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Abstract

Objective: To evaluate the association between smoking and cognitive function in patients with
fibromyalgia.

Patients and Methods: We surveyed 668 patients with fibromyalgia from May 1, 2012 through
November 30, 2013 at a major tertiary referral center. Patients were categorized by smoking status. Pri-
mary outcome of interest was cognitive function (MASQ questionnaire), and secondary outcomes
included fibromyalgia symptom severity (FIQ-R questionnaire), quality of life (SF-36 questionnaire), fa-
tigue (MFI-20 questionnaire), sleep (MOS-sleep scale), anxiety (GAD-7 questionnaire), and depression
(PHQ-9 questionnaire). Independent Students’ t-tests and % tests were performed for continuous and
categorical variables, respectively. Univariate regression analysis identified variables predictive of out-
comes, adjusting for age, gender, body mass index, marital status, and educational level.

Results: Ninety-four (14.07%) patients self-identified as smokers. There was an association of lower
education level, unmarried status, and younger age in smokers compared with nonsmokers. In the
adjusted univariate regression analysis, fibromyalgia smokers reported greater perceived total cognitive
dysfunction (P=.009) and greater subscale scores of perceived difficulty in language (P=.03), verbal
memory (P=.003), visual-spatial memory (P=.02), and attention (P=.04) compared with nonsmokers
with fibromyalgia. For secondary outcomes, smokers with fibromyalgia reported greater severity of
fibromyalgia-related symptoms (P=.006), worse quality-of-life index in the mental component scale
(P=.02), greater sleep problems (P=.01), and increased anxiety (P=.001) compared with nonsmokers
who had fibromyalgia.

Conclusion: In patients with fibromyalgia, smoking is a risk factor for cognitive dysfunction. Moreover,
smokers with fibromyalgia were more likely to report increased severity of fibromyalgia symptoms, worse
quality of life, more sleep problems, and increased anxiety compared with nonsmokers with fibromyalgia.
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estimated to affect 2% to 6.4% of the US

adult population (more than 5 million
Americans).'" In addition to chronic wide-
spread musculoskeletal pain, patients with
FM also report a constellation of debilitating
symptoms comprising fatigue, sleep distur-
bance, psychological distress, and poor quality
of life.”* Importantly, cognitive impairment is
one of the core manifestations of FM, colloqui-
ally referred to as “fibrofog,” and may be even

F ibromyalgia (FM) is a prevalent disorder

more disabling than symptoms of pain.
Studies report that 50% to 80% of patients
with FM experience memory decline, mental
confusion, and difficulties with concentra-
tion.”® Yet there is a paucity of data describing
risk factors that may explain the correlation
between FM and cognitive dysfunction.”'”
Cigarette smoking—a pervasive high-risk
behavior representing a global health concern
and the leading cause of early preventable
death in the developed world—is associated
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with greater intensity of pain and functional
impairment in patients with chronic pain,
including patients with FM. ' Furthermore,
smoking has been linked to significant cogni-
tive impairment in both elderly and young
patients.'7'® To the best of our knowledge,
no study has investigated the association of
smoking and cognitive ability in patients
with FM. To this end, the objective of our pro-
spective questionnaire study was to evaluate
the association of smoking with cognitive
function in patients with FM. We hypothesize
that tobacco use in FM is associated with
greater impairment in cognitive function
compared with patients with FM who do not
smoke. In addition, we sought to investigate
the association of smoking with other second-
ary outcomes, including FM severity of symp-
toms, quality of life, fatigue, sleep, and mood
disorders.

PATIENTS AND METHODS

Patients

This was a prospective questionnaire study that
included 668 patients with FM who were seen
in the Fibromyalgia Clinic at a major tertiary
referral center (Mayo Clinic, Rochester, Minne-
sota), between May 2012 and November 2013.
At the time of enrollment, a clinician confirmed
the diagnosis of FM as stated by the American
College of Rheumatology 1990 criteria'* and/or
2010 criteria.'” Informed consent was obtained
from all participants, and our study was
approved by our hospital’s Institutional Review
Board. Smoking status was abstracted from the
electronic medical record. Patients were divided
into 2 groups: nonsmoker (lifetime abstinent or
previous user) and smoker (current user).

Outcome Measures

Primary Outcome. The Multiple Ability Self-
Report Questionnaire (MASQ) was used to
assess cognitive dysfunction. It is a 38-item
measure that assesses 5 domains of perceived
cognitive difficulties: language, visual percep-
tion, verbal memory, visual spatial function,
and attention/concentration. Scores on each
cognitive domain ranges from 0 to 30 or O to
40. The maximum total score is 190. Higher
scores indicate greater perceived difficulties in
cognitive function.'’

Secondary Outcomes. The Revised Fibromy-
algia Impact Questionnaire (FIQ-R) has 21
items designed to assess severity of FM symp-
toms, functional status, and overall impact of
FM. Weighted summary score ranges from
0 to 100. Higher scores indicate more severe
symptoms, with scores of 0 to <39, >39 to
<59, and >59 to 100, indicating mild, mod-
erate, and severe symptoms, respectively.”’

The 36-item Short Form Health Survey
(SF-36) is a health-related quality-of-life
(QOL) measure. The SF-36 yields 8 subscales:
vitality, physical function, bodily pain, general
health perceptions, physical-role functioning,
emotional-role functioning, social-role func-
tioning, and mental health. The 8 subscales
are combined into 2 domains: physical
component summary and mental component
summary. Each scale is transformed into a
0 to 100 scale with lower scores indicating
poorer health and quality-of-life measure.”'

The Multidimensional Fatigue Inventory
(MFI-20) is a 20-item measure that assesses
multiple aspects of fatigue in 5 domains
including general fatigue, physical fatigue,
reduced activities, reduced motivation, and
mental fatigue. Subscale scores range from 4
to 20, with higher scores indicating greater
fatigue.”

The 9-item Patient Health Questionnaire
Depression Scale (PHQ-9) assesses for symp-
toms of depression.”’ Scores range between
0 and 27. A total score greater than or equal
to 10 indicates the presence of major depres-
sive symptoms. Symptoms of anxiety were
assessed with the 7-item Generalized Anxiety
Scale (GAD-7).”" GAD-7 score ranges from
0 to 21 with scores of 5, 10, and 15 represent-
ing mild, moderate, and severe anxiety symp-
toms, respectively.

The Medical Outcomes Study Sleep Scale
(MOS-Sleep) scale is a 12-item measure to
assess sleep, described in 6 dimensions: sleep
disturbance, sleep adequacy, sleep quantity,
somnolence, snoring, and awakening with
shortness of breath or headache. Summary
scores range from O to 100, with higher scores
indicating poorer sleep.””

Statistical Analysis
Demographic characteristics and primary and
secondary outcomes were summarized by
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TABLE 1. Demographic and Social Characteristics of Patients With Fibromyalgia

Based on Smoking Status

Smoking status

Characteristic Nonsmokers (n=574) Smokers (n=94) P value
Age (years) 47.92+13.08 43.00£11.73 001
Gender 92

Female 521 (90.77%) 85 (90.43%)

BMI 30.3047.90 29.50+6.24 64

Race 68
Caucasian 511 (89.02%) 85 (90.43%)

Alcohol .58
Current alcoholic 299 (54.46%) 49 (57.65%)

Marital status <.001
Married 405 (70.93%) 48 (51.06%)

Employment 49
Employed 266 (46.34%) 43 (45.74%)
Unemployed |80 (31.36%) 36 (38.30%)

Retired 70 (12.20%) 7 (745%)
Homemaker 43 (7.49%) 5 (5.32%)
Other 5 (2.61%) 3 (3.19%)

Education level <.001
Grade <2y 95 (17.43%) 36 (41.86%)

Opioid .39

Endorses opioid use

170 (29.62%) 32 (34.04%)

Note that sample N value does not reflect sample size for all categories, as there were missing data

for various categories.
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mean and standard deviations for continuous
variables and frequency (%) for categorical
variables. Students’ t-tests and Pearson’s >
tests were used to compare the continuous
and categorical outcome measures, respec-
tively, between smokers and nonsmokers.
We also constructed multiple linear regres-
sion models on outcomes after adjusting for
age, gender, body mass index (BMI), marital
status, and education level. Although P
values less than .05 are generally considered
statistically significant, the issue of multiple
comparisons in our study design increases
the probability of false positive results by
chance alone. Thus, we adjusted significant
threshold values for each outcome associa-
tion based on the Benjamini—Hochberg false
discovery control procedure with a false dis-
covery rate of 5%.”%”" This adjustment in
significance threshold values was performed
separately for our prespecified primary and
secondary outcomes of interest. All analyses
were performed using SPSS (SPSS Statistics

for Windows, Version 21.0, IBM, Armonk,
NY).

RESULTS

A total of 668 patients were surveyed with a
mean age of 47.2+13.0 years (range 18 to 83
years); 606 (90.71%) patients were female.
There were 574 (85.93%) nonsmokers and
94 (14.07%) smokers. The sociodemo-
graphic characteristics of participants are
displayed in Table 1. Internal consistency
was assessed for questionnaires with
multiple-item  measures including the
MASQ scale (Cronbach’s a= 0.91), FIQ-R
scale (Cronbach’s a= 0.82), SF-36 scale
(Cronbach’s o= 0.91), and the MFI-20 scale
(Cronbach’s a= 0.80).

Primary Outcome

Table 2 demonstrates primary and secondary
outcome measures. Univariate analysis adjust-
ing for covariates of age, gender, BMI, marital
status, and education level revealed an associ-
ation between smoking and higher perceived
cognitive dysfunction (P=.009) and higher
MASQ subscale scores in perceived difficulty
in language (P=.03), verbal memory
(P=.003), visual-spatial memory (P=.02),
and attention (P=.04).

Secondary Outcomes

Fibromyalgia Symptom Severity

(FIQ-R). After adjusting for age, gender, BMI,
marital status, and education level, a correla-
tion was identified between smoking and
greater FIQ-R total score (P=.003) and sub-
scale measures of symptoms (P=.006), overall
(P=.002), and function scores (P=.005).

Quality of Life (SF-36). Adjusted analysis
identified a correlation between smoking and
worse mental component score (P=.02), phys-
ical functioning (P=.01), and vitality (P=.006)
but not bodily pain (P=.03 was higher than
significance threshold of .0239).

Fatigue (MFI-20). Adjusted analysis identified
a correlation between smoking and worse
motivation scores (P=.02).

Sleep (MOS-sleep scale). Adjusted analysis
identified a correlation between smoking and
worse sleep scores (P=.01).
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TABLE 2. Comparison of Primary and Secondary Outcomes Based on Smoking Status

Nonsmoker Smoker Adjusted
n=574 n=94 P value P value Significance
Characteristic Mean+SD Mean£SD B (95% ClI) Not adjusted  Adjusted’ Threshold
MASQ total 94.88+£22.73 103.52£21.39 7.15 (1.77-12.52) 001 009 0167
Language 19.53£537 2120567 142 (0.12-2.72) 006 03¢ 0333
Visual-perceptual ability 1420+4.61 15.044+4.49 0.76 (—0.35-1.86) .10 .18 0500
Verbal memory 21.80+5.78 24424578 2.11 (0.74-348) <00l 003" 0083
Visual-spatial memory 1796£5.19 19.58+4.71 147 (0.26-2.69) .005 024 0250
Attention/Concentration 21454559 23.2744.85 1.36 (0.06-2.67) 003 044 0417
FIQ-R Total score 57.72£1793 65.44+17.80 6.60 (2.29-1091) <00l 003} 0065
Symptoms 30.98+7.84 34224794 267 (0.77-4.56) <00l 006* 0109
Overall 12.16£553 [4.48+£5.15 201 (0.72-3.30) <00l 002 0043
Function 14.53+7.33 [7.18£7.16 249 (0.76-422) 001 005¢ 0087
SF -36
PF (physical functioning) 3191£21.12 25.62+1587 635 (—11.18 to —1.53) 001 ol 0152
RP (role physical) 20.34£19.26 [695£1575  -392 (—842-0.58) A 09 0370
BP (bodily pain) 16.65+16.60 [309£1333  -441 (—828 to —0.54) 02 03" 0239
GH (general health) 25.55+19.45 235241798  -1.85 (—6.39-2.70) 35 42 0478
VT (vitality) [6.51£14.16 [331£10.63  -457 (=783 to —1.31) 0Ol 006" 0130
SF (social functioning) 23.00£26.20 1878+£2330  -4.59 (—10.82-1.64) 15 15 0435
RE (role emotional) 36.53+32.46 29.73+£2600  -7.04 (—14.77-0.70) 03 07 0326
MH (mental health) 392542591 332842191 -6.00 (—12.13-0.13) 02 06 0283
PCS (physical component scale)  29.9448.40 28.3547.37 -1.82 (—3.86-0.21) .10 .08 0348
MCS (mental component Scale)  38.76+12.34 350241220  -3.63 (—6.71-0.54) Ol 02 0217
MFI-20 total 75.39+£13.79 78.71£13.78 296 (—0.46-6.38) 04 09 0391
General 18.08+2.41 18.65+2.19 0.54 (=0.02-1.11) 03 06 0304
Physical 16.37£3.59 16724321 0.59 (—0.26-1.45) .38 A7 0457
Mental 13.98+4.38 [4.60+4.17 0.39 (—0.66-1.44) 21 46 .0500
Motivation 12.13£394 13.45+4.23 [.13 (0.18-2.09) 003 02° 020
Activity 14.88+4.33 15.67£3.96 0.78 (=0.24-1.81) .10 A3 0413
MOS sleep scale 56.80+18.79 65.66E17.66 551 (1.21-9.82) <001 ol 0174
GAD 7 total 8.1 1£5.85 10.93%5.63 232 (091-3.73) <001 001% 0022
PHQ 9 total [1.944+571 13.84+5.69 149 (0.09-2.89) 004 04" 026

*Unadjusted analysis was performed with independent Students’ t-tests.

TAdjusted analysis was performed with linear regression adjusting for age, gender, body mass index, marital status, and education level.

J;Adjusted P value achieves significance from adjusted significance threshold per the Benjamini—Hochberg false discovery control procedure.

SAdjusted P value was below P=05 but failed to achieve significance from adjusted significance threshold per the Benjamini—Hochberg false discovery control procedure.
Data on cognitive symptoms, symptom severity of fibromyalgia, quality of life, fatigue, sleep, anxiety, and depression are presented based on smoking status. Unadjusted and
adjusted analyses (adjusted for age, gender, body mass index, marital status, and level of education) are presented.

B = beta coefficient; Cl = confidence interval, *FIQ-R = the Revised Fibromyalgia Impact Questionnaire; GAD 7 = 7-item Generalized Anxiety Scale; MASQ = Multiple
Ability Self-Report Questionnaire; MCS = Mental Component Summary; MFl = Multidimensional Fatigue Inventory; MOS-sleep scale = Medical Outcomes Study Sleep
Scale; PCS = Physical Component Summary; PHQ9 = 9-item Patient Health Questionnaire-Depression Scale; SF-36 = 36-item Short Form Health Survey.

Mood (GAD7 and PHQ9). Adjusted analysis
identified a correlation between smoking and
increased anxiety (P=.001) but not increased
depressive symptoms (P=.04 was higher
than significance threshold of .0261).

DISCUSSION
We demonstrate a significant association be-
tween active smoking in patients with FM

and worse overall cognitive function. Further-
more, a greater perceived difficulty in lan-
guage, verbal memory, visual-spatial
memory, and attention was also noted in
smokers with FM. This is crucial because
cognitive impairment can be debilitating and
is associated with higher severity of pain,
depression, anxiety, negative affect, low self-
esteem, and pain catastrophizing in patients
with FM.”® The impairment in domains of
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working, episodic, and sematic memory can
be so severe that it mimics approximately 20
years of aging.”’

Our findings of associations between smok-
ing and cognitive problems are concordant with
several previous studies'”'° but extend to a FM
patient population and describe dissociable do-
mains tapped by well-validated translational
cognitive questionnaires. Although our ques-
tionnaires did not assess the specific subdo-
mains of language ability, other studies have
demonstrated that current smokers do perform
more pootly in receptive and expressive vocab-
ulary” and demonstrate poorer verbal fluency
and verbal knowledge.’' Similarly, other studies
reveal that tobacco smoking is detrimental to
other cognitive domains of verbal memory,
visual-spatial memory, and inattention.”” How-
ever, controversy exists on this subject, as some
studies even propose that nicotine may be neu-
roprotective and may have positive effects on
certain cognitive domains including memory,
attention, fine motor skills, and executive func-
tion.”””* A meta-analysis by Heishman and col-
leagues investigating the acute effects of nicotine
or smoking on human performance reported
positive effects on 6 domains including fine mo-
tor, alerting attention, orienting attention,
episodic memory, and working memory.”
However, most studies report increased risk of
negative cognitive outcomes with smoking and
propose potential mechanisms for tobacco
smoke’s harmful effects comprising oxidative
stress, inflammation, and atherosclerotic
processes.”

Based on findings from our study, it is un-
clear whether smoking results in cognitive
impairment or whether people with cognitive
impairment use nicotine to cope with
perceived cognitive dysfunction. For instance,
a study by Weingarten et al revealed that most
smokers who had FM used smoking to cope
with pain symptoms via distraction and relax-
ation, to lessen emotional distress resulting
from pain-induced frustration or sadness,
and as justification for resting during smoking
breaks.”” Thus, it would be useful for future
studies to explore the utility of medications
that help patients quit smoking to assess
whether cognitive deficits improve after cessa-
tion of smoking.

Furthermore, our analysis revealed that
active smoking in patients with FM was

associated with worse secondary outcomes of
severity FM symptoms, quality-of-life mea-
sures, fatigue, sleep problems, and anxiety
than in nonsmokers. These findings are also
consistent with previous studies; for instance,
a comparable study on patients with FM
found that tobacco users reported worse phys-
ical impairment, work interference, pain,
unrefreshed  awakening, and  stiffness.”
Smokers with FM also experienced more ten-
der points and bodily pain.’” Similarly, worse
quality-of-life measures,”*" greater fatigue,”!
and increased rates of mood disorders’” are re-
ported in smokers with FM.

Our study identified 14.07% of the total
patient cohort as smokers, which is a lower
than expected proportion of reported smokers
with FM, based on previous reports ranging
from approximately 22% to 25%."**’ Howev-
er, our reported rates are comparable with
those previously reported in large series of pa-
tients with chronic pain, particularly a 15.3%
rate of smoking in 25,417 patients with rheu-
matic diseases from the National Data Bank for
Rheumatic Disease.™ Furthermore, our rate is
concordant with a previous study occurring in
the same institution as our study, with a
reported smoking rtate of 14.7% in a
chronic-pain population.'” Despite this, our
study similarly demonstrated that smokers
had lower levels of education, higher rates of
unmarried status, and younger age compared
with nonsmokers. The proportion of alcohol
consumption and the use of opioids were
not significantly different between the 2
groups.

Strengths of our study included an objec-
tive and robust methodology. Unlike previous
case-control studies, our prospective question-
naire study, using logistic regression to control
for potential confounding factors (age, gender,
BMI, marital status, educational level), is less
likely to have generated information bias. A
comprehensive assessment of variables was
also  described, including our primary
outcome measure of cognitive dysfunction,
but also diverse secondary outcome measures
of severity of FM symptoms, quality-of-life
metrics, fatigue, sleep, anxiety, and depres-
sion. All Cronbach’s a values for multiple-
item questionnaires in our study were greater
than or equal t0.80, indicating good internal
consistency.”” These high internal consistency
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reliability values are consistent with previous
validation studies.”*’

Our analyses must be interpreted in the
context of several notable limitations. We
defined smoking as a binary variable: current
user or nonsmoker. The latter category
comprised both lifetime abstinent patients
and previous smokers, which may complicate
the interpretation of our results. A more
appropriate method would be to categorize
never smokers, former smokers, and current
smokers separately in our statistical analyses.
It may be plausible that the effects of smoking
on cognition may not be evident in former
smokers who have recovered from the detri-
mental effects of smoking, similar to how
cessation of smoking is associated with
reduced risk of lung cancer™ and cardiovascu-
lar disease.”’ Another limitation was the lack
of data on quantity of tobacco use (ie, pack-
years) and exposure to second-hand smoke.
A dose-related association between smoking
pack-years and worse cognitive impairment
has been reported.”””” Moreover, as smoking
status and cognition were both assessed by
self-report, we may be limited by recall and
reporting bias. Although we adjusted our sig-
nificance threshold for multiple comparisons
in our statistical methods, this introduces the
risk for Type 11 error.

CONCLUSION

In the FM patient population, smokers re-
ported increased cognitive dysfunction than
nonsmokers. Although the cause-effect rela-
tionship between smoking and cognition is
unclear, clinicians who care for patients with
FM should be aware of this association.
Future studies should extend these results
longitudinally to assess causality and investi-
gate the effects of nicotine-containing agents
as well as antismoking medications on
cognition.
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