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Abstract

Background—The Crohn’s Disease Activity Index (CDAI) and Mayo score for ulcerative colitis
(UC) require symptom recall and/or use of a symptom diary. We examined patients’ abilities to
recall their symptoms and the day-to-day variability of symptoms.

Methods—~Patients with UC or CD completed a questionnaire including items from the short
CDAI (sCDAI) and the 6-point Mayo score. Patients were randomized to receive a follow-up
questionnaire testing recall of the bowel symptom items between 1 to 7 days later. In a second
study, patients completed a 7-day electronic diary recording their symptoms. sCDAI and 6-point
Mayo scores were computed. Analyses estimated daily variability in the indices and
misclassification rates when using fewer than 7 days of data.

Results—100%, 82%, and 90% of CD participants recalled the same disease activity status (i.e.
active vs. remission) as reported on the initial survey when the follow-up questionnaire was
administered 1-2, 3-5, and 6-8 days later, respectively. Compared to using 7 days of data, when
using only day 7 data 3.7% of CD patients were misclassified as active or inactive. Disease
activity was misclassified in 2.8%, 4.9%, and 3.3% of patients by using the last 2, 3, or 4 days,
respectively. Results were similar for UC patients.

Conclusions—~Patients with CD and UC demonstrated good recall of bowel symptoms for up to
8 days. Additionally, bowel symptoms have relatively little variability within a 7-day period
allowing for accurate computation of the SCDAI and 6-point Mayo score using 1-3 days of data.
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INTRODUCTION

For decades, the gold standard to measure disease activity for Crohn’s disease (CD) research
has been the Crohn’s Disease Activity Index (CDAI).1=3 The CDAI is computed using
laboratory data, physical exam findings, and self-reported CD symptoms for each of the
prior 7 days.? Investigators recently validated the short CDAI (SCDAI) as an alternative
method to identify symptoms and measure CD activity using only a questionnaire, which
can be completed without an office visit or laboratory work.*

The most commonly used index for studies of the efficacy of ulcerative colitis (UC) therapy
is the 12-point Mayo score. This composite index includes patient-reported estimates of
stool frequency and bleeding, endoscopic assessment of mucosal inflammation, and the
physician’s global assessment of disease activity. We have previously demonstrated that the
6-point Mayo score accurately estimates disease activity using only the two components of
patient-reported symptom activity (bowel frequency and bleeding).>:

Although the CDAI and the Mayo score have been used for decades, little research has
focused on the best ways to measure the patient-reported components of the indices,
particularly in terms of day-to-day variability and accuracy of patient recall. Prior studies
have suggested that patients often have poor adherence when using a 7-day paper diary to
measure the CDAI, which can result in recall bias.”:8 Likewise, there is no formal guidance
on the optimal number of days to collect data on UC symptoms when computing the Mayo
score. In both cases, the number of days for data collection depends on the day-to-day
variability of symptoms for CD or UC, which has not been well studied. To the extent that
there is limited day-to-day variability, shorter periods of data collection should be nearly as
accurate as seven full days of data.

Therefore, in this study, we examined two important features of symptom recording for IBD
indices: patients’ abilities to recall their symptoms and the day-to-day variability of their
symptoms. The former can be used to determine the maximum acceptable time window
between experiencing bowel symptoms and recording these symptoms in the diary while the
latter can be used to determine the minimum number of days required to collect IBD-related
symptom data to accurately capture patients’ disease status.

MATERIALS AND METHODS

We conducted two prospective studies to evaluate recall and day-to-day variability of IBD
symptoms. To evaluate recall of bowel symptom data, we administered a baseline and
follow-up questionnaire to a convenience sample of 100 IBD patients presenting for an
office visit at the Gastroenterology clinic at the University of Pennsylvania. The baseline
questionnaire, completed on paper during patients’ office visits and subsequently uploaded
to a REDCap electronic database, included questions from the SCDAI and the Mayo score as
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well as a variety of quality of life questions derived from work by the Crohn’s and Colitis
Foundation of America’s Quality of Care task force (Supplemental Figure 1).13 The latter
were used as distractors to limit priming of the SCDAI and Mayo score questions for the
follow-up questionnaire. Participants were asked to report their symptoms from the prior
day, and were then randomized to receive the follow-up questionnaire via email on one of
the subsequent seven days. The follow-up questionnaire, completed over the Internet using
REDCap electronic data capture tools, consisted of an abbreviated version of the original
questionnaire including only the items pertaining to the SCDAI and Mayo score, as well as
one question regarding how confident participants felt about their responses. In both the
baseline and the follow-up questionnaires, the participants were asked to report their
symptoms on the day prior to the office visit.

To quantify day-to-day variability of bowel symptoms, we conducted a cross-sectional study
of 94 patients with IBD. All patients were asked to complete a 7-day electronic diary
recording their stool frequency, abdominal pain, and general wellbeing. The diary was
completed over the Internet using REDCap electronic data capture tools. Patients received a
daily email that provided a link to the diary. We used these data to assess the range of
variability of symptoms and the relative accuracy of measuring disease activity with fewer
than 7 days of data, using the full 7 days as the gold standard.

Exclusion Criteria

For both studies we excluded participants with a history of total or sub-total colectomy,
ileostomy, or colostomy given that non-invasive disease activity measures do not accurately
assess disease activity in this population. Patients who did not have access to the Internet or
a working email address were likewise excluded.

sCDAI and 6-point Mayo Calculations

The sCDAI uses the same scale as the full CDAI, such that scores <150 define remission,
150-219 mild activity, 220-450 moderate activity, and >450 severe activity. Computation is
straightforward:

7 7 7
sCDAI=44+ <2*ZL> + <5*ZA> + (7*ZW>
n=1 n=1

n=1

where L is the number of liquid stools, A is the rating of abdominal pain (0-3, none to
severe), W is the rating of general wellbeing (0—4, generally well to terrible), and n is the
day of follow-up. In study 1, we estimated SCDAI scores from only 1 day of data by
multiplying the individual component scores by 7. Although these estimate SCDAI scores
were potentially less accurate than sCDAI scores from a full week of data, the objective was
to assess the accuracy of recall between the baseline and follow-up questionnaires, and not
the value of the scores themselves. In study 2, where we examined day-to-day variability
and the correlation of shorter periods of data collection, participants who did not complete
the full seven days of questionnaires were included in the study as long as they had
completed a minimum of four days of questionnaires within a maximum of eight days from
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the initial questionnaire. The SCDAI for participants who did not complete all seven days
was adjusted accordingly by averaging the available data for the individual components
across seven days. Similarly, when computing the projected SCDAI scores for fewer than 7
days (e.g., the last two days of data, the last three days of data, etc.), we summed the
individual component scores from the corresponding days, multiplied the sum of the
individual components by 7, and divided by the number of total days of data we used (d) to
adjust for the missing days:

7 d d d .
sCDAI:44+a* ((2*;_:1L> + (5*2/1) + (7*7214 ))

The 6-point Mayo score uses only the number of bowel movements above average and the
bleeding components of the full Mayo score. Scores above 1.5 are indicative of active
disease. 6-point Mayo scores were computed as previously described.® For the day-to-day
variability study, the Mayo scores were calculated using the data available for each day and
combined day scores (last two days, last three days, etc.) were averaged using the available
data from the corresponding days.

Statistical Analyses

All analyses were conducted separately for patients with CD and UC such that sSCDAI
scores were only calculated for CD patients and Mayo scores were only calculated for UC
patients. In study 1, we calculated the mean and standard deviation of the difference in
reported symptoms on the questionnaire completed in the office compared to the reported
symptoms of the same day on the follow-up questionnaire 1-8 days later. We compared the
difference in scores according to the time interval between completing the questionnaires
using ANOVA. We used ANCOVA to determine whether the accuracy differs according to
duration between completion of the two questionnaires before and after adjusting for the
following characteristics: age; sex; and self-reported disease activity derived from a single
question as remission, minimal, mild, moderate, or severely active.

In study 2, we computed the SCDAI using all 7 days of data collection and assessed the
degree of variation of individual component scores for stool frequency, abdominal pain, and
wellbeing as well as the SCDAI within a 1-week period by computing the difference
between the minimum daily score and the maximum daily score for each patient (the weekly
maximum delta). These analyses were done across the entire cohort and then stratified by
whether the patient had active or quiescent disease as determined by their SCDAI or 6-point
Mayo scores.

We next examined the correlation of the last day, last 2 days, last 3 days, and last 4 days
with the full 7 days of data for the SCDAI, 6-point Mayo score, and individual component
scores for stool frequency, abdominal pain, and wellbeing using Spearman’s correlation
coefficients. Patients with missing data for any of the components on the last 1-4 days of
data collection were excluded from the respective analysis (i.e. pairwise deletion).
Sensitivity analysis dropping any patient missing any of the component scores on any of the
last 4 days (i.e. casewise deletion) produced similar results (data not shown). Additionally,
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to consider the possibility that IBD symptoms do not wax and wane solely in 24-hour
periods, we tested the correlation of non-consecutive days of data (days 1 and 5; days 2 and
6; days 2, 4, and 6; and days 1, 3, 5, and 7) with the full week of data. Using the full 7 days
of data as the gold standard, we assessed the proportion of patients who were misclassified
as active or inactive, respectively, when using different combinations of fewer than 7 days
of data. This analysis was repeated categorizing the disease activity as remission, mild,
moderate, and severe.

All study data were collected and managed using REDCap electronic data capture tools
hosted at the University of Pennsylvania.l4 Statistical analyses were conducted using
STATA v13.1. The study was approved by the University of Pennsylvania’s Institutional
Review Board. All participants provided informed consent to participate in the study.
Participants were provided with a nominal compensation valued at $5 or less for
participating in the study.

Bowel Symptom Recall

Study 1 included 100 patients, of whom 50% were female and 72% had CD (Table 1).
Among patients with CD, 28% were in remission at baseline when using their calculated
SCDAI score for their initial visit, while 36% had mild disease activity and the remaining
36% had moderate activity. No patient with CD was classified as severe at baseline. Of the
28 patients with UC, 61% had inactive disease according to their calculated Mayo scores
from their initial visit. At the time of the follow-up survey, 93% of participants reported that
they were confident or very confident and 7% somewhat confident of their answers. No
participant felt somewhat unsure or completely unsure of their answers. This did not differ
by time of recall (p=0.55).

Table 2 contains the mean absolute values of the difference in the initial and follow-up
surveys of the SCDAI and 6-point Mayo scores and the subcomponents. Comparison of
recall based on the number of days from the initial questionnaire did not identify significant
differences for any of the measures, whether using all patients or only those with active
disease.

Disease activity based on the SCDAI measured at the time of the office visit matched disease
activity on the follow-up questionnaire in 64 (89%) of the CD patients (Figure 1A). The
percent of participants with CD whose category of disease severity (remission, mild,
moderate, or severe) remained identical between baseline and follow-up was 100%, 70%,
and 75% for days 1-2, 3-5, and 6-8, respectively. Supplemental Table 1 provides additional
detail on the degree of misclassification. Only 3% were misclassified by more than one level
of disease severity. Likewise, comparing active disease versus remission of CD patients,
100%, 82%, and 90% of participants with follow-up surveys 1-2, 3-5, and 6-8 days later
reported the same activity status on the initial and follow-up survey (Figure 1B). The mean
absolute difference in SCDAI score from baseline to follow-up was 29.1 (s.d. 56.9) across all
recall groups, with no statistically significant difference in means across groups (p=0.32),
although the range was slightly wider for those responding 3-5 days after the office visit
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(Figure 1C) and in those with active disease (Figure 1D). Adjustment for age, sex, race, and
self-reported disease activity did not appreciably alter the results (adjusted p=0.26).

Agreement of categorization of disease as active or inactive at the time of the office visit and
in the follow-up survey was similarly good for the 6-point Mayo score (overall 89%, 1-2
days 100%, 3-5 days 80%, 6-8 days 100%). Three patients who were categorized as
inactive at the time of the office visit would have been categorized as active using the recall
of data from 3-5 days prior. The difference in 6-point Mayo score computed at baseline and
on subsequent recall was not statistically significantly different by study group (i.e.,1-2, 3—
5, or 6-8 days later) (p=0.66 unadjusted, p=0.13 adjusted for age, sex, race and self-reported
disease activity).

Day-to-day Variability of Bowel Symptoms

In study 2, we assessed day-to-day variability within a 7-day period. Out of the 112 study
participants who completed one or more days of the questionnaire, only 43 (38%) completed
all seven days of data; 94 (84%) completed 4 or more days of bowel symptom questions and
were included in the final analyses. The composition of the final cohort included 51 (54%)
males and 43 (46%) females, and included 63 (67%) with CD and 31 (33%) with UC (Table
3). The mean weekly sCDAI for the 63 participants with CD was 204.2 (s.d. 67.2) and
median 194 (range 128-396; IQR 147-239). Based on their SCDAI scores: 30% were in
remission, 35% mild, and 35% moderate; no patients were classified as severe. The mean
weekly Mayo score for the 31 patients with UC was 1.13 (s.d. 1.28) and median 0.57 (range
0-4.86; IQR 0.29-2.00). Using a Mayo score of 1.5 as the threshold for disease activity,
68% of participants with UC were considered inactive. Table 3 shows the demographic
characteristics of the study participants.

We assessed the degree of variation of individual component scores for stool frequency,
abdominal pain, and wellbeing as well as the SCDAI score by computing the difference
between the minimum daily score and the maximum daily score for each patient. Among
participants with CD, the median weekly maximum delta for SCDAI was 49 (range 0-329;
IQR 28-98), bowel movement 2 (range 0-20; IQR 1-3), abdominal pain 0 (range 0-3; IQR
0-1), and wellbeing 0 (range 0-3; IQR 0-1). Among participants with UC, the median
weekly maximum delta for the Mayo score was 1 (range 0-3; IQR 0-2), the median weekly
maximum delta for the number of bowel movements above average was 1 (range 0-3; IQR
1-2), and the median weekly maximum delta for the bleeding score was 0 (range 0-1; IQR
0-0). The mean maximum deltas for SCDAI and Mayo scores were larger for patients with
active CD (p<0.001) and active UC (p=0.03), respectively. There was no significant
relationship between the SCDAI scores or the maximum weekly deltas in SCDAI scores and
the number of days of questionnaires completed. There was a significant relationship
between the maximum weekly deltas for SCDAI scores and sex (p=0.01 unadjusted; p=0.04
adjusted for race and age), with higher maximum weekly delta for females. No other
significant relationship was found with the maximum weekly deltas for SCDAI scores.

The computed sCDAI based on fewer days of data collection correlated strongly with the
full 7-day SCDAI (Table 4, Figures 2A and 2B). The Spearman’s correlation coefficients
were 0.86, 0.88, 0.94, and 0.97 when comparing the SCDAI of day 7, days 6-7, days 5-7,
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and days 4-7 to the full week SCDALI, respectively (Table 4A). When comparing non-
consecutive days of data to the weekly sCDAI scores, the Spearman’s correlation
coefficients were similar: 0.98 (days 1, 3, 5, and 7), 0.96 (days 2, 4, and 6), 0.94 (days 1 and
5), and 0.87 (days 2 and 6) (Table 4B). Spearman’s coefficients ranged from 0.64-0.91
when comparing any individual day’s projected SCDAI score with the full week sCDAI
(Table 4C). Similar Spearman’s coefficients were found for number of bowel movements
(0.90-0.93), abdominal pain (0.74-0.89), and wellbeing (0.57-0.88) when comparing the
daily scores to the weekly averages. When stratifying by sex, the Spearman correlation
coefficients were comparable for males and females (data not shown). Likewise, similar
results were observed for the subset of patients who had active CD as well as the patients
with 7 days of electronic diary entries (Table 4).

Using the full 7 days of data as the gold standard, we assessed the proportion of patients
who were misclassified as active or inactive when using only the last day, last 2 days, last 3
days, and last 4 days of data. Among patients with CD, 5% were misclassified as active or
inactive using only day 7. Similarly, disease activity was misclassified in 4%, 8%, and 5%
when using the last 2, 3, and 4 days, respectively. When using non-consecutive days of data,
disease activity was misclassified in 0% (days 1 and 5), 8% (days 2 and 6), 6% (days 2, 4,
and 6), and 0% (days 1, 3, 5, and 7). When relying on only the final day of data collection, 2
patients would have been misclassified as moderate instead of mild disease, 2 as remission
instead of mild, and 3 as mild instead of moderate (Figure 2C). Using days 5-7 provided
similar results (Figure 2D).

Using two-tailed, paired t-tests limited to the patients with UC, we did not observe
significant differences between the Mayo scores calculated from the entire week of data and
the final day (p=0.35), the last 2 days (p=0.59), or the last 3 days (p=0.83) of data. Similar
results were found when looking at non-consecutive days of data. The Spearman correlation
of the 6-point Mayo computed using only the last day of data with the average of all
available days was 0.82. This correlation improved slightly using the average Mayo scores
across the last 2 (rho=0.86) or last 3 days (rho=0.91) of data. Using data from non-
consecutive days to calculate the Mayo score produced similar correlation coefficients when
compared to the weekly average scores. Among the 18 participants with UC who completed
all 7 days of data, disease categorization as active or inactive was unchanged in 100% of
participants when comparing the weekly average Mayo scores with the scores from the final
day or final 2 days; 94% were unchanged using the final 3 days of data.

DISCUSSION

Measurement of disease activity within clinical studies of IBD is in a state of transition. The
full CDAI and sCDAI are cumbersome for patients and researchers alike due to the
requirement of 7-day diaries. Possible solutions to make data collection more practical
include shortening the number of days of data required or allowing patients to report on
multiple days at a single time. The former approach has been suggested previously by
Harvey and Bradshaw.® For UC, there is no standard for the number of days of symptoms
to record. Our results demonstrate reasonable accuracy in patient’s recall abilities for up to 8
days in both CD and UC, suggesting that it is feasible to have patients report on several days
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of symptoms at a single time. In our second study, fewer than half of all patients (39%)
completed all 7 days of the electronic diary on schedule, which confirms the difficulty of
requiring full 7-day diaries with each day’s questionnaire completed on discrete occasions.
Importantly, we showed that bowel symptoms had relatively little variability within a 7-day
period, supporting the approach of collecting fewer than 7 days of data. Although females
with CD had significantly higher weekly maximum deltas in SCDAI scores, stratifying the
analyses by sex did not reveal any noteworthy differences in the correlation of using fewer
days of data to calculate SCDAI scores. Taken together, these data suggest that the SCDAI
can be accurately computed using as little as 1 day of data, that there is slight improvement
in accuracy with 2—4 days, and that this score remains accurate when allowing several days
to recall symptoms.

These results will become increasingly important as date and time stamps are more
commonly used in electronic questionnaires, forcing investigators to determine when too
many days have elapsed for bowel symptom data to continue to be accurate. With this
information, we infer that data on bowel symptoms for UC and CD can be used if a
participant completes the data recall within up to 8 days, although we suspect that the data
are likely to be most accurate if recall is completed within 1-2 days.

To our knowledge, this study is the first to assess recall of CD or UC activity. Previous data
on gastrointestinal symptoms come primarily from infectious diarrhea parental recall in
underdeveloped nations and demonstrate that parents are more likely to under-report
diarrhea if the recall period was longer than 2-3 days.16-19 Qur data on bowel symptom
recall contradicted this notion in IBD patients, demonstrating accurate recall for up to 8
days. This discrepancy is likely due to the nature of the diseases that were studied. Infectious
diarrhea is an acute illness that results in dramatic change in bowel frequency but resolves
quickly. CD and UC are chronic diseases and, as we have demonstrated, there is relatively
little day-to-day variability in symptoms. For patients with an identical bowel pattern each
day, it is not difficult to accurately recall symptoms over longer periods. Furthermore,
patients with IBD may become attuned to their daily bowel symptoms, which may improve
recall. Although not statistically significant, it appeared that recall of symptoms among
patients with active disease was slightly less accurate than in those in remission. This may
be due to greater day-to-day variability, particularly if a new treatment was initiated, as is
seen in patients with infectious diarrhea.

Similar studies in other chronic diseases have generally been consistent with our results. For
example, a 7-day recall study of respiratory symptoms in patients with Chronic Obstructive
Pulmonary Disease showed that scores in a 7-day recall were higher compared to the daily
recall scores; nevertheless, they were equivalent in detecting change over time.? Other
studies have examined the recall of pain in patients with rheumatological diseases.10-12.20
Although recall rating of pain was higher than momentary pain assessment overall, it was
shown to correlate well with momentary ratings for the first 2 days, becoming unreliable
after the second day.10 Similar studies on pain recall have also shown that patients with
higher variability of momentary pain report higher levels of recalled pain compared to those
with low variability.11
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Our studies had several limitations. In our evaluation of recall accuracy, participants did not
have to recall all 7 days at once, but rather recalled only their original baseline day. We
focused on the ability to recall a specific day so as to not prime the participant’s memory by
collecting daily symptom data for a full week before asking the patient to recall the data.
Nonetheless, if our baseline questionnaire primed the participant’s memory, we may have
over-estimated the accuracy of recall. We tried to minimize this overestimation by including
other questions related to IBD in the questionnaires (Supplemental Figure 1).

Our studies used the SCDAI and 6-point Mayo scores as the gold standard. We did not
assess more objective markers of disease activity such as endoscopy, imaging, or biomarkers
in the blood and stool. However, the purpose of the study was not to assess the accuracy of
the indices, but rather the ability to capture the same data more efficiently. We anticipate
that similar effects would apply to measures of patient reported outcomes that are currently
under development.

By chance rather than design, we did not have any patients with severely active disease.
However, it is unlikely that recall of symptoms for patients with severely active disease
would be sufficiently inaccurate to misclassify them as remission or mild disease. Likewise,
while there may be greater day-to-day variability in patients with active disease, it is
unlikely that their symptoms over any 1-3 days would not capture the active disease given
the low degree of misclassification of those with moderate disease when using only 1 or 3
days of symptoms. Similarly, the study neither excluded nor analyzed data specifically from
patients who were changing therapies between initial and follow-up questionnaires. As such,
our results may slightly overestimate the day-to-day variability in symptoms among patients
on stable regimens.

Our study population was highly educated with approximately two-thirds having a college
or graduate degree and 50% working in professional occupations. If higher education is a
surrogate for better recall, this may limit the generalizability of these results to other
populations.

In summary, these data provide guidance on ways to simplify data collection for IBD
symptoms. Given the stability of disease activity described in our results over a 7-day
period, fewer than 7 days of data can be used to accurately document current symptoms of
IBD. Even with only 1 day of data, misclassification is minimal when examining whether a
patient’s disease is active or inactive. The slight decrease in accuracy that results from
shorter data collection periods may be outweighed by the potential benefits, including
decreased research costs, decreased burden on study participants and research staff, and less
missing data. Alternatively, our data suggest that patients can recall symptoms from several
days prior with reasonable accuracy, thereby allowing for collection of several days of data
at one time. These principles can also be applied to the use of the SCDAI and Mayo score
and to the development of new patient reported outcome measures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Changes in disease activity in study 1

(A) The number of participants with CD (n=72) and UC (n=28) who switched from active to
inactive or vice versa; (B) Percent agreement of CD activity status stratified by humber of
days from baseline measurement to recall of symptoms; (C and D) Box and whiskers plot of
the difference of SCDAI scores at baseline and follow-up, stratified by timing of follow-up

survey (C) and baseline disease activity (D).
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Figure 2. Agreement of SCDAI computed with 7 days of data and with fewer days of data

collection

(A) Correlation of the 7-day sSCDAI with only day 7 (r2=0.83 for the regression line shown);
(B) Correlation of the 7-day SCDAI with days 5-7 (r2=0.93); (C and D) Agreement of
categorization of disease activity using all 7 days of data with available day 7 data (C) and

available days 5-7 data (D).
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