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Van der Does 

Abstract  

Background: Depression is a major risk factor for cardiovascular disease (CVD). An important risk factor 

for CVD - low Heart Rate Variability (HRV) - has often been found in depressed patients, and has been 

associated with impulsivity.  The present study investigated whether experimental lowering of serotonin 

would decrease HRV and increase impulsivity in remitted depressed patients, in particular in those patients 

with disturbed impulse control. .  

Methods: Nineteen patients in remission from depression received high-dose and low-dose Acute 

Tryptophan Depletion (ATD) in a randomized counterbalanced double-blind crossover design. HRV and 

impulsivity were assessed during each ATD session and during a baseline session. Suicidal ideation during 

past depression was used as an index for individual differences in impulse control. 

Results: High-dose ATD led to a larger increase in depressive symptoms than low-dose ATD. High-dose 

ATD decreased HRV and increased impulsivity and anxiety, but only in patients with a history of suicidal 

ideation. Symptom effects of high-dose ATD correlated with low HRV at baseline.  

Conclusions: Depressed patients who have problems with controlling impulsivity might be more at risk for 

developing CVD, possibly related to increased vulnerability to impaired 5-HT function.  
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Introduction  

The serotonin (5-Hydroxytryptamine; 5-HT) system is involved in depression (Maes and Meltzer, 

1995) and in impulsive behavior (Soubrié, 1986). Acute tryptophan depletion (ATD), which involves 

depleting the 5-HT precursor l-tryptophan (Trp), is a powerful technique to investigate lowered serotonin 

function in an experimental design (Booij et al., 2003). The rationale is to lower 5-HT levels and then 

examine any symptoms provoked by the procedure, thereby having the ability to establish causal 

relationships between serotonin levels and behavior (Young et al., 1985).  

It has frequently been demonstrated that ATD leads to a transient symptom exacerbation in a 

subsample of remitted depressed patients (Booij et al., 2003; Delgado et al., 1990). ATD has also been 

studied for its effect on impulsivity in a laboratory setting (LeMarquand et al., 1999). Subjects were asked 

to respond to certain stimuli presented on a computer screen and withhold responding to other stimuli. After 

ATD, more commission errors ('false alarms') were observed in healthy subjects with a family history of 

alcoholism, but not in healthy males without such family history. The effects of ATD on impulsivity in 

remitted depressed patients have not been studied. However, fully remitted depressed patients with a history 

of impulsive behavior (suicidal behavior or ideation) had a larger depressive response to ATD than patients 

who had no history of suicidal ideation (Booij et al., 2002). This finding is in line with research using other 

markers of 5-HT function in depressed suicidal patients (e.g., Asberg, 1997), and suggests that 

abnormalities of the 5-HT system may be limited to a subtype of depression in which anxiety and 

aggression dysregulation are prominent (Van Praag, 2001).  

Depression is a major risk factor for cardiovascular disease (CVD). The prevalence of depression 

among cardiovascular patients is 5-20 times higher than in the general population, and depression doubles 

the probability of a new myocardial infarct within 12 months (Joynt et al., 2003). Low Heart Rate 

Variability (HRV) is a biological risk factor for CVD, and may explain the association between depression 

and CVD (Grippo and Johnson 2002). Low HRV has repeatedly been found in depressed patients (Agelink 

et al., 2002; Rechlin et al., 1994), however the results are not consistent (e.g., Gehi et al., 2005). Reduced 

HRV has also been observed in anxiety disorders (Thayer et al., 1996; Friedman and Thayer, 1998) and in 
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impulse-control disorders, including attention deficit hyperactivity disorder (Beauchaine et al., 2001), 

substance abuse (Ingjaldsson et al., 2003), psychosis (Valkonen-Korhonen et al., 2003) and in healthy 

highly-hostile individuals (Sloan et al., 2001; Demaree and Everhart, 2004). These studies suggest that 

HRV may not be related to a specific diagnosis, but rather to symptoms or other characteristics common to 

various psychiatric conditions, in particular inhibitory neural processes and impulse control (Hansen et al., 

2003; Ingjaldsson et al., 2003).   

Several researchers have identified a set of neural structures associated with emotion regulation that 

includes the prefrontal cortex (Davidson, 2000; Thayer and Lane, 2000). Similarly the prefrontal cortex has 

been implicated in inhibitory neural processes including those necessary for working memory, delayed 

responding, and impulse control (Garavan et al., 1999). Importantly, HRV has been associated both 

structurally and functionally with activity of the prefrontal cortex. Structurally, both pharmacological 

blockade and neuroimaging studies have shown HRV to be associated with activity in the prefrontal cortex 

(Ahern et al.,  2001; Gianaros et al., 2004; Lane et al., 2001). Functionally, HRV has been associated with 

emotional regulation as well as working memory and delayed responding including measures of impulsivity 

(Allen et al., 2000; Hansen et al., 2003, 2004; Ruiz-Padial et al., 2003). Overall, these studies suggest a link 

between HRV and emotion regulation, in particular impulsivity. Regarding depression, the inconsistent 

findings might be caused by the fact that reduced HRV may be limited to patients with disturbed impulse 

control.  

The mechanism for the association between various negative mental and emotional conditions and 

reduced HRV may be found in lowered 5-HT function. While it is widely accepted that lowered 5-HT 

levels negatively influence mood and behavior, it has only recently become evident that 5-HT depletion or 

5-HT receptor blocking attenuate baroreflex gain (Kellett et al., 2005a, 2005b). The arterial baroreflex is 

the main mediator of HRV, as this reflex reacts to any blood pressure increase/decrease by a heart rate 

decrease/increase. Beat-to-beat blood pressure changes are present in any person, even in a stable 

hemodynamic stituation, because of the modulating effect of respiration on cardiac filling and stroke 
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volume. Thus, respiration causes blood pressure variability, which is transferred by the baroreflex into 

HRV (Frederiks et al., 2000). Serotonin-depleted baroreflex function might decrease HRV. 

The aim of this study was to investigate whether experimental lowering of 5-HT induces a decrease of 

HRV and an increase of impulsive behavior in remitted depressed patients. We previously reported that 

ATD leads to a significantly greater symptom exacerbation in remitted depressed patients with a history of 

suicidal ideation as compared to patients without such history (Booij et al., 2002).These results are in line 

with a genetic study showing an allelic association of the 5-HT2A receptor gene with suicidal ideation 

among depressed patients (Du et al., 2000). To further test our hypothesis that serotonergic dysfunction and 

reduced HRV are more pronounced in a subtype of depression that is characterized by impulsive/aggressive 

behavior, history of suicidal ideation was used as an index for individual differences in impulse control. 

Although other conditions would also imply underlying impulsivity, e.g. a history of substance abuse or a 

cluster B personality disorder, such markers would interfere with our aim to study ATD in remitted patients 

with a primary diagnosis of major depressive disorder. 

We assessed HRV on three occasions, and at each occasions during rest (baseline) and during cognitive 

testing, in particular the continuous performance test (CPT). Changes in impulsivity following ATD were 

measured by the CPT (Nuechterlein, 1991; Cornblatt et al., 1989; Keshaven et al., 2003). As in our 

previous studies, two different ‘dosages’ of ATD were used (25.7 g vs. 102.5 g amino acids), aimed at 

reducing plasma Trp levels by 40-50 %, and 80-90 % respectively (Van der Does, 2001). Although the 25 

% strength mixture was initially developed as a placebo procedure by Krahn et al. (1996), it has been 

shown that, in combination with a one-day low-Trp diet, it reliably leads to moderate reductions of Trp 

levels, and that this low-dose condition produces some cognitive effects (Booij et al., 2005a), but generally 

no symptoms (Booij et al., 2005b; Spillmann et al., 2001). 

 Based on previous ATD studies and the reported association between depression and CVD, the 

following hypotheses were tested: 

1) High-dose ATD will cause a larger increase in depressive symptoms than low-dose ATD;  

2) High-dose ATD will reduce HRV at rest and during the CPT;  
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3) High-dose ATD will increase impulsivity (indicated by decreased beta levels on the CPT);  

The effects on symptoms, HRV and impulsivity will be more pronounced in patients with a history of 

suicidal ideation. Furthermore, we explored the effects of low-dose ATD on HRV and impulsivity and the 

relation between depressive response to ATD and baseline HRV.  

 

Methods and Materials  

Participants Eligible patients were outpatients of a mood disorders clinic. Inclusion criteria were: age 

between 18 and 65; ongoing treatment with a selective serotonin reuptake inhibitor (SSRI) or serotonin-

noradrenalin reuptake inhibitor (SSNRI) for at least 4 weeks, meeting DSM-IV criteria for a primary 

diagnosis of Major Depressive Disorders in remission and Hamilton Depression rating Scale (HRSD, 17-

items) (Hamilton, 1960) lower than 15 (Frank et al., 1991). Exclusion criteria were: substance abuse within 

last 3 months, psychosis (lifetime), major physical illness, lactation, and pregnancy. Diagnoses, 

demographic and clinical background variables including history of suicidal ideation during past depression 

were assessed with the Structured Clinical Interview for DSM-IV (SCID-I) (First et al., 1995) by a 

psychologist and checked in medical records. 

Twenty participants entered the study. One female patient dropped out prior to the afternoon 

assessments of the first session (high-dose ATD) because of nausea starting 2 hours after depletion. Nausea 

persisted until late afternoon but had disappeared in the evening. The clinical and demographic 

characteristics of the remaining 19 patients are presented in Table 1, separately for groups with and without 

suicidal ideation during past depression (SI+ vs. SI-).  

 

<<Table 1 near here>> 

 

High-Dose and Low-Dose Acute Tryptophan Depletion. At each depletion session, patients received a 102.5 

g (‘high-dose ATD’) or a 25.7 g (‘low-dose ATD’) amino acid mixture in a counterbalanced, randomized 

double-blind crossover design. The composition of the 102.5 g mixture was similar to previous ATD 
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studies (e.g. Delgado et al., 1990). The 25.7 g mixture consisted of the same amino acids (AAs) but in one 

quarter amount (Krahn et al., 1996). Patients were kept on a 24 h low Trp diet (160 mg/day) prior to both 

sessions.  

 

Instruments 

Symptoms 

Symptoms were assessed with the Montgomery Asberg Depression Rating Scale (MADRS) (Montgomery 

and Asberg, 1992),  the Hamilton Rating Scale for Depression (HRSD-17) (Hamilton, 1960); the Brief 

Anxiety Scale (BAS) (Tyrer et al., 1984); Beck Depression Inventory (BDI-II; Beck et al., 1996) and 

Positive and Negative Affectivity Scale (PANAS) (Watson et al., 1988). The latter questionnaire consists of 

positive (low score indicative of depression) and negative affectivity subscales (high score indicative of 

both depression and anxiety).  

 

CPT 

264 letters were presented one by one for 150 ms in random order, with 600 ms intervals. Participants were 

instructed to push the spacebar each time the letter 'X' appeared, but only when it had been preceded by the 

letter 'A']. Reaction times and errors were registered. The task took 8 minutes to complete. The primary 

outcome measure was beta (β). Beta is a measure of impulsivity; individuals with high β have the tendency 

to under-respond and are assumed to be cautious; low β is associated with over-responding and risk-taking 

behavior (Conners et al., 2003; Nuechterlein 1991). Secondary outcome measures were: d-prime (d’; a 

measure of accuracy, corrected by response tendency); correct responses to target stimuli (% of hits); 

responses to non-targets (% of false-alarms); and median reaction times (ms) to target stimuli. Beta and d’ 

are based on signal detection theory and were calculated as described elsewhere (Nuechterlein, 1991). 

 

Biochemical analyses  Venous blood was obtained using EDTA tubes to determine total plasma Trp and 

ratio Trp/ large neutral amino acids (LNAAs). Immediately after sampling, the blood was centrifuged for 
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20 minutes at 2650gmax and the plasma was stored at – 65 °C. Quantitative amino acid analysis was 

performed by high-performance liquid chromatography as described elsewhere (Fekkes et al., 1995).  

 

Cardiac activity 

Cardiac activity was measured using an ambulatory monitoring system (AMS), developed by the 

department of psychophysiology, VU University, Amsterdam, the Netherlands. Six disposable electrodes 

were placed on the body of the patient (between the collar bones, under the left breast, between the two 

lower ribs, over the xiphoid process of the sternum and at the base of the neck and below the line 

connecting tips of the shoulder blades) and connected to the AMS device.  

In addition to heart rate (HR), time domain measures of HRV variables included the standard deviation 

of the interbeat intervals (SD) and the coefficient of variation CVr (SD/interbeat intervals) as estimates of 

overall HRV; the root mean square of successive differences (RMSSD), which is the square root of the 

mean of the sum of the squared differences between adjacent intervals, and the PNN50, which is the 

percentage of adjacent intervals that varied by more than 50 ms as measures of vagally mediated HRV. 

Frequency domain measures included high frequency power (HF; 0.14-0.40 Hz; a marker of vagal cardiac 

control) and low frequency power (LF; 0.07-0.14 Hz; an index of both sympathetic and vagal cardiac 

control) calculated according to the procedure as described previously (Bootsma et al., 1994).  

 

Procedure 

The study was approved by an independent, nationally certified medical ethics committee. After providing 

oral and written information about the study, we obtained written informed consent from all participants. 

 
Prior to the ATD sessions. Participants were invited to a screening session to verify in- and exclusion 

criteria. If all criteria were met, the CPT was administered. The time between the screening session and the 

first ATD session was approximately one week.  
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ATD sessions. During Day 1 of each session, patients consumed the low-Trp meal. Patients came 

to the laboratory at 8 or 9 am of Day 2, after an overnight fast. Mood ratings were obtained followed by a 

blood sample (-1 h) and the ATD drink (0 h). For the next 4.5 h, patients remained in a private research 

room. The AMS system was placed on the participants 4.5 h after the ATD drink. After a break of about 10 

minutes, cardiac activity was assessed during a five minutes period, in which participants performed a 

neutral distraction task, to focus their attention away from depressive thoughts or bodily sensations (‘resting 

period’). During this task, participants were given an incomprehensible text (Swedish or Italian) and were 

asked to strike out one letter (a or e) each time these letters appeared in the text (cf: Van der Does et al., 

1997). At each assessment, the experimenter emphasized that the reason for this task was to engage all 

participants in the same neutral activity, and that speed or accuracy was not important.  Recordings were 

restarted 5 h after ingestion of the ATD drink. The CPT, completed at +5.5 h, was part of a larger cognitive 

test battery that is not further described here. After removal of the ECG electrodes and the AMS device, a 

blood sample was taken at +6 h. Symptoms were assessed at +6.5 h. Mood ratings were taken the next 

morning (+24 h). This procedure was repeated at least one week later; those who had received high-dose 

ATD in the first session received low-dose ATD in the second session and vice versa.  

Post-intervention session. The day after the second session, participants also completed the CPT. 

Cardiac activity was recorded, during a resting period and during the CPT. Assessments started about ten 

minutes after the mood assessments and took place before blood sampling. The procedure was identical as 

during the ATD sessions.  This post-intervention session lasted about 2.5 hours. 

 

Statistical Analyses 

Clinical and demographic variables were investigated by means of chi-square tests and univariate analysis 

of Variance (ANOVA) by using the General Linear Model (GLM).  

The effects of the different doses of ATD on biochemical outcome measures, symptoms, cardiac 

activity and CPT were analyzed by separate double repeated measure multivariate analysis of variance 

(MANOVA). For the symptom scales and biochemical measures, ATD (low-dose vs. high-dose) and time (-
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1 h, +6.5 h, +24 h) were the within subjects factors. ATD (baseline vs. low-dose vs. high-dose ATD) was 

used as within-subject factor for the CPT. ATD (baseline vs. low-dose vs. high-dose ATD) and period (rest 

vs. CPT) were the within subjects factors for the cardiovascular measures. History of suicidal ideation 

(serious suicidal thoughts/attempt vs. no serious suicidal thoughts) was used as a between subjects factor in 

the analyses. Relationships between depressive response and impulsivity and between depressive response 

and HRV were investigated in separate GLM analysis including response to ATD as the only between 

subjects factor, defined as at least a 6-point increase on the MADRS scale during the high-dose ATD 

session (Booij et al., 2005b). Contrast tests were used to investigate differences between specific 

interventions and specific time-points. The Greenhouse-Geisser correction was used to control for 

violations of sphericity (Vasey and Thayer 1987).   

The present study used multiple outcome measures for HRV, and therefore a more stringent level of 

alpha may be needed to keep the probability of a type II error under control. This could cause a power 

problem, although the sample size of the present study is comparable with those of some other ATD 

studies. To correct for multiple comparisons and to still have reasonable power, we set alpha at .15 (Stevens 

1996), implicating that cardiovascular measures were tested at the .02 level of significance (.15/7) (there 

were seven outcome measures for HRV). There was no need to correct for multiple comparisons for the 

analysis of symptoms and impulsivity, as both the direction and timing of these effects have been studied 

extensively in healthy samples and patients (see Booij et al., 2003). 

 Baseline CPT performance was defined as the mean of a post-intervention session and the 

screening session (Booij et al., 2005a). This definition was used to control for any learning effects that 

might occur with repeated administration of the CPT. The suitability of taking the mean of the screening 

and the post-intervention sessions as a baseline measure was checked by a comparing CPT performance on 

the screening and post-ATD sessions and was further checked by a repeated measures analysis, with 

‘session’ (screening vs. post-ATD session) as a within-subjects factor, and ‘order’ (high vs. low-dose ATD 

first) as a between-subjects factor. Physiological recordings throughout the afternoon of the ATD sessions 

were compared with the recordings conducted at the post-intervention session.  
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Results 

Data Screening 

One patient of the SI+ group had an extremely high false alarm rate on the CPT in the low-dose condition 

(22.7 %). The mean percentage false alarm rate of the remaining patients was 0.6 % (range: 0, 4.2). This 

patient was considered an outlier (Cook’s D = 1.17; z-residuals = |3.78|; Mahalonobis distances = 16.36). 

This patient pressed the button not only when target stimuli were presented (47/48 trials) but also when the 

letter ‘X’ was preceded by the letter ‘D’ (48/48 trials), with one false positive on the other non-target 

stimuli. This patient was left out of the analyses involving β, d’ and percentage of false alarms. A blood 

sample for one patient in the SI+ group was missed at +24 h in the high-dose condition, and blood samples 

for another patient were missing for all measurements during the low-dose condition because of logistic 

problems. 

Prior to GLM analysis, reaction time for the CPT and HF were log10 transformed and PNN50 was 

square root transformed to achieve a normal distribution of the data (Stevens 1996). BDI-II and PANAS 

scores were analyzed by means of nonparametric tests, as transformations were unsuccessful. 

 

ATD effects on Amino Acids 

The reduction in total Trp (-1 h minus +6 h) was larger in the high-dose than in the low-dose condition 

(mean reduction ± SE: 86.44 % ± 0.85 vs. 51.54 % ± 3.56) [F(2,32)  = 14.85; p <  .001]. For Trp /LNAA 

ratio, the reductions were 93.97 % ± 0.67 in the high-dose condition and 50.65 % ± 3.97 in the low-dose 

condition, and the intervention by time interaction was significant [F(2,32)  = 36.00, p < .001]. There were 

no significant differences between SI+ and SI- groups on biochemical measures.  

 

Symptoms 

As expected, high-dose ATD led to larger increases in symptoms relative to low-dose ATD (Table 2). 

Significant ATD by time interactions were found for the MADRS [F(2,34)  = 4.29, p = .02], HRSD 
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[F(2,34) = 4.11,  p = .02] and BAS [F(2,34)=5.01,  p = .01]. For these scales, the increase in symptoms 

from t(-1 h) to t(+ 6.5 h) in the high-dose condition was larger than the increase in the low-dose condition 

(p < .01). Eight of the nineteen patients had an increase in MADRS of at least 6 points. PANAS positive 

scores decreased from t(-1 h) to t(+6.5 h) after high-dose ATD compared to the low-dose ATD  (Z = -2,40; 

p = .02), while BDI-II scores increased at the same time points (Z = -2,28; p = .02). Significant group 

(defined by history of suicidal ideation; SI) by ATD by time interactions were found for the  BAS [F(2,34) 

= 4.01; p = .03], with the largest increase from  t(-1 h) to t(+6.5 h) in the high-dose condition for the SI+ 

group [F(1,17) = 7.21; p = .016].  

Changes in PANAS negative scores in the high-dose condition were larger in the SI+ than in the 

SI-group [Z = -2.34; p = .02). There were no other group differences on any of the symptom scales, 

although the univariate contrast test for the HRSD tended towards significance [F(1,17) = 4.46; p = .05].  

Each patient scored zero on the HRSD and MADRS suicidality items, both before and after ATD. Thus, 

ATD did not increase suicidality. Overall, symptoms 24 h after ATD had returned to baseline levels (data 

not shown).  

 

<<Table 2 near here>> 

 

Effects of ATD on Cardiac Activity 

GLM analyses revealed a main effect of ATD on HR [F(2,34) = 10.53; p < .001]. High-dose ATD 

increased HR during rest and during the CPT, as compared both to baseline [F(1,17) = 14.24; p = .002] and 

to low-dose ATD [F(1,17) = 11.71; p = .003]. There was no ATD or ATD by period (rest, CPT) effect on 

any HRV outcome measure. Significant group (SI+, SI-) by ATD by period interactions were found for HR 

[F(2,34) = 4.10; p = .02]; SD [F(2,34) = 6.79; p = .003]; CVr [F(2,34) = 6.44; p = .004]; RMSSD [F(2,34) 

= 5.90; p = .006]; PNN50 [F(2,34) = 6.56; p = .004], HF [F(2,34) = 4.30; p = .02], but not for LF [F(2,34) 

= 0.24; p = .78] or LF/HF ratio [F(2,34)=0.81; p = .45]. As shown in Table 3, in the SI+ group, high-dose 

ATD increased HR [F(1,17) = 6.62; p = .02] and reduced SD [F(1,17) = 9.49; p = .007], CVr [F(1,17) = 
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9.10; p = .008], RMSSD [F(1,17) = 13.12; p = .002], PNN50  [F(1,17) = 7.28; p  = .015] and HF [F(1,17) = 

11.30; p = .004] compared to the no-depletion session during the rest period. These effects did not appear 

during the CPT period. Low-dose ATD in the SI+ group reduced CVr [F(1,17) = 6.01; p = .02] and tended 

to reduce SD [F(1,17) = 5.80; p = .03] compared to the  baseline session. Results were very similar when 

the SI+ group and the SI-group were analyzed separately, with significant decreases in HRV measures in 

the SI+ group and no effects of ATD on any of the HRV measures in the SI – group. There were no group 

differences on cardiac measures during the baseline session.   

 

<<Table 3 near here>> 

 

CPT 

Practice effects.  There were no significant differences in CPT performance between the post-ATD 

session and the screening sessions, neither were there any order by session interactions on any outcome 

measure, indicating that the average score of these two sessions can be used reliably as a baseline score.  

ATD effects.  There was no main effect of ATD on any outcome measure of the CPT. However, 

the group by ATD interaction for the impulsvity measure β was significant [F(2,32) = 3.93; p = .03], with 

differences between high-dose ATD and baseline [F(1,16) = 4.68; p = .046] and between low-dose and 

high-dose ATD [F(1,16) = 6.54; p = .02]. Significant group (SI+, SI-) by intervention interactions were also 

found for CPT d’ [F(2,32) = 3.98; p = .03], percentage hits [F(2,34)=6.83; p = .003] and RT [F(2,34) = 

3.50; p = .04]. Univariate contrast tests for high-dose vs. baseline revealed differential effects on d’ [F(1,16) 

= 7.99; p = .01], percentage hits [F(1,17) = 7.90; p = .01] and RT [F(1,17) = 7.63; p = .01] for the SI+ and 

SI- groups. Compared to baseline, high-dose ATD increased percentage of hits in patients with suicidal 

ideation, whereas it increased RT and decreased d’ (accuracy) and percentage of hits in SI- patients. There 

were also significant group by intervention effects for high-dose vs. low-dose for percentage of hits 

[F(1,17) = 8.37; p = .01] and RT [F(1,17) = 4.66; p = .05]. There were no differences between baseline vs. 

low-dose, neither were there any ATD effects on percentage of false alarms.  
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<<Table 4 near here>> 

 

Relation Between Baseline HRV and ATD Response 

A significant correlation was found between change in MADRS during high-dose ATD (+6.5 h minus -1 h) 

and baseline PNN50 assessed during rest (r = -.48; p = .04) (Figure 1), indicating that a low PNN50 at 

baseline was associated with a stronger response to ATD. Other correlations between ATD response and 

HRV parameters were in the same direction but not significant.  

Patients with relatively low (below median) levels of SD, RMSSD or PNN50 more often had a 

‘depressive response’ to ATD (increase of at least 6 points on the MADRS) as compared to patients with 

relatively high SD, RMSSD and PNN50 levels at baseline (6/9 vs. 2/10 patients) [χ2 = 4.23; p = .04; 

Fisher’s exact: p = .07 (2-tailed); p = .05 (1-tailed)]. There were no differences in clinical or demographic 

measures between these two groups.     

 

<<Figure 1 near here>> 

 

Relationship between reduction in tryptophan levels and changes in HRV 

Analyses of the cardiac measures and CPT were re-run, using symptom response to ATD as a between-

subjects variable, instead of suicidal tendencies. No significant interaction effects involving symptom 

response were found. There were also no significant correlations between plasma Trp or ratio Trp/LNAA 

and ATD induced changes in any of the cardiac outcome measures. 

 

Discussion 

The present study confirmed that high dose ATD induced more depressive symptoms in remitted depressed 

patients than the low-dose condition (Spillmann et al., 2001; Booij et al., 2005b). The main new findings 

are that, in remitted patients with a history of suicidal tendencies, high-dose ATD: 1) reduced HRV during 
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rest; 2) increased impulsivity (β; decreased RT); and 3) increased anxiety. Furthermore, low HRV at 

baseline correlated with the ATD-induced depressive response. 

A number of studies have found reduced HRV levels in depressed patients compared to controls (e.g. 

Agelink et al., 2002; Rechlin et al., 1994), but negative studies have also been reported (see Grippo and 

Johnson 2002; Yeragani et al., 1992). It has been suggested that low HRV is limited to patients with severe 

depression (Agelink et al., 2002), to male patients (Thayer et al., 1998) or to medicated patients (Bär et al., 

2004; Lehofer et al., 1997). The results of the present study expand the existing literature on HRV, 5-HT 

function, impulsivity and depression and suggest that reduced HRV in depression may be limited to patients 

who are prone to display impulsive or aggressive behavior. This notion is in line with the findings that 

patients suffering from carcinoid syndrome - a tumor in the gastrointestinal tract which is assumed to 

induce a prolonged state of low Trp concentrations - often fulfill the DSM-IV criteria for impulse control 

disorders (Russo et al., 2004) and also have a reduced HRV (Meijer et al., 2002). Also, respiratory sinus 

arrhythmia (indicative of the extent of parasympathetic cardiac control) in depressed patients has been 

found to be negatively associated with suicidal tendencies six months later (Rottenberg et al., 2002). 

The present findings also have implications for models that suggest a role for the prefrontal cortex 

in a set of neural structures involved in emotion regulation. Previous studies have found that HRV is related 

both structurally and functionally to activity of the prefrontal cortex (for a review see Thayer and 

Brosschot, 2005). The present findings expand on the previous pharmacological blockade, neuroimaging, 

and functional work by further illuminating the possible neurochemical basis of the relationship between 

cortical function and HRV. Given the role that 5-HT is thought to play in inhibitory neural processes, future 

studies exploring the relationships among 5-HT, cortical function, and HRV seem justified (Manuck et al., 

2005). 

Our findings also have potential relevance for the search for CVD risk markers. Hostility has been shown to 

be a major risk factor for depression (Krantz and McCeney, 2002). It is possible that especially those 

depressive individuals who have problems controlling aggression or impulsivity are at risk for CVD,  

because their low 5HT-function in particular may lead to low HRV, which is a direct physiological risk 
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factor for CVD. As far as we know, these features of depression have not yet been addressed in 

epidemiological studies of depression and CVD. 

Contrary to the effects of ATD during the rest period in the SI+ group and contrary to hypotheses, there 

were no effects on HRV during the CPT.  One might speculate that, since ATD increased impulsivity in the 

SI+ group, the CPT elicited risk-taking behavior, which in turn may decrease anxiety and increase HRV 

during the CPT relative to the rest period. 

In contrast with previous findings (Booij et al., 2002), the increase in depressive symptoms following 

ATD was was not larger in patients with previous suicidal ideation than in those without. However, as the 

sample size in the former study was much larger than in the present study, the difference may be due to a 

lack of statistical power. Neither low-dose nor high-dose ATD increased suicidal ideation in any of the 

patients; supporting the notion that the method is ethically appropriate (Booij et al., 2005b).  

The strengths and limitations of the present design have been discussed previously (Booij et al., 2005a). 

The most important limitation of the present study was that the sample size was relatively small. 

Furthermore, suicidality was assessed retrospectively and largely based on self-reported information. On 

the other hand, information was obtained by standardized clinical interviews and checked in the medical 

records. Furthermore, the fact that only one patient with an actual suicide attempt was included rules out the 

possibility that the observed differences are due to any neurological damage caused by the suicide attempt. 

Also, , we did not include a control group that received ATD. Finally, several other clinical variables that 

were not included may have mediated the difference between the SI+ and SI- group on HRV levels, e.g. 

physical fitness, dietary habits, time on medications and other types of previous treatments. On the other 

hand, the lack of baseline HR and HRV differences between the groups makes such an explanation 

unlikely. In conclusion, differences in impulse control should be taken into account as a possible mediating 

factor in future HRV research in depression.  

 

Grant Support and other Acknowledgements 



Van der Does 

 16

This research was supported by grants to A.J.W. Van der Does, Ph.D. from the Netherlands Organization 

for Science - Medical Sciences (NWO-MW 904-57-132) and the ‘Stichting tot Steun VCVGZ’. 

The authors thank N. Brusse, MSc, M.C. Blok, MSc and H. Van de Vooren, MSc for the assistance in the 

data collection and processing, and dieticians and staff of the laboratory and pharmacy of Parnassia and the 

laboratory of psychiatry of Erasmus medical centre for technical assistance. The authors would also like to 

thank J. Schmitt, Ph.D from Maastricht University, the Netherlands, for enabling us to use the Continuous 

Performance Task. L. Booij, PhD is now at the Department of Psychiatry, McGill University, Montreal, 

Canada.



Van der Does 

 17

References 

 

Agelink MW, Boz C, Ullrich H, Andrich J (2002): Relationship between major depression and heart rate 

variability. Clinical consequences and implications for antidepressive treatment. Psychiatry Res 

113: 139-149. 

Ahern GL, Sollers JJ, Lane RD, Labiner DM, Herring AM, Weinand ME, et al (2001): Heart rate and heart 

rate variability changes in the intracarotid sodium amobarbital (ISA) test. Epilepsia 42: 912-921. 

Allen MT, Matthews KA, Kenyon KL (2000): The relationships of resting baroreflex sensitivity, heart rate 

variability and measures of impulse control in children and adolescents. Int J Psychophysiol 37: 

185-194. 

Asberg M (1997): Neurotransmitters and suicidal behavior - The evidence from cerebrospinal fluid studies. 

Ann N Y Acad Sci. 836: 158-181. 

Bär KJ, Greiner W, Jochum T, Friedrich M, Wagner G, Sauer H (2004): The influence of major depression 

and its treatment on heart rate variability and pupillary light reflex parameters. J Affect Disord 82: 

245-252. 

Beauchaine TP, Katkin ES, Strassberg Z, Snarr J (2001): Disinhibitory psychopathology in male 

adolescents: Discriminating conduct disorder from attention-deficit/hyperactivity disorder through 

concurrent assessment of multiple autonomic states. J Abnorm Psychol 110: 610-624. 

Beck, AT, Steer, RA, & Brown, GK (1996): The Beck Depression Inventory – 2nd edition (BDI-II). San 

Antonio, TX: The Psychological Corporation. 

Booij L, Van der Does W, Benkelfat C, Bremner JD, Cowen PJ, Fava M, et al. (2002): Predictors of mood 

response to acute tryptophan depletion. A reanalysis. Neuropsychopharmacology 27: 852-861. 



Van der Does 

 18

Booij L, Van der Does AJW, Riedel WJ (2003): Monoamine depletion in psychiatric and healthy 

populations: review. Mol Psychiatry 8: 951-973. 

Booij L, Van der Does AJW, Haffmans PMJ, Riedel WJ, Fekkes D, Blom MJB (2005a): The effects of 

high-dose and low-dose tryptophan depletion on mood and cognitive functions of remitted 

depressed patients. J of Psychopharmacol 19: 267-275.  

Booij L, Van der Does AJW, Haffmans PMJ, Spinhoven Ph, McNally RJ (2005b): Acute Tryptophan 

Depletion as a model of depressive relapse: behavioral specificity and ethical considerations. Br J 

of Psychiatry 187: 148-154. 

Bootsma M, Swenne CA, Van Bolhuis HH, Chang PC, Cats VM, Bruschke AV (1994): Heart rate and heart 

rate variability as indexes of sympathovagal balance. Am J Physiol 266: H1565-1571. 

Conners CK, Epstein JN, Angold A, Klaric J (2003): Continuous performance test performance in a 

normative epidemiological sample. J Abnorm Child Psychol 31: 555-562. 

Cornblatt BA, Lenzenweger MF, Erlenmeyer-Kimling L (1989): The Continuous Performance-Test, 

Identical Pairs Version II: Contrasting attentional profiles in schizophrenic and depressed-patients. 

Psychiatry Res 29: 65-85. 

Davidson, RJ (2000):  The functional neuroanatomy of affective style.  In:  Lane RD, and Nadel L, editors. 

Cognitive neuroscience of emotion. New York:  Oxford University Press, pp. 106-128. 

Delgado PL, Charney DS, Price LH, Aghajanian GK, Landis H, Heninger GR (1990): Serotonin function 

and the mechanism of antidepressant action. Reversal of antidepressant-induced remission by rapid 

depletion of plasma tryptophan. Arch Gen Psychiatry 47: 411-418. 

Demaree HA, Everhart DE (2004): Healthy high-hostiles: reduced parasympathetic activity and decreased 

sympathovagal flexibility during negative emotional processing. Pers Individ Dif 36: 457-469. 



Van der Does 

 19

Du L, Bakish D, Lapierre YD, Ravindran AV, Hrdina PD (2000): Association of polymorphism of 

serotonin 2A receptor gene with suicidal ideation in major depressive disorder. Am J Med Genet 

96: 56-60. 

Fekkes D, van Dalen A, Edelman M, Voskuilen A (1995): Validation of the determination of amino acids 

in plasma by high-performance liquid chromatography using automated pre-column derivatization 

with o-phthaldialdehyde. J Chromatogr B Biomed Appl 669:177-186. 

First MB, Spitzer RL, Gibbon M, Williams JBW (1995): Structured Clinical Interview for DSM-IV axis I 

disorders. Patient Edition (SCID-I/P). New York: Biometric Research Department, NYSPI.  

Frank E, Prien RF, Jarrett RB, Keller MB, Kupfer DJ, Lavori PW, et al. (1991): Conceptualization and 

rationale for consensus definitions of terms in major depressive disorder - Remission, recovery, 

relapse, and recurrence. Arch Gen Psychiatry 48: 851-855. 

Frederiks J, Swenne CA, TenVoorde BJ, Honzikova N, Levert JV, Maan AC, Schalij MJ, Bruschke AV 

(2000): The importance of high-frequency paced breathing in spectral baroreflex sensitivity 

assessment. J Hypertens 18: 1635-1644. 

Friedman BH, Thayer JF (1998): Anxiety and autonomic flexibility: a cardiovascular approach. Biol 

Psychol 49: 303-323. 

Garavan H, Ross, TJ, Stein, EA (1999): Right hemisphere dominance of inhibitory control: An event-

related functional MRI study. Proc Natl Acad Sci U S A 96: 8301-8306. 

Gehi A, Mangano D, Pipkin S, Browner WS, Whooley MA: Depression and heart rate variability in 

patients with stable coronary heart disease: findings from the Heart and Soul Study. 

Arch Gen Psychiatry 62: 661-666. 



Van der Does 

 20

Gianaros PJ, Van der Veen FM, Jennings, JR (2004): Regional cerebral blood flow correlates with heart 

period and high-frequency heart period variability during working memory tasks: Implications for 

cortical and subcortical control of cardiac autonomic activity. Psychophysiology 41: 521-530. 

Grippo AJ, Johnson AK (2002): Biological mechanisms in the relationship between depression and heart 

disease. Neurosci Biobehav Rev 26: 941-962. 

Hamilton M (1960): A rating scale for depression. J Neurol Neurosurg Psychiatr 23: 56-62. 

Hansen AL, Johnsen BH, Thayer JE (2003): Vagal influence on working memory and attention. Int J 

Psychophysiol 48: 263-274. 

Hansen AL, Johnsen BH, Sollers JJ 3rd, Stenvik K, Thayer, JF (2004): Heart rate variability and its relation to 

prefrontal cognitive function: The effects of training and detraining. Eur J Appl Physiol 93: 263-272. 

Ingjaldsson JT, Laberg JC, Thayer JF (2003): Reduced heart rate variability in chronic alcohol abuse: 

Relationship with negative mood, chronic thought suppression, and compulsive drinking. Biol 

Psychiatry 54: 1427-1436. 

Joynt KE, Whellan DJ, O'Connor CM (2003): Depression and cardiovascular disease: Mechanisms of 

interaction. Biol Psychiatry 54:248-261. 

Kellett DO, Ramage AG, Jordan D (2005a): Central 5-HT7 receptors are critical for reflex activation of 

cardiac vagal drive in anaesthetized rats. J Physiol 563: 319-31. 

Kellett DO, Stanford SC, Machado BH, Jordan D, Ramage AG (2005b): Effect of 5-HT depletion on 

cardiovascular vagal reflex sensitivity in awake and anesthetized rats. Brain Res 1054: 61-72. 

Keshaven MS, Sujata M, Mehra A, Montrose DM, Sweeney JA (2003): Psychosis proneness and ADHD in 

young relatives of schizophrenia patients. Schizophr Res 59: 85-92. 



Van der Does 

 21

Krahn LE, Lu PY, Klee G, Delgado PR, Lin SC, Zimmermann RC (1996): Examining serotonin function: a 

modified technique for rapid tryptophan depletion. Neuropsychopharmacology 15: 325-328. 

Krantz, DS, McCeney MK (2002): Effects of psychological and social factors on organic disease: a critical 

assessment of research on coronary heart disease. Annu Rev Psychol 53: 341-369. 

Lane, RD, Reiman, EM, Ahern, GL, Thayer, JF (2001).  Activity in medial prefrontal cortex correlates with 

vagal component of heart rate variability during emotion. Brain Cogn 47: 97-100. 

Lehofer M, Moser M, HoehnSaric R, McLeod D, Liebmann P, Drnovsek B, et al. (1997): Major depression 

and cardiac autonomic control. Biol Psychiatry 42: 914-919. 

LeMarquand DG, Benkelfat C, Pihl RO, Palmour RM, Young SN (1999): Behavioral disinhibition induced 

by tryptophan depletion in nonalcoholic young men with multigenerational family histories of 

paternal alcoholism. Am J Psychiatry 156:1771-1779. 

Maes M , Meltzer HM. The Serotonin Hypothesis of Major Depression. In: Bloom FE, Kupfer DJ, editors. 

Psychopharmacology: The fourth Generation of Progress. New York: Raven Press, pp 933-944. 

Manuck SB, Kaplan JR & Lotrich FE (2005). Brain serotonin and aggressive disposition in humans and 

nonhuman primates. In: Nelson RJ, editor. Handbook of the biology of aggression. New York: 

Oxford University Press, pp.65-113. 

Meijer WG, Van Veldhuisen DJ, Kema IP, Van Den Berg MP, Boomsma F, Willemse PHB, et al. (2002): 

Cardiovascular abnormalities in patients with a carcinoid syndrome. Neth J Med 60: 10-16. 

Montgomery SA, Asberg M (1979): A new depression scale designed to be sensitive to change. Br J 

Psychiatry 134: 382-389. 



Van der Does 

 22

Nuechterlein KH (1991): Vigilance in schizophrenia and related disorders. In: S.R.Steinhauer & J. Zubin, 

editors. Handbook of schizophrenia, Vol. 5: Neuropsychology, psychophysiology, and information 

processing. Amsterdam: Elsevier: pp 397-433. 

Rechlin T, Weis M, Spitzer A, Kaschka WP (1994): Are affective-disorders associated with alterations of 

heart-rate-variability. J Affect Disord 32: 271-275. 

Rottenberg J, Wilhelm FH, Gross JJ, Gotlib IH (2002): Respiratory sinus arrhythmia as a predictor of 

outcome in major depressive disorder. J Affect Disord 71: 265-272. 

Ruiz-Padial E, Sollers III JJ, Vila J, Thayer JF. (2003): The rhythm of the heart in the blink of an eye: 

Emotion-modulated startle magnitude covaries with heart rate variability. Psychophysiology 40: 

306-313. 

Russo S, Boon JC, Kema IP, Willemse PHB, den Boer JA, Korf J, et al. (2004): Patients with carcinoid 

syndrome exhibit symptoms of aggressive impulse dysregulation. Psychosom Med 66: 422-425. 

Sloan RP, Bagiella E, Shapiro PA, Kuhl JP, Chernikhova D, Berg J, et al. (2001): Hostility, gender, and 

cardiac autonomic control. Psychosom Med 63: 434-440. 

Soubrié, P (1986): Reconciling the role of central serotonin neurons in human and animal behavior. Behav 

Brain Sci 9: 319-364. 

Spillmann, MK, Van der Does, AJW, Rankin, MA, Vuolo, RD, Alpert, JE, Nierenberg, AA, et al. (2001): 

Tryptophan depletion in SSRI-recovered depressed outpatients. Psychopharmacology (Berl) 155: 

123-127. 

Stevens J.P (1996): Applied multivariate statistics for the social sciences. 3rd ed. Mahwah, NJ: Lawrence 

Erlbaum. 



Van der Does 

 23

Thayer JF, Friedman BH, Borkovec TD (1996): Autonomic characteristics of generalized anxiety disorder 

and worry. Biol Psychiatry 39: 255-266. 

Thayer JF, Lane RD (2000): A model of neurovisceral integration in emotion regulation and dysregulation. 

J Affect Disord 61: 201-216.  

Thayer JF, Smith M, Rossy LA, Sollers JJ, Friedman BH (1998): Heart period variability and depressive 

symptoms: Gender differences. Biol Psychiatry 44: 304-306. 

Thayer JF, Brosschot JF: Psychosomatics and psychopathology (2005): Looking up and down from the 

brain. Psychoneuroendocrinology 30: 1050-1058. 

Tyrer P, Owen RT, Cicchetti DV (1984): The brief scale for anxiety - A subdivision of the Comprehensive 

Psychopathological Rating-Scale. J Neurol Neurosurg Psychiatry 47: 970-975. 

Valkonen-Korhonen M, Tarvainen MP, Ranta-Aho P, Karjalainen PA, Partanen J, Karhu J, et al. (2003): 

Heart rate variability in acute psychosis. Psychophysiology 40: 716-726. 

Van der Does AJW, Van Dyck R, Spinhoven Ph (1997): Accurate heartbeat perception in panic disorder: 

Fact and artefact. J Affect Disord 43: 121-130. 

Van der Does AJW (2001):  The effects of tryptophan depletion on mood and psychiatric symptoms. J 

Affect Disord 64: 107-119. 

Van Praag HM (2001): Anxiety/aggression - Driven depression - A paradigm of functionalization and 

verticalization of psychiatric diagnosis. Prog Neuropsychopharmacol Biol Psychiatry 25: 893-924. 

Vasey MW, Thayer JF (1987): The continuing problem of false positives in repeated measures ANOVA in 

psychophysiology: a multivariate solution. Psychophysiology 24: 479-86. 



Van der Does 

 24

Watson D, Clark LA, Tellegen A (1988): Development and validation of Brief measures of Positive and 

Negative affects-The PANAS Scales. J Pers Soc Psychol 54:1063-1070. 

Yeragani VK, Pohl R, Balon R, Ramesh C, Glitz D, Weinberg P, et al. (1992): Effect of imipramine 

treatment on heart-rate-variability measures. Neuropsychobiology 26:27-32. 

Young SN, Smith SE, Pihl RO, Ervin FR (1985):  Tryptophan depletion causes a rapid lowering of mood in 

normal males. Psychopharmacology (Berl) 87: 173-177. 

 

 

 

 

 

 

 

 



Van der Does 

 25

 

Table 1.  

Characteristics of the Sample as a Function of Suicidal Ideation during Past Depression (N = 19). 

Variable SI+ (n = 8) SI- (n = 11) Statistics 

Males / Females 3 / 5 5 / 6 p = .55a 

Mean age in years (SD)  47.5 (10.7) 41.2 (10.6) F(1,17) = 1.64; p = .22 

Number of smokers 2 5 p = .34a  

Type of Medication: SSRI / SSNRI 

Mean number of past episodes (SD) 

Single / recurrent episodes 

Partial / full remission 

Mean duration of remission in months (SD) 

5 / 3 

7.0 (8.8) 

3 / 5 

7 / 1 

35.5 (37.7) 

10 / 1 

1.6 (0.7) 

5 / 6  

9 / 2 

13.7 (25.3) 

p = .18a  

F(1,17) = 4.14; p = .06 

p = .55a  

p = .62a  

F(1,17) = 2.28; p = .15 

 

Note. SSRI = selective serotonin reuptake inhibitor; SSNRI = serotonin noradrenalin reuptake inhibitor. 
a Fisher’s exact; one-tailed. The relatively large number of episodes in the SI+ group was due to two 

patients who had more than 10 episodes. The relatively long duration of remission for the SI+ group was 

due to two other patients that had been in (partial) remission for about seven years. 
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Table 2.  
Means (SE) of the Questionnaires 1 h before and 6.5 h after High-Dose ATD as a Function of 
Group. 
 

SI + group (n = 8) SI – group (n = 11) Variable 
-1 h +6.5 h -1 h +6.5 h 

 
MADRS 
 
BAS 
  
HRSD 
 

 
5.0 (1.2) 

 
4.4 (1.7) 

 
2.5 (0.8) 

 
12.0 (2.4) 

 
7.7 (2.3) 

 
7.6 (2.0) 

 
5.4 (1.3) 

 
3.6 (1.1) 

 
2.9 (0.7) 

 
9.3 (1.7) 

 
3.0 (0.7) 

 
3.4 (0.6) 

BDI-II  
 

7.0 (2.0) 12.2 (2.6) 5.0 (1.5) 6.2 (1.3) 

PANAS 
Positive 
Negative 
 

 
24.6 (3.1) 
13.4 (1.1) 

 
19.5 (1.9) 
15.7 (2.1) 

 
26.4 (2.4) 
12.5 (0.8) 

 
23.4 (2.3) 
11.0 (0.4) 

 
Note. MADRS = Montgomery Asberg Depression Rating Scale; BAS = Brief Anxiety Scale; 
HRSD = Hamilton Rating Scale for Depression; BDI-II = Beck Depression Inventory – 2nd 
edition; PANAS = Positive and Negative Affectivity Scale. 
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Table 3.  
Means (SE) of the Cardiac Measures as a Function of Intervention and Group. 
 

SI + group (n = 8) SI – group (n = 11) Variable 
Baseline High-dose Baseline High-dose 

HR (beats/min) 
Rest 
CPT 
SD IBI (ms) 
rest 
CPT 
CV 
rest 
CPT 
RMSSD (ms) 
rest  
CPT 
PNN50 
 rest 
CPT 

 
72.87 (2.63) 
72.02 (1.97) 
 
43.8 (6.36) 
35.3 (2.85) 
 
5.25 (0.71) 
4.24 (0.37) 
 
31.25 (6.30) 
22.75 (3.37) 
 
7.50 (4.37) 
4.00 (2.10) 

 
83.61 (3.26) 
78.70 (1.83) 
 
32.3 (3.07) 
38.9 (3.65) 
 
4.45 (0.40) 
5.09 (0.46) 
 
20.13 (3.78) 
24.88 (4.41) 
 
1.25 (0.49) 
5.00 (2.60) 

 
74.28 (3.25) 
70.66 (3.20) 
 
38.5 (4.58) 
44.0 (5.26) 
 
4.73 (0.55) 
5.15 (0.61) 
 
25.91 (4.17) 
28.45 (2.68) 
 
5.82 (2.10) 
7.45 (2.61) 

 
77.74 (4.52) 
75.23 (4.48) 
 
45.5 (7.77) 
45.6 (5.87) 
 
5.52 (0.74) 
5.44 (0.58) 
 
32.64 (5.61) 
30.55 (4.80) 
 
13.36 (5.12) 
12.55 (4.31) 

HF  
rest 
CPT 

 
259.8 (26.1) 
246.7 (16.9) 

 
243.7 (22.1) 
270.1 (13.4) 

 
253.4 (13.8) 
259.8 (26.1) 

 
269.3 (10.1) 
243.7 (22.1) 

LF 
Rest 
CPT 
LF/HF ratio 

 
255.5 (15.8) 
254.0 (14.8) 

 
240.3 (16.6) 
254.1 (16.1) 

 
267.6 (9.8) 
269.4 (12.2) 

 
275.7 (12.2) 
276.6 (9.2) 
 

Rest 
CPT 

1.20 (0.40) 
1.45 (0.34) 

1.34 (0.33) 
1.12 (0.29) 

1,91 (0.56) 
1.88 (0.73) 

1.48 (0.25) 
1.41 (0.21) 

     
 
Note. HR = heart rate; SD IBI = standard deviation of interbeat intervals; CV = coefficient of variation; 
RMSSD = root mean square of successive differences; PNN50 = percentage of adjacent intervals that 
varied more than 50 ms. HF = high frequency power (0.14-0.40 Hz); LF = low frequency power (0.07-
0.14 Hz). 
Statistics of the low-dose condition are not shown, available upon request. 
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Table 4.  
Means (SE) of the Continuous Performance Test as a Function of Intervention and Group 
 
 

SI + group (n = 8) SI – group (n = 11) Variable 
Baseline High-dose Baseline High-dose 

Beta (LN)1 
d-prime1 
% Hits 
RT hits (ms) 
% False alarms1 

1.94 (0.32) 
4.05 (0.23) 
91.93 (3.2) 
413.1 (13) 
1.32 (0.88) 

1.21 (0.37) 
4.33 (0.28) 
95.83 (2.5) 
399 (16) 
0.79 (0.25) 

1.83 (0.21) 
4.37 (0.23) 
93.28 (2.5) 
391.8 (9) 
0.46 (0.22) 

2.02(0.29) 
3.89(0.27) 
86.74 (4.4) 
408 (14) 
0.67 (0.21) 

 
Note. 1 SI+ group based on n = 7. Statistics of the low-dose condition are not shown, available upon 

request 
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Figure 1. Change in depressive symptoms during high-dose ATD vs. percentage of adjacent 

intervals that varied by more than 50 ms (PNN50) during rest at baseline. 

 

 

 


