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Abstract

Background: Sampling frames rarely exist for key populations at highest risk for HIV, such as 

sex workers, men who have sex with men, people who use drugs, and transgender populations. 

Without reliable sampling frames, most data collection relies on non-probability sampling 

approaches including network-based methods (e.g. respondent driven sampling) and venue-based 

methods (e.g. time-location sampling). Quality of implementation and reporting of these studies 

is highly variable, making wide-ranging estimates often difficult to compare. Here, a modified 

quality assessment tool, Global.HIV Quality Assessment Tool for Data Generated through Non-

Probability Sampling (GHQAT), was developed to evaluate the quality of HIV epidemiologic 

evidence generated using non-probability methods.

Methods: The GHQAT assesses three main domains: study design, study implementation, and 

indicator-specific criteria(prevalence, incidence, HIV continuum of care, and population size 

estimates). The study design domain focuses primarily on the specification of the target and study 

populations. The study implementation domain is concerned with sampling implementation. Each 

indicator-specific section contains items relevant to that specific indicator. A random subset of 50 
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studies from a larger systematic review on epidemiologic data related to HIV and key populations 

was generated and reviewed using the GHQAT by two independent reviewers. Inter-rater 

reliability was assessed by calculating intraclass correlation coefficients for the scores assigned 

to study design, study implementation and each of the indicator-specific criteria. Agreement was 

categorized as poor(0.00–0.50), fair(0.51–0.70), and good(0.71–1.00). The distribution of good, 

fair, and poor scores for each section was described.

Results: Overall, agreement between the two independent reviewers was good(ICC>0.7). 

Agreement was best for the section evaluating the HIV continuum of care(ICC=0.96). For HIV 

incidence, perfect agreement was observed, but this is likely due to the small number of studies 

reviewed that assessed incidence(n=3). Of the studies reviewed, 2% (n=1) received a score of 

“poor” for study design, while 50% (n=25) received a score of “poor” for study implementation.

Conclusions: Addressing HIV prevention and treatment needs of key populations is 

increasingly understood to be central to HIV responses across HIV epidemic settings, though 

data characterizing specific needs remains highly variable with the least amount of information 

in the most stigmatizing settings. Here, we present an efficient tool to guide HIV prevention and 

treatment programs as well as epidemiological data collection by reliably synthesizing the quality 

of available non-probability based epidemiologic information for key populations. This tool may 

help shed light on how researchers may improve not only the implementation of, but also the 

reporting on their studies.
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INTRODUCTION

In order to improve the reliability and utility of health research to inform policy and 

programs, a number of different reporting guidelines and quality assessment tools have 

been developed, including tools designed to evaluate randomized controlled trials and cohort 

studies1, 2, measures of disease frequency (prevalence, incidence)3, reporting standards4–6, 

and internal and external validity.5, 7, 8 Evidence-based decision making is predicated 

on a systematic assessment of both available information as well as the quality of that 

information, in order to determine which data points are best placed to inform next steps and 

which may be misleading. To date, there exists limited guidance on how to assess the quality 

of studies when non-probability sampling methods are employed.

Key populations, including female sex workers, men who have sex with men, transgender 

women, people who use drugs, and others, are an essential part of HIV surveillance 

and focus for HIV service delivery given proximal and structural risk factors that put 

them at greater risk for both HIV acquisition and onward transmission.9–12 Understanding 

the distinct HIV prevention and treatment needs of these groups is essential to develop 

responsive and effective programs and population-based interventions.9, 11, 12 Yet, the same 

factors that put key populations at greater risk for HIV acquisition and transmission and 

severely limit their access to prevention and treatment services – stigma, discrimination, 
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and criminalization – in turn make them harder to enumerate and characterize in a research 

context.13

While probability sampling approaches capitalize on random sample selection in order to 

protect against selection bias and ensure those selected for study are representative of a 

larger target population, there is often no way to construct a reliable sampling frame for 

key populations. Key populations may fear discrimination related to being identified as 

part of a stigmatized group and this may, in turn, prevent the enumeration of the total 

population of interest.13–15 This lack of a reliable sampling frame prevents researchers 

from using traditional probability sampling methods in studies of key populations. Many 

samples of key populations, then, are generated using non-probability sampling approaches 

including network- and venue-based methods.13 These methods, including snowball 

sampling, time-location sampling, and respondent-driven sampling, are well defined and 

understood.13, 16–18 The strategies are very different in their implementation and their 

potential for reaching a representative sample, and the appropriateness for the research 

question and the quality of implementation of these methods are rarely evaluated.

Existing guidance on statistical quality standards suggests that in order for a sample to be 

sound in quality, a probability sample is required. A report on non-probability sampling 

by the American Association for Public Opinion Research (AAPOR) noted19 that non-

probability sampling methods have to undoubtedly overcome the challenge of selection bias 

(exclusion of large numbers of people, reliance on volunteers, and non-response), but not 

all non-probability sampling methods are equal when it comes to addressing the challenge 

of selection bias. For some methods, like convenience sampling, the only option may be 

to acknowledge that selection bias exists and add caveats to the interpretation of results 

accordingly. For other methods, like time-location sampling or respondent-driven sampling, 

the method itself makes it possible to generate weights and adjust the sample to approximate 

representation of the larger population.20–24 To further complicate the assessment, even 

when methods like time-location sampling or respondent-driven sampling could be used to 

better approximate the target population, poor implementation of these methods may render 

them no better than methods that do not involve weighting.20–24 Despite these differences 

across methods, little has been proposed about how to evaluate the relative quality of these 

studies.

In this paper, the Global.HIV Research Group presents a quality assessment tool that 

has been developed in order to consider the quality of epidemiologic evidence generated 

using non-probability methods. The National Heart, Lung, and Blood Institute’s (NHLBI) 

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies was used 

as a base for this tool.25 The tool can be applied to the evaluation of the quality of key 

HIV epidemiologic indicators-- prevalence, incidence, the continuum of care and population 

size estimates – for key populations, in particular, and determines their relative utility for 

surveillance and decision-making.
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METHODS

Development of the tool

The new tool, the Global.HIV Quality Assessment Tool for Data Generated through Non-

Probability Sampling (GHQAT) was designed and draws some of its core components 

from The NHLBI Quality Assessment Tool of Observational Cohort and Cross-Sectional 

Studies.25 First, the team consulted experts in systematic reviews on existing tools that 

may be used for the evaluation of key HIV epidemiologic indicators generated through 

non-probability sampling. When no suitable tool was found, a tool that flexibly evaluates 

the primary elements of observational studies was selected25 and adapted to further assess 

specific methodologic concerns related to 1) non-probability sampling, 2) epidemiologic 

quantities used to inform decision-making, and 3) key populations. The adapted tool was 

piloted using real data to further refine it and account for challenges in practice and 

discrepancies between reviewers.

Structure of the tool

The GHQAT is made up of three main domains: study design, study implementation, and 

indicator-specific criteria. Each domain contains a set of items that together determine the 

quality score. The tool is designed to assess the quality of a given indicator, e.g. prevalence 

of HIV among female sex workers from a study in Malawi. The indicator was chosen as 

the unit of assessment rather than an overall study or a paper primarily because a study 

may report a number of different indicators (e.g. prevalence, treatment coverage, viral 

suppression, population size), but may only be designed to adequately capture one or some 

of those measures. It is possible, therefore, to have different quality scores assigned to 

different indicators produced by the same study.

Each of the main indicators (prevalence, incidence, continuum of care, population size 

estimates) receives a score that takes into account the quality of the 1) study design and 

2) study implementation and reporting, which are both particularly important for studies 

that employ non-probability sampling. In each section of the tool, details and examples 

are provided regarding what is being asked or expected in each of the items to ensure 

consistency across reviewers.

Eligibility criteria and evaluation process

While the units of assessment used in this tool are the specific HIV indicators, multiple 

indicators may be captured within papers and there may be multiple papers published from 

any given study. Here, a study is defined as a particular sample of individuals among whom 

questions were asked or biological specimens were taken. Papers or reports are eligible for 

evaluation if they 1) had quantitative data of at least n=50; and 2) had data on any of the 

following indicators: HIV prevalence, incidence, continuum of care (HIV testing, diagnosis, 

treatment coverage, and viral suppression), or population size estimates. Papers or reports 

published from the same original study are evaluated together. If there are multiple papers 

published from the same study, a primary paper is selected for evaluation and the other 

published papers, often representing secondary analyses, are used to fill in any gaps in 

reporting. In doing this, greater priority is given to the quality of the data represented in the 
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indicator rather than the reporting in any given paper on that outcome. A paper is selected 

as the “primary paper” if it presented data that was the primary aim of the original study, 

if other papers published from the same study cite it for methodological details, and/or if 

it was published first. Both published academic papers and other data sources from the 

gray literature can be evaluated using this tool, including national surveillance system data 

reports, for example Demographic Health Surveys and Integrated Biological and Behavioral 

Surveys, as well as studies conducted by large international non-governmental organizations.

Inter-rater reliability and distribution of scores

To assess consistency across reviewers, inter-rater reliability was assessed for each item of 

the tool in a subset of 50 studies drawn from a global systematic review.26 Eleven of the 50 

studies included incorporate information from more than one paper (see Appendix Table 1 

for details). Intraclass correlation coefficients(ICCs) for the scores assigned to study design, 

study implementation, and each of the indicator-specific criteria were calculated. All items 

had a yes/no response and were treated as dichotomous. Agreement was categorized as 

poor (0.00–0.50), fair (0.51–0.70), and good (0.71–1.00). Additionally, among the 50 studies 

evaluated for inter-rater reliability, the distribution of scores was plotted and described.

RESULTS

Developed Tool

The development of the tool involved an iterative piloting process prior to use. The tool, to 

reiterate, is made up of three domains. The indicator-specific criteria domain is further split 

into four sub-sections: prevalence, incidence, the continuum of care, and population size 

estimates, each of which are selectively completed based on whether or not a study has data 

on each of the indicators. The full tool can be found in the Appendix.

Study design—The study design domain is made up of four items and is designed to 

evaluate the quality of the study to answer the research question of interest:

1. Was the research question or objective in this study clearly stated?

2. Was the study population clearly defined?

3. Will the study population defined answer the research question proposed 

(adequately represent the target population)?

4. Was the sample size justified either through a power description, or variance and 

effect estimates?

Items one, two, and four of this domain come directly from the NHLBI tool. Item one 

assesses whether the goal of the study is clearly outlined, while item two asks whether or 

not a description of the study participants is provided, using demographics (person), location 

(place), and time period (time). Item four asks whether statistical power was considered 

in the selection of the study sample, or if selection was based primarily on convenience 

or cost. Item three was newly created to understand if those selected into the study (study 

population) would adequately represent the population for which inferences are to be made 

(target population). For example, if the authors are looking to understand viral suppression 
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among all female sex workers in an area, but the study design indicates only recruiting from 

clinics (where individuals are likely already linked to care), this study population may not 

adequately represent the target population.

Study implementation—The study implementation domain is made up of three items 

and is designed to understand how the sampling process may impact data quality. The items 

of this domain are:

1. Was the proportion of people who agreed to participate reported?

2. Was the proportion who agreed to participate at least 85%?

3. Is there reason to believe that the participants enrolled are a representative 

sample of the source population (the population from which participants were 

recruited)?

Item one of this domain was newly created and was added because many of the papers 

reviewed did not include information on proportion participating, defined as the number 

that participated out of the total number of those approached. Capturing information on 

participation, particularly in studies that employ non-probability sampling methods, shows 

a consideration for selection bias that is missed in those that do not. Item two is adapted 

from the NHLBI tool, which asks if at least 50% participate. Given that this tool is designed 

to assess the quality of evidence from a non-probability sample, representative participation 

from the source population is of even greater importance. A non-participation rate of greater 

than 15% was assessed to be too high, based on expert consensus among Global.HIV 

stakeholders. Scoring of the first two items depends in part on the study design. For 

example, reviewers are instructed that if dealing with a respondent-driven sampling study, 

they should look for participation rates or coupon return rates, but also consider whether 

assessments of equilibrium and/or bottleneck effects were conducted. If yes, the reviewers 

can use their discretion to assign the first two points for the study implementation domain. 

The first two items allow for some reviewer flexibility to consider participation rates and 

the larger context of representativeness and selection bias. For all other study designs, if 

participation rates are not reported, no points are awarded for either item, demonstrating 

the importance of reporting on representation. Item three assesses whether participants were 

selected with equal probability of sampling from the source population. For example, if 

a representative set of venues is chosen from which to recruit participants (the source 

population), are participants recruited equally from these venues? One issue, for example, 

could arise if participants who are known to be living with HIV systematically decline to 

participate when approached.

Indicator-specific criteria—Each indicator sub-section has items that assess quality of 

measurement, appropriate statistical analysis based on the indicator, the sampling approach 

to assess that outcome, and reporting. The incidence of HIV sub-section has additional 

items that assess the length of the study to assess incident infections, retention, and methods 

to address loss-to-follow-up. The HIV continuum of care includes an assessment of HIV 

testing, diagnosis, treatment coverage, and viral suppression, as a group, and points are 

awarded for each additional element of the continuum of care. The continuum of care 
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sub-section may be adapted if the goal of the assessment is to evaluate the quality of a 

single outcome within the continuum, for example looking exclusively at HIV testing or 

ART initiation. In this case, a point would be awarded for inclusion of that outcome and 

the indicator-specific score for the domain would be out of six rather than nine. In the 

population size estimates sub-section, additional elements around uncertainty reporting and 

implementation of the size estimation activity are assessed.

Scoring

There are three possible scores for each domain: “good”, “fair”, and “poor”. The score 

assigned to a given indicator is a composite of the individual items within the three scores: a 

study-design score, a study-implementation score, and an indicator-specific score. The study 

received 1 point from each “yes” to a given item. The scoring of each individual domain and 

sub-section is detailed in the first portion of Table 1. The final scoring for each indicator, 

based on the indicator-specific score+study design+study implementation, is detailed in the 

second portion of Table 1.

Inter-rater reliability and distribution of scores

On average, completion of the tool for a given paper takes approximately 15 minutes (+/− 

5 minutes), with increasing time for those studies that have multiple relevant outcomes. 

The results of the assessment for inter-rater reliability are presented in Table 2. Overall, 

agreement between the two independent reviewers was good (ICC>0.7). The lowest ICC 

was for the prevalence sub-section (ICC=0.77). Agreement was best for the sub-section 

evaluating the HIV continuum of care (ICC=0.96). For HIV incidence, perfect agreement 

was observed, but this is likely due to the small number of studies reviewed that assessed 

incidence (n=3).

Of the 50 studies evaluated for inter-rater reliability, 20% (n=10) received a score of 

“good”, 78% (n=39) a score of “fair”, and 2% (n=1) a score of “poor” for study design. 

By comparison, over a third of studies (34%, n=17) received a score of “good” for 

study implementation, but half (n=25) received a score of “poor” for the domain. Studies 

performed similarly in the HIV prevalence and population size estimates sub-sections, while 

a greater proportion received a score of “poor” for the HIV care continuum sub-section. Too 

few studies (n=3) evaluated HIV incidence to adequately describe the distribution of scores 

(Figure 1).

DISCUSSION

Despite the variation in quality of different methods, there is currently no tool to assess 

the quality of data produced by non-probability sampling.19 The absence of a standard 

assessment of the quality of available data, limits the ability of policy-makers to weigh 

different pieces of evidence in order to make decisions. Indiscriminate use of data may 

misrepresent epidemic dynamics and can lead to assumptions about these key groups which 

may deflect or dilute resources away from where they are most needed. In order to address 

this gap, the Global.HIV Research Group adapted an existing quality assessment tool to 

evaluate the quality of HIV epidemiologic evidence, specifically for populations in which 
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no reliable sampling frame exists. In our assessment of 50 studies, we found this tool 

reliable and efficient to implement. Studies were most likely to lose quality points related to 

describing study implementation.

Unlike many of the existing tools, the GHQAT assesses data from both cross-sectional and 

longitudinal studies and can evaluate the quality of multiple HIV epidemiologic indicators. 

Additionally, it is easy to use, reliable, and transparent. Based on the ICCs generated for the 

different domains the reviewer agreement was shown to be good for the study design and 

study implementation domains. For the indicator-specific sub-sections, interrater reliability 

was shown to be close to perfect for the HIV care continuum, and good for prevalence 

and population size estimate sections. While it was noted that agreement was nearly perfect 

for the incidence sub-section, the small number of studies makes these results unreliable. 

It is recommended that, if possible, two reviewers evaluate the study in order to ensure 

consistent application of the tool. Given that the unit of assessment is the HIV-specific 

indicator itself, information about the study used to generate that data point (study design, 

study implementation, how different outcomes were assessed and reported) can be gleaned 

from different papers. Because of this, the tool is more forgiving of reporting omissions and 

focuses on awarding quality points when possible rather than solely penalizing based on lack 

of reporting.

This tool has three primary uses. First, it can be used by decision-makers, including program 

funders, implementing partners, and community organizations, for the thorough, rapid, 

and transparent assessment of the quality of available information. The tool may prove 

especially useful for decision-makers trying to demonstrate to constituents and others an 

evidence-based and impartial approach. The decision to use a particular data point or not 

will be dependent on the context and the availability of other data sources. The idea of 

the tool is to create a reference point for decision-makers to know if they can 1) use the 

data for planning with full comfort, 2) use the data with caution, or 3) advocate for and 

prioritize new data collection. Second, it can be used by those who are trying to synthesize 

information for the purposes of research, for example those conducting a systematic review, 

in order to comparably evaluate the quality of evidence using a single tool. Third, it can 

be used by those involved in the data generation and reporting process (i.e. researchers, 

program planners, NGOs) as a way to identify the key elements that should be included as 

part of both the implementation and reporting of a research study. Specifically, we see this 

tool not only facilitating the evaluation of the quality of existing studies, but also providing a 

guide for writing a good quality paper or report.

There are some important limitations of the GHQAT. While this tool allows for an 

assessment of the quality of evidence produced from studies utilizing non-probability 

sampling approaches, the content focus of this tool is really for HIV and key populations. 

For different research questions, one could arguably create new indicator-specific criteria 

sub-sections that are specific to another content-area and adapt this tool accordingly. 

Given that there are limited standard reporting guidelines for studies that employ non-

probability sampling and the variety of types of studies we are hoping to evaluate (e.g. 

respondent-driven sampling, time-location sampling snowball sampling, etc.), we felt that 

some flexibility in evaluation was needed. We built in some flexibility in the items that 

Rao et al. Page 8

Ann Epidemiol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



essentially requires a reviewer to use their discretion for certain sub-sections. Without 

this flexibility, we would have had to create a much longer, more cumbersome tool with 

sub-sections based on the method of sampling. To add to this, because papers from the same 

study can be evaluated together, use of this tool requires the reviewer to be able to determine 

if different papers are in fact from the same study. Sometimes this is a straightforward 

process, for example if the study has a recognizable name, but often, determining whether 

papers are from the same study requires the reviewer to triangulate different pieces of 

information, including sample size, geographic area, year(s) in which data were collected, 

and key authors. Given these complexities, use of the tool does require some training, 

especially in the organization of different papers from the same study and in the selection of 

a “primary paper.” These trainings, when conducted in the past, have been straightforward, 

with reviewers with some content-knowledge of HIV and key populations successfully 

completing quality assessment reviews using this tool. Based on our findings here and use 

of the tool, the items of the tool may continue to evolve. For example, it is possible that the 

85% participation mark is too high and another round of expert input and consensus may be 

warranted if this is too infrequently met or unrealistic. Using the reviews performed so far as 

a guide, the larger issue observed is that studies provide few to no implementation details.

To date, this quality assessment tool has been used to evaluate over 250 studies, and 

has been presented to over 100 program implementing partners and policy-makers in four 

countries. This quality assessment tool has shown to be reliable and relatively easy to 

implement. Use of this tool can support in the evaluation of existing information, identify 

opportunities where new epidemiologic data may be needed, and provide policy-makers 

with a transparent approach to weighing different pieces of evidence in order to make 

decisions.
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Figure 1. 
Distribution of scores for a random subset of studies (n=50) selected from the Global.HIV 

systematic review26 using the Global.HIV Quality Assessment Tool for Data Generated 

Through Non-Probability Sampling (GHQAT)
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Table 1.

Global.HIV Quality Assessment Tool for Data Generated through Non-Probability Sampling (GHQAT) 

Scoring, By Domain and Overall

Domain/Sub-Section TOTAL POSSIBLE PTS GOOD FAIR POOR

Study design 4 4 2–3 0–1

Implementation 3 3 2 0–1

Prevalence of HIV 6 6 3–5 0–2

Incidence of HIV 9 8–9 5–7 0–4

HIV Care Continuum 9 8–9 5–7 0–4

Population Size Estimates 7 7 4–6 0–3

Domain/Sub-Section TOTAL POSSIBLE PTS GOOD FAIR POOR

Prevalence of HIV 13 13 7–12 0–6

Incidence of HIV 16 15–16 7–14 0–6

HIV Care Continuum* 16 15–16 7–14 0–6

Population Size Estimates 14 14 8–13 0–7

*
includes estimates of HIV testing, HIV treatment, and viral suppression
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Table 2.

Intraclass correlation coefficients (ICC) for inter-rater reliability of the Global.HIV Quality Assessment Tool 

for Data Generated Through Non-Probability Sampling (GHQAT) between two independent reviewers

Study 
design (4 
items)

Study 
implementation (3 
items)

Prevalence (6 
items)

Incidence (9 
items)

HIV continuum 
of care (9 items)

Population size 
estimates (7 
items)

Number of studies 
included

50 50 32 3 26 15

Intraclass 
correlation 
coefficient (ICC)

0.82 0.81 0.77 1.0 0.96 0.88

ICC 95% 
Confidence 
Interval

0.69–0.90 0.66–0.89 0.53–0.89 Too few studies 
included

0.90–0.98 0.64–0.96
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