2
Catecholamines: Response to CBT 


Urinary Catecholamine Levels and Response to Group Cognitive Behavior Therapy in Depression

Tian P. S. Oei 1, 2, Genevieve A. Dingle 1 and Molly McCarthy 1
1 School of Psychology, The University of Queensland

and 2 CBT Unit, Toowong Private Hospital, Brisbane

Correspondence to: Professor Tian Po Oei, School of Psychology, The University of Queensland, Brisbane Queensland 4072, Australia. Phone +61-7-3365-6449, Fax +61-7-3365-4466, Email: oei@psy.uq.edu.au
Running head: Catecholamines: Response to CBT

Keywords: Catecholamines, Cognitive Behaviour Therapy, Depression, Epinephrine, Norepinephrine.

Abstract

Objective: The aim was to investigate whether high catecholamine (CA) excreters would respond less well to a group cognitive behaviour therapy (CBT) treatment for depression than others. Methods: A sample of 70 adults with depression symptoms participated in a 12-week course of group CBT. Participants’ 24 hour urinary catecholamine levels at pre-therapy and post-therapy were used to classify them as High (N=10); Low (N=33) or Mixed (N=27) according to a cut-off one standard deviation above a published mean for healthy adults. Beck Depression Inventory (BDI) and cognitions questionnaire (Automatic Thoughts Questionnaire; Beck Hopelessness Scale and Dysfunctional Attitudes Scale) were used. Results: Repeated measures ANOVA analyses showed an equal rate of mood improvement in all three groups over the course of CBT, despite the fact that the High excreters were on average more depressed throughout the study. Changes in depression symptoms were mirrored by improvements in cognitive measures in the three catecholamine groups. Conclusion: This study indicates that adults showing a biological marker of depression (elevated catecholamine levels) are equally able to benefit from CBT treatment as adults without this marker. 

Introduction

One of the most prominent and longstanding biological theories of depression is the catecholamine hypothesis (Bunney & Davis, 1965; Schildkraut, 1965), which states that a dysregulation in the catecholamine neurotransmitters (norepinephrine (NE) and dopamine (DA)) is a cause of depression. Subsequent research involving both animal models and human trials, and incorporating a range of methodologies has established that the pathophysiology of depression involves a complex interplay of the monoamine neurotransmitters, in particular NE, DA and serotonin, with a number of hormones and neuromodulators 
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(Charney, 1998; Grossman & Potter, 1999; Holsboer, 1995, 2001; Kennedy, Javanmard & Vaccarino, 1997; Koyama & Yamashita, 1992; Nemeroff & Vale, 2005; Swann, Stokes, Secunda, Maas, Bowden, Berman et al., 1994)
.
Elevated urinary excretion of norepinephrine and its metabolites has been found in healthy adults with symptoms of depression and anxiety (Hughes, Watkins, Blumenthal, Kuhn & Sherwood, 2004) and in a significant subgroup of clinically depressed adults . As urinary levels reflect both central and peripheral noradrenergic function, elevated urinary levels in depressed individuals may be variously interpreted as a marker of anxiety or stress (sympathetic activation) (Antoni et al., 2000); agitation or mixed mania and depression . Regardless of context, there is a clear relationship between higher urinary excretion of catecholamines and severity of depression 
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(Davis et al., 1988; Grossman & Potter, 1999; Swann, Stokes, Secunda, Maas, Bowden & Berman, 1994)
 These findings have important implications for the treatment of depression. We know that the treatment of depression patients with antidepressant medication reduces their NE turnover (Schatzberg & Schildkraut, 1995). As yet however, it is not known whether depressed people with high catecholamine excretion can benefit from a psychological treatment – such as the well established cognitive behaviour therapy (CBT). The treatment guidelines are complicated. The American Psychiatric Association Practice Guidelines for the treatment of patients with major depressive disorder (APA, 2000) suggested that severely depressed patients (i.e. with biological features) may respond poorly to CBT. An update to the APA guidelines (Fochtmann & Gelenberg, 2005) stated that some studies of CBT support its use either alone or in combination with medication in treating recurrent depression, and that women in particular may respond better to sequential treatment with interpersonal therapy followed by medication in the non-responders.

There has been much debate about whether empirically validated psychotherapies such as cognitive behaviour therapy (CBT) are as efficacious in severe depression as antidepressant medication. Some researchers have reported that medication is significantly more beneficial than cognitive therapy in moderate to severe cases of depression 
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(Dimidjian et al., 2006; Elkin et al., 1989)
 – in the latter study, medication was equally effective as behavioural activation while cognitive therapy was less effective. Other researchers have used pooled data from a number of large studies to support their claim that there is no significant difference between the two treatment approaches (DeRubeis, Gelfand, Tang & Simons, 1999a; Fournier et al., 2009). However, this debate is hampered by the continuing focus on symptom measures of depression, rather than direct measures of the biological factors that underlie the symptoms: such as catecholamine levels. 

A few treatment studies have incorporated direct measures of biological dysfunction. For example, Oei and colleagues 
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(Free & Oei, 1989; Free, Oei & Appleton, 1998; Oei & Dingle, 2001)
 examined cognitive and biochemical measures in samples of depressed adults. One of these was a cross-sectional study of 92 outpatients with non-psychotic depression. The study employed hierarchical regression analyses to predict depression symptom scores, with the main effects of cognitive and biochemical variables entered first and the biochemical-by-cognitive cross products entered at the second step of the equation. The interaction terms significantly predicted depression after the main effects were accounted for in two out of three models tested (Oei & Dingle, 2001). 

In another study, urinary catecholamines, cognitive and mood measures were assessed in 35 depressed patients attending a 12-week course of CBT (Free et al., 1998). They were classified as improved (N = 17) or not improved (N=18) at the end of therapy on the basis of a clinically reliable change (Jacobson & Truax, 1991) of 12 or more points of improvement on the Beck Depression Inventory (Beck, Steer & Garbin, 1988). There was a significant relationship between improvement in mood, and scores on negative thinking (Automatic Thoughts Questionnaire and Dysfunctional Attitudes Scale) and 24-hour urinary epinephrine excretion. This result suggests the interplay between epinephrine and certain cognitive processes in the treatment of depression, even when psychological factors are the target of treatment.

The current study is designed to investigate whether depressed patients with elevated 24-hour urinary catecholamines respond as well to GCBT as depressed patients without this biological marker. It is hypothesised that depressed patients with elevated urinary catecholamines throughout a course of GCBT will respond less well than depressed participants with normal levels of urinary catecholamines. A second issue for investigation in this study is whether high catecholamine excreters demonstrate improvements in their cognitive measures following group CBT. The amelioration of negative and distorted cognitions is known to be protective against relapse into depression 
 ADDIN EN.CITE 

(Blackburn, Eunson & Bishop, 1986; Evans et al., 1992; Paykel et al., 1999)
 so it is important to determine whether the depressed patients with high catecholamines are at a disadvantage in terms of learning cognitive strategies for mood management in comparison with other depressed patients. A laboratory stress-test of 21 healthy women found that dysfunctional attitudes (a cognitive measure associated with depression) were significantly and positively related to plasma norepinephrine levels 40 minutes after stress exposure, controlling for baseline levels (Gruen, Ehrlich, Silva, Schweitzer & Friedhoff, 2000), suggesting an interaction between the cognitive measure and the stress-induced catecholamine excretion in this context. However it remains uncertain how cognitive and catecholamine measure interact in clinically depressed patients over the course of GCBT. 

Method

Participants - 70 adults with symptoms of depression were recruited through a media release (radio, community newspapers) in the Brisbane community requesting individuals suffering from depression to participate in a research project. Twenty-nine of the participants were male (41%). The average age was 43 years, with a range from 22 to 70 years. Registered psychologists diagnosed participants according to the Structured Clinical Interview Schedule (SCID) for DSM diagnosis (Spitzer, Williams, Gibbon & First, 1992). The intake process was designed to include participants with unipolar depression, and exclude those with bipolar depression, an identifiable personality disorder, current drug and / or alcohol abuse, major physical illness, those with a history of organically-based cognitive dysfunction, and those with reading difficulties or lacking fluency in English. Forty-five (64%) of the patients met a diagnosis for major-depressive disorder (recurrent), 15 (21%) met a diagnosis of a major depressive episode, 5 (7%) met a diagnosis for adjustment disorder with mixed anxiety and depression and 5 (7%) met the criteria for dysthymic disorder. Twelve of the participants were inpatients and 58 were day patients. The average duration of the current depressed episode was more than one year (13 months). Precise data was not available on antidepressant medication, however, one third of the sample stated that they were taking antidepressant medication throughout the study as per their treating Doctor’s instructions. Participants were classified as “High” (N=10), “Mixed” (N=27) or “Low” (N=33) catecholamine excreters according to the procedure described in the methods section below. The methodology was approved by the University of Queensland Behavioural and Social Sciences Ethical Review Committee.
Symptom Measures
The Beck Depression Inventory (BDI) (Beck, Ward, Mendelson, Mock & Erbaugh, 1961) is a 21 item self-report questionnaire which measures the severity of depression symptoms over the past week (Katz, Katz & Shaw, 1999). The BDI has been shown to be highly sensitive to changes in depressive symptoms and severity, to correlate well with other self-report measures of depression, and to correlate highly (r = .96) with clinician ratings of depression (de Jonghe & Baneke, 1989; Evans et al., 1992). The Zung Self-Rating Scale (Zung, 1965) is a 20 item questionnaire devised to measure symptoms of depression in a holistic sense, to take into account the generalised disturbance of functions such as thought, feeling, experience and emotion (Gabrys & Peters, 1985; Knight, Waal-Manning & Spears, 1983). It has been found to have an internal reliability of r = .82, and a split-half reliability of r = .79 (de Jonghe & Baneke, 1989). This scale has been found to be a valid and sensitive measure of clinical severity in depressed patients (Biggs, Wylie & Ziegler, 1978). 

Cognitive measures
All the cognitive measures used in this study are well established and have been extensively used in the literature (Oei & Free, 1995). The 40-item Dysfunctional Attitudes Scale (DAS) (Oliver & Baumgart, 1985; Weissman & Beck, 1978) was designed to measure the enduring negative attitudes and assumptions believed to confer a cognitive vulnerability to depression, according to Beck’s cognitive theory of depression. It has shown a test-retest reliability of r = .73 and has an internal reliability of r = .90 (Oliver & Baumgart, 1985). The mean for an Australian sample of depressed adults was 156 (sd=46) (Hill, Oei & Hill, 1989). The Automatic Thoughts Questionnaire (ATQ) (Hollon & Kendall, 1980) is a 30-item questionnaire measuring the frequency of negative self-statements associated with depression, such as “I’m a failure”. The mean for an Australian sample of depressed adults was 108 (sd=19.2) (Hill et al., 1989). It has demonstrated a high split-half reliability (r = .97) (Ross, Gottfredson, Christensen & Weaver, 1986), good construct validity (Hollon & Kendall, 1980), and correlates about .63 with measures of depression symptoms (Dobson & Breiter, 1983). The Beck Hopelessness Scale (BHS) (Beck, Weissman, Lester & Trexler, 1974) is a 20-item scale designed to assess pessimistic expectations (hopelessness), which are a core characteristic of depressed adults. The BHS has been found to have a reliability of r = .86 in psychiatric samples (Durham, 1982), has been found to correlate highly with clinician ratings (r = .74) of suicidal intent (Beck et al., 1974). The mean for a depressed sample on this scale was 12 (sd=5) (Oei & Dingle, 2001).

Catecholamine measures

Urinary CAs were selected for use as a biochemical measure of depression because of the existence of cut-off scores devised by Davis et al. (1988), and due to the non-invasive method of collection (in comparison to a blood test or a lumbar puncture for cerebrospinal fluid). Participants were asked to provide 24-hour urine samples for the detection of CA levels. These were collected into clean containers containing 10ml of 6M HCl that acts as a stabilising preservative, and were then refrigerated until assay at the Queensland Medical Laboratory. The samples were assayed for levels of norepinephrin (NE), epinephrine (E), metanephrine (MET) and normetanephrine (NM) simultaneously, using High Performance Liquid Chromatography on a C18RC cartridge with electrochemical detection after a two stage clean up process. Urine creatinine values were used as a standard for checking compliance with the urine collection protocol, since creatinine is synthesised at a steady rate and is not affected by diet or by normal physical activities. Samples with creatinine values substantially outside of the normal range were likely to have incomplete collection over the 24-hour period, and the catecholamine levels could be adjusted accordingly. This procedure was used in previous research (Oei & Dingle, 2001) 

Patients were classified into three groups on the basis of their catecholamine values. The values of E, NE, MET and NM for each subject were categorised at pre-treatment and at post-treatment as high, borderline or low according to published cut-off scores (Davis et al., 1988) set at one standard deviation above the mean for healthy control persons. Catecholamine values that exceeded this cut-off were classified as high and those below as low. Those patients with two or more catecholamines in the high range were classified as high, and all others were classified as low for that timepoint. Participants whose CA excretion was high at both pre- and post-treatment were classified as “High” excreters; those whose levels were low at both timepoints were classified as “Low” excreters; and participants whose catecholamines were high at one time point and low at the other were classified as “Mixed”. 
Procedure

Patients attended a 12-week group cognitive behaviour therapy facilitated by registered psychologists experienced in this type of therapy. Each program comprised weekly two-hour sessions for twelve weeks, with approximately ten people in each group. The content was consistent with that described by Beck and colleagues (Beck, Rush, Shaw & Emery, 1979), including behavioural activation and identification and restructuring of problematic automatic thoughts, cognitive distortions, core beliefs, etc. The therapy is detailed in a manual (Oei, 1996) and has previously been used successfully in a number of studies of depression (Free, Oei & Sanders, 1991; Oei & Dingle, 2008). Cognitive measures and biochemical measures were taken at pre-treatment (week one) and at post-treatment (week twelve). The study followed a 3 (catecholamine level) x 2 (time) mixed repeated measures analysis of variance, with catecholamine level serving as the between subjects variable and time serving as the within subjects variable

Results

Descriptives and correlations

The pre-treatment and post-treatment means and standard deviations for each group on each of the measures are presented in Table 1. The mean scores for BDI at pre-treatment indicate that the High CA group were in the moderate to severe range of depression, while the Mixed CA and Low CA groups were moderately depressed at the start of therapy. At the end of treatment, participants in the Low and Mixed CA groups were in the mild depression range, while those in the High CA group were moderately depressed. Measures of mood symptoms and negative cognitions were positively correlated (see Tables 2 and 3), as has been found previously.
[Tables 1, 2, 3 about here]

Main analyses
Results of the two-way mixed repeated measures analysis of variance (ANOVA) on 
BDI showed a significant main effect for treatment, F(1, 67) = 86.73, p <.001, indicating that all groups showed significant change in their depressive symptoms over the course of treatment. There was also a significant main effect for group, F(2, 67) = 4.82, p < .01, revealing significant differences between the groups in their level of depression. Post hoc comparisons using a Bonferroni adjustment to alpha of .01 revealed that the High group scored higher on the BDI than the Low group (p< .05) and the Mixed group (p< .05) (Ms = 25.44, 17.70, 17.09) however these comparisons failed to reach significance at .01. Importantly, there was no interaction between group and treatment, F(2, 67) = .68, p = .51. These results can be seen in Figure 1. The results of a two-way repeated measures ANOVA on the Zung Self-Rating Scale were similar to those found for the BDI. There was a significant main effect for treatment, F(1, 67) = 29.9, p < .001, and a significant main effect for group, F(2, 67) = 5.71, p < .01, indicating significant reductions in symptoms of depression over treatment, and significant differences between groups in their depressive symptomatology. A post hoc comparison using a Bonferroni adjustment revealed that the High group was significantly higher on the Zung than the Low group (p<.01) and the Mixed group (p<.01) (Ms = 65.46, 52.17, 51.80). However, there was no significant group by treatment interaction, F(2, 67) = .105, p = .90, see Figure 2.
[Figures 1 and 2 about here]
A similar pattern of results was found for the cognitive measures. The two-way repeated measures ANOVA on DAS scores revealed a significant main effect for treatment, F(2, 67) = 31.32, p < .001, indicating that all groups showed significant reduction in dysfunctional attitudes over the treatment period. There was no significant main effect for group nor a group by time interaction (Figure 3). Similarly, results of a two-way repeated measures ANOVA on the ATQ found a significant main effect for treatment, F(1, 67) = 45.86, p <.001, indicating that all groups showed a reduction in automatic thoughts over the course of treatment. There was no main effect for group, and no group by time interaction (Figure 4). Levels of hopelessness reduced in all groups over the treatment period, F(1, 67) = 50.05, p< .001. There was no significant main effect for group, and no significant group by treatment interaction (Figure 5).  

[Figures 3, 4 and 5 here]

Discussion

The main hypothesis in this study was that depressed patients with elevated catecholamines throughout treatment would respond less well to group CBT than participants with normal catecholamine excretion, and that the participants with mixed catecholamine levels would respond in an intermediate manner. Results did not support the hypothesis. Despite the fact that the High catecholamine excreters were more depressed on average throughout the course of treatment, the rate at which they improved in mood symptoms was equal to that of the Low and Mixed catecholamine participants, as shown by the slopes of Figures 1 and 2. This indicates that adults with this biological marker of depression responded to CBT in a similar way to other depressed adults. Moreover, the Mixed group was almost indistinguishable from the Low CA group in measures of depression at pre- and post-treatment. This finding that depressed patients with a biological marker can respond to psychotherapy is inconsistent with some previous literature 
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(Dimidjian et al., 2006; Elkin et al., 1989)
, yet consistent with some others 
 ADDIN EN.CITE 

(Blackburn, Bishop, Glen, Whalley & Christie, 1981; DeRubeis, Gelfand, Tang & Simons, 1999b; Free et al., 1998; Thase, Simons, Cahalane & McGeary, 1991)
. Note that there was a possible flooring effect in the Low excreters who achieved close to normal mood at the end of treatment.
A second issue for investigation was whether High CA excreters were able to change their negative thinking patterns during CBT in a similar way to other participants. Results revealed that the High CA group improved in all measures of depressive thinking (automatic thoughts, hopeless thoughts and the more enduring dysfunctional attitudes) throughout the therapy at the same rate as low CA participants, which indicates that they were equally able to make sense of and use the CBT strategies to ameliorate their negative thinking and ultimately to improve their mood. These findings lend support to idea that even when depression has a strong biological basis (such as in severe, atypical or recurrent cases) where antidepressant medication is traditionally indicated, cognitive behaviour therapy can be equally effective in reducing depressive symptoms 
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(Blackburn & Moore, 1997; DeRubeis et al., 1999b; Fava, Rafanelli, Grandi, Conti & Belluardo, 1998; Jarrett et al., 1999)
. The findings also help to clarify the guidelines for the treatment of depression given by the American Psychiatric Association (APA, 2000), in that it is shown that elevated catecholamine levels are not associated with a poorer response to CBT for depression.
Limitations of the current study should be taken into account when interpreting the results. The small cell size of the High catecholamine group may influence the degree of generalisability of the results. Another limitation of the study is the lack of treatment follow-up. A follow-up study would have allowed conclusions to be drawn about the longer-term outcomes from cognitive behaviour therapy for depressed patients with evidence of biological dysfunction. Further analysis would be required to determine how many of the high excreters did actually improve to subclinical symptoms and how long it took to establish normal mood in these individuals. Antidepressant medication might induce a steeper decline in depression symptoms the high excreters. The long-term effects of cognitive behaviour therapy are already well established for depressed patients in general, however, the biological functioning of these samples was not assessed 
 ADDIN EN.CITE 

(Blackburn & Moore, 1997; Evans et al., 1992; Fava et al., 1998)
. Future research should attempt to replicate the results of the current study to establish their robustness. In conclusion, the findings of the current study support the application of group cognitive behaviour therapy to depressed persons with evidence of biological dysfunction as indicated by catecholamine levels.

Table 1

Means and standard deviations on self report measures of depression and negative thinking in 70 depressed adults at intake and end of 12-weeks of group cognitive behaviour therapy.

	Pre-treatment Means and Standard Deviations

	
	BDI
	Zung
	DAS
	ATQ
	BHS

	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Group
	N

	Low
	33
	23.00
	1.56
	56.72
	2.75
	157.6
	6.51
	87.81
	4.78
	11.84
	.9

	High
	10
	30.00
	3.43
	69.20
	3.83
	187.3
	10.77
	104.9
	9.2
	15.75
	.85

	Mixed
	27
	23.31
	1.85
	55.96
	2.29
	148.3
	6.91
	91.23
	5.64
	12.42
	.87

	Post-treatment Means and Standard Deviations

	
	BDI
	Zung
	DAS
	ATQ
	BHS

	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Group
	N

	Low
	33
	12.42
	1.82
	47.52
	2.94
	142.6
	9.05
	64.78
	6.62
	8.75
	1.19

	High
	10
	20.88
	3.12
	61.71
	4.25
	154.5
	11.55
	86.75
	10.36
	9.63
	1.34

	Mixed
	27
	10.88
	1.52
	47.52
	2.90
	126.1
	6.66
	58.63
	4.86
	6.88
	1.06


Table 2

Correlations among depression and cognitive measures at pre-treatment in a sample of 70 depressed adults

	
	BDI
	DAS
	Zung
	ATQ
	BHS

	BDI
	1.00
	.524**
	.736**
	.725**
	.540**

	DAS
	
	1.00
	.346**
	.506**
	.420**

	Zung
	
	
	1.00
	.602**
	.400**

	ATQ
	
	
	
	1.00
	.615**

	BHS
	
	
	
	
	1.00


** Correlation is significant at the 0.01 level (2-tailed)

Table 3

Correlations among depression and cognitive measures at post-treatment in a sample of 70 depressed adults

	
	BDI
	DAS
	Zung
	ATQ
	BHS

	BDI
	1.00
	.465**
	.748**
	.866**
	.571**

	DAS
	
	1.00
	.228
	.575**
	.586**

	Zung
	
	
	1.00
	.731**
	.338*

	ATQ
	
	
	
	1.00
	.658**


** Correlation is significant at the 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)
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Figure 1. Change in BDI scores for the High, Low and Mixed catecholamine excreters from pre-treatment to post-treatment.
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Figure 2. Changes in Zung scores for the High, Low and Mixed catecholamine excreters from pre-treatment to post-treatment.
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Figure 3. Changes in the Dysfunctional Attitudes Scale scores for the High, Low and Mixed catecholamine excreters from pre-treatment to post-treatment.
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Figure 4. Changes in the Automatic Thoughts Questionnaire scores for the High, Low and Mixed catecholamine excreters from pre-treatment to post-treatment.
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Figure 5. Changes in the Beck Hopelessness Scale scores for the Low, High and Mixed catecholamine excreters from pre-treatment to post-treatment. 
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