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Abstract: The manner in which high-impact, life-saving health interventions reach populations in
need is a critical dimension of health system performance. Intervention coverage has been a stand-
ard metric for such performance. To better understand and address the decay of intervention effec-
tiveness in real-world health systems, the more complex measure of “effective coverage” is required,
which includes the health gain the health system could potentially deliver. We have carried out a
narrative review to trace the origins, timeline, and evolution of the concept of effective coverage
metrics to illuminate potential improvements in coherence, terminology, application, and visuali-
zations, based on which a combination of approaches appears to have the most influence on policy
and practice. We found that the World Health Organization first proposed the concept over 45 years
ago. It became increasingly popular with the further development of theoretical underpinnings, and
after the introduction of quantification and visualization tools. The approach has been applied in
low- and middle-income countries, mainly for HIV/AIDS, TB, malaria, child health interventions,
and more recently for non-communicable diseases, particularly diabetes and hypertension. Never-
theless, despite decades of application of effective coverage concepts, there is considerable variabil-
ity in the terminology used and the choices of effectiveness decay steps included in the measures.
Results frequently illustrate a profound loss of service effectiveness due to health system factors.
However, policy and practice rarely address these factors, and instead favour narrowly targeted
technical interventions.

Keywords: intervention coverage; effective coverage; community effectiveness; systems
effectiveness; quality of care; cascade of care; visualization; health system performance

1. Introduction

The manner in which high-impact, life-saving health interventions reach populations
in need is a critical dimension of health system performance. Indeed, the measurement of
intervention “coverage” has been one of the longest-established health metrics in public
health, especially in low- and middle-income countries. A classic example of a coverage
metric is the cluster sample survey of immunization coverage for highly cost-effective
vaccines used by the expanded immunization program (EPI) since the late 1970s [1]. Sur-
veys of intervention access and coverage remain today as core components of significant
omnibus surveys such as the national Demographic and Health Surveys (DHS), the
UNICEF Multiple Indicator Cluster Surveys (MICS), the WHO Service Availability and
Readiness Assessment (SARA) surveys, and the ICF Service Provision Assessment (SPA)
surveys. These are conducted in line with guidelines and standards developed by WHO
technical programs and the work of the International Health Facility Assessment Network
(IHFAN).

Global health has long recognized that such supply side surveys of access, availabil-
ity, and affordability as coverage drivers are insufficient, and we need to more fully un-
pack the demand side. The demand side includes perceptions of the health system, the
human behavioural aspects of health providers in adequately providing the intervention
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compliant with standards, and the human behaviour of clients of the health system based
on the acceptability of and adherence to the intervention. This helps explain the long-run-
ning frustration of development partners that the efficacy of health interventions, as
proven in Phase IV research trials in ideal circumstances, often fails to translate to effec-
tiveness at the population level, even when coverage is high. Effectiveness is defined as
“a measure of the extent to which a specific intervention, procedure, regimen, or service,
when deployed in the field in routine circumstances, does what it is intended to do for a
specified population” [2].

To better understand and address the decay of efficacy to effectiveness in real-world
health systems, the more complex measurement of “effective coverage”, which includes
coverage and the potential health gain the health system could deliver, is required. That
is to say, the proportion of a population needing an intervention or service that benefits
from a positive outcome [3,4]. Early development and continued promotion of the basic
concept of effective coverage in low- and middle-income countries were heavily driven
and influenced by the efforts of Marcel Tanner and colleagues at the Swiss Tropical and
Public Health Institute [5-15].

Measuring effective coverage is complex and costly. Approaches vary with the inter-
vention or service addressed and the effect it targets. The indicators used in the older Mil-
lennium Development Goals (MDGs) and Universal Health Coverage (UHC) have had a
simple coverage focus. This has shifted under the newer Sustainable Development Goals
toward effective coverage [16]. The SDG Countdown to 2030 initiative has a Coverage
Technical Working Group promoting improved metrics focused on effective coverage
[17].

Despite over 20 years of publications on various dimensions of effective coverage,
we still need to understand how well such evidence has influenced health policies and
systems’ improvement. A recent systematic review has found profound heterogeneity in
the terminology, definitions, and conceptualization of effective coverage. Despite the cur-
rent popularity of coverage efficacy to effectiveness cascades, there is considerable varia-
bility and nuance in the terminology used and the choices of cascade steps included [18].

The rationale for this narrative review is to trace back the origins, timeline, and evo-
lution of the conceptual thinking behind effective coverage metrics to illuminate potential
improvements in coherence, terminology, application, and visualizations, based on which
approaches appear to have the most influence on policy and practice.

2. Materials and Methods
2.1. Review Approach

We have chosen a narrative (literature) review approach to provide a comprehensive
overview of the evolution of effective coverage to contribute to a theoretical framing and
context for a way forward. We subscribe to the standards of narrative reviews proposed
by Green et al. (2006) [19]. We complied with the norms prescribed in their methodological
approach, including standards pertaining to the sources of information, search terms, se-
lection criteria and delimiting parameters, and conceptual synthesis. As a quality control
measure, we corroborated our methods with the SANRA scale [20] to guide the review
process.

We searched PubMed with the last update on 6 December 2022, without publication
date restrictions. We developed a code bank of search terms deemed relevant to this re-
view (Table 1). We identified these based on their association with systems’ effectiveness,
effective coverage, and the cascade or trajectory of care. Additionally, we subsequently
searched publications citing identified milestone papers.
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Table 1. Search strategy and results.

No. of Retrieved Pub- No. of Relevant
Search Terms

lications Publications
“effective coverage” 390 55
“continuum of care” 3148 25
“decision tree analysis” 912 15
“care cascade” 621 14
“bottleneck analysis” 75 13
“cascade of care” 450 13
“community effectiveness” 90 13
“tanahashi” 1431 13
“sankey diagram” 57 12
“patient dropout” 217 12
“content coverage” 260 12
“care trajectory” 299 12
“patient attrition” 153 11
“systems effectiveness” 185 9
“equity effectiveness” 27 7
“trajectory of care” 74 7
“decision tree model” 1540 5
“intervention effectiveness” 1972 5
“conditional probability” 2280 5
“quality(-)adjusted coverage” 8 4
“coverage cascade” 4 3
“effectiveness decay” 2 2
“input(-)adjusted coverage” 2 1
“efficacy decay” 5 1
“staircase model” 19 1
“effectiveness gap” 82 1
“quality-adjusted effectiveness” 4 0
“efficacy gap” 11 0
“systems coverage” 12 0
“stepwise cascade” 15 0
other identified publications 33

1, 4 v, ou

No results were retrieved from the following terms: “care staircase”; “care stairway”; “coverage

staircase”; “dropout of cases” OR “case dropout”; “dropout of patients”; “outcome adjusted cover-

age”; “process(-)adjusted coverage”; “quality(-)adjusted contact”; “structure adjusted coverage”;
“user(-)adjusted coverage”.

2.2. Content Analysis

We used Zotero 6.0 software (Corporation for Digital Scholarship, Vienna, VA, USA)
to import all results retrieved from the search. Following duplicate removal, publications
were screened according to generalized inclusion and exclusion criteria. They were ex-
cluded if studies were not published in English or German, or if they focused on areas
outside of health sciences. Studies describing Markov chain models were excluded due to
their stochastic nature and lack of sequential dependency on multiple previous states.
While we aim to track the path of this concept over time and its crossover into the public
health literature from other domains, we focus primarily on public health and its associ-
ated interventions in low- and middle-income countries. This resulted in a final selection
of 244 publications based on their methods and their historical and conceptual relevance.
The exclusion of other relevant publications in this review thus does not preclude their
association with or treatment of the concepts of effective coverage, systems effectiveness,
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or the cascade of care. For discussion, we further selected a small number of “milestone
papers” as those that we considered were the first papers in the timeline that advanced
the concept by adding value through additional conceptualization, terminology, statisti-
cal approach, method of visualization, or novel application.

3. Results
3.1. Literature Retrieved

We provide all search terms, the number of publications retrieved, and the number
relevant to the effective coverage concept, especially as applied in low- and middle-in-
come countries, in Table 1.

We discuss the selected results profiled as milestone papers in Section 3.2, and pro-
vide exemplars of novel visualizations in Appendix A.

3.2. Main Milestones in the Timeline of the Effective Coverage Concept

Where and when did the concept of effective coverage originate, and how has it
evolved over the years? Our review traces the origins of the basic idea of effective cover-
age to a seminal paper in 1978 by Dr. T. Tanahashi at the WHO [21]. Tanahashi noticed a
problem with the usual approach to coverage that focused narrowly on geographic and
population access as a principle to justify resource allocation for policymakers. As an al-
ternative, he proposed to address the concept of “health service coverage” by adding five
key measures [22], reflecting different stages along the service provision continuum. The
elements he suggested were availability of service, quality of coverage, accessibility, initial
contact with the health system, and continued utilization.

Tanahashi’s paper languished in citation obscurity for 30 years. Without metrics, the
concept had little traction in the literature until 2012 [22], when it suddenly started to ac-
cumulate dozens of citations. During its obscurity, in 1985, Peter Tugwell and colleagues
in Canada working on health technology assessment independently proposed the concept
of “community effectiveness” [23], without reference to Tanahashi but with a similar con-
ceptualization. The Tugwell team introduced the added dimension of measurement to
effective coverage. This was also the first paper to express measures of intervention per-
formance in health systems in terms of sequential conditional probabilities of health sys-
tem factors that could erode the efficacy of an intervention. They proposed integrating
five measures: coverage, screening or diagnostic accuracy, health provider compliance
with intervention guidelines, patient compliance or adherence, and efficacy. Each of these
elements constitutes hurdles across the trajectory of care that beneficiaries must clear in
sequence to benefit from the intervention’s efficacy. Subsequently, the term “effective cov-
erage” started to appear in the literature to reflect this same notion, but did not yet include
all the dimensions introduced by Tugwell [24,25].

The next milestone for understanding, measuring, and documenting effective cover-
age was the graphical visualization of the cascading effect of the Tanahashi and Tugwell
elements produced by Carol Vlassoff and Marcel Tanner in 1992 [6]. They introduced a
staircase graphic of Tugwell’s community effectiveness, illustrating the incremental ef-
fects of coverage, diagnostic accuracy, provider compliance, user adherence, and efficacy
on community effectiveness. They were also the first to point out that intervening piece-
meal on only one or two elements has little effect on final community effectiveness.

The development of the WHO World Health Report 2000 [26] prompted a wealth of
debate and the development of approaches to measurement of health systems’ perfor-
mance. This, in turn, led to deliberations at the conceptual level on “effective coverage”,
both in the WHO and globally. Chris Murray and David Evans conducted and summa-
rized these debates from 2000 to 2003 [3]. Shengelia et al. at the WHO in 2005 [27] later
integrated this into a conceptual framework and measurement strategy. Shengelia was the
first to use the term ‘effective coverage’ in the title of a paper, but does not cite any earlier
literature reported here.
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Rafael Lozano led the first significant use of these new metrics for multiple interven-
tions to determine the effective coverage of 18 common health services in order to bench-
mark comparative sub-national (state-level) health system performance in Mexico [4]. The
definition of effective coverage used in this first practical application was the “proportion
of potential health gain that the health system could deliver to that which is delivered”.
This led to the rapidly increasing application of effective coverage studies in Mexico and
elsewhere.

The effective coverage concept found additional mathematical footing within condi-
tional probability theory and survival analysis methods evolving into tree-structured sur-
vival models [28,29]. The latter uses a class of nonparametric regression modelling tech-
niques that enable a more flexible assessment of covariates across a series of sequential
binary outcomes. Variants of this approach have previously been applied in clinical con-
texts and health economics research, but less frequently for targeted health interventions.
In 2003, Lemon et al. synthesized a proposed public health application of recursive parti-
tioning or classification and regression tree analysis as a meaningful approach to assessing
population outcomes, according to group profiles across a trajectory of care [30].

In 2006, Tugwell et al. [9] augmented their community effectiveness concept by in-
troducing an equity dimension termed “equity effectiveness”. They examined the differ-
entials occurring when effective coverage results are disaggregated by socioeconomic sta-
tus, showing that the decay of high efficacy to low effectiveness is much more pronounced
in services for the poorest than for the least poor.

From 2006 onward, the general concept of effective coverage started to be expressed
in the literature under increasingly varied terminologies, without necessarily referring to
effective coverage. Many kept the notion of a staircase or cascade depiction to assess the
quality of care. For example, there was the “critical care cascade” in a systems approach
by Gosh [31], and the “cascade of care” approach by Watson-Jones et al. [32] to describe
attrition in the care of HIV-positive pregnant women in Tanzania. The “cascade of care”
is the term now most frequently used for the concept of effective coverage for HIV, TB,
Hepatitis C, Cancer and NCDs, and interventions related to substance abuse.

Recognizing the importance of health system factors driving effective coverage, sev-
eral authors started to use the term “systems effectiveness” [11,12,33,34] for malaria inter-
ventions. The latest global Malaria Eradication Research Agenda (malERA) initiative in
2017 realized that they could not achieve eradication without harnessing the health sys-
tem. It introduced the term “effectiveness decay” with an associated staircase graphic [35]
to draw attention to the five elements of effective coverage and their impacts on the per-
formance of highly efficacious technical interventions.

Regarding major global goals, Murray et al. in 2019 applied the concept to model the
effective coverage of Universal Health Coverage in 204 countries [36]. The global Count-
down to 2030 initiative, in support of measuring progress toward the Sustainable Devel-
opment Goals, has also adopted effective coverage as a core metric. It has continued to
push methodological development and rigor for coverage methods [17,37].

March expanded the idea of cascades with the “health service coverage cascade” in
2020 [38] with seven elements: target population; service-contact coverage; input-adjusted
coverage; intervention coverage; (process) quality-adjusted coverage; user adherence-ad-
justed coverage; and outcome-adjusted coverage into the cascade.

Recently, in 2021, with the growing panoply of terms, concepts, and measures, Exley
and colleagues conducted rapid systematic reviews of effective coverage and coverage
cascades in the literature since 2010 for childbirth, newborn, and child health interven-
tions in low- and middle-income countries [18,39]. They concluded that the definitions of
effective coverage differed across 64 reports on effective coverage, and varied with the
number of cascade steps used to “adjust” for quality of care and the methods used to
generate a composite measure. Currently, the most common conceptualization of effective
coverage in the literature uses the term “cascade of care” (Figure 1).
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No. of Publication Results

200

50

Search Term
"cascade of care” or "care cascade"”
"effective coverage”
"systems effectiveness”
cited T. Tanahashi

“cascade of care" OR "care cascade” : 232

"effective coverage” : 40

“systerns effectiveness” : 31

cited T. Tanahashi ; 2é

1575 1580 1985 1990 1995 2000 2005 2010 2015 2020

Figure 1. Frequency of publications relevant to effective coverage by 5-year periods since 1975. Ci-
tations of T. Tanahashi are publications referencing the landmark paper “Health Service Coverage
and its Evaluation” Bull World Health Organisation 1978, 56, 295-303. Publications are indexed by
PubMed as of 13 December 2022. Some results may overlap.

Various visualizations have been introduced to characterize the effective coverage
concept. These have evolved from the early line graphs and histograms illustrating effec-
tiveness decay to Vlassoff and Tanner’s staircase model in 1992 [6], and other incarnations
of inverted pyramids, survival trees, and Sankey diagrams (Appendix A) [40-51]. These
help to provide a compelling visual narrative to demonstrate that intervention pathways
can be at once longitudinal or conditional on preceding steps, and dynamic, wherein re-
sults can change based on evolving inputs from the health system. Further, they illustrate
the hazard of reliance on isolated indicators as benchmarks of performance, and draw
attention to the importance of the denominators we use to measure them.

One common result of the application of the effective coverage concept is that the
published results typically indicate a severe decay of effectiveness across the intervention
arc. Typical results often indicate less than 20% effective coverage, despite intervention
efficacies above 80% (Appendix A). What the literature rarely offers are suggestions for
improving effective coverage, or studies showing deliberate health system remediation
efforts aimed at improving effective coverage. This is somewhat analogous to surveillance
without response.
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4. Discussion

Effective coverage as a concept is somewhat intuitive. It is due to this simplicity that
explorations of effectiveness have manifested as variations on a theme. It is so simple, in
fact, that some researchers have expressed dismay at its neglect [52]. Effective coverage
sits at the intersection of assessing health system outputs, implementation outcomes, the
behaviour of people and institutions, the significant effects of context and policy, and the
interplay of various systems’ factors across a tangible pathway of events. In so doing, it
advantageously blends various conceptual approaches increasingly used in assessing in-
terventions.

Part of our current challenge seems to stem from how we conceptualize successful
implementation, and how we compartmentalize approaches to evaluation of public health
programs. The former commonly leans on deliverable- or indicator-based approaches to
assessment rather than answering holistic questions about sustainability, system-wide im-
pact, and how program results fit into an overarching public health goal. Sidestepping
these siloed instincts obviates the essential question: do our actions generate the impact
intended?

The most common observation in the literature reviewed is how much performance
loss occurs across the care trajectory of a health intervention in real-world health systems.
This decay of performance is quantitatively a consequence of the conditional probabilities
of even slight decays at each stage in the care cascade multiplying to result in a surpris-
ingly large overall decay in effective coverage. The significance of these system-wide de-
ficiencies and the importance attributable to them seem to have been ignored by health
systems stewards and their funding partners in favour of a focus on improving last-mile,
curative, and treatment-oriented technical approaches, rather than system-wide efforts to
improve delivery and the settings that provoke poor states of health.

Limitations of the review. In a narrative review, there are inherent limitations. First, the
selection of papers is guided by the choice of the authors, and as part of its narrative nature
is not structured according to the processes of a systematic review. This can lead to the
exclusion of important works that may provide additional or alternative information to
what is presented here. We have taken care to mitigate this possibility. Secondly, we did
not discuss all 244 papers that supported the development of this review, rather focusing
on the milestone papers which characterized the evolution of the concept of effective cov-
erage. Finally, because the concept treated in this review is based on both an intuitive and
mathematical construct and the search was based on specific terminology to capture these
notions, it is possible that through terminology, certain papers were excluded that may
have enriched the conclusions reached.

Our review reveals the 45-year legacy of an obscure WHO publication of a concept
that has since been re-invented and reincarnated many times, over decades, under many
aliases and visualizations. The repeated birth of this concept in this evolution suggests
that the underpinning notion, i.e., that a health intervention’s overall performance is the
product (and not the sum) of many small and neglected inefficiencies in health systems,
is very real. The recent exponential rise in publications, the emergence of a novel termi-
nology around the idea of a “cascade of care”, and the new emphasis on compelling vis-
ualizations of results indicate that we may be entering an era that will focus more attention
on this neglected health system problem. We need to move into an era in which new met-
rics, analytics, and systems’ thinking can be applied to improve the performance of inter-
vention delivery in the health system. Additional efforts from the field of implementation
science and practice will be needed. Such efforts can be directed at strengthening routine
health information systems, enabling them to provide the necessary indicators to feed
simple dashboards and display effective coverage results closer to real-time, and devel-
oping compelling graphics that inspire system-level strengthening. Systems strengthen-
ing can then begin to focus more on improving the health system’s ability to deliver, rather
than just continuing to improve its interventions. Finally, we suggest going beyond the
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concept and metric of “effective coverage”, and that the term “systems effectiveness” bet-
ter encompasses what we need to measure.
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Appendix A

Table of selected milestone papers with examples of visualizations.
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Title

Table A1. Select Milestone Papers and Examples of the Evolution of Effective Coverage Concepts

Author

Intervention or

Decay Re-

Disease

sult *

Illustration

Citation

Health service coverage and
its evaluation

The measurement iterative
loop: a framework for the
critical appraisal of need,

Tanahashi, T

Tugwell, P, Ben-
nett, KJ, Sackett,

benefits and costs of health DL, and Haynes,

interventions

The relevance of rapid as-
sessment to health research
and interventions

RB

Vlassoff, C, and

Tanner, M

Conceptual

Conceptual

Conceptual

N/A

N/A

N/A

tive care"

/_(4) CONTACT. €0
“People who usf

PROCESS OF SERVICE PROVISION

“People who can use st

(1) AVAILABILITY COVERAGE
“Peopie for wham service is available’

TARGET POPULATION

—
NUMBER OF PEOPLE

PETER TUGWELL er al.

1
BURDEN OF ILLNESS
Determine health

status using health
/ Status ndicators \

REASSESSMENT
Reat AETIOLOGY OR CAUSATION

issessment of

burden of iliness
burden of iliness.

THE
MEASUREMENT
MONITORING OF PROGRAMME ITERATIVE COMMUNITY EFFECTIVENESS
oot o o LoopP Assess beneftharm fato
markers selected to 2! ootenual lassivie
. N interventions and sstimate
fndicate succes: reduction of burden of iliness
\ rogrammes succosstul
SYNTHESIS & IMPLEMENTATION 4

Integration of feasbiliy
impact and efficiency
10 make recommendations
~—

EFFICIENCY
Determine relatonships
between costs and effects
of 0ptions within and
acoss programmes.

Carol Viassoff and Marcel Tanner

g b

The path from the efficacy of a disease control tool to its community effectiveness is dependent on coverage, the
diagnostic accuracy and the compliance of users and providers (based on Tanner 1990; Tugwell et al. 1985). 1a. Sitvation in
which efficacy of the disease control tool is improved from 70% to 90%. 1b. Situation in which efficacy of disease control tool

remains unchanged at 70%, but proportion of accurate diagnosis, compliance and coverage increase through strengthened
application of tool at community level.

Tanahashi T. Health service coverage and its
evaluation. Bull World Health Organ.
1978;56(2):295-303.

Tugwell P, Bennett KJ, Sackett DL, Haynes RB.
The measurement iterative loop: a framework
for the critical appraisal of need, benefits and
costs of health interventions. ] Chronic Dis.
1985;38(4):339-351. d0i:10.1016/0021-
9681(85)90080-3

Vlassoff C, Tanner M. The relevance of rapid
assessment to health research and interven-
tions. Health Policy Plan. 1992;7(1):1-9.
doi:10.1093/heapol/7.1.1
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Prevalence and unmet need
for diabetes care across the
care continuum inana-  Stokes, A, Berry,
tional sample of South Afri- KM, and Mchiza,
can adults: Evidence from Zetal.
the SANHANES-1, 2011-
2012

Effective Coverage and Sys-
tems Effectiveness for Ma-
laria Case Management in

Sub-Saharan African Coun-

tries

Galactionova, K,
Tediosi, F, de Savi-
gny, D, Smith, T,
and Tanner, M

Thc? cascade of care in diag- Alsdurf, H, Hill,
nosis and treatment of latent

tuberculosis infection: a sys PC, Matteelli, A,
. . Fasy Getahun, H, and
tematic review and meta- .
Menzies, D

analysis

1 0,
Diabetes 19%
1) 9%
o
B '
o
ToDisbets Screencd (WAl messured)  Disgaond Traa [a—
uth Africa 2011-2012. Of for di tes, a 45% loss. Of
ig: |, 73% P . 227% loss. Of those who
i 94% insulin, a 6% loss. Of those who were currently taking medication,
51% had controlled blood sugar (HbA1c <7.0%), a 49% loss.
: 0, 0y
Malaria 8% to 72%

. Effective i System
Coverage Effectiveness
ded for screening 100%

06 Intend

Initially tested
710% (718-72:0)

Received a test:
result.
667% (656-66-9)

Referred iftest positive
56:0% (55:2-56-8)

H 0,
Tuberculosis 18.8% ok
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404 7% 25-449) Accepted and started

treatment
Recommended for 307% (26-8-3211)

treatment 14
350% (33-8-36-4) l

:
Completed treatment
10+ 18:8% (163-197)

latent tuberculosis i

Stokes A, Berry KM, Mchiza Z et al. Prevalence
and unmet need for diabetes care across the
care continuum in a national sample of South
African adults: Evidence from the SAN-
HANES-1, 2011-2012. PLoS One.
2017;12(10):e0184264. Published 2017 Oct 2.
doi:10.1371/journal.pone.0184264

Galactionova K, Tediosi F, de Savigny D, Smith
T, Tanner M (2015) Effective Coverage and Sys-
tems Effectiveness for Malaria Case Manage-
ment in Sub-Saharan African Countries. PLoS
ONE 10(5): e0127818.
https://doi.org/10.1371/journal.pone.0127818

Alsdurf H, Hill PC, Matteelli A, Getahun H,
Menzies D. The cascade of care in diagnosis
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* Decay result represents the final node indicator reported in the study as a proportion of the total cases; that is, the denominator is derived from that of the first
indicator reported at the beginning of the cascade. For those results representing a range, this is due to different definitions of effectiveness presented in the study,
or those differentiated by demographic group, disease profile, data source or other classification.
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