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Abstract

Objective—This study examined the ecological validity and clinical utility of NIH Patient

Reported-Outcomes Measurement Information System (PROMIS®) instruments for anger,

depression, and fatigue in women with premenstrual symptoms.

Methods—One-hundred women completed daily diaries and weekly PROMIS assessments over

4 weeks. Weekly assessments were administered through Computerized Adaptive Testing (CAT).

Weekly CATs and corresponding daily scores were compared to evaluate ecological validity. To

test clinical utility, we examined if CATs could detect changes in symptom levels, if these changes

mirrored those obtained from daily scores, and if CATs could identify clinically meaningful

premenstrual symptom change.

Results—PROMIS CAT scores were higher in the pre-menstrual than the baseline (ps < .0001)

and post-menstrual (ps < .0001) weeks. The correlations between CATs and aggregated daily

scores ranged from .73 to .88 supporting ecological validity. Mean CAT scores showed systematic

changes in accordance with the menstrual cycle and the magnitudes of the changes were similar to

those obtained from the daily scores. Finally, Receiver Operating Characteristic (ROC) analyses

demonstrated the ability of the CATs to discriminate between women with and without clinically

meaningful premenstrual symptom change.

Conclusions—PROMIS CAT instruments for anger, depression, and fatigue demonstrated

validity and utility in premenstrual symptom assessment. The results provide encouraging initial

evidence of the utility of PROMIS instruments for the measurement of affective premenstrual

symptoms.
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Introduction

Most women of reproductive age experience some emotional or physical discomfort during

the late luteal phase of the menstrual cycle that remits shortly after the commencement of

menses (e.g., 1-3). These symptoms are usually mild and do not interfere with life. A subset

of women, however, experience premenstrual syndrome (PMS) that disrupts normal

physical and psychosocial functioning (e.g., 2,4). In its most severe form, women (up to 8%)

present with premenstrual dysphoric disorder (PMDD) where symptoms reach a clinically
significant level (5-10). The personal and economic impact of PMS/PMDD is substantial

(10,11), and proper clinical management has been somewhat challenging (1).

There is a lack of universally accepted diagnostic criteria and measures for clinical practice

(1). The most defining characteristic of PMS/PMDD is the association between

symptomatology and menstrual cyclicity (12). Over 65 prospective and retrospective

assessment instruments exist (see e.g., 13), yet their reliability, validity and utility for

diagnostic purposes vary. Prospective charting of daily symptoms for at least two

consecutive menstrual cycles is considered the gold standard for assessment and diagnosis

(for review see e.g., 10,14,15). Daily reports should reflect the onset of symptoms during the

premenstrual phase and their reduction during the follicular phase (10). Consecutive daily

reporting, however, poses various problems that have impeded consistent and effective use

in medical practice. It is time-consuming and often impractical for women (16); not

surprisingly, women may not complete the daily charting for more than one cycle (e.g., 17).

Finally, treatment may not be initiated until the daily recording is completed, and women

may not want to wait that long (12).

Another factor hampering the clinical utility of diary assessments is the broad inclusion of

all possible symptoms; it reduces diagnostic precision because the status of individual

premenstrual symptom components is not isolated (18). Health providers are often interested

in targeting specific symptoms that are most bothersome to a specific woman; thus,

aggregates of treatment change may obscure important treatment effects on specific

dimensions (12).

The combination of burdensome daily reporting and aggregation of different symptoms have

made accurate and practical diagnostic assessment difficult. Patients and clinicians would

benefit from the availability of more convenient measures to assist with longitudinal

monitoring and diagnosis that target core symptom domains. Ideally, over the course of 1-2

months, weekly measures that accurately reflect symptoms for that week could be

administered. The measures would need to be sufficiently sensitive to change to note the

affective fluctuations across the menstrual cycle.

Measures developed by the National Institutes of Health Patient-Reported Outcomes

Measurement Information System® (PROMIS®) could potentially remedy some of these
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issues. PROMIS is a NIH initiative to develop state-of-the-art self-report instruments for

common medical symptoms (www.nihpromis.org). Its goal is to provide measures of

patient-reported outcomes (PROs) that are brief, precise, optimally cover a wide range of

symptom severity, and can be easily incorporated in research and clinical practice. Most of

the PROMIS measures ask respondents to report over the previous week.

PROMIS developed domain item banks using item response theory (IRT), which yields a

broad set of calibrated items to assess PRO domains with high reliability and measurement

precision (19,20). They can be administered as static short forms or via Computerized

Adaptive Testing (CAT), a sophisticated computer assessment methodology that allows for

a precise assessment of a person's symptomatology. In CAT, a person is first presented with

an item that targets moderate symptom severity. Based on the person's response, subsequent

questions are tailored to tap higher or lower symptom levels. This allows for fast

identification (usually 4-8 items) of where the person scores on the domain continuum (21).

The 7-day recall period and brevity of assessment makes PROMIS CATs appealing for

clinical use; however, their validity and utility for the measurement and monitoring of

premenstrual affective symptoms has not been established. In this report, we examine the

ecological validity and clinical utility of PROMIS measures for detecting anger, depression,

and fatigue in women presenting with premenstrual symptoms. These symptoms are among

the cardinal features of premenstrual syndrome (e.g., 15,22). Ecological validity measures

the degree to which scores reflect experience in the natural environment. Clinical utility

addresses if the measure is sensitive to changes over the course of the menstrual cycle and

can detect diagnostically relevant symptom elevations.

We assessed the ecological validity of the PROMIS CATs by comparing CAT scores (which

use a seven-day recall period) with the average of scores collected using daily short-form

versions of the PROMIS measures. To test clinical utility, we examined if CATs could

detect changes in symptom levels, if these changes mirrored those obtained from daily

scores, and if the CATs could identify NIH-defined clinically meaningful menstrual cycle

symptom change.

Participants and Methods

Participants

This study was approved by the Stony Brook University Institutional Review Board and is

part of a larger project investigating the ecological validity of PROMIS instruments across

several community and clinical groups. Data were collected from women (N = 100)

reporting premenstrual symptoms who were part of a national online research panel of 1.7

million survey respondents (www.surveyspot.com). Interested women were invited to

contact our research office and were then telephone screened for eligibility. General

inclusion criteria were age ≥ 21 years, fluency in English, availability to participate in the

study for 29 to 36 days, and high-speed home Internet access.

PMS/PMDD-specific eligibility criteria were: no hysterectomy, regular monthly menses, not

pregnant, no use of hormone replacement therapy or fertility drugs. Eligibility also required
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a set of self-reported physical and emotional/behavioral symptoms with onset prior to

menses and remission by the end of menses (see e.g. 15,23). In addition, two or more of the

following physical symptoms were necessary: abdominal bloating, weight gain due to water

retention, increased appetite/food cravings, breast pain/tenderness, acne flare-ups, hot

flashes, headache, constipation, dizziness, diarrhea, poor coordination, or change in sex

drive. One or more of the following emotional/behavioral symptoms also needed to be

present: irritability/angry outbursts, mood swings or depressed mood, poor impulse control,

tension/anxiety, lethargy/sluggishness/fatigue, crying, social withdrawal, insomnia, thirst, or

difficulty concentrating or thinking clearly. Symptoms needed to be rated by the respondent

as at least moderately severe and needed to have interfered with the woman's daily life.

Eligible women were scheduled to start assessments approximately two weeks prior to the

estimated start of their next menses, because symptom levels are expected to change during

the week before and after menses onset (23).

Data collection

All interactions with study participants were conducted over the phone and computer.

Participants completed the symptom ratings at home by logging onto the PROMIS

Assessment CenterSM (http://www.assessmentcenter.net/), a free online data collection tool.

Research staff coached the participants over the phone in how to provide electronic

informed consent and in use of the Assessment Center. Starting the following day,

participants completed daily short forms between 6 PM and midnight for each of the next 28

consecutive days. At the end of each week (on days 7, 14, 21, and 28), the PROMIS 7-day

recall CATs were administered in addition and prior to the daily short forms for that day.

Compliance was monitored daily, and participants were contacted if they missed an

assessment. Participants were compensated up to $150 for study completion. To facilitate

compliance, a lottery for another $150 was conducted after every 25th study completer; the

lottery was open only to those participants who completed every assessment.

Measures

PROMIS CATs and corresponding daily measures—Three PROMIS symptom

domains (see http://www.nihpromis.org/measures/domainframework1) were included in the

study: 1) the anger item bank assesses angry mood, negative social cognitions, verbal

aggression, and efforts to control anger; 2) the depression item bank assesses negative mood,

negative views of the self, negative social cognition, and decreased positive affect and

engagement; 3) the fatigue item bank consists of symptoms that range from mild subjective

feelings of tiredness to an overwhelming, debilitating, and sustained sense of exhaustion.

The bank taps into the experience of fatigue (frequency, duration, and intensity) and the

impact of fatigue on physical, mental, and social activities.

For the purpose of daily assessment, scales consisting of 8 (anger), 8 (depression), and 7

(fatigue) items from the PROMIS banks were selected consistent with the creation of

PROMIS Version 1 short-forms (Cella et al., 2010). The recall period of each item was

modified from “In the past 7 days…” to “In the last day…”. Scale scores for the daily

measures were obtained using IRT and employing the national item parameters established
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for PROMIS (http://www.nihpromis.org). This scoring placed the daily scores on the

PROMIS T-score metric (24).

At the end of each of the four weeks, these 3 domains were assessed with PROMIS CATs

that were set to administer no less than 4 and no more than 12 items and to terminate when

> .90 score reliability (SE < 3 T-score points) was achieved. The scores are reported on a T-

score metric (mean=50; standard deviation=10) that is anchored to the distribution of scores

in the U.S. general population (25,26).

Analysis strategy

Descriptive statistics on the reliabilities and number of items administered by the CAT were

examined first. The goal of CAT administration is to achieve high reliability for a

respondent's score with a small number of items. The obtained reliabilities can vary between

respondents and assessments, and were calculated based on the IRT-based standard errors

(SE) of the T-scores, where reliability = 1 - (SE/10)2 (27).

Next, the ecological validity of the PROMIS CATs was addressed by examining (a)

differences in mean symptom levels on CAT and daily short forms and (b) correlations

between CATs and daily scores for each week. The 7 days of daily scores that corresponded

to the 7 days covered by the CAT were compared for each week in the month-long study.

Then, we examined the clinical utility of weekly CAT scores. First, we determined if weekly

CAT scores could detect symptom change across the menstrual cycle. For this purpose, the

CATs were assigned to the weeks of the cycle using the self-reported first day of menses (as

reported in the diaries) as the reference day. Specifically, counting backwards from the first

day of menses, the recall period of the CAT that covered the majority (at least 4 of 7) of

days before this day was coded as “pre-menstrual,” and the 4 weekly CATs were

categorized accordingly as “baseline”, “pre-menstrual”, “menstrual”, and “post-menstrual”.

To test the hypothesis that symptoms would be elevated during the pre-menstrual week,

repeated measures ANOVA with a priori contrasts was used to test for mean differences

between CAT scores for the pre-menstrual week in comparison with CAT scores for the

baseline, menstrual, and post-menstrual weeks, respectively.

Second, we examined whether changes in the weekly CAT scores adequately paralleled

those obtained from daily scores. For this comparison, the daily scores were averaged using

the first day of menses as reference (i.e., day 0) to create aggregated daily scores for the

baseline (days -14 to -8), pre-menstrual (days -7 to -1), menstrual (days 0 to 6) and post-

menstrual (days 7 to 13) week. Note that the days aggregated for each of these weeks

corresponds precisely to the menstrual cycle as a menstrual diary would, thus they were not

completely aligned with the seven days covered by the corresponding CAT. For example,

whereas the CAT was programmed to be administered on day 14 for all participants, for

women starting menses on days 12, 13, 14, and 15 of the study, the days of the pre-

menstrual week were days 5-11, 6-12, 7-13, and 8-14, respectively. Differences in change

between CAT and averaged daily scores were tested using repeated measures ANOVA with

Time (menstrual cycle week) and Method (daily diary vs. CAT) as two within-person

factors, and by testing the Time × Method interaction term; a priori contrasts were again
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used to compare whether the methods differed in change from the pre-menstrual to each of

the remaining weeks.

Finally, we examined the ability of the weekly CATs to discriminate between women who

did and did not demonstrate clinically meaningful premenstrual symptom change on the

daily assessments for each PRO domain. For each woman, we calculated the percent change

in daily scores from the late luteal (the 6 days before menses) to the follicular (days 5–10 of

the cycle).1 Following the National Institutes of Mental Health definition (29), a 30%

symptom increase in the luteal phase was considered clinically meaningful, and women

were categorized accordingly into groups with and without meaningful change. Receiver

Operating Characteristic (ROC) analyses were then used to examine the extent to which

changes in CAT scores from the pre- to the post-menstrual week accurately discriminated

between the groups. ROC curves depict the true positive (sensitivity) and false positive (1-

specificity) rates for a series of incremental cut-offs in CAT change scores. The area under

the ROC curve (AUC) was used to summarize classification accuracy (with values ranging

from 0.5 = chance level of discrimination to 1.0 = perfect discrimination). Optimal cut-offs

for clinically meaningful changes in CATs were determined by identifying the point with the

highest sensitivity and specificity in the ROC analysis (30).

Handling of missing data

Multiple imputation was used to account for missing data resulting from participant

noncompliance on some days and from variation between participants in the onset of

menses. A set of 20 multiple imputed datasets was generated using Markov chain Monte

Carlo estimation, and the results carried out for each dataset were combined using Rubin's

rules to adjust the test statistics for the uncertainty about imputed values (31,32). Analyses

were performed using Mplus Version 7 (33). The logistic procedure in SAS (version 9.3;

Cary, NC) was used for the ROC analyses.

Results

Participant characteristics and compliance

Out of the 100 enrolled women, 7 were excluded from the analyses (5 dropped out and 2

reported the onset of menses on day 28). Table 1 shows demographic characteristics of the

analyzed sample (n = 93). The average age was 36 years, 73% of the women were White,

15% Hispanic, 13% African American, and about half (52%) were married. Educational

status ranged from high school (14%), some college (41%), college (32%), and had an

advanced degree (13%). Women who were excluded were somewhat younger (mean = 33

years, p = .23), but otherwise did not differ from the analyzed sample.

Women in the analysis sample completed an average of 26.8 (SD = 1.73, Median = 27) out

of 28 daily assessments; a total of 111 (4.3%) out of 2,604 assessment days were missed.

Out of 372 weekly CAT assessments, only 3 were missed.2

1The minimum possible T-score for each daily short form measure (equaling a raw score of 0) was used as zero point for calculating
percent increase (28).
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Measurement properties of CATs

Table 2 shows the number of items and reliabilities (based on the standard error of

measurement) of the CATs. The CAT administered an average of 6.2 (anger), 5.3

(depression), and 4.2 (fatigue) items, with average reliabilities ≥ .91 for each domain.

Reliabilities exceeded a level of .90 for 95% (anger), 93% (depression) and 100% (fatigue)

of the assessments, and did not fall below .73 for any individual assessment.

We then evaluated the ecological validity of PROMIS CATs by examining symptom level

differences and correlations between CATs and aggregated daily scores for each week of the

cycle. Symptom levels on daily scores were significantly lower (ps < .0001) than the

corresponding PROMIS CATs for each PRO domain (Table 3). As shown in Table 4, the

correlations ranged from .73 to .88 (ps < .0001), suggesting moderate to high

correspondence between the two assessment methods.

Mean CAT changes across the menstrual cycle

The clinical utility of changes in CAT scores was examined next. The mean CAT T-scores

were not significantly different (ps > .12) from the PROMIS U.S. population average

normative score of 50 during the baseline and post-menstrual weeks (see Figure 1). For all

domains, the CAT T-scores for the pre-menstrual week were higher than the baseline week

(ps < .0001) and the post-menstrual (ps < .0001) week, indicating sensitivity of the weekly

CATs to detect pre-menstrual symptom change. CAT scores for the menstrual week were

somewhat elevated compared to the pre-menstrual week (ps < .05 for anger and fatigue; p

= .14 for depression).

Comparison of changes based on CAT and daily scores

The pattern of weekly changes was very similar between CATs and averaged daily scores.

Change scores were computed between the premenstrual week and each of the other weeks.

Differences in magnitude of change between the assessment methods reached significance in

3 of 9 instances (Table 5); those differences were small (not exceeding 1.7 T-scores),

suggesting that the CAT scores successfully reflect the aggregated daily reports.

ROC analyses

Finally, we examined the ability of the CATs to discriminate between women who did and

did not have clinically meaningful pre-menstrual symptom change, defined as 30% or more

change between the luteal and follicular phase on daily diary reports. This criterion was met

by 63% of the women for anger, by 62% for depression, and by 57% for fatigue. The ROC

curves in Figure 2 show the sensitivity and specificity of pre- to post-menstrual changes in

CAT scores to correctly identify women who did and did not meet this criterion. The area

under the curve (AUC) values were .83 for anger, .80 for depression, and .74 for fatigue,

indicating moderate to high accuracy of the CATs. T-score cut-offs for CAT changes with

2The full menstrual cycle (days -14 to +13 from menses onset) could only be represented for women who had the first day of menses
on day 15 of the study. This was the case for 20% of the sample, with 83% having the first day of menses between days 13 and 19 of
the study. Coding the assessment days relative to the days of the menstrual cycle slightly increased the rate of missing values because
assessments completed more than 2 weeks before/after menses onset could not be included in the analyses: the resulting rates of
missing values were 11% for daily short forms and 5% for CATs.
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optimal sensitivity and specificity were 5.5 for anger (sensitivity = 77%, specificity = 77%),

3.0 for depression (sensitivity = 72%, specificity = 70%), and 3.5 for fatigue (sensitivity =

78%, specificity = 65%).

Discussion

The results of the present study supported the ecological validity and clinical utility of the

newly developed PROMIS CAT measures to assess anger, depression, and fatigue in women

reporting premenstrual symptoms. Correlations between CATs and aggregated daily scores

ranged from .73 to .88 and mean CAT scores showed systematic changes in accordance with

the menstrual cycle. Receiver Operating Characteristic (ROC) analyses demonstrated the

ability of the CATs to discriminate between women with and without clinically meaningful

premenstrual symptom change.

Results for the measurement properties of the CATs across 28 days were very encouraging.

In this study, reliabilities of >.90 were achieved in most instances using only 4 to 7 items per

domain. This finding adds to the clinical utility of the PROMIS measures, since the brevity

of assessment does not compromise psychometric properties.

Ecological validity measures the degree to which scores reflect experience in the natural

environment. Retrospective instruments can be prone to measurement bias through cognitive

heuristics and memory issues (34). Studies in PMS/PMDD have also demonstrated recall

bias and amplification of symptoms in retrospective reports (e.g., 35,36). Daily assessment

reduces recall bias (34), and is, therefore, considered the gold standard for the premenstrual

symptom assessment and diagnosis (e.g., 10,14,15). However, due to the substantial

reporting burden, daily reporting across two months often is not a viable and cost-effective

strategy in clinical practice.

Examination of the correlations between CAT scores and aggregated daily short forms for

each week supported the ecological validity of the PROMIS measures. Results showed

moderate to high correspondence between the two assessment methods. The correlations are

typical of correspondence observed between daily and weekly methods (e.g., 37,38).

The levels of daily scores were lower (lower symptom level) than the corresponding CATs

for all three domains. This finding has been consistently demonstrated in previous literature

where shorter recall periods produce lower symptom levels, even when the same items and

response scales are used (38-41). This level difference has sometimes been interpreted as

bias inherent in weekly recall measures (42). For example, differences in symptom levels

can vary based on the length of the recall period; an important consideration when

evaluating change due to treatment (40). We have also found that temporal trends in

symptoms can influence the accuracy of recall reports in related work on the PROMIS

measures (43). Nevertheless, PROMIS measures have the advantage of being calibrated

relative to the U.S. general population; therefore, normative comparisons are possible and

valid (20).

Changes in CAT scores across the menstrual cycle supported the clinical utility, specifically

the sensitivity of the CATs to detect significant symptom change. For each domain, the CAT
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scores for the pre-menstrual week were significantly higher than the baseline and the post-

menstrual week. Indeed, the mean CAT scores for the baseline and the post-menstrual weeks

were not significantly different than the U.S. general population average norm of a T-score

of 50. For depression and anger, in particular, the CAT scores for the menstrual week were

somewhat elevated compared to the aggregated daily ratings. This could in part be explained

by the fact that the CAT of the menstrual week included some (up to three) pre-menstrual

days for some participants depending upon when their menses started during the study.

Examination of the comparability of change observed from week to week in CAT scores

versus daily scores also confirmed the CAT clinical utility. The magnitude of changes across

the weeks of cycle was very similar between CATs and weekly averages of daily scores,

indicating that the sensitivity to change is as pronounced for PROMIS 7-day recall CATs as

for (aggregated) daily measures.

Importantly, we examined the extent to which CAT scores could detect clinically

meaningful symptom change for PMS as defined by the National Institutes of Mental Health

definition of 30% change from the 6 days prior to menses onset to days 5-10 after menses

onset (29). For all three domains, approximately 60% of the women met this criterion based

on the daily scores, and ROC analyses suggested moderate to high discrimination of the

CATs. Cut-offs with optimal sensitivity and specificity for PROMIS CAT changes ranged

from 3.0 to 5.5 T-scores. A previous study has identified similar cut-points for minimally

important differences of PROMIS measures; however, this study was specific to cancer

patients (44). Our results suggest that cut-offs for meaningful change of PROMIS measures

may generalize across patient populations, which can facilitate clinical interpretation of the

PROMIS T-score metric.

Several limitations should be noted. First, female participants were recruited from a national

Internet panel. Participants with very low education were not well represented. (45). Second,

the sample was comprised of women who self-reported premenstrual symptoms; the results

may, therefore, not fully generalize to women with a health provider diagnosis of PMS/

PMDD. It is also important to note that context effects (47), in this case, ratings obtained in

healthcare settings versus ratings obtained in a patient's home can impact the reporting of

premenstrual symptoms. However, in this instance, daily diaries completed at home by

women have been the standard for diagnostic evaluation. Thus, the context of ratings in this

study is comparable to the situation for most PMS/PMDD assessments. Indeed, our sample

may have included women with less severe PMS/PMDD than is generally seen in the clinic,

thus resulting in conservative estimates (a potential strength of the study). Third, this study

did not include a comparison group of women without PMS/PMDD. Thus, this report is

unable to demonstrate that the changes in the three domains distinguish women with and

without PMS/PMDD. Fourth, this study only assessed one month, the PROMIS daily

measures have not previously been employed in the premenstrual symptoms literature, and

the PRO measures only focused on three domains. As such, our methodology, while

promising as an initial screening tool or way to measure treatment response, cannot be

considered a substitute for standard medical procedures and criteria to diagnose PMS/

PMDD. A diagnosis requires multiple symptoms of sufficient severity whose ebb and flow

are entrained in the menstrual cycle as evident in prospective charting of at least two
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consecutive cycles (for review see 15). Subsequent work could examine other important

PMS/PMDD domains with PROMIS measures, for example, anxiety, sleep disturbance, pain

intensity and pain interference and their relationship with women's social and occupational

functioning.

Clinical researchers may find use of four weekly PROMIS CATs of affective symptoms to

be a useful screening tool. These results suggest that the clinical application of PROMIS

CATs provides not only brief, but also precise and ecologically valid information about

affective symptom changes in individual patients. The emergence of patient portals in

electronic medical record systems creates an opportunity for convenient patient symptom

monitoring and review by the clinical team (47). In the absence of a standardized research

protocol, reminders, for example through automated emails, to complete the weekly

assessments should be developed between the patient and the clinician. This is particularly

important when the administration of weekly PROMIS measures as a screen precedes

consecutive daily reporting in that a routine of daily ratings could facilitate compliance with

weekly assessments. In sum, PROMIS CAT instruments for anger, depression, and fatigue

demonstrated ecological validity and sensitivity to change in the assessment of premenstrual

symptoms. The results provide encouraging initial evidence of the utility of these

instruments for clinical and research outcomes. Subsequent research could broaden the

number of symptoms assessed, increase the length of assessment, and engage women with

and without PMS diagnosis. If successful, women and their providers may have a much

easier method for quantifying the pattern of affective symptoms over time for diagnosis and

treatment outcome.
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Figure 1.
Daily and CAT scores over the course of the menstrual cycle for each PRO domain. Grey

lines represent the mean daily scores for each day. Blue lines represent the mean of daily

averages for each week. Red lines represent the mean CAT scores for each week. Day 0 is

the day of menses onset.
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Figure 2.
Receiver Operating Characteristic (ROC) curves for the prediction of clinically relevant

premenstrual symptom increase from change in CAT scores for each PRO domain. Labeled

points on each curve represent selected changes in CAT scores, where positive values

indicate higher scores in the pre-menstrual compared to the post-menstrual week.
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Table 1
Demographic characteristics of study participants (n = 93)

Frequency (%)

Age (mean = 36.4, SD = 7.9)

Age categories

 21 - 30 24 (25.8)

 31 - 40 38 (40.8)

 41 - 54 31 (33.3)

Race

 White 68 (73.1)

 African American 12 (12.9)

 Asian 5 (5.4)

 Other/multiple 8 (8.6)

Hispanic 14 (15.1)

Married 52 (55.9)

Education

 High school 13 (14.0)

 Some college 38 (40.9)

 College graduate 30 (32.3)

 Advanced degree 12 (12.9)

Family incomea

 less than $20,000 8 (8.7)

 $20,000 - 34,999 19 (20.7)

 $35,000 - 49,999 24 (26.1)

 $50,000 - 74,999 20 (21.7)

 $75,000 and higher 21 (22.8)

Note:

a
Income not reported by one participant.
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Table 2

Characteristics of Computerized Adaptive Testing (CAT) scores: reliability and number of items administered.

Anger Depression Fatigue

Reliability of individual CAT scores

 Mean (SD) .91 (0.03) .93 (0.05) .94 (0.01)

 Median .92 .94 .95

 Range .74 - .93 .73 - .96 .91 - .96

Number of CAT items administered

 Mean (SD) 6.24 (1.90) 5.25 (2.44) 4.17 (0.77)

 Median 5.00 4.00 4.00

 Range 5 - 12 4 - 12 4 - 9

Note: Reliabilities were derived from IRT-based standard errors (SE) for individual T-scores, calculated as reliability = 1 - (SE/10)2.
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Table 3
Means (standard errors) and mean differences between PROMIS CATs and aggregated
daily short forms by week of the menstrual cycle

CAT mean Mean of daily scores Mean difference (CAT - daily)

Anger

 Baseline week 50.5 (.87) 45.2 (.81) 5.3 (.50)

 Pre-menstrual week 54.9 (.81) 48.5 (.87) 6.4 (.55)

 Menstrual week 56.7 (.88) 48.3 (.94) 8.4 (.62)

 Post-menstrual week 48.3 (.99) 41.7 (.87) 6.6 (.72)

 Average (all weeks) 52.6 (.72) 45.9 (.74) 6.7 (.45)

Depression

 Baseline week 50.2 (.84) 46.6 (.80) 3.5 (.45)

 Pre-menstrual week 53.0 (.80) 49.0 (.85) 4.0 (.42)

 Menstrual week 53.8 (.87) 48.9 (.89) 4.8 (.44)

 Post-menstrual week 48.9 (.85) 44.3 (.80) 4.6 (.52)

 Average (all weeks) 51.4 (.72) 47.2 (.75) 4.6 (.32)

Fatigue

 Baseline week 50.5 (.90) 46.1 (.91) 4.5 (.52)

 Pre-menstrual week 54.6 (.80) 48.7 (1.00) 6.0 (.52)

 Menstrual week 56.2 (.81) 49.6 (.95) 6.7 (.65)

 Post-menstrual week 50.3 (.80) 42.3 (1.00) 8.0 (.63)

 Average (all weeks) 52.9 (.67) 46.6 (.85) 6.3 (.40)

Note: All mean differences are significant at p < .0001.
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Table 5
Measurement method differences (standard error) in change scores between PROMIS
aggregated daily scores and CATs

Method difference: Change from pre-menstrual week (CAT minus aggregated daily)

Anger

 Baseline week -1.22 (.61)*

 Menstrual week +1.67 (.70)*

 Post-menstrual week -0.11 (.85)

Depression

 Baseline week -0.62 (.56)

 Menstrual week +0.89 (.52)

 Post-menstrual week +0.30 (.62)

Fatigue

 Baseline week -1.02 (.73)

 Menstrual week +0.21 (.59)

 Post-menstrual week +1.52 (.71)*

Note:

*
p < .05;
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