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CBA study designs, respectively. The analysis methods employed also varied substantially 

among studies, even among the same study design. 

We observed mixed evidence regarding effectiveness: most studies observed either a significant 

effect favoring the intervention, or no clear effect in either direction, while only few studies ob-

served harmful effects of interventions. For example, for studies assessing the effect of interven-

tions to reduce ambient air pollution from vehicular sources, across health outcomes, 5/9 studies 

observed a significant effect favoring the intervention and 4/9 observed no clear effect in either 

direction, while no studies observed a significant effect favoring the control. A similar pattern was 

observed across air quality outcomes, with 15/46 studies observing a significant effect favoring 

the intervention and 23/46 no clear effect in either direction, while 8/46 observed a significant 

effect favoring the control. 

2.5.4 Discussion 

As the first systematic review of this evidence base, this work addressed an important gap in the 

evidence by identifying and synthesizing up-to-date evidence on interventions aiming to reduce 

ambient particulate matter air pollution. Due to the substantial heterogeneity across included stud-

ies, deriving overall conclusions on the effectiveness of interventions was challenging. Overall, 

we identified some evidence suggesting that interventions have successfully improved health and 

air quality outcomes, with comparatively little indication that interventions cause harm. Included 

studies highlight several challenges in conducting this type of study, as well as several avenues 

for improving research in this field. Future studies, for example, should focus on better addressing 

confounding in studies; opportunities for doing so include the use of appropriate comparison pop-

ulations or comparison outcomes unaffected by the intervention, and accounting for underlying 

time trends in outcomes. Other potential improvements could involve the prospective planning of 

evaluations, a priori definition and documentation of methods, and improved reporting.  

2.5.5 Implications for thesis 

Apart from being an important contribution to the evidence base on air pollution interventions, this 

systematic review was important from a methodological standpoint. We were able to explore the 

extent to which traditional best-practice systematic review methods are well suited for assessing 

the effectiveness of complex interventions, such as those in public health; and although each 

complex intervention is different to a certain extent, we learned or underscored valuable lessons 

that can be generalized.  

Firstly, this systematic review highlighted that questions of complex, broad public health interven-

tions will likely yield an extremely heterogeneous evidence base, making the synthesis and inter-

pretation of the evidence and the generation of concise conclusions difficult. Without pooled esti-

mates, even when using recently developed methods of graphical summary, users, i.e. decision-

makers and practitioners, are likely left uncertain of how to correctly interpret and apply the results 

to inform a decision. This suggests that it may be helpful to supplement traditional systematic 

review methods with other methods, which could help make the heterogeneous results from this 

type of systematic review more informative and easier-to-use for users.  

Secondly, we identified an evidence base that was substantially limited with regards to the study 

design and analysis methods, especially related to accounting for confounding and complete re-

porting. Additionally, a wide range of differences in study design and analysis methods precludes 

the possibility of statistically synthesizing the data. If systematic reviews are to meaningfully and 

robustly inform decisions, improvements in the underlying evidence base will be critical. Important 
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Through the gap analysis we identified four aspects that may have influenced the effectiveness 

of the evaluated interventions, or the assessment of the effectiveness. Emerging aspects related 

to (1) the heterogeneity and ambiguous nature of the comparator, i.e. home-based palliative care 

without an explicit caregiver component; (2) the potential lack of tailoring care to patient and care-

giver needs in structured interventions; (3) the questionable appropriateness of outcomes as-

sessed (e.g. standardized health outcomes related to quality of life and psychological accounts 

likely not sensitive to the palliative population); and (4) the questionable appropriateness of the 

study designs used in included studies (e.g. non-randomized studies of low internal validity, which 

are additionally poorly suited to the flexibility and tailored nature of home-based palliative care 

interventions). Through expert consultations structured around these emerging aspects, we iden-

tified several important clinical aspects, like the need to embrace tailored, adaptive care and re-

sponsive outcomes in practice, as well as methodological aspects, like the need for improved 

study designs and improved reporting in primary research. 

2.6.4 Discussion 

Through the conduct of an application case on home-based palliative care with an explicit care-

giver component, we supplemented rigorous traditional systematic review methods with further 

methods, including gap analysis and expert consultations, to further explore and contextualize 

the findings. This allowed us to highlight aspects not explicitly found in the included studies, yet 

that could be very helpful in helping users, including decision-makers and/or practitioners, to bet-

ter interpret the systematic review findings, and more importantly, move towards a more informed 

decision.  

2.6.5 Implications for thesis 

Similar to Publication I, the application case for Publication II, home-based palliative care with an 

explicit informal caregiver component, highlighted an extremely diverse and challenging evidence 

base. Here, the traditional systematic review methods provided an overview of the effectiveness, 

but this information on its own would likely prove too broad and superficial for users attempting to 

make a context-specific and nuanced decision.  

It is increasingly considered best-practice to engage with stakeholders, such as decision-makers, 

practitioners and researchers, during the conduct of a systematic review, especially one of a com-

plex intervention. The supplemental methods we applied, a gap analysis and expert consultations, 

allow such stakeholders to be involved in the process, and to use their expertise and experiences 

to help explain and contextualize findings. Such information could be critical in helping users of 

the review better understand, not only the overall effectiveness of a complex intervention, but 

what aspects, including those described in the included studies and those external to the evidence 

base, may influence its effectiveness.  

This is just one potential set of supplemental methods, and a range of other methods exist for 

incorporating additional quantitative and/or qualitative data with the findings of systematic reviews 

[30, 55]. Other methods include, for example, using Bayesian meta-analysis to combine quanti-

tative systematic review findings with qualitative interview data [56], and using program theory or 

logic models to triangulate multiple streams of quantitative and/or qualitative data to explore 

causal pathways and assess aspects such as context and implementation [57]. Our demonstrated 

methods, as well as these others, provide an opportunity to expand traditional systematic review 

methods and thus produce more informative and relevant findings for informing decisions. 
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Diese Publikationen haben nicht nur einige Lücken im Status quo der systematischen Über-

sichtsarbeiten und zugrundeliegenden Primärstudien zur Evaluation komplexer Interventionen 

gezeigt; sie haben auch beschrieben wie die Methodik noch weiter verbessert werden könnte. 

Aufgrund der Komplexität einer Interventionen und des Systems, in dem sie umgesetzt wird, gibt 

es kein einheitliches, immer gültiges Set von Methoden für die Evaluation ihrer Wirksamkeit. 

Nichtsdestotrotz liefert das Wissen, das durch diese Publikationen generiert wurde, einen wertvol-

len und nützlichen Beitrag zu einem größeren methodischen Werkzeugkasten für die Evaluation 

komplexer Interventionen. Dieses Wissen kann sowohl von Forschern und Praktikern genutzt 

werden, die nach geeigneten Methoden für die Evaluation ihrer Maßnahmen suchen, als auch 

bei der Entwicklung und weiteren Verfeinerung von Methoden unterstützen. 
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�$"�$�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,
"��&�"#&’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,
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�:!!"�;�1<�<(/�(/9�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ 3
�"#=9�1:/�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,+

<������,’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,,
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!$&�1��’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,?
�$�: &�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,5

<������?’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,-
<������3’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ *+
<������.’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ *@
<������4’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ *5
<������@’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ?+
<������5’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ?,
<������-’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ?*
<������,+’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ??
<������,,’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ?.
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<������,?’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ?5
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�$<$�$/#$�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ 3@
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"��$/�(#$�’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,,,

<������,.’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ,*4
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We describe a combination of methods for assessing the effectiveness of

complex interventions, especially where substantial heterogeneity with regard

to the population, intervention, comparison, outcomes, and study design of

interest is expected. We applied these methods in a recent systematic review

of the effectiveness of reinforced home�based palliative care (rHBPC)

interventions, which included home�based care with an additional and explicit

component of lay caregiver support. We first summarized the identified

evidence, deemed inappropriate for statistical pooling, graphically by creating

harvest plots. Although very useful as a tool for summary and presentation of

overall effectiveness, such graphical summary approaches may obscure relevant

differences between studies. Thus, we then used a gap analysis and conducted

expert consultations to look beyond the aggregate level at how the identified

evidence of effectiveness may be explained. The goal of these supplemental

methods was to step outside of the conventional systematic review and explore

this heterogeneity from a broader perspective, based on the experience of

palliative care researchers and practitioners. The gap analysis and expert

consultations provided valuable input into possible underlying explanations

in the evidence, which could be helpful in the further adaptation and testing

of existing rHBPC interventions or the development and evaluation of new

ones. We feel that such a combination of methods could prove accessible,

understandable, and useful in informing decisions and could thus help increase

the relevance of systematic reviews to the decision�making process.
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1 | EVIDENCE SYNTHESIS IN THE
ABSENCE OF META � ANALYSIS:
NEED FOR METHODS
DEVELOPMENT

The challenges associated with conducting systematic
reviews of complex interventions have been well
documented; a potentially broad research question that
requires intricate, multidisciplinary searches may lead to
the collection of very heterogeneous evidence, with a
potentially wide range of methodological characteristics,
included populations, interventions, comparisons, out-
comes, and results.1 A range of novel meta�analytical
and other statistical methods exist to address and assess
such heterogeneity,2,3 but a critical decision for the
reviewer is nevertheless whether the identified evidence
is sufficiently homogenous to be statistically combined
in a meta�analysis.4 In systematic reviews of complex
interventions, the a priori expectation of substantial
heterogeneity among studies often leads reviewers to
forgo a meta�analysis, deciding instead for a narrative
synthesis. A narrative synthesis of effectiveness evidence
on its own, however, may prove lengthy and inaccessible
to the end user5 and in fact may leave the decision maker
to make further sense of the evidence on his or her own.
Thus, evidence in this form may not be ideal for
informing decision makers.6,7

In contrast, a clear, accessible summary is particularly
important to decision makers, and non…meta�analytical
graphical summary methods have been shown to be an
informative and comprehensible mode of presenting
results of systematic reviews. The forest plot without a
pooled effect estimate, for example, provides an overview
of the effects for all studies assessing a given outcome and
is likely already familiar to various stakeholders.4,8 Other
graphical methods, like the harvest plot,9-11 the effect
direction plot,5 and the bubble plot,12,13 can summarize
large bodies of information, usually facilitating the
arrangement of various intervention types, outcomes,
and other aspects in a single structure. The albatross plot
is more statistical in nature and attempts to illustrate the
relationship between theP value, the effect size, and the
size of the assessed population.14,15 Each method is
unique in its presentation of results from primary studies,
but all aim to summarize and present intervention effects
across studies in an accessible and user�friendly manner.
The lack of a meta�analysis, nevertheless, means that
most systematic reviews using a graphical summary
method will fail to provide the precise quantitative answer
that decision�makers may desire and may lead to further
questions about included studies and how aspects of these
studies may influence intervention effectiveness. Thus, a
way to extract more detailed information from the

underlying systematic review, which facilitates a better
understanding of included participants, interventions,
outcomes, context, or other aspects, could be a valuable
complement to graphical summary methods and could
thus help increase the relevance of systematic reviews to
the decision�making process.

As part of the recently completed European Union�
funded INTEGRATE�HTA project,16 we developed
concepts and methods for the comprehensive, integrated
assessment of complex interventions. These concepts
and methods were then applied in a demonstration
health technology assessment (HTA) on reinforced
home�based palliative care (rHBPC), which refers to
home palliative care with an additional component of
lay caregiver support.17 We chose to assess rHBPC within
INTEGRATE�HTA because, based on the current
literature on complexity of health interventions and
health systems, it can be considered highly complex:
There are multiple interacting components, a unit of care
composed of the patients and their lay caregivers, as well
as multiple service providers and other stakeholders at
various levels, a range of physical, psychological, and
spiritual outcomes, and the need for a degree of
tailoring.18 Additionally, the interactions between the
intervention, context, setting, and implementation likely
influence effectiveness,19 and these various aspects may
change in adaptive ways over time.2,20 The methods
applied in the effectiveness assessment of rHBPC are
presented in this paper.

In the following section, we will briefly describe the
scope of the systematic review of effectiveness, including
the population, intervention, comparison, outcomes, and
study designs of interest. In the subsequent section, we
will describe the combination of methods applied for
summarizing, presenting, and further exploring the
evidence included in this review, which included creating
harvest plots and a subsequent gap analysis and expert
consultations. In the final sections, we will present the
results from this combined approach to evidence synthe-
sis and interpretation and briefly discuss the strengths
and limitations of the applied methods.

2 | SCOPE AND OVERVIEW OF
METHODS OF SYSTEMATIC REVIEW
OF RHBPC

Following a Cochrane review that showed mixed results
regarding the effectiveness of identified interventions,21

we aimed to update the evidence base and assess the
effectiveness of rHBPC interventions across a range of
health outcomes in adult patients and their lay caregivers.
The review scope is summarized in Box 1.
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Box 1: Clinical and methodological scope of systematic
review

Population: We included all adults (� 18 years)
with any life�limiting condition receiving
rHBPC. We included all lay caregivers, as the
lay caregiving role may be taken on by any
number of individuals and is by no means
limited to family.22

Intervention: rHBPC encompasses a wide range
of services. For the purpose of this review, we
included any intervention, which allowed
patients to receive care primarily at home, and
which additionally used an explicit component
focusing on supporting the lay caregiver. This
additional support included any psycho�
educational intervention aimed at providing
assistance to lay caregivers (eg, individual or
group counseling, education, advice, or respite
services, which alleviate burden).
Comparison: We included any comparator, as
during protocol development, it became clear
that services offered to patients and caregivers as
part of usual care were very heterogeneous.
Outcomes: Patient outcomes included pain,
symptom control, quality of life (QoL),
psychological health, death at home,
hospitalization, response (eg, coping,
preparedness, and mastery), and satisfaction
with care. Lay caregiver outcomes included QoL,
psychological health, response, and satisfaction
with care.
Study designs: We included studies applying any
of the following designs.

€ Patient or cluster randomized controlled trials
€ Patient or cluster nonrandomized controlled

trials
€ Controlled before�after studies with at least 2

interventions and 2 control sites.23

€ Interrupted time series studies with at least 3
data points both before and after a clearly
defined intervention.23

We searched for and selected studies and appraised
the quality of included studies in line with Gomes et al21

and guidance published by Cochrane.4 A more detailed
description of the scope and methods can be found in
the review protocol, available online.24

3 | EVIDENCE SYNTHESIS AND
BEYOND: HARVEST PLOTS, GAP �
ANALYSIS, AND EXPERT
CONSULTATIONS

At the evidence synthesis stage, we diverged from the
methods applied in the original review by Gomes et al,21

where a narrative synthesis and a limited number of
meta�analyses were performed. Based on the expected
clinical and methodological heterogeneity of studies, we
decided a priori to forgo meta�analysis and to present
findings graphically through harvest plots. We arranged
studies on a matrix in columns according to direction of
effect�favors control, no difference or favors intervention,
and in rows according to the outcome category. Addition-
ally, information regarding study design„ represented by
the height of the bar, and where no statistical analysis
was performed„ indicated with a dotted border, was
portrayed. The color of the bar designates whether that
study was originally included in Gomes et al21 (white) or
newly identified through our review update (black).

We recognized that while harvest plots are a good
means of providing an overview of the evidence of
effectiveness, decision makers tend to be interested in
more detailed and concrete information regarding the
various populations, interventions, and outcomes.
Systematic review authors increasingly engage content
experts, both at the planning and execution stage, in the
hopes to increase the relevance and utility of review
results.4,25-27Thus, in an attempt to engage with experts
in palliative care practice, we subsequently conducted a
gap analysis and expert consultations to further explore
the review results.•Gap analysisŽ is a catchall term used
to describe a range of methods applied in many scenar-
ios.28-30 In this study, gap analysis refers to the process
by which the entire review team, with expertise in pallia-
tive care, effectiveness and cost�effectiveness research,
and evidence synthesis, sought to examine the main
findings related to rHBPC effectiveness in an open and
iterative discussion. Gaps could, for example, be open
questions or inconsistencies around study methods,
included populations, interventions, comparisons, or
outcomes, as well as about the effects observed in the
included studies. These identified gaps, which we refer
to as•emerging aspects,Žwere used as a flexible structure
for the one�on�one consultations with palliative care
practitioners and researchers, as explained below and for
summarizing the insights obtained.

Following the gap analysis, 4 palliative care profes-
sionals, including researchers and practitioners with
knowledge and experience in palliative care from
England, Germany, and the Netherlands, were consulted
individually via telephone or Skype. These individuals
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were purposively selected from a group of experts that had
previously expressed interest in contributing to INTE-
GRATE�HTA. Each expert was provided the opportunity
to study the review protocol and the harvest plots and
was asked to discuss methodological or palliative care�
related issues relevant to the emerging aspects arising
from the gap analysis. For example, if a certain type of
intervention seemed to be comparatively effective, the
experts would discuss, based on their knowledge and
experiences, why this particular intervention may be
observed as effective. As well as discussing the emerging
aspects, experts were invited to contribute other relevant
questions, comments, or topics. Each consultation was
audiotaped to ensure fidelity. We reviewed consultation
findings descriptively using the emerging aspects to
structure the findings. As an author team, we then aimed
to further distill the insights into potential implications
for research and practice.

4 | RESULTS

The results of the study selection process can be seen in
Figure S1. We included 9 studies assessing rHBPC, 5
included in the original review31-35and 4 newly identified
through our updated searches.36-39 The studies differed
widely with regard to the study setting, population,
intervention, comparison, and outcomes, and detailed
information on these aspects is provided in Table S1.

The harvest plots provide an overall summary of the
effect estimates of included primary studies across all

outcomes. For caregiver outcomes, most of the 9 studies
showed no greater benefit for rHBPC than for standard
nonreinforced home�based interventions; a small number
of studies showed some positive effects (Figure 1).
Although rHBPC interventions focused mostly on lay
caregivers, 5 studies also assessed patient outcomes
(Figure 2). For pain, QoL, hospitalization, patient
response, and satisfaction of care, there appeared to be
no difference between rHBPC and non�rHBPC interven-
tions. Symptom control and psychological health
displayed a mix of positive intervention effects and no
effect.

Through the gap analysis, the review team identified 4
emerging aspects, which potentially influenced the
effectiveness of the included rHBPC interventions or the
assessment of effectiveness (Table 1,•Emerging AspectŽ
column). These included (1) the heterogeneity and ambi-
guity of the primary study comparator, nonreinforced
care, against which rHBPC interventions were compared;
(2) the potential lack of individually tailored care based on
patient and caregiver needs; (3) the appropriateness of
outcomes used in the review, as well as in primary
studies; and (4) the primary study designs with which
these interventions are usually evaluated.

In the subsequent consultations, experts highlighted
both clinical and methodological aspects, such as the need
to embrace more tailored, evolving care, the use of more
responsive outcomes and more appropriate study designs,
and overall better reporting in primary research. A
summary of the findings of these consultations is
provided in Table 1 (•Expert ConsultationsŽcolumn).

FIGURE 1 Effect estimates of included rHBPC interventions for lay caregiver outcomes
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5 | DISCUSSION

As we felt that statistical aggregation was unlikely to be
appropriate given expected heterogeneity in populations,
interventions, outcomes, and study methods, the graphi-
cal summary provided by the harvest plots allowed us to
produce evidence on effectiveness that is accessible to
and informative for decision makers.6 The harvest plots
show, for example, that rHBPC interventions were, for
the most part, not effective in improving patient or lay
caregiver outcomes. Harvest plots, however, do not tell
the entire story; presenting the evidence in such an
overview manner can obscure critical differences in
individual studies, and recognizing such differences may
require looking beyond the overall summary of evidence.
At this stage, rather than concluding that rHBPC does not
work, it may be valuable to examine both the factors that
may have led to some interventions being more effective
than others40,41 and to step outside of the conventional
systematic review and explore this heterogeneity from a
broader perspective.

Thus, we consulted experts with the aim of
supplementing the summary of evidence generated
through the systematic review with more detailed infor-
mation regarding the assessed populations, interventions
and outcomes, and potentially, the effects (or lack thereof)
of included studies. The inclusion of expert input in
systematic reviews of effectiveness has been shown to
add value, both at the planning stage to define the scope
of the review4,25,26 and at the evidence synthesis stage,
for example, through Bayesian meta�analysis.27 Our

application of gap analysis and expert consultations as a
supplement to the more traditional evidence synthesis
likewise aimed to go beyond the conduct and reporting
of any individual study, to enrich the results of the review
with the knowledge and experience of experts. These
experts did, in fact, highlight both clinical and methodo-
logical aspects, which could potentially be helpful in the
further adaptation and testing of existing rHBPC interven-
tions or the development and evaluation of new ones. For
example, rHBPC interventions could be designed to be
more tailor�fit to patients and their lay caregivers; or in
evaluating interventions, researchers could look at
outcomes and study designs that are more responsive in
this population.

There were, of course, limitations in the application of
this combination of methods. Harvest plots allow the
presentation of a bulk of evidence, but readers may need
some time to •orientŽ themselves. Another criticism of
graphical summary techniques is that they could poten-
tially encourage •vote�countingŽ practices, if readers or
decision makers attempt to quantitatively compare the
frequency of effect directions,5 but this should be explic-
itly discouraged in association with harvest plots. The
information gained from the expert consultations is useful
but is based on personal experiences and is exploratory in
nature, and thus should not be taken as hard evidence.
Additionally, because of time and resource constraints,
we were only able to conduct 4 consultations with experts
from 3 countries, and we did not involve other stake-
holders (ie, patients, lay caregivers, or other interested
parties). Hence, further applications of these or similar

FIGURE 2 Effect estimates of included rHBPC interventions for patient outcomes
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TABLE 1 Findings of gap analysis and expert consultations

Emerging Aspect Gap Analysis Expert Consultations
Potential Implications for
Research and Practice

Primary study comparator
(nonreinforced care)

The type of care, against
which reinforced care
was assessed, was
poorly described in
most included studies.
Caregivers may be
receiving substantial
support through
standard home�based
services. Usual care,
and especially the
extent to which
caregivers are supported
as part of usual care,
likely varies widely
among included studies.

Usual care varies from place
to place„ not only from
country to country„
although there are very
substantial differences to
be seen at that level, but
also within countries from
one location to another.

In determining what care may be
appropriate in a given setting, a
clear understanding of what
type of support patients and
caregivers receive as part of
usual care is likely to be critical
to identifying whether rHBPC
could be effective, and which
additional, alternative, or
complementary services could
be warranted.

The support that caregivers
receive as part of usual care
is extremely heterogeneous.
Some caregivers receive
structured support
throughout the illness
trajectory, while others
receive help only when they
are overwhelmed by problems
and seek care themselves.

The extent to which caregivers
are involved in decisions
regarding patient care differs
within •usual care,Ž from
virtually none, to playing a
part in care�planning
discussions.

Lack of tailored care Although some of the
included interventions
did offer some flexibility,
it could be that for
reinforced palliative care
to be effective, targeted
and tailored care should
be more strongly
emphasized and delivered
to those patients and
caregivers assessed as
needing it most.

Care tailored to the individual
patient and caregiver, at least
to a certain extent, is seen as
the best practice„ this could
be based on diagnosis, age,
illness trajectory, social
surrounding, etc„ and the
recognition of such indicators
is important.

As changes in patient and caregiver
needs occur frequently in relation
to the illness trajectory, assessing
these needs frequently and
reacting to them through tailored
care may be an important means
to design more effective
interventions.

Being able to assess the needs of
patients and/or lay caregivers
and to inform them of
(evidence�based) options is
essential. The health and social
care professional, however,
should not make assumptions
about what patients and/or
caregivers need or want, and
they should be involved in
these discussions.

The needs of caregivers and
patients are not static and will
likely change over time and
trajectory of the illness. This
makes repeated assessments
through ongoing
communication important.

(Continues)
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methods would benefit from consulting a larger, more
diverse base of stakeholders.

For the purposes of assessing the effectiveness of
rHBPC, this combination of harvest plots, followed by a
gap analysis and expert consultations proved to be useful
both in summarizing the evidence and identifying
evidence gaps, as well as in looking beyond the aggregate
level at how these findings may be explained. We would
welcome applications of this approach or similar
approaches to a range of interventions in health and other
disciplines, potentially consulting a larger, more diverse
base of stakeholders, to learn from the insights gained.

In addition, it would be worth examining whether
decision makers find such a combination of methods
accessible, understandable, and useful in informing
decisions.
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TABLE 1 (Continued)

Emerging Aspect Gap Analysis Expert Consultations
Potential Implications for
Research and Practice

Appropriateness of
assessed outcomes

All of the outcomes assessed
in this review have been
used in the primary
literature and are thought
to be important for patients
and caregivers. It should be
considered, nevertheless,
whether these are most
appropriate, and whether
certain additional or
alternative outcomes should
have been assessed, both in
the primary literature and
in this review.

Hard outcomes used in palliative
care may only tell part of the
story, and meaningful effects
can potentially be hidden
among the noise, eg, in a
population so severely burdened,
it may be unrealistic to expect
clinically significant differences
in quality of life. It is important,
therefore, to ask patients
and caregivers if their care has
improved, and specifically what
the benefits of care were.

The outcomes used to assess
rHPBC interventions should
also be revisited, and
standardized health outcomes
such as QoL and psychological
health should be supplemented
with more qualitative accounts
of patients' and caregivers'
perceptions and experiences.

Outcome importance may differ
between subgroups, and it is
important to recognize this
when evaluating services.

Primary study design Included studies encountered
a range of problems when
implementing and assessing
palliative care services„ eg,
attrition. Study designs, other
than those included, may be
more appropriate for assessing
the effectiveness of reinforced
home�based palliative care
services.

Mixed methods and qualitative
research should play a large role
in assessing the effectiveness of
services in a meaningful way„
it is important to see what
exactly is happening, to hear
what patients and caregivers feel
they are receiving, as opposed to
assuming, based on the
intervention design.

Researchers should also revisit
which research approaches are
most appropriate for answering
a given question in primary
studies and systematic reviews.
For effectiveness, they could
consider designs other than the
RCT, such as N�of�1 studies; for
questions beyond effectiveness,
qualitative studies, mixed�
method studies, or process
evaluations are likely to be
valuable.

If care is truly based on caregiver/
patient assessment and therefore
truly tailored to the individual,
and because the goals of
individual participants will be
different, evaluation of care
becomes very difficult, especially
in a randomized trial. Other study
designs„ eg, process evaluations,
qualitative studies, participative
approaches, N�of�1 studies„
should be considered.

138 BURNSET AL.

99



DECLARATION OF CONFLICTING
INTERESTS

The authors declare that they have no conflict of interest.

ORCID

J. Burns http://orcid.org/0000-0003-4015-6862
S.E. Ward http://orcid.org/0000-0002-3344-0913
L.M. Pfadenhauer http://orcid.org/0000-0001-5038-8072
E.A. Rehfuess http://orcid.org/0000-0002-4318-8846

REFERENCES

1. Burford B, Lewin S, Welch V, Rehfuess E, Waters E. Assessing
the applicability of findings in systematic reviews of complex
interventions can enhance the utility of reviews for decision
making. J Clin Epidemiol. 2013;66:1251�1261.

2. Petticrew M, Rehfuess E, Noyes J, et al. Synthesizing evidence
on complex interventions: how meta�analytical, qualitative,
and mixed�method approaches can contribute. J Clin
Epidemiol. 2013;66(11):1230�1243. https://doi.org/10.1016/j.
jclinepi.2013.06.005

3. Pigott T, Shepperd S. Identifying, documenting, and examining
heterogeneity in systematic reviews of complex interventions.J
Clin Epidemiol. 2013;66(11):1244�1250. https://doi.org/10.1016/
j.jclinepi.2013.06.013

4. Higgins JPT, Green S, (Eds.).Cochrane Handbook for Systematic
Reviews of Interventions, Version [5.1.0]. The Cochrane Collabora-
tion; 2011. Available from www.cochrane�handbook.org.

5. Thomson HJ, Thomas S. The effect direction plot: visual display of
non�standardised effects across multiple outcome domains.Res
Syn Meth. 2013;4(1):95�101. https://doi.org/10.1002/jrsm.1060

6. Pettman TL, Hall BJ, Waters E, de Silva�Sanigorski A,
Armstrong R, Doyle J. Communicating with decision�makers
through evidence reviews.J Public Health (Oxf). 2011;33(4):630�
633. https://doi.org/10.1093/pubmed/fdr092

7. Sweet M, Moynihan R.Improving Population Health: The Uses of
Systematic Reviews. New York, USA: Milbank Memorial Fund;
Centers for Disease Control and Prevention; 2007.

8. Valentine JC, Thompson SG. Issues relating to confounding and
meta�analysis when including non�randomized studies in
systematic reviews on the effects of interventions. 2012.

9. Nehring I, Kostka T, von Kries R, Rehfuess EA. Impacts of in
utero and early infant taste experiences on later taste acceptance:
a systematic review.J Nutr. 2015;145(6):1271�1279. https://doi.
org/10.3945/jn.114.203976

10. Ogilvie D, Fayter D, Petticrew M, et al. The harvest plot: a
method for synthesising evidence about the differential effects
of interventions. BMC Med Res Methodol. 2008;8(1):8. https://
doi.org/10.1186/1471�2288�8�8

11. Turley R, Saith R, Bhan N, Rehfuess E, Carter B. Slum upgrading
strategies involving physical environment and infrastructure
interventions and their effects on health and socio�economic

outcomes. Cochrane Database Syst Rev. 2013;(1):Cd010067.
https://doi.org/10.1002/14651858.CD010067.pub2

12. Erasmus Y, Tannous N, Langer L. A systematic map of evidence
on the links between ecosystem services and poverty alleviation
in Africa: a user guide. Africa Centre for Evidence; 2017.

13. Totten AM, Womack DM, Eden KB, et al.Telehealth: Mapping the
Evidence for Patient Outcomes From Systematic Reviews. Rockville
(MD): Agency for Healthcare Research and Quality; 2016.

14. Harrison S, Jones HE, Martin RM, Lewis SJ, Higgins JPT. The
albatross plot: a novel graphical tool for presenting results of
diversely reported studies in a systematic review.Res Syn Meth.
2017;8(3):281�289. https://doi.org/10.1002/jrsm.1239

15. Hunter BM, Harrison S, Portela A, Bick D. The effects of cash
transfers and vouchers on the use and quality of maternity care
services: a systematic review.Plos One. 2017;12(3):e0173068.
https://doi.org/10.1371/journal.pone.0173068

16. Gerhardus A. Integrated health technology assessment for
evaluating complex technologies (INTEGRATE�HTA): an
introduction to the guidances. 2016.

17. Brereton L, Wahlster P, Lysdahl KB, et al. Integrated assessment
of home based palliative care with and without reinforced
caregiver support: •a demonstration of INTEGRATE�HTA
methodological guidances•„ Executive Summary. 2016. http://
www.integrate-hta.eu/downloads/

18. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew
M. Developing and evaluating complex interventions: the new
Medical Research Council guidance.BMJ. 2008;337. https://doi.
org/10.1136/bmj.a1655

19. Pfadenhauer LM, Gerhardus A, Mozygemba K, et al. Making
sense of complexity in context and implementation: the context
and implementation of complex interventions (CICI) frame-
work. Implement Sci. 2017;12(1):21. https://doi.org/10.1186/
s13012�017�0552�5

20. Plsek PE, Greenhalgh T. The challenge of complexity in health
care. BMJ. 2001;323(7313):625�628. https://doi.org/10.1136/
bmj.323.7313.625

21. Gomes B, Calanzani N, Curiale V, McCrone P, Higginson IJ.
Effectiveness and cost�effectiveness of home palliative care
services for adults with advanced illness and their caregivers.
Cochrane Database Syst Rev. 2013;(6):Cd007760. https://doi.
org/10.1002/14651858.CD007760.pub2

22. NICE. Guidance on Cancer Services: Improving Supportive and
Palliative Care for Adults with Cancer. The Manual. London:
National Institute for Clinical Excellence; 2004.

23. EPOC, N. S. o. t. C. E. P. a. O. o. C. G. What study designs should
be included in an EPOC review and what should they be called?
[online]. 2014. Norwegian Satellite of the Cochrane Effective
Practice and Organisation of Care Group EPOC. Available:
http://epocoslo.cochrane.org/sites/epocoslo.cochrane.org/files/
uploads/What%20study%20designs%20should%20be%20included%
20in%20an%20EPOC%20reviews%20and%20what%20should%
20they%20be%20called.pdf [Accessed 20 Feb, 2016.

24. Burns J, Polus S, Brereton L, et al. Home�based palliative care:
assessing effectiveness through harvest plots and post�review
consultations„ effectiveness review protocol. 2014b. http://

BURNSET AL. 139

100

http://orcid.org/0000-0003-4015-6862
http://orcid.org/0000-0002-3344-0913
http://orcid.org/0000-0001-5038-8072
http://orcid.org/0000-0002-4318-8846
https://doi.org/10.1016/j.jclinepi.2013.06.005
https://doi.org/10.1016/j.jclinepi.2013.06.005
https://doi.org/10.1016/j.jclinepi.2013.06.013
https://doi.org/10.1016/j.jclinepi.2013.06.013
www.cochrane-handbook.org
https://doi.org/10.1002/jrsm.1060
https://doi.org/10.1093/pubmed/fdr092
https://doi.org/10.3945/jn.114.203976
https://doi.org/10.3945/jn.114.203976
https://doi.org/10.1186/1471-2288-8-8
https://doi.org/10.1186/1471-2288-8-8
https://doi.org/10.1002/14651858.CD010067.pub2
https://doi.org/10.1002/jrsm.1239
https://doi.org/10.1371/journal.pone.0173068
http://www.integrate-hta.eu/downloads/
http://www.integrate-hta.eu/downloads/
https://doi.org/10.1136/bmj.a1655
https://doi.org/10.1136/bmj.a1655
https://doi.org/10.1186/s13012-017-0552-5
https://doi.org/10.1186/s13012-017-0552-5
https://doi.org/10.1136/bmj.323.7313.625
https://doi.org/10.1136/bmj.323.7313.625
https://doi.org/10.1002/14651858.CD007760.pub2
https://doi.org/10.1002/14651858.CD007760.pub2
http://epocoslo.cochrane.org/sites/epocoslo.cochrane.org/files/uploads/What%20study%20designs%20should%20be%20included%20in%20an%20EPOC%20reviews%20and%20what%20should%20they%20be%20called.pdf
http://epocoslo.cochrane.org/sites/epocoslo.cochrane.org/files/uploads/What%20study%20designs%20should%20be%20included%20in%20an%20EPOC%20reviews%20and%20what%20should%20they%20be%20called.pdf
http://epocoslo.cochrane.org/sites/epocoslo.cochrane.org/files/uploads/What%20study%20designs%20should%20be%20included%20in%20an%20EPOC%20reviews%20and%20what%20should%20they%20be%20called.pdf
http://epocoslo.cochrane.org/sites/epocoslo.cochrane.org/files/uploads/What%20study%20designs%20should%20be%20included%20in%20an%20EPOC%20reviews%20and%20what%20should%20they%20be%20called.pdf
http://www.ibe.med.uni-muenchen.de/mitarbeiter/mitarbeiter/jakob_burns/index.htm


www.ibe.med.uni�muenchen.de/mitarbeiter/mitarbeiter/jakob_
burns/index.htm

25. Burns J, Boogaard H, Turley R, et al. Interventions to reduce
ambient particulate matter air pollution and their effect on
health (protocol). Cochrane Database Syst Rev. 2014a;1. https://
doi.org/10.1002/14651858.CD010919

26. von Philipsborn P, Stratil JM, Burns J, et al. Environmental
interventions to reduce the consumption of sugar�sweetened
beverages and their effects on health.Cochrane Database Syst
Rev. 2016;(7).

27. Woertman W, Vermeulen B, Groenewoud H, van der Wilt GJ.
Evidence based policy decisions through a Bayesian
approach: the case of a statin appraisal in The Netherlands.
Health Policy. 2013;112(3):234�240. https://doi.org/10.1016/j.
healthpol.2013.06.015

28. Al�Momani MM. Gap analysis between perceptions and expecta-
tions of medical�surgical patients in a public hospital in Saudi
Arabia. J Clin Epidemiol. 2016;25:79�84.

29. Bidulescu A, Ferguson TS, Hambleton I, et al. Educational
health disparities in hypertension and diabetes mellitus among
African descent populations in the Caribbean and the USA: a
comparative analysis from the Spanish town cohort (Jamaica)
and the Jackson heart study (USA).Int J Equity Health.
2017;16(1):33. https://doi.org/10.1186/s12939�017�0527�9

30. Zeng W, Shepard DS, Avila�Figueroa C, Ahn H. Resource needs
and gap analysis in achieving universal access to HIV/AIDS ser-
vices: a data envelopment analysis of 45 countries.Health Policy
Plan. 2016;31(5):624�633. https://doi.org/10.1093/heapol/czv109

31. Harding R, Higginson IJ, Leam C, et al. Evaluation of a
short�term group intervention for informal carers of
patients attending a home palliative care service.J Pain
Symptom Manage. 2004;27(5):396�408. https://doi.org/10.1016/j.
jpainsymman.2003.09.012

32. Hudson PL, Aranda S, Hayman�White K. A psycho�educational
intervention for family caregivers of patients receiving
palliative care: a randomized controlled trial. J Pain
Symptom Manage. 2005;30(4):329�341. https://doi.org/10.1016/j.
jpainsymman.2005.04.006

33. McMillan SC, Small BJ, Weitzner M, et al. Impact of coping
skills intervention with family caregivers of hospice patients
with cancer: a randomized clinical trial. Cancer.
2006;106(1):214�222. https://doi.org/10.1002/cncr.21567

34. Rabow MW, Dibble SL, Pantilat SZ, McPhee SJ. The comprehen-
sive care team: a controlled trial of outpatient palliative medicine
consultation. Arch Intern Med. 2004;164(1):83�91. https://doi.
org/10.1001/archinte.164.1.83

35. Walsh K, Jones L, Tookman A, et al. Reducing emotional dis-
tress in people caring for patients receiving specialist palliative
care. Randomised trial.Br J Psychiatry. 2007;190(2):142�147.
https://doi.org/10.1192/bjp.bp.106.023960

36. Greene A, Aranda S, Tieman JJ, Fazekas B, Currow DC.
Can assessing caregiver needs and activating community
networks improve caregiver�defined outcomes? A single�blind,
quasi�experimental pilot study: community facilitator pilot.
Palliat Med. 2012;26(7):917�923. https://doi.org/10.1177/
0269216311421834

37. Hudson P, Trauer T, Kelly B, et al. Reducing the psychological
distress of family caregivers of home�based palliative care
patients: short�term effects from a randomised controlled trial.
Psychooncology. 2013;22(9):1987�1993. https://doi.org/10.1002/
pon.3242

38. McMillan SC, Small BJ, Haley WE, Zambroski C, Buck HG. The
COPE intervention for caregivers of patients with heart failure:
an adapted intervention.J Hosp Palliat Nurs. 2013;15:207�208.

39. Meyers FJ, Carducci M, Loscalzo MJ, Linder J, Greasby T,
Beckett LA. Effects of a problem�solving intervention (COPE)
on quality of life for patients with advanced cancer on clinical
trials and their caregivers: simultaneous care educational inter-
vention (SCEI): linking palliation and clinical trials. J Palliat
Med. 2011;14(4):465�473. https://doi.org/10.1089/jpm.2010.0416

40. Anderson LM, Fau OS, Fau MS, Fau RE, Fau NJ, Shemilt I. Inves-
tigating complexity in systematic reviews of interventions by using
a spectrum of methods.J Clin Epidemiol. 2013;66:1223�1229.

41. Squires JE, Valentine JC, Grimshaw JM. Systematic reviews of
complex interventions: framing the review question.J Clin
Epidemiol. 2013;66:1215�1222.

SUPPORTING INFORMATION

Additional Supporting Information may be found online
in the supporting information tab for this article.

How to cite this article: Burns J, Polus S,
Brereton L, et al. Looking beyond the forest: Using
harvest plots, gap analysis, and expert consultations
to assess effectiveness, engage stakeholders, and
inform policy. Res Syn Meth. 2018;9:132…140.
https://doi.org/10.1002/jrsm.1284

140 BURNSET AL.

101

http://www.ibe.med.uni-muenchen.de/mitarbeiter/mitarbeiter/jakob_burns/index.htm
http://www.ibe.med.uni-muenchen.de/mitarbeiter/mitarbeiter/jakob_burns/index.htm
https://doi.org/10.1002/14651858.CD010919
https://doi.org/10.1002/14651858.CD010919
https://doi.org/10.1016/j.healthpol.2013.06.015
https://doi.org/10.1016/j.healthpol.2013.06.015
https://doi.org/10.1186/s12939-017-0527-9
https://doi.org/10.1093/heapol/czv109
https://doi.org/10.1016/j.jpainsymman.2003.09.012
https://doi.org/10.1016/j.jpainsymman.2003.09.012
https://doi.org/10.1016/j.jpainsymman.2005.04.006
https://doi.org/10.1016/j.jpainsymman.2005.04.006
https://doi.org/10.1002/cncr.21567
https://doi.org/10.1001/archinte.164.1.83
https://doi.org/10.1001/archinte.164.1.83
https://doi.org/10.1192/bjp.bp.106.023960
https://doi.org/10.1177/0269216311421834
https://doi.org/10.1177/0269216311421834
https://doi.org/10.1002/pon.3242
https://doi.org/10.1002/pon.3242
https://doi.org/10.1089/jpm.2010.0416
https://doi.org/10.1002/jrsm.1284










COVID-19 mitigation measures and nitrogen dioxide – A 
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H I G H L I G H T S  

• The effect of COVID-19 mitigation measures on NO2 in Munich was unclear. 
• We applied two robust quasi-experimental approaches. 
• All hypotheses, as well as main and additional analyses were defined a priori. 
• As hypothesized, we observed largest reductiotns in NO2 at traffic sites.  
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A B S T R A C T   

Background: In response to the COVID-19 pandemic, the Bavarian State government announced several COVID- 
19 mitigation measures beginning on March 16, 2020, which likely led to a reduction in traffic and a subsequent 
improvement in air quality. In this study, we evaluated the short-term effect of COVID-19 mitigation measures on 
NO2 concentrations in Munich, Germany. 
Methods: We applied two quasi-experimental approaches, a controlled interrupted time-series (c-ITS) approach 
and a synthetic control (SC) approach. Each approach compared changes occurring in 2020 to changes occurring 
in 2014–2019, and accounted for weather-related and other potential confounders. We hypothesized that the 
largest reductions in NO2 concentrations would be observed at traffic sites, with smaller reductions at urban 
background sites, and even small reductions, if any, at background sites. All hypotheses, as well as the main and 
additional analyses were defined a priori. We also conducted post-hoc analyses to ensure that observed effects 
were not due to factors other than the intervention. 
Results: Main analyses largely supported our hypotheses. Specifically, at the two traffic sites, using the c-ITS 
approach we observed reductions of 9.34 μg/m3 (95% confidence interval: � 23.58; 4.90) and 10.02 μg/m3 

(� 19.25; � 0.79). Using the SC approach we observed reductions of 15.65 μg/m3 (� 27.58; � 4.09) and 15.1 μg/ 
m3 (� 24.82; � 9.83) at these same sites. We observed effects ranging from smaller in magnitude to no effect at 
urban background and background sites. Additional analyses showed that the effect was largest in the first two 
weeks following introduction of measures, and that a 3-day lagged intervention time also showed a larger effect. 
Post-hoc analyses suggested that at least some of the observed effects may have been attributable to changes in 
air quality occurring before the intervention, as well as unusually high concentrations in January 2020. 
Conclusion: We applied two quasi-experimental approaches in assessing the impact of the COVID-19 mitigation 
measures on NO2 concentrations in Munich. Taking the 2020 pre-intervention average concentrations as a 
reference, we observed reductions in NO2 concentrations of approximately 15–25% and 24–36% at traffic sites, 
suggesting that reducing traffic may be an effective measure to reduce NO2 concentrations in heavily trafficked 
areas by margins which could translate to public health benefits.  
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3.3. Data 

3.3.1. Outcome 
The Bavarian Environmental Administration (Bayerisches Land

esamt für Umwelt) is charged with the monitoring of air quality in 
Bavaria, and data for the 50 monitoring stations are freely available (LfU 
BAYERN, 2020). We obtained NO2 data for the five stations located in 
Munich, which included two classified as urban traffic monitors – 
Landshuter Allee (LAN) and Stachus (STA), one as urban background – 
Lothstrasse (LOT), and two as background – Allach (ALL) and Johan
neskirchen (JOH). Hourly data were provided, which we converted to 
daily averages. 

3.3.2. Covariates 
We obtained data for other factors that are associated with NO2 

concentrations, including several weather-related variables – daily av
erages of temperature, rain fall, air pressure, humidity, and wind speed 
(Peel, 2010). These data were freely available from the German Weather 
Service (Deutscher Wetterdienst) (DWD, 2020). We also used publicly 
available information indicating when school holidays were in place – 
these included the Christmas, winter and Easter holidays. Within these 
time periods, relevant days were defined as either holiday high travel 
days (i.e. specific holidays or holiday weekends – Friday and Saturday, 
on which people tend to travel more) or holiday low travel days (i.e. 
during the week when people tend to travel less – Sunday through 
Thursday). 

3.4. Statistical analyses 

We registered a study protocol on May 3, 2020 through OSF 
(https://osf.io/7vkfc); all hypotheses and methods for main and addi
tional analyses were defined a priori in the protocol. We designed and 
piloted these analyses using data from 2014 to 2019. The data for the 
intervention year, 2020, were downloaded and analyzed only after 
registration of the protocol. 

3.4.1. Main analysis 
As part of the main analyses we applied a c-ITS and SC approach. For 

both of these approaches, it is important to define the impact model, i.e. 
how the intervention would impact the outcome if it were effective – this 
subsequently shapes decisions made in defining the analysis parameters 
(Lopez BERNAL et al., 2016). With regard to the timing of the effect, we 
assumed that the COVID-19 mitigation measures began influencing NO2 
concentrations immediately after implementation of the first of the 
measures on March 16, 2020, thus we defined this day as the first day of 
the post-intervention time period. Given that the mitigation measures 
could have led to an immediate drop in NO2 concentrations and that we 
are interested in the effect of the measures over the entire 
post-intervention period, we assumed and tested for a level change. This 
level change represents an immediate change, which is sustained across 
the post-intervention period. 

As described above in section 3.3, we obtained data from five air 
quality monitoring stations. Our a priori hypothesis was that the 
observed effect would be greatest at the two traffic monitors LAN and 
STA, a smaller effect at the urban background monitor LOT, and the 
smallest effect, if any, at the two background monitors ALL and JOH. 

For the c-ITS approach, we fitted a linear model using the general 
least squares method. The model took the following form: 
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��
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where, NO2 represents the outcome, NO2 concentrations in μg/m3 at a 
given monitor; Day is a continuous variable from 1 to 98, from the first 
to the last day of the study period in each year, thus capturing the un
derlying trend in the outcome over the study period; Year is a categorical 
variable taking the value of the year between 2014 and 2020; Post is a 

dummy variable taking the value of 0 in the pre-intervention period and 
1 in the post-intervention period in each year (March 16, 2020, or 
Monday of the 12th calendar week in all years was treated as the first 
day of the post-intervention period), thus capturing the change in the 
outcome in the post-intervention period relative to the pre-intervention 
period; Int is a dummy variable taking the value for the control years 
2014–2019 and 1 in the intervention year 2020; Post*Int is an interac
tion term which captures the change in Post in 2020 compared to in 
2014–2019; Covs includes the potentially important covariates, 
including temperature, rain fall, air pressure, humidity, wind speed, 
holiday high and low travel days and day of the week. β5, the change in 
NO2 concentrations between the pre- and post-intervention periods in 
2020 relative to the change in 2014–2019, represents the level change 
described above in section 3.3, and is thus the effect estimate of interest. 
Given the serially correlated nature of the data, we used auto-correlation 
and partial auto-correlation plots to determine an appropriate correla
tion structure for each model. For the site ALL, substantial data were 
missing for the year 2014 (23%); because of this, 2014 was excluded 
from the c-ITS analysis for ALL only. 

The SC approach was structured similarly. However, instead of 
comparing changes in 2020 to changes in 2014–2019, the method al
lows for the construction of a synthetic control, ensuring that the 
intervention year and synthetic control year were similar with regard to 
the pre-intervention outcome trend and potentially important cova
riates. Specifically, this synthetic control was constructed using input 
data from the pre-intervention NO2 concentrations, as well as the 
covariates listed above, from 2014 to 2019. Based on a linear interactive 
fixed effects model, we calculated the effect of interest. This effect is the 
average difference between the observed time series, i.e. the post- 
intervention outcome trend observed in 2020, and the synthetic con
trol time series, i.e. the post-intervention counterfactual series. This 
approach allows for a treatment effect to be calculated for each post- 
intervention time point, allowing an investigation of how the interven
tion effect changes over time, as well as for the entire post-intervention 
time period, allowing an investigation of the average effect of the 
intervention, or the average treatment effect (ATT). 

3.4.2. Additional analyses specified a priori 
We conducted a series of sensitivity analyses to evaluate the extent to 

which our results were robust to changes to our assumptions, and to 
further explore how the intervention effect developed and changed over 
time. 

The mitigation measures were dependent on individuals changing 
their behavior, and this behavior may have been adapted over time. We 
suspected that the effect in the two weeks immediately following the 
intervention may have been larger than the effect in the subsequent two 
weeks. We investigated this using both the c-ITS and SC approaches. For 
the c-ITS approach, we modelled two intervention effects separately, 
one specifically for the first two-week period, and the other for the 
second two-week period. For the SC approach, we shortened the post- 
intervention time period to two weeks. 

It is also plausible that individuals did not immediately change their 
behavior on March 16, 2020, but instead slowly adapted as further 
mitigation measures were announced. To investigate this possibility, we 
mimicked the main analyses, treating March 19, 2020 as the first day of 
the post-intervention period, under the assumption that behaviors 
changed measurably after a lag of three days. 

3.4.3. Post hoc analyses 
After conducting the a priori specified main and additional analyses, 

we further conducted three sets of analyses to ensure that observed 
changes were not due to factors other than the mitigation measures. To 
ensure that concentration changes occurring prior to the intervention 
were not driving observed changes, we conducted all analyses with a 
series of backdated intervention start points 2, 4 and 6 weeks prior to 
March 16, 2020. Each of these ‘placebo analyses’ assessed whether 
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Appendix Figure 1: Difference between the observed NO2 concentrations in 2020 and those from the SC counterfactual (based 
on the years 2014-2019) at all investigated sites using smoothed NO2 data. 
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