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Abstract

Background: The credibility of a study and its internal and external validity depend crucially on the quality of the data produced.
An in-depth knowledge of quality control processes is essential as large and integrative epidemiological studies are increasingly
prioritized.

Objective: This study aimed to describe the stages of quality control in the POP-Brazil study and to present an analysis of the
quality indicators.

Methods: Quality assurance and control were initiated with the planning of this nationwide, multicentric study and continued
through the development of the project. All quality control protocol strategies, such as training, protocol implementation, audits,
and inspection, were discussed one by one. We highlight the importance of conducting a pilot study that provides the researcher
the opportunity to refine or modify the research methodology and validating the results through double data entry, test-retest, and
analysis of nonresponse rates.

Results: This cross-sectional, nationwide, multicentric study recruited 8628 sexually active young adults (16-25 years old) in
119 public health units between September 2016 and November 2017. The Human Research Ethics Committee of the Moinhos
de Vento Hospital approved this project.

Conclusions: Quality control processes are a continuum, not restricted to a single event, and are fundamental to the success of
data integrity and the minimization of bias in epidemiological studies. The quality control steps described can be used as a guide
to implement evidence-based, valid, reliable, and useful procedures in most observational studies to ensure data integrity.
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Introduction

Data quality assurance is essential to maintain the credibility
and internal validity of a study and to enable further
generalization of the results [1]. Quality control must be the
basis of any work process for guaranteeing process
standardization, resource maximization, and loss reduction and
costs [2].

Research protocols traditionally include some tools to control
sampling and measurement errors during their execution [3].
High-quality data and effective data quality assessments are
required to measure the real impact of interventions and
outcomes. The process of quality control of epidemiological
studies is usually briefly described or not described in detail
despite being an important step to ensure the reliability of the
results. Although many studies have used quality assurance and
quality control procedures, few have described those procedures
in enough detail to support other researchers’ability to improve
research quality [4-8]. Therefore, detailed descriptions of the
quality control process should be more widely discussed among
researchers.

It is recommended that protocols follow at least 3 steps: planning
and standardization, planned implementation, and process
analysis [3]. Although all of these steps are critical, one of the
most important factors is based on the planning and
standardization of procedures [9-11]. Standardized procedures
are reflected in bias reduction [9] and reliable data [12]. Data
standardization is essential when large and integrative studies
are increasingly prioritized [13]. In addition, standardized

surveys are able to provide comparable data across populations
or periods [14].

Thus, this paper aims to describe the stages of quality control
of the POP-Brazil study [15] and to present an analysis of the
quality indicators. The POP-Brazil study was designed to
provide representative data on human papillomavirus (HPV)
prevalence in young adults who use the public health system in
all 26 Brazilian state capitals plus the Federal District of Brasilia.
High-quality public health data are needed to facilitate decision
making and planning at all levels of the health system, monitor
program performance, justify financial support, and, especially,
provide data to evaluate the HPV vaccine program in a
continental country, such as Brazil. To ensure standardization
in all centers and the quality of the data produced by the
POP-Brazil study, a quality control plan was carried out, with
control points and key quality indicators [16].

Methods

Overview
The POP-Brazil study is a cross-sectional, nationwide,
multicentric study [15]. Large-scale population studies face
difficulties in recruiting representative samples [17]; thus, the
initial planning involved a series of agreements with all 26
Brazilian state capitals plus the Federal District of Brasilia to
choose the primary care health centers (ie, those with appropriate
infrastructure and serving a diverse local population).

All quality control protocol strategies are presented in Figure
1, and these points will be explored and discussed one by one.
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Figure 1. Quality control protocol strategies of the POP-Brazil study. IATA: International Air Transport Association.

Planning
The planning phase included a comprehensive literature review
[18] to obtain support for the development of the research
protocol, construction of data collection instruments (structured
interviews), and definition of laboratory techniques to be used.
These actions are part of quality assurance, meaning they are
activities planned and systematically implemented to provide
confidence that the study will meet quality requirements.

The structured interview guide was developed through
adaptations of previously validated questionnaires, followed by
consultation with sexual behavior experts and pretests [19,20].
The questions accessed in the interview can be found in
Multimedia Appendix 1. A part of the questionnaire was
validated as the first instrument able to describe the knowledge,
beliefs, and behaviors regarding HPV and related subjects [20].

In addition, an operation manual was constructed, consisting
of specific instructions for conducting the interview, collecting
biological samples, storing and transporting samples, and
entering data on the online data platform (Sisepidemio—built
exclusively for the project). Additionally, the manual contained
guidance for the correct photographic recording of suspected
oral or genital HPV lesions.

Training
Municipal health departments from each city invited a health
professional to be the local study coordinator. Local study
coordinators were responsible for packing and shipping the
biological material, as well as organizing the study logistics at
the local level. To ensure the safe transportation of biological
samples and their quality [21-23], all coordinators were trained
and certified by the International Air Transport Association
since reliability and generalization of search results depend on
data collection methods [24].

All 250 health professionals involved in data collection were
trained, in loco, by the research group. This training was divided
into theoretical and practical phases. Theoretical training, lasting
4 hours, presented the procedures to be performed and simulated
the collection of biological material with anatomical models.
For practical training, when the centers were visited by the
researchers from the central team, the professionals responsible
for data collection participated in an interview simulation
(recorded for analysis) [9].

During the visit to the centers, their structural suitability for
biological sample collection and storage was analyzed, and the
logistics for transportation of these samples were defined. In
all centers, the samples were kept at a temperature below 25 °C
inside a refrigerator or portable coolers with reusable artificial
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ice. To ensure that the collected biological samples were
maintained at adequate temperature, a thermometer close to the
samples automatically measured the temperature every 30
seconds. All professionals received a temperature control
worksheet, where the thermometer temperature should be noted
daily, for future audits.

A theoretical evaluation was performed at the end of training
and served as the basis to verify the adequacy of the training.
This evaluation was composed of 10 questions regarding training
focal points. All professionals scored at least 82.7%. A minimum
score of 70% was considered as a quality indicator.

At the end of the data collection, the professionals performed
this evaluation again and scored at least 83.4% (P=.01). The
second evaluation was used to verify the retention of knowledge
and the maintenance of procedure adequacy throughout the data
collection process. These evaluations helped to ensure
standardization in all centers, since standardization must be
treated as a priority for guaranteed quality [25].

When the differences between each question were analyzed, no
significant differences were found among them, with the
exception of one question regarding the handling of biological
specimens, where an increase in the knowledge of the collectors
was observed during the research period (51.0% to 72.5%;
P=.02). For these analyses, a Cohen kappa coefficient was
calculated using SAS software (SAS Institute Inc, Cary, NC),
version 9.4.

Pilot Study
The pilot stage is crucial for the adequacy of any research
protocol. The pilot can provide recommendations to avoid or
minimize observed errors and optimize logistics and quality
management [9]. The adequacy of the methodology for
collecting data and biological material, the functioning of the
online platform, and the logistics and security of the sample
shipment were verified.

It was identified that the penile material collection methodology
needed to be improved. The initial choice of technique was not
retaining sufficient biological material for penile HPV detection.
First, it was proposed that the collection be performed by health
professionals through friction of the epithelium using a Digene
“brush” (Qiagen, Hilden, Germany) moistened with saline. This
technique was changed to self-collection under the guidance
and supervision of a health care professional, with a moistened
Dacron swab (Qiagen). Apparently, self-collected specimens
produced a better [26] or equal [27] proportion of sufficient
specimens than physician-collected specimens for penile
samples. The data entry platform was enhanced to accommodate
changes in the biological material logistics process.

Protocol Implementation
To standardize procedures and harmonize work conduct with
the aim of increasing management efficiency and meeting the
required demands, logistics systems for material transport, as
well as for the inventory and systematic storage of samples,
were created. All materials sent to public health units were
cataloged and monitored by tracking codes. Participant data
were collected on paper and typed on an online platform. The
biological materials were sent to Porto Alegre through a logistics
company by air weekly. All barcode-identified control
worksheets, materials, and questionnaires were returned to the
technical team in Porto Alegre.

The control of samples was performed through an online
platform using barcode identification. Upon arrival at the
laboratory in Porto Alegre, samples were recorded and visually
inspected for volume, tube integrity, presence of blood, and
particles, and any inadequacy was recorded in the online
platform. The oral samples were stored without processing at
–80 °C in 2 aliquots for future DNA extraction and analysis.
The genital samples were centrifuged and aliquoted in 2
cryovials for storage at –80 °C. DNA extraction and analyses
were gradually performed as previously described [15].

Audits and Inspection
All public health units received at least one monitoring visit (an
audit) for quality control of the study. The audit aimed to
identify any inadequacies in the collection, storage, or
registration of data in the online platform. In case of delays in
data collection or when inadequacies were found, new training
was performed, and new centers or new professionals were
included.

During the audit visits, researchers from the technical team
supervised at least one data collection (interview and biological
material) from a participant. All visits were documented through
photographic records and report production.

Temperature controls were checked by auditing the thermometer
graphics along with the temperature control worksheets. Each
thermometer generated a temperature variation graph that was
analyzed to ensure proper storage of biological materials. The
database was also monitored, with a daily backup of the online
platform. As a quality indicator, the temperature should always
be below 25 °C.

In the POP-Brazil study, the nonresponse rates (when the
respondent reported that they preferred not to answer or report
that they did not know or remember) were monitored and are
presented in Table 1. The only significant difference found
between genders was regarding contraception. A response rate
of 95% was considered good quality, based on a previous study
[28], assuming that nonrespondents have similar characteristics
as respondents.
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Table 1. Nonresponse rates by question groups in the POP-Brazil study.

P valueMen, n (%)Women, n (%)Total, n (%)Variable

.97266 (5.26)830 (15.32)1096 (15.29)Sociodemographic

.12217 (4.43)544 (3.75)761 (8.17)Sexual behavior (symptoms and practices)

.77155 (3.50)501 (3.77)656 (7.28)Sexual health

———a287 (3.23)Women’s sexual health

.1954 (3.30)131 (2.36)185 (2.82)Drugs

<.00158 (2.30)35 (0.25)93 (1.26)Contraception

aThis variable applied to women only, so no comparison was conducted.

Double Data Entry
The reliability of a procedure can be defined as the ability to
achieve the same results (with minimal variations) when the
same procedure is performed by a different person or at a
different time. To test the reliability of data entry, we opted for
double-checking data validation: All questionnaires were typed
on an online platform by health professionals and digitized using
optical brand recognition by the technical team. In cases of
disagreement in any answer, corrections were made using the
answers written on the paper questionnaire as the gold standard.

We used Remark Office OMR 2014 v.9.5 software (Gravic Inc,
Malvern, PA) for optical brand recognition. Questionnaires
were scanned using ScanSnap Manager v.6.5 (Fujitsu Global,
Tokyo, Japan) and processed in Remark. Additionally, manual
validation was performed during the scan. Manual validation
occurred when Remark did not recognize some answer in the
scanned questionnaire. Under these circumstances, Remark
highlights the variable for manual validation.

The error rate (inconsistencies) was calculated based on the
total number of inadequacies by the total number of answers.
Additionally, we analyzed survey responses to ensure
nonduplication [29]. The first comparison between Sisepidemio
and Remark was performed when 10% of the total sample was
reached, to test the effectiveness of these systems. An error rate
of 2.67% was observed. A second comparison between the
databases was performed to verify the overall quality of the data
produced by POP-Brazil. From 2100 questionnaires, an average
inconsistency of 0.71% (range 0% to 4.37%) was found. Date
of birth was the variable with the highest typing error rate.

Test-Retest
Additionally, data reliability was analyzed by comparing a first
application of the interview, conducted by a health professional,
to a second application of the interview, conducted by the
technical team via telephone. The average time between
test-retest was 166.17 (SD 69.5) days and ranged from 1 month
to 14 months.

The calls were standardized. For this, a manual for telephone
interviews was used. This manual outlined each step of the call
(conducting the interview and how to present the questions), as
well as highlighting confidentiality issues. The telephone
interview was conducted to confirm the validity of previously
obtained data and included part of the main questionnaire (29
of 65 questions). The questions chosen for this second interview

were those with answers that are easy to remember or do not
change over time (eg, date of birth). Calls were made on
alternate weekdays and shifts, with at least 3 calls to each
participant before classifying them as a “noncontact.”

From the total sample, 20% of patients were randomized to be
enrolled in this quality control step. The reliability of the test
and retest questions was measured using kappa coefficients
[30,31]. To classify the degree of concordance, the criteria by
Landis and Koch [31] were used: excellent: >0.74; good: 0.59
to 0.74; moderate: 0.40 to 0.58; and poor: <0.40. A minimum
sample size of 173 interviews was estimated based on the Cohen
kappa coefficient value [32] of the variable “race” (κ = 0.63),
with a power of 80% and a 2-tailed alpha of .05. Overall, the
agreement between the test and retest was considered good
(kappa range across questions = 0.59 to 0.74).

The rate of inconsistencies was also calculated, as previously
mentioned. A total of 1311 individuals were contacted, and 448
interviews were completed. The effective percentage of contact
with the participant through phone calls was, on average,
34.17% (448/1311), with most calls being classified as
“noncontact” (843/1311, 64.30%). When we obtained contact
for the interview, the confirmation rate of participation in the
POP-Brazil study was high: 95.7% (448/468) confirmed
participation and agreed to answer the survey again. Only 14
individuals confirmed participation in the survey but refused to
answer again (14/468, 3.0%); 6 individuals reported not
remembering being part of the POP-Brazil survey.

Results

The POP-Brazil study protocol was approved by the Moinhos
de Vento Hospital research board (Approval Number 1607032)
and was designed in accordance with the 1964 Helsinki
declaration and its later amendments. The pilot study was
conducted in 2 cities in different regions of the country (north:
Rio Branco; south: Curitiba) between September 2016 and
December 2016. A total of 8628 sexually active young adults
(16-25 years old) were enrolled in 119 public health units
between September 2016 and November 2017 [15].

Discussion

Inaccurate reporting of data hampers the generalizability and
correct interpretation of results from scientific papers, so
assessing research quality and susceptibility to bias is essential
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when interpreting and conducting studies. Large multicenter
epidemiological studies are the cornerstone of evidence-based
medicine, so their design, logistics, and quality processes should
always be disclosed to ensure data integrity. A broad discussion
of quality processes among epidemiological studies, such as
the POP-Brazil study, is important to ensure data reliability and
to highlight the necessity of the process in observational studies.

Epidemiological data, as in other types of research, are
susceptible to variations that can lead to inappropriate
conclusions. For this reason, quality control is critical in
conducting any study, and the integrity of the study results is
determined by the quality of the collected data [33]. Although
the importance of quality assurance and control in
epidemiological studies is consistent among researchers and
widely discussed, few studies have been written about the results
of quality control [33,34] or described the tools applied.
Moreover, although it is expected that studies, especially larger
ones, perform quality control, there is no information about the
process in smaller or observational studies.

In the present study, several steps were mentioned. Among these
factors, we highlight the importance of conducting a pilot study
that provides the researcher the opportunity to refine or modify
the research methodology and to develop large-scale studies
[35]. A well-conducted pilot will encourage methodological
rigor and ensure that the work is scientifically valid and
publishable [36,37]. Although pilots play an important role in
any research, the reality is that they receive little or no attention
in many studies. Few articles, epidemiology, or research
textbooks cover the topic with the necessary detail [35]. The
pilot study provided important information regarding penile
HPV sample collection, allowing us to intervene appropriately
to correct the process and ensure the quality of the collected
samples.

Another fundamental factor is validating the results through
double data entry, test-retest, and analysis of nonresponse rates.
Double data entry is considered the criterion standard for
minimizing data entry errors [38], and the rate was low in this
study (2.67%). Automated form processing is a valid alternative
to double manual data entry [39]. It is noteworthy that, in
general, there are no differences in the use of computerized
systems and manual systems regarding the quality of the final
data obtained [38,39]. However, the efficiency of brand
recognition systems has recently been evidenced, thereby
providing more cost-effective and operationally efficient systems
[38,39]. Test-retest findings should not be used as a single

quality control measure since contact attempts were mostly
unsuccessful (64.30%). Lack of contact is a common finding
in this type of data collection. Herath et al [40] reported that
78% of respondents did not respond to phone calls. Another
study using a similar methodology reported a noncontact rate
of approximately 60% [41,42]. The refusal to participate in the
interview (2.99%) was similar to that presented by a large
Brazilian epidemiology study (3.8%) [43]. This same survey
observed that approximately 22.8 calls were needed to obtain
a full interview [43]. Our effectiveness rate was higher, requiring
8.54 calls for a full interview. Although the test-retest estimate
was considered generally good and similar to previous studies
[44], some questions showed lower agreement, such as reporting
sexually transmitted infections and drug use. The retest
emphasized the relevant time frame (for example, “Did you
smoke at the time you answered the POP-Brazil survey?” or
“Did you start to smoke, after the survey?”), but it is possible
that the participant would not remember the answer he or she
had previously given due to the time gap between the tests. It
is recognized that longer recall periods result in less accurately
reported estimates [45,46]. However, there is no definition of
the appropriate length of the recall period, and it also depends
on the type of information, individual characteristics such as
cognitive ability or socioeconomic variables, and the nature of
the survey [45].

The nonresponse level is considered a central indicator of data
quality, but little is known about the possible bias caused by
nonresponse. Few studies check this parameter, and nonresponse
rates vary between surveys [28,47], which may lead to bias in
estimates [24,48,49] because it is dependent on the sample
population [24]. Important differences between survey
responders and those who do not answer some questions may
lead to a bias associated with nonresponse that impacts the
generalizability and validity of the study findings. In
POP-Brazil, most of the nonresponses were about not knowing
or remembering some answers, and these variables depended
on participant memory rather than a refusal to answer such
questions.

In conclusion, quality control processes are a continuum, not
restricted to a single event, and are fundamental to the success
of data integrity and to minimizing bias in epidemiological
studies. A number of useful items has been discussed in this
report. The quality control steps described can be used as a
guide to implement evidence-based, valid, reliable, and useful
procedures in most observational studies to ensure data integrity.
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