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To determine the conclusive integrity in the Shiraz Cohort Heart Study (SCHS) project, management began quality assurance (QA)
and quality control (QC) of the collected data throughout the study end-points. The QA is a focused process that prevents and
detects data collection errors and veriﬁcation of intended requirements in the SCHS. The QC is a subset of QA intended to
capture errors in processing data through testing and preventive processes to identify problems, defects, or intended
requirements. SCHS involved 10,000 males and females aged 40-70 over a 10-year follow-up period with cardiovascular diseases
(CVDs) in the city of Shiraz, Iran. The study measured events and access to preventive care in Shiraz city. The SCHS identiﬁed
unique barriers to select national study models in developing standardized measures related to variations in ethnicity, religion,
cross-cultural considerations, and others. A suggested response to this problem was to develop a mechanism to standardize
elements of the questionnaire, study design, and method of administration. This action was based on the geographically normal
distribution of the Family Physician Health and Medical Services in Shiraz. Important QA and QC decisions were developed
and adopted in the construction of the SCHS and follow-up to ensure conclusive integrity.

1. Introduction
Since the development and reﬁnement of QA, QC, and testing tools in clinical research, the planning and conduction
of large studies improved greatly. A substantial literature on
QA and QC has appeared in the framework of cohort studies
and clinical trials. There has been an emphasis on data quality improvement through standardization of research protocols and education of personnel involved in study and data
managing systems [1–3]. Moreover, QA and QC tools were
developed for the planning, execution, and eﬀective analysis
of epidemiological studies [4]. Description of QA and QC
procedures are largely in the context of a study Greenberg
et al. [5], the Hypertension Primary Prevention Trial [6], or
the Optic Neuritis Treatment Trial [7, 8], with some guidelines given within several articles [9, 10]. There are not many
found in the literature in the framework of nonclinical trial

studies, even though some study detailed approaches [4, 11,
12] and general QA and QC guidelines have been addressed
[13–15]. There were fewer longitudinal research studies found
that exclusively describe QA and QC in their projects to
achieve international quality standardization [5, 10, 16, 17].
The present evaluation aimed to describe and apply QAQC operations related to the SCHS in the sequence within
which they were developed.
1.1. Rationale for QA, QC, and Testing of the SCHS. QA was
applied as a preventive process prior to data collection, while
QC is a corrective function completed at the beginning and
through the end of the data collection process in order to
identify and correct errors or discrepancies in the data that
are encountered during the entire SCHS.
Key QA and QC decisions were adopted in the construction of this cohort, its follow-up, and integrity of
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the conclusions drawn of the collected data. Testing was
accomplished as a subset of QC as preventive operations that
ensured the identiﬁcation of problems, errors, and defects in
software or predetermined requirements. Veriﬁcation of
study ensured that the software system met all types of functionality and subsequently ensured that the functionalities
met the intended behavior of validation. As a result, veriﬁcation, validation, investigation, inspection, and audit were
strictly applied for minimizing and eradicating all potential
sources of type-I, type-II errors, discrepancies of transcription at data entry and data manipulation for analysis to prevent systemic errors which could lead to an incorrect report
of data relations, and poor quality data which could decrease
the power in the study.

2. Method and Material
The study aimed to comprehensively follow-up 10,000 males
and females in an exclusive-center, based on interviews and
tests of varied complexities and diverse ethnicities over a
10-year period with greatly developed QA, QC, and testing
tools among Family Physician Health and Medical Services,
private clinics, or organizations with geographically normal
distributions of the Shiraz metropolitan city.
The magnitude of the SCHS is as a unique metropolitan
city cohort study accomplished by careful selection of
research instruments. The training, accreditation with individual staﬀ certiﬁcations, pretesting, pilot study, and preparation of operation manuals for the methods were all done
within the SCHS study facilities.
Evaluation of the baseline data collection followed the
approved questionnaires. Follow-up to the questionnaires
were communication with the many subgroup populations
to standardize the wording of the questions. This gains better
understanding of the characteristics within the subgroups
and increased understanding by the interviewers. In addition,
the questionnaires should be complete and clear as well as the
person giving the interview, and the mechanical instruments
and technical measurements need to be accurate.
Routinely, QA, QC, and testing were repeated during the
beginning, throughout, and after the gathering phase of data
with the intent to improve the design and ﬁnal performance
on completion of the operation.
Following the study design and methods, administration
of the SCHS geographically normal distributions model
combines multiple Family Physician Health and Medical
Services base locations into an exclusive single-center cohort
study and laboratory test results for data collection that
automatically prevent any further QA and QC implementation. A preferred single-center model compared to multiplecenter model is more beneﬁcial and exclusively subject to
maximum and precisely directed supervision for QA, QC,
and testing related to long-term; data collection, clinical laboratory test results, storage biobank samples, and other
issues in terms of changes over time; in addition, relationships between QC supervisor, site personnel and to the management of performance at individual sites. In this study,
QA, QC, and testing intermittent operations were carried
out comprising checkup including the site technicians, test-
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retest studies, and the monitoring of data through a system
of cross visits and supervisions. The dependability of the
information was estimated from data that testiﬁed the
achievement of quality goals. The SCHS QA, QC, and testing
systems were according to international experiences, while
necessary adjustments were performed by the Steering Committee and its Advisory Committees, on the principles determined by the QA and QC Committee.
In summary, methodological assessment and magnitude
of reliability, validity, and accuracy related to raw data quality
are indicated in Figure 1.

3. Results of QA and QC
Components Implementation
3.1. Result of QA Implementation. As a result, the major
implementation component of the QA process was related
to protocol development and the creation of operational documents for the SCHS. The operations manual, with clear and
detailed descriptions, constituted the study’s navigation guidance of all of the activities and was a task vital in the planning
for the research team and investigators.
Therefore, objectives and research design, detailed attributes of the population to be studied, sample size, and selection of the instruments to obtain relevant information,
including logistic, functional, and ﬁnancial standpoint by
the SCHS Steering and Advisory Committees were developed. The study design of the data collection instruments
contained content, format, and step-by-step instructions for
ﬁnalizing the instrument. The limitations of multiple types
of instruments were studied during the development phase
so that problems were identiﬁed and lessened to the greatest
extent possible.
The Operations Committee addressed questions that
may arise about protocol implementation to safeguard that
the protocols are followed and to address diﬃculties that
may arise. The QA and QC committees monitor the actual
data quality and address minor problems for corrections by
periodic site cross visits.
We tested volunteers that were like the planned cohort
with self-administered questionnaires to identify any problems in the questions prior to the initiation of the actual
study. We were looking for any obstacles in response to interviewers that were diﬀerent to the respondents due to diﬀerences in age, gender, or ethnicity. Interviewers were also
directed in how to respond to questions by the participants
to further clarify the response.
All perspectives of the SCHS protocol were documented
in a manual of operations [17]. Therefore, when the operations manual was created, there was a process to review
and correct any section that seemed ambiguous or subject
to misinterpretation. Furthermore, SCHS methods were
designed to make sure the data produced were accurate, reliable, and valid according to periodic recalibration of equipment and replacement of defective equipment, and do not
reﬂect bias that may arise in subgroups of Family Physician
clinics or organization and over time being studied. Also,
various equipment used to collect and measure data was
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Raw data

Assessment of raw data

Validity

Accuracy

(i) Degree of truthful results
(ii) Procedures to check for the accuracy of
the research findings
(iii) Two essential parts of validity:
(i) Internal (credibility, legitimate),
(ii) External (transferability to others
group, i.e., random selection,
heterogeneous groups, non-reactive
measures, precise description for study
replication)

True value of attribute
that is being measured

Reliability

Measurement that supplies
consistent results with
equal values of a research
which it is error free.

Stability

Consistency

Criterion related
validity

Construct
validity
(i) Test-retest reliability
(ii) Parallel-form reliability
(iii) Inter-rater reliability

Content
validity

(i) Discriminate validity
(ii) Convergent validity

(i) Face validity

(i) Split-half reliability
(ii) Internal consistency

(i) Concurrent validity
(ii) Concurrent predictive
validity

Figure 1: Assessment and Magnitude of Reliability, Validity and Accuracy related to Raw Data Quality

standardized and identical throughout the cohort that minimized variabilities.
Consequently, SCHS committee has developed methods
for reviewing and updating the protocol and to communicate
changes to all study personnel as needed. We conclude the
skills and professional dedication individuals had direct bearing on the ﬁnal quality of data in the study. Therefore, this
committee developed procedures to obtain and maintain
performance certiﬁcation of study procedures and processes
for monitoring those requirements throughout the course
of the study. Practically pivotal testing was conducted for
all study personnel to ascertain reliability of self-reported
data of self-administered questionnaires to identify any problematic questions before data collection and data entry. For
more ascertainment in some cases, we double veriﬁed to capture and correct errors of data entry from the original entry.
3.2. Result of QC Implementation. As a resultant, the leading
accomplishment constituent property of the QC was to identify and correct the causes of either bias or unwarranted disorder in the data sets in any stage of study. The complexity
related to QC of SCHS activities was divided into initial, during, and after stages of those issues relevant to the ﬁeld and
reading centers or laboratory. The following processes were

necessary for QC procedures of this study before discussing
the diﬀerent stages of management throughout the collection
of data.
Moreover, staﬀ incentives for appropriate QC assessments and data collection in this study were encouraged to
obtain top quality work. This was achieved in reminding staﬀ
that they were an integral part of the larger study to encourage interest in the quality of their work. Periodic QC staﬀ
engagement surveys and reviews of work done by staﬀ were
sent to the SCHS center to identify how well the site was
doing in meeting recruitment goals as well as the total
recruited toward the target goals that included gender and
ethnicity to make sure participants met the study eligibility
criteria.
Experience identiﬁed that the QC director should not be
the person observing and monitoring the interview as this
may negatively impact the technique of the interviewer and
the participant’s responses. Therefore, the SCHS monitoring
key personnel were forbidden to approach these activities.
Literally, in data cleanup of discrepancy issues, the
coprincipal investigator routinely analyzes related problems
and detecting errors such as extreme or inconsistent values
for accuracy purposes. In this study, multiple measures for
some variable such as blood pressures due to variations were
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taken at one point in time to identify possible data errors and
to calculate ﬁner measures of data accuracy.
In order to address potential problems that could
adversely aﬀect the quality of the study, such as staﬀ turnover
and technician drift, staﬀ were required to be certiﬁed at the
SCHS center along with requirements for a minimum number of procedures to be performed (weekly or monthly) to
maintain their certiﬁcation and thus minimize drift. Furthermore, ﬁeld center QC activities included eﬃcient training
updates by Shiraz Cardiovascular Research Center scientists
and recertiﬁcation throughout the course of the study that
ensured minimal QC problems and a major impact on data
quality and refreshing protocol.
It was important that equipment be maintained and calibrated regularly in the QC study research center, for all
aspects of ﬁeld study (such as scales calibration and freezers
temperature) to minimize any measurement bias or error
related to the equipment.
The QC protocols included directives for the cleanliness
of the work environment that included sanitizing of equipment (cuﬀs for measuring blood pressure) and quantitative
control of the materials to perform tests and measurements
(electrodes, ECG paper, gauze, gloves, alcohol 70%, conductive gel, and etc.). In addition, the room’s temperature for
blood sample and measurement of blood pressure was monitored throughout the day maintained between 20°C and
24°C.
The ﬁnal step of the initial QC in this study was transferring blood samples to laboratory for processing (serum, DNA
extraction, Buﬀy Coat) and biobank storage at the -86°C
freezer in the central laboratory of the Research Tower for
subsequent analytical purposes.
During the collection of the data and before entering the
data into the tracking and management systems, we believed
there would be some inconsistent participant response over
time. Thus, data are collected by well-trained interviewers,
as some data had limitations or possible suspension (such
as a few proportions of participants reporting one time that
they are current smokers and another time they were never
smokers). The possible QC solutions were to again contact
the participants who gave inconsistent responses and seek
clariﬁcation. This process helped to verify the data by ﬁlling
in the missing and inconsistent values. Therefore, in this
regard, the quality control of appropriate answers as a
repeated measure procedure was conducted for more clariﬁcation and consistency of collected data.

4. Discussions of QA and QC
Components Implementation
4.1. Discussion of QA Implementation. In general, for QA
accomplishments to achieve more relevant practical provisions to each situation, pretest and testing of all instruments
and procedures were implemented. These performances were
pretested and tested in the research context by way of a pilot
study in which the entire protocol is completed on volunteers
who are demographically like the anticipated SCHS cohort.
The pretesting and then testing of the SCHS instruments
and procedures, before we included them in the operational
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manual for the project, were essential to begin the training
of the research team.
The unique authenticity of the SCHS study required validation of the instrument as it relates to various ethnicities,
religion, cross-cultural considerations, and other design features before it was adopted by the real study.
When the SCHS protocol was developed and documented, training and issuing certiﬁcation for study personnel, according to the speciﬁcities of each procedure, were
implemented. Central and identical training was pivotal as
it had a direct impact on the interviewers or technicians
to perceive the value and consistency of the data. The rationales of training and certiﬁcation activities resulted in standardization which crucially reduced costs over time. At the
end of the training process or when later research team
licenses were issued.
Practical procedural lab training included interviewing,
blood sampling, and processing (serum, extracted DNA,
Buﬀy Coat) as well as freezing and transporting to the longterm biobank storage (-86°C).
Eventually, while training of the study team was completed, the pilot study was serially conducted with increasing
complexity. All validity and reliability performances related
to the QA process of study were applied. The SCHS pilot
study involved all features of the protocol including interviews, computed variables, entry and transmission of the data
to a coordination center, and dispatching samples to the
reading center or laboratories.
4.2. Discussion of QC Implementation. Since this study is
interested in measuring real change in outcome variables
over time, QC procedures assessed and minimized irrelevant
variability in these exposure measures that were vital. It
should be noted that to separate random biologic variability,
measurement error, and true change was diﬃcult. However,
it was essential to obtain good estimates of biologic variability
and measurement error so that true change could be measured. For this purpose, we approached the available procedure. These proceedings were calibration set at some point
early in the study at the reading center or laboratory in a
blinded manner at regular intervals with the results tabulated
at the SCHS coordination center. This means identiﬁed comprehensive drift over a period of time or the introduction of
bias into the data.
Therefore, data were carefully reread by the assigned
readers in a blinded fashion designed substudy carried out
to assess and give estimates of the interreader and intrareader
variability.
When estimations of interreader and intrareader variability were presented, the study allowed the estimation of
additional characteristics of variability such as ﬁeld center
technician and biologic variability combined. The combination of a reader and technician eﬀect aﬀords an overall measurement error. Therefore, this measurement error could
result in any type-I or type-II errors.
In the SCHS, when a continuous data outcome variable
was measured with error, we presumed a type-I error may
have occurred. Thus, to best explain and clarify the concern,
we applied a regression analysis to look at the association
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between the outcome variable and a set of exposure variables
and adjust for the baseline value of the outcome variable.
This result could identify a relationship between observed
changes in the outcome and exposure variables even when
there was no relationship no association existed between
the variables and the real change in the outcome variable that
was supported by previous research [18].
In this study, elevated levels of random measurement
were thought prone to type-II error, and this may conceal a
true association between outcome variable and a set of exposure variables.
In the SCHS study, QC analyses were pivotal to data
processed at a reading center or laboratory over a frame of
time. Quality problems that led to a type-II error could be
encountered and may involve falsiﬁcation by staﬀ at the QC
reading center and laboratory to falsely show improved eﬃciency in these centers. When falsiﬁcation was suspected,
the techniques of set calibration or longitudinal plots were
applied. When falsiﬁcation was identiﬁed, the reader was
retrained until performing at an acceptable level before data
processed by the technician would be analyzed to see if a statistical correction were achievable or dismissed.
Also, to achieve minimum data loss due to mishandling,
mislabeling, or other obstacles for laboratory data, the SCHS
well organized the reading center to monitor processing and
in cooperation with the coordinating center made sure that
enough systems were available to track data between the
SCHS ﬁeld, reading and coordination centers.
Ethical criteria deﬁned by the study implied the adoption
of certain processes to pledge the conﬁdentiality of information, such as registering only the recruitment number on the
forms and questionnaires [19]. The list with names and
recruitment numbers was the responsibility of the director,
and it was disclosed only in some situations, like to relay test
results. The research team signed a data conﬁdentiality
agreement.
Practically, initial data collection started with the pilot
group with gradual increase planned according to the experience of the research team linked to the protocol, ﬂowchart of
tests, and interviews. This enabled a more thorough QC that
led to the creation of ﬁeld diaries, which were revised daily
and discussed in meetings weekly with the QC team. These
tasks were carried out and shared with the QC director of
the study center directly or by electronic mail, discussion
group, by telephone, or over the internet. At this stage
doubts, uncertainty and falsiﬁcation of records were identiﬁed speciﬁc problems reviewed, annotated, and commentated to the responsible people for ﬁnal correction.
After the initial diﬃculties were overcome, the detailed
checklists that were adopted at the initial stage of data collection by the SCHS steering committee were revised and simpliﬁed to be used for the ﬁnal study. Periodically, the interviews
of a certain week were recorded, and randomly, some were
evaluated by a coprincipal. At this step, emphasis was given
to the interview’s ﬂuency, the correct completion of the
answers, and suitability in the participant communication.
When data collection and entry occurred in the system,
the correct marking of the answers of the interview (missing,
unknown, blank answers, skip errors, or other inconsis-
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tencies) was made by the system. Random repetition of measurements by the same person or by another was used for
some tests and questionnaires. At this point, consideration
was taken so that the measurements by the same interviewer
or technician could not remember the previous results, and
that, the test and retest results were independent. This procedure also used for the reliability of laboratory and echocardiography and was not more than 15-20 minutes. For the
degree of agreement related to test-retest of accuracy, reliability, and validity, Cohen’s Kappa statistical coeﬃcients were
implemented [20].
A ﬁnal aspect of ﬁeld center data quality must be considered in the SCHS related to inconsistent participant response
over time. Thus, data were correctly collected by interviewer
staﬀ, though the limitations of reported data in advanced are
well-known. As an example, a few participants reported initially that they were current smokers and then later that they
were never smokers. Thus, for this purpose and clariﬁcation
of suspicious inconsistent data, a double-blind retest was
conducted at each visit for some data. Findings of any artiﬁcial or actual triggers such as unknown, missing, incomplete,
and lack of homogeneity of data for each follow-up event, we
applied quality control measures to ﬁnd problems by the random double-blind test and retest, for any inconsistencies in
data collection. We performed daily and weekly quality
assurance, quality control, and testing before data entry, to
remove any risk of inﬂuencing environmental, societal, or
emotional factors. However, if the coprinciple of the study
assumes there were problems, that person directly reevaluates and retests with another reviewer. To enhance quality
assurance and quality control and certainty, double-blind
checking by Kappa statistical coeﬃcients agreement data is
applied to locate any inconsistent data. The quality control
protocol should recognize that such inconsistencies will
occur and have a method in place for handling them and
clean up data. Possible solutions are to recontact participants
with inconsistent responses and ask for clariﬁcation, to set
inconsistent responses to missing values, or, if possible, to
use an independent source (such as laboratory results and
other related collected data) to verify the data and report to
the Advisory Committees. If data was still incomplete and
not able to correct after contacting participants and an indepth revision and assessment of collected data before data
entry, the coprincipal of the SCHS and QA and QC teams
were approached for the solutions.
Consequently, in this study, after in-depth assessment
and revision of collected data and data entry by the coprincipal of the SCHS QA, QC teams approximately 2% of the ﬁles
had minor inconsistency according to a previously deﬁned
script. This ﬁnding was produced to meet the study’s requirement goals, and data incorporated into the system were also
generated for exploitation. Moreover, the magnitude of the
QA and QC processes in this study required a considerable
review of study resources and should not be underestimated.

5. In Conclusion
We achieved a well-designed SCHS study with in-depth QA
and QC proceedings by the coprincipal of the study and
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dedication by the research team to the process, accuracy, reliability, validity, and integrity of conclusions can be established, and the acquired experience would be useful to
other cohort studies.
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