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Introduction: Despite substantial research and growing evidence on effectiveness, the longer-term benefits of proven healthcare interventions and programs have not been fully explored due to challenges sustaining such efforts. Existing sustainability measures developed in high-income countries may not reflect determinants unique to the sustainability of interventions in low- and middle-income countries (LMICs), including African countries. To address this gap, our study developed a Sustainability Tool to Assess Evidence-Based Interventions and Programs (STEPS), which provides a theory-based measure that can be used to assess multilevel determinants of sustainability from the perspective of frontline health workers, service providers, or implementation practitioners.



Methods: STEPS domains and the initial scale item pool were generated based on a review of existing literature on sustainability in the African region. Two rounds of expert reviews were conducted with 12 experts from nine African countries, providing ratings and feedback on the relevancy of each item. Then, face validity was conducted among ten healthcare workers involved in implementing interventions and programs in Nigeria. Content validity metrics and consensus methods were used to remove redundancy, reducing the final scale to 31 items. Subsequently, we piloted STEPS among 256 healthcare workers in Nigeria directly involved in implementing evidence-based programs and/or interventions. Data were analyzed using exploratory factor analysis (EFA) to identify the underlying factor structure, followed by reliability analysis.



Results: The EFA indicated that a four-factor 31-item structure best fits the data (Kaiser Criterion of eigenvalues >1, confirmed by scree plot, and interpretability). The four subscales are: (1) intervention characteristics (2) organizational capacity, (3) implementation context and values, and 4) socio-cultural and community context. The Cronbach's alpha for the subscales ranged from 0.83 to 0.95. Overall, STEPS demonstrated adequate content validity and excellent internal consistency for the overall scale with a Cronbach's alpha of 0.97.



Conclusion: Our research findings contribute to the implementation science literature by providing future researchers or programmers a means to assess factors associated with the long-term delivery and subsequent benefits of evidence-based interventions and programs in African settings. STEPS provides a context-relevant tool for assessing sustainability in the African context and other LMICs.
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Introduction

Sustainability remains an understudied and complex issue in research and practice settings. It is one of the least understood and most vexing translational research issues of our time, largely due to unique methodological challenges (1, 2). Informed by a recent synthesis by Moore et al. 2017, sustainability is conceptualized based on five characteristics: “(a) after a defined period of time; (b) a program, clinical intervention, and/or implementation strategies continue to be delivered and/or; (c) individual behavior change (i.e., clinician, patient) is maintained; (d) the program and individual behavior change may evolve or adapt while; (e) continuing to produce benefits for individuals/systems” (3). However, despite the growing consensus on how sustainability is defined, there are no agreed-upon or uniform criteria for determining whether an intervention or program has been or will be sustained (4). This may be due to a recent shift in perspective—from viewing sustainability as an “endgame” or afterthought to recognizing it as an ongoing, dynamic process, where adaptation is critical to overcoming hurdles and responding to evolving contexts and populations (2). Given the current climate of shifting priorities, competing demands, and limited resources, particularly in low- and middle-income countries (LMICs), understanding how to sustain interventions and programs effectively is crucial to maximizing public health impact and avoiding wasted investments.

Current literature highlights a myriad of methodological challenges in assessing sustainability across diverse settings. Sustainability is often not assessed, and when measured, different metrics and observation periods have been used (5–7). In a review of 84 funded implementation research studies, only 67% of studies referenced sustainability, and none of the studies mentioned planning for sustainability from the onset of implementation (8). Comparable results were found in a review of 41 health interventions in Africa, where only 46% of the included studies reported sustainability outcomes, most of which exhibited limited quality and methodological rigor (9). More recently, Hall et al. (2023) conducted a comprehensive review of over 10,000 public health research articles and found that only 1.3% (n = 136) were focused on sustainability, with only two studies specifically addressing measurements (10). Additionally, many studies do not use measures that have been empirically tested for substantive or predictive validity (11). For example, sustainability is sometimes assessed by the percentage of sites that continued program activities after funding ended or by the rate of outcome improvement (1, 11). However, simply determining whether a program or its components continued does not guarantee that the program sustained benefits for the same number of beneficiaries, nor does it confirm continued effectiveness beyond the initial funding period. Given that most data collection activities conclude when grant funding stops, information about sustainability is typically beyond the purview of rigorously controlled research trials or health service research (1). As such, the underdeveloped state of sustainability measurement poses one of the most serious methodological challenges in implementation science.

Existing measures are limited in three critical ways. First, nearly all the measures were conceived and validated in high-income countries (HICs) (4–6, 12, 13). Studies have shown that implementation and sustainability determinants might manifest differently in LMICs and HICs due to variations in health system structures, resource availability, morbidity and mortality population-level profiles, and cultural and sociopolitical norms (9, 12, 14). Thus, measures may require adaptation or contextualization to fit the needs and priorities of researchers, practitioners, communities, and policymakers in LMIC settings. Second, existing measures provide little insight into the multidimensional nature of sustainability (1, 15) or whether it may be influenced by important determinants such as (a) continuation of intervention benefits (15) (b) how program activities of the original intervention fit the context where they are implemented (9, 16); (c) how to maintain dialogue with stakeholders and leaders to continually improve practices or procedures that were started as a result of program implementation; or (d) how to engage in learning or problem-solving at multiple levels to boost sustainment in practice (16, 17). Finally, existing measures are better suited for executive or management staff with higher-level organizational knowledge rather than frontline health workers or service providers, who have firsthand experience with daily operations at clinics and implementation sites. Although valuable, such tools fall short of capturing the frontline health workers or service providers assessment of what is truly happening at the ground level of implementation.

The current study does not seek to replace existing frameworks or tools for understanding sustainability determinants or outcomes. Rather, it integrates domains and constructs from locally contextualized frameworks that reflect the realities of LMICs, particularly in Africa, to provide a pragmatic tool to assess and guide the sustainability of interventions and programs in low-resource settings. Accordingly, we developed and validated the sustainability tool to assess evidence-based interventions and programs (STEPS). STEPS aims to evaluate core sustainability determinants that support the continued delivery of innovations. This article describes the conceptualization and development of STEPS and presents psychometric evidence supporting its potential use as a robust measure to advance sustainability research and practice.



Materials and methods

Following the best practice guidelines described by Boateng, we used a multi-stage, mixed-methods approach to develop and evaluate STEPS from November 2022 to December 2023 (see Figure 1).


[image: Flowchart detailing STEPS development and validation process. Phases include reviewing literature, specifying domains, generating initial items, assessing content and face validity, conducting exploratory factor analysis, and reliability analysis. Versions I to III evolve through these stages.]
FIGURE 1
STEPS development and evaluation process.



Phase I: item development and initial validity


Defining dimensions and developing the initial item pool for STEPS

Guided by the Dynamic Sustainability Framework (DSF) (16), along with the conceptual framework developed from the published literature by Iwelunmor et al., (2016) (9), we delineated and operationalized the domains for STEPS (See Supplementary Table 1, Additional File 1). Scale items were then deductively created after a comprehensive review of the literature on sustainability determinants and outcomes in the context of LMIC (9, 18). These items were derived from central themes identified in the existing literature and mapped to the initial three hypothesized STEPS domains: intervention characteristics, organizational implementation context, and socio-cultural and community context (See Supplementary Table 1, Additional File 1). Following the recommendation by Clark and Watson (19) for item generation, the initial item pool was at least twice as long as the final version of the scale. A larger item pool at the initial phase would protect against poor internal consistency and ensure that the best possible item represents the underlying construct (20). A preliminary scale with 54 items (Version I), categorized under the three domains, was then created. Following the item generation process, content validity by experts and face validity by a subsample of healthcare workers were conducted.



Content validity

Twelve subject matter experts (SMEs) were purposively selected, following widely used recommendations (2–20 SMEs) (21–23), and their extensive experience in leading and implementing healthcare interventions or programs in Africa. All SMEs had implemented large-scale programs in at least one African country, including Zambia, Nigeria, Botswana, Rwanda, Malawi, Tanzania, Kenya, and South Africa. SMEs were invited via email with a formal cover letter detailing the study's purpose, domain definitions, item rating instructions, and a Qualtrics survey link with open-ended questions for additional feedback. Experts independently rated each item's relevance (1 = not relevant to 4 = highly relevant) and provided qualitative feedback on item inclusion, rewording, deletion, and response options. Quantitative data were imported into Microsoft Excel, and the content validity index (CVI) was calculated (See Supplementary Table 2, Additional File 1). The Item-Level CVI (I-CVI) was determined as the proportion of experts rating an item as 3 (quite relevant) or 4 (highly relevant) out of the total number of experts. Items with I-CVI <0.70 were considered for deletion, while those scoring 0.70–0.79 were reviewed for modification based on expert feedback. The Scale-Level CVI (S-CVI/Ave) was 0.83, exceeding the 0.80 threshold for acceptable content validity (22, 24). In light of these findings, items were refined, and STEP Version II was developed.



Face validity

To understand how target group respondents perceived and understood STEPS version II, we conducted cognitive interviewing (CI) using the “think-aloud” technique with ten healthcare workers in Nigeria. Participants (aged 18 and older) had experience implementing or leading healthcare interventions and included physicians (n = 3), nurses (n = 1), community health workers (n = 5), and pharmacists (n = 1). Interviewees were asked to verbalize their thought process while responding to each scale item, guided by MacDermid J's taxonomy to evaluate clarity/comprehension, relevance, and perspective modifiers (25). Trained study team members with extensive qualitative research experience conducted in-person interviews in English lasting 30–45 minutes. Using rapid qualitative analysis (26), interview responses, and field notes were analyzed to refine the scale, resulting in 31 final items (version III).




Phase II: psychometric evaluation


Participants, setting, and procedure

To assess the factor structure (i.e., how many underlying factors might be present and their relationship to each other) and reliability, implementers including health service providers, involved in implementing HIV-focused programs and interventions in Nigeria for at least 12 months or those recently completing such programs were invited via email to complete the STEPS measure (Version III) through the Qualtrics web-based platform. We focused on HIV programs as a starting point because they represent the first large-scale continuity care programs implemented in many LMICs and share similar prevention and management elements with noncommunicable diseases and other infectious diseases in this region (27). Principal investigators of active and completed HIV-focused programs in Nigeria were identified through implementation research networks and asked to connect our evaluation team with healthcare providers involved in these programs. Providers were invited to participate, and additional referrals were obtained. Following recommendations for scale development and factor analysis, we aimed for a sample size of 300 respondents (to account for non-responses) to pilot test STEPS (28, 29). Participants accessed the secure Qualtrics platform, provided informed consent, completed a set of eligibility questions, and completed the STEPS survey. The survey platform remained open for two months, with email reminders sent after the initial invitation. Respondents rated the items based on their specific program or intervention using a 5-point Likert scale (“1 = strongly disagree”, “2 = disagree”, “3 = neither agree nor disagree”, “4 = agree”, “5 = strongly agree’), with an additional option for “Not applicable to my role or intervention/program at this time.” At the end of the survey, participants provided demographic information, including age, sex, education level, position, and practice/program characteristics.



Data analysis

Deidentified data were extracted from Qualtrics and analyzed using IBM Statistical Package for the Social Sciences (SPSS), version 28. Item responses and response patterns were first examined for missing data and poorly answered items for potential exclusion. Responses with over 20% missing data were excluded. Frequency tables were generated to describe the socio-demographics of participants in the study. Univariate skewness and kurtosis were examined to assess whether the data was normally distributed. Skewness, with an absolute value of less than 3, and Kurtosis, with an absolute value of less than 10, are the suggested ranges (30). Inter-item correlations were computed to examine the homogeneity of the scale (minimally acceptable range of r ≥ 30) and to identify highly correlated items (r > 0.90), potentially indicating multicollinearity (31).

Next, The Kaiser-Meyer-Olkin (KMO) (32) and Bartlett's test of sphericity (33) were used to determine the appropriateness of the data for factor analysis. The data was considered adequate if the KMO was >0.60 and Bartlett's test was statistically significant (p < 0.001). Several approaches were used to determine the number of factors to retain, including Kaiser's criterion (eigenvalues >1) (34), cumulative percent of variance explained, and the scree plot (identifying the point where the curve flattens) (35). Factor extraction was conducted using principal axis factoring (PAF) with oblique rotation (Promax), which is preferred for new measure development (36, 37). Oblique rotation was chosen based on the assumption that factors were correlated (37). Factor solutions were subsequently examined, and items with loadings below 0.30 or factors with fewer than three items were not retained. Given that no prior hypotheses had been established regarding the underlying dimensions, EFA was deemed more appropriate (31).



Internal consistency

Internal consistency was determined using Cronbach's alpha for the total scale and subscales identified by the EFA. Cronbach's alpha values of 0.80 or higher are considered excellent internal reliability (31).



STEPS scoring

Sums and mean scores were computed for the overall scale and subscales using unweighted (mean or sum scores) items. The scores associated with each factor served as the composite scale score. Potential scores for the scale items range from 1 to 5. Higher scores (typically within 4–5) may be interpreted as higher capacity for sustainability in each area.





Results


Demographic characteristics of study population in phase II

Of the 312 responses received, 56 surveys were excluded due to over 20% missing data, resulting in 256 responses for factor analysis (82.0% response rate). Table 1 presents the sociodemographic characteristics of the final sample. Most respondents were aged 25–34 years (36.3%), female (57.1%), and held a bachelor's degree or higher (59.4%). Regarding professions, 34.8% were community health workers, 30.9% were counselors or social workers, 12.5% were medical doctors, 6.3% were nurses/midwives, 2.0% were pharmacists, and 13.7% were other allied health professionals. Most worked in tertiary hospitals (31.3%) or primary healthcare centers (27.7%), and over a third reported that the HIV-based program or intervention had been in implementation for 10 years or more (38.3%).



TABLE 1 Demographic characteristics of study population in phase II (N = 256).



	Measures
	Overall



	n (%)





	Age, years



	18–24
	61 (23.8)



	25–34
	93 (36.3)



	35–44
	53 (20.7)



	45–54
	36 (14.1)



	55–64
	13 (5.1)



	Sex



	Female
	145 (57.1)



	Male
	109 (42.9)



	Missing
	2



	Educational attainment



	Less than bachelors’ degreea
	102 (40.6)



	Bachelors’ degree or higher
	149 (59.4)



	Missing
	5



	Profession



	Medical doctor
	32 (12.5)



	Nursing/midwifery
	16 (6.3)



	Community health worker/peer health navigator
	89 (34.8)



	Pharmacist
	5 (2.0)



	Counselor/social worker
	79 (30.9)



	Otherb
	35 (13.7)



	Type of facility currently working in



	Primary (PHC)
	71 (27.7)



	Secondary (general/district hospital)
	54 (21.1)



	Tertiary/Referral center (teaching or specialist hospital)
	80 (31.3)



	Community (health post or clinics)
	23 (9.0)



	Otherc
	28 (10.9)



	Health facility type



	Private
	45 (17.6)



	Public
	211 (82.4)



	Duration of program/intervention implementation, years



	1–2
	44 (17.2)



	3–5
	47 (18.2)



	6–10
	61 (23.8)



	>10
	98 (38.3)



	Do not know
	6 (2.3)




	PHC, Primary Healthcare Center.


	aIncludes primary education, secondary education, some college, technical college, diploma certificate.


	bOther professions include health facility staff such as lab technicians, medical student trainees or other allied health professionals.


	cOther facilities include research centers/institutes, and non-governmental organizations.









Descriptive statistics

All items demonstrated univariate normality, with item skewness ranging from −1.91 to −0.24. The Kurtosis values ranged from −1.09 to 5.55. The values for both skewness (absolute values less than 3) and Kurtosis (absolute values less than 10) were within the suggested ranges (30); thus, the results from the descriptive statistics indicated it was appropriate to conduct further analysis. Bivariate correlations were then examined to check for correlations <0.30 or >0.90. Most of the items were significant and moderate in magnitude. The item correlations ranged from −0.04 to 0.81. There were no pairs of items that had correlations higher than 0.90, which indicated that there were no cases of multicollinearity.



Sampling adequacy

The Kaiser-Meier-Olkin (KMO) measure of adequacy was 0.959, and Bartlett's test of Sphericity was statistically significant (χ2 = 6,237.597, df = 465, p < 0.001). Given that the KMO was higher than the suggested value [KMO > 0.60 (38)] with a significant Bartlett's test of sphericity, this indicated that the sample (n = 256) was adequate for exploratory factor analysis.



Exploratory factor analysis

Based on Kaiser's criteria (eigenvalues >1), the four-factor solution was suggested, which accounts for 65.19% of the total variance. The eigenvalues of factors 1, 2, 3, and 4 are 16.31, 1.81, 1.06, and 1.02, respectively, as presented in Table 2. The scree plot in Figure 2 showed a break at the third eigenvalue, where the data began to flatten, thereby suggesting a three-factor solution.



TABLE 2 Eigenvalues for the kaiser criterion.



	Factor
	Initial eigenvalues
	Extraction sums of squared loadings



	Total
	% of variance
	Cumulative %
	Total
	% of variance
	Cumulative %





	1
	16.314
	52.624
	52.624
	15.935
	51.402
	51.402



	2
	1.813
	5.847
	58.471
	1.372
	4.427
	55.830



	3
	1.060
	3.420
	61.891
	0.671
	2.165
	57.995



	4
	1.023
	3.301
	65.192
	0.668
	2.155
	60.150








[image: Scree plot showing eigenvalues on the y-axis and factor numbers on the x-axis. The plot displays a steep decline from the first to the second factor, then levels off, indicating significant factors drop sharply after the first few.]
FIGURE 2
The scree plot graph.


A three-factor structure of the sustainability measure was initially expected based on prior research and conceptual framework. However, substantial cross-loadings made it difficult to assign meaningful factor names due to the broad range of item content within each factor, masking critical conceptual distinctions. Though not presented here, this solution accounted for 61.89% of the total variance and was deemed a poor fit.

A four-factor solution, explaining 65.19% of the variance, was further examined. Items with factor loadings above 0.30 were considered adequate candidates for inclusion (Table 3). Factor 1 (12 items) assessed organizational aspects related to workforce capacity, alignment with workflow, sustainability planning, leadership support, funding, resources, management, and monitoring. Factor 2 (9 items) captured the organizational implementation context and value domain, including culture, climate, beliefs, and perceived benefits. Factor 3 (7 items) reflected socio-cultural and community context, covering stakeholder involvement, resources, knowledge exchange, and collaboration. Factor 4 (3 items) assessed intervention fit, adaptability, and affordability for the target population.



TABLE 3 EFA factor loadings of four-factor solution.



	Item
	Factor loading



	1
	2
	3
	4





	Factor 1: Organizational capacity



	1
	The organization has a system in place to ensure EBI delivery continues if the key person (leads/coordinates) leaves
	0.870
	−0.278
	0.141
	0.062



	2
	The organization has a key person (leads/coordinates) who drives the EBI forward
	0.724
	0.007
	−0.003
	0.187



	3
	Plans/guidelines are in place from the start to ensure the ongoing delivery of the EBI
	0.684
	0.161
	0.054
	−0.010



	4
	The organization is willing to seek other sources of funding to support the ongoing delivery of the EBI
	0.683
	0.026
	−0.058
	−0.026



	5
	The organization's leadership team supports EBI delivery
	0.676
	0.213
	−0.010
	−0.010



	6
	The organization provides follow-up care/support/treatment options for the target population
	0.656
	0.138
	−0.043
	0.047



	7
	The organization has sufficiently trained staff who are able to continue the EBI delivery
	0.596
	0.026
	0.266
	0.013



	8
	The organization is committed to the continued delivery of the EBI
	0.534
	0.401
	−0.030
	−0.060



	9
	Procedures are in place to monitor whether EBI is being delivered as intended
	0.495
	0.216
	0.050
	0.102



	10
	A system exists to communicate the expectations and changes related to the EBI delivery
	0.487
	0.291
	0.176
	−0.061



	11
	The EBI aligns well with the current services provided in the organization
	0.420
	0.329
	0.016
	0.128



	12
	The organization commits sufficient resources to support the EBI delivery
	0.373
	0.305
	0.116
	−0.008



	Factor 2: Organizational implementation context and value(s)



	13
	Staff members have a clear understanding of how to deliver the EBI
	0.058
	0.809
	−0.123
	0.071



	14
	The EBI is in line with the priorities of the organization/ community where it is carried out
	−0.178
	0.781
	0.293
	−0.107



	15
	Staff members understand the benefits of using the EBI for the target population
	0.160
	0.673
	−0.086
	0.069



	16
	Staff members feel confident delivering the EBI
	0.439
	0.566
	−0.090
	−0.041



	17
	The staff members find the delivery of the EBI to be straightforward
	−0.067
	0.544
	0.009
	0.347



	18
	The EBI aligns well with the goals of the organization
	0.343
	0.525
	−0.113
	0.022



	19
	The EBI aligns with the culture and values of the target population
	0.071
	0.492
	0.209
	−0.067



	20
	The organization recognizes staff members who use the EBI in their routine activities
	0.123
	0.490
	0.113
	0.035



	21
	Staff members spend adequate time on the delivery of the EBI
	0.363
	0.472
	−0.035
	0.050



	Factor 3: Socio-cultural and community context



	22
	Community leaders play an active role in the delivery of the EBI
	−0.084
	−0.131
	0.831
	0.042



	23
	The community has access to knowledge and information about the EBI
	0.070
	−0.007
	0.774
	−0.001



	24
	The EBI encourages mutual learning with community partners/organizations
	0.108
	0.063
	0.645
	−0.099



	25
	The local government supports the delivery of the EBI
	−0.020
	0.007
	0.632
	0.136



	26
	The [target population] is actively involved in influencing how the EBI is carried out
	−0.020
	0.125
	0.567
	0.095



	27
	The EBI builds on the resources and strengths of the community
	0.197
	0.089
	0.417
	−0.107



	28
	Diverse network of partners (government, private, non-profit, or community) are actively involved in the delivery of the EBI
	0.184
	0.241
	0.361
	0.017



	Factor 4: Intervention characteristics



	29
	The EBI delivery can be adapted (to make more suitable) to address changes in the community/organization
	0.274
	−0.166
	−0.029
	0.782



	30
	The EBI meets the needs of the target population in the community
	0.122
	0.133
	0.011
	0.600



	31
	The target recipients find the EBI to be affordable
	−0.199
	0.368
	0.110
	0.594




	N = 256. Extraction method: principal axis factoring with an oblique (Promax) rotation. A pattern matrix was used to assess factor loadings. Factor loadings above 0.30 are in bold/underlined. EBI, evidence-based intervention/program/practice.







Correlations among the four factors were examined (Table 4). Results indicated that Factors 1 and 2 were closely related (r = 0.79), suggesting they tap into a similar construct, though not enough to indicate redundancy. Other factors showed moderate correlations (ranging from 0.47 to 0.67).



TABLE 4 Four-factor solution inter-factor correlation matrix.



	Factor
	1
	2
	3
	4





	1
	1.000
	
	
	



	2
	0.793
	1.000
	
	



	3
	0.655
	0.641
	1.000
	



	4
	0.666
	0.646
	0.469
	1.000









Reliability analysis

Cronbach's alphas were calculated to assess the internal consistency of the subscales and the full 31-item scale (Table 5). The overall Cronbach's alpha was 0.968, indicating excellent reliability. Subscale reliability was also strong: Factor 1 (Organizational Capacity) had an alpha of 0.95, Factor 2 (Organizational Implementation Context and Values) was 0.92, Factor 3 (Socio-Cultural and Community Context) was 0.86, and Factor 4 (Intervention Characteristics) was 0.83.



TABLE 5 STEPS subscale and overall means, standard deviations, and cronbach's alpha.



	STEPS domain
	Number of items
	M
	SD
	Cronbach's Alpha





	Factor 1: Organizational capacity
	12
	4.03
	0.763
	0.950



	Factor 2: Organizational implementation context and Values
	9
	3.98
	0.707
	0.922



	Factor 3: Socio-cultural and community context
	7
	3.84
	0.659
	0.864



	Factor 4: Intervention characteristics
	3
	3.94
	1.031
	0.833



	Overall STEPS score
	31
	3.96
	0.127
	0.968




	The overall score represents the average responses on the 1–5 Likert scale for all 31 items. Each subscale score represents the average responses of the items in that scale. M, mean; SD, standard deviation.









Scale scoring

Subscale and overall STEPS scores were calculated (Table 5), with potential item scores ranging from 1 to 5. The mean STEPS score was 3.96 (SD = 0.127). Among the domains, Organizational Capacity had the highest mean (M = 4.03, SD = 0.763), followed by Organizational Implementation Context and Values (M = 3.98, SD = 0.707) and Intervention Characteristics (M = 3.94, SD = 1.031), which had similar scores. The Socio-Cultural and Community Context domain had the lowest mean (M = 3.84, SD = 0.549). Higher scores (typically 4–5) indicate greater capacity for sustainability in each domain.




Discussion

The current study developed and evaluated the 31-item sustainability measure, which provided a theory-based measure that can be used to assess multilevel determinants of sustainability from the perspective of frontline health workers who are on the ground, directly delivering an intervention or program. This study also offers foundational insights suggesting that intervention characteristics, organizational capacity, implementation context, and socio-cultural and community context are key constructs that warrant consideration when evaluating sustainability.

Importantly, STEPS was not developed in isolation but rather builds on already existing, well-known implementation frameworks, offering a much-needed, contextually tailored measure for African settings and other LMICs. The approach used for developing STEPS and the result of this process supports Glasgow and Riley's (2013) [164] call for more pragmatic measures in implementation science that are psychometrically sound and can be used in real-world contexts. Additionally, it adheres to recommendations by Martinez et al. (2014) for instrumentation in implementation science, which emphasize the use of frameworks, theories, and models, the development of “home-grown” measures, and the selection of appropriate evaluation approaches, all while ensuring that the measurements remain practical for use (39).

Following these principles, the development and testing of STEPS involved an iterative process that engaged diverse stakeholders to evaluate the representativeness and relevance of the items, as well as the usability of the measure by implementers including frontline health workers and service providers. As part of the Phase II evaluation, participants had been involved in program implementation for at least 12 months, consistent with another validation study assessing a sustainment outcome measure (40). The data encompassed programs and interventions with implementation durations ranging from 1 to over 10 years, representing a continuum from not yet sustained to sustained.

Although a three-factor solution was initially hypothesized based on the Dynamic Sustainability Framework, along with the conceptual framework developed from the published literature by Iwelunmor et al., (2016) (9), the EFA revealed a four-factor structure, following best practices for factor retention criteria, including eigenvalues above 1, cumulative percent of variance explained, and interpretability. Two factors (intervention characteristics and socio-cultural and community context) were identical to the hypothesized domain. The two other factors represented the hypothesized organizational implementation context domain split into two factors. Content analysis of the items loaded in the two emerging factors (organizational capacity and organizational implementation context and value) revealed key conceptual differences between both domains.

The uniqueness of STEPS lies in its inclusion of the socio-cultural and community context domain, which has not been a part of other tools (13). It captures critical outer-setting factors— including values, multisectoral partnerships, community engagement, and assets—that shape sustainability at the community level, particularly in African settings. Literature highlights the vital role of communities in improving health outcomes, including prevention, treatment, service delivery, and implementation success (41–44). To achieve equitable public health outcomes, community involvement must go beyond tokenism, as communities play a crucial role in sustaining initiatives and extending their impact beyond healthcare facilities (43). In under-resourced health systems, such as those in many African countries, leveraging community capacities enhances health service delivery, and multisectoral partnerships between implementing organizations and communities can significantly strengthen sustainability (45). Studies have shown that establishing multisectoral partnerships between the organization responsible for the intervention and communities can significantly strengthen the sustainability capacity of the intervention (41, 46). Additionally, aligning community needs and priorities with intervention goals is a key predictor of sustainability, as studies show that engagement is most effective when interventions align with the community's capacity and assets (47, 48).

Regarding reliability, STEPS also demonstrated excellent internal consistency for the overall scale (Cronbach's alpha = 0.968) as well as for all four subscales (Cronbach's alpha ranged from 0.83 to 0.95). Additionally, the mean scores of the overall scale and each subscale were computed to establish a scoring system for STEPS. The decision to use mean scores serves a twofold purpose within the tool. Firstly, it enables users to compare and evaluate individual subscale scores and the overall score, thus enhancing the ease of use and interpretation of the scores. Secondly, STEPS can be used by implementation practitioners, evaluators, or researchers to reflect on the implementation processes and identify areas that may either impede or facilitate sustainability capacity, as indicated by the mean scores of the subscales (i.e., higher mean scores reflect greater capacity for sustainability in a given area).

A comprehensive assessment of sustainability determinants can significantly enhance implementation efforts. Conducting such assessments throughout the implementation lifecycle can (a) inform action-oriented planning to strengthen the intervention or program's capacity for sustainability, (b) guide internal discussions between implementation participants and the systems where the intervention/program is being implemented, (c) serve as a basis for seeking additional, in-depth information through qualitative inquiries, (d) help identify and prioritize areas in need of improvement as well as areas of strengths and, (e) provide insights for potential adaptations to the intervention or program delivery in inherently dynamic settings.


Limitations and future directions

There are several limitations worth noting. First, the study relied on self-reported data from healthcare workers involved in implementation, which may be subject to social desirability bias. Second, the study sample in phase II evaluation consisted of frontline healthcare workers and service providers engaged in HIV intervention or programs in Nigeria, which may not be fully representative of healthcare workers across Africa and other LMICs. The decision to commence with HIV intervention and programs as a starting point is rooted in the fact that HIV programs represent the foremost large-scale chronic care initiatives in Africa (49). Over the years, significant investments have been made to establish prevention and treatment infrastructure and enhance human capacity. Research suggests that HIV programs share core elements with the management of non-communicable diseases, such as promoting good health-seeking behaviors, ensuring long-term adherence to treatment regimens, and routinely monitoring treatment outcomes (50). Given these similarities, models, and tools developed for HIV program implementation could potentially be adapted for other disease areas (50). Nonetheless, STEPS was designed as a flexible repository of items that various communities of interest, including researchers and practitioners, can readily utilize. Individuals and teams employing STEPS for assessing distinct categories of interventions and programs may need to make minimal adaptations to ensure appropriate contextualization.

While STEPS shows promise, further psychometric assessment is necessary. Future research and evaluation efforts are planned to assess predictive validity in a large-scale implementation trial, examining the association between STEPS scores and hypothesized sustainability outcomes.




Conclusion

We developed a promising tool to address a critical gap in sustainability research by creating a measure that captures the multilevel nature of sustainability determinants and can be applied across clinical, public health, and community settings in the African context. Existing measures developed in high-income countries may not fully capture the unique determinants influencing the sustainability of interventions and programs in Africa and other LMICs. Differences in health systems, resource availability, competing priorities, socio-political norms, and population-level morbidity and mortality profiles necessitate a contextually relevant measure that reflects these realities.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethical approvals were obtained from the Health Research Ethics Committee at the Nigerian Institute of Medical Research (no. IRB/23/025) and the Institutional Review Board of Saint Louis University (no. 33236). All participants provided consent for participation. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

CO-U: Supervision, Software, Investigation, Conceptualization, Writing – original draft, Writing – review & editing, Formal analysis, Validation, Project administration, Data curation, Methodology. DS: Formal analysis, Conceptualization, Data curation, Methodology, Writing – review & editing. UN: Conceptualization, Investigation, Writing – review & editing. TG-B: Investigation, Data curation, Writing – review & editing, Project administration. LB: Project administration, Investigation, Writing – review & editing. TS: Writing – review & editing. DO: Writing – review & editing. LH: Writing – review & editing. ES: Writing – review & editing. HX: Writing – review & editing. OE: Writing – review & editing, Supervision. JI: Conceptualization, Investigation, Funding acquisition, Writing – review & editing, Project administration, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. Research reported in this publication was supported in part by the National Institutes of Health Eunice Kennedy Shriver National Institute of Child Health & Human Development under Award Number (UH3HD096929) and the Saint Louis University College of Public Health and Social Justice catalyzer award.



Acknowledgments

We would like to thank subject matter experts, healthcare workers, and partner organizations who applied and evaluated the STEPS measure.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/frhs.2025.1618400/full#supplementary-material



Abbreviations

DSF, dynamic sustainability framework; EFA, exploratory factor analysis; HIC, high-income countries; LMIC, low- and middle-income countries; STEPS, sustainability tool for evidence-based interventions and programs.



References


	1. Proctor E, Luke D, Calhoun A, McMillen C, Brownson R, McCrary S, et al. Sustainability of evidence-based healthcare: research agenda, methodological advances, and infrastructure support. Implement Sci. (2015) 10(1):88. doi: 10.1186/s13012-015-0274-5


	2. Shelton RC, Cooper BR, Stirman SW. The sustainability of evidence-based interventions and practices in public health and health care. Annu Rev Public Health. (2018) 39:55–76. doi: 10.1146/annurev-publhealth-040617-014731


	3. Moore JE, Mascarenhas A, Bain J, Straus SE. Developing a comprehensive definition of sustainability. Implementation Science: iS. (2017) 12(1):110. doi: 10.1186/s13012-017-0637-1


	4. Palinkas LA, Spear SE, Mendon SJ, Villamar J, Reynolds C, Green CD, et al. Conceptualizing and measuring sustainability of prevention programs, policies, and practices. Transl Behav Med. (2020) 10(1):136–45. doi: 10.1093/tbm/ibz170


	5. Moullin JC, Sklar M, Green A, Dickson KS, Stadnick NA, Reeder K, et al. Advancing the pragmatic measurement of sustainment: a narrative review of measures. Implement Sci Commun. (2020) 1:76. doi: 10.1186/s43058-020-00068-8


	6. Palinkas LA, Chou C-P, Spear SE, Mendon SJ, Villamar J, Brown CH. Measurement of sustainment of prevention programs and initiatives: the sustainment measurement system scale. Implement Sci. (2020) 15(1):71. doi: 10.1186/s13012-020-01030-x


	7. Flynn R, Mrklas K, Campbell A, Wasylak T, Scott SD. Contextual factors and mechanisms that influence sustainability: a realist evaluation of two scaled, multi-component interventions. BMC Health Serv Res. (2021) 21(1):1194. doi: 10.1186/s12913-021-07214-5


	8. Johnson AM, Moore JE, Chambers DA, Rup J, Dinyarian C, Straus SE. How do researchers conceptualize and plan for the sustainability of their NIH R01 implementation projects? Implement Sci. (2019) 14(1):50. doi: 10.1186/s13012-019-0895-1


	9. Iwelunmor J, Blackstone S, Veira D, Nwaozuru U, Airhihenbuwa C, Munodawafa D, et al. Toward the sustainability of health interventions implemented in Sub-Saharan Africa: a systematic review and conceptual framework. Implement Sci. (2016) 11(1):43. doi: 10.1186/s13012-016-0392-8


	10. Hall A, Wolfenden L, Gardner C, McEvoy B, Lane C, Shelton RC, et al. A bibliographic review of sustainability research output and investment in 10 leading public health journals across three time periods. Public Health in Pract. (2023) 6:100444. doi: 10.1016/j.puhip.2023.100444


	11. Lewis CC, Weiner BJ, Stanick C, Fischer SM. Advancing implementation science through measure development and evaluation: a study protocol. Implement Sci. (2015) 10(1):102. doi: 10.1186/s13012-015-0287-0


	12. Hailemariam M, Bustos T, Montgomery B, Barajas R, Evans LB, Drahota A. Evidence-based intervention sustainability strategies: a systematic review. Implement Sci. (2019) 14(1):57. doi: 10.1186/s13012-019-0910-6


	13. Hall A, Shoesmith A, Doherty E, McEvoy B, Mettert K, Lewis CC, et al. Evaluation of measures of sustainability and sustainability determinants for use in community, public health, and clinical settings: a systematic review. Implement Sci. (2022) 17(1):81. doi: 10.1186/s13012-022-01252-1


	14. Means AR, Kemp CG, Gwayi-Chore M-C, Gimbel S, Soi C, Sherr K, et al. Evaluating and optimizing the consolidated framework for implementation research (CFIR) for use in low- and middle-income countries: a systematic review. Implement Sci. (2020) 15(1):17. doi: 10.1186/s13012-020-0977-0


	15. Scheirer MA, Hartling G, Hagerman D. Defining sustainability outcomes of health programs: illustrations from an on-line survey. Eval Program Plann. (2008) 31(4):335–46. doi: 10.1016/j.evalprogplan.2008.08.004


	16. Chambers DA, Glasgow RE, Stange KC. The dynamic sustainability framework: addressing the paradox of sustainment amid ongoing change. Implement Sci. (2013) 8(1):117. doi: 10.1186/1748-5908-8-117


	17. Shelton RC, Chambers DA, Glasgow RE. An extension of RE-AIM to enhance sustainability: addressing dynamic context and promoting health equity over time. Front Public Health. (2020) 8:134. doi: 10.3389/fpubh.2020.00134


	18. Nwaozuru U, Murphy P, Richard A, Obiezu-Umeh C, Shato T, Obionu I, et al. The sustainability of health interventions implemented in Africa: an updated systematic review on evidence and future research perspectives. Implement Sci Commun. (2025) 6(1):39. doi: 10.1186/s43058-025-00716-x


	19. Clark LA, Watson D. Constructing validity: basic issues in objective scale development. Psychol Assess. (1995) 7(3):309–19. doi: 10.1037/1040-3590.7.3.309


	20. DeVellis RF, Thorpe CT. Scale Development: Theory and Applications. Chapel Hill, NC: SAGE Publications (2021).


	21. Muhamad Saiful Bahri Y. ABC of content validation and content validity index calculation. Education in Medicine Journal. (2019) 11(2):49–54. doi: 10.21315/eimj2019.11.2.6


	22. Polit DF, Beck CT. The content validity index: are you sure you know what’s being reported? Critique and recommendations. Res Nurs Health. (2006) 29(5):489–97. doi: 10.1002/nur.20147


	23. Lynn MR. Determination and quantification of content validity. Nurs Res. (1986) 35(6):382–6. doi: 10.1097/00006199-198611000-00017


	24. Zamanzadeh V, Ghahramanian A, Rassouli M, Abbaszadeh A, Alavi-Majd H, Nikanfar AR. Design and implementation content validity study: development of an instrument for measuring patient-centered communication. J Caring Sci. (2015) 4(2):165–78. doi: 10.15171/jcs.2015.017


	25. MacDermid J. Cognitive Interviewing (CI)-to Identify Sources of Interpretation Dissonance in in Patient-Reported Outcome Measures (PROM). London: Lawson Research Institute. (2018).


	26. Watkins DC. Rapid and rigorous qualitative data analysis:the “RADaR” technique for applied research. Int J Qual Methods. (2017) 16(1):1609406917712131. doi: 10.1177/1609406917712131


	27. Rabkin M, El-Sadr WM. Why reinvent the wheel? Leveraging the lessons of HIV scale-up to confront non-communicable diseases. Glob Public Health. (2011) 6(3):247–56. doi: 10.1080/17441692.2011.552068


	28. Guadagnoli E, Velicer WF. Relation of sample size to the stability of component patterns. Psychol Bull. (1988) 103(2):265–75. doi: 10.1037/0033-2909.103.2.265


	29. Comrey AL. Factor-analytic methods of scale development in personality and clinical psychology. J Consult Clin Psychol. (1988) 56(5):754–61. doi: 10.1037/0022-006X.56.5.754


	30. Weston R, Gore PA. A brief guide to structural equation modeling. Couns Psychol. (2006) 34(5):719–51. doi: 10.1177/0011000006286345


	31. Boateng GO, Neilands TB, Frongillo EA, Melgar-Quiñonez HR, SL Y. Best practices for developing and validating scales for health, social, and behavioral research: a primer. Front Public Health. (2018) 6:149. doi: 10.3389/fpubh.2018.00149


	32. Kaiser HF, Rice J. Little jiffy, mark IV. Educ Psychol Meas. (1974) 34(1):111–7. doi: 10.1177/001316447403400115


	33. Bartlett MS. Tests of significance in factor analysis. Br J Psychol. (1950) 3:77–85. doi: 10.1111/j.2044-8317.1950.tb00285.x


	34. Kaiser HF. A second generation little Jiffy. Psychometrika. (1970) 35(4):401–15. doi: 10.1007/BF02291817


	35. Cattell RB. The scree test for the number of factors. Multivariate Behav Res. (1966) 1(2):245–76. doi: 10.1207/s15327906mbr0102_10


	36. Costello AB, Osborne J. Best practices in exploratory factor analysis: four recommendations for getting the most from your analysis. Pract Assess Res Eval. (2005) 10:1–9. doi: 10.7275/jyj1-4868


	37. Worthington RL, Whittaker TA. Scale development research:a content analysis and recommendations for best practices. Couns Psychol. (2006) 34(6):806–38. doi: 10.1177/0011000006288127


	38. Kline P. An Easy Guide to Factor Analysis. London: Routledge (2014).


	39. Martinez RG, Lewis CC, Weiner BJ. Instrumentation issues in implementation science. Implement Sci. (2014) 9:118. doi: 10.1186/s13012-014-0118-8


	40. Moullin JC, Sklar M, Ehrhart MG, Green A, Aarons GA. Provider REport of sustainment scale (PRESS): development and validation of a brief measure of inner context sustainment. Implement Sci. (2021) 16(1):86. doi: 10.1186/s13012-021-01152-w


	41. Donessouné FMG, Sossa GO, Kouanda S. Sustainability of community health programme using community-based organizations: a challenge for stakeholders. BMC Health Serv Res. (2023) 23(1):434. doi: 10.1186/s12913-023-09320-y


	42. Ceptureanu SI, Ceptureanu EG. Community-based healthcare programs sustainability impact on the sustainability of host organizations: a structural equation modeling analysis. Int J Environ Res Public Health. (2019) 16(20). doi: 10.3390/ijerph16204035


	43. Baptiste S, Manouan A, Garcia P, Etya'ale H, Swan T, Jallow W. Community-led monitoring: when community data drives implementation strategies. Curr HIV/AIDS Rep. (2020) 17(5):415–21. doi: 10.1007/s11904-020-00521-2


	44. Shediac-Rizkallah MC, Bone LR. Planning for the sustainability of community-based health programs: conceptual frameworks and future directions for research, practice and policy. Health Educ Res. (1998) 13(1):87–108. doi: 10.1093/her/13.1.87


	45. Questa K, Das M, King R, Everitt M, Rassi C, Cartwright C, et al. Community engagement interventions for communicable disease control in low- and lower- middle-income countries: evidence from a review of systematic reviews. Int J Equity Health. (2020) 19(1):51. doi: 10.1186/s12939-020-01169-5


	46. Bodkin A, Hakimi S. Sustainable by design: a systematic review of factors for health promotion program sustainability. BMC Public Health. (2020) 20(1):964. doi: 10.1186/s12889-020-09091-9


	47. Ceptureanu S-I, Ceptureanu E-G, Orzan MC, Marin I. Toward a Romanian NPOs sustainability model: determinants of sustainability. Sustainability. (2017) 9(6):966. doi: 10.3390/su9060966


	48. Atkinson J-A, Vallely A, Fitzgerald L, Whittaker M, Tanner M. The architecture and effect of participation: a systematic review of community participation for communicable disease control and elimination. Implications for malaria elimination. Malaria J. (2011) 10:1–33. doi: 10.1186/1475-2875-10-225


	49. Van Hout MC, Bachmann M, Lazarus JV, Shayo EH, Bukenya D, Picchio CA, et al. Strengthening integration of chronic care in Africa: protocol for the qualitative process evaluation of integrated HIV, diabetes and hypertension care in a cluster randomised controlled trial in Tanzania and Uganda. BMJ Open. (2020) 10(10):e039237. doi: 10.1136/bmjopen-2020-039237


	50. Nigatu T. Integration of HIV and noncommunicable diseases in health care delivery in low- and middle-income countries. Prev Chronic Dis. (2012) 9:E93. doi: 10.5888/pcd9.110331






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Advancing sustainability in low-resource settings: development and validation of a sustainability tool for evidence-based interventions and programs

		Introduction



		Materials and methods



		Phase I: item development and initial validity



		Defining dimensions and developing the initial item pool for STEPS



		Content validity



		Face validity











		Phase II: psychometric evaluation



		Participants, setting, and procedure



		Data analysis



		Internal consistency



		STEPS scoring



















		Results



		Demographic characteristics of study population in phase II



		Descriptive statistics



		Sampling adequacy



		Exploratory factor analysis



		Reliability analysis



		Scale scoring











		Discussion



		Limitations and future directions











		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		Abbreviations



		References



















OPS/images/frhs-05-1618400-g001.jpg
Review of the Literature

Item Generation
(54 items)

.‘ STEPS version | |

°

2

5

§

g Content Vali

2 (Twelve experts from nine African

H countries provided ratings and

“E feedback)

H

2 - .{ STEPS version |

Face Validity
(Cognitive interviews with ten
healthcare workers)

l_ _[ STEPS version IIl
- (31 ltems)
Exploratory Factor Analysis

(Assessed STEPS among 256
Nigerian healthcare workers)

Reliability Analysis
(Internal consistency using
Cronbach’s Alpha)

s
g
8
£
E
3
2
3
s
fd

4
T
2
&
4
2
8
2
73






OPS/images/frhs-05-1618400-g002.jpg
Fasmue

St

a——







OPS/images/cover.jpg
& frontiers | Frontiers Health Services

Advancing sustainability in lowresource
settings: development
and validation of a sustainability
tool for evidence-based
interventions and programs








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Health Services





