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Abstract 

Background The majority of phase 3 clinical trials are implemented in multiple sites or centres, which inevitably 
leads to a correlation between observations from the same site or centre. This correlation must be carefully consid-
ered in both the design and the statistical analysis to ensure an accurate interpretation of the results and reduce 
the risk of biased results. This scoping review aims to provide a detailed statistical method used to analyze data col-
lected from multicentre HIV randomized controlled trials in the African region.

Methods This review followed the methodological framework proposed by Arksey and O’Malley. We searched four 
databases (PubMed, EBSCOhost, Scopus, and Web of Science) and retrieved 977 articles, 34 of which were included 
in the review.

Results Data charting revealed that the most used statistical methods for analysing HIV endpoints in multicentre 
randomized controlled trials in Africa were standard survival analysis techniques (24 articles [71%]). Approximately 
47% of the articles used stratified analysis methods to account for variations across different sites. Out of 34 articles 
reviewed, only 6 explicitly considered intra-site correlation in the analysis.

Conclusions Our scoping review provides insights into the statistical methods used to analyse HIV data in multicen-
tre randomized controlled trials in Africa and highlights the need for standardized reporting of statistical methods.

Keywords Multicentre trials, Randomized control trials, Scoping review, HIV/AIDS trials

Background
Randomized controlled trials (RCTs) are considered the 
gold standard worldwide for evaluating intervention 
effectiveness [1, 2]. The two commonly used RCT designs 
are individual randomized controlled trials and cluster 
(group) randomized controlled trials. In individual RCTs, 

individuals are randomly assigned to the intervention, 
whereas in cluster RCTs, clusters or groups (of individu-
als) are randomized. In this study, we focused exclusively 
on individual RCTs.

The first RCT in Africa began in 1987 to test the effec-
tiveness of a microbicide gel in preventing human immu-
nodeficiency virus (HIV) infection among women in 
Nairobi, Kenya [3, 4]. Since then, the methodology has 
evolved to include multicentre RCTs. A multicentre RCT 
is a randomized clinical trial design in which individuals 
are recruited from multiple distinct sites or centres. For 
instance, the study conducted by [5] is an example of the 
use of multicentre RCTs to evaluate the safety and effi-
cacy of lopinavir-ritonavir compared to lamivudine for 
preventing HIV-1 transmission through breastfeeding in 
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infants. This multicentre RCT involved the collaboration 
of four different sites in 4 African countries.

Similarly, [6] conducted a multicentre RCT investigat-
ing the effectiveness of a latex diaphragm and lubricant 
gel in preventing heterosexual HIV acquisition among 
women. This study included participants from three dif-
ferent sites in Zimbabwe and South Africa. Both studies 
highlight the importance of multicentre RCTs to provide 
robust evidence for HIV prevention and treatment strate-
gies across diverse geographical settings.

Conducting research across multiple centres offers 
many advantages over single-centre RCTs, such as larger 
sample sizes for more generalizable findings and the pro-
motion of networking [7]. Multicentre RCTs are essential 
for understanding the epidemic’s diverse dynamics, influ-
enced by the continent’s unique social culture and epide-
miological settings. These multicentre RCTs have tested a 
wide range of interventions, from pharmaceutical drugs 
to behavioural strategies for adherence.

There are numerous advantages to conducting a mul-
ticentre RCT. However, including multiple sites is often 
associated with some form of clustering; that is, individu-
als are not independent and may be correlated with indi-
viduals in the same cluster [8, 9]. Clustering is common 
in individual RCTs involving multiple sites. The most 
common example is the natural clustering of participants 
within a centre in a multicentre RCT [10]. Clustering in 
an RCT refers to the fact that individuals within the same 
centre may be more similar to each other than to individ-
uals in other centres, potentially violating the assumption 
of independence [11]. Almost all individual RCTs assume 
that the observed outcomes of participants are independ-
ent. However, there is a lack of independence among 
outcomes when there is clustering (such as clustering 
by centre in a multicentre RCT). Therefore, the use of 
standard statistical methods may lead to narrower con-
fidence limits and smaller p-values and potentially inva-
lid results. When conducting an analyses of multicentre 
RCTs, adjustment for the centre is recommended when 
there are between-centre differences [12]. Although, 
adjustment for centre is often more complex and can be 
problematic, especially with numerous centres compared 
to the total sample [13]. Most common analysis meth-
ods often require a large sample size per centre to obtain 
robust results [14].

Study rationale
Ninety percent of the individual RCTs were observed to 
have some clustering in the design [10]. Regardless of the 
high level of clustering in individual RCTs, most studies 
have emphasized the need for more awareness regarding 
the issues of clustering present in analysis [10, 15]. Sev-
eral statistical methods have been developed to address 

these challenges, but their application and reporting 
in the context of multicentre RCTs in Africa are poorly 
understood. Standard statistical methods are not appro-
priate for the analysis of complex data [16]. Failure to use 
appropriate statistical methods can lead to underesti-
mation of standard errors and overestimation of results. 
To our knowledge, this is the first literature review to 
address the statistical methods applied to multicentre 
individual RCTs of HIV in the African region. This scop-
ing review aims to provide a detailed overview of the 
statistical methods used to analyse HIV data collected 
from multicentre RCTs in the African region and assess 
whether these methods consider the complexity of the 
data. The objectives are: i) to identify the statistical meth-
ods used and ii) to review these statistical methods.

Methods
This scoping review followed the methodological frame-
work proposed by Arksey and O’Malley [17], which 
involves five steps: (1) identifying the research question, 
(2) identifying relevant studies, (3) study selection, (4) 
charting the data, and (5) collating, summarizing, and 
reporting the results [17–19].

Eligibility criteria
The inclusion criteria for this review included any study 
that included the initial search terms in the title and/or 
abstract. In addition, studies had to have been published 
in English with no date restrictions. Primary data analy-
sis was required for inclusion to ensure the relevance and 
reliability of our findings.

On the other hand, studies were excluded if they met 
any of the following criteria: multicentre RCT studies 
conducted outside Africa, cluster RCTs, articles written 
in a language other than English, studies for which full-
text articles could not be obtained, grey literature, clinical 
case studies, review articles, editorials, or perspectives, 
opinions, and comments.

Search strategy
A comprehensive search was conducted using the follow-
ing databases: PubMed, EBSCOhost, Scopus, and Web of 
Science. An experienced research librarian and the pri-
mary author developed the search strategy, which was 
formulated using the search terms listed in Table 1. The 
PubMed search strategy was adapted to the other data-
bases. The final search strategy used in all the databases 
is shown in Additional file 1. The search included studies 
published up until January 2023.
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Selection criteria
All the search results were retrieved and imported 
into EndNote reference management software, and 
duplicate entries were removed [20]. The articles were 
then uploaded to the review management software 
Rayyan for the screening process [21]. The first screen-
ing of titles and abstracts was conducted according to 
the inclusion criteria. Studies that did not meet the 
inclusion criteria were excluded. The full texts of the 
remaining articles were then assessed for eligibility by 
two independent reviewers. Any discrepancies were 
resolved by discussion between the reviewers. Thirty-
eight articles were included for full-text screening.

Charting the data
In the scoping review, data charting refers to the pro-
cess of data extraction, that is, the process of provid-
ing the reader with a clear and concise summary of 
the results from relevant articles included in the study. 
The study extraction form was used to capture relevant 
information from the included studies. The data extrac-
tion form was developed using Excel and included the 
following fields: statistical analysis conducted, the aim 
of the study, title, sample size, and country of study ori-
gin. Two reviewers independently charted the data, dis-
cussed the results, and updated the data charting form 
for each eligible article [22].

Results
A total of 977 articles were retrieved in the ini-
tial search. After removing duplicates, 965 articles 
remained. Following the title and abstract screening, 38 
articles were selected for full-text screening. An addi-
tional 7 articles were identified from the reference lists 
of eligible articles. Ultimately, 34 articles met the inclu-
sion criteria and were included in this scoping review. 
The review of full-text articles led to 11 articles being 
excluded. The main reasons for exclusion after full-text 
review were secondary data analysis (n = 3), descrip-
tive studies (n = 3), studies not conducted in Africa 

(n = 2), study not available in full text (n = 1), prospec-
tive study design (n = 1), and single-centre study (n = 1) 
(Fig.  1).  The details and summaries of  each included 
article are listed in Table 2.

Overview of statistical methods used in the analysis 
of multicentre HIV RCTs in Africa
The analysis of the 34 articles included in this scoping 
review revealed a wide range of statistical methods used 
in the analysis of RCTs focused on HIV research in the 
African region (Table 3). The sample sizes of these mul-
ticentre RCTs varied from less than 100 to nearly 10,000 
individuals. Of the total number of articles, six were mul-
ticentre RCTs conducted in four countries [5, 25, 28, 32, 
38, 43]. South Africa had the highest number of country-
specific articles, with 25, followed by Uganda, with 12. 
The number of sites or centres per RCT ranged from 2 (5 
articles) to 15 (3 articles), with most RCTs having 3 sites 
(7 articles).

The most used statistical approach was survival anal-
ysis (24 articles [71%]). Survival analysis techniques, 
specifically Kaplan-Meier curves and the log-rank 
test, were used extensively in 18 articles [5, 27–30, 32, 
38, 49, 54]. These methods allow evaluation of time-
to-event outcomes such as time to HIV infection or 
disease progression. Kaplan-Meier curves provide a 
graphical representation of survival probability over 
time, while the log-rank test compares survival curves 
between different groups. These methods are essential 
for evaluating the effectiveness of interventions and 
estimating survival probabilities in HIV research. Nota-
bly, 7 articles used the log-rank test stratified by site, 
reflecting the frequent use of stratification to account 
for potential effect heterogeneity in survival analyses. 
Seventeen articles [29, 33, 35, 38, 41, 48, 52] used Cox 
proportional hazard regression, a time-to-event analy-
sis method that accounts for censoring. This method 
allows the estimation of hazard ratios, which measure 
the relative risk of an event occurring over time. Cox 
regression is particularly important for assessing the 
impact of various factors on HIV-related outcomes, 

Table 1 Search terms

Concept Search terms

Multicentre Randomized controlled trial "Multicentre randomized controlled trials" or “Multicentre RCT" or "mul-
ticenter randomized trials" or "multicenter RCT" or "multi-country 
randomized controlled trial" or “multicountry randomized controlled trial" 
or "multisite randomized trial” or “multi-site randomized trial"

HIV "HIV Prevention" or "HIV Treatment" or "HIV"

Africa “Africa”
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such as disease progression or mortality. Among the 
17 articles, nine articles specifically used stratified Cox 
regression, emphasizing the importance of accounting 
for site-level variability. Additionally, one article used a 
fixed-effects Cox regression approach. In [35], Cox pro-
portional hazards models stratified according to the site 
were used to assess the time to HIV-1 seroconversion. 
Two articles used multivariate survival analyses [35, 
52], which involved the simultaneous consideration of 
multiple predictors when analysing survival outcomes.

A total of 17 articles reported fundamental statistical 
analyses such as t-tests, chi-square tests, and Fisher’s 
tests, with 5 articles having sample sizes greater than 
1000.

Logistic, linear and poison regression analysis was 
the third most used type of analysis (12 articles). Logis-
tic regression appeared as a commonly used method in 
10 articles [6, 23, 26, 27, 38, 47]. This method allows the 
examination of associations between predictor variables 
and binary outcomes, such as the presence or absence 

Fig. 1 Flow diagram describing the selection of relevant studies per PRISMA-ScR
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of HIV infection. Logistic regression models can pro-
vide estimates of odds ratios that quantify the strength 
of associations between predictors and outcomes. Addi-
tionally, fixed-effects logistic regression was used in 2 
articles. Fixed-effects models, though less frequently 
used, provide an alternative approach to control for site-
level effects.

In addition, several studies used stratified analysis, a 
technique to examine heterogeneity between subgroups 
[24, 38, 50–52]. Notably, about 47% of these studies 
employed this approach to account for variations across 
different sites. This approach allows for separate analy-
ses within each study site, allowing researchers to assess 
whether the treatment effect or association between vari-
ables differs across strata. The stratified analysis provides 
valuable insights into subgroup-specific effects in the 
context of HIV research in the African region.

While most studies did not perform statistical analy-
ses that accounted for the intra-site correlation, a sub-
set of articles used more advanced techniques. These 
included generalized estimating equation (GEE) logistic 

regression, linear mixed-effects models (LMMs), Poisson 
regression with robust error variance, and log-linear gen-
eralized linear model with robust standard errors [6, 31, 
35, 41, 42, 46]. GEE logistic regression accounts for cor-
relations within clusters when analysing correlated data, 
such as repeated measures within individuals or clus-
tering of participants within study sites. Poisson regres-
sion with large error variance is helpful for analysing 
count outcomes such as the number of HIV infections 
or events. On the other hand, LMMs are statistical mod-
els that extend linear regression to handle correlated or 
clustered data with hierarchical structures. They incor-
porate fixed effects, representing population-level rela-
tionships, and random effects, capturing variability at 
different levels of the hierarchy. LMMs are particularly 
useful when dealing with nested data, such as individuals 
within groups. They provide estimates at multiple levels, 
making them ideal for modelling complex data struc-
tures. Additionally, they can incorporate both fixed and 
random effects, which further increases their flexibility 
and usefulness. LMMs are a powerful tool for analysing 

Table 3 Description of the statistical methods of the reviewed articles

a Include studies that utilized Kaplan-Meier curves
b Total frequency each statistical method was applied across all included studies (some articles/studies used multiple methods)

Statistical methods Frequency (n)b Number of articles 
(n)

Percentage 
of articles 
(%)

Survival 24 71

Log-rank test (unstratified)a 11

Log-rank test (stratified by site)a 7

Cox regression (unstratified) 7

Cox regression (stratified by site) 9

Fixed effects cox regression 1

Regression (not in a survival 
analysis framework)

12 35

Logistic regression (unstratified) 9

Logistic regression (stratified by site) 1

Fixed effects logistics regression 2

Poisson regression 5

Linear regression 1

Basic hypothesis tests 
and measures of effect

17 50

Chi-squared test 10

Fisher test 6

t-test 7

Mann Whitney 1

Wilcoxon rank-sum test 4

Hierarchical models 6 18

GEE logistic regression [6, 31, 35, 41] 4

Nonlinear GLM [45] 1

LMM [41, 43] 2
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data with hierarchical structures, especially when tradi-
tional linear regression models are inappropriate. These 
advanced methods allowed for confounding factors and 
site-specific variation.

Approximately 47% of the studies employed strati-
fied analysis approaches to account for variations across 
different sites. Out of the 34 studies examined, only 6 
explicitly considered intra-site correlation in their analy-
ses. Although the point estimates may remain largely 
unaffected, neglecting to account for clustering can lead 
to inaccurate variance, potentially leading to misleading 
p-values and confidence intervals.

Discussion
The search yielded 984 articles, of which 972 remained 
after duplicates were removed. After screening the titles, 
abstracts, and full texts, 34 articles were included in the 
review. Survival analysis approaches remain the most 
popular method used. Survival analysis techniques are 
well-equipped to accommodate clustering through exten-
sions to frailty models [55]. Furthermore, Kaplan-Meier 
curves can also be computed, taking the site into account 
via a stratified approach [56]. Only one article utilized a 
fixed effects Cox regression approach to account for clus-
tering, whereas half of the articles did not consider clus-
tering in their survival analyses.

Although several statistical methods are well developed 
to accommodate clustering, we found that most studies 
have ignored the clustering in the data. Depending on the 
degree of clustering present in the data, failure to account 
for clustering can substantially affect the accuracy of var-
iance estimates. This may inflate Type I error or produce 
overly narrow confidence intervals, ultimately leading 
to erroneous conclusions about statistical significance. 
Such errors in inference can have significant implications 
for the validity and generalizability of research findings. 
If the site or centre is not used as a stratification factor, 
both adjusted and unadjusted analyses provided unbi-
ased p-values and confidence intervals [13].

Giganti et  al. [57] reinforces this assertion by indi-
cating that the method chosen to account for cluster-
ing - be it stratified Cox regression, fixed effects or 
random effects - may have limited impact on hazard 
ratio estimates under low heterogeneity, with stratified 
and meta-analyses recommended for their adaptability 
and ability to deal with non-proportional hazards [58]. 
Alternatively, Kahan and Morris [12] have shown that 
clustering cannot be overlooked if there is intraclass 
correlation (ICC) and treatment correlation within 
sites, which is often the case in multicentre trials [12]. 
Ignoring such clustering leads to increased Type I error 
rates, emphasizing the need to explicitly consider this 

in trial design and analysis. Similarly, Kahan [13] found 
that GEE and random-effects models perform better 
than fixed-effects models in large multicentre studies 
with binary outcomes, especially when standard errors 
are not robustly estimated [13].

In the past, the methods used to handle clustered 
data were not as well developed or widely under-
stood as those used for independent data. As a result, 
the most straightforward approach has been adopted 
in many studies that produce clustered data. This has 
been to ignore the clustering and treat all observations 
as if they were independent [59]. This trend was evident 
in this review, where most articles relied on basic sta-
tistical methods, such as t-tests, chi-square tests, and 
unstratified regression models, even though the data 
were clustered.

The African continent, particularly in the countries of 
Eastern and Southern Africa within sub-Saharan Africa, 
bears the heaviest burden of the HIV epidemic. As of 
2023, 26 million people are living with HIV in the region, 
which represents more than two-thirds of the worldwide 
total and accounts for 50% of all new HIV infections 
globally. This is noteworthy considering that sub-Saharan 
Africa comprises only about 11% of the Earth’s popula-
tion. Despite this high prevalence, the region has seen 
significantly fewer HIV RCTs compared to Europe and 
North America. As a result, it is crucial to conduct thor-
ough analyses of the limited clinical trials available to 
ensure that the findings are robust and persuasive [3, 59].

The lack of awareness and understanding of appropri-
ate statistical methods for analyzing complex data in the 
context of multicentre RCTs could have significant impli-
cations for the validity and generalizability of research 
findings. Incorrect inferences may lead to an investiga-
tional product erroneously being concluded as effective 
or ineffective, leading to incorrect policy decisions. This 
issue is particularly concerning in the context of HIV 
research, where decisions derived from these analyses 
can significantly influence public health interventions.

To mitigate these shortcomings, it is crucial to adopt 
advanced methods such as GEE, LMMs, or stratified 
analyses. While these techniques are often underutilized, 
they are well-suited to address the complexities of cor-
related or clustered data, as demonstrated in this review 
and supported by other methodological studies. Cur-
rently, there is a lack of formal guidance on the optimal 
approach for different outcomes, as existing literature 
generally focuses on each outcome separately under spe-
cific conditions. Further research is necessary, including 
comprehensive simulation studies, to deepen our under-
standing of the performance of these methods. Thus, it 
is crucial to identify and review the statistical methods 
commonly used in this setting to ensure that researchers 
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are using the appropriate tools to analyse the data accu-
rately and make well-informed decisions.

Limitations
A notable limitation of this study is the challenge of iden-
tifying relevant multicentre RCTs within the search strat-
egy. Although the aim was to include all relevant studies, 
some multicentre RCTs did not explicitly specify their 
multicentre nature in the title or abstract. Therefore, it is 
possible that relevant studies may have been missed dur-
ing the initial screening process. However, despite these 
limitations, this study provides valuable insights into the 
statistical methods used in HIV research in the African 
region.

Conclusion
This scoping review revealed that various statistical 
methods are used to analyse multicentre RCTs that focus 
on HIV treatment and prevention in the African region. 
Most of these studies did not account for the study site/
centre in the analysis. Neglecting clustering in studies 
can compromise the validity and generalizability of find-
ings, posing significant challenges for public health deci-
sion-making in HIV research. This issue is particularly 
pressing in the African context, where research outcomes 
directly inform critical interventions and the alloca-
tion of resources. Researchers are encouraged to employ 
advanced statistical techniques that account for site-level 
variability to ensure accurate and reliable conclusions.

To enhance the quality of HIV research, it is essential 
to increase awareness and promote the adoption of these 
statistical methods in RCTs. By addressing these method-
ological gaps, future studies can make more meaningful 
contributions to evidence-based practices and the ongo-
ing fight against HIV in Africa.
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