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Abstract

Introduction
Electronic data capture (EDC) tools can improve data quality gathered in clinical trials and may be more cost-
effective than paper forms. However, limited data is available on the adoption of EDC tools in randomized
controlled trials (RCT) conducted in India.

Methods
We invited investigators of registered randomized controlled trials in India to an online survey. The questionnaire
included questions on the use of EDC (or alternative data capture methods) and features available. An EDC
sophistication level (ranging from 1–6) was computed from the responses obtained. Respondents were also
asked about barriers to the implementation of EDC in their setting. The EDC adoption rate (EAR) was de�ned as
the proportion of clinical trials where EDC with a sophistication level of 2 or more was used. Multivariable
logistic regression was used to identify factors that predicted EDC adoption.

Results
Responses were received for 400 trials, with an EAR of 27.5% (95% con�dence intervals : 23.4–32.1%, n = 110).
The number of sites in�uenced EDC adoption (odds ratio : 1.26, 95% CI : 1.12–1.47, p = 0.001) on multivariable
analysis. EAR did not increase over time. The key barriers identi�ed for not using an EDC were lack of technical
support (170, 63.0%) and software cost (132, 48.9%).

Conclusion
The survey shows a low EAR in randomized trials registered in India. The barriers identi�ed in the survey would
need systematic solutions to improve the EAR in the future.

Introduction
Data quality is a multi-dimensional concept with �ve key dimensions, viz. completeness, uniqueness, timeliness,
accuracy, validity, and consistency (1). Ensuring data quality in randomized controlled trials (RCT) is essential to
ensure the validity of results. Walther et al. have shown that EDC is as accurate as paper case record forms
(CRFs) and has reduced missing data (2). In a randomized trial, the use of eCRFs was associated with
signi�cant time saving and improved data quality (3). Pavlovic et al. simulated the costs of administering paper-
based and electronic CRFs and showed that costs could be reduced by 49–62% when e-CRFs are used (4). The
use of e-CRFs has demonstrated similar advantages in both high and low resource settings (5, 6).

Before this study, a search of the literature revealed �ve studies from India that described the usage (7–9) or
design of an EDC system for clinical research (10, 11). We failed to identify a study that had studied the use of
EDC for clinical trials in India. Given the importance of EDC systems in improving trial data quality and cost



Page 3/11

reduction, it would be essential to understand the current status of such systems in our country. The study
aimed to estimate the proportion of open randomized controlled trials which used an EDC in India.

Methods

Study Design
The survey was designed following the methodology adopted by Emam et al. (12). However, we contacted the
investigators instead of the clinical trial unit (CTU) coordinators as the contact details of CTU coordinators were
not readily available. The invitation emails requested the investigators to provide the details of coordinators if
the information related to EDC use was not available to them. The survey protocol (Appendix I) was
prospectively approved by the institutional review board of Tata Medical Center (2021/TMC/212/IRB2), and all
participants provided informed consent for participation in the study. The informed consent statement
comprised details on the purpose of the study, time involved, the data usage policy, and the investigator’s
contact details.

Survey Instrument
Questions related to EDC usage and EDC sophistication levels were taken from the previous survey conducted
by Emam et al. (12). If EDCs were not used in the RCT, users were asked how they collected data using a
separate question. Conditional logic was used to reduce the response burden. Additionally, inquiries on the
perceived barriers toward EDC use in the trial and the publication status of the trial were asked. Before rolling
out the survey the navigation and skip logic (conditional logic) was checked manually by four users who also
provided feedback on the time taken in navigating the survey.

Clinical Trial selection
Investigators of open (status: open or not yet recruiting) randomized controlled trials registered in the Clinical
Trial Registry of India (CTRI) and the ClinicalTrials.gov were invited to participate in a short online survey. Given
our prior experience with response to online surveys, random sampling was not done. Investigator details were
obtained from the information available on the trial registry website. The list of trials was retrieved using a
broad search which included the keywords “randomized”, “randomised”, and “trial”. In addition to the contact
details of the investigators, we also retrieved the following data :

1. Type of trial - Interventional (I), Observational (O), Bioavailability and Bioequivalence (BA/BE), and post-
marketing surveillance (PMS) studies

1. Recruitment Status
2. Health condition studied
3. Intervention(s) and Comparator(s) as applicable
4. Sponsor Type
5. Trial design and phase
�. The planned sample size for India
7. Date enrollment started and total trial duration.
�. Multinational / Indian Study
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The list of trials was then �ltered to retain only studies that have reported the use of randomization in their
design. We used a simple title matching technique to see if the record exists in the CTRI search records to
eliminate duplicate trials between two registries. For those studies that did not have a perfect match of the title,
manual curation was done assisted by using a fuzzy word distance-based matching technique to determine if
the registered study was unique (13). The same information regarding the trial was also retrieved from the
ClinicalTrials.gov site.

Recruitment
Emails with personalized links to the survey were sent to each investigator using a transactional email service
(Gmass, Inc). The customized email had the CTRI or NCI trial ID as a pre-populated query string in a read-only
�eld. All emails had an unsubscribe link. No advertisements were done for the survey, and the survey link was
not available on a website. The survey emails were sent from 16th March 2021 till 15th May in batches. Four
reminders were sent at intervals of a few days to people who had not responded. The transactional email
service automatically removed any invalid email addresses, unsubscribes, and bounced email addresses. The
survey was closed to participation on 29th May 2021.

Survey Administration
The survey was deployed on a commercial website (https://lakxya.com), and the survey instrument was
designed using the Drupal Webform module (https://www.drupal.org/project/webform). While the survey was
open to all visitors, a direct link was not available on the website. The IP address of the respondent was not
recorded. All questions were marked as required, and automatic validation ensured that questions had been
answered before submission. Questionnaires were displayed in 6 pages with a variable number of questions on
each page. While navigating between the pages, a back button was provided. Questions related to EDC
sophistication were only asked when users responded that they had used an EDC in the clinical trial. No
incentives were provided for participation.

Access to survey data was limited to an authorized user who had to log in with a username and password to
access the survey data.

Analysis
The campaign tracking feature of the transactional email service was used to calculate the total number of
emails delivered and the email open rate. The survey participation rate was de�ned as the proportion of clinical
trials where at least one of the investigators agreed to participate in the survey by clicking the checkbox in the
consent form provided on the �rst page. The survey completion rate was de�ned as the proportion of clinical
trials where at least one investigator completed the survey.

All responses which do not have a CTRI or NCI trial ID in the read-only �eld were discarded. We retained the �rst
response for trials where more than one respondent has answered, which states that EDC was used. The total
number of trials with multiple responses was reported.

An EDC sophistication level was computed from each response using data from available features in the EDC
used (12). Six levels could be assigned where higher levels represented higher levels of sophistication (Appendix
I). The primary outcome was EDC adoption rate (EAR) which was de�ned as the ratio of the number of CTRI
registered trials that use an EDC with a sophistication level of 2 or more to that of the number of participating
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trials. Clinical trial data may be entered into a standalone database with password protection, corresponding to
sophistication level 1. Such a system can be used to enter data from paper CRFs manually. Therefore only
software with features other than password protection was considered as an EDC. This is consistent with the
de�nition used by Emam et al. (12).

Proportion and binomial con�dence intervals were reported. Additional analyses focussed on evaluating clinical
trial-related factors associated with the EAR (using logistic regression). Additionally, time trends of EAR after
2010 were graphically explored.

In the survey reported by Emam et al., 41% of the users in Canada had reported using an EDC. We hypothesized
that EAR in India might lie between 20–40%. The sample size to estimate the EAR ranged between 246 to 369
with a 95% con�dence interval and a margin of error of 5%. Assuming a response rate of 30%, we needed to
survey about 1230 studies. All analysis was done using R version 4.0.3 and packages gtsummary, tidyverse, and
ggplot2 (14–17). The complete analysis with code and results is available online
(https://rpubs.com/santam/edc_appendix).

Results
A total of 1,909 open randomized controlled trials with investigator emails were identi�ed. Contact details of
3,173 investigators were available. Several investigators had conducted more than one trial. Hence we could
contact a total of 2,890 unique emails. 1,523 investigators (52.7%) opened at least one email. Emails regarding
1,141 trials were opened (email open rate of 59.8%). Google analytics data indicated that the survey landing
page was viewed 772 times by 622 users from India during this period. Investigators of 400 unique trials
consented to participate in the survey (participation rate of 21%). All participants completed the survey
(completion rate 100%). We received multiple responses for eight trials.

An EDC was used in 130 (32.5%, 95% CI : 28.1% − 37.2%) trials. Of these, 110 trials had an EDC with a
sophistication level of 2 or more. EDC sophistication score could not be computed for twenty studies as all
features were absent. The EAR was 27.5% (95% con�dence intervals : 23.4–32.1%). In the trials which did not
use an EDC (n = 270), the most common method of data collection was using a spreadsheet (260, 96%)
(Appendix II Table 10). Email and fax were used to send data to a central data collection unit in 46 (17%) and 9
(3.3%) trials, respectively.

Table 1 shows the results of the univariate analysis of factors that in�uenced the EAR. Trials that were industry-
funded, multicentric, and multinational were more likely to have adopted EDCs. Multivariable analysis using
logistic regression showed that the number of sites was a statistically signi�cant variable in�uencing EDC
adoption (odds ratio: 1.26, 95% CI: 1.12–1.47, p = 0.001). The odds ratio of adoption of EDC in industry-funded
trials was 2.46 (95% CI: 0.86–5.13, p = 0.09) though it was not statistically signi�cant (Table 2).

Among the trials which had used EDC with a sophistication level of 1 or more (n = 123), 93 (76%) of the trials
reported using EDCs that had a sophistication level of 5 or more (Appendix II Table 7). Trial characteristics
associated with EDC use with lower sophistication scores were longer duration and larger sample size (Table 3).
Additionally, trials conducted in institutes with access to CTU tended to have EDCs with lower sophistication
scores.
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EAR time trends did not show a notable trend towards increasing adoption of EDC. EAR between 2019–20,15
was 28% compared to 27% between 2014 − 2010 (Fig. 1 and Appendix II: Table 9).

Respondents identi�ed lack of technical support (n = 170, 63.0%, 95% CI : 57.1% − 68.5% ) and software cost (n 
= 132, 48.9%, 95% CI: 43.0% − 54.8%) as the most reasons for not using an EDC in their clinical trial (Appendix II
Table 11). The analysis of free-text responses showed that lack of budgetary support and technical support
were the primary impediments identi�ed by respondents in adopting an EDC (Appendix II Table 12). Some
respondents also mentioned that they were unaware of any EDC systems.

Discussion
The results of this survey suggest that EAR in randomized controlled trials in India is low, with an upper bound
of 95% con�dence interval of 32.1%. This is in contrast to the situation in most developed countries where EDC
use is now more widespread. Emam et al.’s survey identi�ed that as far back as 2007, nearly 41% of the trials
were using an EDC (12). In 2010, a study of the European Clinical Research Infrastructure Network (2010)
identi�ed that nearly 90% of the centers use a clinical data management system (CDMS) - which enables the
capture of trial data using electronic case report forms (18). However, they also identi�ed a wide heterogeneity in
the systems used across centers and adherence to standards.

Given the demonstrated utility of EDC in ensuring data quality(19) while improving e�ciency (20) and reducing
the costs of clinical trials (21), it is interesting to note that software costs were considered as a critical barrier
towards implementation. This is not surprising considering the high initial capital investment (server and
software purchase) required for setting up such systems. Only 51% of the randomized trials in this survey have
access to an institutional CTU. However, access to a CTU was not associated with a higher EAR. This may
indicate that CTUs are not actively investing in and advocating for EDCs.

Unless institutional funding and technical support are available, it may not be feasible for investigators to
individually adopt and maintain EDC systems for academic clinical trials (Appendix II Table 11). Additionally,
high bandwidth internet access or hospital local area networks are required for most systems. Even among the
free-text responses, lack of funding and di�culties in hiring, training, and retaining personnel who can use and
manage the EDC systems were prominent. Several investigators were also unaware that such systems existed.
The role of an institutional CTU which has the capability to manage an EDC is, therefore, paramount to improve
the EAR.

Data from our survey also suggests that EAR has not changed over the past decade as 95% con�dence intervals
of EAR tend to overlap for all years. This is not the case in the West, which has seen a steady increase in EAR
over the past decade (21). Increasingly direct electronic health record (EHR) to eCRF data collection is being
adopted in the West (22). The lack of change in EAR India is likely to be related to systematic barriers that have
remained consistent over time.

Between 2013–2015, the Central Drugs Standard Control Organization (CDSCO) instituted several regulations
like a requirement for audio-video consenting, mandatory registration of ethics committees as well as the
speci�cation of compensation norms (23). This may have resulted in fewer industry-sponsored trials being
registered (24). Analysis of our data suggests, that the proportion of industry-sponsored trials fell from 37.7% of
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the total trials in 2012 to 11.9% of total trials in 2013 (Appendix II, Fig. 3). The decline in industry-sponsored
trials may have affected the EAR across time.

The categorization of EDC sophistication levels used in the present study was derived from Emam et al. to
maintain comparability across study results (12). These levels can be modeled using a Guttman scale, which is
suitable for cumulative functionality levels (25). EDC systems which have implemented level 6 are likely to have
implemented level 5 also. Noteworthy level 6 sophistication level corresponds to the ability to track medication
inventory at the site, and level 5 is subject recruitment that can be tracked online at each location. Both of these
requirements are important for multicentric industry-sponsored studies. Thus it is not surprising that industry-
sponsored studies tended to use more sophisticated forms of EDC. However, only 15 of 32 (46.8%) industry-
sponsored trials had used an EDC with a sophistication level of 6.

Setting up EDC systems to be available institute-wide requires substantial infrastructure, equipment, and human
resources. While commercial EDC systems exist, they are expensive and may be out of reach for most academic
investigators. Free and feature-rich, web-based EDC systems like REDCap are available, but increased
awareness is necessary (26). Our institute has maintained a REDCap EDC, which has hosted over 300 projects
over the past decade. The REDCap consortium website shows that 96 centers in India are using REDCap (27).
Cloud-based EDCs may ease the adoption barrier in centers with limited IT support. However, the complex
regulatory and patient privacy requirements would mandate that a system is available at a national level with
stringent protections for patient privacy and intellectual property.

Meanwhile, developments in the software have resulted in improved functionality achieved by EDC. Some
examples are the ability to abstract data from electronic health records through the integration of natural
language processing and arti�cial intelligence, including decision support systems, integration with electronic
patient-reported outcomes, and wearables (21). In resource-constrained settings like India, it may make more
sense to develop and maintain such advanced EDC systems as a web-based application available to all
researchers across the country.

Limitations
The study included only registered randomized controlled trials where contact details were available. However,
since RCTs provide the highest level of evidence regarding e�cacy (and therefore need high-quality data to be
interpretable and usable), the use of EDC will be most important in these studies. We also contacted the
investigators instead of the study coordinators as the contact details of the study investigators were only
available. Contact details of contract research organizations (CROs) were also inconsistently available on CTRI.
Contacting the CROs may have improved the EAR as industry-sponsored studies are more likely to have funds to
use an EDC. As shown by the results of this survey, only half of the studies had a clinical trial unit at the center.
However, the de�nition of a clinical trial was not speci�ed in the survey instrument. Finally, random sampling
was not used in the study. However, key trial characteristics viz. sponsorship type, number of sites, countries of
recruitment, and sample size seem to have a similar distribution in the trials for which we received a response
versus those we did not (Appendix II: Table 3).

Conclusion



Page 8/11

The results of this survey suggest a low EAR in randomized controlled trials in India. This is likely due to
systematic issues as costs, and lack of technical support were the key barriers to EDC use. Therefore, improving
EAR would be contingent on providing adequate funding and technical support, especially for academic clinical
trials. Given the technological developments in this space, it may make more sense to fund a nationwide EDC
solution available for all academic investigators across the country.
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Figures

Figure 1

Shows the time trends in adoption of EDC across each year from 2012 - 2020. Numbers show the EDC rate in
each year, and error bars represent the 95% con�dence intervals. The year was obtained from the date the trial
was registered in the clinical trial registry. If the date of registration was not available, then the year was marked
as NA.
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