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Abstract

Background

Multimorbidity is increasingly prevalent and represents a major challenge in primary care.
Patients with multimorbidity are potentially more likely to experience safety incidents due to
the complexity of their needs and frequency of their interactions with health services. How-
ever, rigorous syntheses of the link between patient safety incidents and multimorbidity are
not available. This review examined the relationship between multimorbidity and patient
safety incidents in primary care.

Methods

We followed our published protocol (PROSPERO registration number: CRD42014007434).
Medline, Embase and CINAHL were searched up to May 2015. Study design and quality
were assessed. Odds ratios (OR) and 95% confidence intervals (95% Cls) were calculated
for the associations between multimorbidity and two categories of patient safety outcomes:
‘active patient safety incidents’ (such as adverse drug events and medical complications)
and ‘precursors of safety incidents’ (such as prescription errors, medication non-adherence,
poor quality of care and diagnostic errors). Meta-analyses using random effects models
were undertaken.

Results

Eighty six relevant comparisons from 75 studies were included in the analysis. Meta-analy-
sis demonstrated that physical-mental multimorbidity was associated with an increased risk
for ‘active patient safety incidents’ (OR =2.39, 95% CIl = 1.40 to 3.38) and ‘precursors of
safety incidents’ (OR = 1.69, 95% CI = 1.36 to 2.03). Physical multimorbidity was associated
with an increased risk for active safety incidents (OR = 1.63, 95% Cl = 1.45 to 1.80) but was
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not associated with precursors of safety incidents (OR = 1.02, 95% Cl = 0.90 to 1.13). Sta-
tistical heterogeneity was high and the methodological quality of the studies was generally
low.

Conclusions

The association between multimorbidity and patient safety is complex, and varies by type of
multimorbidity and type of safety incident. Our analyses suggest that multimorbidity involv-
ing mental health may be a key driver of safety incidents, which has important implication
for the design and targeting of interventions to improve safety. High quality studies examin-
ing the mechanisms of patient safety incidents in patients with multimorbidity are needed,
with the goal of promoting effective service delivery and ameliorating threats to safety in this
group of patients.

Introduction

Primary care is increasingly responsible for the care of patients with long-term conditions, and
improving the quality of their care is a major policy priority [1]. Patient safety is an essential
component of high quality of care. Patient safety is defined as the ‘avoidance, prevention, and
amelioration of adverse outcomes or injuries stemming from the processes of health care’[2].
Patient safety incidents are viewed as ‘any unintended events or hazardous conditions resulting
from the process of care, rather than due to the patient's underlying disease, that led or could
have led to unintended health consequences for the patient or health care processes linked to
safety outcomes’[3]. Patient safety incidents can occur during access to care, clinical delivery
(i.e. adverse drug events, prescription errors, diagnostic error), or in the organisation of care
(i.e. inter-professional communication or co-ordination failures) [3, 4]. Safety incidents often
refer to incidents that involve some form of harm for the patient. Safety incidents however can
also include ‘precursors’, which have the potential to lead to harm if not prevented or managed
appropriately [3]. For instance, adverse drug reactions/poisoning resulting from taking an
incorrect drug or dose are viewed as ‘active safety incidents’, whereas errors in prescribing
drugs which have the potential to lead to adverse drug reactions are considered ‘precursors of
safety incidents’.

Although there have been significant improvements in delivery of care for long-term condi-
tions [5], many quality improvement activities [6], clinical guidelines [7, 8] and innovations in
service delivery [9] have focussed on the needs of patients with single long-term conditions.
However, multimorbidity broadly defined as ‘the co-existence of two or more chronic condi-
tions, where one is not necessarily more central than the others’ [10], is increasingly prevalent
[11], and represents a major part of the workload of primary care [12].

Patients with multimorbidity are likely to be at risk from all types of safety incidents, due to
a number of reasons. Individual patients with multimorbidity are more likely to have to man-
age complex medication and other management regimes [13], face difficult decisions about
self-management and dealing with priorities among conditions and their management [14],
and may not receive the quality of communication that is required to support them in the con-
text of these demands [15]. The frequency and complexity of their interactions with health ser-
vices may make them more vulnerable to failures of care delivery and co-ordination [16, 17].
Patients with multimorbidity are also likely to demonstrate characteristics which will further
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increase their vulnerability to safety incidents, such as poor health [2], advanced age [18], cog-
nitive impairment [19], limited health literacy [20], and levels of depression and anxiety [21,
22]. Particularly, patients with multimorbidity with concurrent mental health conditions such
as depression (referred to as ‘mental-physical’ multimorbidity hereafter) report lower quality
of care compared with patients with physical long-term conditions only [23, 24]. It is likely
that the time constrains and the tendency to prioritise the management of physical long-term
conditions in primary care, adversely affects the quality of care delivered to patients with men-
tal-physical multimorbidity [25-27]. Moreover, patients with mental-physical multimorbidity
may have reduced capacity or motivation to self-care [28], receive less integrated care, and face
more care co-ordination failures due to the complexity of their care needs [26, 29]. Therefore,
patients with mental-physical multimorbidity might comprise a distinct, high-risk sub-group
for safety incidents within the group of patients with multimorbidity.

Even though patients with multimorbidity may generally be at higher risk of safety inci-
dents, there may be occasions where they face lower risk. Some measures of quality of care are
higher in patients with multimorbidity [30]. This may reflect greater numbers of clinical
encounters in such patients (with greater monitoring and opportunities to identify safety
risks), or the development of self-management expertise in patients familiar with managing
multiple, complex problems [31]. Our own research demonstrated that patient experience of
aspects of care for long-term conditions did not differ markedly between patients with single
or multiple conditions [32].

It is currently uncertain whether there are any specific groups of patients with multimorbid-
ity who are more susceptible to patient safety incidents and whether there are any particular
types of patient safety incidents that are more prevalent in patients with multimorbidity. This
makes it difficult to design and embed interventions within existing care models to improve
patient safety among people with multimorbidity.

We undertook a systematic review and evidence synthesis on multimorbidity and patient
safety. This review sought to answer two research questions:

1. Are patients with multimorbidity more vulnerable to patient safety incidents?

2. Does the relationship between multimorbidity and patient safety vary across different types
of multimorbidity and different types of patient safety outcomes?

Methods

The methods and results for this review are reported in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines The completed PRISMA
checklist is included in S1 PRISMA Checklist. [33].

Search strategy

The following electronic bibliographic databases were searched for eligible papers: Medline,
Embase and Cinahl (from inception until December 2013 and then updated to May 2015). Our
search strategy included combinations of three key blocks of terms (multimorbidity/ comorbid-
ity, patient safety and primary care) using a combination of Medical Subject Headings and
text-words. (See the Medline search strategy in S1 Appendix. Database searches were supple-
mented by hand searches of reference lists of included papers. No previous reviews have been
identified in the area. We excluded studies in languages other than English and studies in the
grey literature.
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Eligibility criteria

Studies were eligible for inclusion in this review if they met the following criteria:

Population: Adult patients (18 years or above) with two or more physical long-term condi-
tions, or combinations of physical and mental long-term conditions. We included in the
review patients with any physical long-term condition such as diabetes, chronic obstructive
pulmonary disease, arthritis and hypertension. Mental long-term conditions mainly com-
prised mental health conditions such as depressive disorders and psychoses. We excluded
studies which were solely based on patients with two or more mental health conditions (i.e.
depression comorbid with schizophrenia) without concurrent physical long-term conditions.
We also excluded studies based on patients with combinations of mental and substance use/
alcohol use conditions.

Design: Quantitative research design (case control, cross-sectional, retrospective or prospec-
tive cohort, or controlled trial).

Setting: Primary care, the interface between primary and specialty care (e.g., emergency
department), and studies in general population samples. We excluded studies conducted
exclusively in specialist settings.

Multimorbidity measure: We included studies which reported:

o A measure of physical multimorbidity (based on simple count of long-term conditions or
more complex multimorbidity indices) or combinations of two or more specific physical
long-term conditions (such as comorbid diabetes with hypertension).

A measure of mental-physical multimorbidity, defined as combinations of physical and
mental long-term conditions (such as diabetes and depression). Only studies which made
an explicit distinction between physical and mental comorbidities were included in the
“mental-physical multimorbidity” category. Studies which were not explicit about the
inclusion of mental long-term conditions in the definition of multimorbidity were not
included in this category.

Patient safety incident: After reviewing the theoretical and empirical literature on patient
safety, and after consultation with the expert patient safety researchers in the team, we distin-
guished two types of safety measures:

« Active patient safety incidents i.e. measures of adverse outcomes or injuries stemming
from the processes of health care [2], such as adverse drug events (resulting from wrong
dose, drug-drug interactions) and other adverse events such as intervention complications,
infections and care failures (i.e. pressure ulcers).

o Precursors of patient safety incidents i.e. factors potentially leading to adverse outcomes or
injuries [2]. This included prescription errors such as inappropriate prescribing, over or
under utilisation of drugs, medication non-adherence, diagnostic errors such as wrong or
delayed diagnosis and poor quality of care resulting from failure to adhere to established
guidelines for care provision or from communication and co-ordination failures.

Quantitative association between the multimorbidity measure and patient safety outcomes
which was amenable to meta-analysis. We sought data that would allow the computation of
an effect size (odds ratio) for the association of multimorbidity with patient safety outcomes.
We sought data that would allow the computation of an effect size (odds ratio) for the associ-
ation of multimorbidity with patient safety outcomes. We excluded studies that lacked data
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to compute an effect size of for the association between multimorbidity and patient safety
outcome (i.e. only reported means without standard deviations or p-values).

Study selection

Study selection was completed in two stages. Initially, the titles and abstracts of the identified
studies were screened for eligibility by the first author. A subset of titles and abstracts (20%)
were screened independently by a second reviewer (kappa coefficient = 0.78). Next, the full-
texts of studies assessed as potentially relevant for the review were retrieved and checked
against our inclusion and exclusion criteria. Forty percent of the full-text screening was com-
pleted by two researchers working independently. Any disagreements were resolved by discus-
sion. Given the high inter-rater reliability (kappa coefficient = 0.85), the remaining full-text
screening was completed by the first author.

Data extraction

A data extraction form was devised in Microsoft Excel and piloted on five randomly selected
studies. We extracted the following descriptive data: country, research design, population,
recruitment method, research setting, participant characteristics (number, age, gender, long-
term conditions), multimorbidity measure, patient safety outcomes and methodological qual-
ity. We also extracted quantitative data on the association between multimorbidity and patent
safety. Thirty percent (n = 20 studies) of the data extraction was completed by 2 members of
the research team working independently. No substantial disagreements were observed (kappa
0.91 across 2160 data points); the remainder of the data were extracted by one member and
checked by a second.

Methodological quality of the studies

The vast majority of the studies included in the review were observational studies (cross-sec-
tional and cohort studies). As well as distinguishing these different designs, we also assessed
methodological quality using criteria adapted from guidance on the assessment of observa-
tional studies [34]. Quality criteria were not used to exclude studies in the review. The quality
appraisal included three key criteria:

1. Response rate or data capture among eligible patients of 70% or greater at baseline
2. Response rate or data capture of 70% or greater at follow-up (for prospective studies only)

3. Control for a minimum of 3 important confounding factors in the analysis which comprised
a combination of demographic characteristics (age, gender) and clinical characteristics rele-
vant to patient safety incidents (e.g. drug use/polypharmacy, contacts with health profes-
sionals and health services, disability levels).

These criteria have been previously used by members of our research group to assess the meth-
odological quality of observational studies [35]. Studies were assigned a rating of 1 for each cri-
terion met (maximum rating of 3). Substantial agreement between reviewers regarding
methodological quality (kappa 0.89).

Data synthesis

The primary outcome of this review was the effect of multimorbidity on patient safety out-
comes (‘active patient safety incidents’ and ‘precursors of safety incidents’). From the available
data we calculated odds ratios (ORs) together with the 95% confidence intervals from each
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study using the Comprehensive Meta-analysis (CMA) software [36]. ORs were typically com-
puted from dichotomous data (number/rates of safety incidents), but continuous data (i.e.
means) were also converted to ORs in CMA. CMA allows computation of ORs from several
input parameters (dichotomous, continuous or both data types) including all eight methods
proposed by the Cochrane Handbook [37], as well as additional methods proposed in the liter-
ature [38]. We chose ORs to pool the results because this was the most commonly reported
estimate for effect in the individual studies, and because ORs are considered more appropriate
for use across different research designs (including cross-sectional and case-control designs)
compared with other estimates such as relative risks [39]. In this study, OR >1 indicates that
multimorbidity is associated with increased risk for patient safety incidents, whereas OR <1
indicates that multimorbidity is associated with a lower risk for patient safety incidents. Across
studies reporting adjusted and unadjusted models, we selected the model in which effect sizes
were adjusted for potentially confounding variables to the maximum extent.

The I*-statistic was used to assess heterogeneity among studies. Conventionally, I* values of
25%, 50%, and 75% indicate low, moderate, and high heterogeneity [40]. Subgroup analyses
were performed to explore potential sources of heterogeneity of the relationship between multi-
morbidity and patient safety incidents (e.g. the effects of types of multimorbidity). In line with
the Cochrane Handbook [41], we compared subgroups informally by comparing the magni-
tudes of effect within each. A sensitivity analysis was undertaken to evaluate the stability of the
results after only the studies with higher ratings (as indicated by ratings on the 3 quality assess-
ment criteria) were retained in the analysis. The possibility of publication bias was examined
by inspecting the symmetry of the funnel plot and using Egger’s test [42].

In accordance with recommendations [43], across studies reporting multiple measures of
the same safety incident (e.g. different measures of poor quality) or the same type of multimor-
bidity (e.g. effects of multiple types of physical comorbidities on adverse drug events) weighted
average ORs were computed to ensure that each study contributed only one effect measure of
each outcome to the meta-analysis. Where studies reported data on different types of safety
incidents such as poor quality of care and prescription error (N = 3), or different types of multi-
morbidity including physical multimorbidity and mental-physical multimorbidity (N = 8), we
also computed the mean of the comparisons for each study, and entered this aggregate score in
the pooled analysis. However, in analyses in which there was no overlap of these comparisons
(subgroup analyses examining the distinct effects of types of safety incidents or types of multi-
morbidity), each comparison was treated as a separate unit of analysis.

All meta-analyses were performed in STATA (version 12) using the metan command [44].
Funnel plots were constructed using the metafunnel command [45], and the Egger test was
computed using the metabias command [46]. Random effects models were applied to calculate
pooled ORs because of anticipated heterogeneity.

Results

Overall, 7,630 titles and abstracts were screened for eligibility. Following screening, 75 studies
(providing 86 relevant comparisons) met the inclusion criteria (Fig 1) [23, 24, 47-119]

Characteristics of studies and populations

Key descriptive data for the studies included in the review are presented in Table 1. Details of
data extracted from individual studies (study, population and outcomes) are provided in

Table 2. Additional information about the population, outcomes and quality assessment is pre-
sented in S1 Table. Studies included patients with a wide range of ages, with the average around
60, and approximately equal gender representation. Most studies were based in primary care,
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Fig 1. Flowchart of studies included in the review.
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Table 1. Basic study descriptive data.

Category
Study and population

Quality

Outcomes

doi:10.1371/journal.pone.0135947.t001

Characteristics N = 75 studies
Sample size (range) 3,791,196 (40 to 1,265,434)
Mean Age (range) 59 (38-80)

% Male 52%

Country

us 39 (52%)

European 24 (32%)

Other 12 (16%)

Research design

Cross-sectional 31 (41%)
Prospective cohort 8 (11%)
Retrospective cohort 32 (43%)

Trial (randomized/non randomized) 1 (1%)

Case control 3 (4%)
Methodological quality

Response rate at baseline- 70% and over 29 (39%)

Response rate at follow-up -70% and over 2 (3%)

Control for confounding factors 47 (63%)

Patient safety outcome N = 86 comparisons
Active safety incidents 26 (30%)

Adverse drug events 15 (17%)

Other adverse events 11 (13%)

Precursors of safety incidents 60 (70%)

Quality of care 30 (35%)
Prescription error 19 (22%)

Medication non-adherence 6 (7%)

Diagnostic error 5 (6%)
Multimorbidity N = 86 comparisons
Mental-physical multimorbidity 20 (23%)

Physical multimorbidity 66 (77%)

and most common designs were retrospective cohorts and cross-sectional studies (see Table 2
for more details).

Characteristics of multimorbidity measures and patient safety outcomes

Multimorbidity was assessed using a wide range of methods. Sixty-six comparisons reported a
measure of physical multimorbidity based on index tools for multimorbidity such as the Charl-
son index [120], simple counts of diseases or listing specific physical comorbidities among
long-term conditions. The remaining comparisons examined the mental-physical comorbidity
(n =20, where mental health condition was mainly depression). Eight studies reported an anal-
ysis of both physical multimorbidity and mental-physical multimorbidity.

‘Active patient safety incidents’ were reported in 26 comparisons and comprised the follow-
ing outcomes:

1. adverse drug events including drug-drug interactions and drug side effects

2. adverse non-drug related medical events such as medical complications and adverse medical
outcomes associated with care delivery
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Table 2. Characteristics of studies, populations and outcomes included in the review.

Study ID Country Setting Research N Men Mean age (SD; Multimorbidity ~ Patient Overall
design (%) Range) safety quality
incident
Bae et al. us General Cross- 1,700 41% 18 years over Physical Poor quality 1
2008 population sectional multimorbidity of care
Barhametal. US Primary care Retrospective 1,701 41% Range =21-87 Physical Poor quality 1
2009 practices multimorbidity of care
Beer et al. Australia Primary care Prospective 4,260 100% M=77; Physical Prescription 0
2010 practices SD = 3.6; multimorbidity errors
Range = 65-83
Berger et al. Germany Primary care Retrospective 975 28% M = 75.0; Mental-physical ~ Prescription 0
2009 practices SD =7.3; 65 multimorbidity errors
and over
Bertomeu Spain Primary care Cross- 2,767 72% M = 67.5; Physical Prescription 2
et al. 2009 and outpatient sectional SD=114 multimorbidity errors
practices
Blais et al. Canada Charts of Retrospective 1,200 n/a M =71.52 Physical Other 2
2013 patients multimorbidity adverse
events
Blecker et al. us Medicaid claims  Retrospective 1,801 31% M = 58.7; Mental-physical ~ Prescription 1
2010 data SD =9.4; multimorbidity errors; Poor
Range = 21-62 quality of
care
Bont et al. Netherlands  Primary care Retrospective 2,643 45% M = 75; Physical Prescription 1
2007 practices SD =7.0; multimorbidity errors
Range = 65—
101
Buja et al. Italy Primary care Retrospective 105,987 56% 16 and over Physical Poor quality 1
2014 practices multimorbidity of care
Cahir et al. Ireland Primary care Retrospective 931 47% M =78; Physical Adverse drug 2
2013 practices SD =5.4; multimorbidity events
Range: 70-98
Calderon etal. Spain Primary care Retrospective 79,089 44% 18 and over Physical Adverse drug 2
2012 practices multimorbidity events
Calvert et al. UK Primary care Retrospective 9,311 49% M = 80.1; Physical Prescription 2
2009 practices Range = 72.5—- multimorbidity errors
86.0
Chen et al. Taiwan Emergency Prospective 452 n/r 18 and over Physical Adverse drug 2
2011 department multimorbidity events
Classenetal. US General Retrospective 191 40% Range = 60 Physical Adverse drug 1
2007 population over multimorbidity events
Dalton et al. UK Primary care Cross- 3,294 56% M =61; Physical Poor quality 2
2011 practices sectional Range = 17 multimorbidity of care
over
Davis et al. UK General Retrospective 955 45% M =77.0; Physical Prescription 0
2008 population SD =10.0 multimorbidity errors
Desai et al. us Veterans Affairs ~ Cross- 15,580 79% M=61.3; Physical Diagnostic 1
2005 health services sectional SD =139 multimorbidity errors
Desai et al. us Veterans Affairs  Cross- 21,489 83% n/r Physical Diagnostic 1
2006 health services sectional multimorbidity errors
Drivenes et al. Norway Primary Care Cross- 376 46% Median = 62 Physical Prescription 0
2014 Practicees sectional multimorbidity errors
Druss et al. us Medicaid claims  Cross- 113,505 84% n/r Mental-physical ~ Poor quality 1
2012 data sectional multimorbidity of care
Eguale et al. Canada Primary care Cross- 50,823 n/r n/r Physical Prescription 1
2012 practices sectional multimorbidity errors
(Continued)
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Table 2. (Continued)

Study ID Country Setting Research N Men Mean age (SD; Multimorbidity  Patient Overall
design (%) Range) safety quality
incident
Fernandez Spain Primary care Cross- 1,214 79% M = 66.4, Physical Diagnostic 2
etal. 2015 practices sectional SD =9.7; multimorbidity errors
R = 40 over
Field et al. us Primary care Case-control 1,598 41% M=752; Physical Adverse drug 0
2004 practices R = 65 over multimorbidity events
Frigola et al. Netherlands Primary care Retrospective 7,173 41% M =76.3; Physical Prescription 0
2013 practices SD=10.7 multimorbidity errors
Ghembaza Algeria Primary care Cross- 453 24% M =62, Physical Medication 1
etal. 2014 practices sectional SD=1.16 multimorbidity non-
adherence
Goldberg us Primary care Cross- 300 59% n/r Mental-physical ~ Poor quality 2
et al. 2007 practices sectional multimorbidity of care
Harmanetal. US General Retrospective 498 n/r 65 and over Physical Poor quality 1
2004 population multimorbidity of care
Hayes et al. Canada Primary care Retrospective 187 62% M = 44; Physical Other 1
2014 practices Range = 35-55 multimorbidity adverse
event
Hesse 2015 UK Data from trials Retrospective 5775 54% M =69.3, Physical Other 1
registered in SD=12.3 multimorbidity adverse
Virtual events
International
Stroke Trials
Archive
Higashi et al. us General Retrospective 7,680 48% n/r Physical Poor quality 0
2007 population multimorbidity of care
Ho et al. 2006 US Primary care Retrospective 11,532 51% Range = 18 Physical Medication 0
practices over multimorbidity non-
adherence
Kanner et al. us Primary care Cross- 188 32% M = 39; Mental-physical ~ Adverse drug 1
2012 practices sectional SD=11.7 multimorbidity events
Katerndahl us Primary care Cross- 102 30% M = 56.8; Mental-physical  Medication 1
etal. 2012 practices sectional SD=10.6 multimorbidity non-
adherence;
Poor quality
of care
Koetal. 2013 US General Cross- 40 60% M = 58; Physical Poor quality 0
population sectional SD =13; multimorbidity of care
Range: 24-88
Kontopantelis UK Primary care Prospective 23,920 69% M=62.9; 18 Physical Poor quality 1
etal. 2013 practices and over multimorbidity of care
Krein et al. us Veterans Affairs  Case control 36,546 97% M = 58; Mental-physical  Poor quality 0
2006 health services SD=12 multimorbidity of care
registries
Lagomasino us Primary care Cross- 1,175 30% M = 43.9; Physical Prescription 2
et al. 2005 practices sectional SD =15.3; 18 multimorbidity errors
and over
Linetal. 2013 US Medicare claims Cross- 19,863 70% 65 and over Physical Other 1
records sectional multimorbidity adverse
events
Luetal. 2011 US General Cross- 11,910 40% M =51.1; Physical Prescription 1
population sectional SD =16.3 multimorbidity errors
(Continued)
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Table 2. (Continued)

Study ID Country Setting Research N Men Mean age (SD; Multimorbidity  Patient Overall
design (%) Range) safety quality
incident
Mand et al. Germany Primary care Retrospective 24,619 63% M =757, Mental-physical ~ Adverse drug 1
2014 practices SD=7.8 multimorbidity/ events
Range = 65— Physical
107 multimorbidity
Marcumetal. US Veterans Affairs  Retrospective 678 99% M =76.4; 65 Physical Adverse drug O
2012 Medical Centres and over multimorbidity events
McGovern UK Primary Care Retrospective 35,502 54% M = 63.6; Physical Other 1
etal. 2013 SD=14.3 multimorbidity adverse
events
Mensahetal. UK Primary care Cross- 515 50% M =49, R=78 Mental-physical Adversedrug 0
2007 practices sectional multimorbidity events
Mikuls et al. us Primary care Retrospective 708 72% M =61; Physical Poor quality 1
2005 practices SD=15 multimorbidity of care
Min et al. us Primary care Cross- 644 67% M = 80; over Physical Poor quality 2
2014 practices sectional 70 multimorbidity of care
Mira et al. Spain Primary care Cross- 265 53% M =725; Physical Adverse drug 0
2014 practices sectional SD =5.5; over  multimorbidity events
65
Nasser et al. Bahrain Primary care Cross- 808 39% 20 and over Mental-physical ~ Other 0
2009 practices sectional multimorbidity adverse
events
Nuyen et al. Netherlands Primary care Cross- 191 28% M = 45.4; Physical Diagnostic 2
2005 practices sectional SD = 141 multimorbidity errors
Obreli-Neto Brazil Primary care Prospective 433 20% M = 67; Physical Adverse drug 2
etal. 2012 practices Range = 64—67 multimorbidity events
Parchman us Veterans Affairs  Cross- 420 82% n/r Physical Adverse drug 1
et al. 2005 Medical Centre sectional multimorbidity events
Pawaskar us Primary care Cross- 5,487 40% 18 and over Mental-physical ~ Prescription 1
et al. 2008 practices sectional multimorbidity; errors
Physical
multimorbidity
Petersenetal. US Veterans Affairs  Prospective 141,609 n/r M = 63.4; Physical Poor quality 1
2009 facilities SD=124 multimorbidity of care
Pugh et al. us Veterans Affairs  Retrospective 1,265,434 98% M = 73.5; Mental-physical ~ Prescription 1
2005 outpatient SD =5.6; 66 multimorbidity; errors
facilities and over Physical
multimorbidity
Pugh, et al. us Veterans Affairs  Retrospective 9,682 98% 66 and over Mental-physical  Adverse drug 1
2010 and Medicare multimorbidity; events
databases Physical
multimorbidity
Reichard etal. US Kansas Retrospective 9,532 35% M =53.5; 18 Physical Poor quality 1
2012 Medicaid and over multimorbidity of care
programme
Rigler 2004 us Medicaid claims  Retrospective 3,185 23% 65 and over Physical Prescription 2
etal. data multimorbidity errors
Ruigomez UK UK General Prospective 906 48% Range = 40-89 Physical Other 2
et al. 2007 Practice multimorbidity adverse
Research events
Database
Rupert, 2010 us Primary care Cross- 295 55% M = 62; Mental-physical  Poor quality 0
etal. sectional SD =14 multimorbidity; of care
Physical
multimorbidity
(Continued)
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Table 2. (Continued)

Study ID Country Setting Research N Men Mean age (SD; Multimorbidity  Patient Overall
design (%) Range) safety quality
incident
Schnitzer Germany Complains Cross- 13,505 48% n/r Physical Poor quality 1
etal. 2012 forwarded to sectional multimorbidity of care;
Patient Prescription
Commissioner in errors
Germany
Shireman us Medicaid claims  Retrospective 666 50% M =43.1; Physical Poor quality 1
et al. 2010 data SD=11.9 multimorbidity of care
Simeone etal. US Medical claims Case-control 11,372 54% M = 54.5; Physical Other 0
2012 to MarketScan SD=7.9 multimorbidity adverse
commercial events
database
Simpson etal. US Primary care Cross- 2,198 38% n/r Physical Poor quality 1
2007 practices sectional multimorbidity of care
Sloane et al. us Primary care Cross- 2,014 24% 65 and over Physical Prescription 2
2004 practices sectional multimorbidity errors
Streit et al. Sweden Primary care Retrospective 1,002 56% M = 65; 50 to Physical Poor quality 1
2014 practices 80 multimorbidity of care
Thorpe et al. us Centres for Retrospective 288,805 38.20% 65 and over Mental-physical  Poor quality 0
2012 Medicare and multimorbidity; of care
Medicaid Physical
Services multimorbidity
Tomio et al. Japan National Health Retrospective 636 49% M=727; Mental-physical ~ Poor quality 1
2010 Insurance SD=9.2 multimorbidity; of care
claims data Physical
multimorbidity
Tsang et al. UK General Practice  Cross- 74,763 48% n/r Physical Other 2
2013 Research sectional multimorbidity adverse
Database events
van Dijk etal.  Netherlands Dutch general Retrospective 21,524 n/r n/r Physical Medication 2
2007 practice multimorbidity non-
registration adherence
database
Weisman us Primary care Controlled, 535 78% M =59.3, Physical Other 1
et al. 2007 practices randomized, Range = 23-85 multimorbidity adverse
double-blinded events
trial
Whooley etal. US Primary care Prospective 1,017 41% M = 63; Mental-physical  Medication 1
2008 practices SD=12 multimorbidity non-
adherence
Wolff et al. us Medicare Cross- 1,217,103 39% M = 75.4; 65 Physical Other 1
2002 beneficiaries sectional and over multimorbidity adverse
database events
Wong et al. Canada National Retrospective 56,767 53% M = 66, Physical Poor quality 1
2015 Ambulatory SD =15 multimorbidity; of care
Care Reporting Mental-physical
System multimorbidity
database
Wong et al. China Primary care Retrospective 12,875 44% 65 and over Physical Medication 1
2011 clinics multimorbidity non-
adherence
Woodard etal. US Veterans affairs ~ Prospective 35,872 n/r M =58.7 Physical Poor quality 0
2012 medical centres multimorbidity of care
(Continued)
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Table 2. (Continued)

Study ID Country Setting
Zwar et al. Australia Primary care
2011 practices

Research N Men Mean age (SD; Multimorbidity ~ Patient Overall

design (%) Range) safety quality
incident

Cross- 445 49% Range = 40-80 Physical Diagnostic 0

sectional multimorbidity errors

Note: n/r = not reported, M = mean, R = range, SD = standard deviation

doi:10.1371/journal.pone.0135947.t002

‘Precursors of patient safety incidents’ were reported in 60 comparisons and comprised the
following outcomes:

1. poor quality of care (non-adherence to guidelines and quality indicators)
2. prescription errors such as over or underuse of drugs or inappropriate prescribing
3. medication non-adherence

4. diagnostic errors

Methodological quality characteristics

In terms of the individual quality criteria, 29 studies reported a response rate of 70% or greater,
and 47 studies adjusted for confounders in the analyses. Only 2 of the 8 prospective studies
reported response rates at follow-up. Nineteen (25%) studies met at least 2 of the 3 quality cri-
teria whereas only two studies met all three criteria (see Tables 1 and 2).

Meta-analysis: Active safety incidents and multimorbidity

The pooled effect indicated that multimorbidity was associated with a significantly increased
risk for active safety incidents, but outcomes exhibited high heterogeneity (OR = 1.95, 95%
CI = 1.75 t0 2.19, I = 98.5%, p<0.001- Fig 2). No studies reported that multimorbidity was
related to significantly fewer active safety incidents.

The effects of multimorbidity were broadly similar on the two types of active safety inci-
dents: adverse drug events (OR = 2.10, 95% CI = 1.64 to 2.55, I* = 98.7%, p<0.001) and other
adverse events (OR = 1.80, 95% CI = 1.53 to 2.07, I> = 97.8%, p<0.001—Fig 3).

Moreover, mental-physical multimorbidity was associated with a higher risk for active
safety incidents when compared with physical multimorbidity only (OR = 2.39, 95% CI = 1.40
to 3.38, I = 99.4%, p<<0.001 and OR = 1.63, 95% CI = 1.45 to 1.80, I* = 96.3%, respectively—
Fig 4).

Meta-analysis: Precursors of safety incidents and multimorbidity

A mixed pattern of findings was observed for precursors of safety incidents. The pooled effect
size indicated that multimorbidity was associated with marginally increased risk for precursors
of safety incidents, while the heterogeneity was high (OR = 1.16, 95% CI = 1.04 to 1.28, I* =
98.6%, p<0.001- data not shown).

A notable proportion of the comparisons (n = 25) reported that multimorbidity was signifi-
cantly associated with a higher risk of precursors of safety incidents, whereas a smaller but con-
siderable proportion of the comparisons (n = 15) reported that multimorbidity was associated
with a lower risk of precursors (mainly with quality of care).
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Study %
ID ES (95% Cl) Weight
1

Blais 2013 B 1.15 (1.05, 1.26) 5.39
Cahir 2013 = 1.34 (0.87, 2.07) 4.06
Calderon 2012 | ————— 7.25(2.81,9.69) 0.45
Chen 2011 —— 3.40 (2.00, 5.70) 1.28
Classen 2007 . 1.10 (1.00, 1.30) 5.33
Field 2004 —_— 3.94 (1.17,6.71) 0.66
Hayes 2014 * 1.24 (1.07, 1.45) 5.26
Hesse 2015 O 1.10 (1.06, 1.14) 5.44
Kanner 2012 | Copd 5.32(5.24, 6.00) 4.79
Lin 2013 . 1.49 (1.43, 1.55) 5.43
Mand 2014 . 1.33 (1.26, 1.40) 5.42
Marcum 2012 .| 1.01 (0.87, 1.18) 5.32
McGovern 2013 - 1.64 (1.47, 1.84) 5.27
Mensah 2007 = 2.34 (2.22, 2.40) 5.40
Mira 2014 —— 2.70 (0.60, 4.00) 1.46
Nasser 2009 B 1.06 (0.88, 2.60) 3.20
Obreli-Neto 2012 - 1.30 (1.10, 1.60) 5.14
Parchman 2005 = 2.20 (1.90, 2.50) 5.02
Pugh 2010 o 1.12 (1.03, 1.20) 5.41
Ruigomez 2007 - 1.16 (0.65, 1.67) 4.37
Simeone 2012 + 1.87 (1.60, 2.14) 5.09
Tsang 2013 | —— 3.32(2.28,4.83) 2.14
Weissman 2007 OH 1.25(1.13, 1.38) 5.36
Wolff 2009 \ -~— 8.46 (7.91, 9.56) 3.31
Overall (l-squared = 98.5%, p = 0.000) & 1.95 (1.71, 2.19) 100.00

I
NOTE: Weights are from random effects analysis
T T

T T T
012345678

Fig 2. Main analysis of the association between active safety incidents and multimorbidity.

doi:10.1371/journal.pone.0135947.9002

There was some evidence that the risk for precursors of safety incidents was moderated by
types of multimorbidity. Mental-physical multimorbidity was associated with increased risk

for precursors of safety incidents (OR = 1.69, 95% CI = 1.36 to 2.03, I* = 99.0%, p<0.001- data
not shown) whereas no association was found between physical multimorbidity and precursors
of safety incidents (OR = 1.02, 95% CI = 0.90 to 1.13, I* = 98.0%, p<<0.001-data not shown).
However, heterogeneity remained high, and the results for each subtype of precursors of safety
incidents (and the effects of types of multimorbidity on each outcome) are presented separately
below.

Poor quality of care. The pooled effect size indicated no association between poor quality
of care and multimorbidity (OR = 1.05, 95% CI = 0.90 to 1.20, I* = 98.2%, p<0.001—Fig 5).
Heterogeneity was high, with 9 comparisons indicating that multimorbidity was associated
with a higher risk for poor quality of care whereas 8 comparisons indicated that people with
multimorbidity were less likely to experience poor quality of care.

The risk for poor quality of care varied across types of multimorbidity. Mental-physical
multimorbidity was associated with poorer quality of care (OR = 1.25, 95% CI = 1.06 to 1.45, I
=97.3%, p<0.001- Fig 6), whereas the effects of physical multimorbidity on quality of care
were non-significant (OR = 0.97, 95% CI = 0.78 to 1.16, I* = 97.9%, p<0.001- Fig 6).

Prescription errors. The pooled effect size was significant (OR = 1.25, 95% CI = 1.05 to
1.45, ” = 98.0%, p<0.001—Fig 7) indicating that multimorbidity is associated with heightened
risk for prescription errors. However, the results showed high levels of heterogeneity, with
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Study
ID

Other adverse events
Blais 2013
Hayes 2014
Hesse 2015

Lin 2013
McGovern 2013
Nasser 2009
Ruigomez 2007
Simeone 2012
Tsang 2013
Weissman 2007
Wolff 2009

Subtotal (I-squared = 97 8%, p = 0.000)

Adverse drug events
Cahir 2013
Calderon 2012
Chen 2011
Classen 2007
Field 2004
Kanner 2012
Mand 2014
Marcum 2012
Mensah 2007
Mira 2014
Obreli-Neto 2012
Parchman 2005
Pugh 2010

Subtotal (I-squared = 98.7%, p = 0.000)

NOTE: Weights are from random effects analysis

<o

ES (95% CI)

1.15 (1.05
1.24 (1.07
1.10 (1.06
1.49 (143
1.64 (1.47

1.06 (0.88,
1.16 (0.65,
1.87 (1.60,
3.32 (2.28,
1.25 (1.13,
8.46 (7.91,
1.80 (1,53,

1.34 (0.87,
7.25 (2.81,
3.40 (2.00,
1.10 (1.00,
3.94 (117,
532 (5.24,
1.33 (1.26,
1.01 (0.87,
234 (2.22,
2.70 (0.60,
1.30 (1.10,
2.20 (1.90,
1.12 (1.03,

2.10 (1.64

. 1.26)
. 1.45)
. 1.14)
. 1.55)
, 1.84)
2.60)
1.67)
2.14)
4.83)
1.38)
9.56)
2.07)

2.07)
9.69)
5.70)
1.30)
6.71)
6.00)
1.40)
1.18)
2.40)
4.00)
1.60)
2.50)
1.20)
2.55)

%
Weight

11.33
10.91
11.50
11.46
10.94
5.32

8.17

10.34
323

11.25

100.00

8.65
1.49
3.79
10.08
213
9.561
10.16
10.07
10.15
4.20
9.88
975
10.15
100.00

I o
0123456738

Fig 3. Subgroup analysis of the association between active safety incidents and multimorbidity
analysed by different types of active safety incidents.

doi:10.1371/journal.pone.0135947.g003

studies showing both positive and negative associations between multimorbidity and prescrip-

tion errors.

There was some evidence that the risk for prescription errors varied across types of multi-
morbidity. Mental-physical multimorbidity was associated with higher risk for prescription
errors (OR = 1.98, 95% CI = 1.24 to 2.71, I* = 97.7%, p<0.001—Fig 8). In contrast, no associa-
tion was found between physical multimorbidity and prescription errors (OR = 1.10, 95%

CI = 0.90 to 1.30, I = 97.8%, p<0.001—Fig 8).

Medication non-adherence.

Six studies examined the link between medication non-

adherence and multimorbidity. The pooled effect size indicated that multimorbidity had no
effect on medication non-adherence (OR = 1.43, 95% CI = 0.67 to 2.18, I* = 99.7%, p<0.001—

Fig9).

The risk for medication non-adherence varied across types of multimorbidity, but the num-
ber of studies was small. Studies on mental-physical multimorbidity reported a higher risk of
medication non-adherence (OR = 2.16, 95% CI = 1.67 to 2.65, I = 96.7%, p<0.001- Fig 9),
whereas the effects of physical multimorbidity on medication non-adherence were non-signifi-
cant (OR = 0.96, 95% CI = 0.42 to 1.50, I* = 98.9%, p<0.001- Fig 9).

Diagnostic errors. All five studies included in this category measured physical multimorbid-
ity and demonstrated that it was associated with an increased risk of diagnostic errors. The pooled
effect size was significant (OR = 1.12, 95% CI = 1.05 to 1.20, % = 43.6%, p =0.131—Fig 10).
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Study %
D ES (95% ClI) Weight
Physical Multimorbidity

Blais 2013 . 1.15(1.05,1.26) 6.80
Cahir 2013 1.34(0.87,207) 385
Calderon 2012 —_—— 725(281,969) 025
Chen 2011 —_—— 3.40(2.00,570) 0.80
Classen 2007 - 1.10(1.00,1.30) 664
Field 2004 394(117,6.71) 0.38
Hayes 2014 1.24 (1.07,1.45) 6.45
Hesse 2015 1.10(1.06,1.14) 695
Lin2013 1.49(143,155) 691
Mand 2014 124(1.16,1.31) 688

s

;

-

|

-

Marcum 2012 3 101(087,1.18) 661

McGovern 2013 . 164 (147,184) 647

Mira 2014 -L—.— 2.70(0.60,4.00) 093

Obreli-Neto 2012 - 1.30(1.10,1.60)  6.11

Parchman 2005 | = 220(1.90,250) 5.80

>

——

Pugh 2010 122(1.08,1.31) 6.77
Ruigomez 2007 116 (0.65,167) 4.40
Simeone 2012 -> 1.87(1.60,2.14) 599
Tsang 2013 —_—— 3.32(2.28,4.83) 1.50
Weissman 2007 . 125(1.13,138) 673
Wolff 2009 “*+— 846(791,956) 276
Subtotal (-squared = 96.3%, p = 0.000) ¢ 163(1.45,1.80)  100.00

Mental-Physical Multimorbidity
Kanner 2012 -~— 532(5.24,6.00) 20.13

Subtotal (I-squared = 99.4%, p = 0.000) 239(140,338)  100.00

Mand 2014 - 210(1.98,242) 2054
Mensah 2007 L4 234(222,240) 2071
Nasser 2009 >~— 1.06(0.88,260) 17.94
Pugh 2010 . 1.01(0.88,1.11) 2069

NOTE: Weights are from random effects analysis

T FTTTTTTT

0123456738

Fig 4. Subgroup analysis of the association between active safety incidents and multimorbidity
analysed by different types of multimorbidity.

doi:10.1371/journal.pone.0135947.9g004

Sensitivity analyses

The main findings for active safety incidents and precursors of safety incidents did not differ
when only the 19 studies with sufficient methodological quality scores (meeting 2 out of 3 qual-
ity criteria of our protocol) were retained in the analyses. Multimorbidity was associated with
significant increases in the risk for active safety incidents (OR = 1.98, 95% CI = 1.40 to 2.57, 2
=91.2%, p<0.001) and marginal increases in the risk for precursors of safety incidents

(OR =1.17,95% CI = 1.02 to 1.32, I* = 86.6%, p<0.001- Fig 11).

Publication bias

The Egger test was significant for active safety incidents indicating that the results in this category
might be influenced by publication bias (regression intercept = -7.32, SE = 4.24, p = 0.05- Fig 12).
No funnel plot asymmetry was identified and the Egger test was non-significant for studies exam-
ining precursors of safety incidents (regression intercept = -2.09, SE = 2.05, p = 0.312- Fig 13).

Discussion
Summary of the findings

The main aim of this study was to provide the first systematic review of the relationship
between multimorbidity and patient safety outcomes. This review found that the relationship
between multimorbidity and patient safety outcomes in primary care is complex, with high lev-
els of variability, and may be influenced by different types of safety outcomes and types of mul-
timorbidity. Both mental-physical multimorbidity and physical multimorbidity were
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el e
@ ' PLOS ‘ ONE Multimorbidity and Patient Safety in Primary Care

Study %
ID ES (95% Cl) Weight
Bae 2008 - 0.83 (0.69, 1.04) 4.59
Barham 2009 b‘ 0.63 (0.49,0.88) 4.52
Blecker 2010 * 1.01(0.97,1.07) 4.87
Buja 2014 . 1.09 (1.06, 1.14) 4.88
Dalton 2011 — 1.90 (1.24,2.90) 1.96
Druss 2012 . 1.44 (1.37,1.51) 4.84
Goldberg 2007 —_—— 2.71 (1.47,5.00) 0.63
Hamman 2004 -— 0.84 (0.62, 1.36) 3.77
Higashi 2007 . 0.53 (0.44,0.67) 4.76
Katerndahl 2012 - 1.92(1.70, 2.15) 4.41
Ko 2013 f—— 3.17 (0.66, 5.11) 0.42
Kontopantelis 2013 . 0.17 (0.15,0.28) 4.85
Krein 2006 - 1.22(0.98,1.30) 4.64
Mikuls 2005 —-— 1.07 (0.68, 2.56) 1.68
Min 2014 —_—— 3.20 (2.30,4.20) 1.65
Petersen 2009 . 0.43 (0.34,0.56) 4.77
Reichard 212 . 0.57 (0.47,0.69) 4.77
Ruppert 2010 - 0.69 (0.53,0.71) 4.81
Schnitzer 2012 et 1.29 (1.04, 1.59) 4.20
Shireman 2010 . 0.43 (0.31,0.56) 4.73
Simpson 2007 - 3.20 (2.68,3.72) 3.08
Streit 2014 - 1.18 (0.69, 2.02) 2.50
Thorpe 2012 L4 0.97 (0.94, 1.00) 4.88
Tomio 2010 = 1.20 (0.93,1.47) 4.22
Wong 2015 * 1.18 (1.12,1.24) 4.85
Woodard 2012 . 0.56 (0.43,0.69) 4.72
Overall (I-squared = 98.2%, p = 0.000) } 1.05 (0.90, 1.20) 100.00
NOTE: Weights are from random effects analysi]s

B Y I ) Y |
01234568678
Fig 5. Main analysis of the association between poor quality of care and multimorbidity.

doi:10.1371/journal.pone.0135947.g005

associated with higher risk for active safety incidents (such as adverse drug events and medical
complications), whereas mental-physical comorbidity (mainly depression) was associated with
an increased risk for both active safety incidents and precursors of safety incidents (such as
lower quality of care, prescription errors and medication non-adherence). In contrast, physical
multimorbidity alone did not increase the risk of precursors of safety incidents, and in some
cases was associated with a lower risk for safety failures (e.g. a trend was observed for physical
multimorbidity to be associated with better quality of care).

Strengths and limitations

This study has several strengths. This is the first systematic review to provide a comprehensive
synthesis of the association between multimorbidity and patient safety outcomes, with a focus
on primary care settings, where most of the healthcare for multimorbidity is delivered [12].
This review was performed and reported according to PRISMA guidance [33]. The searches
were designed to be comprehensive and the eligibility criteria were broad, to ensure we incor-
porated all the evidence in the area.

This study also has important limitations. The review comprises of studies with heteroge-
neous populations and outcomes. In particular, a wide range of patient safety incidents were
included in this review, and even outcomes included under the same subcategory (i.e. precur-
sors) exhibited substantial variation. For example, the ‘poor quality of care’ category included a
variety of incidents including problems in accessing care or receiving inappropriate care, and
problems with preventative care. Similarly, different types of multimorbidity were reported
across the studies.
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Study %
ID ES (95% ClI) Weight

Physical Multimorbidity

Bae 2008 - 0.83 (069, 1.04) 567
Barham 2009 Ol 0.63 (0.49, 0.88) 5.60
Buja 2014 * 1.09 (1.06, 1.14) 595
Dalton 2011 |-0— 190 (1.24,290) 2.75
Hamman 2004 -— 0.84 (062, 1.36) 4.84
Higashi 2007 . 0.53 (0.44,067) 583
Ko 2013 3.17 (0.66, 5.11) 0.63
Kontopantelis 2013 . 0.17 (0.15,0.28) 592
Mikuls 2005 -— 1.07 (0.68, 2.56) 2.38
Min 2014 — 3.20 (2.30,4.20) 235

Petersen 2009
Reichard 212
Ruppert 2010
Schnitzer 2012
Shireman 2010
Simpson 2007

. 0.43 (0.34, 0.56) 5.84
S 0.57 (0.47, 0.69) 5.84
- 0.78 (0.56, 1.27) 4.91
- 1.29 (1.04, 1.59) 528
. 0.43 (0.31, 0.56) 5.81
- 3.20 (2.68,3.72) 4.09
Streit 2014 - 1.18 (0.69, 2.02) 3.40
Thorpe 2012 . 0.81 (0.76, 0.87) 5.93
Tomio 2010 - 1.15 (0.69, 1.26) 5.24
*>
.f
*>

Wong 2015 1.15(1.09, 1.22) 592
Woodard 2012 0.56 (0.43, 0.69) 5.80
Subtotal (I-squared = 97.9%, p = 0.000) 0.97 (0.78. 1.16) 100.00

Mental—PhysicaI Multimorbidity

Blecker 2010 1.01(097,1.07) 1427
Druss 2012 . 144 (137,151) 1415
Goldberg 2007 —_—— 2.71(147,500) 1.11
Katerndahl 2012 - 192 (1.70,2.15) 1207
Krein 2006 - 122 (098, 1.30) 13.12
Ruppert 2010 . 061 (052,0.70) 1398
Thorpe 2012 . 1.04 (099, 1.06) 1434
Tomio 2010 e— 163 (1.02,263) 413
Wong 2015 -> 141 (1.25,161) 1282
Subtotal (I-squared = 97 3%, p = 0.000) i 1.25 (1.06, 1.45) 100.00
NOTE: Weights are from random effects analysis

I I
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0123456738
Fig 6. Subgroup analysis of the association between poor quality of care and multimorbidity analysed
by different types of multimorbidity.

doi:10.1371/journal.pone.0135947.g006

We endeavoured to account for the large heterogeneity by applying random effects models,
to adjust for between-study variations, and by undertaking subgroup analyses to explore key
factors that may account for variation. We only explored the impact of basic sources of hetero-
geneity (e.g. different types of safety incidents and types of multimorbidity—broadly split into
physical/ mental-physical), because multiple subgroup analyses inflate the probability of find-
ing false results [41]. However, there are a large number of other factors which could explain
the variability in the results of the subgroup analyses. An important factor may be the combi-
nations of conditions which are likely to be included within each of our multimorbidity sub-
groups. More work may be needed to look at more precise combinations of diseases, or their
clustering, which may affect safety outcomes. However, for this to be accomplished, individual
studies must clear and consistent about the conditions which are included [121].

There is an argument that meta-analysis is inappropriate in the context of high levels of
clinical, methodological and statistical heterogeneity [122], and the data may be more suited to
a narrative synthesis. However, such syntheses are difficult to interpret when many studies are
included. We adopted meta-analysis to allow us to compare results across studies, to examine
the consistency of effects and explore variables that might account for inconsistency. These
results may be at least as important as the pooled estimates we present [123].
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Study %
ID ES (95% CI) Weight
Beer 2010 : 459(1.19,799) 0.33
Berger 2009 1 - 3.49(3.10,3.87) 556
Bertomeu 2009 I-:o- 1.30(1.04,1.64) 6.05
Blecker 2010 - 1.13(0.99,1.29) 6.73
Bont 2007 %‘- 1.49(1.10,1.88) 553
Calvert 2009 . 0.79 (0.65,0.90) 6.80
Davis 2008 i -~ 244 (222,267) 643
Driveness 2014 -~ 0.40 (0.20,0.80) 6.05
Eguale 2012 0: 0.94(0.91,0.97) 6.98
Frigola-Capell 2013 L 0.23(0.17,0.31) 6.93
Lagomasino 2005 <H i 0.63(0.44,0.89) 6.43
Lu 2011 - 1.69(1.36,2.02) 588
Pawaskar 2008 TI 1.03(0.92,1.14) 6.84
Pugh 2005 . 0.87 (0.82,0.91) 6.96
Rigler 2004 E—O- 1.70(1.28,2.11) 538
Schnitzer 2012 o= 1.37(1.12,1.69) 6.13
Sloane 2004 = 0.81(0.33,1.29) 5.00
Overall (I-squared = 98.0%, p = 0.000) é 1.25(1.05,1.45)  100.00
1

NOTE: Weights are from random effects analysis !

012345678

Fig 7. Main analysis of the association between prescription error and multimorbidity.

doi:10.1371/journal.pone.0135947.g007

Grey literature was not included in this review, which may have introduced study selection
bias. We excluded grey literature based on evidence suggesting that the quality of research con-
tained in the grey literature is lower and more difficult to appraise compared with research con-
tained in journal articles [124]. Visual inspection of the funnel plot and Egger test did not
identify evidence of publication bias for studies examining precursors of safety incidents,
although publication bias was a possible risk for studies examining active safety incidents.

The large number of studies included in this review did not allow for the involvement of
two independent researchers across all data screening and extraction, but reliability tests were
performed which indicated high levels of inter-rater agreement. A less comprehensive quality
assessment was also undertaken to account for the large number of studies and their variability.
Despite this, the assessment of the methodological quality of the studies was designed to allow
comparability across multiple different study designs, and were selected based on evidence sug-
gesting that they reflect important quality aspects of observational studies [34]. The design of
the original studies (mostly cross-sectional and retrospective) obviously imposes limits on our
ability to establish causal links between multimorbidity and patient safety and the mechanisms
that underpin these links.

Implication for research, policy and practice

Our ability to draw inferences and offer recommendations is significantly hampered by the het-
erogeneity and inconsistent reporting of outcomes across the studies. Examining the link
between multimorbidity and patient safety was usually a secondary aim of the studies. To
improve patient safety in multimorbidity we need more primary research which explicitly
addresses the relationship between patient safety precursors and incidents in people with
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Study
ID

Physical Multimorbidity
Beer 2010
Bertomeu 2009
Bont 2007

Calvert 2009

Davis 2008
Driveness 2014
Eguale 2012
Frigola-Capell 2013
Lagomasino 2005
Lu 2011

Pawaskar 2008
Pugh 2005

Rigler 2004
Schnitzer 2012
Sloane 2004

Subtotal (I-squared =97.8%, p = 0.000)

Mental-Physical Multimorbidity
Berger 2009

Blecker 2010

Pawaskar 2008

Pugh 2005

Subtotal (I-squared =97.7%, p =0.000)

NOTE: Weights are from random effects analysis

ES (95% Cl)

4.59 (1.19, 7.99)
1.30 (1.04, 1.64)
1.49 (1.10, 1.88)
0.79 (0.65, 0.90)
2.44 (2.22, 2.67)
0.40 (0.20, 0.80)
0.94 (0.91, 0.97)
0.23 (0.7, 0.31)
0.63 (0.44, 0.89)
1.69 (1.36, 2.02)
0.98 (0.91, 1.14)
0.79 (0.75, 0.84)
1.70 (1.28, 2.11)
1.37 (1.12, 1.69)
0.81(0.33, 1.29)
1.10 (0.90, 1.30)

3.49 (3.10, 3.87)
1.13(0.99, 1.29)
1.65 (1.21, 2.00)
1.70 (1.60, 1.90)
1.98 (1.24, 2.71)

%
Weight

0.32
6.84
6.16
7.88
7.36
6.84
8.13
8.06
7.36
6.62
7.92
8.11
5.97
6.95
5.48
100.00

24.29
25.75
24.20
25.75
100.00

T T T T T 171
0123456738

Fig 8. Subgroup analysis of the association between prescription error and multimorbidity analysed

by different types of multimorbidity.

doi:10.1371/journal.pone.0135947.g008

Study

Physical Multimorbidity
Ghebaza 2014

Ho 2006

van Dijk 2007

Wong 2011

Subtotal (I-squared = 98.9%, p = 0.000)

Mental-Physical Multimorbidity
Katerndahl 2012
Whooley 2008

Subtotal (I-squared = 96.7%, p = 0.000)

Overall (I-squared = 99.7%, p = 0.000)

NOTE: Weights are from random effects analysis

ES (95% CI)

212 (1.36, 3.32)
0.86 (0.79, 1.02)
1.14 (1.05, 1.24)
0.28 (0.22, 0.33)

0.96 (0.42, 1.50)

1.91 (1.81,2.09)
241 (232, 2.54)

2.16 (1.67, 2.65)

1.43 (0.67, 2.18)

Weight

13.42
17.31
17.33
17.36

65.41

17.27
17.31

34.59

100.00

T
0

Fig 9. Association between medication non-adherence and multimorbidity analysed by different

types of multimorbidity.
doi:10.1371/journal.pone.0135947.g009
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Study

Desai 2005

Desai 2006

Fernandez 2015

Nuyen 2005

Zwar 2011

Overall (I-squared =43.6%, p=0.131)

NOTE: Weights are from random effects analysis

%
ES (95% CI) Weight
I
1
1
- 1.12(1.01,1.25) 2245
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1
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- 1.16 (1.04,1.28) 2245
1
1
1
L d 1.05(1.01,1.15) 3521
'
1
1
: 1.98(1.03,3.80) 0.30
1
1
1
aal 1.21(1.08,1.35) 19.59
1
I
Q 1.12(1.05,1.20) 100.00
1
1
1
1
I
1
1
L
! I

Fig 10. Association between diagnostic error and multimorbidity.

doi:10.1371/journal.pone.0135947.9010

multimorbidity. Specifically we need research that examines the mechanism by which multi-
morbidity affects patient safety. Large prospective studies which can establish temporal rela-
tionships are clearly needed to elucidate the relationship between multimorbidity and patient
safety, and nested qualitative work may be useful to further illuminate how safety failures come
about. Understanding mechanisms is crucial to guide the design of interventions to ameliorate
threats to safety in people with multimorbidity. This may need to focus especially on the role of
mental health, which the review suggests is an important drivers of safety outcomes.

Additionally, the development of common terminology, measures and reporting is a prior-
ity to ensure that future syntheses are not hampered by inconsistent presentation of data [125].
A recent systematic review which focused on the effects of comorbidity on benefits of treatment
for long-term conditions encountered similar problems in terms of terminology, low methodo-
logical quality and lack of studies with a primary focus on the benefits and harms related to the
health care of people with multimorbidity [99].

The range of safety outcomes reported was limited. For example, the frequency and com-
plexity of healthcare needs and interactions of people with multimorbidity suggests that com-
munication failures may be a key precursor for safety incidents in patients with multimorbidity
[126, 127]. However, we found no studies examining the effects of multimorbidity on other
types of safety incidents, such as patient-health professional or inter-professional communica-
tion or co-ordination of care. Work in these areas should be a priority.

At present there is limited evidence about the impact of interventions in patients with multi-
morbidity [128]. We only identified one trial which examined the effectiveness of a medication
review and educational intervention in reducing hospitalisations due to adverse drug events in
a high risk elderly population. This study showed that patients with severe multimorbidity
(having 5 or more diseases) were significantly more likely to benefit from the intervention
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Study %
ID ES (95% ClI) Weight
Active safety incidents
Blais 2013 . 2.15(2.05,2.26) 21.86
Cahir 2013 -— 1.34 (0.87,2.07) 17.88
Calderon 2012 ——— 7.25(2.81,9.69) 2.56
Chen 2011 —_—— 3.40 (2.00, 5.70) 6.89
Obreli-Neto 2012 - 1.30(1.10, 1.60) 21.16
Ruigomez 2007 - 1.16 (0.65, 1.67) 18.86
Tsang 2013 — 3.32(2.28,4.83) 10.78
Subtotal (I-squared =91.2%, p = 0.000) <> 1.98 (1.40, 2.57) 100.00
Precursors of safety incidents
Bertomeu 2009 = 1.30(1.04, 1.64) 9.72
Calvert 2009 . 0.79 (0.65, 0.90) 14.17
Dalton 2011 |—0— 1.90 (1.24,2.90) 2.76
Fernandez 2015 . 1.05(1.01, 1.15) 15.17
Ghebaza 2014 ‘—0— 2.12(1.36,3.32) 2.08
Lagomasino 2005 * 0.63(0.44,0.89) 11.66
Min 2014 —— 3.20 (2.30,4.20) 2.20
Nuyen 2005 —— 1.98 (1.03,3.80) 1.12
Rigler 2004 - 1.70(1.28,2.11) 7.22
Streit 2014 - 1.18 (0.69, 2.02) 3.91
van Dijk 2007 - 1.14(1.05,1.24) 14.77
Wong 2015 . 1.15(1.09, 1.22) 15.23
Subtotal (I-squared = 86.6%, p = 0.000) b 1.17 (1.02, 1.32) 100.00
NOTE: Weights are from random effects analysig

T T T T

0123456

Fig 11. Sensitivity analysis examining the effects of multimorbidity on active safety incidents and
precursors of safety incidents across studies with superior methodological quality scores.

doi:10.1371/journal.pone.0135947.g011
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Fig 12. Funnel plot for studies examining the link between multimorbidity and active safety incidents.

doi:10.1371/journal.pone.0135947.9g012
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Fig 13. Funnel plot for studies examining the link between multimorbidity and precursors of safety incidents.

doi:10.1371/journal.pone.0135947.9013

compared with patients with low or moderate multimorbidity [129]. This finding is encourag-
ing, because it suggests that safety failures are amenable to intervention in patients with high
levels of multimorbidity, and that the effects may be greater in those with greater numbers of
conditions, a finding which has also been reported in treatment trials [130]. Individually-tai-
lored care models which place emphasis on engaging patients with multimorbidity in their care
may be a fruitful approach for reducing safety failures [127, 131, 132].

Conclusion

This is the first systematic review of the association between multimorbidity and patient safety
incidents in primary care. Although the patterns of association are complex, a key finding was
that patients with multiple long-term conditions and patients with mental-physical comorbid-
ity are at heightened risk for safety failures in some cases. The current evidence on the link
between patient safety and multimorbidity is limited in scope and quality. Research is needed
to improve the evidence base, to ensure that clinical practice, service organisation and health
policy can promote safety in this group of patients.

Supporting Information
$1 PRISMA Checklist. PRISMA Checklist.
(PDF)

S1 Appendix. Medline search strategy.
(PDF)

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 23/30


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135947.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135947.s002

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

S1 Table. Details of population, outcomes and study quality ratings.

(PDF)

Author Contributions

Conceived and designed the experiments: MP PB AE. Performed the experiments: MP JS SCS
RA PB. Analyzed the data: MP PB PC. Contributed reagents/materials/analysis tools: MP JS
AE PC SCS RA PB. Wrote the paper: MP PB PC.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Department of Health: Our health, our care, our say: a new direction for community services. London:
2006.

Vincent C. Patient Safety. Edinburgh: Churchill Livingstone; 2005.
Klemp K. Report on a taxonomy for errors in primary care. Wolfgang Goethe University: 2009.

Rubin G, George A, Chinn DJ, Richardson C. Errors in general practice: development of an error clas-
sification and pilot study of a method for detecting errors. Qual Saf Health Care. 2003; 12(6):443—7.
PMID: 14645760

Campbell SM, Reeves D, Kontopantelis E, Sibbald B, Roland M. Effects of Pay for Performance on
the Quality of Primary Care in England. New Engl J Med. 2009; 361(4):368—78. doi: 10.1056/
Nejmsa0807651 PMID: 19625717

Starfield B. Threads and yarns: Weaving the tapestry of comorbidity. Ann Fam Med. 2006; 4(2):101—
3. PMID: 16569711

Boyd CM, Darer J, Boult C, Fried LP, Boult L, Wu AW. Clinical practice guidelines and quality of care
for older patients with multiple comorbid diseases—Implications for pay for performance. Jama-J Am
Med Assoc. 2005; 294(6):716—24. doi: 10.1001/jama.294.6.716

Dawes M. Co-morbidity: we need a guideline for each patient not a guideline for each disease: Fam
Pract. 2010 Feb; 27(1):1-2. doi: 10.1093/fampra/cmp106

Bower P, Macdonald W, Harkness E, Gask L, Kendrick T, Valderas JM, et al. Multimorbidity, service
organization and clinical decision making in primary care: a qualitative study. Fam Pract. 2011; 28
(5):579-87. doi: 10.1093/fampra/cmr018 PMID: 21613378

Boyd CM, Fortin M. Future of Multimorbidity Research: How Should Understanding of Multimorbidity
Inform Health System Design? Public Health Reviews. 2010.

Fortin M, Bravo G, Hudon C, Vanasse A, Lapointe L. Prevalence of multimorbidity among adults seen
in family practice. Ann Fam Med. 2005; 3(3):223-8. doi: 10.1370/Afm.272 PMID: 15928225

Salisbury C, Johnson L, Purdy S, Valderas JM, Montgomery AA. Epidemiology and impact of multi-
morbidity in primary care: a retrospective cohort study. Brit J Gen Pract. 2011; 61(582). doi: 10.3399/
bjgp11X548929

Fried TR, Tinetti ME, lannone L. Primary care clinicians' experiences with treatment decision making
for older persons with multiple conditions. Arch Intern Med. 2011; 171(1):75-80. doi: 10.1001/
archinternmed.2010.318 PMID: 20837819

Fried TR, McGraw S, Agostini JV, Tinetti ME. Views of older persons with multiple morbidities on com-
peting outcomes and clinical decision-making. J Am Geriatr Soc. 2008; 56(10):1839-44. doi: 10.
1111/1.1532-5415.2008.01923.x PMID: 18771453

Fung CH, Setodji CM, Kung FY, Keesey J, Asch SM, Adams J, et al. The relationship between multi-
morbidity and patients' ratings of communication. J Gen Intern Med. 2008; 23(6):788—-93. doi: 10.
1007/s11606-008-0602-4 PMID: 18427902

McGuiness C, Sibthorpe B. Development and initial validation of a measure of coordination of health
care. Int J Qual Health C. 2003; 15(4):309—18. doi: 10.1093/intghc/mzg043

Pham HH, O'Malley AS, Bach PB, Saiontz-Martinez C, Schrag D. Primary care physicians' links to
other physicians through Medicare patients: the scope of care coordination. Annals of internal medi-
cine. 2009; 150(4):236—-42. PMID: 19221375

Vogeli C, Shields AE, Lee TA, Gibson TB, Marder WD, Weiss KB, et al. Multiple chronic conditions:
Prevalence, health consequences, and implications for quality, care management, and costs. J Gen
Intern Med. 2007; 22:391-5. doi: 10.1007/s11606-007-0322-1 1S1:000251543500005. PMID:
18026807

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 24/30


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135947.s003
http://www.ncbi.nlm.nih.gov/pubmed/14645760
http://dx.doi.org/10.1056/Nejmsa0807651
http://dx.doi.org/10.1056/Nejmsa0807651
http://www.ncbi.nlm.nih.gov/pubmed/19625717
http://www.ncbi.nlm.nih.gov/pubmed/16569711
http://dx.doi.org/10.1001/jama.294.6.716
http://dx.doi.org/10.1093/fampra/cmp106
http://dx.doi.org/10.1093/fampra/cmr018
http://www.ncbi.nlm.nih.gov/pubmed/21613378
http://dx.doi.org/10.1370/Afm.272
http://www.ncbi.nlm.nih.gov/pubmed/15928225
http://dx.doi.org/10.3399/bjgp11X548929
http://dx.doi.org/10.3399/bjgp11X548929
http://dx.doi.org/10.1001/archinternmed.2010.318
http://dx.doi.org/10.1001/archinternmed.2010.318
http://www.ncbi.nlm.nih.gov/pubmed/20837819
http://dx.doi.org/10.1111/j.1532-5415.2008.01923.x
http://dx.doi.org/10.1111/j.1532-5415.2008.01923.x
http://www.ncbi.nlm.nih.gov/pubmed/18771453
http://dx.doi.org/10.1007/s11606-008-0602-4
http://dx.doi.org/10.1007/s11606-008-0602-4
http://www.ncbi.nlm.nih.gov/pubmed/18427902
http://dx.doi.org/10.1093/intqhc/mzg043
http://www.ncbi.nlm.nih.gov/pubmed/19221375
http://dx.doi.org/10.1007/s11606-007-0322-1
http://www.ncbi.nlm.nih.gov/pubmed/18026807

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

van Dijk PTM, Mehr DR, Ooms ME, Madsen R, Petroski G, Frijters DH, et al. Comorbidity and 1-year
mortality risks in nursing home residents. J Am Geriatr Soc. 2005; 53(4):660-5. doi: 10.1111/j.1532-
5415.2005.53216.x PMID: 15817014

Nutbeam D. The evolving concept of health literacy. Soc Sci Med. 2008; 67(12):2072—8. doi: 10.1016/
j-socscimed.2008.09.050 PMID: 18952344

Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and
decrements in health: results from the World Health Surveys. Lancet. 2007; 370(9590):851-8. doi: 10.
1016/S0140-6736(07)61415-9 PMID: 17826170

Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of comorbid depression in
adults with diabetes—A meta-analysis. Diabetes Care. 2001; 24(6):1069-78. doi: 10.2337/diacare.
24.6.1069 PMID: 11375373

Katerndahl D, Calmbach WL, Becho J. Effect of Comorbid Depression on Outcomes in Diabetes and
Its Relationship to Quality of Care and Patient Adherence: A Statewide Primary Care Ambulatory
Research and Resources Consortium Study. Primary Care Companion for CNS Disorders. 2012; 14
(3):8p.

Tomio J, Toyokawa S, Tanihara S, Inoue K, Kobayashi Y. Quality of care for diabetes patients using
National Health Insurance claims data in Japan. Journal of Evaluation in Clinical Practice. 2010; 16
(6):1164-9. doi: 10.1111/j.1365-2753.2009.01287.x PMID: 20698921

Knowles SE, Chew-Graham C, Adeyemi |, Coupe N, Coventry PA. Managing depression in people
with multimorbidity: a qualitative evaluation of an integrated collaborative care model. BMC Fam
Pract. 2015; 16:32. Epub 2015/04/19. doi: 10.1186/s12875-015-0246-5 PMID: 25886864

Coventry PA, Hays R, Dickens C, Bundy C, Garrett C, Cherrington A, et al. Talking about depression:
a qualitative study of barriers to managing depression in people with long term conditions in primary
care. BMC family practice. 2011; 12. doi: 10.1186/1471-2296-12-10

Alam R, Sturt J, Lall R, Winkley K. An updated meta-analysis to assess the effectiveness of psycho-
logical interventions delivered by psychological specialists and generalist clinicians on glycaemic con-
trol and on psychological status. Patient education and counseling. 2009; 75(1):25-36. Epub 2008/
12/17. doi: 10.1016/j.pec.2008.08.026 PMID: 19084368

Coventry PA, Fisher L, Kenning C, Bee P, Bower P. Capacity, responsibility, and motivation: a critical
qualitative evaluation of patient and practitioner views about barriers to self-management in people
with multimorbidity. BMC health services research. 2014; 14. doi: 10.1186/S12913-014-0536-Y

Coventry P, Lovell K, Dickens C, Bower P, Chew-Graham C, McElvenny D, et al. Integrated primary
care for patients with mental and physical multimorbidity: cluster randomised controlled trial of collabo-
rative care for patients with depression comorbid with diabetes or cardiovascular disease. Bmj-Brit
Med J. 2015; 350. doi: 10.1136/bmj.h638 ISI1:000349911300001.

Higashi T, Wenger NS, Adams JL, Fung C, Roland M, McGlynn EA, et al. Relationship between num-
ber of medical conditions and quality of care. New Engl J Med. 2007; 356(24):2496-504. doi: 10.
1056/Nejmsa066253 PMID: 17568030

Reeves D, Kennedy A, Fullwood C, Bower P, Gardner C, Gately C, et al. Predicting who will benefit
from an Expert Patients Programme self-management course. Brit J Gen Pract. 2008; 58(548):198—
203. doi: 10.3399/bjgp08X277320

Bower P, Hann M, Rick J, Rowe K, Burt J, Roland M, et al. Multimorbidity and delivery of care for long-
term conditions in the English National Health Service: baseline data from a cohort study. J Health
Serv Res Po. 2013; 18:29-37. doi: 10.1177/1355819613492148

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. Bmj. 2009; 339:b2700. doi: 10.1136/bmj.b2700 PMID: 19622552

Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature:
providing the research evidence for public health nursing interventions. Worldviews Evid Based Nurs.
2004; 1(3):176-84. PMID: 17163895

Blakemore A, Dickens C, Guthrie E, Bower P, Kontopantelis E, Afzal C, et al. Depression and anxiety
predict health-related quality of life in chronic obstructive pulmonary disease: systematic review and
meta-analysis. Int J Chronic Obstr. 2014; 9:501-12. doi: 10.2147/Copd.S58136

Borenstein M, Rothstein D, Cohen D. Comprehensive Meta-analysis: A Computer Program for
Research Synthesis Englewood, NJ: Biostat; 2005.

Cochrane Handbook for Systematic Reviews of Interventions. (English). Online Kensaku. 2014; 35
(3):154-5.

Lipsey MW, Wilson DB. Practical meta-analysis. Thousand Oaks, Calif.: Sage Publications; 2001.
ix, 247 p. p.

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 25/30


http://dx.doi.org/10.1111/j.1532-5415.2005.53216.x
http://dx.doi.org/10.1111/j.1532-5415.2005.53216.x
http://www.ncbi.nlm.nih.gov/pubmed/15817014
http://dx.doi.org/10.1016/j.socscimed.2008.09.050
http://dx.doi.org/10.1016/j.socscimed.2008.09.050
http://www.ncbi.nlm.nih.gov/pubmed/18952344
http://dx.doi.org/10.1016/S0140-6736(07)61415-9
http://dx.doi.org/10.1016/S0140-6736(07)61415-9
http://www.ncbi.nlm.nih.gov/pubmed/17826170
http://dx.doi.org/10.2337/diacare.24.6.1069
http://dx.doi.org/10.2337/diacare.24.6.1069
http://www.ncbi.nlm.nih.gov/pubmed/11375373
http://dx.doi.org/10.1111/j.1365-2753.2009.01287.x
http://www.ncbi.nlm.nih.gov/pubmed/20698921
http://dx.doi.org/10.1186/s12875-015-0246-5
http://www.ncbi.nlm.nih.gov/pubmed/25886864
http://dx.doi.org/10.1186/1471-2296-12-10
http://dx.doi.org/10.1016/j.pec.2008.08.026
http://www.ncbi.nlm.nih.gov/pubmed/19084368
http://dx.doi.org/10.1186/S12913-014-0536-Y
http://dx.doi.org/10.1136/bmj.h638
http://dx.doi.org/10.1056/Nejmsa066253
http://dx.doi.org/10.1056/Nejmsa066253
http://www.ncbi.nlm.nih.gov/pubmed/17568030
http://dx.doi.org/10.3399/bjgp08X277320
http://dx.doi.org/10.1177/1355819613492148
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
http://www.ncbi.nlm.nih.gov/pubmed/17163895
http://dx.doi.org/10.2147/Copd.S58136

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Deeks JJ, Higgins JPT, Altman DG. 9.2 Types of data and effect measures. 2011. In: Cochrane Hand-
book for Systematic Reviews of Interventions Version 510. The Cochrane Collaboration.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bm.
2003; 327(7414):557-60. doi: 10.1136/bm|.327.7414.557 PMID: 12958120

Deeks JJ, Higgins JPT, Altman DG. Undertaking subgroup analyses. In: Deeks JJ, Higgins JPT, Alt-
man DG, editors. Cochrane Handbook for Systematic Reviews of Interventions Version 510: The
Cochrane collaboration; 2011.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphi-
cal test. Bmj. 1997; 315(7109):629-34. PMID: 9310563

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to Meta-Analysis: John Wiley &
Sons, Ltd.; 2009.

Harris RJ, Bradburn MJ, Deeks JJ, Harbord RM, Altman DG, Sterne JAC. metan: fixed- and random-
effects meta-analysis. Stata J. 2008; 8(1):3-28.

Sterne JAC, Harbord RM. Funnel plots in meta-analysis. Stata J. 2004; 4(2):127—41.

Harbord RM, Harris RJ, Sterne JAC. Updated tests for small-study effects in meta-analyses. Stata J.
2009; 9(2):197-210.

Bae S, Rosenthal MB. Patients with multiple chronic conditions do not receive lower quality of preven-
tive care. Journal of General Internal Medicine. 2008; 23(12):1933-9. doi: 10.1007/s11606-008-0784-
9 PMID: 18810557

Barham AH, Goff DC Jr, Chen H, Balasubramanyam A, Rosenberger E, Bonds DE, et al. Appropriate-
ness of cholesterol management in primary care by sex and level of cardiovascular risk. Preventive
Cardiology. 2009; 12 (2): 95—-101. doi: 10.1111/j.1751-7141.2008.00019.x PMID: 19476583

Beer C, Hyde Z, Aimeida OP, Norman P, Hankey GJ, Yeap BB, et al. Quality use of medicines and
health outcomes among a cohort of community dwelling older men: an observational study. British
Journal of Clinical Pharmacology. 2011; 71(4):592-9. doi: 10.1111/j.1365-2125.2010.03875.x PMID:
21395652

Berger A, Mychaskiw M, Dukes E, Edelsberg J, Oster G. Magnitude of potentially inappropriate pre-
scribing in Germany among older patients with generalized anxiety disorder. BMC geriatrics. 2009;
9:31-. doi: 10.1186/1471-2318-9-31 PMID: 19635161

Bertomeu V, Cordero A, Quiles J, Mazén P, Aznar J, Bueno H. Control of risk factors in and treatment
of patients with coronary heart disease: the TRECE study. Revista Espanola de Cardiologia. 2009; 62
(7):807—11. PMID: 19709516

Blais R, Sears NA, Doran D, Baker GR, Macdonald M, Mitchell L, et al. Assessing adverse events
among home care clients in three Canadian provinces using chart review. BMJ Quality & Safety.
2013;22(12):989-97. doi: 10.1136/bmjgs-2013-002039

Blecker S, Zhang Y, Ford DE, Guallar E, dosReis S, Steinwachs DM, et al. Quality of care for heart
failure among disabled Medicaid recipients with and without severe mental iliness. General Hospital
Psychiatry. 2010: 32 (3): 255-61. doi: 10.1016/j.genhosppsych.2010.02.002 PMID: 20430228

Bont J, Hak E, Birkhoff CE, Hoes AW, Verheij TJM. Is co-morbidity taken into account in the antibiotic
management of elderly patients with acute bronchitis and COPD exacerbations? Family Practice.
2007; 24(4):317-22. PMID: 17602175

Buja A, Gini R, Visca M, Damiani G, Federico B, Donato D, et al. Need and disparities in primary care
management of patients with diabetes. BMC Endocr Disord. 2014; 14:56. Epub 2014/07/12. doi: 10.
1186/1472-6823-14-56 PMID: 25011729

Cahir C, Bennett K, Teljeur C, Fahey T. Potentially inappropriate prescribing and adverse health out-
comes in community dwelling older patients. British Journal of Clinical Pharmacology. 2013; 77 (1):
201-10.

Calderén-Larrafiaga A, Poblador-Plou B, Gonzalez-Rubio F, Gimeno-Feliu LA, Abad-Diez JM, Pra-
dos-Torres A. Multimorbidity, polypharmacy, referrals, and adverse drug events: are we doing things
well? The British Journal Of General Practice: The Journal Of The Royal College Of General Practi-
tioners. 2012; 62(605):e821—e6. doi: 10.3399/bjgp12X659295

Calvert MJ, Shankar A, McManus RJ, Ryan R, Freemantle N. Evaluation of the management of heart
failure in primary care. Family Practice. 2009; 26: 145-53. doi: 10.1093/fampra/cmn105 PMID:
19153098

Chen J, Radford MJ, Wang Y, Krumholz HM. Care and outcomes of elderly patients with acute myo-
cardial infarction by physician specialty: the effects of comorbidity and functional limitations. The
American Journal Of Medicine. 2000; 108(6):460-9. PMID: 10781778

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 26/30


http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.1007/s11606-008-0784-9
http://dx.doi.org/10.1007/s11606-008-0784-9
http://www.ncbi.nlm.nih.gov/pubmed/18810557
http://dx.doi.org/10.1111/j.1751-7141.2008.00019.x
http://www.ncbi.nlm.nih.gov/pubmed/19476583
http://dx.doi.org/10.1111/j.1365-2125.2010.03875.x
http://www.ncbi.nlm.nih.gov/pubmed/21395652
http://dx.doi.org/10.1186/1471-2318-9-31
http://www.ncbi.nlm.nih.gov/pubmed/19635161
http://www.ncbi.nlm.nih.gov/pubmed/19709516
http://dx.doi.org/10.1136/bmjqs-2013-002039
http://dx.doi.org/10.1016/j.genhosppsych.2010.02.002
http://www.ncbi.nlm.nih.gov/pubmed/20430228
http://www.ncbi.nlm.nih.gov/pubmed/17602175
http://dx.doi.org/10.1186/1472-6823-14-56
http://dx.doi.org/10.1186/1472-6823-14-56
http://www.ncbi.nlm.nih.gov/pubmed/25011729
http://dx.doi.org/10.3399/bjgp12X659295
http://dx.doi.org/10.1093/fampra/cmn105
http://www.ncbi.nlm.nih.gov/pubmed/19153098
http://www.ncbi.nlm.nih.gov/pubmed/10781778

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Classen S, Meuleman J, Garvan C, Ried LD, Mann W, Asal N. Review of prescription medications in
home-based older adults with stroke: a pilot study. Research In Social & Administrative Pharmacy:
RSAP. 2007; 3(1):104—22.

Dalton ARH, Alshamsan R, Majeed A, Millett C. Exclusion of patients from quality measurement of
diabetes care in the UK pay-for-performance programme. Diabetic Medicine: A Journal Of The British
Diabetic Association. 2011; 28(5):525-31. doi: 10.1111/j.1464-5491.2011.03251 .x

Davis JM lll, Roger VL, Crowson CS, Kremers HM, Therneau TM, Gabriel SE. The presentation and
outcome of heart failure in patients with rheumatoid arthritis differs from that in the general population.
Arthritis & Rheumatism. 2008; 58(9):2603—-11.

Desai MM, Rosenheck RA, Craig TJ. Screening for alcohol use disorders among medical outpatients:
the influence of individual and facility characteristics. The American journal of psychiatry. 2005; 162
(8):1521-6. PMID: 16055775

Desai MM, Rosenheck RA, Craig TJ. Case-finding for depression among medical outpatients in the
Veterans Health Administration. Medical Care. 2006; 44(2):175-81. PMID: 16434917

Drivenes E, Ostrem A, Melbye H. Predictors of ICS/LABA prescribing in COPD patients: a study from
general practice. BMC Fam Pract. 2014; 15:42. Epub 2014/03/07. doi: 10.1186/1471-2296-15-42
PMID: 24597538

Druss BG, Zhao L, Cummings JR, Shim RS, Rust GS, Marcus SC. Mental comorbidity and quality of
diabetes care under Medicaid: a 50-state analysis. Medical Care. 2012; 50(5):428—-33. PMID:
22228248

Eguale T, Buckeridge DL, Winslade NE, Benedetti A, Hanley JA, Tamblyn R. Drug, patient, and physi-
cian characteristics associated with off-label prescribing in primary care. Archives of Internal Medi-
cine. 2012; 172(10):781-8. doi: 10.1001/archinternmed.2012.340 PMID: 22507695

Fernandez-Villar A, Lopez-Campos JL, Represas Represas C, Marin Barrera L, Leiro Fernandez V,
Lopez Ramirez C, et al. Factors associated with inadequate diagnosis of COPD: On-Sint cohort analy-
sis. IntJ Chron Obstruct Pulmon Dis. 2015; 10:961-7. Epub 2015/06/02. doi: 10.2147/COPD.S79547
PMID: 26028969

Field TS, Gurwitz JH, Harrold LR, Rothschild J, DeBellis KR, Seger AC, et al. Risk factors for adverse
drug events among older adults in the ambulatory setting. Journal of the American Geriatrics Society.
2004; 52 (8):1349-54. PMID: 15271125

Frigola-Capell E, Verdu-Rotellar JM, Comin-Colet J, Davins-Miralles J, Hermosilla E, Wensing M,
et al. Prescription in patients with chronic heart failure and multimorbidity attended in primary care.
Quality in Primary Care. 2013; 21(4):211-9. PMID: 24041138

Ghembaza MA, Senoussaoui Y, Tani MK, Meguenni K. Impact of patient knowledge of hypertension
complications on adherence to antihypertensive therapy. Current hypertension reviews. 2014; 10
(1):41-8. PMID: 25392143

Goldberg RW, Kreyenbuhl JA, Medoff DR, Dickerson FB, Wohlheiter K, Fang LJ, et al. Quality of dia-
betes care among adults with serious mental iliness. Psychiatric services (Washington, DC). 2007; 58
(4):536-43.

Harman JS, Edlund MJ, Fortney JC, Kallas H. The influence of comorbid chronic medical conditions
on the adequacy of depression care for older Americans. Journal of the American Geriatrics Society.
2005; 53(12):2178-83. PMID: 16398906

Hayes WN, Tennankore K, Battistella M, Chan CT. Vascular access-related infection in nocturnal
home hemodialysis. Hemodial Int. 2014; 18(2):481—7. doi: 10.1111/hdi.12140 PMID: 24467296

Hesse K, Fulton RL, Abdul-Rahim AH, Lees KR, Collaborators V. Characteristic Adverse Events and
Their Incidence Among Patients Participating in Acute Ischemic Stroke Trials. Stroke. 2014; 45
(9):2677—+. doi: 10.1161/Strokeaha.114.005845 PMID: 25082807

Higashi T, Wenger NS, Adams JL, Fung C, Roland M, McGlynn EA, et al. Relationship between num-
ber of medical conditions and quality of care. The New England Journal Of Medicine. 2007; 356
(24):2496-504. PMID: 17568030

Ho PM, Rumsfeld JS, Masoudi FA, McClure DL, Plomondon ME, Steiner JF, et al. Effect of medication
nonadherence on hospitalization and mortality among patients with diabetes mellitus. Archives of
Internal Medicine. 2006;(of Publication: 25 Sep 2006): 166 (17) (pp 1836—41), 2006. PMID: 17000939

Kanner AM, Barry JJ, Gilliam F, Hermann B, Meador KJ. Depressive and anxiety disorders in epi-
lepsy: Do they differ in their potential to worsen common antiepileptic drug-related adverse events?
Epilepsia. 2012; 53 (6): 1104-8. doi: 10.1111/1.1528-1167.2012.03488.x PMID: 22554067

Ko J, Delafield R, Davis J, Mau MK. Characteristics of patients with type 2 diabetes mellitus in two
rural, medically underserved communities. Hawai'i Journal Of Medicine & Public Health: A Journal Of
Asia Pacific Medicine & Public Health. 2013; 72(6):191-6.

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 27/30


http://dx.doi.org/10.1111/j.1464-5491.2011.03251.x
http://www.ncbi.nlm.nih.gov/pubmed/16055775
http://www.ncbi.nlm.nih.gov/pubmed/16434917
http://dx.doi.org/10.1186/1471-2296-15-42
http://www.ncbi.nlm.nih.gov/pubmed/24597538
http://www.ncbi.nlm.nih.gov/pubmed/22228248
http://dx.doi.org/10.1001/archinternmed.2012.340
http://www.ncbi.nlm.nih.gov/pubmed/22507695
http://dx.doi.org/10.2147/COPD.S79547
http://www.ncbi.nlm.nih.gov/pubmed/26028969
http://www.ncbi.nlm.nih.gov/pubmed/15271125
http://www.ncbi.nlm.nih.gov/pubmed/24041138
http://www.ncbi.nlm.nih.gov/pubmed/25392143
http://www.ncbi.nlm.nih.gov/pubmed/16398906
http://dx.doi.org/10.1111/hdi.12140
http://www.ncbi.nlm.nih.gov/pubmed/24467296
http://dx.doi.org/10.1161/Strokeaha.114.005845
http://www.ncbi.nlm.nih.gov/pubmed/25082807
http://www.ncbi.nlm.nih.gov/pubmed/17568030
http://www.ncbi.nlm.nih.gov/pubmed/17000939
http://dx.doi.org/10.1111/j.1528-1167.2012.03488.x
http://www.ncbi.nlm.nih.gov/pubmed/22554067

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Kontopantelis E, Reeves D, Valderas JM, Campbell S, Doran T. Recorded quality of primary care for
patients with diabetes in England before and after the introduction of a financial incentive scheme: A
longitudinal observational study. BMJ Quality and Safety. 2013; 22 (1): 53—64. doi: 10.1136/bmjgs-
2012-001033 PMID: 22918988

Krein SL, Bingham CR, McCarthy JF, Mitchinson A, Payes J, Valenstein M. Diabetes treatment
among VA patients with comorbid serious mental illness. Psychiatric services. 2006; 57(7):1016-21.
PMID: 16816287

Lagomasino IT, Dwight-Johnson M, Miranda J, Zhang L, Liao D, Duan N, et al. Disparities in depres-
sion treatment for Latinos and site of care. Psychiatric Services. 2005; 56 (12): 1517-23. PMID:
16339612

Lin PJ, Fillit HM, Cohen JT, Neumann PJ. Potentially avoidable hospitalizations among Medicare ben-
eficiaries with Alzheimer's disease and related disorders. Alzheimer's and Dementia. 2013;: 9 (1): 30—
8. doi: 10.1016/j.jalz.2012.11.002 PMID: 23305822

Lu CY, Roughead E. Determinants of patient-reported medication errors: a comparison among seven
countries. International Journal of Clinical Practice. 2011; 65(7):733—40. doi: 10.1111/j.1742-1241.
2011.02671.x PMID: 21470350

Mand P, Roth K, Biertz F, Kersting M, Kruschinski C, Schmiemann G, et al. Drug-disease interaction
in elderly patients in family practice. Int J Clin Pharmacol Ther. 2014; 52(5):337—45. doi: 10.5414/
CP202003 PMID: 24691059

Marcum ZA, Amuan ME, Hanlon JT, Aspinall SL, Handler SM, Ruby CM, et al. Prevalence of
unplanned hospitalizations caused by adverse drug reactions in older veterans. Journal of the Ameri-
can Geriatrics Society. 2012; 60 (1): 34—41. doi: 10.1111/j.1532-5415.2011.03772.x PMID: 22150441

McGovern AP, Rusholme B, Jones S, van Vlymen JN, Liyanage H, Gallagher H, et al. Association of
chronic kidney disease (CKD) and failure to monitor renal function with adverse outcomes in people
with diabetes: a primary care cohort study. BMC Nephrol. 2013; 14:198. doi: 10.1186/1471-2369-14-
198 PMID: 24047312

Mensah SA, Beavis JM, Thapar AK, Kerr MP. A community study of the presence of anxiety disorder
in people with epilepsy. Epilepsy & Behavior: E&B. 2007; 11(1):118-24.

Mikuls TR, Farrar JT, Bilker WB, Fernandes S, Saag KG. Suboptimal physician adherence to quality
indicators for the management of gout and asymptomatic hyperuricaemia: results from the UK Gen-
eral Practice Research Database (GPRD). Rheumatology. 2005; 44(8):1038—42. PMID: 15870145

Min L, Kerr EA, Blaum CS, Reuben D, Cigolle C, Wenger N. Contrasting effects of geriatric versus
general medical multimorbidity on quality of ambulatory care. J Am Geriatr Soc. 2014; 62(9):1714-21.
doi: 10.1111/jgs.12989 PMID: 25123154

Mira JJ, Martinez-Jimeno L, Orozco-Beltran D, Iglesias-Alonso F, Lorenzo S, Nuno R, et al. What
older complex chronic patients need to know about their everyday medication for safe drug use.
Expert Opinion on Drug Safety. 2014; 13(6):713-21. doi: 10.1517/14740338.2014.916272 PMID:
24821193

Nasser J, Habib F, Hasan M, Khalil N. Prevalence of depression among people with diabetes attend-
ing diabetes clinics at primary health settings. Bahrain Medical Bulletin. 2009; 31 (3).

Nuyen J, Volkers AC, Verhaak PFM, Schellevis FG, Groenewegen PP, Van den Bos GAM. Accuracy
of diagnosing depression in primary care: the impact of chronic somatic and psychiatric co-morbidity.
Psychological Medicine. 2005; 35(8):1185-95. PMID: 16116944

Obreli-Neto P, Nobili A, Oliveira Baldoni A, Guidoni C, Lyra Junior D, Pilger D, et al. Adverse drug
reactions caused by drug-drug interactions in elderly outpatients: a prospective cohort study. Euro-
pean Journal of Clinical Pharmacology. 2012; 68(12):1667—-76. doi: 10.1007/s00228-012-1309-3
PMID: 22644345

Parchman ML, Noél PH, Lee S. Primary care attributes, health care system hassles, and chronicill-
ness. Medical Care. 2005; 43(11):1123-9. PMID: 16224306

Pawaskar MD, Joish VN, Camacho FT, Rasu RS, Balkrishnan R. The influence of co-morbidities on
prescribing pharmacotherapy for insomnia: Evidence from US national outpatient data 1995-2004.
Journal of Medical Economics. 2008: 11 (1): 41-56. doi: 10.3111/13696990701817491 PMID:
19450109

Petersen LA, Woodard LD, Henderson LM, Urech TH, Pietz K. Will hypertension performance mea-
sures used for pay-for-performance programs penalize those who care for medically complex
patients? Circulation. 2009; 119(23):2978-85. doi: 10.1161/circulationaha.108.836544 PMID:
19487595

Pugh MJV, Fincke BG, Bierman AS, Chang B, Rosen AK, Cunningham FE, et al. Potentially inappro-
priate prescribing in elderly veterans: are we using the wrong drug, wrong dose, or wrong duration?

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 28/30


http://dx.doi.org/10.1136/bmjqs-2012-001033
http://dx.doi.org/10.1136/bmjqs-2012-001033
http://www.ncbi.nlm.nih.gov/pubmed/22918988
http://www.ncbi.nlm.nih.gov/pubmed/16816287
http://www.ncbi.nlm.nih.gov/pubmed/16339612
http://dx.doi.org/10.1016/j.jalz.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/23305822
http://dx.doi.org/10.1111/j.1742-1241.2011.02671.x
http://dx.doi.org/10.1111/j.1742-1241.2011.02671.x
http://www.ncbi.nlm.nih.gov/pubmed/21470350
http://dx.doi.org/10.5414/CP202003
http://dx.doi.org/10.5414/CP202003
http://www.ncbi.nlm.nih.gov/pubmed/24691059
http://dx.doi.org/10.1111/j.1532-5415.2011.03772.x
http://www.ncbi.nlm.nih.gov/pubmed/22150441
http://dx.doi.org/10.1186/1471-2369-14-198
http://dx.doi.org/10.1186/1471-2369-14-198
http://www.ncbi.nlm.nih.gov/pubmed/24047312
http://www.ncbi.nlm.nih.gov/pubmed/15870145
http://dx.doi.org/10.1111/jgs.12989
http://www.ncbi.nlm.nih.gov/pubmed/25123154
http://dx.doi.org/10.1517/14740338.2014.916272
http://www.ncbi.nlm.nih.gov/pubmed/24821193
http://www.ncbi.nlm.nih.gov/pubmed/16116944
http://dx.doi.org/10.1007/s00228-012-1309-3
http://www.ncbi.nlm.nih.gov/pubmed/22644345
http://www.ncbi.nlm.nih.gov/pubmed/16224306
http://dx.doi.org/10.3111/13696990701817491
http://www.ncbi.nlm.nih.gov/pubmed/19450109
http://dx.doi.org/10.1161/circulationaha.108.836544
http://www.ncbi.nlm.nih.gov/pubmed/19487595

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Journal of the American Geriatrics Society. 2005; 53(8):1282-9. doi: 10.1111/j.1532-5415.2005.
53402.x PMID: 16078952

Pugh MJV, Vancott AC, Steinman MA, Mortensen EM, Amuan ME, Wang C-P, et al. Choice of initial
antiepileptic drug for older veterans: possible pharmacokinetic drug interactions with existing medica-
tions. Journal of the American Geriatrics Society. 2010; 58(3):465—71. doi: 10.1111/j.1532-5415.
2010.02732.x PMID: 20398114

Reichard A, Stolzle H, Sella AC, Shireman TI. Quality of diabetes care for adults with physical disabili-
ties in Kansas. Disability And Health Journal. 2012; 5(1):34—40. doi: 10.1016/j.dhjo.2011.09.003
PMID: 22226296

Rigler SK, Perera S, Jachna C, Shireman Tl, Eng M. Comparison of the association between disease
burden and inappropriate medication use across three cohorts of older adults. The American journal
of geriatric pharmacotherapy. 2004; 2(4):239-47. PMID: 15903282

Ruigomez A, Rodriguez LAG, Johansson S, Wallander MA, Edvardsson N. Risk of cerebrovascular
accident after a first diagnosis of atrial fibrillation. Clinical Cardiology. 2007; 30 (12): 624—8. PMID:
18069679

Ruppert K, Uhler A, Siminerio L. Examining patient risk factors, comorbid conditions, participation,
and physician referrals to a rural diabetes self-management education program. Diabetes Educ.
2010; 36(4):603—12. doi: 10.1177/0145721710369705 PMID: 20479132

Schnitzer S, Kuhimey A, Adolph H, Holzhausen J, Schenk L. Complaints as indicators of health care
shortcomings: which groups of patients are affected? International Journal For Quality In Health Care:
Journal Of The International Society For Quality In Health Care / Isqua. 2012; 24(5):476-82. doi: 10.
1093/intghc/mzs036

Shireman TI, Reichard A, Nazir N, Backes JM, Greiner KA. Quality of diabetes care for adults with
developmental disabilities. Disability And Health Journal. 2010; 3(3):179-85. doi: 10.1016/j.dhjo.
2009.10.004 PMID: 21122783

Simeone JC, Quilliam BJ. Predictors of emergency department and outpatient visits for hypoglycemia
in type 2 diabetes: an analysis of a large US administrative claims database. The Annals Of Pharma-
cotherapy. 2012; 46(2):157-68. doi: 10.1345/aph.1Q352 PMID: 22234990

Simpson CR, Hannaford PC, McGovern M, Taylor MW, Green PN, Lefevre K, et al. Are different
groups of patients with stroke more likely to be excluded from the new UK general medical services
contract? A cross-sectional retrospective analysis of a large primary care population. BMC family
practice. 2007; 8:56-. PMID: 17900351

Sloane PD, Gruber-Baldini AL, Zimmerman S, Roth M, Watson L, Boustani M, et al. Medication under-
treatment in assisted living settings. Archives of Internal Medicine. 2004; 164(18):2031-7. PMID:
15477439

Streit S, da Costa BR, Bauer DC, Collet TH, Weiler S, Zimmerli L, et al. Multimorbidity and quality of
preventive care in Swiss university primary care cohorts. PLoS ONE. 2014; 9(4):e96142. Epub 2014/
04/25. doi: 10.1371/journal.pone.0096142 PMID: 24760077

Thorpe CT, Thorpe JM, Kind AJH, Bartels CM, Everett CM, Smith MA. Receipt of monitoring of diabe-
tes mellitus in older adults with comorbid dementia. Journal of the American Geriatrics Society. 2012;
60(4):644-51. doi: 10.1111/j.1532-5415.2012.03907.x PMID: 22428535

Tsang C, Bottle A, Majeed A, Aylin P. Adverse events recorded in English primary care: observational
study using the General Practice Research Database. The British Journal Of General Practice: The
Journal Of The Royal College Of General Practitioners. 2013; 63(613):534—42. doi: 10.3399/
bjgp13X670660

van Dijk L, Heerdink ER, Somai D, van Dulmen S, Sluijs EM, de Ridder DT, et al. Patient risk profiles
and practice variation in nonadherence to antidepressants, antihypertensives and oral hypoglyce-
mics. BMC health services research. 2007; 7:51-. PMID: 17425792

Weisman MH, Paulus HE, Burch FX, Kivitz AJ, Fierer J, Dunn M, et al. A placebo-controlled, random-
ized, double-blinded study evaluating the safety of etanercept in patients with rheumatoid arthritis and
concomitant comorbid diseases. Rheumatology. 2007; 46 (7): 1122-5. PMID: 17470434

Whooley MA, De Jonge P, Vittinghoff E, Otte C, Moos R, Carney RM, et al. Depressive symptoms,
health behaviors, and risk of cardiovascular events in patients with coronary heart disease. JAMA—
Journal of the American Medical Association. 2008; 300 (20): 2379-88.

Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and complications of multiple chronic
conditions in the elderly. Archives of Internal Medicine. 2002; 162(20):2269—-76. PMID: 12418941

Wong MCS, Jiang JY, Yan BP, Griffiths SM. Subjects at risk of discontinuation of lipid-lowering
agents: a 6-month cohort study among 12,875 patients in a chinese population. Clinical Therapeutics.
2011; 33(5):617-28. doi: 10.1016/j.clinthera.2011.04.019 PMID: 21665046

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 29/30


http://dx.doi.org/10.1111/j.1532-5415.2005.53402.x
http://dx.doi.org/10.1111/j.1532-5415.2005.53402.x
http://www.ncbi.nlm.nih.gov/pubmed/16078952
http://dx.doi.org/10.1111/j.1532-5415.2010.02732.x
http://dx.doi.org/10.1111/j.1532-5415.2010.02732.x
http://www.ncbi.nlm.nih.gov/pubmed/20398114
http://dx.doi.org/10.1016/j.dhjo.2011.09.003
http://www.ncbi.nlm.nih.gov/pubmed/22226296
http://www.ncbi.nlm.nih.gov/pubmed/15903282
http://www.ncbi.nlm.nih.gov/pubmed/18069679
http://dx.doi.org/10.1177/0145721710369705
http://www.ncbi.nlm.nih.gov/pubmed/20479132
http://dx.doi.org/10.1093/intqhc/mzs036
http://dx.doi.org/10.1093/intqhc/mzs036
http://dx.doi.org/10.1016/j.dhjo.2009.10.004
http://dx.doi.org/10.1016/j.dhjo.2009.10.004
http://www.ncbi.nlm.nih.gov/pubmed/21122783
http://dx.doi.org/10.1345/aph.1Q352
http://www.ncbi.nlm.nih.gov/pubmed/22234990
http://www.ncbi.nlm.nih.gov/pubmed/17900351
http://www.ncbi.nlm.nih.gov/pubmed/15477439
http://dx.doi.org/10.1371/journal.pone.0096142
http://www.ncbi.nlm.nih.gov/pubmed/24760077
http://dx.doi.org/10.1111/j.1532-5415.2012.03907.x
http://www.ncbi.nlm.nih.gov/pubmed/22428535
http://dx.doi.org/10.3399/bjgp13X670660
http://dx.doi.org/10.3399/bjgp13X670660
http://www.ncbi.nlm.nih.gov/pubmed/17425792
http://www.ncbi.nlm.nih.gov/pubmed/17470434
http://www.ncbi.nlm.nih.gov/pubmed/12418941
http://dx.doi.org/10.1016/j.clinthera.2011.04.019
http://www.ncbi.nlm.nih.gov/pubmed/21665046

@’PLOS ‘ ONE

Multimorbidity and Patient Safety in Primary Care

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Wong MKY, Wang JT, Czarnecki A, Koh M, Tu JV, Schull MJ, et al. Factors associated with physician
follow-up among patients with chest pain discharged from the emergency department. Can Med
Assoc J. 2015; 187(5):E160-E8. doi: 10.1503/cmaj.141294

Woodard LD, Landrum CR, Urech TH, Degang W, Virani SS, Petersen LA. Impact of Clinical Com-
plexity on the Quality of Diabetes Care. American Journal of Managed Care. 2012; 18(9):508—14.
PMID: 23009301

Zwar NA, Marks GB, Hermiz O, Middleton S, Comino EJ, Hasan |, et al. Predictors of accuracy of diag-
nosis of chronic obstructive pulmonary disease in general practice. The Medical journal of Australia.
2011; 195(4):168-71. PMID: 21843115

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373-83. PMID:
3558716

Kenning C, Coventry PA, Bower P. Self-management interventions in patients with long-term condi-
tions: a structured review of approaches to reporting inclusion, assessment, and outcomes in multi-
morbidity. 2014; 4(1):9. doi: 10.15256/joc.2014.4.33

loannidis JP, Patsopoulos NA, Rothstein HR. Reasons or excuses for avoiding meta-analysis in forest
plots. Bmj. 2008; 336(7658):1413-5. Epub 2008/06/21. doi: 10.1136/bmj.a117 PMID: 18566080

Kontopantelis E, Springate DA, Reeves D. A re-analysis of the Cochrane Library data: the dangers of
unobserved heterogeneity in meta-analyses. Plos One. 2013; 8(7):€69930. doi: 10.1371/journal.
pone.0069930 PMID: 23922860

McAuley L, Pham B, Tugwell P, Moher D. Does the inclusion of grey literature influence estimates of
intervention effectiveness reported in meta-analyses? Lancet. 2000; 356(9237):1228-31. doi: 10.
1016/S0140-6736(00)02786-0 PMID: 11072941

Kenning C, Coventry PA, Bower P. Self-management interventions in patients with long-term condi-
tions: a structured review of approaches to reporting inclusion, assessment, and outcomes in multi-
morbidity. Journal of Comorbidity. 2014; 4(1):37-45.

Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag M, et al. Prevalence, Deter-
minants and Patterns of Multimorbidity in Primary Care: A Systematic Review of Observational Stud-
ies. PLoS One. 2014; 9(7). doi: 10.1371/journal.pone.0102149

Daker-White G, Hays R, Esmail A, Minor B, Barlow W, Brown B, et al. MAXimising Involvement in
MUItiMorbidity (MAXIMUM) in primary care: protocol for an observation and interview study of
patients, GPs and other care providers to identify ways of reducing patient safety failures. BMJ Open.
2014; 4(8):2014-005493.

Smith SM, Soubhi H, Fortin M, Hudon C, O'Dowd T. Managing patients with multimorbidity: systematic
review of interventions in primary care and community settings. Bmj. 2012; 3(345).

Leendertse AJ, de Koning GH, Goudswaard AN, Belitser SV, Verhoef M, de Gier HJ, et al. Preventing
hospital admissions by reviewing medication (PHARM) in primary care: an open controlled study in an
elderly population. J Clin Pharm Ther. 2013; 38(5):379-87. doi: 10.1111/jcpt.12069 PMID: 23617687

Harrison M, Reeves D, Harkness E, Valderas J, Kennedy A, Rogers A, et al. A secondary analysis of
the moderating effects of depression and multimorbidity on the effectiveness of a chronic disease
self-management programme. Patient Educ Couns. 2012; 87(1):67—73. doi: 10.1016/j.pec.2011.06.
007 PMID: 21767927

Muth C, van den Akker M, Blom JW, Mallen CD, Rochon J, Schellevis FG, et al. The Ariadne princi-
ples: how to handle multimorbidity in primary care consultations. BMC Medicine. 2014; 12. doi: 10.
1186/S12916-014-0223-1

May C, Montori VM, Mair FS. We need minimally disruptive medicine2009 2009-08-11 23:06:19.

PLOS ONE | DOI:10.1371/journal.pone.0135947 August 28, 2015 30/30


http://dx.doi.org/10.1503/cmaj.141294
http://www.ncbi.nlm.nih.gov/pubmed/23009301
http://www.ncbi.nlm.nih.gov/pubmed/21843115
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://dx.doi.org/10.15256/joc.2014.4.33
http://dx.doi.org/10.1136/bmj.a117
http://www.ncbi.nlm.nih.gov/pubmed/18566080
http://dx.doi.org/10.1371/journal.pone.0069930
http://dx.doi.org/10.1371/journal.pone.0069930
http://www.ncbi.nlm.nih.gov/pubmed/23922860
http://dx.doi.org/10.1016/S0140-6736(00)02786-0
http://dx.doi.org/10.1016/S0140-6736(00)02786-0
http://www.ncbi.nlm.nih.gov/pubmed/11072941
http://dx.doi.org/10.1371/journal.pone.0102149
http://dx.doi.org/10.1111/jcpt.12069
http://www.ncbi.nlm.nih.gov/pubmed/23617687
http://dx.doi.org/10.1016/j.pec.2011.06.007
http://dx.doi.org/10.1016/j.pec.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21767927
http://dx.doi.org/10.1186/S12916-014-0223-1
http://dx.doi.org/10.1186/S12916-014-0223-1

