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Abstract

Background—The principles of community-based participatory (CBPR) research challenge
traditional scientific standards of objectivity and neutrality. Little work has been done to evaluate
the quality of data obtained from CBPR studies.

Objectives—We examined factors associated with the completeness and quality of data that
participants collected for the Community Health Effects of Industrial Hog Operations (CHEIHO)
study, a community-based, participatory, longitudinal, epidemiologic investigation.

Methods—Twice daily for 2 weeks, 101 eastern North Carolina residents collected data on odor
from industrialized hog operations, physical health, and mood. Data collected at a single point in
time constitute a record. For each record, participant responses were classified as error free or not
and missing or not. We used mixed models to quantify associations between errors or missing
values and time of day, odor rating, week-in-participation, and presence of a person to assist with
data collection.

Results—Participants collected data out of order in 2% of 2,949 total records. On average,
individual variables were incomplete in 2% of records. Errors and missing data were most
common for lung function measurements. Missing data for lung function and blood pressure were
less common after the first week of participation (odds ratio [OR], 0.41; 95% confidence interval
[CI], 0.20-0.84). Saliva samples were more frequently missing when participants reported odor
than when they did not (OR, 1.59; 95% Cl, 0.97-2.59). For women, the odds that yes/no variables
were missing in week 2 records were higher relative to week 1 (OR, 1.46; 95% Cl, 1.01-2.12).

Conclusions—Community members collected relatively complete and consistent data. Better
training in use of mechanical devices and more frequent input from researchers could help to
improve data quality in CBPR studies.
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CBPR challenges traditional scientific principles and redefines the goals of investigation.! In

CBPR, community members affected by an issue of concern actively participate in all

phases of the research process.2= Principles of CBPR include valuing the resources that can
be found within the community, complete collaboration between all partners throughout all

phases of the research process, and addressing questions that are relevant to the local
community.6-8
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Use of CBPR principles in epidemiology may conflict with the field's emphasis on
neutrality, objectivity, and separation of research from political or social action.® Therefore,
it is important to examine the quality of data from epidemiologic studies that use CBPR.

Little work has been done to quantify and critically examine the quality of the data from
community-based studies. We address this issue by assessing the completeness and quality
of data that residents collected for a CBPR epidemiologic investigation. We also examine
relationships between completeness and quality of data and several factors that, if modified,
could help to improve data in future CBPR studies.

Materials and Methods

Study Design

CHEIHO was based in eastern North Carolina. The goals of CHEIHO were to evaluate
community members' exposure to pollutants associated with swine confined animal feeding
operations, their health-related outcomes, and relationships between exposures, health-
related outcomes, and quality of life. Another study objective was to increase community
members' understanding of research design.1® CHEIHO incorporated CBPR principles in
several ways. The study addressed residents' concerns about the health effects of living near
industrial hog operations. Community partners also helped to develop the study instruments
and consent form, and hog operation neighbors collected data in their own homes.

Community organizers and researchers recruited participants in 16 neighborhoods. Any
person was eligible to participate if they were 18 years of age or older, did not smoke, lived
within 1.5 miles of at least one hog operation, had time to complete data collection activities,
and had a freezer with sufficient room to store a box of tubes for saliva sample collection.

After completing an eligibility questionnaire, participants attended a 3-hour training session
where they received a journal in which to record data, as well as the necessary equipment for
taking blood pressures, collecting saliva samples, and measuring lung function. During the
session, a staff person stood at the front of the room and, using laminated and enlarged
journal pages that were propped on an easel, guided participants through the data collection
activities. Participants completed sample journal pages and practiced using all data
collection equipment. Two to four additional staff were present and assisted participants with
difficulties that they encountered. Before or after the training, staff also administered a test
to determine participants' odor sensitivity. Over time, CHEIHO staff adjusted training
sessions in response to difficulties; however, there was never a formal evaluation of the
sessions.

Participants chose morning and evening times, approximately 12 hours apart, to collect data.
They collected data during these times for approximately 14 days. University researchers
were available by telephone to answer questions and visited homes after approximately 1
week to offer feedback. At 10 sites, community-based representatives assisted participants.
Representatives were volunteers from the community or informally identified community
leaders who played important roles in recruiting neighbors to participate in CHEIHO. All
representatives were particularly able study participants who received the same training as
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other participants. Because representatives lived in the communities, they were able to assist
participants in their homes, which was something that university-based staff could not do on
a daily basis.

Each journal entry included four pages of activities and questions (Appendix 1). To follow
the protocol, participants first sat outside for 10 minutes and completed the first page of the
journal, indicating the strength of any hog odor that they smelled during each of the previous
12 hours by choosing a number between 0 and 8, where 0 = no odorand 8 = strong odor.
Participants also noted daily activities that they did not do or did differently or with
difficulty because of odor.

Next, participants returned indoors and recorded the current time. They rated the strength of
odor that they smelled during their 10 minutes outside using the same 9-point scale. They
responded to 5 questions about stress and negative mood (see Step 5 in the Appendix), took
2 time-stamped blood pressure readings, and rated the extent to which they experienced 22
different symptoms during the previous 12 hours by circling a number between 0 and 8 (0 =
not at alland 8 = extreme, see Step 7 in the Appendix)).

After indicating any out-of-the-ordinary medications that they had taken in the past 12
hours, participants collected saliva samples, recorded the time at which they did so, and then
measured lung function by blowing three times into an AirWatch Asthma Monitor. The
monitor maintained the forced expiratory volume (FEV1) and peak expiratory flow readings
internally and flagged them for errors if there was coughing, jetting, and/or too short of an
effort during the trial. Participants wrote their third FEV1 and peak expiratory flow readings
in their journals.

The Institutional Review Board of the University of North Carolina at Chapel Hill approved
CHEIHO and all study participants provided informed consent. Assurance of participant
confidentiality was important because, in a previous study, the hog industry attempted to
identify participants.11 We obtained a Certificate of Confidentiality from the U.S.
Department of Health and Human Services.

Dependent Variables

We created several variables to indicate the completeness and consistency of data in each
record. A sequence error occurred if participants provided health data before they went
outside for 10 minutes and exposed themselves to the outdoor air (Table 1). We coded a
record to have a missing saliva sample if no sample was submitted or if a sample weighed
less than the minimum weight necessary to assay immunoglobulin A (0.25 g). We classified
a record as having an AirWatch error if there was no usable reading because all trials were
flagged for errors. We defined a diary response as missing if the participant did not answer a
question or if the answer was illegible or illogical. We calculated the proportion of records
with complete information for each individual question. We did not evaluate completeness
of responses to the question about odor strength in the preceding 12 hours (Appendix, page
1) because the options were too complex to summarize.
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To improve statistical power and aid interpretation of results, we created summary variables
for analyses of completeness. Summary variables were defined based on response coding
(yes/no, ordered response) or activity type (use of a machine). Summary variables were
coded 1 if any of the individual variables that met its definition were missing from a record
and 0 otherwise. Summary variables' names and definitions are given in Table 1.

Independent Variables

Data consistency and completeness might have improved in the second week of participation
owing to increased experience or feedback from staff during midstudy visits. Therefore, we
created a week-in-participation variable, scored O if the record was from the first week and 1
otherwise. Because strong odors might have motivated participants to collect higher quality
data, we classified odor during the 10 minutes outdoors as either absent or present. To
examine whether presence of a community-based representative improved data collection,
we created a variable coded 0 if a representative was present and 1 otherwise. Finally, we
considered time of day at which data were collected (evening, 2:00 pm to 1:59 am vs.
morning, 2:00 am to 1:59 pm), which might have affected the extent to which participants
experienced distractions or were able focus efforts on data collection.

Statistical Analysis

One participant who had trouble following the study protocol was excluded from all
analyses.10:12 \We calculated the total number of records that the remaining 101 participants
produced and quantified complete participation as the percentage of participants that
collected data for at least 14 days.

There were 2,949 records with complete information; approximately 28 records from 101
participants living in 16 neighborhoods. The records that each participant collected over time
were not statistically independent. Standard logistic models treat observations as
independent and yield incorrect standard errors if applied to non-independent data.13
Therefore, we used hierarchical logistic regression models to correctly model the variation
in outcomes (1) within people over time, (2) between people within neighborhoods, and (3)
between neighborhoods as a function of predictor variables.

We fit these models using the GLAMM procedure in STATA.1 We included random
intercepts in all models to account for different levels of errors and missing data between
people and neighborhoods. We chose random over fixed slopes if the 1 degree of freedom
likelihood ratio test comparing the fit of the two models was greater than 2.706. Random
slope models accommaodate differences in the associations between the predictor variables
and outcomes, between people and neighborhoods. In random slope models, we assumed
zero covariance between the random intercept and slope. Generally, we fit two-level models
to accommodate variations (1) within people over time and (2) between people within
neighborhoods. When a community-based representative was the independent variable, we
added (3) a third level to accommodate between neighborhood variations because the
community-based representative was measured at the neighborhood level.

We adjusted for a potential confounder if it produced a 10% or more change in the
coefficient. We explored potential effect measure modifiers (EMM) by adding the covariate
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and an interaction term between the covariate and the main effect to the model. We report
interaction terms with Wald test values greater than 1.282.

We made the following a priori decisions about potential covariates. In analyses in which
week-in-participation was the independent variable, we evaluated the following as EMMs:
community-based representative presence or absence (absent vs. present); gender (female vs.
male); employment status (employed vs. unemployed); and age (>55 years of age vs. <55
years). For models with odor rating as the main effect, we considered time of day (evening
vs. morning record) as a potential modifier and confounder and both odor sensitivity
threshold (low vs. high) and gender as potential modifiers. For models with presence or
absence of a community-based representative as the main effect, we considered age, gender,
and employment status as EMMSs. We examined gender and age as potential modifiers in
analyses of time-of-day effects.

We report ORs and 95% CI because they are commonly used in epidemiology. We present
Wald test statistics rather than Pvalues because the latter are typically misinterpreted in
nonrandomized studies.1® Similarly, the 95% Cls that we report should be interpreted as
measures of precision, not as statistical tests of significance since they were estimated from
data that derive from a nonrandomized study.

Most participants collected data on 28 occasions over a 2-week period and produced 28
records. Eight community members produced fewer than 28 records but only two
participated for fewer than 14 days. Ninety-eight percent of participants fully completed the
study. In three neighborhoods, community members extended participation by 4 to 7 days;
15 participants produced more than 28 records.

Table 2 describes the 101 participants' demographic characteristics and the number of
journal records that they produced. Eighty-five participants described themselves as African
American and one as Latino. Ages ranged from 19 to 89 years (mean, 53). Two thirds were
female and 58 were employed. There was a community-based representative at 10 study
sites. Because community-based representatives were also study participants, their
demographic composition was similar to that of the CHEIHO study population. In
approximately half of records, participants smelled hog odor while they sat outside for 10
minutes. Participants produced roughly the same number of records during and after the first
week of their participation and before as after noon.

We quantified the percentage of the 2,949 records from which each of the individual
variables in the journals were missing. These percentages are not shown in the tables.
Among the 52 individual variables in each record, the rating of nasal irritation was most
complete; it was missing in 1% of records. Participants were supposed to record their third
FEV1 reading in their journal. This variable was the least complete of the individual
variables; it was missing in 20% of records. Table 2 shows percentages of records with
AirWatch errors, sequence errors, as well as missing summary variables and saliva tube
samples. On average, individual variables were incomplete in 2% of records. Only 2% of
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records had a sequence error. This percentage is calculated out of 2,932 records because in
the other 17 records, time information was missing, and we were unable to determine if the
participant performed activities out of order. Of the summary variables, the ordered response
group was most complete; one or more of these were missing in 12% of records. The least
complete summary variable was the machine-use variable, with 26% missing. In 34% of
records, the participant produced no error-free AirWatch trials. The denominator for this
percentage was 2,918 because 31 records were excluded owing to failure of the monitor to
record readings. Eight percent of the records were missing saliva samples.

Table 3 shows ORs and 95% CI as estimates of associations between predictor and outcome
variables. A footnote indicates the main effect models that included a random slope.
Including a random slope improved the fit of all bivariate and most multivariate models with
week-in-participation as the predictor. Therefore, results from random slope models are
reported for bivariate models in which week-in-participation was the main effect. However,
when we added an interaction term between employment status and week in the model with
sequence error as an outcome and between gender and week when ordered response was the
outcome, the random slope component no longer improved the fit of the model and so we
reported the simpler fixed slope model results. In analyses of predictor variables other than
week-in-participation, bivariate and multivariate models that included a fixed slope fit the
data as well as those that included a random slope. The fixed slope results are presented for
these models. Only observations with complete data on odor were included in analyses of
associations between odor and ordered response variable completeness (7= 2,772). None of
the odor estimates are adjusted for time-of-day because this variable did not change the
magnitude of the estimate by 10% or more.

The odds that machine-use variables were missing were lower after the first week of the
study (OR, 0.41; 95% ClI, 0.20-0.84). When odor was present, the odds that ordered
response items were missing were higher (OR, 1.81; 95% Cl, 1.22-2.68), but the odds that
there were AirWatch errors were lower (OR, 0.76; 95% Cl, 0.57-1.01). There were higher
odds of missing saliva samples in records in which participants reported odor (OR, 1.59;
95% Cl, 0.97-2.59). The odds that saliva samples were missing were higher in evening
records (OR, 1.44; 95% CI, 0.98-2.12). Wald test statistics well below 2.0 indicate that, in
most models, independent variables had little ability to predict errors or missing data.

Most EMMs contributed little to the fit of models. However, women (OR, 1.46; 95% ClI,
1.01-2.12) and older participants (OR, 1.95; 95% CI, 1.29-2.94) had a higher odds of
leaving yes/no variables missing in week 2 records. For these variables, participants
indicated affirmative responses by writing long-hand, descriptive responses, or responded in
the negative by marking the words “no” or “none.” For male participants, the odds that
ordered response variables were missing were lower in week 2 compared with week 1 (OR,
0.58; 95% Cl, 0.38-0.90). In communities with a community-based representative, we
observed even higher odds that AirWatch readings were flagged for errors in week 2 (OR,
1.96; 95% Cl, 1.51-2.52). For unemployed participants, there were fewer sequence errors in
week 2 (OR, 0.32; 95% Cl, 0.13-0.81). In morning records, the odds that machine variables
were missing were higher when odor was reported (OR, 1.64; 95% ClI, 0.98-2.75). Men had
particularly high odds of leaving ordered response variables missing when there was odor
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(OR, 5.27; 95% Cl, 2.20-12.66). Finally, for employed participants, we observed lower odds
of AirWatch errors if there was no community-based representative present than if there was
a representative available (OR, 0.16; 95% CI, 0.02-1.15).

Discussion

Community members collected fairly complete and high quality data and 98% completed
the full 2 weeks of participation. We observed sequence errors in only 2% of records and, on
average, individual variables were missing in 2% of records. It was necessary that
participants understand study protocol to perform activities in their correct order. That we
observed sequence errors in only 2% of records implies that participants understood the
protocol. Not only does this finding have positive implications for the interpretation of
results from CHEIHO and other similarly conducted studies, but it also suggests that one
goal of CHEIHO, which was to increase community members' understanding of research
design, was met.10

Our examination of incomplete responses offers information about the most challenging
activities for study participants. Ordered response items were more complete than either
yes/no or machine-use items. This implies that rating system use was less challenging than
other activities. Machine-use responses were the least complete; FEV1 was the most
frequently missing individual response and 34% of records did not have usable AirWatch
readings owing to errors. These findings suggest that the most challenging activities
involved machine use, particularly of the AirWatch monitor.

The high frequency of AirWatch errors reflects the fact that measurement of lung function is
difficult, even in a clinical setting. Coughing, incorrect hand placement, and/or incorrect use
of the mouthpiece produce errors that would have caused readings to be unusable. The
AirWatch device has a faint display. Accessing FEV1 readings requires pressing a button for
exactly 3 seconds; pressing for less time does not display the reading. Older participants and
participants with less formal education, many of whom were less familiar with technical
equipment, found the AirWatch difficult to use. Participants who had difficulty navigating
the device would not have accessed their FEV1 readings and left that field blank in their
journals. In most analyses, week-in-study, odor, presence of a community-based
representative, and time of day showed little association with errors or missing data. The
lower odds that machine-use variables were missing from records that participants produced
in week 2 compared with week 1 might suggest that community members improved owing
to increased experience or after receiving assistance from staff during midstudy visits.
However, we observed higher odds that participants produced AirWatch errors in week 2;
participants might have forgotten the correct AirWatch use technique after this length of
time after the training. Feedback during midstudy check-ins would have done little to
prevent AirWatch errors because the machine maintained readings internally and study staff
and community-based representatives were not able to identify technique problems. It is
unclear clear why, when there was a community representative present, we observed even
higher odds of AirWatch errors in week 2. It is possible that representatives offered greater
assistance in other parts of the journal that they were able to check and, as a result,
participants focused less on AirWatch blowing technique.
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Men left fewer ordered response variables missing in week 2 compared with week 1. We
also observed higher odds that women and older participants left yes/no variables missing
from week 2 records compared with week 1. These findings indicate that predictors of data
quality and completeness are not uniform across different subgroups of participants. Also,
the activity associated with completing the yes/no variables was to either write comments to
indicate an affirmative response or to mark the word “no” or “none.” Women and older
participants who left these responses missing more often in week 2 might have tired of
writing long-hand responses to questions. Alternatively, to increase time efficiency,
participants might have left the space blank when the question did not apply. A solution to
this problem might be to provide a place for the participant to circle “yes” if they wish to
respond in the affirmative but do not want to dedicate time to writing long-hand answers.

A common criticism of community based studies like CHEIHO is that participants have a
vested interest in the topic and this might lead to bias.16 We examined associations between
odor ratings and missing variables and sequence errors and hypothesized that odor might
improve data collection efforts owing to participant concern about hog operations. There
were no substantial associations between odor rating and sequence errors, incomplete yes/no
variables, or missing machine-use variables in evening records. Ordered response items and,
in morning records, machine-use items, were less complete when there was odor. Similarly,
the odds that saliva samples were submitted were lower when participants smelled odor.
Although there were fewer AirWatch errors when there was odor, these findings for the most
part do not support the hypothesis that participants collected better data when they smelled
odor.

Random intercepts in the mixed models reflect the different levels of errors and missing data
between people and neighborhoods. In addition to these differences in levels, associations of
some predictor variables with errors and missing data differed between people and
neighborhoods, as indicated by the improved fit of models with random slopes. In models
with sequence error and ordered response as the outcome, the addition of interaction terms
between employment status and week of participation and between gender and week,
respectively, eliminated the need for a random slope. This suggests that differences in
employment status and gender explained much of the variability in the effect of week on the
odds of producing sequence errors or leaving ordered response variables incomplete,
respectively. That a random slope component did not improve the fit of other bivariate
models indicates that the effect of the remaining predictor variables was relatively constant
across people and communities.

There were limitations in our examination of data completeness and quality. It was difficult
to examine the effect of variables such as age, gender, or race because these demographic
characteristics were not evenly distributed. There was reduced power in analyses that
examined community-based representative presence as a predictor variable because this
neighborhood-level variable did not vary over time, within people, or within neighborhood.
Also, low proportions of records with missing variables or sequence errors resulted in low
power to detect associations between errors and potential predictors. The last-stated
limitation is only a weakness within the framework of this examination, because it derives
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from community members having successfully produced complete and high-quality data. In
the context of the CHEIHO study and CBPR, the low power represents a positive finding.

Comparison of the completeness of individual variables from the CHEIHO study, which
ranged from 74% to 99% with that from other studies shows that participants collected high-
quality data. For example, Warsi et al'” examined data in three clinical databases and found
that completeness of individual items ranged from 11% to 100%. Lewis-Beck!® writes,
“Problems of missing data are pervasive in ... social science research” and that a
multivariate analysis of opinion survey data commonly reduces the original sample size by
50% owing to incomplete data.

The CHEIHO study integrated a number of the principles of CBPR.8 The basic study
questions were based primarily on community concerns, rather than those of government
agencies, industry, or academics. The study grew out of a partnership that emphasized
environmental injustice, community self-determination, and social change.19-20 Also, active
collaboration between community members and university researchers was inherent to the
study process. Finally, the CHEIHO study considered health to include quality of life and
not merely the absence of disease.

Te conclusion that participants collected high-quality data is encouraging considering the
potential gains that a CBPR approach offers to research, such as improved participant
recruitment and retention3#:8 and insight into the research topic and study materials.34:21.22
Other benefits of CBPR are improved capacity of community members to engage in research
and participate in the political process?® and to push for social change.16

Quantification of the fact that CHEIHO participants collected high-quality, consistent data is
also important given the scientific culture within which CBPR must gain acceptance. Asking
community members, who may have a personal and emotional interest in the research topic,
to collect data on their own conflicts with scientific standards. Incorporating such a
participatory design feature opens the field to criticism of research findings.

A recent literature search for papers on CBPR methodology revealed that scant work has
been done to examine the quality of data that participatory studies produce or to quantify the
ability of community members to participate in research. Such examinations are important in
addressing skepticism about the scientific validity of findings from community-based
investigations and facilitate the exchange of information on ways to improve the rigor and
quality of CBPR work. Our evaluation helps to fulfill this goal and could promote the
adoption of CBPR principles into epidemiologic investigation.
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the completeness of variables for
which the participant used a machine.
For the AirWatch monitor variables,
the machine-use variable was not
based on those numbers that the
AirWatch maintained internally.
Rather, the machine variable was
based on the completeness of the
AirWatch values that the participant
recorded in his or her journal
(Appendix 1, page 4).

in their journals.

Two pulse, diastolic, systolic, time, and date readings
that derived from 2 uses of the blood pressure monitor.
These readings appeared on a print-out that the
participant taped into his/her journal.

Table 1
Names and Definitions of Dependent Variables and Journal Questions From Which These
AreDerived
No. of
Individual
Variables
From
Which
Summary
Variable
Individual Variables From Which the Variable Was Was
Description Derived Derived
Sequence Error A sequence error occurred if a Participant's recording of the time at which she or he
participant recorded an outcome returned from spending 10 minutes outdoors. If
variable before she or he sat outside protocol was followed correctly, then this should have
for 10 minutes. If the time at which a been the first data collection step because it ensured
participant indicated having sat outside  participants' exposure to the outdoor air. The times at
was 5 or more minutes later than either ~ which participants collected each blood pressure
the time at which she or he had taken reading. These times appeared on print-outs from the
their blood pressure, as indicated by blood pressure machine.
time stamped blood pressure readings The time at which the participant collected their saliva
or the time that the participant sample, which the participant recorded in their journal.
recorded having collected a saliva
sample, then we defined the record as
having a sequence error.
Yes/No Variable The yes/no variable was based on the Participant's indication of whether she or he changed 3
completeness of variables for which their daily activities due to the hog odor over the past
the participant wrote long-hand, 12 hours. Participants either described the ways that
descriptive answers if their answer toa  they had changed their activities due to odor or circled
question was in the affirmative. the word “none” if they did not change their activities.
Otherwise, the participant indicated Participant's indication of whether she/he experienced
the negative by either circling or irritation of the eyes, nose, throat, or skin while she/he
checking the word no or none. sat outside for 10 minutes. Participants either checked
A yes/no variable was defined as a box beside all applicable types of irritation that they
missing when the participant did not experienced or checked a box beside “none” if they did
check the option “none” and did not not experience irritation.
write an affirmative statement. Participant's indication of whether she or he took any
medications, other than those that they usually take, in
the previous 12 hours. Participants either wrote in the
medications that they took or circled the word “none”
if they had not taken any medications.
Ordered Response Variable  The ordered response variable was Participants rated the strength of hog odor that she or 28
based on the completeness of variables  he smelled while sitting outside for 10 minutes by
for which the participant circled a circling a number between 0 and 8, with 0 indicating
number on a scale of 0 to 8. no odor and 8 representing strong odor.
Participants rated the extent to which she or he
experienced 5 dimensions of mood by circling a
number between 0 and 8. 0 corresponded to “not at
all” and 8 corresponded to “extremely.” The 5 mood
variables are listed in step 5 of the Appendix.
Participant's rated the extent to which she or he
experienced 22 health symptoms in the previous 12
hours. 0 corresponded to “not at all” and 8
corresponded to “extreme.” These 22 health symptoms
are listed in step 7 of the Appendix.
Machine-Use Variable Te machine-use variable was based on ~ FEV1 and peak flow readings that participants wrote 12
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