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Abstract

Harmonizing measures across studies can facilitate comparisons and strengthen the science, but procedures for establishing
common data elements are rarely documented. We detail a rigorous, 2-year process to harmonize measures across the Pre-
vention And Treatment through a Comprehensive Care Continuum for HIV-affected Adolescents in Resource Constrained
Settings (PATC*H) consortium, consisting of eight federally-funded studies. We created a repository of measured constructs
from each study, classified and selected constructs for harmonization, and identified survey instruments. Measures were
harmonized for implementation science, HIV prevention and care, demographics and sexual behavior, mental health and
substance use, and economic assessment. Importantly, we present our harmonized implementation science constructs. A
common set of implementation science constructs have yet to be recommended in the literature for low-to-middle-income
countries despite increasing recognition of their importance to delivering and scaling up effective interventions. Drawing on
RE-AIM (Reach Effectiveness Adoption Implementation Maintenance) and the Implementation Outcomes Framework, items
were harmonized for staff/administrators and study participants to measure reach, adoption, implementation, maintenance,
feasibility, acceptability, appropriateness, and fidelity. The process undertaken to harmonize measures and the codified set
of implementation science measures developed by our consortium can inform future data harmonization efforts, critical
to strengthening the replication and generalizability of findings while facilitating collaborative research—especially in
resource-limited settings. We conclude with recommendations for research consortia, namely ensuring representation from
all study teams and research priorities; adopting a flexible, transparent, and systematic approach; strengthening the literature
on implementation science harmonization; and being responsive to life events (e.g., COVID-19).

Keywords Data harmonization - Global health - Implementation science - Adolescents and young adults - HIV prevention
and care

Introduction
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gerid@uic.edu A hallmark of scientific discovery is the application of rig-

orous methods to allow replication. Confidence in scientific
findings depends on the ability to repeat an experiment and
produce the same results. This is especially true for health
promotion interventions where clearly articulated proce-
dures, such as recruitment, enrollment, study activities,
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’ ’ ’ facilitate replication (Resnik & Shamoo, 2017) and establish
a sound evidence base for effective interventions. Likewise,
the use of similar measurement tools and survey instruments
helps build a foundation in translational science that allows
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(Moser et al., 2011). Yet, health-related research in global
settings requires flexibility, responsiveness to local priori-
ties, and close attention to the context, all of which may be
at odds with maintaining internal validity. Implementation
science affords an opportunity to systematically document
variations in intervention delivery and use rigorous methods
to evaluate the impact.

Unfortunately, the proliferation of definitions (Odeny
et al., 2015), frameworks (Nilsen, 2015), and measurement
tools (Khadjesari et al., 2020) in implementation science
has led to confusion about which to employ in a specific
project. In many global health studies there is a lack of meas-
urement consistency to evaluate similar concepts, includ-
ing implementation science outcomes. Many projects use
“homegrown” instruments, lack psychometric information
on measures (Flake & Fried, 2020), and employ unknown
or non-validated scales. Consequently, existing research
impedes effective comparisons across studies and popula-
tions, thereby limiting generalizability. This problem has led
investigators to recommend focused attention on measure-
ment issues (Flake & Fried, 2020; Sakaluk, 2019; Sakaluk
et al., 2019), including using similar instruments across
intervention studies and evaluating their utility in capturing
change (Rabin et al., 2012). These efforts are particularly
important for resource-constrained settings where research
is difficult to implement, the gold standard is perhaps infea-
sible, and the need for accurate measurement is especially
pronounced (Rabin et al., 2012).

The absence of consistent measurement approaches in
global settings is particularly problematic when classifying
evidence-based implementation strategies, broadly defined
as methods to enhance the adoption, use, and sustainment
of evidence-based interventions, programs, or innovations
(Powell et al., 2019). Many of these studies require adap-
tations to the intervention or its delivery to accommodate
setting characteristics. Undocumented adaptations and
inconsistent measurements create challenges understanding
subjective phenomena, such as mental health and treatment
fidelity, and undermine outcome evaluations of health pro-
motion programs. Without a common language to define
what constitutes health, cross-study comparisons of inter-
vention effectiveness and implementation strategies are
difficult to achieve. Standardizing data elements, or “data
harmonization,” can advance the science of measurement in
meaningful ways and guide future investigations.

Several factors influence the choice of measurement by
investigators, including concerns about applicability, cul-
tural relevance, readability, linguistic translations, and prior
evidence supporting psychometric properties for the target
population. Multi-project initiatives offer a unique oppor-
tunity to address these challenges, because they usually
share certain components or properties. The group of stud-
ies within a consortium, for example, may be leveraged to

inform the use of different measures across populations and
cultural contexts to evaluate their generalizability and util-
ity. This study reports on the efforts to harmonize measures
by a consortium of eight studies targeting HIV prevention
and care for adolescents and young adults (AYA) in low-to-
middle-income countries (LMICs).

Three prominent National Institutes of Health-funded
initiatives propose measurement tools for harmonization on
diverse topics and provide comprehensive lists of related
measures. For example, the Rapid Acceleration of Diagnos-
tics: Underserved Populations consortium was launched in
response to the COVID pandemic’s disproportionately nega-
tive impact on underserved communities and recommends
instruments that help communities understand COVID-
related morbidity and mortality. They launched a web-hub
that includes a codebook of specific variables (United States
National Institutes of Health, 2020) and a data dictionary
in three languages. Likewise, the PhenX toolkit (Hamilton
et al., 2011) provides an extensive catalog of measures for
COVID-19, structural determinants of health, substance
abuse and addiction, and mental health. Like Rapid Accel-
eration of Diagnostics: Underserved Populations, the PhenX
toolkit is freely available on the web. Finally, the Patient-
Reported Outcomes Measurement Information System
program (Broderick et al., 2013) recommends measures of
patient-reported physical and mental health outcomes and
social well-being. All three initiatives recommend reliable,
precise measures for targeted constructs and populations.

However, two important omissions from these resources
exist. First, none focus on implementation science constructs
or propose measures of implementation outcomes, despite
growing recognition of the importance of translational
research and the successful uptake and delivery of effective
interventions. Second, none of the initiatives describe the
process used to establish common data elements across their
projects or carefully evaluate areas of interest for harmoni-
zation. Absent is any guidance on the strategies to achieve
consensus on what data should be harmonized. These omis-
sions are particularly important in the context of LMICs,
AYA, and HIV prevention and care. The benefits of proven
HIV interventions have been well documented, but AYA
experience complex barriers in their efforts to access these
interventions in real-world settings (Denison et al., 2017).
Additionally, despite enormous efforts to implement aware-
ness and educational campaigns targeting youth, there is a
lack of congruence understanding which interventions work
best for young people.

Implementation strategies hold promise for increasing
uptake of proven interventions for youth populations in
LMICs, but little direction exists on how to operationalize
these strategies in real-world settings. Likewise, implemen-
tation outcomes, defined by the Implementation Outcomes
Framework (i.e., acceptability, adoption, appropriateness,
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cost, feasibility, fidelity, penetration, and sustainability) are
the effects of purposeful actions (e.g., strategies) on proven
HIV prevention and care interventions (Proctor et al., 2011).
Findings on the relationship between implementation strate-
gies and implementation outcomes are relatively nascent.
In light of the growing prevalence of HIV among young
people, engaging AYA in the selection of implementation
strategies and/or frameworks not only as beneficiaries but as
partners and leaders in the scale-up of proven HIV interven-
tions in LMIC settings (Sturke et al., 2020) can empower
youth themselves to work towards achieving the goals of an
AIDS-free generation.

The Prevention And Treatment through a Comprehensive
Care Continuum for HIV-affected Adolescents in Resource
Constrained Settings (PATC?H) consortium is composed of
eight federally-funded projects designed to address the HIV
prevention and care continuum among AYA in seven coun-
tries—Brazil, Kenya, Mozambique, Nigeria, South Africa,
Uganda, and Zambia. PATCH offers an integrated approach
to understand the determinants and characteristics of AYA
experiences in the context of HIV and a unique opportu-
nity for data harmonization across LMICs. For additional
details about the consortium and the eight studies, see the
PATC>H website (Prevention and Treatment through a Com-
prehensive Care Continuum for HIV-affected Adolescents
in Resource Constrained Settings, 2019) and Tucker et al.
(2021).

This paper describes a rigorous process to identify and
establish a set of topics and instruments to harmonize across
the PATC?H consortium and codifies a set of implemen-
tation science measures that may be used for data harmo-
nization in future research. The process involved at least
one principal investigator and co-investigator from each
study team in partnership with program staff from the U.S.
National Institutes of Health. Although centered in LMICs,
the process detailed here can be applied to all research for
studies with similar overarching themes. Importantly, con-
text-specific pooled data on adolescent-friendly HIV preven-
tion and care programs in LMICs are rare, and this paper
offers recommendations for measures of implementation
science outcomes and processes in this important domain
(Archary et al., 2020).

Methods
Overview
The PATC>H studies are funded under the U.S. National
Institutes of Health UG3/UH3 mechanism, a two-phased
approach in which pre-specified milestones in phase 1 must

be met in order to progress to phase 2. The purpose of the
first phase is to establish feasibility, pilot test methods, and
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optimize measures. Studies that achieved their goals in phase
1 (UG3) transitioned to phase 2 (UH3)—a randomized
controlled trial. At the start of the UG3 phase, consortium
members created a Data Harmonization Working Group
(DHWG) recognizing the opportunity to broadly inform the
science of HIV prevention and care in LMICs. Seventeen
individuals volunteered to serve on the DHWG based on
interest and prior expertise; six principal investigators, three
additional study investigators, four staff and scientists from
the funding agencies, and four staff from Westat, an outside
contract research organization engaged to document project
milestones and progress. Westat carefully documented the
activities of the DHWG so the process could be replicated
in future multi-study initiatives interested in harmonizing
data across countries and populations. DHWG members
represented multiple disciplines (psychology, sociology,
medicine, public health, economics, epidemiology, pedi-
atrics) and countries, brought expertise in qualitative and
quantitative research methods, and extensive experience in
HIV prevention and treatment for AYA in LMICs.

The primary objective of the DHWG was to establish the
equivalent of a common data element for the main research
questions across projects and facilitate multi-protocol analy-
ses of similar primary and secondary outcomes. There was
at least one investigator from each research team to maxi-
mize comparability and ensure that the objectives of each
study and diverse contexts were represented. At the start,
the DHWG met twice monthly to discuss potential topics for
harmonization. Once sub-groups were established for each
category of topics, the DHWG shifted to meeting monthly.
The DHWG finalized the harmonization package by the end
of the UG3 phase. Studies that progressed to the UH3 trial
were encouraged (but not required) to integrate the measures
into their design.

Data Harmonization Steps

Figure 1 shows the steps we employed for data harmoniza-
tion. Each step is described in detail below.

Step 1: Create a Repository of Measured Constructs

As a first step to develop the common data (i.e., harmoniza-
tion) package, Westat staff exported the primary constructs
and their associated measures for each of the eight studies
into a comprehensive spreadsheet that became the source
document and resource for all DHWG activities moving for-
ward. The document provided easy and efficient review of
each project’s outcomes and instrumentation by the DHWG.
A representative from each study team carefully checked
the source document for accuracy and provided needed
updates and revisions to their study design and planned
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Fig. 1 Steps in the data harmonization process

measurements. Changes and additions were incorporated
into the spreadsheet for the next step.

Step 2: Classify Constructs

Consistent with the consortium’s primary objectives, the
DHWG noted three broad domains across projects: (1)
AYA HIV prevention continuum, (2) AYA HIV care con-
tinuum, and (3) structural and cross-cutting topics associated
with the HIV prevention and care continuum. The DHWG
assigned data elements to each of the three domains (see
Fig. 2). The data elements were composed of related con-
structs and generally constituted the primary and second-
ary outcomes and relevant moderators and mediators of
treatment effects. Within Domain 3 (structural and cross-
cutting topics associated with the HIV prevention and care
continuum), the DHWG consolidated data elements into
groupings (e.g., implementation science, demographics,
sexual behavior). For example, anxiety and depression were
planned moderators in several studies, so these were classi-
fied as “mental health” under Domain 3.

Step 2 was lengthy and required extensive discussion to
avoid redundancies and incorporate different viewpoints. To
achieve consensus, DHWG members examined the relevance
of each data element for a specific domain (e.g., Does the
data element reflect a characteristic of the domain? Does it
relate to other constructs or domains? Should a new domain
be created to capture the element’s meaning?). There was
full agreement on the subset of topics within the domains
and their data elements. The DHWG made repeated efforts
to include all interested stakeholders by continuously revert-
ing to the steering committee composed of the principal
investigators and co-investigators of each study and invit-
ing review and comment. After the list of topics were agreed
upon by the DHWG, Westat distributed the list to steering
committee members for a final vote (agree with list/disagree
with list). A new spreadsheet was created listing the three
domains and a set of potential topics for harmonization (i.e.,
integrating the data elements and groupings) in preparation
for review and feedback by the full PATC®H consortium.

Step 3: Select Topics for Harmonization

The newly developed spreadsheet was distributed to the
PATC?H steering committee. Investigators were asked to
review the potential topics for harmonization, and together
with their full study teams, discuss and then rank them
according to their priority for harmonization as follows:
1 =highest priority; 2 =high priority; and 3 =lower prior-
ity. Each project submitted a single survey representing
their team’s consensus. The ratings were collated across
studies and a final priority score was calculated for each
topic by averaging scores across the eight research teams.
The DHWG agreed a priori that topics with an average rank-
ing <2 (reflecting highest and high priority) would be con-
sidered further for harmonization. In reviewing the topic
rankings, the DHWG decided that some topics (i.e., sub-
stance use) should be included in the package given their
important role in HIV prevention and care despite failing to
reach the <2 threshold. Through this process, the DHWG
identified five categories of topics for harmonization (Online
Resource 1), which were subsequently approved by the study
teams.

Step 4: Identify Survey Instruments to Reflect
Harmonization Topics

The next step in the process required selecting instruments
and/or questionnaire items to reflect the harmonization top-
ics. The DHWG revisited the initial spreadsheet created by
Westat with an eye towards the surveys and instruments
originally proposed by study teams. In some cases, teams
had already planned to measure the topics chosen for har-
monization (e.g., mental health). In other cases, the topics
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Fig.2 Domains, subcategories, and data elements for harmonization

were not included in the original study plans, and thus, new
measures were proposed (e.g., implementation science).
At this point, the DHWG divided into working sub-groups
representing each of the five harmonization categories. The
working sub-groups included at least one established expert
in the topic area who led the harmonization efforts for that
category. The leader of all five sub-groups were principal
investigators of the PATC?H studies, and thus, well posi-
tioned to guide their group. Each working sub-group com-
prised 8—13 investigators across all study teams.
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The working sub-groups followed several steps to iden-
tify the most appropriate measures to recommend across the
consortium wherever possible. First, the sub-groups revis-
ited the source document listing the original tools proposed
across studies for the same topics. These were reviewed
and discussed for relevance across the consortium. For
example, several projects planned to evaluate antiretroviral
medication adherence, but they differed in their measure-
ment approach (e.g., Medication Event Monitoring System
caps, pharmacy refills, self-report). Next, the leader of each
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sub-group completed a literature review of related research
to determine whether alternative validated, widely used, and
culturally appropriate measures existed on the same topic.
During this process, sub-group members met regularly to
discuss different measurement options. Any originally pro-
posed instruments that were similar across studies were pri-
oritized since these had been carefully vetted and selected
by the teams. Lastly, each sub-group generated a list of sur-
vey items to represent the topic areas for inclusion in the
harmonization package. The recommended items for each
category were submitted to the PATC>H steering committee
for review and feedback.

Step 5: Finalize Measures for Harmonization

Prior to distribution to the full consortium, the DWHG dis-
cussed whether individual projects could tailor the recom-
mended instruments to meet the needs of their unique popu-
lation and project. The DWHG agreed to recommend that
validated measures (e.g., Patient Health Questionnaire-9;
Monahan et al., 2009) be delivered without adaptation.
However, the group recognized that measures with less psy-
chometric data (e.g., implementation science) might require
minor wording modifications to fit the study context. In these
cases, teams were cautioned to ensure the spirit or meaning
of revised items remained intact. At the all-team in-person
meeting held in June 2019, the DHWG presented some of
the measure recommendations and concerns were discussed
(e.g., what if the harmonized measure differed from the orig-
inally planned instrument?). In September 2020, with con-
sensus from the steering committee, a draft of the finalized
harmonization package was provided to each study team.
All remaining revisions were incorporated into item word-
ing based on team feedback, and the harmonization package
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was finalized in January 2021. Study teams indicated their
intention to use the package in whole or in part.

Following the onset of the COVID-19 pandemic, con-
sortium members decided to coordinate their efforts and
evaluate the impact of COVID-19 in their studies. Given
the time constraints and need for quick deployment, these
measures were not formally harmonized. Still, one team
developed a measure to evaluate the impact of COVID on
research participants and the HIV prevention and care con-
tinuum for AYA in LMICs. This measure was submitted
to the PhenX Toolkit and adopted by several teams in the
consortium (Center for Dissemination and Implementation
Science, 2020).

Results
Overview

Several topics were rated as important priorities for harmo-
nization across studies. Unsurprisingly, the AYA HIV care
continuum was consistently rated as higher priority followed
by the AYA HIV prevention continuum as these constituted
the primary outcomes for the consortium. Many of the struc-
tural factors were rated as lower priority, whereas implemen-
tation science, mental health, and economic assessment were
rated highly. The final data harmonization package therefore
comprised five categories: implementation science, HIV
prevention and care continuum, demographics and sexual
behavior, mental health and substance use, and economic
assessment.

There was widespread enthusiasm for harmonizing across
the five categories. All teams indicated plans to adopt at least
some of the proposed items (Fig. 3). Specifically, all eight
study teams reported intentions to use the core measures

“20 20‘

Implementation Science Economic Assessment

Abuse
SEARCH-Youth

ITEST ®m SHIELD & IWC

Fig.3 Percentage of harmonized questions across studies in the five harmonization categories
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for the implementation science outcomes, HIV prevention
and care continuum, demographics and sexual behavior, and
mental health and substance use categories, although the lat-
ter varied by classification (e.g., depression versus anxiety).
Five studies reported planned economic or cost evaluations
of their evidence-based interventions. Importantly, all teams
identified the need for minor modifications to the recom-
mended measures. Modifications included tailoring to cul-
ture, population, and context; adding or removing individual
items within measures; simplifying response categories to
improve comprehension; and varying time-specific questions
and reference time points (i.e., HIV testing over the past
6 months vs. the past 3 months).

Implementation Science

Few study teams initially proposed a formal implementation
evaluation in their grant application. However, as the UG3
studies progressed, particularly in the face of the COVID-19
pandemic, the need for implementation assessments became
increasingly evident. Teams recognized the value of under-
standing implementation determinants, processes, and out-
comes in achieving study goals. To start, the implementation
science working sub-group invited nominations of possible
implementation frameworks to inform harmonization efforts.
Three were proposed to guide measurement selection in the
consortium: a primarily determinants framework (Con-
solidated Framework for Implementation Research; CFIR
Damschroder et al., 2009), a mostly evaluative framework
(Reach Effectiveness Adoption Implementation Mainte-
nance; RE-AIM Glasgow et al., 1999), and a largely pro-
cess plus determinants framework (Exploration, Preparation,
Implementation, Sustainment; EPIS Aarons et al., 2011).
The working group drafted a summary document describing

Table 1 Implementation science harmonization measures

the objectives, constructs, and associated survey instruments
for the three frameworks. Research teams were asked to pri-
oritize the implementation science outcomes and constructs
based on their study and goals. A simple majority prioritized
the RE-AIM framework. The study teams also expressed a
desire to evaluate the outcomes proposed by Proctor et al.
(2011).

Next, the implementation science working group recom-
mended items reflecting the components of RE-AIM and
Proctor’s implementation outcomes that demonstrated some
evidence of validity and reliability in Sub-Saharan Africa
and/or applied in settings that serve AYA (see Table 1 for a
summary; for the full set of items, see Online Resource 2).
Seven studies reported plans to assess at least one RE-AIM
domain and other implementation outcomes (Fig. 3) as fol-
lows. Implementation was the most frequently cited topic of
planned evaluation (n ="7), followed by Maintenance (n=6),
Reach (n=5), and Adoption (n=4). Intentions to evaluate
Acceptability and Feasibility were also high (n=7) followed
by Appropriateness (n=6) and Fidelity (n=4).

HIV Prevention and Care Continuum

Two studies in the consortium focus on the HIV preven-
tion continuum. Both studies will enroll non-infected and/
or unknown HIV status AYA and have plans to evaluate HIV
testing uptake and yield, and PrEP uptake, adherence, and/
or persistence. Both studies reported plans to use specific
HIV-risk assessment tools to assess participant risk of HIV
acquisition based on the frequency of risky sexual behaviors.

Three of the PATC?H consortium studies focus on the
HIV care continuum. These studies will engage AYA living
with HIV with harmonized measures that include linkage
and retention in care, ART initiation and adherence, age at

Construct Type of construct* Number of items Number of items ~ Source
for staff/administra- for study partici-
tors pants
Reach Theoretical (RE-AIM) 8 0 Applied Mental Health Research Group (AMHR) at Johns
Hopkins University (Haroz et al., 2019)
Adoption Theoretical (RE-AIM) 13 0 Antiretroviral Treatment Access Study (ARTAS) (Norton,
2012)
Implementation Theoretical (RE-AIM) 3 0 Rohrbach et al., 1993 (Rohrbach et al., 1993)
Maintenance Theoretical (RE-AIM) 16 0 Program Sustainability Assessment Tool (PSAT) (Luke
etal., 2014)
Feasibility Outcome 7 8 AMHR (Haroz et al., 2019)
Acceptability Outcome 7 6 AMHR (Haroz et al., 2019)
Appropriateness Outcome 6 6 AMHR (Haroz et al., 2019)
Fidelity Outcome 20 0 Donenberg et al., 2020 (Donenberg et al., 2020)

*Theoretical constructs were from the RE-AIM framework (Glasgow et al., 1999). The effectiveness construct from RE-AIM would be assessed

on a project-specific level. Outcomes were from Proctor et al. (2011)
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diagnosis and viral suppression. Most of the data associated
with the HIV care continuum will be collected during clini-
cal care appointments, including HIV viral load before and
after study initiation. Finally, three of the consortium studies
are collecting data on both HIV prevention and care.

Demographics and Sexual Behavior

Several demographic characteristics were selected as topics
for harmonization, including sex at birth, sexual orientation,
and gender, education, housing, food security, employment
status, and income. Sexual behavior topics chosen for har-
monization include the occurrence of sexual behavior (i.e.,
“Have you ever had vaginal or anal sex?”), age at sexual ini-
tiation, age of sexual partners, and sexual HIV-transmission
risk, namely condom use (e.g., “Did you use a condom at
last sex?”’), number of sexual partners, cross-generational
sex, and transactional sex. The existence of a living child
was included to characterize teenage pregnancy, parenthood,
and contexts of unprotected sex.

Mental Health and Substance Use

Validated and standardized instruments of mental health dis-
tress across cultural contexts were recommended for harmo-
nization, namely depression, anxiety, and trauma symptoms.
Seven of the eight studies indicated an intention to evalu-
ate mental health and all eight planned to assess alcohol
and drug use. The DHWG offered two options of the same
instrument (short or long) for depression (Monahan et al.,
2009) and for anxiety (Barthel et al., 2014) and two instru-
ments to assess alcohol and drug use, both with strong psy-
chometric properties. Sample items for anxiety, depression,
and trauma respectively include: “In the past 2 weeks, how
often have you been bothered by feeling nervous, anxious, or
on edge?” and “In the past 2 weeks, how often have you been
bothered by little interest or pleasure in doing things?” “In
the past month, have you had nightmares about the event(s)
or thought about the event(s) when you did not want to?”
The measures of alcohol (Humeniuk et al., 2008) and drug
use evaluate lifetime, frequency, amount, and recency of
alcohol, marijuana, inhalants, and opioids. For example,
“How often do you have a drink containing alcohol?”” and
“In the past 30 days, have you ever used marijuana (dagga,
chamba, weed; Reinert & Allen, 2002)?”. Most study teams
reported a plan to adapt the language related to alcohol and
drugs to reflect the local vernacular.

Economic Assessment
The economics working sub-group initially examined the

source document developed by Westat and created a list
of key intervention activities that could be assigned costs.

These activities were then categorized into three broad
groupings to differentiate costs associated with the study
intervention, research, and non-labor expenditures. Exam-
ples of intervention-related study activities include preparing
intervention materials, trainings, promotion and outreach,
liaising with community members, and facilitating interven-
tion sessions. Next, the working sub-group developed a Cost
Collection Tool and User’s Guide with standardized defini-
tions based on a previously validated instrument (Hoover
et al., 2019) for study teams to complete. All eight studies
indicated a plan to collect cost data to evaluate the cost-
effectiveness of their interventions. Only five of the eight
studies planned to use the Cost Collection Tool. Although
the level of detail collected for the cost information varies
across the studies, data will allow comparisons of cost across
broad categories.

The economics working sub-group also developed the
PATC?H Policy Priority Survey to seek feedback from in-
country decision-makers regarding the adoption of public
health interventions to improve outcomes for AYA affected
by HIV. The survey consists of eight open-ended questions
and ratings of the importance of specific types of economic
analyses. This information will facilitate harmonization of
economic assessments and help identify measures and met-
rics required to support informed decision-making that meet
the requirements of policy makers. Six of the eight study
teams report a plan to implement the survey.

Discussion

This paper describes a two-year process undertaken by the
DHWG within the PATC?H consortium to identify and
propose measures for harmonization for AYA across sub-
Saharan Africa and Brazil in five categories: Implementation
science, HIV prevention and care; demographic and sexual
behavior; mental health and substance use; and economic
assessment. The process highlights the value of data harmo-
nization by identifying strong and relevant instruments that
can be applied across diverse study populations and contexts
to strengthen the replication of findings and fortify the sci-
ence. Data harmonization permits larger sample sizes than
can be achieved by a single study, thus increasing confidence
in the findings and their generalizability. Data harmonization
also allows for direct comparisons across studies to answer
questions about cultural differences that inform measure rel-
evance. Finally, data harmonization can foster more efficient
usage of secondary data and enhance opportunities for col-
laborative and multi-country research—particularly in set-
tings under-represented in the research—while limiting the
persistent problem of research “waste” (Doiron et al., 2012).

This paper contributes much needed guidance regard-
ing the harmonization of implementation science measures
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and provides an example of the potential benefits to this
burgeoning field of study. Although none of the studies
initially planned to formally evaluate implementation out-
comes, after extensive discussion of the challenges in car-
rying out research in LMICs and the impact of COVID-19
on our research partners and projects, all eight study teams
decided to adopt some or all of the recommended imple-
mentation science measures. Global health researchers
are acutely aware of the need to attend to implementation
factors—i.e., barriers and facilitators—and consider how to
achieve the most positive outcomes possible with regard to
implementation (i.e., adoption, feasibility, acceptability, etc.;
Donenberg et al., 2019; Theobald et al., 2018). We detail the
harmonization process used to identify and select implemen-
tation science measures and offer a harmonized instrument
for future researchers wishing to address HIV prevention
and care among AYA in LMICs. Importantly, the process
described herein and the measures proposed can also apply
to all multi-study protocols.

There are important efforts underway to identify imple-
mentation science measures that are applicable and relevant
across studies [e.g., see U.S.-based Disparities Elimination
through Coordinated Interventions to Prevent and Control
Heart and Lung Disease Risk (DECIPHeR) Alliance, 2020].
We urge future investigators to ensure that the implementa-
tion science measures adopted be driven by theory (in this
case, we used RE-AIM; Glasgow et al., 1999) in order to
build a more robust and generalizable science. Considera-
tion of implementation determinants and outcomes—while
recognizing the potential for overlap between the two—
will help ensure that the implementation science measures
address a wide range of processes affecting implementation.

Of note, the process of harmonization required extensive
collaboration, patience, and attention to potential challenges.
As aresult, there are limitations to data harmonization pro-
cesses worth mentioning. First, in many cases, although
the proposed harmonization topics were already included
in the PATC?H studies, specific assessment strategies dif-
fered, making it hard to select a “one size fits all” measure.
Encouraging a multi-measure approach of the same con-
struct allowed us to overcome resistance to adopt alterna-
tives. Likewise, some researchers planned to use measures
they had already developed or employed over the years, cre-
ating reluctance to integrate new instruments—particularly
if they hoped to compare results with their previous studies.
Offering the choice to use a short or long version to measure
the same construct provided flexibility and ultimately led to
the addition of the harmonized items. We recognized that
allowing study teams the option to harmonize risked incom-
plete harmonized data. However, appealing to the “greater
good” achieved by harmonization helped underscore the
benefits derived, and most study teams agreed to adopt the
recommended measures. Finally, minor adaptations and
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modified item wording may pose challenges at the analysis
stage even though emphasis was placed on ensuring that
the original meaning was retained. While this will likely
mitigate some concerns, research has demonstrated that
even small modifications to wording can change the meas-
ure’s original psychometric properties. Hence, while this is
a limitation of our harmonization process, future research
should consider working in collaboration with scale develop-
ers to evaluate the modified measures and to ensure the use
of best practices when modifying tools. Secondly, although
AYA were incorporated within each individual study as a
youth advisory board or as youth ambassadors, the voices
of AYA were not included in the harmonization process.
The measures harmonized were limited to the predetermined
goals and objectives of the eight individual studies mak-
ing in it difficult to generalize our findings across all youth
populations in LMICs. Studies also varied in design and
intervention content for youth populations. While there are
significant challenges to harmonizing multi-site AYA inter-
ventions, there are also new opportunities, such as incorpo-
rating robust youth-driven implementation outcomes that
improve how we deliver and scale-up effective interventions.
Future harmonization efforts will benefit from AYA voices
and lived experiences not only in the design of interventions
(as was done here), but also in workgroups to harmonize
measures. AYA contributions may accelerate the scale-up
of effective interventions.

The PATC>H consortium opted to prioritize mental health
and implementation science as key components for harmoni-
zation. This decision reflects growing concerns about mental
health in the context of other health outcomes (e.g., cardio-
vascular disease, diabetes, obesity) and the important role of
implementation science in the field broadly (Dixon & Patel,
2020; Norton et al., 2017). Even before the COVID-19 pan-
demic, consortium members recognized that mental health
impacts HIV prevention and care for all AYA. Interventions
designed to improve the prevention and care continua, there-
fore, were seen as intimately connected to addressing mental
health. This insight turned out to be prescient as the rates of
mental health distress during COVID have risen dramati-
cally in the past two years (Jones et al., 2021).

Recommendations for Future Data Harmonization

Seven recommendations for future research consortia
emerged from our experience:

(1) The harmonization process must include a representa-
tive from each study team to ensure adequate attention
to the cultural relevance of selected measures. The pro-
cess and the outcome benefits substantially from multi-
disciplinary perspectives and input.
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(2) Cross-cultural harmonization is possible and increas-
ingly required by funding agencies but must be flex-
ible and clear from the beginning. For example, several
teams had already selected measures for the harmoni-
zation topics. We, therefore, delineated measures that
should not be modified (e.g., well validated) and those
where modification in this particular harmonization
process was acceptable (i.e., implementation science).

(3) The harmonization process requires transparency and
a careful systematic approach to allow for replication.
Planning for harmonization in advance and document-
ing the methods and procedures will ensure sufficient
time to reach harmonization decisions.

(4) Certain study populations and/or contexts may drive
decisions about harmonization priorities. Those lead-
ing the harmonization process should ensure that all
teams and their priorities are fairly represented in the
decision-making process.

(5) There is value in disseminating recommendations for
measures to be harmonized by topic and setting. Sev-
eral efforts currently exist that promote measures for
harmonization in the social determinants of health
(e.g., the PhenX Toolkit; Hamilton et al., 2011). The
current paper adds new recommendations in the area
of implementation science, which has not received the
same attention to harmonization—particularly in LMIC
contexts.

(6) The data harmonization process must remain nimble
and responsive to life events—in our case, COVID-19.
Although we did not initially harmonize a COVID-19
measure, team discussions highlighted the importance
of assessing the effects of COVID-19 on our study
populations and projects, prompting quick action. The
measures consortium members chose to incorporate
into their individual studies will help build the broader
evidence base on COVID-19 and its influences on AYA
in LMICs.

(7) Allowing flexibility and measurement adaptations to
improve fit within the local context and population
creates tension between internal and external validity.
Future research should strive to maximize fit without
sacrificing scientific rigor. As with efforts to document
intervention adaptations (e.g., the FRAME; Wiltsey
Stirman et al., 2019), investigators should record and
communicate with scale developers about modifica-
tions to measures to inform future research and appli-
cations.

In summary, this paper offers guidance on the process
of decision-making around creating a data harmonization
package. It contributes to the literature on the challenges and
benefits of harmonization across populations and contexts
focused on a particular health outcome—HIV prevention

and care. The processes and the recommendations could be
of use to future harmonization efforts both in LMICs and
in other underserved communities. Although some recom-
mendations for specific sets of measures already exist (e.g.,
the PhenX Toolkit; Norton et al., 2017), we present a harmo-
nized package of implementation science measures, seeking
to fill the gap in the literature on recommended implementa-
tion science measures specific to AYA and HIV from LMICs
and also provide guidance on the harmonization process.
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