant positive association; [50] was not visualized, as 
results were not reported as OR, RR, or IRR; [54] uses low COC as 
the reference category. Therefore, an RR of 1.07 indicates a nega-

tive relationship between high COC and polypharmacy. *OR for care 
teams of PCPs only; **OR for care teams of specialists only; ***OR 
for care teams with both PCPs and specialists. COC continuity of 
care, COCI Continuity of Care Index (physician level), IRR incidence 
rate ratio, MARO medication appropriateness-related outcomes, OR 
odds ratio, PCP primary care physician/practitioner, RR risk ratio, 
SECON sequential continuity of care, UPC usual provider of care
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use a combination of subjective and objective COC meas-
ures, and (iv) draw from a combination of claims data and 
patient-reported survey data when doing so. These steps will 
help researchers better understand and use the various tools 
available for measuring COC. In particular, future research 
should aim to identify or develop an appropriate and agreed-
upon operationalization of COC, polypharmacy, and MARO 
to ensure the comparability of results. Researchers investi-
gating the link between COC and outcomes such as polyp-
harmacy or MARO should use longitudinal study designs 
where possible and give particular regard to the relative tim-
ing of exposures and outcomes.

Following these recommendations may also allow future 
research to improve health care practice regarding COC. 
Our findings indicate that low COC is a significant risk fac-
tor for polypharmacy and MARO, highlighting the need 
for appropriate interventions to improve COC. However, 

designing and targeting these interventions will require a 
more detailed understanding of the underlying causal links 
between the three dimensions of continuity and outcomes, 
such as polypharmacy or MARO. Overall, health care pro-
viders and researchers involved in intervention planning 
should acknowledge low COC as an important risk factor 
for polypharmacy/MARO and consider all three dimensions 
of COC when designing interventions. This contributes to 
the findings of Facchinetti et al. on the importance of devel-
oping interventions that address all continuity dimensions 
simultaneously [88].

4.6  Limitations

While several COC-related systematic reviews have been 
published, including various health-related outcomes 
[26, 28, 29, 32, 89, 90], this review is the first to explore 

Fig. 3  Association between COC and polypharmacy for objective 
non-standard and subjective COC measures. For [49], only the OR 
for 2 vs 1 physician among women was visualized. The association 
between the number of treating physicians and polypharmacy was 

significantly positive in all other subgroups. Solid green line indicates 
significant negative association between COC and polypharmacy. 
COC continuity of care, OR odds ratio
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doctor–patient COC in polypharmacy and medication man-
agement. Nevertheless, some limitations of this review need 
to be considered. First, there was substantial heterogeneity 
between studies regarding the measurement and operation-
alization of exposure and outcomes variables. This allowed 
us to analyze the methodological approaches to measuring 
COC, polypharmacy, and MARO used by included stud-
ies, but complicated the comparison of empirical findings 
between different studies. Second, some studies had strong 
methodological flaws, such as the relative timing of the 
measurement of exposure and outcomes. Third, in terms 
of the generalizability of the results, population and health 
system-related differences need to be considered. How-
ever, despite different populations and health care systems 

studied, the empirical findings of the included studies were 
quite consistent. Fourth, the literature search was restricted 
to articles published in English and German. As a signifi-
cant minority of included studies were from non-English 
and non-German speaking countries, it is likely that there 
are further relevant studies that we did not include. Fifth, 
we included only quantitative studies. Therefore, qualitative 
approaches to exploring the relationship between COC and 
polypharmacy/MARO could not be considered. Sixth, due to 
different operationalizations of MARO, the search strategy 
may not have been sufficient to identify all relevant studies 
on this topic. Seventh, another limitation is that this review 
and its methods were not registered in a review study reg-
istry (e.g., PROSPERO) before it was conducted. However, 

Fig. 4  Association between COC and MARO for objective standard 
COC measures. Solid green line indicates significant negative associ-
ation between COC and MARO; dashed red line indicates non-signif-
icant negative association. [43] was not visualized, as results were not 
reported as OR, RR, or IRR. COC continuity of care, COCI Continu-

ity of Care Index (physician level), DDI drug–drug interaction, HF 
heart failure, IRR incidence rate ratio, MARO medication appropriate-
ness-related outcomes, OR odds ratio, PIM potentially inappropriate 
medication, RR risk ratio, SECON sequential continuity of care, UPC 
usual provider of care
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the methodological aspects were pre-specified in the work 
process and described transparently in this article. Finally, 
a meta-analysis of effect sizes across studies could not be 
conducted, given the heterogeneity of study characteristics.

5  Conclusion

This systematic review summarized evidence supporting 
the negative associations between COC and polypharmacy 
and between COC and MARO. Despite differences in the 
operationalization of COC, polypharmacy, and MARO, 

our findings suggest that improving COC is a promising 
approach to managing polypharmacy and preventing inap-
propriate prescribing. However, further research is necessary 
to develop agreed-upon definitions and operationalizations 
of the concepts involved, including operationalization of 
COC that covers all continuity dimensions and an appro-
priate definition of inappropriate polypharmacy. This will 
allow researchers and practitioners to design interventions 
targeting the specific causal links between different continu-
ity dimensions and outcomes, such as inappropriate polyp-
harmacy or MARO.

Fig. 5  Association between COC and MARO for objective non-
standard and subjective COC measures. Solid green line significant 
negative association between COC and MARO; red dashed line non-
significant negative association. For [46], the OR for having 2 vs 1 
prescriber was visualized (a significant negative association between 
COC and PIM was also found for 3 and 4+ vs 1 prescriber). For [49], 
only the OR for 2 vs 1 physician among women was visualized. The 
association between the number of treating physicians and polyphar-

macy was significantly positive in all other subgroups. For [56], the 
OR for 3–4 vs 1–2 prescribers was visualized (a significant negative 
association between COC and PIM was also found for 5 + vs 1–2 pre-
scribers). For [69], only the longitudinal model was visualized. ADE 
adverse drug event, COC continuity of care, COCI Continuity of Care 
Index, DDI drug–drug interaction, MARO medication appropriate-
ness-related outcomes, OR odds ratio, PIDC potential inappropriate 
drug combination, PIM potentially inappropriate medication
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