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Abstract

Objective—The Patient-Reported Outcomes Measurement Information System (PROMIS) allows
assessment of the impact of chronic conditions on health-related quality of life (HRQL) across
diseases. We report on the HRQL impact of individual and comorbid conditions as well as conditions
that are described as limiting activity.

Study Design and Setting—Data were collected through online and clinic recruitment as part
of the PROMIS item calibration sample (n=21,133). Participants reported the presence or absence
of 24 chronic health conditions and whether or not their activity was limited by each condition.

Results—Across health status domains, the presence of a chronic condition was associated with
poorer scores than those without a diagnosis, particularly for those individuals who reported their
condition was disabling. The magnitude of detriment in HRQL was more pronounced for individuals
with two or more chronic conditions and could not be explained by sociodemographic factors.
Patterns of HRQL deficits varied across disease and comorbidity status.

Conclusion—The impact of chronic conditions, particularly when experienced with comorbid
disease, is associated with detriments in HRQL. The negative impact on HRQL varies across
symptoms and functional areas within a given condition.
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Background

Inthe United States, itis estimated that over half (133 million) of the adult population is affected
by at least one chronic medical condition.[1] Most chronic conditions have a deleterious effect
upon self-reported physical and mental health.[2—-4] For example, 11.8% of the general US
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population reported having limitations in activities of daily living (e.g., personal hygiene,
eating), instrumental activities of daily living (e.g., managing medications, doing housework),
or working due to a chronic condition.[5] Chronic conditions vary in the degree of limitation
associated with them. For working-age and older adults, arthritis and other musculoskeletal
conditions were the chronic conditions most frequently reported to cause limitations in activity.
[6] These were followed by heart disease and mental illness, depending on the age group.
Diabetes and lung disease (e.g., asthma, chronic obstructive lung disease [COPD]) were also
frequently reported.

Medical conditions negatively impact not only daily functioning, but also perceived quality of
life. This impact may be variable across different components of health-related quality of life
(HRQL). For example, being HIV positive but asymptomatic leads to no decrement in physical
functioning but has a profound impact on emotional well-being.[7] Cancer survivors who
indicated having limitations due to their cancer reported poorer physical and mental health than
those without limitations.[8] Multiple conditions represent an added burden on daily
functioning and HRQL. For example, cancer patients with more comorbid conditions were
found to report poorer physical health than those without comorbid conditions.[9] Given the
advancing age of the general population, and the fact that almost half of all people with an
index condition actually experience multiple conditions,[10] the impact of multiple
comorbidities on HRQL may be a more appropriate “real world” way to appreciate the burden
of illness.

It is abundantly clear that chronic illness, including the comorbidity of multiple illnesses, has
a detrimental effect upon HRQL.[1-13] However, often the impact of chronic illness and
comorbidity has suffered from the use of multiple and different instruments to assess HRQL.
[11-13]A population-level appreciation for the HRQL impact of chronic illness comorbidity
could be enhanced by a standardized, yet detailed and precise assessment of common HRQL
symptoms and functional reports. To that end, we developed the Patient-Reported Outcomes
Measurement Information System (PROMIS). PROMIS is an NIH Roadmap Initiative that
aimsto build and validate common, accessible item banks to measure key symptoms and health
concepts applicable to a range of chronic conditions, enabling efficient and interpretable
clinical trial research and clinical practice application of patient-reported outcomes. The item
banks can be used for both computerized-adaptive testing and fixed length assessment of
HRQL domains. PROMIS measures were developed based upon the combined experience of
network investigators with prior instruments,[11-20] patient-reported outcome (PRO)
measurement and analytic expertise, and published guidelines about developing measures of
self-reported health.[21] Using the large PROMIS dataset, we examined the association of
individual and cumulative chronic conditions on HRQL and differences in impact on HRQL
of having a condition without limitations versus having a condition that limits current activities.
Therefore, this paper represents the first test of the ability of PROMIS measures to demonstrate
the known impact of comorbidity upon HRQL, including self-reported symptoms and function.

Measures and Procedure

PROMIS aims to develop and evaluate item banks for clinical research that are appropriate for
common chronic disease populations.[22] Early in the development process, a domain
framework was constructed (accessible at
http://www.nihpromis.org/Web%20Pages/Domain%20Framework.aspx) and five domains
were selected for initial bank construction: physical function, fatigue, pain, emotional distress,
and social function. Bank development included expert review, cognitive interviews and focus
groups with patients.[23-25]
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The preliminary PROMIS items were then administered to a large sample representing the U.S.
general population and to multiple disease groups.[26] Due to the large number of items, a
sampling plan was implemented to limit the number of items any one participant would answer
to approximately 150.[21] Some participants received all items from two of the item pools (full
bank design), whereas other participants received a set of seven items from each of the
preliminary item pools (block design). This strategy allowed for the evaluation of
dimensionality, item bank calibration, and evaluation of relationships between domains. The
samples of study participants included an internet panel and samples drawn from clinic
recruitment at PROMIS network primary research sites that represented known disease groups,
including heart disease, cancer, arthritis, psychiatric illness, COPD, and spinal cord injury.

Items were calibrated using a T-score metric with the mean of the U.S. general population
equal to 50 and standard deviation fixed at 10 [26]. Higher scores indicate more of the domain
being measured. Hence, high scores for the anger, anxiety, depression, fatigue, pain behavior,
and pain interference banks indicate poorer health, whereas high scores for the physical
function, satisfaction with participation in social roles, and satisfaction with participation in
discretionary social activities banks indicate better health.

Participants responded to sociodemographic items, questions assessing comorbid conditions,
and finally PROMIS items. For comorbid conditions, participants were asked to indicate for
each of 24 conditions, “Have you ever been told by a doctor or a health professional that you
had (chronic condition)?”” Synonyms or commonly used terms were provided in addition to
the clinical name (e.g., “high blood pressure (hypertension)”. If an individual endorsed a
condition, a follow-up question was asked, “Are any of your current activities limited by your
(chronic condition)?” Common conditions and those expected to have a significant impact on
HRQL were selected. The list of diseases included cardiac (hypertension, angina, coronary
artery disease, heart failure, heart attack), pulmonary (asthma, COPD), neurological (stroke,
spinal cord injury, multiple sclerosis, Parkinson’s disease, epilepsy, amyotrophic lateral
sclerosis), psychiatric (depression, anxiety, drug/alcohol problems), and other (cancer,
diabetes, arthritis, liver disease, kidney disease, migraines, HIV, sleep disorder) conditions.

The majority (19,601; 93%) of the sample was recruited through an online polling firm,
YouGovPolimetrix. This panel consists of approximately 1,000,000 members who agree to
periodically complete online surveys for minimal compensation. Panel members are emailed
invitations to participate in various survey studies. If interested, a participant is directed to a
study URL where all questionnaire items are presented and answered by clicking on the most
appropriate response. YouGovPolimetrix targeted invitations for participation to those panel
members meeting key demographic characteristics. Specifically, the panel sample was targeted
to include approximately equal numbers of men and women, representation of African-
American and Latinos at rates matching the 2000 census figures (10% African-American, 10%
Latinos), 10% without a high school education, and an age distribution such that the sample
was evenly divided among age groups of 18-29 years, 30-44 years, 45-59 years, 60—74 years,
and over 75 years. Most participants were recruited without regard to their health conditions.
That is, reporting having a chronic health condition was not a study eligibility criterion.

Additional participants (1,532) were recruited through clinics affiliated with PROMIS network
sites in order to increase representation of clinical groups, including arthritis, cancer, coronary
artery disease, COPD, spinal cord injury, and psychiatric conditions. These participants
completed assessments via computer within clinics or at a PROMIS testing facility. All data
collection was computer based and utilized a secure server.

J Clin Epidemiol. Author manuscript; available in PMC 2011 November 1.
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Analysis Plan

Results

For purposes of analyses, participants were grouped into those who reported zero chronic
conditions, one condition, or two or more of the 24 listed chronic conditions. Because of the
primary, cross-disease purpose of PROMIS, and the ample empirical evidence that chronic
disease impact upon HRQL is more generic than disease-specific, we chose to analyze the data
according to number of conditions rather than by specific disease. Additionally, participants
were divided into those who reported not being limited by any of their chronic conditions,
being limited by one condition, or being limited by two or more conditions. In order to be
included in analyses, block design participants had to have responses for at least 6 of the 7
block items and full bank participants had to have responses for at least 28 of the 56 items.
Participants were excluded if they had repetitive strings of ten or more identical responses and
took less than one second per item. Group differences in IRT-based T-scores for anger, anxiety,
depression, fatigue, pain behavior, pain interference, physical function, satisfaction with
participation in social roles, and satisfaction with participation in discretionary social activities
were estimated using the PROC ANOVA and General Linear Model in SAS.

A total of 725 respondents were excluded due to missing data, response pattern and response
time. No differences between the analytic sample and excluded sample were found except that
the excluded sample was one and a half years younger on average. The final sample consisted
of 21,133 participants, approximately equally divided based on gender (52% female; see Table
1). The median age was approximately 55 years, with 28% of the sample being 65 or older.
Only 12% were 18-29 and another 12% age 30-39. Most participants were White (80%) and
non-Hispanic/Latino (91%). Three percent of the sample had not completed high school, 16%
had a high school diploma or GED, 39% had some college, 24% a college degree and 19%
held an advanced degree.

Nineteen percent of the sample reported having none of the 24 conditions while 20% reported
one condition, and 61% reported having two or more. The most frequently reported conditions
were hypertension (41%), arthritis (32%), depression (26%), anxiety (18%), cancer (17%),
migraines (17%) and asthma (16%). Of those with conditions, over half (60%) reported no
disabling conditions, 20% one disabling condition, and 19% two or more disabling conditions.
The percentage of the sample with each of the 24 conditions is provided in Table 2.

Across most domains, participants without diagnoses had better HRQL than the general
population (T-scores .20 to .80 standard deviation [SD] units better than the population mean).
T-scores for HRQL domains by number of conditions and number of disabling conditions are
reported in Tables 3 to 5. For pain behavior (F=712.02), pain interference (F=1028.25), fatigue
(F=818.77), anxiety (F=333.92), depression (F=336.96), physical functioning (F=2018.10),
satisfaction with participation in social roles (F=383.07), and satisfaction with participation in
discretionary social activities (F=191.57) there were significant differences in scores among
participants with zero, one, or two or more chronic conditions (all overall p’s <.0001), with
poorer HRQL for participants with more conditions. For anger, there was no difference between
groups with zero and one condition. However, patients with two or more chronic conditions
reported poorer anger scores than both those with zero and one condition (F=140.36, pairwise
p values <.05). The magnitude of difference between zero and the 2+ condition groups ranged
from 0.30 to 1.1 SD units.

A similar pattern was noted for participants who reported having zero, one, or two or more
disabling chronic conditions. For all domains, patients with one disabling chronic condition
reported significantly poorer HRQL than those without a disabling chronic condition and

patients with two or more disabling conditions reported poorer HRQL than those with zero
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and one disabling condition (F’s = 585.34 to 3695.96, p’s <.0001). The range of difference
between the zero and 2+ disabling chronic conditions groups was 0.50 to 1.3 SD units.

When adjusting for multiple sociodemographic factors (female gender, living with a partner,
age [continuous], race [Latino, African-American, White, other], and education [less than high
school, high school diploma/GED, some college, college/post-graduate degree]), results
followed a similar pattern and remained significant. Across domains, more chronic conditions
were associated with poorer HRQL (F’s=106.45 to 534.24, p’s <.0001). The difference in
scores between the zero and 2+ condition groups ranged from 0.50 to 1.0 SD units. Similarly,
participants with more disabling chronic conditions reported poorer HRQL than those with
fewer or no disabling chronic conditions (F’s=196.86 to 1038.05, p’s <.0001). The difference
for those with 2+ disabling conditions compared to no disabling conditions ranged from 0.6 to
1.2 SD units.

Domain scores by condition for participants with and without comorbidity are presented in
Table 6. Across conditions, different symptom patterns were noted. For example, compared
with individuals without chronic conditions, patients with arthritis alone reported poorer scores
for pain, fatigue, physical function, and satisfaction with participation in social roles. However,
the groups were not different for measures of emotional distress or satisfaction with
participation in discretionary social activities (see Figure 1). Individuals who reported being
diagnosed with a depressive condition reported poorer functioning and greater symptoms than
individuals without a condition across all areas of HRQL that were measured. For all listed
conditions (hypertension, arthritis, depression, anxiety, migraine, cancer, asthma, sleep
disorder, diabetes, and COPD), having multiple conditions was almost always associated with
poorer HRQL than having no condition.

Discussion

Across all of the reported PROMIS domains (pain, fatigue, anger, anxiety, depression, physical
function, satisfaction with participation in social roles and satisfaction with participation in
discretionary social activities), people without chronic conditions reported better scores than
those with one or more chronic conditions. Furthermore, within those with at least one chronic
condition, those who stated their activities were limited consistently scored worse in all
domains than those who stated they were not limited. The magnitude of detriment associated
with multiple conditions appears to be slightly worse for conditions reported as disabling (effect
size range = 0.50 to 1.3 SD units) compared to a simple count of conditions (effect size range
=0.30 to 1.1 SD units). Although multiple strategies for calculating minimally important
differences have been identified, [27] it has been suggested that approximately 0.5 SD on an
HRQL instrument is a reasonable threshold, [28] thereby supporting the clinical
meaningfulness of these differences. Additionally, the magnitude of difference between those
with multiple conditions compared to a single condition was greater (0.2 to 0.7 SD units) than
the difference between those with a single condition and no conditions (0.1 to 0.4 SD units).
Whereas having a single condition appears to exert an overall impact on one’s HRQL, the
presence of comorbidity is associated with more detrimental HRQL.

Older individuals are more likely to experience comorbid conditions and may have non-
disease-based physical limitations. This might lead one to hypothesize that sociodemographic
factors such as age could be confounded with the HRQL effects of disease and comorbidity.
However, after controlling for age, gender, relationship status, race, and education, the
differences between groups remained statistically significant at virtually the same level of
magnitude as when not controlling for demographic factors.
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In this sample, 81% of participants reported having at least one chronic condition. This sample
prevalence is higher than other published prevalence estimates in the US general population.
[1] Because our purpose was to derive item calibrations targeted to clinical research samples
that either had or would likely develop conditions with related HRQL problems, we
oversampled from chronic illness groups across the PROMIS network (See Cella et al in this
issue).[26]

Results support the importance of assessment and analysis of comorbidity in HRQL research.
Presence of comorbidity appears to be a significant source of disparities in HRQL, independent
of any effect due to sociodemographic factors like age or ethnicity. Individuals with chronic
conditions reported poorer HRQL than those without chronic conditions. Those with more than
one chronic condition reported worse HRQL than those with one, and the presence of self-
reported impairment due to one’s condition was clearly associated with decrements in HRQL.
While these results support the often-observed relationship between illness and HRQL impact
across a variety of conditions, at times the differences were small (e.g., less than 0.5 SD units).
This could be due to a variety of reasons. It is possible that the true difference between some
groups is indeed smaller than one would guess based on clinical observation or experience.
Adaptation or adjustment to illness may play a role. As Lacey and colleagues noted,[29]
“[quality of life] does suffer as a result of chronic disease, but not as much as nonpatients
imagine” (p.673). In addition, it is possible that the illness experience with symptoms and their
functional impact may cause some people to “recalibrate” the meaning or severity level they
ascribe to a question, leading them to give a less-impaired response than they would have given
prior to their illness experience (e.g., Andrykowski et al., 2009).[30] Further research into these
and other possible explanations would be of value in appreciating the full impact of chronic
disease and comorbidity upon HRQL. These findings also suggest that the common practice
of excluding people with various comorbid conditions from clinical trials may
disproportionately exclude patients with the poorer HRQL, who may be most in need of clinical
services. This raises questions about the generalizability of clinical trial results in expanded
community practice. Today’s emphasis on comparative effectiveness research can help better
appreciate the broader impact of new and emerging treatments. HRQL instruments like
PROMIS offer the opportunity to measure these wider population-level effects with common,
generic measures of symptoms and functional status. The results reported here offer initial
reassurance that these PROMIS tools will be able to detect differences associated with
comorbidity associated with common adult chronic conditions.

Our results suggest that within a given condition, the negative impact on HRQL is not equal
across symptoms and functional areas. For example, patients with some conditions (e.g.,
depressive disorders, migraines, COPD) report poorer HRQL compared to individuals without
any condition in almost all areas. However, individuals with sleep disorders alone only report
a few differences with condition-free individuals. Results support assessing multiple areas of
HRQL. In this sample, physical function was always better for healthy individuals compared
to all disease groups. This was usually the case for fatigue, as well. Emotional distress varied
between groups even when the chronic condition was not psychiatric in nature. Pain as well
varied between groups in non-pain conditions like asthma. HRQL detriments were even more
pronounced for individuals with multiple conditions. With rare exception, individuals with
multiple conditions experience global HRQL detriments compared to healthy individuals.

Future Directions

Disease-specific analyses that address issues of disease severity and course are warranted.
Because PROMIS measures were constructed to be applicable across a range of chronic illness,
comparisons across diseases can be facilitated in the future by utilization of these tools.

J Clin Epidemiol. Author manuscript; available in PMC 2011 November 1.
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All disease groups were based upon participant self-report of diagnosis. While there is
reasonably good evidence to suggest that people are reliable reporters of medical diagnosis,
[31-33] it would have been ideal to obtain confirmation of diagnosis from a clinician or
confirmatory diagnostic tests. Furthermore, only the most frequently diagnosed conditions, not
all possible comorbid conditions, were assessed. It is possible that the results obscure the impact
of less common conditions on HRQL. Although the sample is large and reasonably diverse, it
is not nationally representative. By utilizing a panel for data collection for a large portion of
the sample, we selected for individuals that are comfortable completing online questionnaires.
Validation studies of the PROMIS instruments are ongoing in clinically confirmed disease
populations. Data from these studies will help supplement our understanding of how these
instruments perform in specific populations.
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—@=— No condition
—f— Arth no comorbid
see@ -+ Arth + comorbid
=& Dep no comorbid

see}++ Dep + comorbid

Note: PB=pain behavior, PI=pain interference, F=fatigue, Ang=anger, Anx=anxiety,
Dep=depression, PF=physical function, SR=satisfaction with participation in social roles,
DSA=satisfaction with participation in discretionary social activities, Arth=arthritis,

Dep=depression
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Table 1
Demographics
N %

Race/Ethnicity
White 16795 | 79.70
Black/African-American 1915 9.09
Latino 1855 8.80
Other 509 2.42
Missing 59

Education
Less than High School Degree 550 2.61
High School Degree or GED 3284 | 15.56
Some College, Technical School, or Associate Degree 8155 | 38.65
College Degree/Advanced Degree 9110 | 43.18
Missing 34

Gender
Male 10130 | 47.96
Female 10992 | 52.04
Missing 11

Living With Partner
Yes 13813 | 65.44
No 7295 | 34.56
Missing 25

Age
Mean (SD) 53.17 (17.10)
Range 18-100
Missing 29

# of Chronic Conditions
0 4015 | 19.00
1 4164 | 19.70
2 4064 | 19.23
3 3156 | 14.93
4 2185 | 10.34
5 or more 3549 | 16.79
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Percent of Sample (N=21,133) with Self-Reported Chronic Conditions

Condition Percent with Condition
Hypertension 41.01
Arthritis 3221
Depression 26.32
Anxiety 18.32
Migraines 17.13
Cancer 16.76
Asthma 16.00
Sleep disorder 13.62
Diabetes 13.33
COPD 11.03
Angina 9.87
Heart attack 6.42
Coronary artery disease 6.17
Heart Failure 4.53
Spinal cord injury 4.13
Liver disease 4.12
Stroke 4.08
Alcohol/drug problems 4.03
Kidney disease 2.90
Epilepsy 1.22
Multiple sclerosis 0.92
HIV 0.73
Parkinson’s disease 0.24
Amyotrophic lateral sclerosis 0.07
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