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Abstract

End-of-day (EOD) diary assessments of symptoms have the potential to reduce recall bias
associated with longer recall periods, and therefore be useful for generating accurate patient
reported outcomes (PROs). In this report we examine the relative validity of diary questions about
the experience of daily pain and fatigue, including several questions about experience for the
entire day and questions about minimum and maximum daily levels, with previously collected
data . Validity estimates are based on comparisons of EOD reports with momentary recordings of
pain and fatigue from the same days. One hundred and six participants with rheumatologic
diseases yielded 2,852 days for analysis. Differences in levels as assessed by EOD and momentary
reports were small (just a few points), although in many instances were significantly different.
Correlational analyses indicated that “how much,” “how intense,” and “on average” EOD
questions were more strongly associated with momentary reports (s = .85-.90 for pain and .81-.83
for fatigue) than were minimum and maximum questions (r5=.73-.80 for pain and .67-.75 for
fatigue). Overall, the pain measures had higher EOD-momentary correspondence than the fatigue
measures. Analyses of difference scores between EOD and momentary reports confirmed the
better correspondence of the average questions compared with minimum and maximum questions.
There was little evidence of individual differences in level and correspondence analyses. The
implication of these results is that over-the-day diary measures may yield superior PROs than
those based on minimum or maximum daily levels.
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IMeans and standard deviations in this table are slightly different than those found in our earlier paper, because that paper used only
one of the four weeks of data used in these analyses.

2 An alternative method of examining correspondence is to compute within-subject pooled correlations, which center each individual's
scores around their own mean, eliminating any between-person effects from the correlations. Such correlations were slightly lower
than those presented in Tables 2 and 4, but the pattern of the correlations was the same as the raw correlations, therefore, only the raw
correlations are presented.

3Theoretically, the likelihood of actually capturing the least or worst pain during the day should increase as a function of the number
of assessments per day, with more assessments resulting in more accurate (less error) estimates of minimum and maximum.

4We thank an astute reviewer for suggesting this exploration of individual differences.
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Patient Reported Outcomes (PROs) are patients' self-reports of their symptoms, the impacts
of their symptoms, and their behaviors. PROs have received considerable attention because
they provide a unique perspective on patients' health and functioning . One problem with
self-report measures is the length of the recall period , , the amount of time to be considered
when completing an assessment. Long recall periods may stretch the ability of respondents
to accurately recall and summarize information, leading to concerns about accuracy of
reports .

By limiting the duration of recall period, daily diaries should reduce recall bias compared to
assessments with longer recall periods (e.g., weeks), and they can be aggregated over days to
cover reporting periods typically used by retrospective assessments . Diary questions often
ask about the entire day's symptoms, but can also include questions about the day's least or
lowest level of a symptom or the day's worst or maximum level. Recently these alternatives
were explicitly suggested in the FDA's PRO Guidance document . There are two reasons
why least/worst levels may be appealing candidates for assessment: 1) they avoid the
potentially difficult cognitive process of summarizing experience and 2) least/worst may be
the construct of interest as opposed to average experience over the day. For example, one can
hypothesize that treatments could reduce maximum pain during a day, yet have only a
modest impact on average levels. It is also notable that some weekly recall questionnaires
for pain assessment ask about least and worst levels (e.g., BPI; ), indicating interest in these
constructs.

Some validity data are available for EOD diaries with ratings of the over-the-day experience,
and those results are encouraging. One study of post-surgical patients compared EOD recall
of daily pain with the average, peak, and last-of-day variables based on 5 randomly selected
momentary assessments . EOD recall of pain intensity correlated about .70 with the average
of momentary reports and only 4% recall bias from peak and end pain was found. Second,
previous results from a subset of the current dataset showed good correspondence between
EOD dairies and momentary reports for pain and fatigue measures : correlations ranged
from .75 to .85.

To our knowledge, this is the first report to compare the validity of EOD recalled over-the-
day, least, and worst pain and fatigue diary questions with multiple momentary assessments
from the same day. For EOD questions of average and “how much” pain/fatigue, we use the
average of moments for the same day as the validity criterion; for the EOD measures of least
pain/fatigue, we use the minimum value of the day's momentary reports; and, for EOD
measures of worst pain/fatigue, we use the maximum value of the day's momentary reports.
Evidence for the validity of EOD measures would be 1) that their levels are similar to the
corresponding momentary measure and 2) that the correspondence over days between EOD
and the momentary measure was high.

Patients were recruited from two offices of a community rheumatology practice. Participants
were required to be available for 30 consecutive days and to meet the following eligibility
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criteria: = 18 years of age; physician-confirmed diagnosis of a chronic rheumatological
illness; experienced symptoms of pain or fatigue during the last week; no significant sight,
hearing, or writing impairment; fluency in English; normal sleep-wake schedule; ability to
come to the research office twice within a month; had not participated in another electronic
diary study in the last 5 years. A total of 279 patients were telephone screened, and 86 (31%)
were excluded due to one or more of the above eligibility criteria. Of the 193 eligible
patients, 76 (39%) declined participation, and 117 (61%) participated. We examined the
demographic characteristics of those who were eligible and participated versus those who
were eligible and declined participation. Age, sex, educational achievement, marital status,
race, and reported pain and fatigue at screening were examined by participation status. A
near-significant difference was found for age where those who participated (56.3 years) were
older that those who declined participation (52.8 years; t(191)=1.94, p=.053); none of the
other comparisons were significant. Over the course of the study eleven participants dropped
out, and 106 completed the study. The final sample was middle-aged (X=55.5 years),
predominantly female (91%), white (92%), married (65%), and well-educated (63% had at
least some college).

The study protocol was approved by the Stony Brook University Institutional Review Board.
Participants provided informed consent and were compensated $100. Data were collected
from September 2005 through June 2006. Eligible patients came to the research office to
complete demographic and questionnaire measures and to be trained in the use of an
electronic diary (ED). Momentary and daily recall ratings of pain and fatigue intensity were
collected for 29-31 days on a hand-held computer (Palm Zire 31). The ED utilized a
software program provided by invivodata, inc. (Pittsburgh, PA) that featured auditory tones
to signal the participant to complete a set of momentary ratings. It was programmed to
generate an average of 7 randomly-scheduled (within intervals) prompts spread across the
participant's waking hours (an average of one every 2 hours and 20 minutes, constrained to
ensure a minimum of 30 minutes between prompts) determined by when the participant
informed the ED that she was going to bed at night and set the wake up alarm the next
morning. In addition to the random signals, the ED prompted the participant to complete a
daily recall assessment at the time the ED was put to sleep at night, the "End of Day”
assessment. A research assistant telephoned the patient 24 hours after the initial research
office visit to answer any questions and troubleshoot potential problems with using the ED.
A follow-up call was made once per week for the following three weeks to ensure the ED
was working properly and to answer any questions. At the end of the month, patients
returned the ED to the research office.

Items for this study were drawn from the Brief Pain Inventory (BPI) and the Brief Fatigue
Inventory (BFI), with wordings modified to correspond to the different reporting periods.
Zero to 100-point Visual Analog Scales were used, but scale endpoints varied according to
question content. For the “how much” bodily pain question the anchors were “none” (0) and
“very severe” (100), whereas for all other questions the anchors were “not at all” (0) and
“extremely” (100). The EOD questionnaire contained several questions that were used to
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address the aims of this paper. Three asked about over-the-day levels of pain: How much
bodily pain did you have?, How intense was your bodily pain?, and What was your average
level of pain today? Another two questions asked about the lowest (What was the lowest
level of your pain today?) and highest (What was the worst level of your pain today?) levels
of pain for the day. A parallel set of questions was available for the construct of fatigue/
tiredness: How fatigued (weary, tired) did you feel? and How tired did you feel? There were
also questions about the lowest (What was the lowest level of your fatigue today?) and
highest (What was the worst level of your fatigue today?) levels of fatigue for the day. Each
of these EOD questions began with the stem “DURING THE DAY.” These questions were
also asked on a momentary basis. Each of these included the stem “BEFORE PROMPT.”
From each of these four momentary questions, the average, the minimum, and the maximum
were derived.

Our strategy for determining the validity of the EOD assessments is to compare data
collected at several random points during each day with the EOD assessments. Momentary
reports are thought to be relatively free from distortion due to recall and, because they are
sampled at random points from the day they provide an unbiased view of average daily pain
and fatigue . Two ways of comparing EOD and momentary reports are computed. Leve/
differences are defined as the average difference between EOD and momentary data from
the same day; correspondence differences are defined as the covariation between EOD and
momentary data over days. Level and correspondence are both relevant to understanding the
validity of recall . These analyses were conducted with data collected in a diary study that
examined several recall periods (1-, 3-, 7- and 28-days ). We have previously reported on the
level and correspondence of EOD average pain/fatigue (based on only 1 week of data per
participant), and those analyses did not examine EOD reports about worst and least pain/
fatigue and did not use the full 4 weeks of data.

For the analyses to yield good estimates of level differences and correspondence, there had
to be an adequate number of momentary assessments each day. The design of the study
specified 7 momentary samples per day, although in practice this number varied from day to
day. It could be greater than 7 if a person was awake for more than 14 hours, or it could be
less than 7 if compliance for the day was poor. To balance the goals of including as many
days in the analysis as possible, yet keeping a reasonable number of assessments, we
decided that at least 4 assessments per day would be required. This yielded a sample of 106
participants with 2,852 days of data (with an average of 5.6 reports per day and between 8
and 34 days in the study). In secondary analyses described below, we tested the possibility
that our estimates of EOD and momentary differences were affected by the number of
assessments per day by conducting the analyses with participants who had 4-5 momentary
assessments per day (1406) and those with 6 or more momentary assessments per day
(1446).

For pain, there were 3 EOD variables that were intended to capture the overall experience of
the day: how much bodily pain, how intense was bodily pain, and what was the average level
of pain intensity. For EOD comparisons with momentary reports, which had 2 questions
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(how much pain and how intense was the pain), we compared 1) EOD “how much” pain
with the average of momentary “how much” pain, 2) EOD “how intense” was pain with the
average of momentary “how intense” was pain, and 3) EOD “what was your average level of
pain” with the average of momentary “how much” pain (see Table 1). For the EOD lowest
and worst, we examined both momentary variables, how much pain and pain intensity. The
same strategy for comparing EOD to momentary variables was employed for the fatigue
comparisons.

Level Differences

These analyses are intended to compare the level of pain/fatigue ratings from EOD measures
with the level of the corresponding momentary measures; for instance, the level of EOD
average pain with the average of momentary pain assessments, or the level of EOD ratings
of least pain with the minimum of the momentary ratings of pain. Results of these analyses
are shown in Table 1, where the EOD questions are presented on the left side of the table and
the momentary variables to the right . Statistical testing of level differences was done with
multilevel modeling in order to control for differences in the number of momentary reports
per participant and to model the nesting of days within person so as not to inflate the degrees
of freedom used for statistical testing .

EOD reports of average pain and fatigue over the day are rated significantly higher than the
average of momentary reports of pain and fatigue. On the other hand, EOD reports of least
pain and fatigue are significantly /owerthan the momentary minimums and EOD ratings of
worst pain are Aigherthan the momentary maximums. The exception is that EOD ratings of
worst fatigue were Jowerthan the momentary maximums. Across the comparisons, the level
differences (averaged across days and people) ranged from 1.6 to 5.4 points on a 101-point
scale.

Correspondence Differences

These analyses compare the correspondence or correlation between EOD and momentary
measurements. To estimate the association between EOD and momentary scores, Pearson
correlation coefficients were computed. It is plausible that there could be error, especially
for the “least” and “most” measures, in cases where there are a limited number of daily
assessments . To test this, the correlations for days that had 4 or 5 momentary assessments
(average= 4.6) are compared to those with 6 or more momentary assessments per day
(average= 6.6). There were only small differences in the values between the full sample and
the selected samples, thus indicating no clear advantage for the sample with 6 or more daily
assessments.

The second column of Table 2 presents the correlations with all days, the third column the
correlations for days with 4-5 moments, and the fourth column for days with 6 or more
moments. For pain, the range of correlations for EOD over-the-day measures with their
momentary counterparts is .85 to .90; for the EOD minimum with its momentary
counterparts the range is .73-.74; and, for EOD maximum with it momentary counterparts
the range is .78-.80. For fatigue, the range for EOD over-the-day measures with their
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momentary counterparts is .81-.83; for the EOD minimum the range is .67-.68; and, the
EOD maximum it is .72-.75. All of these correlations are statistically significant.

Discrepancies between EOD and Momentary Measures—What are a priori
acceptable levels of difference for EOD reports versus their momentary counterparts?
Because there are no standards for guiding the answer to this question, we evaluate two
levels of error for the reader to consider. Accepting a seemingly small degree of error, we
chose a difference score acceptability range of plus or minus 10 points on the 101-point VAS
scale, and for the wider threshold we used plus or minus 20 points. The difference was
computed by subtracting the momentary values from the EOD value. For example, to
compute the proportion of 10-point discrepancies for “Worst” pain versus the maximum
momentary value for the day, a difference was said to exist if the absolute difference of
(“Worst” Pain — Maximum Momentary Pain) was greater than or equal to 10. The
percentages of days that had these levels of difference are shown in Table 2. There is more
error for EOD *least” and “worst” pain and fatigue relative to error rates for the EOD
average and usual scores. Yet another way to examine this data is by histograms of the
differences between the EOD variables and momentary variables, as shown in Figure 1 for
EOD “average” pain (upper panel) and for “how” fatigued (lower panel) (other pain
measures and fatigue measures not shown). A much narrower distribution of errors for the
over-the-day variables compared with minimum and maximum variables is evident.

Individual Differences

It is plausible that there are individual differences in level and correspondence between EOD
variables and their corresponding momentary-based variables. Given the potentially large
number of comparisons and the secondary nature of these analyses, we examined individual
differences in a subset of the data. One pain variable (Pain Intensity) and one fatigue
variable (Fatigue Intensity) were chosen to represent the two content domains. The
individual difference variables selected were also a subset of all possible variables; they
were age (less than 57 years [n=52] vs. greater than or equal to 57 years [n=54]), educational
level (Some college or less [n=60] vs. College graduate or more [n=45]), overall health
status based on SF-36 global health question (Poor or Fair health [n=38] vs. Good, Very
Good or Excellent health [n=68]), average level of EMA pain (for the pain variables only,
Low [n=53] vs. High [n=53], based on median split), and average level of EMA fatigue (for
the fatigue variables only, Low [n=53] vs. High [n=53], based on median split). Gender was
not considered because there were so few men in the sample.

To examine individual differences in level, new person-level variables were computed to
represent the difference between EOD and momentary variables; this was done for daily
average, daily minimum, and daily maximum for both pain and fatigue intensity, yielding 6
variables. To test individual differences in level, a comparison of the mean difference scores
between EOD and EMA between the two groups defined by each individual attribute was
computed. To examine individual differences in correspondence, the correlation between
EOD variables and their corresponding momentary-based variables were computed
separately for each group and the difference tested; for example, the correlations between
EOD pain and momentary pain were compared for older and younger persons (the
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individual difference variable). To be consistent with the set of correspondence analyses
shown earlier, the unit of analysis for these comparisons was a person-day.

Individual Differences in Level—Table 3 presents the EOD—EMA difference scores
for each level of the individual difference variables (column headings) with significance
level of t-tests. A total of 24 t-tests were computed and 4 reached a significance level of .01
or greater. All significant differences at this alpha level were found for the test of EOD least
pain or fatigue versus EMA minimum pain or fatigue. However, these tests were spread
across the five individual difference variables, suggesting that none of the individual
difference variables was consistently associated with level differences.

Individual Differences in Correspondence—Table 4 presents correlations between
EOD and EMA measures separately for the mean, minimum, and maximum variables for
each subgroup defined by the individual difference variables. We examined the table for
major differences in correlations for the low and high level of the individual difference
variables; no difference or a small difference would indicate no evidence for individual
differences whereas major differences would indicate individual differences. There were 24
comparisons and most differences between correlations were .05 or smaller. The largest
difference was .12 for the Age variable with the Minimum variables and only a total of three
correlation comparisons were discrepant by .10 or more. This suggests that individual
differences play only a minor role in EOD—EMA correspondence.

Discussion

The goal of this report was to provide empirical evidence pertaining to the validity of end-
of-day reports of pain and fatigue (over-the-day, least, and worst) that are used by outcomes
researchers. EOD diaries are an expedient means of assessing overall or average levels of an
outcome while trying to minimize recall bias. The researcher has the option of averaging as
many daily assessments as needed for their research purposes (e.g., over 7 days to
characterize the outcome for a week). The FDA's PRO Guidance encourages the use of
diaries and brief recall periods, and it mentions using diaries to collect information about
worst and least daily outcomes . This paper reports the first comparison of the validity of
EOD “worst” and “least” assessments based on comparisons with momentary reports from
the same day.

Over all comparisons for both pain and fatigue, EOD /evelswere within a few points of their
momentary counterparts. The largest mean differences were about 5 points; and although
most were statistically different, they will probably be viewed as minor from a clinical point
of view. These discrepancies are less than we have found when comparing 7-day recall of
average pain and fatigue to aggregated momentary reports, where the mean discrepancies
were as large as 15 points . Thus, on average, EOD reports closely reflect the average, least,
and worst levels of pain and fatigue as measured by momentary reports for a reporting
period of a single day. Importantly, they appear to introduce less recall bias than recall
ratings using a 7-day reporting period. However, on an individual-day basis, we observed
many discrepancies of 10, 20, and more points.
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Results for correspondence yielded distinct patterns between the over-the-day versus “least”
and “worst” measures; there was also an overall pattern observed for pain measures versus
fatigue measures. Correspondence with their momentary counterparts were higher for the
EOD over-the-day measures (“How much,” “How intense,” and “Average” questions) than
for the “least” and “worst” measures: from 10% to 20% more variance was shared between
EOD and momentary variables in the over-day-day versus the least or worst measures. We
view these as significant differences with the results suggesting that EOD ratings of “How
much” or “How intense” or “On average” for daily pain or fatigue are more valid EOD
measures than EOD ratings of “least” or “worst” pain or fatigue. This result was confirmed
with the analyses of discrepancy scores that were based on two thresholds for defining
differences between EOD and momentary measures. Considerably lower rates of “large”
discrepancies were found for EOD over-the-day measures compared with least and worst
EOD measures. Another general observation was that pain measures were more closely
associated with momentary assessments than were fatigue measures, which was also the
case in our previous comparison of weekly recall to average momentary experience . These
correlations are higher than we have found when comparing 7-day recall of average pain and
fatigue and aggregated momentary reports, which is likely the result of the shorter recall
period in this study . We do not have a satisfactory explanation for this finding, but it may be
that pain is a relatively more distinct state than fatigue and, hence, is recalled more
accurately even within a period as short as a day.

There was the possibility that there were individual differences in discrepancies in end-of-
day versus momentary measures of mean, minimum, and maximum pain and fatigue. We
examined this possibility in a subset of the pain and fatigue measures and with a set of five
factors that could moderate level or correspondence differences. Only a few significant
effects were observed for the individual differences variables and they were spread over the
individual differences variables, suggesting either none or only a minor effect of the
variables. Of course, variables that were not examined could have individual difference
effects, but this seems less likely given the current findings.

There are several limitations that must be considered in the interpretation of these results.
One is that the comparisons of EOD minimums and maximums with the momentary
assessments were based on a limited number of momentary assessments. It is possible that
the momentary assessments missed the highest and lowest symptom levels, thus not
capturing the true minimum and maximum levels. Two aspects of the results suggest this
was not a major factor in the analysis. The first is that the means of recalled maximums or
minimums were not very different from their momentary assessment counterparts, though
they were mostly in the predicted direction. If momentary assessments had regularly missed
“true” maximums or minimums, then we would have expected a larger difference between
recall and momentary averages, with much larger recalled maximums and much lower
recalled minimums. But this was not the case. One possible explanation is that periods of
low or high pain/fatigue typically last for several hours and not just for brief intervals, thus
being captured by at least one momentary assessment. The second finding that suggests that
biasing due to daily assessments was not large were the analyses showing that increasing the
number of daily momentary assessments from 4-5 per day to 6 or more per day had very
little impact on the results, reducing but not eliminating our concern about the coverage of
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momentary assessments. Finally, there is also the possibility that our estimates of level and
correspondence differences are biased upward because participants' EOD evaluations may
have been more accurate due to the momentary recording they did throughout the day. That
is, the EMA component of the design may have enhanced their memories of pain and fatigue
at the end of the day.

If the intention of a study is to detect changes in least pain or worst pain experienced during
the day, then it would make little sense to use the more valid over-the-day measure since
they assess a different construct. However, if there was flexibility in the choice of outcome
measures for a trial or if it was unclear which outcomes would be affected by treatment, then
we believe the results reported here indicate that over-the-day measures have better
psychometric properties than measures of least and worst pain and fatigue.

In summary, this study suggests that end-of-day reports of over-the-day pain and fatigue
were strongly associated with momentary assessments of the same, justifying their use as
PROs. We are less sanguine about the use of “Worst” and “Least” given the weaker
associations with momentary assessments, but they did have substantial correlations with
momentary reports, which may also justify their use.
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Figure 1.

Histograms of difference scores between EOD and momentary variables for “how much”
pain, lowest pain, and worst pain (upper panels) and “how” fatigued, least fatigue, and worst
fatigue (lower panels).
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Table 1

Levels of momentary assessments and end-of-day ratings and significance of their differences.

Page 12

PAIN
END-OF-DAY MOMENTARY Z-test (N=2825 days)

How much bodily pain did you have? 50.1(24.5)  Average of “How much” bodily pain 45.0 (22.7)  _gp1***
did you have?

How intense was your bodily pain? 47.1(26.9) Average of “How intense” was bodily 422(242) 1101
pain?

What was your average level of pain today? 46.1 (22.1)  Average of “How intense” was bodily 422(242)  _466*"*
pain?

What was the lowest level of your pain today? 27.6 (22.5) Computed: Minimum momentary 32.1(235) 4037
“How much” bodily pain
Computed: Minimum momentary 29.4(24.3) 145
“How intense” was bodily pain

What was the worst level of your pain today? 61.4 (24.4) Computed: Maximum momentary 58.8 (23.4) _3717***
“How much” bodily pain
Computed: Maximum momentary 56.1(25.6) _5g7***
“How intense” was bodily pain

FATIGUE
END-OF-DAY MOMENTARY Z-Test

How fatigued (weary, tired) did you feel? 51.2(26.7) How fatigued (weary, tired) did you 475(231) _gg0**™*
feel?

How tired did you feel? 52.4 (25.5)  How tired did you feel? 47.0(221) _ggp***

What was the least level of your fatigue today?  28.6 (23.0) Computed: Minimum momentary 30.9(24.6) 210%
“How fatigued”
Computed: Minimum momentary 30.2(23.3) 1.66
“How tired”

What was the worst level of your fatigue today?  61.6 (25.0) Computed: Maximum momentary 64.9 (23.7) 473***
“How fatigued”
Computed: Maximum momentary 65.0 (22.9) 467***

“How tired”

Note. Testing difference score with multilevel modeling.

*
p<.05,

Aok

p<.001
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