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Abstract 

Background

The Pan African Clinical Trials Register (PACTR) is a World Health Organization (WHO) 

International Clinical Trial Registry Platform (ICTRP) primary register, which caters for clinical 

trials conducted in Africa.  The aim is to describe and report on the trends of trial records registered 

in PACTR. 

Methods

This is a cross-sectional study of trials registered in PACTR as of 18 August 2021. We analyzed 

the following data fields: study intervention, disease condition, sex of the participants, sample size, 

ethics, funding, and availability of results. The analysis was conducted using Microsoft Excel.  

Results 

The number of trials registered continues to increase, almost reaching 3000 marks (n=2998). The 

registration status shifted towards prospectively registered trials (55%). Ethical approval has been 

received in 90% of the registered trials. Factorial assignment as an intervention model was in 20% 

of the trials registered. There were 36% completed trials, of which 3% had results available in the 

registry. The most dominant funding source indicated that 23% of the registered trials were self-

funded, and 55% had no funding. 

Discussion 

Registration on PACTR continues to grow; however, our analysis shows that researchers' capacity-

building is needed to understand the importance of the registry and how this information informs 

healthcare decisions. Funding investments for African clinical research remain essential to ensure 

that the trials conducted in Africa are adequately resourced.  

Conclusion
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Awareness-raising to promote prospective trial registration remains critical to avoid selective 

reporting bias, primarily when registry information can be used in systematic reviews to inform 

research gaps and opportunities for funders, policymakers, patients, and researchers.  

Keywords: Pan African Clinical Trial Register, Clinical trial registration, Prospective trial 
registration
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Introduction

The Pan African Clinical Trials Registry (PACTR) was established from the AIDS, Tuberculosis, 

and Malaria Registry based at the South African Cochrane Centre [1-3]. The registry was 

established in collaboration with Cochrane's Infectious Diseases Group (CIDG), based at the 

Liverpool School of Tropical Medicine and the World Health Organization (WHO). PACTR is the 

only African member of the WHO Network of Primary Registers, which transfers trial information 

to the WHO International Clinical Trials Registry Platform (WHO-ICTRP) every month [4, 5]. 

WHO-ICTRP serves as a platform aligned with the International Committee of Medical Journal 

Editors (ICMJE) for prospective trial registration. PACTR contributes to regional transparency 

and harmonisation of clinical trial research [6, 7]. A clinical trials registry is a database in which 

key administrative and scientific information about planned, ongoing, and completed trials are 

stored [6-8]. Thus, registration of all interventional trials is considered scientific, ethical, and 

responsible [9-11].  Accessing clinical trials information allows informing decision-making on 

healthcare decisions based on all available evidence [9]. Such decisions cannot be easily made if 

publication bias and selective reporting exist [9]. Furthermore, the   Declaration of Helsinki states 

that "Every clinical trial must be registered in a publicly accessible database before recruitment of 

the first subject" [9]. 

Further benefit to register trials in a registry  is that it allows for similar or identical trials to be 

known, making it possible for researchers and funding agencies to avoid unnecessary duplication 

[7]. Also, describing clinical trials in progress makes it easier to identify research gaps for new 

research to advance the knowledge gaps. Registries checking data as part of the registration process 

may lead to improvements in the quality of clinical trials by making it possible to identify potential 

problems (such as problematic randomisation methods) early in the research process
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There has been a push from governments and international organisations, especially since 2005, 

to make clinical trial information more widely available and standardise registries and registering 

processes. The World Health Organization (WHO) has published international Standards for 

Clinical Trial Registries to achieve consensus on both the minimal and the optimal operating 

standards for trial registration [12]. To adhere to WHO practices that ensure that collected data are 

not duplicated and provide meaningful information, registry staff scrutinise each application and 

perform regular quality checks to ensure quality data is contained in the registry. 

Although in the past, research on the clinical trial landscape provided key insights into the global 

burden of disease, and more generally, the global and regional clinical trial landscapes [4, 7, 13, 

14], before PACTR, there was no regional support for longitudinal monitoring of planned and 

ongoing African clinical trials. PACTR is unique in recognising that African researchers face 

additional challenges in trial registration and seeks to provide feasible ways of overcoming these 

barriers [2]. PACTR has seen substantial growth in the number of trials registered from inception 

until recently. In this cross-sectional survey of the PACTR database, we report on the trends in the 

clinical trials registered. 
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MATERIALS AND METHODS 

This was a descriptive analysis of clinical trials registered in the Pan African Clinical Trial Register 

(PACTR). 

Inclusion and exclusion criteria 

The data was comprised of clinical trials registered in the PACTR and accessible to the WHO 

ICTRP.  The advanced search function of ICTRP was used to identify these trials. The searches 

were run on 18 August 2021. The study used the WHO definition of clinical trial: “any research 

study that prospectively assigns human participants or groups of humans to one or more health-

related interventions to evaluate the effects on health outcomes”[12]. The trials in the ICTRP 

included both registered and unregistered trials, which primary registered send data file to the 

ICTRP monthly. Study records with no registration number were excluded. 

Data management and analysis

Data were downloaded from the PACTR and exported into an excel spreadsheet by one researcher 

(SR) on 18 August 2021. We searched WHO-ICTRP as a second set of data for verification 

purposes on the same date.  All records were quality-checked by a second researcher (DN).  We 

only excluded records with no PACTR registration number. In each record of the included trials, 

the following data items were used for analysis: registration status, disease condition, sex of the 

participants in the trials; sponsor, intervention type, funding source, the age range of participants, 

intervention model, phase of the trial and overall status. We conducted a trend analysis of the 

registered trials in PACTR to understand the pattern of trial registration over the years using 

Microsoft Excel.  
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 Results

We report on the trends for trials registered in PACTR listed in the ICTRP portal. Data was 

downloaded on 18 August 2021 and found a total of 4962 trial records. Of these records, we 

excluded 1964 that were not registered. PACTR is the WHO primary register that sends data 

monthly to ensure that ICTRP has a one-stop portal to access trials records. The data sent to WHO 

ICTRP includes both registered trials and those pending, which can be linked directly to the 

registry that sent the data. The final number of trial records contained in our analysis were 2998 

records that had a PACTR registration number. 

PACTR has grown substantially since its inception, with each year showing a steady increase in 

the number of trials registered. The year 2020 had the most registered trials (n=606). We anticipate 

that this increase will be seen even this year(figure 1).  
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Figure 1: Number of retrospective and prospective registrations on PACTR by year
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Table 1 shows our analysis of some of the registry data items. Generally, there has been an increase 

in the number of trials registered in PACTR, with n= 2998 identified at the analysis time (figure1). 

There are 1083 (36%) completed trials with 94 (3%) having results available in the registry. 

Twenty-eight percent (28%) of trials registered (836/2998) are listed as not recruiting, while 25% 

(755/2998) are recruiting participants. 55% (1655/2998) of the trials are registered prospectively, 

with the remaining 45% (1343/2998) registered retrospectively. 

 Our data show that most of the trials registered in PACTR have ethics approval 90% (2691/2998). 

The most common intervention model in the registered trials was factorial assignment 20% 

(589/2998). The trial phases show an almost equal distribution for all clinical trial phases. We 

assessed the sponsor of the registered trials and reported that the sponsor could be the funder. Our 

data show that 55% (1639/2998) of the trials have no funding, while 23% (693/2998) being self-

funded. Many trials recruited both male and female 75% (2240/2998) participants among the 

registered trials. The median sample size was 1140.7, with 0 to 1087000 participants listed in the 

trial records.

Table 1: Characteristics of trials in PACTR

Description N (%)

Number of trials registered 2998

Number of studies completed 1083 (36.1)

Number of completed with results 94 (3.1)

Overall trial status

   Completed 1083 (36.1)

   Ongoing/Active -
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   Not yet recruiting/pending 836 (27.9)

   Recruiting 755 (25.2)

   Stopped/terminated -

   Suspended 7 (0.2)

   Withdrawn -

   Other/unknown 317 (10.6)

Prospective/retrospective

   Prospectively registered 1655 (55.2)

   Retrospectively registered 1343 (44.8)

Intervention model

   Parallel assignment 2124 (70.8)

   Single group assignment 59 (2.0)

   Crossover assignment 201 (6.7)

   Factorial assignment 589 (19.6)

   Sequential assignment 13 (0.4)

   None (open label) 12 (0.4)

Phase 

   Not applicable 2310 (77.1)

   Phase I 192 (6.5)

   Phase II 138 (4.6)

   Phase III 199 (6.6)

   Phase IV 155 (5.2)

Sponsor

   University 196 (6.5)

   Industry/NGO 61 (2.0)

   Government 107 (3.6)

   Charities 94 (3.1)
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   Hospital 67 (2.2)

   Self-funded 693 (23.1)

   Funding agency 142 (4.7)

   Other 45 (1.5)

   No funding 1639 (54.7)

Ethics 

   Yes                            2691 (90)

   No 307 (10)

Sex

   Both 2240 (74.7)

   Female 628 (20.9)

   Male 130 (4.3)

The target number of participants

   Min, max 0, 1087000

   Mean (SD) 1140.7 (26156.8)

   Median (IQR) 80 (125)

Researchers have an option in the PACTR registry to indicate the type of intervention for the trial. 

We show that most trials use drugs for treatment 21% (622/2998) as an intervention (figure 2). 
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Figure 2: Type of intervention used for the registered trials in PACTR

The most common disease conditions investigated in the trials conducted in PACTR registered 

trials were infections and infestations with 20% (586/2998), followed by the surgery category 14% 

(426/2998) trials (Figure 3). 
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Figure 3: Disease conditions investigated in PACTR registered trials

Among the completed trials (n =1083), most of the records are without results (91%; 989/1083), 

and less than 10% have results (figure 4).  
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Figure 4 Completed trials with results in PACTR

The reporting section in PACTR was not mandatory until 2019. Our data show that from 2008 

until 2017, results reporting was not captured. In 2018, PACTR was relaunched to include the 24-

item data set required by ICTRP[12]. The reporting section is the 24th data item which collects 

information on the plans to share trial data and provides summary results. When PACTR was 

relaunched in 2018, this field was not mandatory and had options "yes," "no," and "undecided." 
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Figure 5: Trends in results reporting over the years 

The data shows that 4% (114/2998) of researchers opted to choose undecided when capturing the 

trial information, while most researchers left this section blank 7% (222/2998).  In 2019 when the 

"undecided option was removed, and the field became mandatory, there was a shift in the trend 

with 11% (342/2998) indicating "yes" to complete the results reporting section. This trend 

continues with more trials in 2020 and 2021, opting for completing the reporting section (figure 

5). 

DISCUSSION 
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PACTR has seen a growing number of trials registered over the years. We, therefore, report on 

trends in the registration of clinical trials in PACTR. Understanding the trends will allow for 

further improvements on the registry and identify issues that the registry team can improve on. 

Our data shows substantial growth in the number of registered trials over the years. PACTR has 

seen in 2020 having registered 606 trials contributing to 20% of the analysed trials. Trials are 

allowed to be registered retrospectively; however, prospective registration of trials is promoted. In 

our efforts to encourage prospective registration of trials, a slight shift towards prospective trial 

registration can be seen from 2017.  

Prospective trial registration is currently at 55%, while retrospective trial registration is at 45%. 

Efforts to register trials prospectively are something that needs to be done across all primary 

registers. Durra et al. 2020 conducted a cross-sectional analysis of published trials registered in 

registries worldwide and found that prospective registration is deficient [9]. PACTR allows 

registration of a trial if the researcher indicates when ethics approval has been applied for. We 

show that among the trials registered in PACTR, 90% have ethics approval which shows that the 

trials conducted have gone through the ethics approval process. PACTR staff also ensures that the 

ethics approval is verified to ensure that the data in the registry is correct.  

The intervention model in PACTR registered trials indicates that registries may need to adapt to 

the changing trial designs, as can be seen with the current COVID-19 trials where adaptive trial 

designs were used [15-17]. Our analysis shows that the most common intervention model was 

factoral assignment 20%. The studies registered in PACTR show a worrying trend which shows 

that 55% of the trials have no funding while 23% of the trials are self-funded. Similarly, a recent 

cross-sectional bibliographic study showed that tuberculosis trials conducted in Africa had a dearth 

of funding coming from local African governments and NGOs [18]. There should be a shift for 
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African governments and funders to create appropriate ways to ensure that total costs of clinical 

research are provided. Research institutions and universities with a real potential for success 

should have priority so that resources can be focused on driving research programs for Africa[19]. 

The other concerning trend from our analysis is that 28% of the trials are listed as not recruiting. 

This is indicative that researchers do not update the records, which could result in the data being 

misinterpreted. The “not recruiting” status indicates that participants are still receiving an 

intervention or being examined, but new participants are not currently recruited or enrolled. 

However, it may also suggest that this status indicates that all participant visits are completed, but 

that the study is still open to ethics, data analysis is still ongoing, or the manuscript is pending 

publication.  This suggests a need to build capacity on the 24-item data set [12].

Moreover, capacity building should focus on the important role that a registry serves as a source 

of data sharing, identifying research gaps, and its essential contribution in the evidence 

ecosystem[20] rather than  another administrative activity to get their trials conducted. Our data 

show that of the completed trials in the registry, only 3% have results available. This suggests that 

PACTR needs to partner with funding agencies to ensure that results are in a public domain within 

a specified period [21], to ensure that reporting of clinical trials is not subjected to selective 

reporting and publication bias[9, 22, 23]. 

The most common intervention in the trials conducted in Africa is treatment with drugs (21%), in 

which the trials registered in PACTR seek to find treatment options for infectious diseases (20%). 

This explains that in the most common diseases researched in Africa, there is a need for new drugs 

to curb the pandemics of these diseases. 
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The reporting section, item 24, suggests a trend towards being completed to conform to WHO-

ICTRP requirements. Results reporting became mandatory in January 2019. Our analysis shows 

that there has been an improvement with the reporting section being completed. This trend 

continues with more trials in 2020 and 2021, opting for completing the reporting section. As part 

of our ongoing analysis, this analysis shows that more needs to be done to build capacity on clinical 

trials through partnering with regulatory, sponsors, and researchers to ensure that clinical research 

conducted in Africa meets the global standards.

Limitations 

We conducted a descriptive analysis of the data and selected a few fields to analyse what is 

happening in the registry. We used the ICTRP platform to search for PACTR registered studies, 

using this approach would exclude other studies because PACTR sends a file monthly while the 

registry continues to register trials. When analysing the data, the disease category was too vast to 

understand the specific disease conditions investigated. In future, we will focus on unpacking the 

disease categories and understand the trends in the diseases being assessed.  Also, there are data 

elements in which a researcher would indicate "other", resulting in many trials with "other"  as a 

disease condition. Assessment of the data allows the  PACTR review team to reinforce correct data 

entry when conducting reviews of the submitted trials and include all mandatory data fields 

required by WHO. 

Conclusion

Registration on PACTR has continued to grow since 2008. PACTR provides valuable data to map 

clinical trial conduct on the African continent. More work needs to be done to ensure that, as the 

registry team, we guarantee capacity building in collaboration with the ethics committee, funders, 
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and sponsors to provide that PACTR ensure that clinical research conducted in Africa meets the 

international standards. There is an urgent need to continue to raise awareness for prospective trial 

registration and reporting of summary results. This will allow researchers to understand the 

importance of data sharing to contribute to research gaps to find solutions for Africa.  

Strengths and limitations of this study

 The Pan African Clinical Trial Register (PACTR) has substantially grown over the years 

with the number of trials registered. 

 The trend analysis allows for opportunities to improve and prioritise activities for PACTR. 

 There has been an improvement in the efforts to ensure that the registry collects the 24- 

data item field after it was made mandatory on 1 January 2019 by the World Health 

Organization.

 Work needs to be done to encourage researchers to capture the trial results in the registry 

upon study completion

Reporting patient and public involvement in research

This study is a cross sectional analysis of publicly available clinical trials registered in PACTR. 

The study's findings will inform how the PACTR registry team will engage with the researchers 

to promote clinical trial registration. 
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20 Abstract 

21 Background

22 The Pan African Clinical Trials Register (PACTR) is a World Health Organization (WHO) 

23 International Clinical Trials Registry Platform (ICTRP) primary register, which caters for clinical 

24 trials conducted in Africa.  PACTR is the first and, at present, the only member of the Network of 

25 WHO Primary Registers in Africa. The aim is to describe and report on the trends of trial records 

26 registered in PACTR. 

27 Methods

28 PACTR was established in 2007 as the AIDS, Tuberculosis, and Malaria (ATM) Clinical Trials 

29 Registry. The scope of the registry was then expanded in 2009 to include all diseases. This is a 

30 cross-sectional study of trials registered in PACTR from inception to 18 August 2021. A 

31 descriptive analysis of the use and trends of the following data fields: study intervention, disease 

32 condition, sex of the participants, sample size, ethics, funding, and availability of results conducted 

33 using Microsoft Excel.  

34 Results 

35 The number of trials registered has increased year on year, reaching 606 trials registered in 2020. 

36 The total number of trials registered at the time of the analysis was 2998. More than half of the 

37 trials in the registry (1655/2998 i.e. 55%) were prospectively registered. Ethical approval was 

38 received by 90% (2691/2998) of the registered trials. Factorial assignment as an intervention 

39 model was in 20% (589/2998) of the trials registered. There were 36% (1083/2998) completed 

40 trials, of which 3% (94/1083) had results available in the registry. The most dominant funding 

41 source indicated was self-funding in 23% (693/2998) of the registered trials, and 55% (1639/2998) 

42 had no funding. 
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43

44 Conclusion

45 Registration on PACTR continues to grow; however, our analysis shows that researchers' capacity-

46 building is needed to understand the importance of the registry and how this information informs 

47 healthcare decisions. Promoting prospective trial registration remains critical to avoid selective 

48 reporting bias to inform research gaps.  

49

50

51 Keywords: Pan African Clinical Trial Register, Clinical trial registration, Prospective trial 
52 registration
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53 Strengths and limitations of this study

54  We provided a comprehensive descriptive assessment of the trials registered in the  Pan 

55 African Clinical Trial Register (PACTR) 

56  We conducted a descriptive analysis to assess the trends of the fields collected in the 

57 registry records to improve and prioritise activities for PACTR administration staff. 

58  We selected mandatory data fields to analyse to precisely assess the general trends in the 

59 trial records without analysing the free-text data captured 

60  There were some unavoidable missing data and variations for certain data fields, which 

61 might bias the results.

62

63
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64 Introduction

65 The Pan African Clinical Trials Registry (PACTR) (www.pactr.org) was established from the 

66 AIDS, Tuberculosis, and Malaria Registry based at the South African Cochrane Centre [1-3]. The 

67 registry was established with Cochrane's Infectious Diseases Group (CIDG), based at the 

68 Liverpool School of Tropical Medicine and the World Health Organization (WHO). PACTR is the 

69 only African member of the WHO Network of Primary Registers, which transfers trial information 

70 to the WHO International Clinical Trials Registry Platform (WHO-ICTRP) 

71 (https://www.who.int/clinical-trials-registry-platform) every month [4, 5]. WHO-ICTRP serves as 

72 a platform aligned with the International Committee of Medical Journal Editors (ICMJE) for 

73 prospective trial registration. PACTR contributes to regional transparency and harmonisation of 

74 clinical trial research [6, 7]. A database contains essential administrative and scientific information 

75 about planned, ongoing, and completed trials in a clinical trials registry [6-8]. Thus, registration of 

76 all interventional trials is considered scientific, ethical, and responsible [9-11].  Accessing clinical 

77 trials information allows informing decision-making on healthcare decisions based on all available 

78 evidence [9]. Such decisions cannot be easily made if publication bias and selective reporting exist 

79 [9]. 

80 Furthermore, the   Declaration of Helsinki indicates that "Every clinical trial must be registered in 

81 a publicly accessible database before recruitment of the first subject" [9]. In the case of clinical 

82 trials, before the first participant is recruited, the information on the trial must be captured in a 

83 publicly accessible database unless the sponsor or researcher has permission to delay this to a later 

84 stage. Trial registration is one of the efforts being made to ensure transparency in clinical research, 

85 accessible patient data for subsequent analysis, and publication of results irrespective of the trial 
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86 outcome. This further allows for decisions related to the safety and efficacy of drugs, vaccines, and medical 

87 devices in humans, supported by the best available scientific evidence. 

88 This, therefore, imply that clinical trial registration should advocate for prospective trial 

89 registration and that all registered trials publish their findings[12]. Trial registration further supports 

90 evidence-based medical practice, which heavily relies on available data in the public domain so 

91 that informed healthcare decisions can be made[13]. Bringing in data from clinical trials within 

92 reach of clinicians, regulators, and external stakeholders enhances the clinical trial data[13]. 

93 Prospective trial registration and subsequent results reporting are global efforts to ensure complete 

94 research transparency. Clinical trials may be registered without ethics approval, provided that 

95 recruitment of study participants has not commenced. Even Journal editors, ethics 

96 committees/institutional review boards (IRBs), regulatory authorities, and funding agencies all 

97 support the call for research transparency requiring trials to be prospectively registered[14]. 

98 There has been a push from governments and international organisations, especially since 2005, 

99 to make clinical trial information more widely available and standardise registries and registering 

100 processes. The World Health Organization (WHO) has published international Standards for 

101 Clinical Trial Registries to achieve consensus on both the minimal and the optimal operating 

102 standards for trial registration [14]. To adhere to WHO practices that ensure that collected data are 

103 not duplicated and provide meaningful information, registry staff scrutinise each application and 

104 perform regular quality checks to ensure quality data is contained in the registry. 

105 A further benefit to registering trials prospectively in a registry is that it allows for similar or 

106 identical trials to be known, making it possible for researchers and funding agencies to avoid 

107 unnecessary duplication [7]. Also, describing clinical trials in progress makes it easier to identify 

108 research gaps for new research to advance the knowledge gaps. Registries provide quality checks 
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109 on the data submitted as part of the registration process, leading to improvements in the quality of 

110 clinical trials publicly available and pointing out potential problems early in the research design to 

111 improve clinical research conducted.  

112 Although in the past, research on the clinical trial landscape provided key insights into the global 

113 burden of disease, and more generally, the global and regional clinical trial landscapes [4, 7, 15, 

114 16], before PACTR, there was no regional support for longitudinal monitoring of planned and 

115 ongoing African clinical trials. PACTR is unique in recognising that African researchers face 

116 additional challenges in trial registration and seeks to provide feasible ways of overcoming these 

117 barriers [2]. PACTR has seen substantial growth in the number of trials registered from inception 

118 until recently. In this cross-sectional survey of the PACTR database, we report on the trends in the 

119 clinical trials registered. 

120

121 MATERIALS AND METHODS 

122 This was a descriptive analysis of the trends in clinical trials registered in the Pan African Clinical 

123 Trial Register (PACTR), www.pactr.org. 

124 Data description and source

125 We used the WHO ICTRP, https://www.who.int/clinical-trials-registry-platform, a registry platform 

126 collating information from registries across the globe to be a one-stop portal to access clinical trial 

127 records[17].  The study used the WHO definition of a clinical trial: “any research study that 

128 prospectively assigns human participants or groups of humans to one or more health-related 

129 interventions to evaluate the effects on health outcomes”[14]. We used the advanced search 

130 function of ICTRP to identify these clinical trials registered in the PACTR on 18 August 2021. 
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131 Data management and analysis

132 Data were downloaded from WHO-ICTRP one researcher (SR) on 18 August 2021 and exported 

133 into an excel spreadsheet. All records were quality-checked by a second researcher (DN).  In each 

134 record, the following data items were used for analysis: registration status, disease condition, sex 

135 of the participants in the trials; sponsor, intervention type, funding source, the age range of 

136 participants, intervention model, phase of the trial, and overall status. We conducted a descriptive 

137 analysis of the use and trends of the registered trials in PACTR to understand the pattern of trial 

138 registration over the years using Microsoft Excel.  

139  Results

140 We report on the trends for trials registered in PACTR appearing in the ICTRP portal. PACTR is 

141 one of the WHO primary registers which sends data monthly to the ICTRP for one-stop to access 

142 trials records. We downloaded from the ICTRP on 18 August 2021. We used the search output to 

143 only select trials from the PACTR registry. A total of 2998 trial records were retrieved and used 

144 for analysis. 

145 PACTR has grown substantially since its inception, with each year showing a steady increase in 

146 the number of trials registered. The year 2020 had the most registered trials (n=606). We anticipate 

147 that this increase will be seen even in 2021 (figure 1).  Insert Figure 1 here 

148 We further extrapolated the trials registered in 2020 to assess whether the significant increase 

149 was because of the COVID-19 pandemic, which has seen a rise in research activity. 

150 Insert Figure 2 here 

151 We found that 7% (42/606) were COVID related trials in the year 2020 and among these trials, 

152 46% were on treatment and 20% on vaccines (figure 2). 
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153 Table 1 shows our analysis of some of the registry data items. Generally, there has been an increase 

154 in the number of trials registered in PACTR, with n= 2998 identified at the analysis time (figure1). 

155 There are 1083 (36%) completed trials, with 94 (3%) having results available in the registry. 

156 Twenty-eight percent (28%) of trials registered (836/2998) are listed as not recruiting, while 25% 

157 (755/2998) are recruiting participants. 55% (1655/2998) of the trials are registered prospectively, 

158 with the remaining 45% (1343/2998) registered retrospectively. 

159 Our data show that most of the trials registered in PACTR have ethics approval (2691/2998, i.e. 

160 90%). The intervention model refers to the general design of the strategy for assigning therapies 

161 or interventions being investigated to participants in a clinical study. Types of intervention models 

162 include single group assignment, parallel assignment, cross-over assignment, and factorial 

163 assignment. The most common intervention model in the registered trials was factorial assignment 

164 (589/2998, i.e. 20%), which means that the trial would have two (or more) intervention 

165 comparisons carried out simultaneously. The trial phases show an almost equal distribution for all 

166 clinical trial phases. We assessed the sponsor of the registered trials and reported that the sponsor 

167 could be the funder. Our data show that 55% (1639/2998) of the trials have no funding, while 23% 

168 (693/2998) are self-funded. Many trials (2240/2998, i.e. 75%) recruited both male and female 

169 participants. The median sample size was 1140.7 participants, with rannging from 0 to 1,087,000.

170

171

172

173

174

Page 10 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10

175 Table 1: Characteristics of trials in PACTR

Description N (%)

Number of trials registered 2998

Number of studies completed 1083 (36.1)

Number of completed with results 94 (3.1)

Overall trial status

   Completed 1083 (36.1)

   Recruiting 755 (25.2)

   Not yet recruiting/pending 836 (27.9)

   Recruiting 755 (25.2)

   Stopped/terminated -

   Suspended 7 (0.2)

   Pending 836 (27.5)

   Other/unknown 317 (10.6)

Prospective/retrospective

   Prospectively registered 1655 (55.2)

   Retrospectively registered 1343 (44.8)

Intervention model

   Parallel assignment 2124 (70.8)

   Single group assignment 59 (2.0)

   Cross-over assignment 201 (6.7)

   Factorial assignment 589 (19.6)

   Sequential assignment 13 (0.4)

   None (open label) 12 (0.4)

Phase 

   Not reported 2310 (77.1)

   Phase I 192 (6.5)
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   Phase II 138 (4.6)

   Phase III 199 (6.6)

   Phase IV 155 (5.2)

Primary Sponsor

   University 196 (6.5)

   Industry or non-governmental organisation 61 (2.0)

   Government 107 (3.6)

   Charities 94 (3.1)

   Hospital 67 (2.2)

   Self-funded 693 (23.1)

   Funding agency 142 (4.7)

   Other 45 (1.5)

   No funding 1639 (54.7)

Ethics approval received

   Yes                            2691 (90)

   No 307 (10)

Sex

   Both males and females 2240 (74.7)

   Female 628 (20.9)

   Male 130 (4.3)

The target number of participants

   Minimum, maximum 0-  1, 087, 000

   Mean (standard deviation) 1, 140.7 (26, 156.8)

   Median (IQR) 80 (1-125)

176

177 Researchers have an option in the PACTR registry to indicate the type of intervention for the trial. 

178 We show that most trials use drug treatment (622/2998, i.e 21%) as an intervention (figure 3). 
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179 Insert Figure 3 here 

180 The most common disease conditions investigated in the trials conducted in PACTR registered 

181 trials were infections and infestations with 20% (586/2998), followed by the surgery category  with 

182 14% (426/2998) trials. The trials listed surgery as a disease condition included any intervention in 

183 a trial where medical and surgical care was provided. Such studies focus on diseases, injuries, and 

184 conditions affecting the abdomen, breasts, digestive system, endocrine system, and skin. Also, 

185 these trials evaluate biopsies, lab tests, and imaging tests as part of delivering care (Figure 4). 

186

187 Insert Figure 4 here 

188

189 Among the completed trials (n =1083), most of the records are without results (91%; 989/1083), 

190 and less than 10% have results (figure 5).  

191 Insert Figure 5 here 

192

193 The reporting section in PACTR was not mandatory until 2019. Our data show that from 2008 

194 until 2017, results reporting was not captured. In 2018, PACTR was relaunched to include the 24-

195 item data set required by ICTRP[14]. The reporting section is the 24th data item which collects 

196 information on the plans to share trial data and provides summary results. When PACTR was 

197 relaunched in 2018, this field was not mandatory and had options "yes," "no," and "undecided." 

198 We, therefore, assessed whether the trials in PACTR reflected the occurrence of adding the 

199 additional data fields. 

200

201
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202 Insert Figure 6 here

203

204 The data shows that 4% (114/2998) of researchers opted to choose undecided when capturing the 

205 trial information, while most researchers left this section blank 7% (222/2998).  In 2019 when the 

206 "undecided option was removed, and the field became mandatory, there was a shift in the trend 

207 with 11% (342/2998) indicating "yes" to complete the results reporting section. This trend 

208 continues with more trials in 2020 and 2021, opting for completing the reporting section (figure 

209 6). 

210

211 DISCUSSION 

212 PACTR has seen a growing number of trials registered over the years. We, therefore, report on 

213 trends in the registration of clinical trials in PACTR. Understanding the trends will allow for 

214 further improvements on the registry and identify issues that the registry team can improve on. 

215 Our data shows substantial growth in the number of registered trials over the years. PACTR saw 

216 in 2020 had registered 606 trials contributing to 20% of the analysed trials. COVID-19 related 

217 trials only contributed to 7% of the increasing trials registered in 2020. Among these trials, 46% 

218 (19/41) being investigated, the most dominant intervention was treatment for COVID-19. This 

219 trend is on an upward trajectory as even in the year 2021, there are 15 trials related to COVID-

220 19[18]. 

221 In our efforts to encourage prospective registration of trials, a slight shift towards prospective trial 

222 registration can be seen from 2017. Prospective trial registration is currently at 55%, while 

223 retrospective trial registration is 45% (Figure 1). Trials can be registered retrospectively; however, 

224 the prospective registration of trials is encouraged to ensure transparency in research conduct, thus 
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225 reducing publication and reporting bias[9]. Efforts to register trials prospectively need to be done 

226 across all primary registers. Durra et al. 2020 conducted a cross-sectional analysis of published 

227 trials registered in registries worldwide and found that prospective registration is deficient [9]. 

228 PACTR allows a trial registration if the researcher indicates when ethics approval has been applied 

229 for. We show that among the trials registered in PACTR, 90% have ethics approval which shows 

230 that the trials conducted have gone through the ethics approval process. PACTR staff also ensures 

231 that the ethics approval is verified to ensure that the data in the registry is correct.  

232 The intervention model in PACTR registered trials indicates that registries may need to adapt to 

233 the changing trial designs, as seen with the current COVID-19 trials where adaptive trial designs 

234 were used [19-21]. Our analysis shows that the most common intervention model was factorial 

235 assignment 20%. The studies registered in PACTR show a worrying trend which shows that 55% 

236 of the trials have no funding while 23% of the trials are self-funded. Similarly, a recent cross-

237 sectional bibliographic study showed that tuberculosis trials conducted in Africa had a dearth of 

238 financing for local African governments and NGOs [22]. There should be a shift for African 

239 governments and funders to create appropriate ways to ensure that total costs of clinical research 

240 are provided. Research institutions and universities with a real potential for success should have 

241 priority so that resources can be focused on driving research programs for Africa[23]. 

242 The other concerning trend from our analysis is that 28% of the trials are listed as not recruiting. 

243 This is indicative that researchers do not update the records, which could result in the data being 

244 misinterpreted. The “not recruiting” status indicates that participants are still receiving an 

245 intervention or being examined, but new participants are not currently recruited or enrolled. 

246 However, it may also suggest that this status indicates that all participant visits are completed. The 
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247 study is still open to ethics, data analysis is still ongoing, or the manuscript is pending 

248 publication.  This suggests a need to build capacity on the 24-item data set [14].

249 Moreover, capacity building should focus on the vital role of registries as a source of data sharing, 

250 identifying research gaps, and its essential contribution in the evidence ecosystem[23] rather than  

251 another administrative activity to conduct their trials. Our data show that of the completed trials in 

252 the registry, only 3% have results available. This suggests that PACTR needs to partner with 

253 funding agencies to ensure that results are in a public domain within a specified period [24] and 

254 that clinical trial reporting is not subjected to selective reporting and publication bias[9, 25, 26]. 

255 The most common intervention in the trials conducted in Africa is treatment with drugs (21%), in 

256 which the trials registered in PACTR seek to find treatment options for infectious diseases (20%). 

257 This explains that in the most common diseases researched in Africa, there is a need for new drugs 

258 to curb the pandemics of these diseases. 

259 The reporting section, item 24, suggests a trend towards being completed to conform to WHO-

260 ICTRP requirements. Results reporting became mandatory in January 2019. Our analysis indicated 

261 an improvement in the reporting section completed. This trend continues with more trials in 2020 

262 and 2021, opting for completing the reporting section. As part of our ongoing analysis, this analysis 

263 shows that more needs to be done to build capacity on clinical trials through partnering with 

264 regulatory, sponsors, and researchers to ensure that clinical research conducted in Africa meets the 

265 global standards.

266 Limitations 

267 We conducted a descriptive analysis of the data to analyse what is happening in the registry. We 

268 used the ICTRP platform to search for PACTR registered studies. This approach may have 
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269 excluded trials currently being processed at the time of downloading this data file which may be 

270 prior to sending montly data file to ICTRP, thus underrepresenting the total number of registered 

271 trials. The disease category was too vast to understand the specific disease conditions investigated 

272 when analyzing the data. In the future, we will focus on unpacking the disease categories and 

273 understanding the trends in the diseases being evaluated.  Also, there are data elements in which a 

274 researcher would indicate "other," resulting in many trials with "other"  as a disease condition. 

275 Assessment of the data allows the  PACTR review team to reinforce correct data entry when 

276 conducting reviews of the submitted trials and include all mandatory data fields required by WHO. 

277 Our analysis did not have the free text data captured in the registry, which will need further 

278 unpacking to understand the trends of trial registration. The description of a sponsor into categories 

279 may limit what the researcher identifies as a sponsor to how we classified the sponsors leading to 

280 some variation. 

281

282 Conclusion

283 Registration on PACTR has continued to grow since 2008. PACTR provides valuable data to map 

284 clinical trial conduct on the African continent. More work needs to be done to ensure that, as the 

285 registry team, we guarantee capacity building in collaboration with the ethics committee, funders, 

286 and sponsors to provide that PACTR ensures that clinical research conducted in Africa meets 

287 international standards. There is an urgent need to continue to raise awareness for prospective trial 

288 registration and reporting of summary results. This will allow researchers to understand the 

289 importance of data sharing to contribute to research gaps to find solutions for Africa.  

290

291
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Figure 1: Number of retrospective and prospective registrations on PACTR by year 
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Figure 2: An assessment of the trials registered in the year 2020.  
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Figure 3: Type of intervention used for the registered trials in PACTR 
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Figure 4: Disease conditions investigated in PACTR registered trials 
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Figure 6: Trends in results reporting over the years  
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Figure 5: Completed trials with results in PACTR 

 

Completed studies Completed with results Completed with no results

N 1083 94 989

0

200

400

600

800

1000

1200
N

u
m

b
er

 o
f 

st
u

d
ie

s

Page 26 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

1

Rotavirus vaccine clinical trials: a cross sectional analysis of clinical trials registries

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2-3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4-6

Objectives 3 State specific objectives, including any prespecified hypotheses 6

Methods
Study design 4 Present key elements of study design early in the paper 7-8
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
7-8

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 
of participants

7-8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

7-8

Bias 9 Describe any efforts to address potential sources of bias n/a
Study size 10 Explain how the study size was arrived at n/a
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
n/a

(a) Describe all statistical methods, including those used to control for 
confounding

n/a

(b) Describe any methods used to examine subgroups and interactions n/a
(c) Explain how missing data were addressed n/a
(d) If applicable, describe analytical methods taking account of sampling 
strategy

n/a

Statistical methods 12

(e) Describe any sensitivity analyses n/a

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included 
in the study, completing follow-up, and analysed

n/a

(b) Give reasons for non-participation at each stage n/a

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

n/aDescriptive data 14*

(b) Indicate number of participants with missing data for each variable of 
interest

Outcome data 15* Report numbers of outcome events or summary measures n/a

Page 27 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

2

(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

n/a

(b) Report category boundaries when continuous variables were 
categorized

n/a

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 
and sensitivity analyses

8-15

Discussion
Key results 18 Summarise key results with reference to study objectives 16-

19
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

19

Generalisability 21 Discuss the generalisability (external validity) of the study results n/a

Other information
Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is 
based

20

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.

Page 28 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only
Practices and trends in clinical trial registration in the Pan 

African Clinical Trials Registry (PACTR): a descriptive 
analysis of registration data 

Journal: BMJ Open

Manuscript ID bmjopen-2021-057474.R2

Article Type: Original research

Date Submitted by the 
Author: 21-Dec-2021

Complete List of Authors: Ndwandwe, Duduzile; South African Medical Research Council
Runeyi, Sinazo; South African Medical Research Council, Cochrane South 
Africa 
Pienaar, Elizabeth ; South African Medical Research Council, Cochrane 
South Africa
Mathebula, Lindi; South African Medical Research Council, Cochrane SA
Hohlfeld, Ameer ; South African Medical Research Council, Cohrane 
South Africa
Wiysonge, Charles; South African Medical Research Council, Cochrane 
South Africa

<b>Primary Subject 
Heading</b>: Public health

Secondary Subject Heading: Global health, Health policy, Evidence based practice, Epidemiology, 
Ethics

Keywords: Clinical trials < THERAPEUTICS, PUBLIC HEALTH, Public health < 
INFECTIOUS DISEASES

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on A

pril 9, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-057474 on 25 January 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1

1 Practices and trends in clinical trial registration in the Pan African Clinical 

2 Trials Registry (PACTR): a descriptive analysis of registration data 

3 Duduzile Ndwandwe1*; Sinazo Runeyi1; Elizabeth D Pienaar1; Lindi Mathebula1; Ameer 

4 Hohlfeld1; Charles S. Wiysonge1,2,3

5

6 1Cochrane South Africa, South African Medical Research Council, Tygerberg, South Africa

7 2Division of Epidemiology and Biostatistics, Faculty of Medicine and Health Sciences, 

8 Stellenbosch University, Tygerberg, 7505, Cape Town, South Africa. 

9 3School of Public Health and Family Medicine, Faculty of Health Sciences, University of Cape 

10 Town, Observatory, 7925, Cape Town, South Africa.

11

12

13

14

15

16

17

18 *Correspondence author: Duduzile Ndwandwe, Cochrane South Africa, South African Medical 

19 Research Council, Tygerberg, South Africa. Email: Duduzile.Ndwandwe@mrc.ac.za

Page 2 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

2

20 Abstract 

21 Background

22 The Pan African Clinical Trials Register (PACTR) is a World Health Organization (WHO) 

23 International Clinical Trials Registry Platform (ICTRP) primary register, which caters for clinical 

24 trials conducted in Africa. PACTR is the first and, at present, the only member of the Network of 

25 WHO Primary Registers in Africa. The aim is to describe and report on the trends of trial records 

26 registered in PACTR. 

27 Methods

28 PACTR was established in 2007 as the AIDS, Tuberculosis, and Malaria (ATM) Clinical Trials 

29 Registry. The scope of the registry was then expanded in 2009 to include all diseases. This is a 

30 cross-sectional study of trials registered in PACTR from inception to 18 August 2021. A 

31 descriptive analysis of the use and trends of the following data fields: study intervention, disease 

32 condition, sex of the participants, sample size, ethics, funding, and availability of results conducted 

33 using Microsoft Excel. 

34 Results 

35 The number of trials registered has increased year on year, reaching 606 trials registered in 2020. 

36 The total number of trials registered at the time of the analysis was 2998. More than half of the 

37 trials in the registry (1655/2998 i.e. 55%) were prospectively registered. Ethical approval was 

38 received by 90% (2691/2998) of the registered trials. Factorial assignment as an intervention 

39 model was in 20% (589/2998) of the trials registered. There were 36% (1083/2998) completed 

40 trials, of which 3% (94/1083) had results available in the registry. The most dominant funding 

41 source indicated was self-funding in 23% (693/2998) of the registered trials, and 55% (1639/2998) 

42 had no funding. 
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43

44 Conclusion

45 Registration on PACTR continues to grow; however, our analysis shows that researchers' capacity-

46 building is needed to understand the importance of the registry and how this information informs 

47 healthcare decisions. Promoting prospective trial registration remains critical to avoid selective 

48 reporting bias to inform research gaps. 

49

50

51 Keywords: Pan African Clinical Trial Register, Clinical trial registration, Prospective trial 
52 registration
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53 Strengths and limitations of this study

54  We provided a comprehensive descriptive assessment of the trials registered in the Pan 

55 African Clinical Trial Register (PACTR) 

56  We conducted a descriptive analysis to assess the trends of the fields collected in the 

57 registry records to improve and prioritise activities for PACTR administration staff. 

58  We selected mandatory data fields to analyse to precisely assess the general trends in the 

59 trial records without analysing the free-text data captured 

60  There were some unavoidable missing data and variations for certain data fields, which 

61 might bias the results.

62

63
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64 Introduction

65 The Pan African Clinical Trials Registry (PACTR) (www.pactr.org) was established from the 

66 AIDS, Tuberculosis, and Malaria Registry based at the South African Cochrane Centre [1-3]. The 

67 registry was established with Cochrane's Infectious Diseases Group (CIDG), based at the 

68 Liverpool School of Tropical Medicine and the World Health Organization (WHO). PACTR is the 

69 only African member of the WHO Network of Primary Registers, which transfers trial information 

70 to the WHO International Clinical Trials Registry Platform (WHO-ICTRP) 

71 (https://www.who.int/clinical-trials-registry-platform) every month [4, 5]. WHO-ICTRP serves as 

72 a platform aligned with the International Committee of Medical Journal Editors (ICMJE) for 

73 prospective trial registration. PACTR contributes to regional transparency and harmonisation of 

74 clinical trial research [6, 7] and is freely available. A database contains essential administrative 

75 and scientific information about planned, ongoing, and completed trials in a clinical trials registry 

76 [6-8]. Thus, registration of all interventional trials is considered scientific, ethical, and responsible 

77 [9-11]. Accessing clinical trials information allows informing decision-making on healthcare 

78 decisions based on all available evidence [9]. Such decisions cannot be easily made if publication 

79 bias and selective reporting exist [9]. 

80 Furthermore, the Declaration of Helsinki indicates that "Every clinical trial must be registered in 

81 a publicly accessible database before recruitment of the first subject" [9]. In the case of clinical 

82 trials, before the first participant is recruited, the information on the trial must be captured in a 

83 publicly accessible database unless the sponsor or researcher has permission to delay this to a later 

84 stage. Trial registration is one of the efforts being made to ensure transparency in clinical research, 

85 accessible patient data for subsequent analysis, and publication of results irrespective of the trial 
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86 outcome. This further allows for decisions related to the safety and efficacy of drugs, vaccines, and medical 

87 devices in humans, supported by the best available scientific evidence. 

88 This, therefore, imply that clinical trial registration should advocate for prospective trial 

89 registration and that all registered trials publish their findings[12]. Trial registration further supports 

90 evidence-based medical practice, which heavily relies on available data in the public domain so 

91 that informed healthcare decisions can be made[13]. Bringing in data from clinical trials within 

92 reach of clinicians, regulators, and external stakeholders enhances the clinical trial data[13]. 

93 Prospective trial registration and subsequent results reporting are global efforts to ensure complete 

94 research transparency. Clinical trials may be registered without ethics approval, provided that 

95 recruitment of study participants has not commenced. Even Journal editors, ethics 

96 committees/institutional review boards (IRBs), regulatory authorities, and funding agencies all 

97 support the call for research transparency requiring trials to be prospectively registered[14]. 

98 There has been a push from governments and international organisations, especially since 2005, 

99 to make clinical trial information more widely available and standardise registries and registering 

100 processes. The World Health Organization (WHO) has published international Standards for 

101 Clinical Trial Registries to achieve consensus on both the minimal and the optimal operating 

102 standards for trial registration [14]. To adhere to WHO practices that ensure that collected data are 

103 not duplicated and provide meaningful information, registry staff scrutinise each application and 

104 perform regular quality checks to ensure quality data is contained in the registry. 

105 A further benefit to registering trials prospectively in a registry is that it allows for similar or 

106 identical trials to be known, making it possible for researchers and funding agencies to avoid 

107 unnecessary duplication [7]. Also, describing clinical trials in progress makes it easier to identify 

108 research gaps for new research to advance the knowledge gaps. Registries provide quality checks 
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109 on the data submitted as part of the registration process, leading to improvements in the quality of 

110 clinical trials publicly available and pointing out potential problems early in the research design to 

111 improve clinical research conducted. 

112 Although in the past, research on the clinical trial landscape provided key insights into the global 

113 burden of disease, and more generally, the global and regional clinical trial landscapes [4, 7, 15, 

114 16], before PACTR, there was no regional support for longitudinal monitoring of planned and 

115 ongoing African clinical trials. PACTR is unique in recognising that African researchers face 

116 additional challenges in trial registration and seeks to provide feasible ways of overcoming these 

117 barriers [2]. PACTR has seen substantial growth in the number of trials registered from inception 

118 until recently. In this cross-sectional survey of the PACTR database, we report on the trends in the 

119 clinical trials registered. 

120

121 METHODS 

122 This was a descriptive analysis of the trends in clinical trials registered in the Pan African Clinical 

123 Trial Register (PACTR), www.pactr.org. 

124 Data description and source

125 We used the WHO ICTRP, https://www.who.int/clinical-trials-registry-platform, a registry platform 

126 collating information from registries across the globe to be a one-stop portal to access clinical trial 

127 records[17]. The study used the WHO definition of a clinical trial: “any research study that 

128 prospectively assigns human participants or groups of humans to one or more health-related 

129 interventions to evaluate the effects on health outcomes”[14]. We used the advanced search 

130 function of ICTRP to identify these clinical trials registered in the PACTR on 18 August 2021. 
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131 Data management and analysis

132 Data was downloaded from WHO-ICTRP by one researcher (SR) on 18 August 2021 and exported 

133 into an excel spreadsheet. All records were quality-checked by a second researcher (DN). In each 

134 record, the following data items were used for analysis: registration status, disease condition, sex 

135 of the participants in the trials; sponsor, intervention type, funding source, the age range of 

136 participants, intervention model, phase of the trial, and overall status. We conducted a descriptive 

137 analysis of the use and trends of the registered trials in PACTR to understand the pattern of trial 

138 registration over the years using Microsoft Excel. 

139 RESULTS

140 We report on the trends for trials registered in PACTR appearing in the ICTRP portal. PACTR is 

141 one of the WHO primary registers which sends data monthly to the ICTRP for one-stop to access 

142 trials records. We downloaded from the ICTRP on 18 August 2021. We used the search output to 

143 only select trials from the PACTR registry. A total of 2998 trial records were retrieved and used 

144 for analysis. 

145 PACTR has grown substantially since its inception, with each year showing a steady increase in 

146 the number of trials registered. The year 2020 had the most registered trials (n=606). We anticipate 

147 that this increase will be seen even in 2021 (figure 1). Insert Figure 1 here 

148 We further extrapolated the trials registered in 2020 to assess whether the significant increase 

149 was because of the COVID-19 pandemic, which has seen a rise in research activity. 

150 Insert Figure 2 here 

151 We found that 7% (42/606) were COVID related trials in the year 2020 and among these trials, 

152 46% were on treatment and 20% on vaccines (figure 2). 
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153 Table 1 shows our analysis of some of the registry data items. Generally, there has been an increase 

154 in the number of trials registered in PACTR, with n= 2998 identified at the analysis time (figure1). 

155 There are 1083 (36%) completed trials, with 94 (3%) having results available in the registry. 

156 Twenty-eight percent (28%) of trials registered (836/2998) are listed as not recruiting, while 25% 

157 (755/2998) are recruiting participants. 55% (1655/2998) of the trials are registered prospectively, 

158 with the remaining 45% (1343/2998) registered retrospectively. 

159 Our data show that most of the trials registered in PACTR have ethics approval (2691/2998, i.e. 

160 90%). The intervention model refers to the general design of the strategy for assigning therapies 

161 or interventions being investigated to participants in a clinical study. Types of intervention models 

162 include single group assignment, parallel assignment, cross-over assignment, and factorial 

163 assignment. The most common intervention model in the registered trials was factorial assignment 

164 (589/2998, i.e. 20%), which means that the trial would have two (or more) intervention 

165 comparisons carried out simultaneously. The trial phases show an almost equal distribution for all 

166 clinical trial phases. We assessed the sponsor of the registered trials and reported that the sponsor 

167 could be the funder. Our data show that 55% (1639/2998) of the trials have no funding, while 23% 

168 (693/2998) are self-funded. Many trials (2240/2998, i.e. 75%) recruited both male and female 

169 participants. The median sample size was 1140.7 participants, with rannging from 0 to 1,087,000.

170

171

172

173

174
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175 Table 1: Characteristics of trials in PACTR

Description N (%)

Number of trials registered 2998

Number of studies completed 1083 (36.1)

Number of completed with results 94 (3.1)

Overall trial status

  Completed 1083 (36.1)

  Recruiting 755 (25.2)

  Not yet recruiting/pending 836 (27.9)

  Recruiting 755 (25.2)

  Stopped/terminated -

  Suspended 7 (0.2)

  Pending 836 (27.5)

  Other/unknown 317 (10.6)

Prospective/retrospective

  Prospectively registered 1655 (55.2)

  Retrospectively registered 1343 (44.8)

Intervention model

  Parallel assignment 2124 (70.8)

  Single group assignment 59 (2.0)

  Cross-over assignment 201 (6.7)

  Factorial assignment 589 (19.6)

  Sequential assignment 13 (0.4)

  None (open label) 12 (0.4)

Phase 

  Not reported 2310 (77.1)

  Phase I 192 (6.5)
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  Phase II 138 (4.6)

  Phase III 199 (6.6)

  Phase IV 155 (5.2)

Primary Sponsor

  University 196 (6.5)

  Industry or non-governmental organisation 61 (2.0)

  Government 107 (3.6)

  Charities 94 (3.1)

  Hospital 67 (2.2)

  Self-funded 693 (23.1)

  Funding agency 142 (4.7)

  Other 45 (1.5)

  No funding 1639 (54.7)

Ethics approval received

  Yes               2691 (90)

  No 307 (10)

Sex

  Both males and females 2240 (74.7)

  Female 628 (20.9)

  Male 130 (4.3)

The target number of participants

  Minimum, maximum 0- 1, 087, 000

  Mean (standard deviation) 1, 140.7 (26, 156.8)

  Median (IQR) 80 (1-125)

176
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177 Researchers have an option in the PACTR registry to indicate the type of intervention for the trial. 

178 We show that most common intervention type specified was drug treatment (622/2998, i.e 21%; 

179 figure 3). 

180 Insert Figure 3 here 

181 The most common disease conditions investigated in the trials conducted in PACTR registered 

182 trials were infections and infestations with 20% (586/2998), followed by the surgery category with 

183 14% (426/2998) trials. The trials listed surgery as a disease condition included any intervention in 

184 a trial where medical and surgical care was provided. Such studies focus on diseases, injuries, and 

185 conditions affecting the abdomen, breasts, digestive system, endocrine system, and skin. Also, 

186 these trials evaluate biopsies, lab tests, and imaging tests as part of delivering care (Figure 4). 

187

188 Insert Figure 4 here 

189

190 Among the completed trials (n =1083), most of the records are without results (91%; 989/1083), 

191 and less than 10% have results (figure 5). 

192 Insert Figure 5 here 

193

194 The reporting section in PACTR was not mandatory until 2019. Our data show that from 2008 

195 until 2017, results reporting was not captured. In 2018, PACTR was relaunched to include the 24-

196 item data set required by ICTRP[14]. The reporting section is the 24th data item which collects 

197 information on the plans to share trial data and provides summary results. When PACTR was 

198 relaunched in 2018, this field was not mandatory and had options "yes," "no," and "undecided." 
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199 We, therefore, assessed whether the trials in PACTR reflected the occurrence of adding the 

200 additional data fields. 

201

202

203 Insert Figure 6 here

204

205 The data shows that 4% (114/2998) of researchers opted to choose undecided when capturing the 

206 trial information, while 7% left this section blank (222/2998). In 2019 when the "undecided” 

207 option was removed, and the field became mandatory, there was a shift in the trend with 11% 

208 (342/2998) indicating "yes" to complete the results reporting section. This trend continues with 

209 more trials in 2020 and 2021, opting for completing the reporting section (figure 6). 

210

211 DISCUSSION 

212 PACTR has seen a growing number of trials registered over the years. We, therefore, report on 

213 trends in the registration of clinical trials in PACTR. Understanding the trends will allow for 

214 further improvements on the registry and identify issues that the registry team can improve on. 

215 Our data shows substantial growth in the number of registered trials over the years. PACTR 

216 registered 606 trials in 2020, contributing to 20% of the analysed trials. COVID-19 related trials 

217 only contributed to 7% of the increasing trials registered in 2020. Among these trials, 46% (19/41) 

218 being investigated, the most dominant intervention was treatment for COVID-19. This trend is on 

219 an upward trajectory as even in the year 2021, there are 15 trials related to COVID-19[18]. 

220 In our efforts to encourage prospective registration of trials, a slight shift towards prospective trial 

221 registration can be seen from 2017. Prospective trial registration is currently at 55%, while 
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222 retrospective trial registration is 45% (Figure 1). Trials can be registered retrospectively; however, 

223 the prospective registration of trials is encouraged to ensure transparency in research conduct, thus 

224 reducing publication and reporting bias[9]. Efforts to register trials prospectively need to be done 

225 across all primary registers. Durra et al. 2020 conducted a cross-sectional analysis of published 

226 trials registered in registries worldwide and found that prospective registration is deficient [9]. 

227 PACTR allows a trial registration if the researcher indicates when ethics approval has been applied 

228 for. We show that among the trials registered in PACTR, 90% have ethics approval which shows 

229 that the trials conducted have gone through the ethics approval process. PACTR staff also ensures 

230 that the ethics approval is verified to ensure that the data in the registry is correct. 

231 The intervention model in PACTR registered trials indicates that registries may need to adapt to 

232 the changing trial designs, as seen with the current COVID-19 trials where adaptive trial designs 

233 were used [19-21]. Our analysis shows that the most common intervention model was factorial 

234 assignment 20%. The studies registered in PACTR show a worrying trend which shows that 55% 

235 of the trials have no funding while 23% of the trials are self-funded. Similarly, a recent cross-

236 sectional bibliographic study showed that tuberculosis trials conducted in Africa had a dearth of 

237 financing for local African governments and NGOs [22]. There should be a shift for African 

238 governments and funders to create appropriate ways to ensure that total costs of clinical research 

239 are provided. Research institutions and universities with a real potential for success should have 

240 priority so that resources can be focused on driving research programs for Africa[23]. 

241 The other concerning trend from our analysis is that 28% of the trials are listed as not recruiting. 

242 This is indicative that researchers do not update the records, which could result in the data being 

243 misinterpreted. The “not recruiting” status indicates that participants are still receiving an 

244 intervention or being examined, but new participants are not currently recruited or enrolled. 

Page 15 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15

245 However, it may also suggest that this status indicates that all participant visits are completed. The 

246 study is still open to ethics, data analysis is still ongoing, or the manuscript is pending publication. 

247 This suggests a need to build capacity on the 24-item data set [14].

248 Moreover, capacity building should focus on the vital role of registries as a source of data sharing, 

249 identifying research gaps, and its essential contribution in the evidence ecosystem [23] rather than 

250 another administrative activity to conduct their trials. Our data show that of the completed trials in 

251 the registry, only 3% have results available. This suggests that PACTR needs to partner with 

252 funding agencies to ensure that results are in a public domain within a specified period [24] and 

253 that clinical trial reporting is not subjected to selective reporting and publication bias[9, 25, 26]. 

254 The most common intervention in the trials conducted in Africa is treatment with drugs (21%), in 

255 which the trials registered in PACTR seek to find treatment options for infectious diseases (20%). 

256 This explains that in the most common diseases researched in Africa, there is a need for new drugs 

257 to curb the pandemics of these diseases. 

258 The reporting section, item 24, suggests a trend towards being completed to conform to WHO-

259 ICTRP requirements. Results reporting became mandatory in January 2019. Our analysis indicated 

260 an improvement in the reporting section completed. This trend continues with more trials in 2020 

261 and 2021, opting for completing the reporting section. As part of our ongoing analysis, this analysis 

262 shows that more needs to be done to build capacity on clinical trials through partnering with 

263 regulatory, sponsors, and researchers to ensure that clinical research conducted in Africa meets the 

264 global standards.

265 Limitations 
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266 We conducted a descriptive analysis of the data to analyse what is happening in the registry. We 

267 used the ICTRP platform to search for PACTR registered studies. This approach may have 

268 excluded trials currently being processed at the time of downloading this data file which may be 

269 prior to sending montly data file to ICTRP, thus underrepresenting the total number of registered 

270 trials. The disease category was too vast to understand the specific disease conditions investigated 

271 when analyzing the data. In the future, we will focus on unpacking the disease categories and 

272 understanding the trends in the diseases being evaluated. Also, there are data elements in which a 

273 researcher would indicate "other," resulting in many trials with "other" as a disease condition. 

274 Assessment of the data allows the PACTR review team to reinforce correct data entry when 

275 conducting reviews of the submitted trials and include all mandatory data fields required by WHO. 

276 Our analysis did not have the free text data captured in the registry, which will need further 

277 unpacking to understand the trends of trial registration. The description of a sponsor into categories 

278 may limit what the researcher identifies as a sponsor to how we classified the sponsors leading to 

279 some variation. 

280

281 Conclusion

282 Registration on PACTR has continued to grow since 2008. PACTR provides valuable data to map 

283 clinical trial conduct on the African continent. More work needs to be done to ensure that, as the 

284 registry team, we guarantee capacity building in collaboration with the ethics committee, funders, 

285 and sponsors to provide that PACTR ensures that clinical research conducted in Africa meets 

286 international standards. There is an urgent need to continue to raise awareness for prospective trial 

287 registration and reporting of summary results. This will allow researchers to understand the 

288 importance of data sharing to contribute to research gaps to find solutions for Africa. 
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289 Further considerations

290 PACTR should expand its efforts to build capacity in the African continent, explicitly creating 

291 links with ethics committees to evaluate the underlying quality of the scientific data included in 

292 these trials. We noted several instances where ethics documents submitted by the researcher 

293 needed to be verified to confirm that the ethics approval received is legit. Furthermore, research is 

294 required to understand the reasons for enforcing trial registration requirements by editors, funders, 

295 and regulatory bodies across the continent.
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322 List of figures 

323 Figure 1: Number of retrospective and prospective registrations on PACTR by year. We conducted 

324 a descriptive analysis of the trials registered in PACTR and showed the number of trials registered 

325 per year on the x axis. The orange bar represents trials flagged as prospective registration, and the 

326 blue bar represents trials flagged as retrospective upon registration. The y axis represents the 

327 number of trials. 

328
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329 Figure 2: An assessment of the trials registered in the year 2020. We describe the number of trials 

330 registered in 2020 presented as a pie chart indicated in orange and green colours. The green pie 

331 represents the COVID-19 trials which are further expanded to show the different interventions of 

332 these trials in different colour shades. 

333 Figure 3: Type of intervention used for the registered trials in PACTR. The trials registered indicate 

334 the intervention being investigated in their record. We describe the intervention of all the trials 

335 registered at the time of analysis. The results are represented as a bar graph indicating the number 

336 of trials with a specific intervention. The total number of trials for a particular intervention is 

337 presented at the top of each bar. 

338

339 Figure 4: Disease conditions investigated in PACTR registered trials. An investigation of the 

340 disease categories is represented as bar graphs on the y axis. The number of trials registered to 

341 investigate a specific disease condition is presented on the bar. 

342  

343 Figure 5: Completed trials with results in PACTR. We describe the number of registered trials 

344 with a “complete” status represented with the red bar and the actual number of the trials presented 

345 as N at the bottom of the bar. The blue bar represents the number of trials with available results, 

346 and the grey bar represents the completed trials without results. 

347

348 Figure 6: Trends in results reporting over the years. We describe the reporting section of the 

349 registered trials from 2008 to 2021 presented in bars. The dark green bar indicates trial records in 
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350 which the reporting section was not completed. The lighter green represents the trials that indicated 

351 “no” to reporting results. Light blue indicates registered trials with results reported. The yellow 

352 bar represents the records of undecided results to report the results. The y axis is the total number 

353 of trials.

354
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Figure 1: Number of retrospective and prospective registrations on PACTR by year 
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Figure 2: An assessment of the trials registered in the year 2020.  
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Figure 3: Type of intervention used for the registered trials in PACTR 
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Figure 4: Disease conditions investigated in PACTR registered trials 

 

13

25

30

31

33

43

50

56

72

80

85

86

97

100

102

111

122

124

181

200

259

291

325

347

426

586

1363

Genetic Diseases

Kidney Disease

Ear, Nose and Throat

Urological and Genital Diseases

Neonatal Diseases

Haematological Disorders

Skin and Connective Tissue Diseases

Cardiology

Orthopaedics

Injury, Occupational Diseases, Poisoning

Cancer

Mental and Behavioural Disorders

Eye Diseases

Oral Health

Digestive System

Circulatory System

Respiratory

Nervous System Diseases

Obstetrics and Gynecology

Nutritional, Metabolic, Endocrine

Pregnancy and Childbirth

Paediatrics

Musculoskeletal Diseases

Anaesthesia

Surgery

Infections and Infestations

Other

Page 26 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057474 on 25 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

 

Figure 5: Completed trials with results in PACTR 
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Figure 6: Trends in results reporting over the years  
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Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2-3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4-6

Objectives 3 State specific objectives, including any prespecified hypotheses 6

Methods
Study design 4 Present key elements of study design early in the paper 7-8
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
7-8

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 
of participants

7-8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

7-8

Bias 9 Describe any efforts to address potential sources of bias n/a
Study size 10 Explain how the study size was arrived at n/a
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
n/a

(a) Describe all statistical methods, including those used to control for 
confounding
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(b) Describe any methods used to examine subgroups and interactions n/a
(c) Explain how missing data were addressed n/a
(d) If applicable, describe analytical methods taking account of sampling 
strategy

n/a

Statistical methods 12

(e) Describe any sensitivity analyses n/a

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included 
in the study, completing follow-up, and analysed

n/a

(b) Give reasons for non-participation at each stage n/a

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

n/aDescriptive data 14*

(b) Indicate number of participants with missing data for each variable of 
interest

Outcome data 15* Report numbers of outcome events or summary measures n/a
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

n/a

(b) Report category boundaries when continuous variables were 
categorized

n/a

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 
and sensitivity analyses

8-15

Discussion
Key results 18 Summarise key results with reference to study objectives 16-

19
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

19

Generalisability 21 Discuss the generalisability (external validity) of the study results n/a

Other information
Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is 
based

20

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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