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The Impact of Asthma and Chronic Obstructive Pulmonary
Disease (COPD) on Patient-Reported Outcomes in Systemic
Lupus Erythematosus (SLE)

Patricia Katz,' '’ Sofia Pedro,” Laura Trupin,' Edward Yelin,' ®2 and Kaleb Michaud®’

Background. Risk of asthma and chronic obstructive pulmonary disease (COPD) may be elevated in systemic
lupus erythematosus (SLE), but little research has studied the impact of these conditions on SLE outcomes. We
examined prevalence, incidence, and impact of self-reported asthma and COPD in two US-based SLE cohorts
(FORWARD and Lupus Outcomes Study [LOS)).

Methods. Prevalence of asthma and COPD were defined as presence of conditions at individuals’ first interviews;
incidence was defined as new reports over the next 3 years. Cross-sectional associations of asthma/COPD with
patient-reported outcomes (PROs) and longitudinal analyses associations with asthma/COPD at entry with PROs 3
years later were examined.

Results. In FORWARD, 19.8% and 8.3% participants reported asthma and COPD, respectively, at entry. In LOS,
36.0% reported the presence of either (US population comparisons: asthma, 9.7%; COPD, 6.1%). Cross-sectionally,
asthma/COPD was associated with worse PROs, including disease activity. In FORWARD, individuals with asthma
experienced greater worsening of fatigue, pain, and global health ratings longitudinally; individuals with COPD
experienced greater increases in self-reported SLE activity. However, no such patterns were noted in the LOS.

Conclusion. Asthma and COPD appeared to be more common in SLE than in the general US population and were
associated with worse status on PROs cross-sectionally. Asthma was linked to decrements in PROs longitudinally.

INTRODUCTION

Cigarette smoking is a demonstrated risk factor for onset
of systemic lupus erythematosus (SLE), with smokers having
approximately 50% increased risk of SLE onset (1-3). Smoking
has also been linked with greater cumulative organ damage and
greater disease activity among individuals with SLE (4-6). A recent
study found current and more than 10 years of smoking associ-
ated with onset of double-strand DNA-positive SLE (7).

Smoking is one of the most potent risk factors for onset of
chronic obstructive pulmonary disease (COPD) (8). One recent
study from Taiwan has found an elevated risk of incident COPD
(hazard ratio = 1.73, 95% ClI: 1.62-1.84) among individuals with
SLE (9). The authors hypothesized that COPD in SLE may not
be attributable to smoking alone and that SLE may also play a
factor. SLE is also linked to 2.5 times increased risk of develop-
ing asthma (10).
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SLE is associated with significant decrements in patient-
reported outcomes (PROs), such as physical function and fatigue
as well as overall quality of life (11-14). Asthma and COPD each
have also been demonstrated to have significant impacts on
PROs (15-20).

Despite the potential increased risk of both asthma and
COPD in SLE, and the demonstrated impact of both conditions
on PROs, little research has focused on the impact of asthma or
COPD on outcomes in SLE. In these analyses, we examined the
prevalence and incidence of self-reported asthma and COPD in
two cohorts of individuals with SLE as well as the impact of those
conditions on PROs.

METHODS

Data sources. Analyses were conducted in two US-based
longitudinal cohorts of persons with SLE.
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FORWARD (The National Databank for Rheumatic Dis-
eases). Participants in FORWARD (21) were recruited primarily
from rheumatologists, and SLE diagnoses were provided by
the rheumatologist. A minority of participants were enrolled
from other sources, in which case diagnoses may have been
confirmed by participants’ physicians or were self-reported. All
participants were at least age 18 at study entry. Data were col-
lected at 6-month intervals by questionnaires. All participants
had the option of completing the semiannual questionnaire on-
line, as a mailed paper questionnaire, or by telephone interview.
Respondents provided comprehensive sociodemographic and
health status measures (eg, age, sex, education, race, house-
hold income, comorbidities, physical function, pain, patient
global, 36-Item Short Form Survey [SF-36]) as well as smok-
ing history. All FORWARD procedures were approved by Via
Christi Institutional Review Board, and all participants provided
consent to participate. Data shown in these analyses are from
1998 through 2016.

University of California San Francisco Lupus QOutcomes
Study. The Lupus Outcomes Study (LOS) was a longitudinal
observational cohort, for which participants completed annual
structured telephone interviews (22). All SLE diagnoses were
physician-confirmed. Respondents were from throughout
the United States, with 41 states represented, but approxi-
mately 70% were from California. Approximately one-third of

Table 1. PROs available in each data set

LOS participants were from racial/ethnic minorities. Interviews
covered comprehensive sociodemographic and health sta-
tus measures (eg, age, sex, education, race, household in-
come, comorbidities, physical function, pain, SF-36) as well
as smoking history. The study was approved by the University
of California San Francisco Committee on Human Research,
and all participants provided written informed consent. LOS
enrollment began in 2003; data shown in these analyses are
from 2003 through 2006.

Variables. Asthma and COPD. Asthma and COPD were
identified in each cohort with the questions below. In each case,
prevalent conditions were defined as presence of conditions
at the individual’s first interview. Incidence was defined as new
reports of conditions over the next three years. The self-report
items were available in the LOS only for Waves 1 to 4, so a
3-year incidence period was selected in order to have equivalent
follow-up periods between cohorts. Specific assessment ques-
tions are shown below:

1. FORWARD
a Asthma: Self-report of asthma as a current health problem
b COPD: Self-report of any of the following as current health
problems: chronic bronchitis, emphysema, or COPD
¢ Availability: Every questionnaire

Generic measures FORWARD

LOS

Physical function
function (score range 0-100)

+ Physical Function subscale of SF-36 (23,24): Higher scores = better

- Physical Function subscale of
SF-36 (23,24): Higher scores =

Fatigue

Cognitive

Pain

Sleep

Global health
rating

Depressive
symptoms

Lupus-specific
Lupus activity

Flare

- HAQ-II: Higher scores = worse function (0-3)
- Vitality subscale of SF-36 (23,25): Higher scores = less fatigue. (0-100)
- Single-item validated numeric rating scale (26): Rated on a scale of 0

(fatigue is no problem) to 100 (fatigue is a major problem)in 5-point
increments.

- Self-report of trouble thinking or remembering (yes/no) (27)

- Single-item numeric rating scale (29): “How much pain have you had
because of your illness in the past week?” Rated on a scale of 0 (no pain)

to 100 (severe pain) in 5-point increments.

+ Bodily Pain subscale of SF-36 (23,29): Higher scores = less pain (0-100)
- Single-item validated numeric rating scale (30): “How much of a problem

has sleep been for you in the past week?” Rated on a scale of O (sleep is
no problem) to 100 (sleep is a major problem) in 5-point increments.

+ Single-item validated numeric rating scale (31): “Considering all the ways

in which your illness affects you, rate how you are doing.” Rated on a
scale of O (very well) to 100 (very poorly) in 5-point increments

- Validated one-item numeric rating scale of lupus activity: “How active

has your lupus been over the past 6 months?” (0, no activity to 10,
extremely active) (33,34)

+ Self-report of a flare in the past 3 months (yes/no) (33,34)

better function (0-100)

- Vitality subscale of SF-36 (23,25):

reversed so that higher scores
reflect more fatigue (0-100)

- MOS Cognitive Functioning scale

(28): 6-item scale, higher scores =
better function (0-24)

- Center for Epidemiologic Studies

Depression scale (CESD) (32):
Higher scores = more symptoms

+ (0-60)

Note. In the LOS, only the Physical Function and Vitality domains of the SF-36 were administered.

Abbreviations: HAQ-II, Health Assessment Questionnaire II; LOS, Lupus Outcomes Study; MOS, Medical Outcomes Study; SF-36, 36-item Short

Form Survey.
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2. LOS
a Self-report of physician diagnosis of: “lung problems, such
as asthma, emphysema, or chronic bronchitis”
b Availability: Interviews for Waves 1 to 4

PROs. A wide range of PROs were available for each co-
hort; PROs available in each data set are shown in Table 1.

Other variables. Sociodemographic and other health char-
acteristics were self-reported and included:

e Sociodemographic: age, education, income, race/ethnicity

e General health: smoking status (current, former, never),
body mass index (obesity calculated as BMI > 30), and
other comorbid conditions

e Sl E-related: duration of disease (years), specific man-
ifestations (renal involvement; presence of any clot, in-
cluding pulmonary embolism, deep vein thrombosis, or
other; or history of seizures).

Analysis. Analyses of prevalence were based on an indi-
vidual’'s first observation (ie, entry questionnaire or interview).
Frequencies of the presence of each condition were tabulated.
In FORWARD, individuals with COPD at baseline (n = 179) were
excluded from the no-asthma group; likewise, those with asthma
(n = 487) were excluded from the no-COPD group.

Incidence was defined as new reports of conditions during
the 3 years following an individual’s entry questionnaire/interview.
Characteristics of individuals with asthma and COPD at entry,
incident asthma and COPD, and no asthma and COPD were
conducted using bivariate methods (ie, analyses of variance, x°
analyses).

To determine the association of asthma and COPD with
PROs, univariate cross-sectional analyses were first conducted
using t tests or x* analyses to compare individuals with and with-
out conditions at entry. Multivariate cross-sectional linear and
logistic regression analyses were then conducted. The first multi-
variate model adjusted for age, sex, race, disease duration, edu-
cation, income, obesity, and smoking. The second model added
adjustment for other comorbid conditions and lupus manifesta-
tions at baseline (renal involvement, presence of clots, and history
of seizures). In FORWARD, the Rheumatic Disease Comorbidity
Index (RDCI) was used to summarize comorbid conditions (35).
The RDCI includes heart attack, other cardiovascular condi-
tions, stroke, hypertension, fracture, depression, diabetes, can-
cer, ulcer or other stomach problem, and lung disease; the latter
was removed for this analysis. In the LOS, a sum of the following
comorbid conditions was used in the analysis: hypertension, heart
disease, myocardial infarction, stroke, cancer, ulcer, and back
problems.

Finally, longitudinal analyses were conducted to determine
the association of asthma and COPD at entry with PROs collected
at the last observation in the 3-year follow-up. Two models were

constructed: Model 1 adjusted for baseline age, sex, race, dis-
ease duration, education, income, obesity, smoking, and baseline
number of other comorbid conditions and lupus manifestations,
whereas Model 2 added the baseline value of the dependent var-
iable (PRO) to Model 1 to approximate change.

All regression analyses were conducted separately for
asthma and COPD in FORWARD and were combined for the
LOS because of differences in the way asthma and COPD were
ascertained. Because of differences between FORWARD and the
LOS in PRO measures, all analyses were conducted separately
for each cohort.

RESULTS

Characteristics of the two cohorts. Table 2 shows
the sociodemographic and health characteristics of the two
cohorts at first observation. FORWARD cohort members
had mean (SD) age of 50.5 (x14.1) years, were 87.2% white
non-Hispanic with mean SLE duration of 15.8 (x12.3) years,
6.3% had low education (<12 years), and 36.1% had obesity.
LOS cohort members had mean age of 46.7 (x12.7) years,
were 68.5% white with mean SLE duration of 12.6 (+8.5)
years, 19.6% had low education, and 25.7% had obesity.
Over 90% of each cohort was female, and about 40% of each
cohort had a history of ever smoking.

Differences between individuals who were and were not
available for the longitudinal analyses are shown in Supplementary

Table 2. Characteristics of the FORWARD and LOS cohorts at
baseline

FORWARD LOS
(n = 2804) (n=881)
Sociodemographic
Age, years 50.5 £14.1 46.7 £12.7
Female 93.7% 92.4%
White race 87.2% 68.5%
Total income (x$1000) 49 +34
Below poverty income 10.9%
Education, years 13.8+2.4
Low education 6.3% 19.6%
Health, general
Smoking status
Current 13.9% 9.8%
Former 24.1% 30.8%
Never 61.9% 59.4%
Obese (BMI > 30) 36.1% 25.7%
Comorbid conditions® 20+14 16+13
Lupus-specific
Lupus duration (y) 15.8+12.3 126+85
SLE activity rating (0-10) 3.8+3.0 43+31

Abbrevations: BMI, body mass index, LOS, Lupus Outcomes Study;
SLE, systemic lupus erythematosus.

® Comorbid conditions are represented by the Rheumatic Disease
Comorbidity Index (excluding lung disease; Index score range 0-7) for
the FORWARD cohort, and in the LOS by the number of conditions
from the following list: hypertension, heart disease, myocardial
infarction, stroke, diabetes, cancer, ulcer, and back problems.
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Table 4. LOS: Characteristics of individuals with and without respiratory comorbidities (asthma and COPD combined)

Respiratory condition

Newly developed

No-respiratory condition? at baseline respiratory condition® p, 3-way p, none
(n =503) (n=314) (n =64) comparison VS, any
Sociodemographic
Age 454 +13.0 492 +12.8 50.8+12.6 <0.0001 <0.0001
Female 90.5% 917 98.4% 0.10 0.21
Race, white 67.9% 74.8% 73.4% 0.09 0.03
Below poverty 9.8% 15.7% 15.6% 0.03 0.01
Low education 17.3% 25.8% 23.4% 0.01 0.003
Health
Smoking status 0.11 0.03
Current 8.3% 10.8% 12.5%
Former 29.5% 36.0% 34.4%
Never 62.2% 53.2% 53.3%
Smoke, ever 37.8% 46.8% 46.9% <0.0001 <0.0001
Obese (BMI >30) 17.4% 35.7% 34.9% <0.0001 <0.0001
Duration of lupus 12.8+8.6 127 £8.5 131 +£8.5 093 0.97
SLE activity rating 3.7+£31 52+3.0 48+26 <0.0001 <0.0001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; LOS, Lupus Outcomes Study; SLE, systemic lupus

erythematosus.

® Those who had new reports of respiratory conditions over the 3 years of follow-up are not included in the no-respiratory condition group in

this analysis.
® Newly reported cases over 3 years of follow-up.

Tables 1 (FORWARD) and 2 (LOS). In FORWARD, those who were
not included in follow-up were more likely to be white, had lower
income and less education, were more likely to be current smok-
ers, and generally had worse status on the PROs. In the LOS,
those not included in follow-up were less likely to be female or
white, and more likely to have low income and low education. No
significant differences in PROs or in the frequency of asthma and
COPD between those who were and were not lost to follow-up
were noted.

Prevalence and incidence. At baseline, 487 (487/2457,
19.8%) of the FORWARD cohort reported asthma and 179
(179/2149, 8.3%) reported COPD. Of those with neither condition
at baseline, 87 had new reports of asthma (87/1970, 4.4%) and
101 had new reports of COPD (82/1970, 4.2%) over the next 3
years.

At baseline, 36.0% of the LOS participants reported hav-
ing asthma or COPD (using the combined question; 314/881,
35.6%). Sixty-four individuals newly reported asthma/COPD over
the next 3 years (64/567, 11.3%).

Characteristics of those with and without asthma
or COPD. FORWARD. Individuals with asthma at baseline
were more frequently female and more frequently had obesity
and had higher SLE activity ratings (Table 3). Those who devel-
oped asthma over the follow-up period were similar to those with
asthma at baseline.

Individuals with COPD at baseline and who developed COPD
during follow-up were older at baseline, had lower incomes,
were more likely to be or have been smokers, were more likely to
have obesity, had lupus of longer duration, and rated their lupus

as more active. Those who newly developed COPD were similar
to those with COPD at baseline.

LOS. Individuals with asthma/COPD were older at baseline,
had lower incomes and lower education, were more likely to be
or have been smokers, were more likely to have obesity, and rat-
ed their lupus as more active (Table 4). Those who newly devel-
oped asthma/COPD were similar to those with those conditions
at baseline.

PROs: cross-sectional analyses. FORWARD. In bivariate
analyses, asthma was cross-sectionally associated with greater
self-reported SLE activity and with worse status on all generic
PROs (Table 5). There was, however, no difference in the fre-
quency of self-reported SLE flares between individuals with and
without asthma. Findings were unchanged in multivariate mod-
els adjusting for socioeconomic and general health variables,
including other comorbidities and smoking (Table 6, Asthma
Model 1), except for sleep disturbance. In multivariate models
also adjusting for SLE manifestations, significant differences
remain for SLE activity, Health Assessment Questionnaire |l
(HAQ-II), fatigue rating, pain, global severity, and cognitive symp-
toms (Table 6, Asthma Model 2); in each case, individuals with
asthma had worse status.

Similar results were noted for COPD. In bivariate analy-
ses, COPD was cross-sectionally associated with greater self-
reported SLE activity and with worse status on all generic PROs
(Table 5), with no difference in the frequency of self-reported SLE
flares between individuals with and without COPD. Findings were
unchanged in multivariate models adjusting for socioeconomic
and general health variates, including smoking (Table 6, COPD
Model 1). Like asthma, after adjusting for SLE manifestations,
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Table 6. Patient-reported outcomes at study entry for individuals with respiratory conditions (from multivariate regression analyses)

LOS: (asthma and COPD

FORWARD: Asthma FORWARD: COPD combined)
Model 1° Model 2° Model 1 Model 2 Model 1 Model 2
Lupus-specific
SLE activity (0-10) 0.8%** 0.6%* 1. x%* 0.7*% 1% 0.8**
(0.4,1.3) (0.1,1.0) (0.5,1.7) (0.1,1.3) (06, 1.5) (0.4,1.3)
Flare in past 3 mo 1.6 15 16 13 1.8%* 1.7%*
(0.7,3.8) (0.6,4.0) (0.4,5.4) (0.3,4.9) (1.3,2.4) (1.2,2.3)
Generic
SF-36 Physical Function =g e -34 =7 =7.8F5 =75 =BT
(=11.8,-5.3) (-6.9,0.1) (=16.2,-7.2) (=12.6,-3.2) (=15.8,=7.7) (=12.7,4.7)
HAQ-II (0-3) 0). 2675 ON[Gas 0,335 025755
(0.19,0.33) (0.09, 0.24) (0.23,0.43) (0.15,0.35)
SF-36 Vitality =B 0 2.4 =4 G5 =30 B GICa
(=7.7,-2.3) (=5.3,0.6) (-8.7,-1.0) (=7.1,1.0) (5.6, 12.0) (3.3,9.8)
Fatigue (0-10) 0.8*** 0.6** 0.9*** 0.9**
0.4,1.7) (0.2,1.0) (04,1.3) (04,1.4)
SF-36 Pain R 2 =4l P25 = AR =4 %
(=11.0, -5.5) (-7.8,-1.9) (-11.3,-3.5) (-8.2,-0.2)
Pain (0-10) 2eess 0.8 9 2ewts 0.8p=sis
(0.9,1.5) (0.4,1.0) (0.7,1.6) (0.4,1.3)
Global severity (0-10) Q.G 0.4* Q. Q.77
(0.3,0.9) (0.1,0.7) (04,1.2) (0.3,1.1)
Sleep disturbance (0-10) 0.3 0.2 0.5% 0.5
(-0.0,0.7) (-0.2,0.6) (0.04,1.0) (-0.04, 1.0)
Trouble thinking or 2(0p5 1.8Grises 1.7% 1.5%
remembering (symptoms) (1.6, 2.6) (1.4,2.6) (1.2,2.4) (1.0,2.2)
Cognitive function —8.4*** =657
(=11.6,=5.1) (-9.8,-3.2)
CESD 25 1.8
(0.9,4.5) (=0.1,3.6)

Note. Tabled values are 3 (95% confidence interval) from multivariate linear regression or odds ratio (95% confidence interval) from multivariate
logistic regression. In the LOS, the SF-36 Vitality scale was reverse-scored so that higher scores reflect greater fatigue.

Abbreviations: CESD, Center for Epidemiologic Studies Depression scale; COPD, chronic obstructive pulmonary disease; HAQ-Il, Health
Assessment Questionnaire II; LOS, Lupus Outcomes Study; SF-26, 36-item Short Form Survey; SLE, systemic lupus erythematosus.

* Model 1 adjusted for age, sex, race, disease duration, education, income, obesity, and smoking.

® Model 2 adjusted for age, sex, race, disease duration, education, income, obesity, smoking, comorbid conditions (FORWARD: Rheumatic Disease
Comorbidity Index; LOS: number of comorbid conditions), renal involvement, presence of any clot (pulmonary embolism, deep vein thrombosis,

other), and presence of seizure.
*+% p < 0,0001, “p < 0.01, "p < 0.05.

significant differences remained for most generic PROs (Table 6,
COPD Model 2), with individuals with COPD having worse status
than those without.

LOS. In bivariate cross-sectional analyses, asthma/COPD
was associated with worse status on both lupus-specific and ge-
neric PROs (Table 5). After adjusting for sociodemographic and
general health factors, including smoking, significant differences
remained for all PROs (Table 6, LOS Model 1). After adjusting for
SLE manifestations, differences in depressive symptoms were
no longer statistically significant, although differences in the oth-
er PROs remained (Table 6, LOS Model 2).

PROs: longitudinal analyses. FORWARD. Longitudi-
nally, asthma at baseline was associated with worse status on
all PROs at 3-year follow-up except for occurrence of flares and
presence of cognitive symptoms (Table 7, Asthma Model 1),
even after adjusting for SLE manifestations. However, when the
baseline value of the PRO was added to the model (to approx-
imate change), fewer significant differences remained between

individuals with and without asthma at baseline (Table 7, Asthma
Model 2). Differences remained for fatigue and pain variables
and for global severity. In each case, individuals with asthma had
greater decrements in these PROs over time.

At 3-year follow-up for those with COPD, when adjusting for
baseline sociodemographics, health, and SLE manifestations, dif-
ferences in SLE activity rating, SF-36 Physical Function, HAQ-II,
fatigue rating, SF-Pain, pain, and global severity ratings were sig-
nificantly worse for those with pulmonary comorbidities (Table 7,
COPD Model 1). Further adjustment for baseline values of the
PROs left no significant differences between the groups except for
self-reported SLE activity, which was significantly worse for those
with COPD (Table 7, COPD Model 2).

LOS. SLE activity rating, both measures of physical
functioning, and cognitive functioning were significantly worse at
3-year follow-up for individuals with asthma/COPD (Table 7, LOS
Model 1). After adjusting for baseline values of the PROs, no
significant differences remained between those with and without
asthma/COPD (Table 7, LOS Model 2).
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Table 7. Longitudinal: effect of baseline asthma/COPD on outcomes 3 years later (from multivariate regression analyses)
LOS (asthma and COPD

FORWARD: Asthma FORWARD: COPD combined)
Model 1° Model 2° Model 1 Model 2 Model 1 Model 2
Lupus-specific
SLE activity (0-10) 0.7%* 0.1 1% 04 0.7%* 04
(0.2,1.7) (-0.2,0.4) (0.5,1.6) (-0.04,0.8 (0.3,1.2) (-0.01,0.8)
Flare in past 3 mo 19 2.7 2.3 2.5 1.6% 1.4
(0.7,5.0) (04,16.0) (0.8,6.7) (0.1, 45.4) (11,2.2) (0.9,2.0)
Generic
SF-36 Physical Function —-4.2% -0.3 AC =11 =537 -1.0
(=8.1,-0.4) (=2.6, 2.0) (=12.5, -2.6) (=4.1,1.9) (=9.3,-1.3) (4.3, 2.3)
HAQ-II (0-3) (0) ke 0.00 0,277 0.05
(0.06,0.22) (-0.04, 0.05) (0.16,0.37) (-0.01,0.7)
SF-36 Vitality = 5735 -1.4 —-4.9% 2.6 5,7/ 1.7
(-7.8,-1.1) (-3.5,0.8) (-9.3,-0.5) (-54,0.2) (21,9.3) (-1.3,4.8)
Fatigue (0-10) 0.5% 0.5 0.5 0.1
(0.1,0.9) (=0.3,0.4) (=0.1,1.0) (=0.4, 0.6)
SF-36 Pain ={.27s -1.6 =545 -1.9
(9.6, -2.8) (=3.9,0.6) =97, =1.1) (-4.8,1.0)
Pain (0-10) 0,6 0.2 0.8 0.2
(0.3,1.0) (-0.03,0.5) (0.3,1.3) (-0.2,0.5)
Global severity (0-10) 0.3* 0.03 0.5% 0.2
(0.001, 0.6) (=0.3,0.3) (0.03,0.9) (=0.2,0.6)
Sleep disturbance (0-10) 0.3 0.1 0.5 0.3
(-=0.1,0.7) (-0.3,0.5) (-=0.1, 1.0 (-0.2,0.8)
Trouble thinking or remembering 1.4% 1.2 1.4 1.1
(1.0, 1.8) (0.8,1.8) (0.9, 2.1) (0.6, 1.8)
Cognitive function —6.2%* 2.4
(=9.7,-2.7) (=5.3,0.4)
CESD 2.0*% 1.0
(0.1,4.0) (=0.6,2.7)

Note. Tabled values are 3 (95% confidence interval) from multivariate linear regression or odds ratio (95% confidence interval) from multivariate
logistic regression. In the LOS, the SF-36 Vitality scale was reverse-scored, so that higher scores reflect greater fatigue.

Abbreviations: CESD, Center for Epidemiologic Studies Depression scale; COPD, chronic obstructive pulmonary disease; HAQ-Il, Health
Assessment Questionnaire II; LOS, Lupus Outcomes Study; SF-26, 36-item Short Form Survey; SLE, systemic lupus erythematosus.

*Model 1 adjusted for age, sex, race, disease duration, education, income, obesity, smoking, comorbid conditions (FORWARD: Rheumatic Disease
Comorbidity Index; LOS: number of comorbid conditions), renal involvement, presence of any clot (pulmonary embolism, deep vein thrombosis,

other), presence of seizure.
® Model 2 = Model 1 + baseline value of patient-reported outcome.

*k% ) <0.0001, “p < 0.01, "p < 0.05.

DISCUSSION

We found that, at baseline, almost 20% of the FORWARD
cohort reported asthma and approximately 8% reported COPD.
The LOS interview did not separate these two conditions, but
36% of that cohort reported having one of these conditions. For
comparison, the prevalence of asthma is approximately 9.7% in
the US adult female population at age 18 years or older (36), and
the prevalence of COPD in the US adult female population age 18
years or older is approximately 6.1% (37), suggesting an increased
prevalence of both conditions, particularly asthma, in these SLE
cohorts. The increased prevalence of COPD may be linked to
smoking, which has been robustly associated with increased risk
of SLE and is the cause of the majority of COPD cases. Some
researchers have proposed a mechanism for increases in the risk
of asthma in SLE (38), but this hypothesis needs further study.

A clear pattern of worse status on PROs was noted when
comparing individuals with asthma or COPD and those without in
both cohorts. Even after adjusting for socioeconomic and general

health factors, including smoking, and SLE manifestations, indi-
viduals with asthma/COPD had worse physical functioning,
greater fatigue, worse perceived cognitive functioning, and, in
the FORWARD cohort, higher levels of pain. Self-reported SLE
disease activity was also greater in those with these comorbidi-
ties. Whether these differences in self-reported disease activity are
reflected in physician assessments remains for future research.
However, symptoms from asthma and COPD may lead patients
to perceive worsening in their SLE that would not be recognized
in clinical assessments of SLE activity, potentially leading to dis-
cordance in patient and provider assessments. The discordance
driven by asthma/COPD symptoms may lead to unmet treatment
expectations or inaccurately targeted treatments due to misattri-
bution of symptom etiology. The potential for discordance may
be particularly pronounced in the PROs we examined. All fall into
the Type 2 SLE symptom category (ie, symptoms such as fatigue,
depression, or sleep disturbance) (39), with the possible excep-
tion of flare reports, although perceptions of flares may also be
driven by these Type 2 symptoms. Pisetsky and colleagues note
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that acknowledging these symptoms, which are not included in
clinical assessments of SLE, may improve patient-physician com-
munication and patient understanding of their disease. Likewise,
being able to appropriately attribute respiratory symptoms may
lead to both better patient outcomes as well as improved patient-
physician communication.

Longitudinal analyses were conducted to determine whether
individuals with asthma or COPD experienced greater worsen-
ing of symptoms over time in addition to worse symptoms cross-
sectionally. We found that in the FORWARD cohort, independent
of smoking, obesity, and other covariates, individuals with asthma
did experience greater worsening of fatigue, pain, and global health
ratings over time, and individuals with COPD experienced greater
increases in self-reported SLE activity. However, no such patterns
were noted in the LOS. Whether this difference is due to differences
in the cohort or the way the conditions were assessed (individual
questions for asthma and COPD in FORWARD versus a combined
question in LOS) is unknown. It is also possible that the predominant
condition in LOS was COPD, where fewer longitudinal differences
were seen in FORWARD, as well. The underlying reason for differ-
ences in changes of PROs for asthma and not COPD could not be
determined in these analyses and needs further study.

This study does have limitations. With the exception of
SLE diagnoses, all data were self-reported, including presence
of asthma and COPD. It is possible that these diagnoses were
inaccurately reported. Studies assessing the accuracy of self-
reported asthma and COPD have tended to show underreporting.
For example, one study comparing self-reports of physician-
diagnosed asthma and COPD to diagnoses derived from admin-
istrative data showed moderate agreement for both conditions,
with high specificity (0.96 and 0.97, respectively) but moderate to
low sensitivity (0.55 and 0.26, respectively) (40). The prevalence of
asthma from administrative data was about 15% higher than from
self-report (9.8% vs. 8.6%), but the prevalence of COPD from
administrative data was almost double that obtained from self-
report (11.1% vs. 5.6%). Assuming that the individuals in these
cohorts similarly underreported, our estimates of both prevalence
and incidence may be conservative. Current smokers and individ-
uals with low education were more likely to be lost to follow-up,
which may also contribute to an underestimate of COPD inci-
dence, given the associations noted at baseline. Another consid-
eration is that SLE has disease-specific puimonary manifestations
such as pleurisy, plural effusion, or interstitial lung disease, so it
is possible that individuals with those conditions were confused
about the origin of pulmonary symptoms. However, we specifi-
cally asked about physician’s diagnoses of asthma and COPD,
which may mitigate this potential confusion. In addition, the LOS
question combined asthma and COPD and so has less specificity.

Although all PROs were validated scales or items and all
data collection measures were well tested, some measure-
ment error always exists. For example, it is possible that par-
ticipants may inaccurately report the presence of symptoms or

exposures. We assume that such misreporting is not biased in a
certain direction (ie, will include inaccurate positive and negative
responses). Loss to follow-up may have affected results, par-
ticularly in FORWARD, where those who were lost to follow-up
had worse status on all PROs. However, presence of asthma
or COPD was not associated with differences in follow-up sta-
tus (Supplemental Tables 1 and 2). Study participants may not
represent the spectrum of individuals with SLE. Individuals who
are from minority racial/ethnic groups or who are younger may
be underrepresented, particularly in the FORWARD cohort,
and minority patients often have more severe disease. Individu-
als with severe disease may be underrepresented because they
are too ill to complete surveys/interviews. In addition, individ-
uals with low income and low education were less likely to be
included in the longitudinal follow-ups in both cohorts, and in
FORWARD, those not in the longitudinal follow-up tended to
have worse scores on PROs at the baseline assessment. It is
also possible that we did not account for covariates that may
impact PRO assessments, such as stress or the presence of
fioromyalgia or other comorbidities.

At the same time, the study also has strengths. Both cohorts
were based on large national longitudinal cohorts and included
a spectrum of validated PROs not commonly measured in stud-
ies of SLE. The two data sources are complementary in terms
of study duration, variables included, and characteristics of the
participants (age, race/ethnicity). Although both FORWARD and
the LOS rely on patient-reported data, participants in both cohorts
have physician-confirmed SLE diagnoses.

In summary, we found evidence of increased prevalence of
asthma and COPD in these cohorts of individuals with SLE. We
also found that the presence of these conditions was associated
with worse status on physical function, fatigue, perceived cogni-
tive function, and pain, all of which are important PROs in SLE,
in both cohorts. These findings suggest that health care provid-
ers should routinely screen individuals with SLE for asthma and
COPD and ensure that they are receiving adequate treatment for
those conditions. In addition, counseling for smoking cessation
and screening for occupational exposures that are linked to the
development of pulmonary conditions is also advisable. Future
analyses of PROs in SLE should also include asthma and COPD
as important comorbid conditions.

ACKNOWLEDGMENTS

We wish to acknowledge the valuable contributions of Evo Alemao,
PhD, during this project.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically for
important intellectual content, and all authors approved the final version. Dr.
Katz had full access to all of the data of the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis. Study
design and conception: Katz, Alemao; Acquisition of data: Katz, Trupin,
Yelin, Michaud; Analysis and interpretation of data: Katz, Pedro.



230

KATZ ET AL

RE
1,

FERENCES

Costenbader KH, Kim DJ, Peerzada J, Lockman S, Nobles-Knight
D, Petri M, et al. Cigarette smoking and the risk of systemic lupus
erythematosus: a meta-analysis. Arthritis Rheum 2004;50:849-57.

Jiang F, Li S, Jia C. Smoking and the risk of systemic lupus ery-
thematosus: an updated systematic review and cumulative meta-
analysis. Clin Rheumatol 2015;34:1885-92.

Barbhaiya M, Costenbader K. Environmental exposures and the
development of systemic lupus erythematosus. Curr Opin Rheumatol
2016;28:497-505.

Ghaussy NO, Sibbitt W Jr, Bankhurst AD, Qualls CR. Cigarette
smoking and disease activity in systemic lupus erythematosus. J
Rheumatol 2003;30:1215-21.

Xu D, You X, Wang Z, Zeng Q, Xu J, Jiang L, et al. Chinese systemic
lupus erythematosus treatment and research group registry VI: effect
of cigarette smoking on the clinical phenotype of Chinese patients
with systemic lupus erythematosus. PLoS One 2015;10:e0134451.
Montes R, Mocarzel L, Lanzieri P, Lopes L, Carvalho A, Almeida
J. Smoking and its association with morbidity in systemic lupus
erythematosus evaluated by the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage
Index. Arthritis Rheumatol 2016;68:441-8.

Barbhaiya M, Tedeschi SK, Lu B, Malspeis S, Kreps D, Sparks
JA, et al. Cigarette smoking and the risk of systemic lupus ery-
thematosus, overall and by anti-double stranded DNA antibody
subtype, in the Nurses’ Health Study cohorts. Ann Rheum Dis
2018;77:196-202.

Trupin L, Earnest G, San Pedro M, Balmes JR, Eisner MD, Yelin E,
et al. The occupational burden of chronic obstructive pulmonary dis-
ease. Eur Respir J 2003;22:462-9.

Shen TC, Lin CL, Chen CH, Tu CY, Hsia TC, Shih CM, et al. Increased
risk of chronic obstructive pulmonary disease in patients with sys-
temic lupus erythematosus: a population-based cohort study. PLoS
One 2014;9:€91821.

. Shen TC, Tu CY, Lin CL, Wei CC, Li YF. Increased risk of asthma in

patients with systemic lupus erythematosus. Am J Respir Crit Care
Med 2014;189:496-9.

. Kent T, Davidson A, Newman D, Buck G, D’Cruz D. Burden of iliness

in systemic lupus erythematosus: results from a UK patient and carer
online survey. Lupus 2017;26:1095-100.

. Lai JS, Beaumont JL, Jensen SE, Kaiser K, Van Brunt DL, Kao AH,

et al. An evaluation of health-related quality of life in patients with
systemic lupus erythematosus using PROMIS and Neuro-QoL. Clin
Rheumatol 2017;36:555-62.

. Katz P, Morris A, Trupin L, Yazdany J, Yelin E. Disability in valued

life activities among individuals with systemic lupus erythematosus.
Arthritis Rheum 2008;59:465-73.

. Jolly M. How does quality of life of patients with systemic lupus ery-

thematosus compare with that of other common chronic illnesses?
J Rheumatol 2005;32:1706-8.

. Chen A, Nowrouzi-Kia B, Usuba K. Health-related quality of life in

Canadians with asthma: a case-control study using census data.
Respir Med 2018;140:82-6.

. Kouijzer M, Brusse-Keizer M, Bode C. COPD-related fatigue: impact

on daily life and treatment opportunities from the patient’s perspec-
tive. Respir Med 2018;141:47-51.

. Jarab A, Alefishat E, Mukattash T, Alzoubi K, Pinto S. Patients’ per-

spective of the impact of COPD on quality of life: a focus group study
for patients with COPD. Int J Clin Pharm 2018;40:573-79.

. Katz PP, Gregorich S, Eisner M, Julian L, Chen H, Yelin E, et al. Disability

in valued life activities among individuals with COPD and other respira-
tory conditions. J Cardiopulm Rehabil Prev 2010;30:126-36.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39.

40.

. Omachi TA, Katz PP, Yelin EH, Gregorich SE, Iribarren C, Blanc PD,

et al. Depression and health-related quality of life in chronic obstruc-
tive pulmonary disease. Am J Med 2009;122:778.e9-778.15.
Eisner MD, Blanc PD, Yelin EH, Sidney S, Katz PP, Ackerson L, et al.
COPD as a systemic disease: impact on physical functional limita-
tions. Am J Med 2008;121:789-96.

Wolfe F, Michaud K. The National Data Bank for rheumatic diseases:
a multi-registry rheumatic disease data bank. Rheumatology (Oxford)
2011;50:16-24.

Katz P, Yazdany J, Julian L, Trupin L, Margaretten M, Yelin E, et al.
Impact of obesity on functioning among women with systemic lupus
erythematosus. Arthritis Care Res (Hoboken) 2011;63:1357-64.
Ware J, Kosinski M, Dewey J. How to score version 2 of the SF-36
® Health Survey. Lincoln, RI: QualityMetric Incorporated; 2002.
White DK, Wilson JC, Keysor JJ. Measures of adult general functional
status. Arthritis Care Res (Hoboken) 2011;63 Suppl 11:5297-307.

Hewlett S, Dures E, Almeida C. Measures of fatigue. Arthritis Care
Res 2011;63 Suppl:S263-286.

Wolfe F. Fatigue assessments in rheumatoid arthritis: comparative
performance of visual analog scales and longer fatigue questionnar-
ies in 7760 patients. J Rheumatol 2004;31:1896-902.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenburg DL, Hauser W,
Katz RS, et al. Fibromyalgia criteria and severity scales for clinical
and epidemiological studies: a modification of the ACR Preliminary
Diagnostic Criteria for Fibromyalgia. J Rheumatol 2011;38:1113-22.
Stewart A, Ware J, Sherbourne C, Wells K. Psychological distress/well-
being and cognitive functioning measures. In: Stewart A, Ware JE, eds.
Measuring functioning and well-being: the Medical Outcomes Study
approach. Durham (NC): Duke University Press; 1992. p. 102-42.
Hawker G, Mian S, Kendzerska T, French M. Measures of adult pain.
Arthritis Care Res (Hoboken) 2011;63 Suppl:S240-52.

Wolfe F, Michaud K, Li T. Sleep disturbance in patients with rheu-
matoid arthritis: evaluation by Medical Outcomes Study and visual
analog sleep scales. J Rheumatol 2006;33:1942-51.

Pincus T, Askanase AD, Swearingen CJ. A Multi-Dimensional Health
Assessment Questionnaire (VDHAQ) and Routine Assessment of
Patient Index Data (RAPID 3) scores are informative in patients with
all rheumatic diseases. Rheum Dis Clin North Am 2009;35:819-27.
Radloff LS. The CES-D scale: a self-report depression scale for research
in the general population. Appl Psychol Meas 1977;1:385-401.

Karlson EW, Daltroy LH, Rivest C, Ramsey-Goldman R, Wright
EA, Partridge AJ, et al. Validation of a Systemic Lupus Activity
Questionnaire (SLAQ) for population studies. Lupus 2003;12:280-6.
Yazdany J, Yelin EH, Panopalis P, Trupin L, Julian L, Katz PP.
Validation of the systemic lupus erythematosus activity questionnaire
in a large obsevational cohort. Arthritis Rheum 2008;59:136-43.
England BR, Sayles H, Mickuls TR, Johnson DS, Michaud K.
Validation of the rheumatic disease comorbidity index. Arthritis Care
Res (Hoboken) 2015;67:865-72.

Centers for Disease Control and Prevention. Most recent asthma
data. URL: http://www.cdc.gov/asthma/most_recent_data.htm.
Akinbami LJ, Liu X. Chronic obstructive pulmonary disease among
adults aged 18 and over in the United States, 1998-2009. NCHS
Data Brief 2011:1-8.

. Sin E, Anand P, Frieri M. A link: allergic rhinitis, asthma and systemic

lupus erythematosus. Autoimmun Rev 2016;15:487-91.

Pisetsky DS, Clowse ME, Criscione-Schreiber LG, Rogers JL. A
novel system to categorize the symptoms of systemic lupus erythe-
matosus. Arthritis Care Res (Hoboken) 2019;71:735-41.

Muggah E, Graves E, Bennett C, Manuel DG. Ascertainment of chronic
diseases using population health data: a comparison of health adminis-
trative data and patient-self-report. BMC Public Health 2013;13:16.


http://www.cdc.gov/asthma/most_recent_data.htm

