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Table 1. Demographic and Medical Characteristics as a Function of Depression
No depression Depression
(n=57) (n=15)
Variables M= SDor% (n) M * SD or % (n) X/F r Missing data, n
Sociodemographics
Age, yrs 61.9 + 10.18 59.9 +9.30 0.48 49 -
Male sex 80 (44) 80 (12) 0.00 1.00 -
Ethnicity (Caucasian) 89 (49) 93 (14) 023 63 -
Medical characteristics
BMI, kg/m? 277 * 4.1 268 + 2.8 0.67 42 -
Current smoker 20(11) 40 (6) 2.64 27 -
Hypertensive (yes) 95 (52) 100 (15) 0.84 36 -
Hyperlipidemia (yes) 62 (34) 40 (6) 2.30 13 -
Diabetes (yes) 16 (9) 13Q2) 0.08 78 -
Previous MI (yes) 45(25) 67 (10) 2.13 A5 -
CAD severity (= 50%) 5.34 15 3
0 vessel 24 (13) 47(7)
1 vessel 317 13(2)
2 vessels 29 (16) 13(2)
3 vessels 16 (9) 27 (4

Note. BMI = body mass index; M1 = myocardial infarction; SBP = systolic blood pressure; DBP = diastolic blood pressure; CAD = coronary artery disease.

Baseline Hemodynamic, Hemostatic, and
Endothelial Markers

Baseline levels of hemodynamic, hemostatic, and endothelial
markers as a function of depression are presented in Table 3. There
were no significant differences between depressed and nonde-
pressed patients on these markers except for HR (p = .03) where
depressed individuals had higher HRs than nondepressed individu-
als. Although not significant, there was also a trend in DBP
(p =.07) suggesting that depressed individuals had higher DBP
than nondepressed individuals.

Effects of Depression on Hemodynamic, Hemostatic, and
Endothelial Markers During a Psychological Stress

As shown in Table 4, GLM analyses revealed a significant associa-
tion between depression and PEP reactivity: patients who were
depressed had smaller stress-induced decreases in PEP than
patients who were not depressed (Figure 1a). In addition, there was

Table 2. Medication Data as a Function of Depression

a significant association between depression and PF4 reactivity. In
this case, depressed patients showed an exaggerated stress-induced
increase in PF4 (Figure 1b). Further, although not significant, there
was a tendency for depressed patients to show blunted HR
(p=.08), CO (p=.06), and tPA stress reactivity (p=.10)
(Figure 2). There were no other noteworthy differences between
groups. As can be seen in Table 5, depression explained 7.3%
and 6.9% of the variability of PEP and PF4 stress reactivity,
respectively.

Association Between Depressive Symptoms and
Hemodynamic, Hemostatic, and Endothelial Markers During
a Psychological Stress

Association between continuous depressive symptom severity
score and hemodynamic, hemostatic, and endothelial stress
responses are shown in Table 6. The analyses revealed that depres-
sive symptoms were significantly associated with HR, PEP, and CO

No depression Depression F Missing

Variables (n=57) % (n) (n=15) % (n) statistic P data, n
Any cardiac medications (yes) 95 (52) 100 (15) 0.84 0.36 -
Anticoagulation/platelet medications (yes) 89 (49) 100 (15) 1.78 0.19 -
Aspirin or clopidogre! (yes) 93 (51) 100 (15) 1.14 0.29 -
Antihypertensive medications (yes) 89 (49) 100 (15) 1.78 0.19 -
ACE inhibitors (yes) 24 (13) 13(2) 0.73 0.40 -
B-blockers (yes) 62 (34) 73 (11) 0.67 042 -
Calcium channel blockers (yes) 3821 53 (8) 1.10 0.30 -
Diuretics (yes) 22(12) 13(2) 0.52 0.47 -
Antianginal medications (yes) 67 (37) 67 (10) 0.00 0.97 -
Long-acting nitrates (yes) 53 (29) 47 (7) 0.17 0.68 -
Short-acting nitrates (yes) 33(18) 47 (7) 0.98 0.33 -
Lipid lowering therapy (yes) 55 (30) 274 3.76 0.06 -
Antidiabetic medications (yes) 13(7) 13Q2) 0.00 095 -

Note. ACE = angiotensin converting enzyme.
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Table 3. Baseline Levels of Hemodynamic, Hemostatic, and Endothelial Markers as a Function of Depression
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No depression Depression
Variables (n=57) (n=15) B (SE) 95% Cl
Hemodynamic
SBP (mmHg) 124.22 126.73 2.50 (6.40) -10.04 to 15.05
DBP (mmHg) 74.89 82.53 7.65 (4.17) —0.52t015.83
HR (bpm) 60.97 69.18 8.25 (3.85) 0.70 to 15.80
PEP (ms) 115.57 112.16 -3.47(791) —19.18 t0 12.24
SV (ml) 61.51 57.40 —4.12 (6.01) -15.92t0 7.68
TPR (d-s/cm™5) 2270.64 2042.25 =229.79 (276.84) —774.3010 314.72
CO (Vmin) 3.68 3.81 0.13 (0.37) —0.60t0 0.85
Hemostatic and endothelial
PAI-1 (U/mi)* 12.93 10.73 —0.08 (0.16) —0.40t0 0.23
PF4 (IU/mi)* 65.55 53.99 -0.09 (0.09) —0.27100.10
tPA (ng/ml)* 10.38 9.86 -0.02 (0.04) —0.11 t0 0.06

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; PEP = pre-ejection period; SV = stroke volume; TPR = total periph-
eral resistance; CO = cardiac output; PAI-1 = plasminogen activator inhibitor-1; PF4 = platelet factor 4; tPA = tissue plasminogen activator. Significant

results appear in bold.
*Geometric mean.

reactivity. In addition, there were trends for associations with TPR,
SV, and tPA reactivity. All of the relationships were consistent with
those reported for the DISSA.

Discussion

The present study examined the association between depression
and hemodynamic, hemostatic, and endothelial responses to acute
stress in a sample of patients following coronary angiography.
Depression was found to be related to PEP and PF4 stress reactiv-
ity; depressed patients exhibited a greater increase in PF4 reactivity
and a smaller reduction in PEP reactivity than patients who were
not depressed. Thus, in addition to a blunting in hemodynamic
stress reactivity, there is also greater platelet activation in depressed
patients. Moreover, trends were found for blunted HR, CO, and tPA
reactivity.

Given that PEP is an index of myocardial contractility (reflects
the time from ventricular depolarization to ventricular ejection
(Parry & McFetridge-Durdle, 2006) and sympathetic cardiac
control (Berntson et al., 1994; Schichinger, Weinbacher, Kiss,
Ritz, & Langewitz, 2001; Siegel & Sonnenblick, 1963), an attenu-
ated PEP stress reaction indicates less sympathetic activation and

diminished stress-induced myocardial contractility (Obrist, Light,
James, & Strogatz, 1987; Parry & McFetridge-Durdle, 2006). This
result is consistent with a growing number of studies that have
found depressive symptoms (Carroll et al., 2007; de Rooij, Schene,
Phillips, & Roseboom, 2010; Phillips, 2011; York et al., 2007) and
major depression (Straneva-Meuse, Light, Allen, Golding, &
Girdler, 2004) to be associated with altered reactivity and
decreased cardiac sympathetic activity. However, it has been sug-
gested that the relationship between depression and attenuated
CV reactivity during a stress task could be explained by perceived
task difficulty (Salomon et al.,, 2009). Based on Gendolla and
Brinkmann’s (2005) theory on the role of mood states in self-
regulation, this suggests that depression can have an impact on
cognitive appraisal (Salomon et al., 2009), and the altered reactiv-
ity we observed could reflect changes in patients’ cognitive
appraisals of the task. Specifically, it is possible that depressed
participants perceived the demands of the task as being too difficult
and, as a result, did not mobilize the effort needed to do the task,
resulting in attenuated CV reactivity. To verify this possibility, we
performed a posteriori statistical analysis to examine the associa-
tion between depression and PASAT performance score (used as a
proxy for task engagement), subjective stress, and subjective

Table 4. Hemodynamic, Hemostatic, and Endothelial Stress Responses as a Function of Depression

Variables B (SE) 95% Cl t value p
Hemodynamic
SBP (mmHg) 0.65 (4.16) -~7.50 to 8.81 0.16 .88
DBP (mmHg) —4.22 (3.06) —10.22t0 1.78 -1.38 =17
HR (bpm) -3.86 (2.20) -~8.19t0 0.46 -1.75 .08
PEP (ms) 11.18 (5.50) 0.33 to 22.04 2.03 04
SV (ml) -6.92 (4.76) -16.31102.47 -1.45 15
TPR (d-s/cm™) 124.82 (195.16) —267.37 to 517.01 0.64 .53
CO (/min) -0.75 (0.39) ~1.52 10 0.03 -1.89 .06
Hemostatic and endothelial
Logged PAI-1 (U/ml) -0.06 (0.06) -~0.18 t0 0.06 -0.96 34
Logged PF4 (IU/mi) 0.13 (0.07) 0.00 to 0.26 1.98 049
Logged tPA (ng/ml) -0.03 (0.02) -0.07 10 0.01 -1.66 .10

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; PEP = pre-ejection period; SV = stroke volume; TPR = total periph-
eral resistance; CO = cardiac output; PAI-1 = plasminogen activator inhibitor-1; PF4 = platelet factor 4; tPA =tissue plasminogen activator. Significant

results appear in bold.
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Figure 1. Association between depression and (a) adjusted PEP reactivity,
(b) PF4 reactivity.

difficulty during the mental stress task. These analyses indicated
that depression was not associated with subjective stress or subjec-
tive difficulty during the mental stress task, nor was it associated
with PASAT performance. Thus, it seems that the attenuated hemo-
dynamic stress responses seen in depressed participants may be due
to factors other than perceived task difficulty (i.e., cognitive
appraisal) or task engagement. In agreement with this finding,
Carroll and colleagues (2007) have previously found similar
results. They found that higher Hospital Anxiety and Depression
Scale (HADS) depression scores were negatively associated with
SBP and HR reactions to the PASAT in a large community sample.
Additional multivariate analyses revealed that adjustment for
PASAT performance (which was correlated to HADS score) did not
attenuate the association between depression and CV reactivity,
suggesting that the association between depression and CV reac-
tivity was not moderated by cognitive appraisal.
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Table 5. Average Percentage of Variance Predicted by Depression

Variables R?

Hemodynamic
SBP (mmHg) .001
DBP (mmHg) .042
HR (bpm) .052
PEP (ms) .073
SV (ml) .039
TPR (d-s/cm™5) .013
SV (ml) 039
TPR (d-s/cm™) 013
CO (I/min) .063

Hemostatic and endothelial
Logged PAI-1 (U/ml) . 016
Logged PFA (IU/ml) .069
Logged tPA (ng/ml) .046

Note. SBP =systolic blood pressure; DBP =diastolic blood pressure;
HR = heart rate; PEP = pre-ejection period; SV = stroke volume; TPR =
total peripheral resistance; CO = cardiac output; PAI-1 = plasminogen
activator inhibitor-1; PF4 = platelet factor 4; tPA =tissue plasminogen
activator.

Our finding that depression was associated with increased PF4
stress reactivity is generally consistent with previous studies. Pre-
vious studies have shown that markers of platelet reactivity (such as
B-thromboglobulin, PF4, and platelet P-selectin) are higher in
depressed healthy (Aschbacher etal., 2009; Musselman et al.,
1996) and depressed individuals (Laghrissi-Thode, Wagner,
Pollock, Johnson, & Finkel, 1997; Pollock, Laghrissi-Thode, &
Wagner, 2000) compared to nondepressed individuals. The rela-
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Figure 2. Association between depression and adjusted hemodynamic, hemostatic, and endothelial stress responses. a: HR reactivity and depression, b: CO

reactivity and depression, c: tPA reactivity and depression.
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Table 6. Association Between Continuous Depressive Symptom Severity Score and Hemodynamic, Hemostatic, and Endothelial Stress

Responses
Variables B (SE) 95% Cl t value P
Hemodynamic
SBP (mmHg) -0.29 (0.27) -0.81t00.24 -1.08 .28
DBP (mmHg) -0.12 (0.19) -0.50 t0 0.25 -0.64 .52
HR (bpm) —0.28 (0.14) —0.55 to —0.01 —2.05 .04
PEP (ms) 0.76 (0.33) 0.12 to 1.40 234 .02
SV (ml) -0.55 (0.30) ~1.14t0 0.03 -1.87 .06
TPR (d-s/cm™) 21.27 (12.01) —2.62t0 45.16 177 .08
CO (V/min) -0.06 (0.02) —0.11 to -0.01 -2.52 01
Hemostatic and endothelial
Logged PAI-1 (U/ml) -0.00 (0.01) -0.02 t0 0.01 -0.86 40
Logged PF4 (IU/ml) 0.00 (0.00) -0.00 to 0.01 0.96 34
Logged tPA (ng/ml) -0.00 (0.00) -0.01 t0 0.00 -1.75 .09

Note. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; PEP = pre-ejection period; SV = stroke volume; TPR = total periph-
eral resistance; CO = cardiac output; PAI-1 = plasminogen activator inhibitor-1; PF4 = platelet factor 4; tPA =tissue plasminogen activator. Significant

results appear in bold.

tionship between depression and platelet reactivity may be
explained in part by serotonin. Indeed, there is considerable evi-
dence suggesting that altered serotonergic transmission may play a
role in depression (Heninger, Charney, & Sternberg, 1984; Van
Praag, 1982). For example, antidepressants, such as selective
serotonin re-uptake inhibitors, have shown to be effective in the
treatment of major depression, suggesting that depressive symp-
tomatology can be, in part, explained by a deficiency in the neu-
rotransmission of serotonin (Sharp & Cowen, 2011). In addition to
playing a central role in the pathogenesis and treatment of major
depression, the results of some studies suggest that serotonin might
also play a role in platelet function among depressed patients
(Lavoie & Fleet, 2000; Sanner & Frazier, 2011; Ziegelstein,
Parakh, Sakhuja, & Bhat, 2009). For example, previous studies
have shown that depressed patients have been found to have a
greater density of platelet serotonin receptors (which is associated
with increased platelet aggregation), increased serotonin receptor
sensitivity, and a reduction of serotonin transporter function (Hillis
& Lange, 1991; Ziegelstein et al., 2009). However, although con-
siderations such as these seem to afford an explanation for the

association between depression and platelet activation, studies that

have examined these parameters have reported conflicting results
(Ziegelstein et al., 2009).

As for the trend found for tPA antigen, it is noteworthy to
mention that the interpretation of the direction of its change imme-
diately after the acute stress has to be done with caution consider-
ing that tPA antigen levels reflect previously active tPA that has
become rapidly bound to PAI-1 (von Kanel et al., 2001). That being
said, our findings seem to suggest a slight decrease of tPA stress
reactivity in depressed patients, which is similar to hemostatic
responses found in patients with increased depressive symptoms
(von Kinel etal., 2009). For example, von Kinel et al. (2009)
found that increasing depressive symptoms were associated with a
blunted D-dimer stress response immediately after the stress task.
Interestingly, the authors also found that depressive symptoms
were associated with attenuated recovery of D-dimer levels
between 20 and 45 min poststress. This suggests that depressed
individuals may take more time to show hemostatic activation, and,
once activated, they take more time to return to baseline.

With regards to interpreting the PF4 and PEP pattern that we
see, we have no exact answer as to why depressed individuals have
exaggerated PF4 reactivity and attenuated PEP reactivity. However,

considering that increases in PF4 can facilitate thrombosis
(Thachil, 2010) and decreased PEP is associated with less sympa-
thetic activation and diminished stress-induced myocardial con-
tractility (Obrist et al., 1987; Parry & McFetridge-Durdle, 2006),
the link between depression and increased risk for CAD may be, in
part, explained by these two markers. Further research is needed to
clarify this.

In addition to examining the effect of depression on stress
responses, we also assessed the association between the level of
depressive symptoms and hemodynamic, hemostatic, and endothe-
lial reactivity. Results suggest that there are significant associations
between depression score and HR, PEP, and CO and trends for
associations with TPR, SV, and tPA reactivity. Given that the nature
and direction of the results were consistent with those of the
DISSA analyses, these results suggest that there may be a graded
relationship between depressive symptoms and hemodynamic and
hemostatic stress responses.

Study Limitations and Strengths

The present study is not without limitations. First, depression was
not clinically diagnosed. The presence of depression was deter-
mined based on the DISSA, a screening instrument for depression,
which has relatively good sensitivity (71%) and specificity (84%)
but moderate reliability (kappa =.56). The use of a clinical tool
(such as the Structured Clinical Interview for DSM Disorders,
SCID) may have provided a stronger test of our hypotheses and
clarified some of the more marginal findings for CV reactivity.
However, the sensitivity of the DISSA suggests that, at worst, our
findings likely underestimate the association between depression
and acute stress responses, leaving us feeling confident about the
robustness of our findings. Second, although the proportion of
patients with depression is consistent with the literature (~ 20%),
the absolute number of depressed participants was relatively small.
Moreover, there were 10 outcomes investigated in the present
study, which increases the likelihood of error. Taken together, we
may have had limited statistical power to detect significant asso-
ciations between depression and HR, CO, and tPA, which emerged
as nonsignificant trends. Third, although the performance score on
the PASAT seems to be a reasonable proxy for task engagement, it
would have been useful to directly measure task engagement with
self-report measures. Fourth, collected blood was transferred into
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chilled sampling tubes, which could have led to cold activation of
platelets (Winokur & Hartwig, 1995). However, it is noteworthy to
mention that conditions were the same for both the depressed and
nondepressed groups. As such, although the absolute values may be
influenced by this effect, the relative difference between the two
groups should be the same. Fifth, we only assessed beta-blocker
medications by broad class and not by specific medication. As the
literature suggest that nonselective beta blockers might affect fibri-
nolysis activation with acute stress and possibly platelet responses
(Von Kinel & Dimsdale, 2000), this may have influenced our
findings. Finally, with a larger sample size, we may have been able
to explore patterns of responses and how these were related to
depression. While our data provide pilot evidence that depression
influences reactivity in some, but not all, markers, a greater explo-
ration of this clustering may help better define the mechanism by
which depression may be associated with CAD.

Despite these limitations, this study also has several important
strengths. First, our two groups (depressed and nondepressed
patients) showed no significant demographic and baseline differ-
ences except for heart rate, suggesting that both groups consisted of
individuals from similar backgrounds and with similar medical
characteristics. Second, our findings were adjusted for a priori
covariates (i.e., age, sex, smoking status, BMI, CAD severity,
medication, baseline values of the outcome reactivity variable),
which strengthen the robustness of the results obtained. Of note,
not only did we adjust for CAD severity, but our previous analyses
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of the data identified the fact that CAD severity was not associated
with the degree of reactivity for any of the markers (Bacon et al.,
2006) suggesting that the underlying disease status probably did
not influence our outcomes. Third, several hemodynamic and
hemostatic markers were measured, providing a more comprehen-
sive assessment of the response patterns to acute psychological
stress, including PF4, which is considered one of the most specific
indices of platelet activation (Kaplan & Owen, 1981). Finally,
although previous studies have assessed associations between
depression diagnoses and depressive symptoms and hemodynamic
reactivity, we are not aware of any studies that have conducted such
a comprehensive assessment of the impact of depression on hemo-
dynamic, hemostatic, and endothelial responses to acute psycho-
logical stress in this kind of sample of patients.

Findings from this exploratory study suggest that depression
may influence patterns of hemodynamic and hemostatic stress
responses differently, attenuating the former and increasing the
latter. In addition, findings also suggest that depressive symptom
severity may be associated with attenuated hemodynamic stress
responses. Since the association between attenuated hemodynamic
stress responses and depression does not seem to be explained by
perceived task difficulty or task engagement, this leads us to
believe that the mechanisms underlying these relationships are
most likely physiological. However, other studies are needed in
order to have a better understanding of the impact of depression on
hemodynamic, hemostatic, and endothelial stress responses.
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1. Introduction

Copyright © 2012 Simon L. Bacon et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Impaired endothelial function has been shown to limit exercise in coronary artery disease (CAD) patients and has been implicated
in myocardial ischemia. However, the association of endothelial function and ischemia on peak exercise oxygen consumption
(VO,) has not been previously reported. A total of 116 CAD patients underwent standard exercise stress testing, during which
VO, was measured. On a separate day, endothelial-dependent and -independent function were assessed by ultrasound using flow-
mediated arterial vasodilation (FMD) and sublingual glyceryl trinitrate administration (GTNMD) of the brachial artery. Patients
with exercise-induced myocardial ischemia had lower FMD than nonischemic patients (3.64 + 0.57 versus 4.98 + 0.36, P = .050),
but there was no difference in GTNMD (14.11 + 0.99 versus 15.47 * 0.63, P = .249). Analyses revealed that both FMD (P = .006)
and GTNMD (P = .019) were related to peak VO,. However, neither the presence of ischemia (P = .860) nor the interaction
of ischemia with FMD (P = .382) and GTNMD (P = .151) was related to peak VO,. These data suggest that poor endothelial
function, potentially via impaired NO production and smooth muscle dysfunction, may be an important determinant of exercise
capacity in patients with CAD, independent of myocardial ischemia.

treadmill time in CAD patients [4] and in postcardiac trans-
plant patients [5].

Under normal physiological conditions, exercise-induced
increases in myocardial oxygen demand are met by coronary
vasodilation and increased oxygen delivery, thus preventing
ischemia or perfusion defects [1]. Vasodilation during exer-
cise is, in part, contingent upon the vascular endothelium
[2, 3] and endothelial dysfunction may limit skeletal muscle
oxygen delivery and exercise capacity. For example, impaired
endothelial function has been associated with poorer exercise

Endothelial dysfunction is widely implicated in car-
diovascular disease and its complications [6]. Compared
to matched controls, patients with coronary artery disease
(CAD) have a greater degree of endothelial dysfunction
[7, 8]. In addition, patients with exercise-induced myocardial
ischemia have impaired endothelial function compared to
nonischemic patients [4]. It is possible that endothelial dys-
function may result in failure of arterial vasodilation during




exercise [9], thus compromising oxygen supply and precipi-
tating ischemia in a CAD population [10].

The primary aim of the current study was to assess
impact of exercise-induced myocardial ischemia on the
relationship between endothelial function, as measured by
flow mediated dilatation in the brachial artery (FMD) and
peak oxygen consumption (VO,) during symptom limited
exercise testing in stable CAD patients. It was hypothesized
that endothelial function would be positively correlated to
VO,, that patients who experienced ischemia during exercise
would have greater degrees of endothelial dysfunction,
and that there would be a significant interaction between
ischemia and endothelial function in the prediction of VO,,
such that the relationship between endothelial function and
VO, would be strongest in patients without ischemia.

2. Materials and Methods

2.1. Participants. Patients were participants in a randomized
controlled trial, the results of which have been previously
reported [11-13]. Patients were included in the current
secondary analyses if they had complete endothelial function
and exercise testing data at baseline. As such, of the 145
patients recruited, a total of 116 patients were used in the
current analyses. Patients not included in the analyses did not
differ from those included on age, sex, medication status, or
medical comorbidities. All patients that were recruited had
documented coronary artery disease with prior evidence of
inducible exercise ischemia. Patients were excluded from the
study if they had baseline blood pressure >200/120 mm Hg,
LVEF <30%, history of MI, CABG, or PCI in the last 3
months, or had severe electrophysiological disorders. The
study was approved by the Institutional Review Boards of
both Duke University Medical Center and the Durham Vet-
erans Affairs Medical Center. Signed informed consent was
obtained from all patients prior to their participation. None
of the authors have any conflict of interests or competing
interests with the content of the paper.

2.2. Measurement of Endothelial Function. Participants were
removed from all antianginal medications at least 48 hrs
prior to testing, with the exception of 23 patients who
remained on medications (21 beta-blockers, 9 long-acting
nitrates, and 7 calcium channel blockers) due to adverse car-
diac profiles. To control for this potential confounder, being
on or off medications during the endothelial function test
was included in the analyses as a covariate. During the
morning following at least an 8 hour fast, endothelial func-
tion was assessed in participants using flow-mediated arterial
vasodilation (for further details see [14]). The technique,
which conforms to published guidelines [15], involves the
digital capture and storage of high-resolution end-diastolic
(ECG R-wave synchronized) longitudinal B-mode images of
the brachial artery. Images were obtained at rest, during reac-
tive hyperemia induced by 5 minutes of forearm ischemia,
and following sublingual glyceryl trinitrate administra-
tion (GTNMD) using an ultrasound imaging system with
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a 7-11 MHz linear-array transducer and an Aspen acquisi-
tion system (Acuson, Mountain View, California).

2.3. Graded Exercise Test. On a separate visit and after
resumption of all antianginal medications (for which 16
participants were not taking antianginal medications), par-
ticipants performed a maximal graded exercise test on a
motor-driven treadmill (Quinton, model Q5000) using the
Duke-Wake Forrest protocol [16]. The electrocardiogram
was continuously monitored at rest, during exercise, and
throughout recovery with a 12-lead trace being printed at 1-
minute intervals. Blood pressure was measured at rest and
during each workload with an automated BP monitor (Accu-
tracker model 4240; Suntech). Oxygen consumption (VO,)
was measured during exercise by respiratory gas exchange
analysis with a calibrated metabolic cart (Sensormedics,
model 2900; Yorba Linda, CA), using a breath-by-breath
technique. VO, data were averaged over 20 second intervals,
and peak VO, was taken as the highest 20 second average
during the last three minutes of the test. Every minute during
exercise patients were asked to rate chest pain (1-10 scale)
and perceived exertion (Borg 6-20 scale), by pointing to
hand held charts. Ischemia was determined by a senior car-
diologist and was defined as ST depression >1.0 mm for at
least 3 beats. All electrocardiogram readings were made by
an experienced senior cardiologist.

2.4. Data Analysis. Student t-tests, y* analyses, and general
linear models (used when covariates were required) were
used to assess differences in demographic and exercise vari-
ables between patients who had exercise-inducible ischemia
and those who did not exhibit ischemia during the exer-
cise test. Current hypertensive status was defined by use
of antihypertensive medication. All significantly different
demographic and exercise variables were used as covariates in
the multivariate analyses. As BMI was significantly different
between the groups and was entered into the main models,
absolute peak VO, (L/min) and not peak VO, relative to
body weight (mL/kg/min) were used for statistical purposes.
This was done to prevent body weight being adjusted for
twice. Conventional general linear models were used to test
the relationships between endothelial function, exercise per-
formance, and ischemia. In total four models were estimated:
model 1 tested the independent effects of FMD and ischemia
on peak VO, during the exercise test; model 2 tested the
joint effect of FMD and ischemia on peak VO,; model 3
tested the independent effects of GTNMD and ischemia on
peak VO, during the exercise test; model 4 tested the joint
effect of GTNMD and ischemia on peak VO,. All models
used brachial artery vessel size, age, medication status during
the FMD test, and BMI as covariates. All statistical analyses
were performed using SAS (version 8.2, Cary, NC), with
significance set at P < .05.

3. Results and Discussion

3.1. Clinical Characteristics. The clinical characteristics of
the 34 patients who exhibited exercise inducible ischemia
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TabLE 1: Clinical and demographic variables for those patients with and without exercise-induced ischemia.

M (SD) Ischemic Nonischemic X:ItIF p
n 34 82

Age (years) 66 (11) 61 (10) 2.26 026
BMI (kg-m~2) 27.9 (4.1) 30.6 (5.3) 2.68 .009
% Women (n) 35(12) 27 (21) 1.11 . .293
% On meds during FMD (n) 12 (4) 23(19) 1.97 .161
% Hypertensive (n) 41 (14) 60 (49) 3.34 .068
% Dyslipidemic (n) 89 (73) 32(94) 0.73 394
% Diabetic (n) 19 (23) 5(15) 1.05 .306
% Current smoker (1) 12 (15) 3(9) 0.72 396
FMD (%)* 3.64 (0.57) 4.98 (0.36) 3.92 .050
GTNMD (%)* 14.11 (0.99) 15.47 (0.63) 1.34 249

*Corrected M (SE), adjusting for vessel size.

BMI: body mass index, ETT: exercise tolerance test, FMD: flow-mediated dilatation, GTNMD: GTN-mediated dilatation.

and the 84 patients who were not ischemic are summarized
in Table 1. The ischemic group was significantly older and
had a significantly lower BMI compared to the nonischemic
group. There were no differences in any other characteristics,
including resting blood pressure and heart rate, as measured
in a seated position prior to the start of the stress test.
FMD, controlling for vessel size, was significantly lower in the
ischemic group, whereas there was no significant difference
in GTNMD between the groups. Table 2 shows that there
were no significant differences in exercise treadmill time,
chest pain, or level of perceived exertion between the two
groups.

3.2. Relationship between Endothelial Function, Ischemia, and
Peak VO,. The results of the sequence of general linear
models for peak VO, are presented in Table 3, with the
parameter estimate b (analogous to unstandardized regres-
sion coefficients) and P-values shown for each model. The
results for Models 1 and 2 revealed that of the covariates,
age and brachial artery vessel size were related to peak VO,
during exercise. From Model 1, we observed a main effect
for FMD, but not ischemia, on peak VO, levels, such that
lower levels of FMD were related to lower peak VO, values.
Figure 1 shows the main effect of FMD (split by quartiles) on
VO;. The FMD X ischemia interaction in Model 2 was not
significant, indicating that there was no evidence for a joint
effect of these variables on peak VO;. A similar pattern of
results were seen in Models 3 and 4. Age, BMI, and brachial
artery vessel size were all related to peak VO,. Model 3
revealed a main effect for GTNMD, and not ischemia,
on peak VO,, and a nonsignificant interaction between
GTNMD and ischemia in Model 4. These results found that
reductions in GTNMD were associated with reduced peak
VO3, and that there were no main or interaction effects of
ischemia on peak VO,. Of note, these results did not sub-
stantially change when those patients who were taking medi-
cations during the FMD test were removed from the analyses.

3.3. Discussion. The current study found that both endo-
thelial-dependent and -independent vascular reactivity were

.4
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1.6 -
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14
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F1Gure 1: The relationship between endothelial function (quartiles
of flow-mediated dilatation: FMD) and peak oxygen uptake (Peak
VO,), adjusting for vessel size, age, and body mass index.

associated with lower levels of peak VO, in CAD patients
undergoing exercise treadmill testing. This relationship
remained significant after adjusting for age, BMI, and
brachial artery vessel size. However, neither the presence of
ischemia during the exercise test nor the interaction of
ischemia with FMD or GTNMD was related to peak VO,. As
such, the major new finding of this study is that endothelial-
dependent and -independent vasodilator function is related
to exercise capacity independently of whether a patient expe-
riences myocardial ischemia. In line with previous studies
[4, 10, 17], we did find that, as a group, ischemic patients
had lower FMD values than nonischemic patients.

Both exercise capacity and endothelial function have
been shown to predict clinical events in patients with CAD
[18, 19]. Additionally, both have been shown to improve with
exercise training [20-24]. Reviews of the previous research
in this area has shown that endothelial dysfunction seems
to limit exercise capacity and that this may be through
multiple mechanisms [2, 3, 25], including altered production
of NO [23], prostanoids [26], or endothelin [27]. However, it
should be noted that the vast majority of this work has come
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TaBLE 2: Exercise variables for those patients with and without exercise-induced ischemia.

M (SD) Ischemic Non-ischemic X2ItIF P

Total ETT time (s) 463 (142) 448 (172) 0.43 666
Peak VO, (mL-kg™!-min~!) 19.7 (5.0) 20.1 (6.2) 0.30 .765
Peak VO, abs (L-min™!) 1.62 (0.56) 1.83 (0.64) 1.68 .095
Resting SBP (mmHg) 139.5(18.7) 136.7 (19.4) -0.71 478
Resting DBP (mmHg) 76.7 (8.7) 77.6 (8.4) 0.53 .596
Resting HR (bpm) 66.5 (10.8) 65.3 (10.3) -0.56 .575
Peak SBP (mmHg)* 190 (4) 180 (3) 3.53 .063
Peak DBP (mmHg)* 88(2) 86 (1) 0.78 380
Peak HR (mmHg)* 130 (4) 126 (2) 0.72 399
Peak RPE 17.0 (2.1) 16.8 (1.9) 0.52 606
Peak R 1.02 (0.08) 1.03 (0.12) 0.43 670
% Had chest pain (n) 50 (17) 55 (45) 0.23 632
Peak pain rating (Borg scale) 23(2.7) 2.7 (2.8) 0.58 .560
% Max test (n: >85% predicted HR) 12 (4) 22(18) 1.62 203

*Corrected M (SE), adjusting for resting levels.

ETT: exercise tolerance test, VO2: oxygen consumption, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, RPE: Borg rating of

perceived exertion.

TasbLE 3: Endothelial function variables and ischemia predicting peak oxygen consumption (VO,) during exercise testing, adjusting for vessel

size, medication status during the FMD test, age, and BMI.

; Model 1 Model 2 Model 3 Model 4
Variable
b P b P b P b P

Ischemia -0.02 .860 -0.12 433 -0.04 970 -0.31 .189
FMD 0.04 .006 -0.01 .866 e — — —_
FMD x ischemia Ce — 0.03 382 — — — —
GTNMD — — — — 0.02 .019 -0.01 546
GTNMD x ischemia — — — — — — 0.02 151

FMD: flow-mediated dilatation, GTNMD: GTN-mediated dilatation

Note: value labeled & is the unstandardized regression coefficient from mixed model. Ischemnia was scored as ischemia = 1 and no-ischemia = 2, Dash indicates
that the variable was not included in the model. Model 1 refers to main effect of FMD and ischemia on peak VO3, Model 2 refers to their interaction effects
on peak VO3, Model 3 represents the main effects of GTNMD and ischemia on peak VO3, and Model 4 represents their interaction effects on peak VO3.

from healthy participants and animal studies. Our finding
that both FMD and GTNMD were related to VO, is consis-
tent with the idea of a multimechanistic process. Previous
research has suggested that a significant response or rela-
tionship seen with both endothelial-dependent (FMD) and
-independent (GTNMD) stimuli, as in the current study, is
indicative of both impaired endothelial function and smooth
muscle dysregulation [28, 29], and thus, may contribute to
the relationship between vasoreactivity and exercise capacity.

It has been suggested that endothelial dysfunction can
lead to paradoxical coronary vasoconstriction during exer-
cise, thus helping to precipitate ischemia [30]. Endothelial
dysfunction is associated with reduced exercise treadmill
time in CAD patients [4] and in postcardiac transplant
patients [5]. Therefore, we had anticipated that the relation-
ship between endothelial function and VO, would be weaker
or even nonexistent in those patients with ischemia. How-
ever, the lack of an interaction between FMD or GTNMD
and ischemia indicated that this was not true in the current
study.

One inherent limitation of cross-sectional research, as
in the current study, is that we are unable to infer direc-
tionality of the endothelial function-oxygen consumption
relationship. Previous research has suggested that endothelial
dysfunction precedes oxygen consumption limitation. For
example, an exercise intervention in heart failure patients
found that improvements in exercise capacity were propor-
tional to the beneficial changes seen in agonist-mediated
endothelial dilation [21]. However, more work is needed to
elucidate the true nature of the FMD-VO; relationship. It is
possible that some underlying factor, which was not mea-
sured in the current study, directly influences both the endo-
thelium and oxygen requirements such that the relationship
seen is an artifact of the third variable. For example, elevated
C-reactive protein or homocysteinemia have both been
shown to influence vasoreactivity [31, 32] and neither were
assessed in the current population. Also, we were not able
to assess the potential effect of shear rate as this data was
not recorded and this may account for some of the observed
relationship.
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Patients in the present study were withdrawn from their
anti-ischemic medications prior to and during the endothe-
lial function testing but remained on medications during
the exercise test. This is likely to account for the relatively low
incidence of exercise-induced ischemia seen during the exer-
cise test. It is impossible to truly estimate the residual effects
of medications on the outcome measures. However, a pre-
vious study found that endothelial function was not altered
in patients when they took their normal regimen of cardiac
medications compared to when they were medication-free
[33]. This study suggests that medication utilization has
small effects on endothelial function. Of course, it is also pos-
sible that the taking of medications during the exercise stress
test may have had a beneficial effect on exercise performance
and myocardial perfusion, which may have influenced the
results. However, this does reflect what a patient would
normally experience during daily living.

Finally, given that men and women seem to have different
CAD courses and patterns of CAD outcomes [34, 35] and
that endothelial function has been postulated as one reason
for such differences [36], it would have been interesting to
include further analyses which had a sex interaction or were
sex-specific. However, it should be noted that only around
30% of the sample were women, which did not provide
enough power for us to conduct such analyses. The need for
such future studies in this area is further strengthened by
the fact that when we included sex as an additional covariate
there was a reduction in the estimates for the effects of FMD
(change from 0.04 to 0.02) and GTNMD (change from 0.02
to 0.01). Though it is possible that this reduction in effect
seen when sex was added to the model could be a conse-
quence of over-fitting [37], there are other potential physio-
logical explanations, such as the fact that women are thought
to have greater microvascular dysfunction relative to men
[38, 39]. As the current study did not have the capacity to
disentangle such issues further work to assess the sex-specific
nature of this relationship should be conducted.

4. Conclusions

Endothelial-dependent and -independent vascular dysfunc-
tion were associated with reduced oxygen consumption in
CAD patients, and these relationships were independent
of myocardial ischemia. These data suggest that impaired
vascular reactivity via reduced NO production and smooth
muscle dysfunction may be an important determinant of
exercise capacity in patients with CAD. Further research is
needed to delineate the exact mechanisms of these relation-
ships.
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Introduction: Despite the availability of effective therapies,
research indicates that more than 50% of asthmatics are poorly
controlled. Poor asthma control has been linked to behavioral
(i.e., cigarette smoking) and psychological factors (i.e., anxiety
and depression). However, little is known about the individual
versus combined impact of cigarette smoking and anxiety or
mood disorders in adult asthmatics on asthma control.

Methods: A total of 796 confirmed adult asthma patients com-
pleted a sociodemographic and medical history interview and
underwent a psychiatric interview using the Primary Care
Evaluation of Mental Disorders. Asthma control was evaluated
using the Asthma Control Questionnaire.

Results: After adjusting for age, sex, and dose of inhaled corti-
costeroids, general linear model analyses indicated a significant
main effect of current smoking on asthma control (B [SE] = 0.156
[0.059], p = .008) and main effects of anxiety disorders (B [SE] =
0.408 [0.095], p = < .001) and mood disorders (B [SE] = 0.448
[0.098], p = < .001) on asthma control. Pack-years were not
associated with asthma control, and there were no interaction
effects of current smoking or pack-years with either anxiety or
mood disorders on asthma control.

Conclusions: Findings suggest that current smoking, having an
anxiety disorder, and having a mood disorder are independently
associated with poorer asthma control but that cumulative
smoking history (i.e., pack-years) was not associated with worse
asthma control. These results indicate that smoking cessation
may have a positive impact on asthma control levels in spite
of past smoking intensity and highlight the importance of

doi: 10.1093/ntr/ntr315

interventions that target anxiety and mood disorders in adult
asthmatics.

Introduction "

Asthma is a chronic inflammatory disease of the airways affecting
up to 10% of Canadians (Agence de la santé publique du Canada,
2007). Over the last three decades, improvements have been made
in the diagnosis and treatment of asthma that generally targets
achieving better asthma control (National Asthma Education and
Prevention Program, 2003). According to Canadian Consensus

*Guidelines (Boulet, Becker, Berube, Beveridge, & Ernst, 1999;

Lemiere et al., 2003), asthma control is achieved when patients
have daytime and nighttime symptoms less than 4 times a week
and less than 1 night a week, respectively, no limitations on
physical activity, mild and rare exacerbations, no school or
work absences due to asthma, and less than four doses per week
of short-acting B, agonists. Despite the availability of effective
therapies, asthma control remains suboptimal leading to rates
of uncontrolled asthma of up to 53% in Canada (FitzGerald,
Boulet, Mclvor, Zimmerman, & Chapman, 2006), which has
many consequences, including greater health care service utili-
zation, worse quality of life, and decreased work productivity
(Vollmer et al., 1999; Williams, Wagner, Kannan, & Bolge, 2009).

The reasons for poor asthma control are not clear. However,
several studies have found evidence of an association between
poor asthma control and several psychological and behavioral
factors such as anxiety and depression (Di Marco et al,, 2010;
Lavoie et al., 2005), poor asthma self-efficacy (Lavoie et al., 2008),
poor adherence to asthma control medication (i.e., inhaled

© The Author 2012, Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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corticosteroids, ICS; Lasmar et al., 2009), higher body mass
index (Lavoie, Bacon, Labrecque, Cartier, & Ditto, 2006b), and
cigarette smoking (Boulet, FitzGerald, Mclvor, Zimmerman, &
Chapman, 2008).

Cigarette smoking is an important behavioral factor influ-
encing asthma outcomes. It is associated with worse asthma
control (Boulet et al., 2008; Niedoszytko, Gruchala-Niedoszytko,
Chelminska, Sieminska, & Jassem, 2008), increased asthma
symptomatology (Boulet et al., 2006) and severity (Siroux, Pin,
Oryszcyn, Le Moual, & Kauffmann, 2000), increased risk for
exacerbations and mortality (Lemiére & Boulet, 2005; McLeish &
Zvolensky, 2010), and with reduced responses to ICS (Chalmers
et al.,, 2002). Interestingly, increased smoking levels have been
associated with worse asthma control (Boulet et al., 2008; Laforest
et al., 2006), increased risk of asthma incidence (Polosa et al.,
2008), and mortality (Ulrik & Frederiksen, 1995), suggesting a
dose—response relationship between smoking levels and asthma
outcomes.

Despite the important effects of smoking on asthma mor-
bidity and lung function, research shows that smoking preva-
lence rates in asthma patients are similar to or higher than those
in the general population (Lemiére & Boulet, 2005; McLeish &
Zvolensky, 2010; Vozoris & Stanbrook, 2011), a phenomenon
that remains poorly understood. In the general population, sev-
eral studies have linked smoking and nicotine dependence with
psychiatric disorders such as anxiety (Cougle, Zvolensky, Krinsin,
& Sachs-Ericsson, 2009; Goodwin, Pagura, Spiwak, Lemeshow,
& Sareen, 2011; Lawrence, Considine, Mitrou, & Zubrick, 2010)
and mood (Boden, Fergusson, & Horwood, 2010; Goodwin
et al., 2011) disorders. Although some studies have linked anxiety
and mood disorders with increased rates of cigarette smoking in
adolescents with asthma (Bush et al., 2007; Guo, Ratner, Johnson,
Okoli, & Hossain, 2009; Otten, Van de Ven, Engels, & Van den
Eijndena, 2009), to our knowledge, no study has examined the
extent to which anxiety and mood disorders are associated
with higher rates of cigarette smoking among adult asthmatics.
The establishment of this association remains of great impor-
tance considering the high rates of anxiety (16%-52%) and
mood (14%—41%) disorders reported in adult asthma patients
(Goodwin, 2003; Katon, Richardson, Lozano, & McCauley,
2004; Lavoie, Bacon, Barone, et al., 2006a; NetJek et al., 2001).
Moreover, previous research has reported associations between
anxiety and mood disorders and poor asthma control, including
higher rates of emergency and doctor visits, more asthma symp-
tom days, greater functional limitations, and worse overall levels of
control (Di Marco et al., 2010; Lavoie et al., 2005; Strine, Mokdad,
Balluz, Berry, & Gonzalez, 2008). However, many of these associa-
tions were observed after adjustment for smoking (Lavoie,
Boudreau, Plourde, Campbell, & Bacon, 2011; Lavoie et al., 2005;
Lavoie et al., 2006a), which may obscure any potential additive or
interactive effect of psychiatric illness and smoking status on the
levels of control. Moreover, given the fact that patients with anxiety
and mood disorders have been shown to use cigarette smoking
as a coping strategy to manage negative mood states (Breslau,
Peterson, Schultz, Chilcoat, & Andreski, 1998; Morissette, Tull,
Gulliver, Kamholz, & Zimering, 2007), this suggests that having an
anxiety or a mood disorder and being a current smoker may confer
an additive risk for poor asthma control. However, little is known
about the extent to which the cooccurrence of these two impor-
tant risk factors confers any additional risk to asthma control.

The objectives of the present study were to assess the individ-
ual and combined impact of having an anxiety or a mood disorder
and being a current smoker on asthma control levels, as well as the
individual and combined impact of having an anxiety or a mood
disorder and cumulative smoking rates (i.e., pack-years) on asth-
ma control levels, in a sample of adult asthmatics. We hypothe-
sized that current smokers, patients with a higher number of
pack-years, and patients with a mood or anxjety disorder would
have worse asthma control relative to patients without these risk
factors and that patients with both risk factors (i.e., current
smokers/patients with a higher number of smoking pack-years +
anxiety or mood disorder) would have worse asthma control
compared with patients with either risk factor alone.

Participants

The present study is part of a larger study (the psychological risk
factors for Asthma Longitudinal Study) evaluating the preva-
lence and impact of psychiatric disorders in adult asthmatics,
so some methodological details can be found elsewhere (Lavoie
etal., 2005). Briefly, from June 2003 to December 2008, consec-
utive physician-diagnosed adult asthma patients were recruited
on the day of their asthma clinic visit at a tertiary care teaching
hospital. Eligible patients had a primary diagnosis of asthma,
were aged between 18 and 75 years, and were fluent in English
or French. From the original sample of 801 participants, five
patients had too much missing data to be included, which yielded
a final sample of 796 patients. All patients provided written
informed consent, and this project was approved by the Human
Ethics Committee of Hopital du Sacré-Coeur de Montréal.

Study Design and Procedure

Patients were screened on the day of their asthma clinic visit to
verify their eligibility. All participants underwent a sociodemo-
graphic and medical history interview, including questions about
current and past smoking, a structured psychiatric interview
(Primary Care Evaluation for Mental Disorders, PRIME-MD)
administered by a trained clinical research assistant, and com-
pleted a battery of questionnaires, including the Asthma Control
Questionnaire (ACQ). Pulmonary function was measured using
standard spirometry (American Thoracic Society [ATS], 1995).
Chart evidence of a 20% fall in forced expiratory volume in one
second (FEV) after methacholine challenge and/or bronchodila-
tor reversibility in FEV, of >20% predicted (ATS, 1962) was used
to confirm asthma diagnoses. Classifying patients according to
“asthma severity” (which is variable and largely depends on
treatment response and levels of asthma control) is no longer
considered as clinically relevant as classifying patients according
to asthma control levels (Global Initiative for Asthma, 2010). As
such, prescribed ICS dose was used as a proxy measure for asth-
ma severity (with higher doses being associated with greater se-
verity). All clinical information (including medication status
and dosage) was self-reported and verified by chart medical re-
view.

Measures

Smoking Status
Self-reported measures of current and past smoking were used.
Participants were asked about current and past smoking, smoking
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frequency (average number of cigarettes smoked per day), and
timing of smoking onset and cessation. This information was
used to classify patients into current, past, or never-smokers
and to calculate total pack-years. Patients were classified as past
smokers if they had not smoked for at least 4 consecutive weeks
at the time of the assessment. Pack-years were calculated
by multiplying the average number of packs smoked per day
(estimating 25 cigarettes per pack) by the number of years of
smoking.

Psychiatric Assessment

Patients underwent the PRIME-MD (Spitzer et al., 1994),
which is a brief, structured psychiatric interview that takes
between 10 and 20 min to administer and score. It is a well-
validated screening instrument designed to detect the most fre-
quent Diagnostic and Statistical Manual of Mental Disorders,
fourth edition, text revised (DSM-IV-R; American Psychiatric
Association, 2000) disorders that present in primary care. The
PRIME-MD has demonstrated similar reliability, sensitivity,
and specificity as longer structured psychiatric interviews such
as the Structured Clinical Interview for DSM (Spitzer et al,,
1994). The Mood Disorders Module (yielding diagnoses for
current major depressive disorder, minor depressive disorder,
dysthymia, and bipolar disorder) and Anxiety Disorders Module
(yielding diagnoses for current panic disorder, generalized anx-
iety disorder, and anxiety disorder not otherwise specified) were
administered by a well-trained clinical research assistant.

Self-report Questionnaires

Asthma control. In order to evaluate levels of asthma
control, participants completed the ACQ (validated in Canadian
French; Juniper, n.d.), reported the frequency of bronchodilator
use in the last week, and underwent standard spirometry (ATS,
1995) to assess pulmonary function (FEV,). The ACQ includes
seven items rated on a 7-point scale (0 = good control, 6 = poor
control) leading to a mean score out of 6 (with higher scores
indicating worse asthma control). The ACQ has demonstrated
very good psychometric properties, including intraclass cor-
relation coefficients between .90 and .95 and good construct,
cross-sectional, and longitudinal validity (Juniper, O’Byrne,
Ferrie, King, & Roberts, 2000; Juniper, O’Byrne, Guyatt, Ferrie,
& King, 1999).

Pulmonary function testing. Standard spirometry was
performed by a trained respiratory technician during the patient’s
clinic visit according to ATS guidelines (ATS, 1995; Brusasco,
Crapo, & Viegi, 2005). Patients were asked to refrain from using
their rescue medication for 4-8 hr before pulmonary function
tests. To calculate predicted values of FEV, and forced vital
capacity (FVC), reference values were used for patients less than
70 years (Knudson, Lebowitz, Holberg, & Burrows, 1983) and
more than 70 years (Enright, Kronmal, Higgins, Schenker, &
Haponik, 1993), yielding percent predicted FEV, and percent
predicted FEV /EVC,

Statistical Analyses

Imputation of Missing Data

For studies having missing values affecting less than 60% of the
sample, multiple imputation is recommended (Barzi & Woodward,
2004) and was therefore performed for the present study
(amount of missing data for each variable are reported in Table 1).
The imputation method assumes that missing data are random

Nicotine & Tobacco Research

and includes all covariates used in the analyses. Data were
imputed due to partial information, producing independent
replicates of datasets with missing values properly imputed in
the logistic analyses. Each filled-in dataset included 796 partici-
pants, which was the final sample size used for the analyses in
the present study. PROC MIANALYZE was used for estimation
of model coefficients, averaging all estimates and adjusting SEs
according to Rubin’s rule (Rubin, 1987).

Main Analyses

Analyses were conducted using SAS v.8.2 (SAS Institute, Cary,
NC), and a p value of <.05 was considered statistically signifi-
cant. Baseline differences in sociodemographic, asthma, clinical,
and psychological characteristics were assessed using general
linear models (GLM). GLM were also used to assess the main
effects and interactions of smoking status/number of pack-years
and the presence of anxiety or mood disorders on ACQ scores.
Furthermore, effect sizes were calculated using the mean semi-
partial omega square of each datasets produced by the multiple
imputation procedure. For all analyses, age, sex, and dose of
ICSs were included as covariates, determined a priori based on
previously established relationships with either smoking or asthma
control as per statistical guidelines (Freedland et al., 2005).

Sample Characteristics

A total of 796 adult asthma patients were included in the present
study. The mean age was 49 years (SD = 14.4), and 40% (n = 318)
of the participants were male. Patients had a mean of 12.9 years of
education, and 62.8% of participants were employed. Patients
had a mean duration of asthma of 19 years. The mean score on
the ACQ was 1.57, denoting moderately, poorly controlled asthma.
The mean FEV, value was 78.97, which is consistent with a
tertiary care sample of asthmatics. The percentage of current
smokers was 9%, and 43% of participants were past smokers.
The mean number of pack-years was 8.9. The current preva-
lence of anxiety disorders was 21%, and the current prevalence
of mood disorders was 19%.

Sociodemographic, Clinical, and Asthma
Characteristics, Psychiatric Morbidity,
and Psychological Distress

Table 1 shows the sociodemographics, clinical, and asthma
characteristics and the psychiatric morbidity and the psycho-
logical distress of the participants as a function of smoking status
(current, past, and never-smokers). Participants in the current
smoker group had a higher prevalence of mood disorders (32%)
compared with never-smokers (18%) or past smokers (17%)
and had a higher prevalence of anxiety disorders (37%) com-
pared with those in the never-smoker (17%) or past smoker
group (21%).

Participants in the current smoker group were significantly
younger and had less ICS prescriptions compared with partici-
pants in the past and never-smoker groups. Participants in the
current smoker group were less likely to cohabitate compared
with participants in the past smoker group. Participants in the
past smoker group were significantly older relative to those
in the never-smoker group. Participants in the never-smoker
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Table 1. Sociodemographics, Medical and Asthma Characteristics, Asthma Medications,
Psychiatric Morbidity, and Psychological Distress as a Function of Smoking Status

Current smokers Past smokers Never-smokers
Variables (n=75) (n=1334) (n=1387) y*/Fstatistic ~ pValue  Missing data
Sociodemographics
Age, years 40+ 12 52+132 47+ 15 26.72 <.001 0
Sex (M) 36 (27) 44 (147) 37 (143) 2.49 084 0
White race 93 (70) 93 (311) 90 (348) 1.76 172 1
Cohabitating 55 (41)® 69 (230) 66 (255) 3.37 035 14
Education, years 11.9+3 125+ 4 13514 8.67 <.001 15
Employed 71(53) 58 (194) 65 (252) 2.51 .082 14
Medical and asthma characteristics
Pack-years 167118 1731 17* 00 189.47 <.001 5
BMI, kg/m? 27+6 28%5 275 1.33 .265 14
Asthma duration, years 1413 18x16" 21+15 6.82 .001 16
FEV‘, % predicted 8019 77120 81+24% 3.62 .027 67
FEVl/FVC, 9% predicted 73111 71116 7313 2.77 .063 69
Atopic 72 (54) 65(217) 76 (294)° 5.15 .006 10
Asthma medications
Short-acting (3, agonists 100 (75) 97 (324) 98 (379) 0.95 .386 3
Long-acting 3, agonists 65 (49) 69 (230) 63 (244) 1.30 274 3
Inhaled corticosteroids 86 (65)*® 95(317) 95 (368) 482 .008 3
Inhaled corticosteroids dose, ug 676 £ 760 724 + 549 636 + 464 2.04 131 147
Oral corticosteroids 6(5) 9(30) 9 (35) 0.43 649 4
Theophylline 7(5) 7(23) 5(19) 0.93 .394 3
Antileukotrienes 18(14) 13 (43) 12 (46) 1.07 .343 3
Anti-rhinitics 14(11) 17 (57) 20(77) 1.40 246 3
Psychiatric morbidity and psychological
distress
Mood disorders 32 (24 17 (57) 18 (70) 438 013 0
Anxiety disorders 37 (28)* 21(70) 17 (66) 7:22 .001 0
BDI-II score 145+ 12 878 848 12.58 <.001 128
ASI score 17.7x11* 156%11 14411 344 .033 53

Note. Data are presented as M = SD or percent (n). Median (range) fluticasone propionate equivalent. ASI = Anxiety Sensitivity Index; BDI-1I = Beck
Depression Inventory-1I; BMI = body mass index; FEV = forced expiratory volume in one second; FVC = forced vital capacity.

*Different from nonsmokers.
*Different from past smokers.

group had more years of education and had asthma for a longer
duration relative to participants in the current and past smoker
groups. Participants in the never-smoker group had higher FEV,
values and had more atopic asthma compared with participants
in the past smoker group. There were no other significant differ-
ences between groups.

Association Between Smoking Status,
Pack-Years, Psychiatric Status, and
Asthma Control

Table 2 shows the results of GLM analyses depicting main and
interaction effects of smoking and psychiatric status on ACQ
scores and of pack-years and psychiatric status on ACQ scores.
Analyses revealed a small effect size of smoking status (@? = 0.01),
anxiety (@* = 0.02), and mood disorders (@? = 0.02) on total
ACQ scores after adjustment for covariates. There was no effect
of pack-years on total ACQ scores after adjustment for covari-
ates, and there were no significant interaction effects between
smoking and anxiety or mood disorders on ACQ scores or
between pack-years and anxiety or mood disorders on ACQ

scores. To facilitate clinical interpretation of these results, mean
ACQ scores were calculated as a function of smoking and psy-
chiatric status (anxiety/mood disorders; Figures 1 and 2).

Discussion

The present study assessed the individual and combined impact
of having an anxiety or a mood disorder and being a current
smoker on asthma control levels and the individual and com-
bined impact of having an anxiety or a mood disorder and
cumulative smoking rates (i.e., pack-years) on asthma control
levels in adult asthmatics. Results indicate that current smokers
and patients with mood or anxiety disorders have worse asthma
control compared with past and never-smokers and patients
without mood or anxiety disorders, independent of covariates
(age, sex, and dose of ICS). However, contrary to our expecta-
tions, a higher number of smoking pack-years was not associated
with worse asthma control. Also contrary to our expectations,
there were no interaction effects between smoking status or
pack-years and anxiety or mood disorders on levels of asthma
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Table 2. GLM Models: Smoking Status, Pack-Years, and Psychiatric Status on Asthma
Control

Model 1 Model 2

B(SE) ®? pValue B(SE) ®? pValue
Smoking 0.156 (0.059) 0.01 .008 0.138 (0.068) 0.00 .042
Anxiety disorders 0.408 (0.095) 0.02 <.001 0.358 (0.134) 0.01 007
Smoking X anxiety disorders 0.071 (0.134) -0.01 .596
Smoking 0.169 (0.059) 0.01 .004 0.200 (0.066) 0.01 .003
Mood disorders 0.448 (0.098) 0.02 <.001 0.537 (0.135) 0.02 <.001
Smoking X mood disorders —0.132(0.139) —0.00 341
Pack-years 0.004 (0.003) 0.00 .104 0.004 (0.003) 0.00 .259
Anxiety disorders 0.416 (0.095) 0.02 <.001 0.391 (0.109) 0.01 <.001
Pack-years X anxiety disorders 0.003 (0.006) 0.00 640
Pack-years 0.005 (0.003) 0.00 .060 0.005 (0.003) 0.00 .080
Mood disorders 0.457 (0.097) 0.02 <.001 0.460 (0.114) 0.02 <.001
Pack-years X mood disorders —0.000 (0.007) -0.00 962

Note. Model 1 = general linear model (GLM) of main effects; Model 2 = GLM of main effects and interaction; Covariates = age, sex, and dose of

inhaled corticosteroids.

control. Taken together, these results suggest that having an
anxiety or a mood disorder concurrent with being a current
smoker does not confer any additional risk to asthma control
relative to having either risk factor alone.

Our findings are consistent with the results obtained in
previous studies that show that asthma patients who smoke have
worse asthma control compared with nonsmokers (Boulet et al.,
2008; Clatworthy, Price, Ryan, Haughney, & Horne, 2009). For
example, Siroux et al. (2000) found that asthmatics who smoked
had more frequent asthma exacerbations, more asthma symp-
toms, and more severe symptoms compared with never- and
past smokers. To further understand the mechanisms linking
smoking and poor asthma control, studies have highlighted the
acceleration of reductions in lung volume in smokers compared
with nonsmokers (Lange, Parner, Vestbo, Schnohr, & Jensen,
1998). Boulet et al. (2006) found that asthmatics who smoke
had more respiratory symptoms, lower mean forced expiratory
flow at 25%~75% of FVC, lower FEV,/FVC and lung diffusion
capacity, and higher functional residual capacity. Smoking has
also been shown to reduce the therapeutic response to ICSs
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Figure 1. Interaction between smoking and anxiety disorders on asthma

control.

(Chalmers et al., 2002; Livingston et al., 2007), leading to worse
asthma control. However, our results only partially support these
findings, with past smokers (M =77, SD = 20) having significantly
lower percent predicted FEV, compared with never-smokers (M
=81, SD = 24), but not current smokers (M = 80, SD = 19).

Surprisingly, our results show no significant association
between the number of pack-years and asthma control levels,
which is contrary to the findings reported in previous studies.
For example, Laforest et al. (2006) found that smoking at least
10 cigarettes/day predicted worse asthma control compared
with smoking less than 10 cigarettes/day among adult asthmat-
ics who are current smokers. However, results were not adjusted
for the severity of asthma that could have accounted for the differ-
ence in asthma control levels observed in this study. In addition,
Boulet et al. (2008) found that asthmatics classified as “heavy”
smokers (5-19 pack-years) were more likely to have daytime
symptoms >4 times a week (which is an indicator of poor
asthma control) compared with “light” smokers (1—4 pack-years).
Rather than comparing heavy versus light smokers, our study
evaluated the continuous relationship between pack-years and

3
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Figure2. Interaction between smoking and mood disorders on asthma

control.
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asthma control to assess if there was a linear relationship be-
tween smoking intensity and poor asthma control, which could
explain the difference between results by Boulet et al. and ours.
Our findings suggest that current rather than cumulative smoking
confers greater risk of poor asthma control, which highlights the
importance of smoking cessation in asthmatics who smoke.
These findings are also encouraging in that they suggest that
smoking cessation, regardless of past smoking intensity, may
have a positive impact on asthma control levels.

Our results also revealed that current smokers had a higher
prevalence of anxiety and mood disorders relative to asthmatics
who were past or never-smokers. To our knowledge, this is the
first study to assess the prevalence of anxiety and mood disor-
ders as a function of smoking status in adult asthmatics. These
results enhance our understanding of how psychological factors
may contribute to the high rates of cigarette smoking observed
in adult asthmatics (McLeish & Zvolensky, 2010) and are con-
sistent with results obtained in the general population (Boden
et al., 2010; Cougle et al., 2009; Goodwin et al., 2011; Lawrence
et al., 2010) and in adolescents with asthma (Bush et al., 2007;
Guo et al,, 2009; Otten et al., 2009). Indeed, previous research
has shown that anxiety and mood disorders are associated with
an increased progression to regular and heavy smoking (Breslau
et al., 1998), with lower quit rates and with less success in quit
attempts (Cougle et al., 2009; Hall, Munoz, Reus, & Sees, 1993;
Zvolensky et al., 2008). On the other hand, prospective studies have
shown that the use of tobacco can increase the risk of developing
anxiety (Morissette et al., 2007) and mood disorders (Boden et al.,
2010; Breslau et al., 1998), which may explain the frequent comor-
bidity between these two risk factors for poor asthma control. This
further highlights the importance of smoking cessation, and assess-
ment of psychological status should be done systematically as it
may affect smoking cessation in adult asthmatics.

Contrary to our hypotheses, our results revealed no interac-
tion effect between smoking status or pack-years and psychiat-
ric morbidity, suggesting that there is no greater risk associated
with having a psychiatric disorder and smoking behavior on
asthma control levels. Nevertheless, it has been shown that indi-
viduals with anxiety or mood disorders may use cigarette smok-
ing as a coping strategy to manage their negative emotional
states (Breslau et al., 1998; Morissette et al., 2007), which may be
particularly detrimental to asthmatics since smoking is one of
the most important risk factor for both asthma incidence and
morbidity (Livingston, Thomson, & Chalmers, 2005; McLeish &
Zvolensky, 2010; Polosa et al., 2008; Thomson, Chaudhuri, &
Livingston, 2004). Even if the frequent cooccurrence of anxiety
and mood disorders and cigarette smoking in adult asthmatics
did not seem to additively affect asthma control levels, it may
affect smoking levels, quit rates, and success in quit attempts,
which could ultimately affect asthma outcomes. This may also
differ depending on the type of anxiety or mood disorder, as
certain psychiatric disorders (e.g., panic disorder, posttraumatic
stress disorder, and bipolar disorder) have been shown to be
associated with higher smoking rates (Lasser et al., 2000; Morissette
et al,, 2007) and may affect asthma control, though this remains
to be examined in future studies.

Study Limitations and Strengths

This study should be interpreted with caution due to some
methodological limitations. First, this study was cross-sectional,

so we cannot determine the direction of the association between
mood and anxiety disorders and current smoking on asthma
control. Prospective studies are needed to establish the direc-
tionality of these relationships. Second, another potential lim-
itation is the low prevalence of current smokers in the present
study (9%) compared with rates reported in the previous stud-
ies (17%~35%; Thomson et al., 2004). A potential explanation
for this low prevalence of current smokers is that our sample
was recruited from a tertiary care clinic, where smokers are
systematically targeted to undergo smoking cessation. Accord-
ingly, 43% of participants in our sample were past smokers,
which provides support for this hypothesis. Third, smoking
behavior was only self-reported, which may have created
method bias due to shared method variance inherent to this
unimethod assessment approach. Multimethod approaches
(e.g., end-expiratory carbon monoxide monitoring) should
therefore be incorporated in future studies to further validate
our results. A related limitation is the self-reported measures
of asthma control. However, we used a well-validated self-report
measure of asthma control (ACQ; Juniper, n.d.; Juniper et al,,
1999, 2000), which was supplemented with objective measures
of lung function, and all clinical information was verified via
chart review, which minimizes reporting bias. Finally, patients
were recruited from a tertiary care asthma clinic, and therefore,
the findings may not be applicable to community samples (e.g.,
Berkson’s bias; Conn, Snyder, & Atterbury, 1979). To increase
the external validity of these findings, future studies should
include asthmatics recruited from primary care and community
settings.

Despite these limitations, this study has several important
strengths, such that it included a large sample of objectively
confirmed, physician-diagnosed asthmatics. In addition, clini-
cal information such as medication status and dosage were veri-
fied by chart medical review. Furthermore, diagnoses of anxiety
and mood disorders were generated using a structured psychiat-
ric interview (i.e., PRIME-MD), which increases the specificity
of the diagnoses. This study is also novel in that it appears to be
the first to assess the individual versus combined impact of
anxiety/mood disorders and cigarette smoking (two important
risk factors for worse asthma control) on asthma control among
adult asthmatics. Finally, our findings are independent of
important covariates (i.e., age, sex, and ICS dose), which strengthen
the robustness of the results obtained.

In conclusion, the results of this study indicate that having
an anxiety or a mood disorder concurrent with being a current
smoker does not confer any additional risk to asthma control
relative to having either risk factor alone, which was associated
with worse asthma control after adjustment for covariates. In
addition, the results of this study indicate that cumulative smok-
ing (i.e., a higher number of pack-years) was not associated with
worse control levels. The fact that cumulative smoking history
does not appear to be associated with worse current levels of
asthma control should provide increased incentive for smoking
cessation in patients who smoke. Moreover, given the high rates
of both current smoking (~9%) and psychiatric morbidity
(~20%) in adult asthmatics, these findings suggest that interven-
tions designed to target these factors (i.e., smoking cessation,
and psychotherapy/pharmacotherapy) should be routinely
offered to asthmatics, as they remain important determinants of
poor asthma control.
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Association Between Generalized Anxiety Disorder and Asthma Morbidity
Km L. LavolE, PHD, Maxive Boupreau, BSc, ANNIK PLourDE, BSc, Tavis S. CampBELL, PHD, AND SiMoN L. Bacon, PuD

Background: Generalized anxiety disorder (GAD) is common among people with asthma, but its association with asthma morbidity
remains unexplored. This study examined cross-sectional associations between GAD and asthma control, quality of life, and self-
efficacy. Methods: Seven hundred ninety-four adults with confirmed asthma were recruited from the outpatient clinic of a university
hospital. Patients underwent a sociodemographic and medical history interview (to assess health service use and medications), followed
by a brief psychiatric interview (Primary Care Evaluation of Mental Disorders) to assess GAD. Patients completed questionnaires
assessing asthma control, quality of life, and asthma self-efficacy and underwent spirometry. General linear models and logistic
regression were used to assess associations between GAD and asthma morbidity measures, adjusting for covariates. Results: GAD
affected 4% of the sample. The analyses revealed significant associations between GAD and worse overall asthma control (B = 0.62,
standard error [SE] = 0.18, p < .001), increased bronchodilator use (8 = 10.60, SE = 2.64, p < .001), worse asthma quality of life
(B = —0.91, SE = 0.23, p < .001), and worse asthma self-efficacy (B = —59.56, SE = 13.59, p < .001) after the adjustment for
covariates. Separate sensitivity analyses including major depressive disorder and asthma self-efficacy as additional covariates rendered
many of these associations nonsignificant. There were no associations between GAD and emergency visits or hospitalizations.
Conclusions: GAD is associated with worse asthma morbidity independent of age, sex, smoking, and asthma severity; however,
comorbid major depressive disorder and low asthma self-efficacy may account for many of these associations. Only breathlessness and
the frequency of bronchodilator use were uniquely associated with GAD. Future research should examine whether treatment of GAD
can affect asthma outcomes. Key words: asthma, generalized anxiety disorder, worry, asthma control, quality of life.

ACQ = Asthma Control Questionnaire; ASES = Asthma Self-Efficacy
Scale; ED = emergency department; FEV, = forced expiratory volume
in 1 second; FVC = forced vital capacity; GAD = generalized anxiety
disorder; GLM = general linear model; ICC = intraclass correlation
coefficient; ICS = inhaled corticosteroid; MDD = major depressive
disorder; PD = panic disorder; PRIME-MD = Primary Care Evaluation
of Mental Disorders.

INTRODUCTION

Asthma is a chronic inflammatory disorder of the airways
characterized by persistent wheeze, cough, and chest
tightness and accounts for a significant proportion of annual
health care costs in both the United States and Canada (1,2).
Asthma is the most common chronic disease affecting children
(3) and currently affects 7% to 10% of adults, with prevalence
rates increasing by 50% per decade for the last 40 years (1). The
high burden of asthma is related to poor asthma control, which
is associated with more frequent asthma symptoms, broncho-
dilator use, and health service use (2,4,5). Although asthma can
be well to totally controlled with daily adherence to pharma-
cotherapy (i.e., inhaled corticosteroids [ICSs]) and by self-
managing exposure to known triggers (e.g., dust, pollen,
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smoke, pets) (2,6,7), nearly 60% of individuals with asthma
remain poorly controlled (4,8). The high burden of asthma has
lead to the examination of potential risk factors for poor asthma
control, including biologic (e.g., increased rates of obesity
(9,10)) and environmental (e.g., increased exposure to airborne
pollutants (11,12)) factors. However, psychological factors may
also be involved, although their impact on asthma-related
morbidity remains poorly understood.

Previous research has identified a high comorbidity of
psychiatric disorders, including mood (e.g., major depressive
disorder [MDD]) and anxiety (e.g., panic disorder [PD]) dis-
orders, and asthma (13-16). Anxiety disorders have been
shown to be particularly prevalent, with PD affecting between
6.5% and 24% of people with asthma (17), which is 3 to
10 times more prevalent than the rates observed in the general
population (18,19). However, other anxiety disorders have also
been found to be disproportionately prevalent among people
with asthma, such as generalized anxiety disorder (GAD). In a
preliminary subsample (n = 504) analysis of our larger cohort
study (n = 794), we have previously reported a GAD prevalence
of 5% among tertiary care asthmatic patients (13), although a
recent meta-analysis including the results of seven studies
revealed an average point prevalence of 9% among asthmatic
patients (20), which is at least three times greater than the rates
observed in the general population (i.e., 1.5%—3.1%) (18,19).

GAD is characterized by chronic, uncontrollable worries and
persistently elevated levels of anxiety that interfere with the
ability to sleep, concentrate, and make decisions (18). This
suggests that asthmatic patients with GAD may have more dif-
ficulties making appropriate self-management decisions, which
may affect levels of asthma control and quality of life relative to
asthmatic patients without this disorder. Moreover, anxiety-
induced physiological dysregulation of the autonomic nervous
system and hypothalamic-pituitary-adrenal axis associated with
chronically elevated levels of anxiety in patients with GAD
may also affect asthma control via increased parasympathetic
activity and secretion of proinflammatory cytokines, which are
important mediators of asthma exacerbations (21-23). There is
similar evidence to suggest that related measures of anxiety
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(e.g., anxiety sensitivity) may increase risk for atopy or allergic
asthma (21,24), which affects more than 70% of asthmatic
patients and is associated with increased asthma severity (2).
Despite a disproportionately high rate of GAD among
asthmatic patients, no studies to date have examined the as-
sociation between GAD and the levels of asthma control
and quality of life. The primary objective of the present study
was to assess associations between GAD and asthma control
(including overall control levels, bronchodilator use, and
asthma-related health service use) and quality of life, in a
sample of tertiary care asthmatic patients. It was hypothesized
that asthmatic patients with GAD would have significantly worse
levels of asthma control and asthma-related quality of life, rel-
ative to patients without GAD, independently of covariates.

METHODS

Participants

A tota] of 794 adult asthma patients were recruited from the
outpatient asthma clinic of Hopital du Sacré-Coeur de Montréal
from June 2003 to December 2006. Patients were included if
they had a primary diagnosis of physician-diagnosed asthma
(confirmed by chart evidence of a 20% fall in forced expiratory
volume in 1 second [FEV,] after methacholine challenge and/
or bronchodilator reversibility in FEV, of >20% predicted)
(25), were between the ages of 18 and 75 years, and were English
or French speaking. Patients were deemed ineligible for the
study if they had an unconfirmed asthma, a primary diagnosis of
occupational asthma, or any comorbid condition that conferred
greater risk of morbidity than asthma (e.g., chronic obstructive
pulmonary disease, cardiovascular disease, cancer); severe psy-
chopathology (e.g., schizophrenia) or current substance abuse;
or an apparent cognitive or language deficit.

A total of 1904 patients presented to the outpatient asthma
clinic over the course of the recruitment period, of which
1739 patients (91%) were screened for inclusion in the study
(165 patients had insufficient medical information with which
to conduct prescreening). Of these, 885 patients were excluded
(n = 358, because of existence of significant comorbidities,
severe psychopathology, or substance abuse; n = 273, because
of unconfirmed or occupational asthma; n» = 50, because of
language criteria; and n = 204, because of age criteria), yielding
854 eligible patients who were approached to participate in
the study. Only 53 patients refused, resulting in a sample of
801 patients (94% participation rate). Any missing data were
imputed using multiple imputation procedures (see Statistical
Analyses). Seven patients had too much missing data for im-
putation and were excluded from the analyses, yielding a final
sample of 794 patients (see flow chart of patient inclusion
in Fig. 1). This project was approved by the Human Ethics
Committee of Hopital du Sacré-Coeur de Montréal, and all
patients provided written, informed consent.

Study Design

This cross-sectional study was conducted as part of a larger
cohort study designed to assess psychological and behavioral
risk factors for asthma morbidity, so some aspects of the design
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Figure 1. Flow chart of patient screening, eligibility, and participation.

have been described elsewhere (26). Briefly, the patients were
screened on the day of their outpatient asthma clinic visit to
verify eligibility. All patients underwent a sociodemographic
and medical history interview (including reporting on the
number and frequency of emergency department [ED] visits
and hospitalizations for asthma in the last year and the use of
asthma medications), followed by a brief psychiatric interview
(Primary Care Evaluation of Mental Disorders [PRIME-MD]
(27)). The patients then completed a battery of questionnaires
assessing the levels of asthma control (Asthma Control Ques-
tionnaire {ACQ] (28)), asthma-related quality of life (Asthma
Quality of Life Questionnaire [AQLQ] (29)), and asthma-
specific self-efficacy (Asthma Self-Efficacy Scale [ASES]
(30)). All patients underwent standard spirometry to assess
FEV, and forced vital capacity (FVC) as part of their outpatient
visit. Asthma severity was classified based on the Global Ini-
tiative for Asthma guidelines (2) that classifies asthma severity
into four categories (mild intermittent, mild persistent, mod-
erate persistent, and severe persistent) based on ICS dosage
required to control symptoms, frequency of bronchodilator use,
frequency of nocturnal wakings for asthma, and an objective
measure of pulmonary function (FEVy,). Atopic status was
determined based on the results of previous skin prick testing,
which was not performed through the course of the study, but
determined based on the results of previous skin prick tests
documented in the patient’s hospital file. All skin prick test-
ing was conducted by experienced, trained technicians using
standard procedures according to the guidelines presented
by Hollister-Stier (31), the details of which have been reported
elsewhere (24).

All clinical characteristics, including medical history and
medication dosage, was self-reported and then verified by
hospital chart review.
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Measures
Generalized Anxiety Disorder

Primary care evaluation of mental disorders

To assess GAD, all patients underwent the PRIME-MD (27),
which is a validated psychiatric screening interview designed to
detect the most common psychiatric disorders present in pri-
mary care settings. The PRIME-MD uses diagnostic algorithms
to generate diagnoses based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, criteria that have
been shown to be of comparable sensitivity (83%), specificity
(88%), and reliability (k = 0.71) as longer structured interviews
such as the Structured Clinical Interview for Structured Clini-
cal Interview for DSM Disorders (27). It takes approximately
10 to 15 minutes to administer and score, and it has been used
in previous studies to assess GAD in patients with asthma
(16,32). A single trained clinical research assistant administered
the anxiety disorders module to yield diagnoses of GAD. The
mood disorders module was also administered to yield diagnoses
of MDD. We have previously reported the prevalence rates of
all mood and anxiety disorders assessed by the PRIME-MD in
a preliminary sample of this cohort in a previous report (13).

Asthma Control

Asthma control questionnaire

The ACQ is a self-report questionnaire designed to assess
the levels of asthma control in the last week according to the
criteria established by international guidelines (2). Patients are
asked to recall their symptoms (i.e., wheezing, shortness of
breath, waking breathlessness, and nocturnal breathlessness),
activity limitations, and bronchodilator use in the last week.
One additional question that takes objective pulmonary func-
tion testing (FEV, % predicted) results into account is com-
pleted by the research assistant. Pulmonary function was
assessed using standard spirometry as part of the patients’
outpatient clinic visit according to the standard procedure.
Rescue medication was withheld for at least 4 hours before all
tests, and predicted values of FEV, and FVC were calculated
from reference values for patients younger (30) and older
(31) than 70 years, respectively, yielding % predicted FEV,
and % predicted FEV,/FVC. The ACQ contains seven items
rated on a 7-point scale (0 = good control to 6 = poor control)
to yield a mean score out of 6. The ACQ has demonstrated
excellent measurement properties, including high reliability
(intraclass correlation coefficient [ICC] = 0.90) (28) and cri-
terion validity (= 0.89) with other measures of asthma control
(e.g., Asthma Control Test) (33), and has been validated in
Canadian French (34). Scores of 0.8 or greater on the ACQ
have been shown to represent poorly controlled asthma (35),
and score differences (either within group over time or between
groups) of 0.5 or greater have been shown to be clinically
significant (36).

Additional measures of asthma control included patient-
reported bronchodilator use in the last week and patient-
reported asthma-related heath service use.
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Asthma-Related Quality of Life

Asthma quality of life questionnaire

The AQLAQ is a self-report questionnaire designed to assess
asthma-related quality of life across four domains affected
by asthma: symptoms, activity limitations, emotional distress,
and environmental impact (29). It contains 32 items rated on a
7-point scale (1 = highly impaired to 7 = not impaired) to yield a
mean score out of 7. The AQLQ has demonstrated excellent
measurement properties, including high reproducibility ICC
range, 0.81 for activities subscale to 0.93 for symptoms sub-
scale; ICC = 0.92 for total score) (29,37) and internal consis-
tency reliability (range, 0.90 for environment subscale to 0.95
for total score) (37), and has been validated in Canadian French
(34). Like the ACQ, score differences (either within group over
time or between groups) of 0.5 or greater have been shown to be
clinically significant (38).

Asthma Self-Efficacy

Asthma self-efficacy scale

The ASES (30) is an 80-item self-report questionnaire de-
signed to assess asthmatic patients’ confidence in their ability to
successfully control or avoid an asthma attack in a variety of
contexts including while performing different activities (e.g.,
household chores, climbing stairs), during periods of emotional
stress (e.g., when feeling stressed or angry), and when exposed
to common asthma triggers (e.g., smoke, dust, pets, air pollu-
tion). The ASES is rated on a 5-point scale from “no confi-
dence” to “very confident” and yields scores from 0 to 320,
with higher scores denoting better asthma self-efficacy. The
ASES has been used extensively in previous research (39-41)
and has shown to have very high internal consistency (a =0.97)
and good test-retest reliability (r = 0.77) (30,41). Low asthma
self-efficacy has been shown to be associated with worse
asthma control and quality of life and was assessed to determine
the extent to which asthmatic patients with GAD have worse
confidence in their ability to manage asthma symptoms.

Statistical Analyses
Imputation of missing data

Multiple imputations are recommended for studies with
missing values that affect less than 60% of the sample (42). In
the present study, 220 patients (28%) had at least some missing
data, so multiple imputation procedures were used. The im-
putation method used assumes that missing data are random,
and this method includes all covariates that were included in
the final analysis. We imputed data on cases that had missing
data, producing five independent replicates of data sets, each
with missing values appropriately imputed in the logistic
analyses. Finally, each filled-in data set comprised 794 patients,
which was the final sample size used for analyses in this
study. Estimation for model coefficients was produced using
PROC MIANALYZE, which averages all estimates and adjusts
standard errors (SEs) according to Rubin rule (43). The details
of the amount of the missing data per variable are included in
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Table 1. We used the PROC MI method of multiple multivariate
imputations in SAS v9.2 (SAS Institute, Cary, NC).

Main analyses

Associations between GAD diagnoses and continuous and
categorical sociodemographic, medical history, and asthma var-
iables were assessed using general linear models (GLMs) and x2
analyses, respectively. To assess associations between GAD and
the levels of asthma control, a series of GLMs (i.e., ACQ total
and individual item scores, and bronchodilator use in the last
week, the latter of which is in an important clinical indicator of
poor control (2)) and logistic regression models (i.e., ED visits
and hospitalizations in the last year [yes/no]) were conducted
adjusting for covariates (age, sex, asthma severity, and current
smoking) that were determined a priori based on previously
established relationships with either GAD or asthma control,
according to published recommendations (44). Similar analyses
were conducted to assess associations between GAD and AQLQ
and ASES scores. All tests were two-sided, and the significance

level was set at p < .05. Data analysis was performed using SAS
v.9.2 (SAS Institute).

RESULTS

Sample Characteristics

The final sample of 794 patients included 476 women
(60%) who had a mean (standard deviation [SD]) age of 48.71
(14.42) years. The mean (SD) duration of asthma for the sample
was 18.92 (15.45) years, and 71% (n = 564) were atopic. The
mean (SD) educational level was 12.91 (3.64) years (range,
2-25 years) of schooling. Mean (SD; range) samples for ACQ,
AQLQ, and ASES scores were 1.57 (1.11; 0-6.0), 5.10 (6.22;
0-7), and 222.65 (66.22; 13.33—320), respectively (indicating
moderately poorly controlled asthma, moderate asthma-related
quality of life, and moderate asthma self-efficacy). Of the
sample, 20% and 9% reported one or more ED visits or hos-
pitalizations in the last year, respectively. Mean (SD) pulmo-
nary function (% predicted FEV, % predicted FVC, and FEV,/
FVC) for the sample were 78.97 (21.70), 89.57 (19.47), and

TABLE 1. Demographic and Medical/Asthma History Characteristics as a Function of GAD Diagnosis

No GAD GAD
Variables (n=762) (n=32) F Statistic p Missing Data, n (%)

Sociodemographics

Age, M (SD), y 48.81 (14.40) 46.56 (14.91) 0.74 .39 —

Male sex, n (%) 314 (41) 4(13) 10.66 .001 —

Ethnicity (white), 1 (%) 699 (92) 28 (88) 0.76 .38 —

Cohabitating, n (%) 501 (67) 16 (50) 397 .047 —

Employed, n (%) 478 (64) 12 (38) 9.24 .002 15 (2)
Medical characteristics

BMI, M (SD), kg/m? 27.22(5.16) 27.67 (5.75) 0.22 67 —

Current smoker, n (%) 67 (9) 8 (25) 9.52 .002 —

Pack-years,” M (SD) 8.16 (14.58) 18.60 (23.85) 1412 <.001 109 (14)

Major depression disorder, n (%) 86 (11) 22 (69) 96.57 <.001 —
Asthma characteristics

ICSs (yes), n (%) 716 (94) 31 (97) 0.58 A5 4(1)

ICS dose,” M (SD), ng 660.66 (511.87) 773.91 (525.46) 1.08 .30 220 (28)

Atopic, n (%) 535 (@71) 23 (72) 0.01 .93 10(1)

Asthma duration, M (SD), y 18.77 (15.32) 22.65 (18.23) 1.94 .16 16 (2)
Pulmonary function, M (SD)

FEVy, % predicted 78.95 (21.79) 79.50 (19.75) 0.02 .89 65 (8)

FVC, % predicted 89.51 (19.55) 91.09 (17.48) 0.18 .67 71 (9)

FEV,/FVC, % predicted 72.32 (14.31) 72.43 (9.75) 0.00 97 67 (8)
Asthma severity, n (%) 243 49 e

Mild intermittent 8 (1) 0

Mild persistent 86 (13) 2(7)

Moderate persistent 379 (56) 15 (51)

Severe persistent 201 (30) 12 (41)

? Pack-years are the average number of packs (20 cigarettes per pack) smoked per day for the number of years smoked.
® Fluticasone propionate equivalent in micrograms.
GAD = generalized anxiety disorder; M = mean; SD = standard deviation; BMI = body mass index; ICS = inhaled corticosteroid; FEV, = forced expiratory volume in

1 second; FVC = forced vital capacity.
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73.32 (14.15), respectively, which indicates moderate reversible
airway obstruction and is consistent with a tertiary care asthma
population. Thirty-two patients (4%) met the diagnostic criteria
for GAD.

Demographic and Medical/Asthma

History Characteristics

Demographic and medical/asthma history characteristics as
a function of GAD diagnosis (yes/no) are presented in Table 1.
Asthmatic patients with GAD were significantly more likely to
be women and were significantly less likely to be cohabitating
and be currently employed relative to asthmatic patients with-
out GAD. In addition, asthmatic patients with GAD were sig-
nificantly more likely to be current smokers and have higher
rates of comorbid MDD, compared with asthmatic patients
without GAD. There were no other group differences in base-
line demographic or medical/asthma history characteristics, in-
cluding pulmonary function.

Association Between GAD and Levels of Asthma Control

GLM analyses revealed significant associations between
GAD diagnoses and total ACQ scores (B = 0.62, SE = 0.18,
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p <.001), indicating that patients with GAD had a point increase
of 0.62 on the ACQ (denoting worse asthma control) relative to
patients without GAD after the adjustment for covariates
(Table 2). Of note is that this difference is beyond the 0.50 point
difference that denotes a clinically significant difference on this
scale (36). GLM analyses on the individual item scores on the
ACQ revealed significant associations between GAD diagnoses
and all individual item scores (Bs =0.50-1.11, SEs = 0.22-0.26,
p’s <.04-.001), with the exception of Q7 (FEV;) (B = —0.16,
SE = 0.27, p = .55), indicating that all asthma control criteria in
the last week (bar lung function) were worse among patients with
GAD after the adjustment for covariates (Table 2). The analyses
also revealed a significant association between GAD diagnoses
and total bronchodilator use in the last week (8 = 10.60, SE =
2.64, p < .001), indicating that patients with GAD took their
bronchodilator at least 10 times more often in the past week
relative to patients without GAD after the adjustment for co-
variates. Measuring asthma control according to health service
use (ED visits and hospitalizations) for asthma in the last year,
the analyses revealed no significant associations between GAD
diagnoses and either ED visits (B = 2.03, 95% confidence in-
terval = —0.06 to 1.48, p = .07) or hospitalizations (B = 0.55,

TABLE 2. Associations Between GAD and Asthma Control Measures, Quality of Life, and Self-Efficacy

Outcomes Adjusted for Age, Sex,
Asthma Severity, and Smoking

Outcomes Adjusted for Age, Sex,
Asthma Severity, Smoking, and
Major Depression

Outcomes Adjusted for Age, Sex,
Asthma Severity, Smoking, and
ASES Score?

B SE 95% ClI p B SE 95% ClI p B SE 95% Cl p

ACQ: total score (range, 0-6) 0.62 0.18 — <.001 0.36 0.19 —_ .05 0.21 0.16 — .18
Q1: nocturnal waking 0.61 0.24 — .012 0.35 0.26 — a7 0.27 0.24 — .26
Q2: waking symptoms 0.50 0.24 - .04 0.13 0.25 — .60 0.16 0.24 — 51
Q3: activity limitations 0.79 0.23 — <.001 033 0.24 — 16 0.33 0.22 — .13
Q4: shortness of breath 111 0.26 — <.001 075 0.27 — 005 0.68 0.25 — .007
Q5: wheezing 0.66 0.26 — .012 0.25 0.27 — .36 0.27 0.26 — .30
Q6: bronchodilator use 0.70 0.22 — <.001 0.62 0.23 — .006 0.50 0.22 — .021
Q7: FEV, -0.16 0.27 — .55 -0.15 0.28 — .60 —0.21 0.27 — 13

Bronchodilator use 10.6 2.64 — <001 1145 278 — <.001 9.32 2.68 — <.001
(no. times in last week)

Emergency department visits 203 — -—-006to1.48 .07 148 — -043to1.21 .35 141 — -059t02.30 .40
(no. times in last year),? OR

Hospitalizations 055 — -207t0090 .44 043 — -239t00.70 .28 030 — —274t0034 .13
(no. times in last year)," OR

AQLQ: total score -091 0.23 — <001 -0.70 0.23 — <.001 -0.23 0.18 — .21
(range, 1-7)
Activity limitations —-0.82 0.26 — 002 -0.44 0.27 — A1 -0.14 0.23 — .53
Symptoms -0.87 0.24 — <001 -0.53 0.25 — 033 -0.23 0.21 — .26
Emotional distress -1.19 0.27 — <001 -0.75 0.28 — 011 -0.47 0.23 — .05
Environmental impact -0.77 0.27 — .004 -047 0.28 — .10 -0.04 0.22 — .87

ASES: total score —59.56 13.59 — <.001 —40.21 12.38 — 013

(range, 0-320)

“ ASES score is not included as an outcome in this analysis.
b These are logistic regression analyses rather than GLMs and produce an OR.

GAD = generalized anxiety disorder; ASES = Asthma Self-Efficacy Scale; OR = odds ratio; SE = standard error; CI = confidence interval; ACQ = Asthma Control
Questionnaire; FEV, = forced expiratory volume in 1 second; AQLQ = Asthma Quality of Life Questionnaire.
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95% confidence interval = —2.07 to 0.90, p = .44) for asthma,
although the association between GAD and ED visits ap-
proached significance, indicating that patients with GAD had
0.71 more ED visits in the last year compared with patients
without GAD after the adjustment for covariates (Table 2).

Association Between GAD and Asthma-Related

Quality of Life and Self-Efficacy

GLM analyses revealed significant associations between
GAD diagnoses and AQLQ total (3 = —0.91, SE = 0.23,
p <.001) and subscale (activity limitations: B = —0.82, SE =
0.26, p = .002; symptoms: § = —0.87, SE = 0.24, p < .001;
emotional distress: B = —1.19, SE = 0.27, p <.001; environ-
mental impact: B = —0.77, SE = 0.27, p = .004) scores, indi-
cating that patients with GAD had point decreases of 0.91
on total asthma-related quality of life and point decreases of
0.77 to 1.19 on each of the subscales, relative to patients
without GAD after the adjustment for covariates. Of note is that
these differences are all beyond the 0.50 point difference that
denotes a clinically significant difference on this scale (38).
Finally, the analyses revealed a significant association between
GAD diagnoses and scores on the ASES (B = —59.56, SE =
13.59, p < .001), indicating that patients with GAD had point
decreases of nearly 60 on asthma self-efficacy relative to patients
without GAD after the adjustment for covariates.

Sensitivity Analysis: Assessing Impact of MDD and

Asthma Self-Efficacy

Although GAD and MDD have been shown to be comorbid
in community samples (45), the exceptionally high rates of
MDD in patients with (69%) versus without (11%) GAD in this
sample were unexpected. Therefore, we ran an additional set of
analyses including MDD as an additional covariate, which can
be found in Table 2. Although the results for Q4 (shortness of
breath) and Q6 (bronchodilator use) of the ACQ, total bron-
chodilator use, total AQLQ score, score on the symptoms and
emotional distress subscales of the AQLQ, and ASES scores
remained significant after additional adjustment for MDD, the
results linking GAD diagnoses to worse total ACQ scores be-
came a trend that approached significance (8 = 0.62, SE = 0.19,
p = .052) and were no longer significant for Q1 (nocturnal
waking symptoms), Q2 (waking symptoms), Q3 (activity lim-
itations), and Q5 (wheezing) of the ACQ or for the activity
limitations or environmental impact subscales of the AQLQ.
This analysis did not alter the nonsignificant results for ED
visits and hospitalizations. This suggests that MDD may ac-
count for some of the associations observed between GAD and
several asthma morbidity variables, particularly the symptoms
of asthma control.

Because of the significant association between GAD and
asthma self-efficacy, and its potential to account for the sig-
nificant associations between GAD and worse levels of asthma
control, we ran an additional set of analyses including ASES
score as an additional covariate, which can be found in Table 2.
Interestingly, this analyses altered most of the significant
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associations observed between GAD and asthma morbidity;
only Q4 (shortness of breath) and Q6 (bronchodilator use) of
the ACQ and total bronchodilator use remained significant after
further adjustment for ASES score. This analysis did not alter
the nonsignificant results for ED visits and hospitalizations.
This suggests that asthma self-efficacy may account for most of
the associations observed between GAD and several asthma
morbidity variables, including measures of asthma contro]l and
asthma-specific quality of life.

DISCUSSION

The present study assessed associations between GAD and
asthma control (including overall control levels, bronchodilator
use, and asthma-related health service use), as well as between
GAD and asthma-related quality of life and asthma-specific
self-efficacy, in a sample of tertiary care asthmatic patients.
GAD was found to be related to some (i.e., overall control
levels, including greater nocturnal and morning asthma
symptoms, shortness of breath, wheezing, activity limitations,
and frequency of short-acting bronchodilator use) but not
all (i.e., ED visits and hospitalizations for asthma) indices of
asthma control, after the adjustment for covariates. Moreover,
the results revealed that GAD diagnoses were significantly as-
sociated with other indices of asthma morbidity, including

. worse asthma-related quality of life and worse asthma-specific

self-efficacy.

To our knowledge, this is the first study to assess associa-
tions between GAD diagnoses and asthma morbidity measures,
including asthma control levels and quality of life. Although
previous studies have assessed associations between anxiety
symptoms (46—49), anxiety disorders in general (see Katon
et al. (17) and Roy-Byrne et al. (50) for reviews), and other
specific anxiety disorders (i.e., PD) (51), and asthma morbidity,
we are not aware of any previous studies that have conducted
such a comprehensive assessment of the specific impact of
GAD on asthma outcomes. However, our results are generally
consistent with these studies that have shown increased anxiety
to be associated with worse asthma control, increased bron-
chodilator use, increased health service use (e.g., ED visits for
asthma), and greater functional impairment (e.g., activity lim-
itations) among asthmatic patients (49,51,52). However, it is
noteworthy that direct comparisons with some of these studies
is difficult because of the examination of different asthma
subpopulations (i.e., community versus inner-city asthma clinic
compared with our tertiary care clinic sample), the assessment
of asthma morbidity using self-report compared with chart
verified data, and the examination of either general psychiatric
populations (anxious versus depressed) or other anxiety dis-
orders (e.g., PD) and not GAD. Although not specifically de-
signed to assess the impact of GAD on asthma morbidity, our
results are also consistent with those of Kessler et al. (53), who
reported that GAD was associated with a significantly higher
number of 30-day “role impairment days” among a community
sample of asthmatic patients. Of note is that GAD was asso-
ciated with the highest number of role impairment days (n = 6)
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compared with all other anxiety disorders (e.g., PD: n=2.5 and
social phobia: n = 1). This suggests that the impact of chronic
anxiety and ruminative worry (which characterizes GAD) may
be more important to functional limitations in asthma than
more episodic anxiety disorders such as PD.

We did not find GAD to be associated with increased ED
visits or hospitalizations for asthma, which is consistent with at
least one study that found no association between high anxiety
scores (as measured by the Hospital Anxiety and Depression
Scale) and health care use among asthmatic patients (54).
However, these results were inconsistent with a study among
PD patients by Feldman et al. (52), who did find significant
associations between PD and increased asthma-related health
service use. The reasons for this are not clear. It is possible that,
because our patients were treated in a tertiary care clinic by
pulmonologists (i.e., specialists) and most patients (>94%)
were taking ICSs, which are highly effective in preventing
exacerbations (2), this may have been sufficient to prevent se-
vere exacerbations warranting ED care or hospitalization. It is
also noteworthy that the study by Feldman et al. (52) sampled
high-risk inner-city asthmatic patients that were recruited dur-
ing an initial visit for asthma. This suggests that they may have
been severely poorly controlled at study entry, relative to our
patients who had documented asthma for an average of nearly
19 years and who were under regular specialist care at the time
of recruitment. It is also possible that the relatively low prev-
alence of GAD (4%) in our sample relative to the reported
average among asthmatic patients (9%) (20) limited our sta-
tistical power to detect a significant association between GAD
and health service use variables, which have low overall event
rates and generally require higher sample sizes.

Despite not finding the associations between GAD and
asthma-specific health service use, we found not only statisti-
cally but clinically significant differences between GAD and
non-GAD asthmatic patients in their overall asthma control and
quality of life levels. Previous studies have shown that point
differences (either between or within subjects over time) of
0.50 or more on the ACQ and AQLQ translate into clinically
relevant symptom and functional changes (36,38). Therefore,
our findings showing point differences of 0.62 on the ACQ and
0.77 to 1.19 on the AQLQ and its subscales suggest that GAD
is associated with a clinically significant worsening of asthma
control and functional limitations in all areas of life affected
by asthma, even after the adjustment for covariates including
smoking and asthma severity.

Because of unexpectedly high rates of MDD in GAD versus
non-GAD patients, we reran our analyses including MDD as
an additional covariate. Although the adjustment for MDD did
not alter all of the significant associations between GAD and
asthma morbidity measures (e.g., shortness of breath, bron-
chodilator use, and most asthma quality of life measures), our
findings linking GAD to worse overall asthma control (total
ACQ scores) became a trend, and significance was lost for most
of the ACQ’s individual items scores (i.e., nocturnal and
morning waking symptoms, wheezing, and activity limita-
tions). Furthermore, associations between GAD and the activity
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limitations and environmental stimuli subscales of the AQLQ
were no longer significant after additional adjustment for MDD.
This suggests that depression may explain many of the asso-
ciations between GAD and asthma morbidity measures. It is
conceivable that depression-related decreases in motivation and
energy levels may have a greater impact than worry (e.g., about
triggering asthma by engaging in certain activities) on activity
levels in asthmatic patients, and it is why GAD was no longer
related to activity limitations on the ACQ and AQLQ (although
the means were still in the expected direction) after the ad-
justment for depression. Similarly, the tendency of depressed
patients to avoid social activities may also help to explain why
GAD’s association with the environmental stimuli subscale of
the AQLQ was no longer significant after further adjustment for
depression. This subscale assesses the extent asthma symptoms
are triggered in different environments (e.g., where smoke,
pollution, cold, or strong odors are present), so the tendency of
depressed patients to isolate themselves may have reduced the
likelihood of being exposed to environments that would have
triggered their asthma (e.g., restaurants, bars, shops, outdoor
sporting events). Overall, our results suggest that the associa-
tion between GAD and worse asthma morbidity may be influ-
enced by comorbid depression, which affected most GAD
patients in this sample. However, certain GAD-asthma mor-
bidity associations (e.g., shortness of breath, frequency of
bronchodilator use) were still significant after the adjustment
for depression, as well as other important covariates such as
age, smoking, and asthma severity, and highlight for the first
time the unique contribution of GAD to these important asthma
outcomes.

Because of the significant association between GAD and
asthma self-efficacy and its potential role in explaining the
results obtained, we conducted an additional set of sensitivity
analyses to determine the impact of ASES score on the GAD-
asthma morbidity associations. These analyses revealed that the
only GAD-asthma morbidity associations that remained signif-
icant after additional adjustment for ASES score were shortness
of breath and frequency of bronchodilator use; all significant
associations between GAD and AQLQ total and subscale
scores were lost. This suggests that asthma self-efficacy plays an
important role in determining asthma outcomes in relation to
GAD, and suggests a potential target for intervention.

Although this study was not designed to examine the
mechanisms linking GAD to worse asthma control and quality
life, we could speculate on the nature of these associations.
First, the findings that GAD was associated with worse levels
of asthma-specific self-efficacy and that additional adjustment
for self-efficacy rendered most of the GAD-asthma morbid-
ity associations no longer significant suggest that GAD
may undermine asthmatic patients’ confidence in their ability
to manage their asthma, which may in turn, affect self-care
behaviors (e.g., timely initiation of action plans) and result
in worse control levels. Asthma-specific self-efficacy refers
to how confident one is in their ability to control or manage
asthma symptoms in different environments or under different
conditions (30,55). This is consistent with one of the major
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theories of GAD that posits that chronic uncontrollable worry
is driven by intolerance to uncertainty (56), which may lead
asthmatic patients with GAD to delay or avoid engaging in
self-management behaviors (e.g., daily adherence to controller
medication, removing known allergens from the environment)
because their benefits (and risks) may be uncertain. The fact
that adjustment for self-efficacy rendered most GAD-asthma
control and quality of life associations no longer significant
adds support for the hypothesis that low self-efficacy among
GAD patients may account for their worse asthma outcomes.

Second, GAD may be associated with worse asthma control
and quality of life via autonomic pathways associated with
elevated parasympathetic and/or suppressed [-sympathetic
activity (22). Previous research has shown that GAD-related
anxiety is associated with dysregulated autonomic activity,
which has been associated with an increased risk of broncho-
constriction (57,58) and asthma exacerbations (59). Finally, it
is possible that GAD may lead to worse asthma control and
quality of life through anxiety-induced physiological dysregu-
lation of the hypothalamic-pituitary-adrenal axis via increased
secretion of proinflammatory cytokines, which are important
mediators of asthma exacerbations (21,22). However, to date,
we are unaware of any studies to specifically examine the in-
flammatory responses (e.g., to laboratory-induced worry) of
asthmatic patients with versus without GAD. To further eluci-
date these physiological mechanisms, future research is needed
to examine the pattern of inflammatory and autonomic responses
among asthmatic patients with and without GAD during expo-
sure to worry-inducing stressors, both in the laboratory and in the
real world.

Finally, it is noteworthy that the two asthma outcomes that
remained significantly associated with GAD after additional
adjustment for both depression and self-efficacy were shortness
of breath and frequency of bronchodilator use. Together, these
outcomes point to a unique pattern of somatic hypervigilance
among GAD patients, which may result in overreliance and
overuse of bronchodilator (“rescue”) medication in these
patients. GAD-related somatic hypervigilance and concern
about exposing themselves to potentially “high-risk” treatment
settings such as the ED may also explain why GAD patients are
not more likely to present to the ED, despite experiencing
heightened breathlessness. Future research should therefore
examine the precise nature of GAD-related worries in relation
to asthma and treatment seeking, to further elucidate this pat-
tern of responses among GAD patients with asthma.

Study Limitations and Strengths

The present study has some limitations that warrant caution
in the interpretation of findings. First, the patients were re-
cruited from a single tertiary care center, so the results may not
generalize to asthmatic patients treated in primary care or
community samples. Second, the measures of asthma control
(including scores on the ACQ, bronchodilator use, and health
service use) and quality of life were based on self-reports,
which may be subject to recall bias. However, we also collected
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objective measures of asthma control (e.g., pulmonary function
via spirometry), which were incorporated into ACQ scores. We
also systematically verified all self-reported clinical informa-
tion by conducting a systematic chart review. Moreover, it is
noteworthy that in clinical practice, asthma control is often
assessed based on patient-reported symptoms (e.g., based on
frequency of nocturnal waking with asthma and bronchodilator
use) (60), so our methods were at least consistent with standard
clinical practice and supplemented with objective measures
(spirometry). Third, the prevalence of GAD in our sample was
somewhat lower than the average prevalence rate of 9% re-
ported in the literature (20). Although not a limitation per se,
it may have limited our statistical power to detect a significant
association between GAD and health service use variables,
which have low overall event rates and generally require higher
sample sizes. Finally, this study was cross-sectional, which
precludes any conclusions regarding the direction of the rela-
tionship between GAD and asthma morbidity. Longitudinal
studies are therefore needed to confirm the temporal association
between GAD and the results of the current study.

Despite these limitations, this study also has several important
strengths. First, it included a large sample of adult asthmatic
patients with objectively confirmed physician-diagnosed asthma.
It also measured a wide range of asthma morbidity variables that
included self-reported symptoms and objectively measured
pulmonary function and health service use (the latter of which
was verified by chart review). Because of the range and depth of
our assessments, we were also able to control for a number of
potential confounders including asthma severity, smoking status,
and MDD, which provides information about the unique con-
tribution of GAD to asthma morbidity. Finally, to our knowl-
edge, this is the first study to date to assess the impact of GAD
on asthma morbidity, with previous studies being limited to
reporting only prevalence rates of this disorder among various
asthma samples. Therefore, the results of this study add to the
extant literature and point to an important association between
chronic worry and worse asthma morbidity. Future research
should examine the mechanisms of these associations, and the
extent to which treatment of GAD and chronic worry can impact
asthma outcomes.

We thank Guillaume Lacoste, BA, for his invaluable assistance with
data collection.
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