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Abstract 
Bengtsson, J. 2022. Negative symptoms, repetitive transcranial magnetic stimulation and heart 
rate variability in schizophrenia and depression. Digital Comprehensive Summaries of 
Uppsala Dissertations from the Faculty of Medicine 1799. 94 pp. Uppsala: Acta Universitatis 
Upsaliensis. ISBN 978-91-513-1369-6. 

Negative symptoms comprise anhedonia, avolition, and blunted affect. Although first 
described in schizophrenia, these symptoms share phenomenology with the depressive state. 
Pharmacological treatment has not been successful in reducing negative symptoms. Repetitive 
transcranial magnetic stimulation (rTMS) is a non-pharmacological treatment option for 
moderate to severe depression. There have also been attempts to treat negative symptoms in 
both schizophrenia and depression with rTMS. 

Cardiovascular disease is common in schizophrenia and depression. Heart rate variability 
(HRV) is an established proxy for cardiac autonomic functioning and numerous studies 
have found lower HRV in patients with schizophrenia and depression. The impact of 
psychopharmacological treatment on HRV has been extensively studied and anticholinergic 
compounds have been found to decrease HRV. 

Lastly, since the most commonly used rTMS depression targets are also the brain regions 
involved in central autonomic regulation, there is reason to consider a potential effect of rTMS 
on HRV. 

The overall aim of this thesis was to investigate negative symptoms, rTMS, and HRV in 
schizophrenia and depression. 

Study I was a validation study of a Swedish translation of the Clinical Assessment Interview 
for Negative Symptoms (CAINS). Thirty-four patients with schizophrenia were interviewed 
and it was concluded that the Swedish version of the CAINS exhibited acceptable 
psychometric properties. 

Study II was a double-blind randomized controlled trial of rTMS for negative symptoms in 
schizophrenia and depression. There was a significant decrease of negative symptoms in the 
depression group, but not in the schizophrenia group. There were no effects on overall depressive 
symptoms in either group. 

Study III assessed determinants of HRV in schizophrenia, depression, and healthy controls. 
The results indicated lower HRV in both patient groups, even after controlling for several 
factors, and also that anticholinergic burden impacted HRV. 

In Study IV, the relationship between HRV and the functional and structural connectivity of 
the anterior cingulate cortex was investigated in patients with schizophrenia and compared 
with that in healthy controls. It was found that connectivity with the cerebellum might play a 
role in the autonomic modulation network in patients with schizophrenia. 

Lastly, in Study V, the effect of a treatment course with rTMS on HRV was investigated in 
patients with depression, as well as HRV’s relationship to symptom change. No effects on 
HRV were detected, nor any correlations between HRV and symptom change. Further, 
baseline HRV could not predict treatment response. 
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Introduction 

Schizophrenia 

Schizophrenia is a mental disorder characterized by substantial functional 

impairment and persistent psychotic symptoms such as delusions, 

hallucinations, disorganization and the so-called negative symptoms 

(described below). A formal diagnosis is established through criteria 

formulated in either the International Statistical Classification of Diseases and 

Related Health Problems (ICD) or the Diagnostic and Statistical Manual of 

Mental Disorders (DSM) (American Psychiatric Association 2013). Though 

not included in the criteria, cognitive deficits are also common. 

In the latest Global Burden of Disease study, schizophrenia was granted a 

disability weight of 0.59–0.78 (residual vs. acute, 0 represents no disability 

and 1 represents a state comparable to death) (Global Burden of Disease 

Collaborative Network 2020). This estimate places schizophrenia as the 22nd 

globally leading cause of lost disability-adjusted life years in the ages 25–49 

years (GBD 2019 Diseases and Injuries Collaborators 2020) and the disability-

adjusted life years lost are comparable in number to those from hepatitis C, 

alcohol use disorders, and epilepsy (all ages) (Global Burden of Disease 

Collaborative Network 2020). However, there is a great deal of uncertainty in 

the data (Richter et al. 2019). The prevalence of schizophrenia is estimated at 

around 0.3% and does not vary substantially across countries, meaning that 

there are approximately 21 million people living with schizophrenia in the 

world (Charlson et al. 2018).  

People with schizophrenia have a life expectancy almost 15 years shorter 

than that of the general population. The most prominent reasons for this are 

thought to be the high comorbidity with cardiovascular diseases and type II 

diabetes, which in turn are caused by several factors such as smoking, alcohol 

overconsumption, a sedentary lifestyle, and metabolic side effects of 

antipsychotic medication. Suicide and avoidance of health care might also 

contribute to the higher mortality (Hjorthoj et al. 2017). 

Full recovery is rare, and there is only partial response to 

psychopharmacological treatment (Lieberman et al. 2005). Compliance to 

treatment is often low, resulting in relapse of psychosis. In patients reaching 

some symptom alleviation with pharmacological treatment, psychosocial 

interventions might help in augmenting daily functioning (Marder and Cannon 

2019). 
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Depression 

Depression involves persistent feelings of sadness and anhedonia, together 

with symptoms such as sleeping or appetite disturbances, feelings of guilt, 

tiredness, diminished concentration, and suicidal ideation. Diagnosis is made 

with the aid of criteria postulated in the ICD or the DSM. Mild forms can be 

hard to distinguish from adaptive feelings of sadness, while severe forms are 

seriously disabling and associated with suicide (Wakefield and Schmitz 2013, 

Malhi and Mann 2018). 

In the Global Burden of Disease study, depression was rated with different 

disability weights depending on the severity (mild 0.15, moderate 0.40, and 

severe 0.66). Since depression is highly prevalent and the afflicted persons 

often suffer from the condition during a long time period, it is one of the 

leading causes of lost disability-adjusted life years (GBD 2019 Diseases and 

Injuries Collaborators 2020), though the quality of the estimates varies 

substantially between countries (Brhlikova et al. 2011). Depression 

prevalence has been constant or slightly increased in the last decades, arguably 

due to demographical changes (Richter et al. 2019). The point prevalence also 

differs with severity, ranging from around 6% for mild depression to 1% for 

severe depression (Charlson et al. 2019). There are similar estimates from a 

Swedish primary health care setting (1%), although not taking severity into 

account (Lejtzen et al. 2014). However, there are great differences between 

prevalence reports, highlighting some of the challenges in psychiatric 

epidemiology (Kessler 2007). Some of these challenges have been argued to 

be especially important in research settings, possibly affecting prevalence 

reports (e.g., the omission of the bereavement exclusion criterion from the 

depression criteria in the DSM-5) (Wakefield 2015). Furthermore, both over- 

and underdiagnosis could occur, highlighting the relevance of these issues for 

depression epidemiology (Lorenzo-Luaces 2015). 

There are many treatment modalities for depression, including 

psychotherapy, psychopharmacology, and brain stimulation. Most people 

recover within a year, but recurrent episodes are rule rather than exception 

(Malhi and Mann 2018). However, about a third of sufferers do not improve 

even after two treatment attempts (Rush et al. 2006). This group is often 

referred to as treatment-resistant, though many other terms are used (Hagg et 

al. 2020, McAllister-Williams et al. 2020). There are also other categories of 

depression, such as unipolar versus bipolar depression (the latter being a 

depressive episode in a patient with bipolar disorder) or melancholic or 

psychotic depression (Malhi and Mann 2018). 
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Negative symptoms 

History 

The categorization of symptoms as positive and negative was initially 

elaborated in the context of neurology, where negative symptomatology 

included loss of functions, such as aphasia or hemiplegia (Pearce 2004). The 

concept was subsequently transferred to psychiatry and in the 1980s it was 

formalized to describe commonly observed symptoms in schizophrenia. At 

this point, it co-developed with the division of schizophrenia into several 

subtypes; a concept that was proposed already when the diagnosis was 

established and that had been evolving throughout the 20th century (Foussias 

et al. 2014). In addition to the clinical descriptions outlined earlier, the 

negative symptoms were now coupled with molecular or neuroanatomical 

anomalies, response to pharmacological treatment, and prognosis (Crow 1980, 

Andreasen and Olsen 1982). At the same time, specific rating instruments 

were constructed – increasingly defining what negative symptoms actually 

consisted of (Andreasen 1982, Kay et al. 1987). This notion has since then 

been pervasive in the conceptualization of negative symptoms (Kirkpatrick et 

al. 2006), but the nosology is currently being complemented by 

transdiagnostic classification systems, such as the Research Domain Criteria 

(RDoC) (Cuthbert and Insel 2010, Strauss and Cohen 2017). 

Definitions 

There is a general consensus that negative symptoms comprise two 

dimensions: a volitional dimension including the domains of anhedonia, 

avolition, and asociality, and an expressional dimension including blunted 

affect and alogia (Kirkpatrick et al. 2006). Anhedonia includes an inability to 

experience emotions, a detachment from feelings, a reduced or non-existent 

experience of pleasure from activities or interactions with others, and a non-

desire for close relationships. Avolition involves reduced motivation for 

activities and interaction with others, an increased effort required to maintain 

daily routines, a reluctance to engage in tasks, and a diminished interest in 

virtually all areas of being. Asociality has a more behavioral component and 

represents a general social withdrawal and a detachment from interpersonal 

connections. Blunted affect is synonymous with reduced emotional facial and 

gestural expressions, a flattened and constricted affective palette, and a 

decrease of psychomotor activity. Lastly, alogia is the reduction of productive 

speech, but also a diminished speech diversification, manifested in for 

example reduced prosody and an abnormal turn-taking scheme (Strauss and 

Cohen 2017).  
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Transdiagnostic considerations 

Some of the components of negative symptoms are clearly parts of normal 

human experience, but when assessed with clinical rating scales for negative 

symptoms, healthy controls do not appear to exhibit negative symptoms to a 

large extent (Emmerson et al. 2009). However, these interviews have not been 

blinded and there is also a possibility that clinical instruments might not 

capture more subtle symptomatology (Kaiser et al. 2011, Strauss and Cohen 

2017). Meanwhile, in clinical psychiatric populations, negative symptoms are 

highly prevalent – although not always labeled as such (the term has been 

reserved for psychotic disorders). Already within the schizophrenia spectrum, 

negative symptoms are prevalent across different diagnoses, such as 

schizoaffective and schizophreniform disorder. Further, asociality is 

obviously similar to the social anxiety disorder or aspects of autism. 

Anhedonia and avolition have been found to be prevalent in both 

schizophrenia and depression (Krynicki et al. 2018). Depressive and negative 

symptoms thus share phenomenology, although they are not completely 

interchangeable. Broadening the perspective, negative symptoms are present 

in many neurological disorders, even in the absence of a concurrent 

depression. Here, however, the word “apathy” or “abulia” is generally used 

for states that resemble anhedonia and avolition. The overlap is large, and 

raises questions of specificity (Foussias et al. 2014, Strauss and Cohen 2017). 

Etiology and categorization 

The etiology of negative symptoms is multifactorial, ranging from an effect 

of feelings of hopelessness and a lack of meaningful activities in life, to 

anxiety, depressed mood, paranoia, or iatrogenic medication effects (Strauss 

and Cohen 2017). Such issues have given rise to the idea of primary 

(idiopathic) versus secondary negative symptoms, where the former can only 

be said to exist if secondary causes (such as anxiety, extrapyramidal 

symptoms, delusions, or social withdrawal) do not seem to co-occur (Galderisi 

et al. 2021). Here, causality issues become increasingly complex, and it has 

also been shown to be difficult to delineate primary from secondary negative 

symptoms in a clinical setting (Galderisi et al. 2021). Nevertheless, some 

patients with schizophrenia tend to exhibit pronounced and enduring negative 

symptoms. This have brought forth the formulation of a more specific deficit 

syndrome, where persistent negative symptoms play a central role. The deficit 

syndrome is thus regarded as something qualitatively different and often more 

disabling than isolated and transient negative symptoms (Kirkpatrick et al. 

2017). 

Though transdiagnostic occurrence is evident, the DSM categorizes the 

negative symptoms under the schizophrenia spectrum. A new research 

framework has been proposed for psychiatric disorders, the RDoC (Insel et al. 
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2010). This initiative encourages researchers to contribute with findings from 

various realms into a giant matrix, with the ultimate goal of better 

understanding mental illness. Although it is, by definition, impossible to fully 

transpose the negative symptom construct into this framework, at least some 

of the negative symptoms can fit under the “positive valence system” (Strauss 

and Cohen 2017) or the “systems of social processes.” 

Assessment 

Negative symptoms were originally assessed in subscales of global rating 

scales such as the Brief Psychiatric Rating Scale (BPRS) (Overall 1962, 

Ventura 1993) and the Positive and Negative Syndrome Scale (PANSS) (Kay 

et al. 1987). Many instruments have been developed (Lincoln et al. 2017), 

with the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen 

1989) being one of the first that was specific for negative symptoms. 

A consensus statement in 2006 called for new instruments assessing 

negative symptoms, since existing scales had gradually come to be regarded 

as not adequately capturing the nature of negative symptoms. The purpose was 

also to lay the groundwork for new treatments (Kirkpatrick et al. 2006). 

Subsequently, two new assessment interviews were developed – the Brief 

Negative Symptom Scale (BNSS) (Kirkpatrick et al. 2011) and the Clinical 

Assessment Interview for Negative Symptoms (CAINS) (Forbes et al. 2010, 

Horan et al. 2011, Kring et al. 2013). Both have shown good psychometric 

properties, high convergence with each other (Strauss and Gold 2016), and are 

recommended for both clinical and research use (Galderisi et al. 2021). For 

the purpose of this thesis, only the CAINS will be discussed in more detail. 

The CAINS is a semi-structured interview comprising 13 items covering 

the two subdomains of negative symptoms (the volitional/anhedonic and the 

expressional). The interview contains two parts; the first being patient reports 

of motivation and pleasure, and the second being clinician observations of 

expressions and speech (Kring et al. 2013). Currently, there are translations 

into several languages (Galderisi et al. 2021). 

Neurobiology 

It has been suggested that the focus in the search of mediating neurobiological 

processes should be on the primary negative symptoms, since the mechanistic 

processes of these are assumed to be different than those of the secondary 

negative symptoms (Galderisi et al. 2021). There are still not enough studies 

to draw firm conclusions regarding the neurobiology of negative symptoms, 

but the prevailing hypothesis links corticostriatal circuits to motivation and 

pleasure, including involvement of brain structures such as the nucleus 

accumbens, the anterior cingulate cortex, and the orbitofrontal cortex 

(Galderisi et al. 2018, Guessoum et al. 2020). 
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Prognosis and treatment 

Negative symptoms have repeatedly been associated with worse prognosis in 

many functional domains, lower quality of life, and a high collective disease 

burden on family, caregivers, and society (Foussias et al. 2014, Galderisi et al. 

2021). Motivational deficits in particular seem to predispose poor function. 

Cognitive deficits are also thought to contribute, but the overlap between these 

and the negative symptoms is only partial (Foussias et al. 2014). 

Neither pharmacological treatments (antipsychotics, antidepressants, 

glutamatergic agents) nor psychotherapeutic interventions have to date been 

very effective in ameliorating negative symptoms (Fusar-Poli et al. 2015, 

Galderisi et al. 2018). A new drug (cariprazine) has recently been introduced 

on the market with promising results, but clinical experience remains limited 

(Fagiolini et al. 2020). Other non-pharmacological treatments include for 

instance psychosocial interventions, showing some positive results (Galderisi 

et al. 2018), and brain stimulation, discussed below.  

Summary of negative symptoms 

Negative symptoms were recognized as a disabling and burdensome facet of 

schizophrenia early on, but have later earned some acceptance as a 

transdiagnostic feature of several disorders. There are various etiological 

pathways and a large clinical heterogeneity, potentially contributing to the 

lack of effective treatments. In the search of such, transdiagnostic approaches 

in clinical trials could aid in disentangling the complexity of these symptoms. 
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Repetitive transcranial magnetic stimulation 

Basic principles 

In 1985, transcranial magnetic stimulation (TMS) was shown to be capable of 

activating neurons. The technique is based on the physical laws of 

electromagnetic induction (Barker et al. 1985). A TMS device sends a fast 

discharge of electrons (i.e., a strong current of about 5,000 amperes) from a 

capacitor through a wired coil placed on the scalp. As the current changes 

rapidly, a magnetic field of around 2 tesla is created, and this field passes 

through the scalp. The magnetic field also changes rapidly, which in turn 

generates an electrical field in the nearby brain tissue (up to ~3 centimeters 

below the coil when using a standard figure-of-eight coil). Thus, no electrons 

actually penetrate the skull. Instead, the electrical field in the brain causes 

charged particles (e.g., ions) to move, creating a current. This movement of 

ions affects the membrane potentials of nerve cells – depolarizing or 

hyperpolarizing them – and can thereby increase or decrease the probability 

of generation of an action potential (a probability also termed “excitability”). 

Such action potentials can then propagate and cause effects transsynaptically. 

To put it simply, a TMS device induces a current in the brain by using an 

electromagnetic field as a bridge (Wassermann 1998, Maeda and Pascual-

Leone 2003, Rossi et al. 2009). 

The latest safety guidelines conclude that TMS is generally safe and 

tolerable (Rossi et al. 2021). The most severe side effect is the induction of a 

seizure, but this is rare (a very rough estimate being 8/100,000 sessions). More 

common side effects are local pain, discomfort, and headaches. Syncope can 

also occur. That said, there are some (often relative) contraindications such as 

implanted metal in the head, pacemakers, medication pumps, and the like. 

Factors or medication that lower the seizure threshold must also be taken into 

account. The first safety guidelines were published in 1998 (Wassermann 

1998), followed by updates in 2009 (Rossi et al. 2009) and 2021 (Rossi et al. 

2021). 

A number of different coils are used, of which the most common in 
treatment settings is a figure-of-eight coil. This shape creates a strong 

magnetic field in the middle and thus allows for a more focal stimulation, as 

opposed to the original circular coil. An angled figure-of-eight coil can 

penetrate deeper into the brain tissue (approximately 6 centimeters), but at the 

cost of reduced focality (Rossi et al. 2009).  
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The dosing of TMS is based on the so-called “motor threshold” (or most 

often “resting motor threshold,” rMT), which is the lowest stimulation 

intensity needed to elicit a contraction of a certain muscle, in general the 

musculus abductor pollicis brevis. This can be observed visually, or measured 

with electromyographic electrodes, assessing the amplitudes of motor evoked 

potentials (MEPs), see Figure 2. Each individual has his/her own rMT, and 

the protocol subsequently used will exert stimulation at a certain percentage 

of that rMT, for example 90% or 120%. 

The motor cortex has been the primary target of investigation in 

neurophysiology research, due to the easy observable output of a muscle 

twitch or a MEP. For treatment studies, other areas are often used as targets, 

depending on which disease is being treated. The localization of the treatment 

target beneath the scalp generally relies on one of two methods: simply placing 

the coil at a certain distance from known anatomical landmarks or 

neuronavigation using the patient’s magnetic resonance imaging (MRI) scan 

as a template (Rossi et al. 2009). 

The repetitive delivery of pulses at certain frequencies gave rise to the name 

“repetitive TMS” (rTMS). There is a vast number of stimulation techniques 

and parameters that can be adjusted. The most common are stimulation 

intensity, frequency and number of pulses, and time interval between pulses. 

This has been referred to as an “infinite parameter space” (de Graaf and Sack 

2011) and has created the need of standardized protocols. Those include low-

frequency rTMS (LF-rTMS), where pulses are delivered at a rate equal to or 

below 1 Hz, and high-frequency rTMS (HF-rTMS), with pulses at any rate 

above 1 Hz (usually 5–30 Hz). However, constant delivery of pulses at high 

frequencies can induce seizures, so the protocols include pauses between 

trains or burst of pulses. Protocols are labeled “inhibitory” or “excitatory” 

based on their ability to increase or decrease MEPs in the motor cortex. 

Measurable effects on MEPs generally decline fast and are not detectable after 

Figure 1. Left: The D-B80 A/P coil used in Study II (image with permission from 
MagVenture). Right: Coil positioning during treatment (courtesy of Janine Falk). 
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up to an hour, depending on the applied protocol. Potential lasting effects are 

thought to rely on long-term potentiation or long-term depression, but the 

exact mechanism of action is not known (Hoogendam et al. 2010). More 

recent and patterned protocols such as intermittent theta burst stimulation 

(iTBS) have been found to induce changes of MEPs during at least 15 minutes 

(Huang et al. 2005). This protocol has therefore garnered particular interest in 

treatment settings, since it can deliver more pulses in a shorter time. 

Recently, a consensus statement has concluded that rTMS has a definite 

efficacy for the treatment of neuropathic pain, depression, and post-acute hand 

motor recovery after stroke (Lefaucheur et al. 2020). 

Figure 2. An illustrative motor evoked potential from electromyographic activity in 
the index finger. The vertical arrow denotes the timing of a transcranial magnetic 
stimulation (TMS) pulse delivered over the contralateral area of the primary motor 
cortex. mV = millivolts; ms = milliseconds. Figure adapted from the open access 
article Dilena A, Todd G, Berryman C, Rio E, Stanton TR (2019) What is the effect 
of bodily illusions on corticomotoneuronal excitability? A systematic review. PLoS 
ONE 14(8): e0219754. https://doi.org/10.1371/journal.pone.0219754 

Repetitive transcranial magnetic stimulation and depression 

The original rationale for using rTMS in the treatment of depression emanated 

from the long use of electroconvulsive therapy (Anninos et al. 1991), and 

continued based on case reports of improved mood after stimulation of the 

motor cortex (Höflich 1993, Grisaru 1994, Pascual-Leone et al. 1994). Also, 
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there were findings indicating that the left prefrontal cortex was involved in 

depression (George 1994). These observations led to some of the first trials 

(George et al. 1995, Pascual-Leone et al. 1996). The underlying theory is still 

that rTMS corrects a supposed hypo- or hyperactivity in certain brain regions 

(Lefaucheur et al. 2020). The dorsolateral prefrontal cortex (DLPFC) has been 

the most utilized stimulation site, but the dorsomedial prefrontal cortex 

(DMPFC) has also emerged as a potential treatment site (Bakker et al. 2015), 

though a recent study of depression found that rTMS over the DMPFC was 

not superior to sham stimulation (Dunlop et al. 2020).  

As mentioned above, active rTMS is more effective than sham in the 

treatment of depression (Lefaucheur et al. 2020). This research has primarily 

involved treatment-resistant patients with an ongoing depressive episode. This 

population became the focus of attention in rTMS mainly due to assurance 

regulatory systems in the United States, where the first treatment studies were 

performed. In Sweden, the National Board of Health and Welfare approved its 

use in 2017 and it is now stated that rTMS should be offered to treat moderate 

to severe depression (Socialstyrelsen 2021). 

The standard treatment protocol for depression has been an almost 40 

minutes long 10 Hz rTMS protocol. However, in a large non-inferiority study, 

the much shorter iTBS protocol was found to be as effective (Blumberger et 

al. 2018). Although this has not been sham-controlled, the results have led 

several authorities to approve its use (Lefaucheur et al. 2020). 

Repetitive transcranial magnetic stimulation and negative 

symptoms  

There have been attempts to treat both positive and negative symptoms of 

schizophrenia with rTMS. Regarding auditory verbal hallucinations, the main 

focus has been on inhibitory protocols applied over the left temporoparietal 

cortex, but the results have not yielded a positive effect (Lefaucheur et al. 

2020, Guttesen et al. 2021). For negative symptoms, the general approach has 

been to stimulate the same prefrontal areas as in depression, with the same 

types of high-frequency protocols. The largest study to date did not detect any 

significant differences between sham and active HF-rTMS over the DLPFC 

(Wobrock et al. 2015) and even though recent meta-analyses have indicated 

an effect (Aleman et al. 2018, Osoegawa et al. 2018), the overall consensus is 

that there is only a possible effect (Lefaucheur et al. 2020). Since then, there 

have been some studies indicating an effect (Zhuo et al. 2019, Kumar et al. 

2020), and circumstantial evidence that the iTBS protocol or targeting the 

DMPFC could be efficacious (Bation et al. 2021, Gan et al. 2021).  
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Summary of rTMS 

TMS can induce neuronal signaling through electromagnetic induction. It is a 

safe and tolerable technique and has been used in the treatment of depression 

since the mid-nineties. Newer and shorter treatment protocols have proven as 

efficacious as older ones and are now widely used. Although effective for 

relieving depressive symptoms, rTMS has not yet been established as effective 

for negative symptoms in schizophrenia.  
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Heart rate and the autonomic nervous system 

Heart rate 

The pacemaker cells in the sinoatrial node spontaneously generate the 

electrical signals that induce a contraction of the myocytes, resulting in an 

intrinsic heart rate of about 100 beats/min. The modulation of this intrinsic 

heart rate is influenced by many factors, such as hormonal release, mechanical 

stretch, and body temperature. However, the major regulatory mechanism of 

the heart rate is the autonomic nervous system (ANS) (Berntson et al. 1997, 

Opthof 2000). The ANS consists of the sympathetic and the parasympathetic 

branches, and these two interact in a complex regulation system to meet 

metabolic and environmental demands. The parasympathetic system exerts a 

constant braking action on the intrinsic heart rate through the release of 

acetylcholine at the sinoatrial node. Acetylcholine binds to muscarinic 

receptors, causing a chain of events that leads to a lower spontaneous 

depolarization rate of the pacemaker cells, hence lowering heart rate. The 

sympathetic system, for its part, has the ability to increase heart rate by 

releasing norepinephrine at the sinoatrial node. Norepinephrine binds to beta-

1-receptors and augments pacemaker cell depolarization, resulting in an 

elevated heart rate. The parasympathetic effects on the heart are rapid; they 

occur and vanish within a single second, whereas the sympathetic effects peak 

after a couple of seconds (Berntson et al. 1997, Wehrwein et al. 2016). The 

electrical representation of a heartbeat can be visualized as a QRS complex on 

an electrocardiogram (ECG), where the R-spike corresponds to the contraction 

of the ventricular muscle cells. The RR interval, or interbeat interval, is the 

time in milliseconds between each heartbeat, see Figure 3. 

 

 
Figure 3. An idealized electrocardiogram (ECG) section with the RR interval. 
Figure from https://commons.wikimedia.org/wiki/File:Ecg.png (Tedburke) under 
Creative Commons Attribution-Share Alike 4.0 International license. 
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The cholinergic system and its assessment 

At rest, the parasympathetic nervous system is the principle modulator of heart 

rate, and acetylcholine is the major neurotransmitter of the parasympathetic 

nervous system. Both branches of the ANS release acetylcholine at the 

preganglionic synapse, which acts on nicotinic receptors. At the 

postganglionic synapse, all parasympathetic and some sympathetic neurons 

are cholinergic, and here, acetylcholine acts on muscarinic receptors. There 

are five muscarinic receptors, all of which are G protein-coupled. The main 

muscarinic receptor in the heart is M2. Through a chain of reactions, the 

activation of this receptor leads to a slower depolarization rate at the sinoatrial 

node, resulting in a lower heart rate, as described above (Wehrwein et al. 

2016). 

There are many known pharmacological agents acting on the cholinergic 

system. The blockade of muscarinic receptors by atropine, for example, has 

long been known to increase heart rate. Anticholinergic compounds have also 

been found to produce a plethora of side effects, especially studied in the 

elderly population. These include constipation, dry mouth and eyes, urinary 

retention, and cognitive changes. This has given rise to the study of 

anticholinergic burden, but the standard assessment tool of serum 

anticholinergic activity is impractical in clinical settings and various rating 

scales have therefore been developed (Carnahan et al. 2006, Welsh et al. 

2018). 

Heart rate variability 

Although heart rate is often measured as the number of beats per minute, the 

time interval between heartbeats is not fixed, but varies constantly. This time 

interval can be referred to as the interbeat interval (IBI), the RR interval (from 

the R-spike on the ECG), the N-N interval (referring to all normal-to-normal 

beats, i.e., excluding ectopic beats), or the “heart period.” Henceforth, the term 

“IBI” will be used in this thesis. The phenomenon of the varying IBI has been 

termed heart rate variability (HRV) (Malik 1996). There are a number of 

different methods used to quantify this variability. The most common can be 

grouped into time domain measures and frequency domain measures. One of 

the most commonly used time domain measures is the standard deviation of 

the N-N interval (SDNN). SDNN originates from the calculation of all 

normal-to-normal IBIs. The standard deviation of these is a measure of the 

variance in IBI length. SDNN constitutes the most basic measure of HRV and 

comprises the overall variability within a recording. SDNN is one of the HRV 

measures recommended to be used, primarily in recordings of greater lengths 

(hours) (Shaffer and Ginsberg 2017). SDNN is also recommended where there 

is no possibility to correct for ectopic beats (though still labeled SDNN, not 

SDRR) (Berntson et al. 1997). Another commonly used metric is the root 
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mean square of successive RR interval differences (RMSSD), which estimates 

shorter intervals of variability and is a proxy of vagal nerve activity (Shaffer 

and Ginsberg 2017).  

There are also frequency domain measures. Since a waveform can be 

divided into oscillations at different frequencies, application of a fast Fourier 

transform to a tachogram reveals the variability within different frequency 

bands. Thus, it shows the variability in IBIs as a function of frequency. HRV 

in the high frequency band (HF-HRV) is thought to reflect mainly 

parasympathetic function, while the low frequency band (LF-HRV) is 

regarded as a mixture of both parasympathetic and sympathetic function. The 

LF/HF ratio is therefore named the “sympathovagal balance” or “vagal tone” 

(Malik 1996). This model has been criticized for being overly simple and must 

not be interpreted as an absolute reflection of either system (Shaffer and 

Ginsberg 2017). 

Regarding HF-HRV, it is important to consider the physiological increase 

in heart rate during inspiration and decrease during expiration – a phenomenon 

referred to as the respiratory sinus arrhythmia (RSA). During inspiration there 

is an inhibition of parasympathetic cardiac control, and RSA can thus be a 

proxy for vagal nerve signaling. RSA is a major contributor to HF-HRV 

during spontaneous breathing. RSA almost entirely vanishes after blockade of 

cholinergic receptors, but is not so affected by beta-adrenergic blockade. 

However, even after a complete inhibition of both branches of the ANS, there 

is still a small RSA, possibly due to mechanical stretch effects of the sinoatrial 

node (Berntson et al. 1997).  

In summary, all HRV measures are based on the IBI and established 

statistical methods for calculating variability. Since the ANS is the principle 

conductor of the cardiac regulatory orchestra, the study of HRV can offer 

insights into the functioning of the ANS (Berntson et al. 1997). The interest 

in HRV also stems from a milestone study where lower levels of HRV were 

associated with higher mortality in patients who had suffered from a 

myocardial infarction (Kleiger et al. 1987). Subsequent studies have 

confirmed low HRV as a risk factor for cardiovascular disease, but despite 

many years of enthusiasm, HRV is still not routinely used in clinical 

diagnostics or as a prognostic factor (De Maria et al. 2021, SCORE2 working 

group and ESC Cardiovascular risk collaboration 2021).  

Central regulation of heart rate variability 

Although the ANS is part of the peripheral nervous system, it is still regulated 

centrally by the central autonomic network (Benarroch 1993, Palma and 

Benarroch 2014). This network encompasses the insula and medial prefrontal 

cortices, parts of the amygdala, the hypothalamus, and the nucleus of the 

tractus solitarius. The preganglionic cardiovagal neurons are primarily found 

in the nucleus ambiguus in the reticular formation in the medulla (Palma and 
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Benarroch 2014). Both the cerebellum and the anterior cingulate cortex (ACC) 

have been found to be important for ANS modulation (Critchley et al. 2003, 

Beissner et al. 2014, Duggento et al. 2016, Kimmerly 2017, Sklerov et al. 

2018). Activation within the cerebellum has been suggested to be correlated 

with increased heart rate (Ruiz Vargas et al. 2016) and increased HRV has 

also been associated with increased dorsal ACC connectivity (Chang et al. 

2013, Jennings et al. 2016). Further, the ACC has been associated with HRV 

across both cognitive and emotional tasks in a meta-analysis of functional 

MRI studies (Thayer et al. 2012). 

Heart rate variability and known determinants 

There are many factors that influence HRV. Accordingly, there are 

recommendations to assess age, sex, nicotine and alcohol use, adiposity 

measures, physical activity levels, and cardioactive medication status when 

conducting an HRV study (Quintana et al. 2016, Laborde et al. 2017). 

HRV declines with aging, although not strictly linearly. The most 

pronounced decrease is seen between the second and the fourth decade of life. 

Thereafter, HRV declines less steeply (Umetani et al. 1998, Fagard et al. 1999, 

Antelmi et al. 2004, Abhishekh et al. 2013). 

As regards sex, results vary across the different measures of HRV. Some 

did not find any difference at all in SDNN between men and women (Antelmi 

et al. 2004), but it has also been suggested that women have higher 

parasympathetic activity (Ryan et al. 1994, Antelmi et al. 2004, Abhishekh et 

al. 2013). Others have found that this is only detectable up to age 30 or 50 

years (Umetani et al. 1998, Fagard 2001). It has further been found that the 

decline in HRV with aging is both greater and faster in men than in women 

(Umetani et al. 1998). 

Nicotine acts as an agonist on the nicotinic receptors in the ANS 

(Wehrwein et al. 2016). Both the chronic and acute effects of smoking seem 

to affect HRV, though some studies have found only weak relations between 

smoking and HRV (Fagard 2001, Xhyheri et al. 2012, Dinas et al. 2013). 

Smoking cessation has been found to increase vagal tone, also indicating that 

smoking has a relationship to HRV (Thayer et al. 2010).  

Alcohol consumption has been linked to lower HRV. Both acute and 

chronic intake seem important (Romanowicz et al. 2011, Karpyak et al. 2014), 

but some studies have found no correlation between alcohol and HRV 

(Kageyama et al. 1997, Fagard 2001). A recent meta-analysis concluded that 

parasympathetic activity was lower in patients with alcohol use disorders 

(Cheng et al. 2019), but the results regarding HRV and alcohol intake in 

subjects without alcohol use disorders were inconsistent (Ralevski et al. 2019). 

Both smoking and alcohol use are also linked to changes in heart rate and other 

cardiovascular risk factors in a complex web of interactions with the potential 
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to affect heart dynamics, making it rather hard to isolate the effect of any one 

aspect (Valentini and Parati 2009). 

The interaction between body mass index and HRV is not clear. Some have 

found that body mass index does not correlate with HRV at all (Antelmi et al. 

2004), while others have concluded that body mass index contributes to only 

a small part of HRV (Fagard et al. 1999, de Geus et al. 2019). Yet others have 

found differences in HRV between obese and non-obese subjects, where 

obesity is linked to lower HRV (Karason et al. 1999, Vallejo et al. 2005). 

The assessment of HRV might be influenced by ongoing physical activity 

and it has been suggested that heart rate, but not the most common measures 

of HRV, is associated with ongoing physical activity (Hautala et al. 2010, 

Sperry et al. 2018). However, it has been argued that one cannot make 

assumptions about vagal tone if the participants perform physical activity 

during the recording, since the sympathetic and parasympathetic branches of 

the ANS will interact in a complex way (Laborde et al. 2017). Regarding 

general fitness level, it has been stated that a period of at least a month of 

regular aerobic exercise increases HRV (Sandercock et al. 2005). Others have 

also found that higher levels of physical activity are associated with elevated 

HRV, both in older and younger healthy subjects (Buchheit et al. 2005, Gutin 

et al. 2005). Further, more vigorous exercise has been suggested to correlate 

with higher HRV (Molgaard et al. 1994, Levy et al. 1998, Rennie et al. 2003).  

Both respiration depth and frequency can affect HRV, although respiration 

depth has only a marginal effect during spontaneous breathing. Respiration 

frequency mainly affects vagal measures, but it is not recommended to 

routinely correct for this measure when participants breathe spontaneously 

(Laborde et al. 2017). 

Peripheral neuropathy caused by diabetes mellitus can also affect the ANS 

innervation of the heart, leading to cardiac autonomic neuropathy, which in 

turn is associated with cardiovascular mortality (Agashe and Petak 2018). 

Reduced HRV can be one of the first signs of this neuropathy, and can be used 

to diagnose even early manifestations (Duque et al. 2021). Thus, diabetes is 

associated with reduced HRV (Benichou et al. 2018). 

It is known that anticholinergic drugs reduce HRV (Rechlin 1994, Rechlin 

et al. 1994, Jokkel et al. 1995, Ikawa et al. 2001, Penttila et al. 2001, 

Rottenberg 2007). One possible explanation for this is that by binding to the 

muscarinic receptors in the heart, anticholinergics decrease the 

parasympathetic nervous system’s ability to modulate heart rate. Another 

contributing explanation is that when the parasympathetic brake no longer 

functions, the heart rate will increase due to the heart’s intrinsic rate, 

contributing to a lower HRV. Further, when the parasympathetic nervous 

system is inhibited, one could expect a sympathetic dominance, also resulting 

in an elevated heart rate (Penttila et al. 2005, de Geus et al. 2019).  

To summarize, there are several factors that are known to affect HRV. Age 

is one of the most important. Sex might affect at least the HRV measures 
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related to parasympathetic activity. There is no consensus on whether or not 

everyday physical activity affects HRV, but in ambulatory study settings it is 

important to account for ongoing physical activity in some way (Laborde et 

al. 2017). There are recommendations to assess both smoking and drinking 

habits in HRV studies (Quintana et al. 2016), but alcohol intake might be of 

less importance unless studying heavy drinkers. It also seems reasonable to 

account for some adiposity measure when investigating HRV. Accounting for 

presence of diabetes and medication status, especially anticholinergic 

exposure, is highly important.  

Heart rate variability and schizophrenia 

Low HRV has been observed in patients with schizophrenia in a large number 

of studies (Bar 2015, Montaquila et al. 2015). However, this finding is not 

specific for schizophrenia when comparing different psychiatric diagnoses 

(Faurholt-Jepsen et al. 2017, Clamor et al. 2019). 

The question of HRV in schizophrenia is tightly linked to the discussion of 

medication effects. Some studies have not found any abnormalities in HRV in 

unmedicated patients with schizophrenia (Rechlin et al. 1994, Birkhofer et al. 

2013, Cacciotti-Saija et al. 2018). Considering the current body of evidence, 

it seems that HRV is indeed decreased in patients with schizophrenia 

regardless of medication status, but that certain antipsychotics with a marked 

anticholinergic action, such as clozapine, affect HRV more than other 

antipsychotics (Zahn and Pickar 1993, Rechlin et al. 1994, Ikawa et al. 2001, 

Huang et al. 2013, Alvares et al. 2016, Hattori et al. 2018, Yuen et al. 2018). 

In spite of this, many former HRV and schizophrenia studies do not divide 

antipsychotics into different subgroups based on expected anticholinergic 

action, even though there are validated instruments available for doing so 

(Welsh et al. 2018). This may result in a false conclusion that antipsychotics 

as a group do not affect HRV. An oft-cited study concluded that HRV did not 

change after initiation of antipsychotic treatment, but the majority of the drugs 

in that study had low muscarinic affinity or were administered in doses where 

anticholinergic side effects are unlikely to occur (Bar et al. 2005). A recent 

meta-analysis concluded that HRV was decreased in schizophrenia, regardless 

of medication status. However, there was no subgroup analysis of patients 

with anticholinergic exposure (Clamor et al. 2016). This would suggest that 

anticholinergic burden is an important factor to account for in studies of HRV 

and schizophrenia, as opposed to making a binary statement on antipsychotic 

medication status.  

Further, it is well-known that the metabolic syndrome and diabetes are 

prevalent in schizophrenia, potentially causing cardiac autonomic neuropathy, 

indicated by a decrease in HRV (Howell et al. 2019, Omar et al. 2021).  
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Heart rate variability and depression 

The notion that depression is associated with cardiovascular disease has been 

a reason to study HRV in depression (Carney and Freedland 2017). Many 

studies of HRV in both medicated and unmedicated patients with depression 

have concluded that patients with depression exhibit low levels of HRV 

(Kemp et al. 2010, Moon et al. 2013, Alvares et al. 2016, Koch et al. 2019). 

However, in larger studies with possibility to control for many potential 

confounders, this observation is no longer evident, and it also seems to be 

related to certain antidepressants (Licht et al. 2008, Kemp et al. 2014). There 

is a consensus that tricyclic antidepressants (TCAs) are associated with lower 

HRV due to the anticholinergic effects of these drugs (Yeragani et al. 1992, 

Rottenberg 2007, Licht et al. 2008, van Zyl et al. 2008, Kemp et al. 2010, 

Licht et al. 2010, Moon et al. 2013, Alvares et al. 2016). Serotonin-

norepinephrine reuptake inhibitors (SNRIs) have also been associated with 

lower HRV (Licht et al. 2010, Licht et al. 2012, Moon et al. 2013). Regarding 

selective serotonin reuptake inhibitors (SSRIs), there are conflicting findings. 

Some have suggested that SSRIs do not affect HRV (Penttila et al. 2001) or 

that they might even increase HRV (van Zyl et al. 2008, Moon et al. 2013), 

but again, larger studies have concluded that the lower HRV in patients with 

depression seems to be driven by antidepressant medication, including SSRIs 

(Licht et al. 2008, Kemp et al. 2014). In a large Dutch study, patients with 

depression but without medication did not have lower HRV than controls. 

There was a correlation between a higher daily SSRI dose and reduction in 

HRV (Licht et al. 2008). This does not help in disentangling whether the lower 

levels of HRV in patients with depression are due to the depression per se or 

the medication, since more depressed patients will most likely have higher 

drug doses. A recent meta-analysis revealed an almost two-fold increased 

effect size for reduction in HRV in medicated patients with mood disorders 

(including depression and bipolar disorder) compared with unmedicated 

patients with mood disorders. Both medicated and unmedicated patients had 

lower HRV than controls, but this finding was not adjusted for lifestyle 

factors. The reduction in HRV seemed to be attributable to treatment with 

TCAs rather than SSRIs or SNRIs (Alvares et al. 2016). 

Pharmacodynamically, different SSRIs have differing anticholinergic 

properties and can thus affect HRV in disparate ways (Carnahan et al. 2006). 

There have been other attempts to explain the lower levels of HRV in 

depression or depressive symptoms. One cross-sectional study concluded that 

a factor of mainly cognitive depressive symptoms did not correlate with HRV 

at all, whereas a factor of somatic depressive symptoms did. However, that 

correlation appeared to be explained by lifestyle factors such as smoking, 

alcohol use, and physical activity (de Jonge et al. 2007). Others have 

suggested that anxiety comorbidity in patients with depression is related to 

even lower HRV (Kemp et al. 2012). A meta-analysis found lower levels of 
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HRV in patients with anxiety disorders than in controls, but only after 

exclusion of the single largest study in the sample (Chalmers et al. 2014). That 

study concluded that the observed relationship between low HRV and anxiety 

disorders seemed to be connected to antidepressant medication, especially 

TCAs (Licht et al. 2009). 

In summary, it cannot be ruled out that the lower levels of HRV seen in 

depression are related to lifestyle factors or antidepressant medication, but 

different types of antidepressants may exert differing effects on the autonomic 

nervous system, and anticholinergics are known to play a key role. None of 

the aforementioned studies has attempted to define the anticholinergic burden 

for each patient and relate it to the reduction in HRV. 

Heart rate variability and rTMS 

Since there are associations between HRV and certain brain regions in the 

central autonomic network (see above), and these brain regions can be targeted 

with rTMS, it could be hypothesized that rTMS would affect cardiac 

autonomic regulation. At the same time, rTMS has been proven safe from a 

cardiac point of view (i.e., it has not triggered arrhythmias, for example). 

There are indications that rTMS increases HRV during the time of stimulation 

in healthy individuals, but no lasting effects have been found (though follow-

up assessments have generally been conducted shortly after stimulation) 

(Schestatsky et al. 2013, Remue et al. 2016, Rossi et al. 2016, Makovac et al. 

2017).  

One of the first studies on autonomic changes during rTMS included 13 

healthy volunteers who received a quite intense stimulation (10 pulses at 20 

Hz at 129–140% of motor threshold) over the C3, C4 and Fz respectively, as 

well as a sham stimulus. A significant increase in heart rate was observed in 

all subjects. Blood pressure increased after about three seconds, followed by 

a decrease after about ten seconds. All values returned to baseline within 20 

seconds after stimulation. There were significant differences between the 

active and the sham stimulation for all brain regions, though the sham 

stimulation also induced autonomic changes. There were also correlations 

between the subjective discomfort from the stimulus and the autonomic 

response. However, no differences in autonomic response were observed 

when comparing the different brain regions. The results were interpreted as 

unspecific arousal effects rather than direct stimulation effects on autonomic 

nervous system components (Foerster et al. 1997). Another early study of low-

frequency rTMS over the vertex in 32 healthy volunteers found no durable 

effects on HRV over five days, and only a transient increase of HRV in both 

the active and sham groups, interpreted as an effect of the resting period during 

the treatment session (Yoshida et al. 2001). A series of studies have found 

increases in HRV during or after rTMS, but without a sham condition, 

seriously complicating the interpretation of the actual effect of the rTMS per 
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se (Gulli et al. 2013, Casanova et al. 2014, Wang et al. 2016, Kaur et al. 2020, 

Iseger et al. 2021). 

There have been somewhat contradictory findings from sham-controlled 

studies. A study of 24 healthy volunteers found an increase in sympathovagal 

balance (LF/HF ratio) in the sham group ten minutes after a session of low-

frequency rTMS over the left primary motor cortex, but no differences 

between the active and sham groups for up to 24 hours after the session 

(Vernieri et al. 2014). In another study of 24 healthy participants, a single 

session of iTBS over a right frontotemporal region induced a greater increase 

than sham stimulation in both RMSSD and LF-HRV shortly after the session. 

However, for RMSSD, this difference was no longer significant when 

controlling for the perceived anxiety just after the session. The authors 

highlighted the need to account for stress and arousal effects of rTMS on 

HRV, at least when measuring HRV concomitant with the stimulation (Poppa 

et al. 2020). Yet another sham-controlled study (n=38) of a single high-

frequency rTMS session over the right and left DLPFC found an increase in 

RMSSD, just after the treatment session, only on the left side in the active 

group. The differences between the groups were no longer present after about 

ten minutes (Remue et al. 2016). This was the sole sham-controlled study of 

rTMS included in the only meta-analysis of the effects of non-invasive brain 

stimulation on HRV (Makovac et al. 2017). Even bearing this in mind, there 

seems to be some effect of rTMS on HRV during the actual stimulation; an 

effect that is coupled to, but not totally dependent on, arousal effects of the 

rTMS sensation. 

Regarding depression, there are only few studies of rTMS and HRV, 

especially following a treatment course. One open study found increased HRV 

after rTMS (Udupa et al. 2011). The only sham-controlled study measuring 

the simultaneous effect of iTBS converged with the findings in healthy 

individuals: an increase in HRV during the stimulation, but no lasting effects 

(Iseger et al. 2020). In schizophrenia, a large, sham-controlled study found no 

effects of an rTMS treatment course on heart rate (not assessing HRV in 

particular) (Campana et al. 2021). 

Summary of HRV 

The time interval between heartbeats varies. This is made possible by the 

autonomic nervous system and its central regulation. The resulting HRV is 

relatively easy to measure. HRV can be quantified into various metrics, of 

which some in theory reflect mainly parasympathetic activity. Low HRV has 

been coupled to mortality risk after a myocardial infarction and can also be an 

early sign of cardiac autonomic neuropathy in diabetes. There are many 

determinants of HRV, with age being one of the most potent. HRV is also 

affected by certain pharmacological agents, most notably by anticholinergic 

compounds. It has been noted that both patients with schizophrenia and 
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patients with depression exhibit lower HRV than healthy controls. However, 

there are controversies about the causes of these observations. Lastly, there is 

an emerging research field on the potential effects of rTMS on HRV and its 

implications for both basic neuro-cardiac physiology and various pathological 

states. 
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Aims 

The overall aim of this thesis was to investigate negative symptoms, rTMS, 

and HRV in schizophrenia and depression. 

Specific aims 

Study I 

To validate the Swedish version of the CAINS in patients with schizophrenia. 

Study II 

To evaluate the effects of a treatment course with iTBS over the DMPFC on 

anhedonia, avolition, and blunted affect, in patients with schizophrenia or 

depression. 

Study III 

To evaluate if there is a difference in HRV between patients with 

schizophrenia or depression and healthy controls after adjustment for factors 

known to affect HRV, and to estimate the relative importance of these factors. 

Study IV 

To investigate the relationship between HRV and functional and structural 

connectivity of the ACC in patients with schizophrenia and healthy controls. 

Study V 

To investigate the effects of a treatment course with dorsomedial iTBS on 

HRV in patients with depression. Additional aims were to investigate the 

correlation between symptom change and change in HRV, and to assess 

whether baseline HRV could predict symptom change. 
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Methods 

Participants 

Participants were originally recruited to different projects which all 

encompassed the same set of investigations and procedures, but where the 

respective study objectives differed. See Figure 4 for an overview. Thus, 

inclusion and exclusion criteria were slightly different depending on which 

project the participants were first recruited to. All patients met the ICD criteria 

for a diagnosis of either schizophrenia spectrum disorder or uni- or bipolar 

depression, which was confirmed with a Mini-International Neuropsychiatric 

Interview (MINI) (Sheehan et al. 1998). 

In Study I, 34 patients were recruited. Eighteen of them participated only 

in Study I, but the remaining 16 also participated in Study II. Inclusion and 

exclusion criteria were the same for both studies, except the additional rTMS 

criteria for Study II, see below. 

In Study II, a power analysis based on earlier observations indicated an 

optimal sample size of around 60 patients (30 sham, 30 active). A dropout of 

approximately 20% was expected, resulting in the aim to recruit 80 

participants. Inclusion criteria other than diagnosis were age 18–59 years, 

presence of negative symptoms (< 40 points on the Motivation and Pleasure 

Scale Self-Report, MAP-SR (Llerena et al. 2013)), and unchanged medication 

in the preceding month. Exclusion criteria were a serious somatic disease, 

mental retardation, substance use disorder, inability to understand Swedish, 

and conventional exclusion criteria for rTMS treatment (e.g., pregnancy and 

intracranial metal implants). An add-on brain imaging study was initiated after 

the trial began, and the majority of the patients (42/56, 75%) participated in 

that study as well (Persson et al. 2020). Subjects not suitable for MRI were 

not included. 

In Study III, the sample consisted of 37 patients with schizophrenia, 43 

with depression, and 64 healthy controls. All patients with depression and 14 

patients with schizophrenia were the same as in Study II (or the add-on 

imaging study). Sixteen patients with schizophrenia were included in Study I 

(where inclusion and exclusion criteria were similar to those in Study II). 

Eight of the patients with schizophrenia were the same as in Study IV, see 

below. Healthy controls were recruited by word of mouth and advertisements 

at the hospital and the university where the study was performed. To ensure 

that they had no ongoing psychiatric disorders, they were screened with a 
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MINI. Sixty-four healthy controls were recruited, of whom ten were included 

in Study IV, see below. 

In Study IV, ten patients with schizophrenia and ten healthy controls were 

included. Data were extracted from a positron emission tomography (PET) 

project (Boden et al. 2017), where patients had to be male, between 18 and 45 

years of age, and with an illness duration of two years or more. Further, they 

had to have been on stable antipsychotic treatment with any of the 

dibenzodiazepines clozapine, quetiapine, or olanzapine for at least two 

months. 

In Study V, all 49 patients with uni- or bipolar depression came from Study 

II or the add-on brain imaging study. 

Setting 

All studies were performed in Uppsala County (approximately 8,200 km2) in 

Sweden, at the psychiatric clinic of the university hospital Akademiska, with 

a catchment area population of about 390,000 inhabitants (Statistics Sweden 

2021). The psychiatric clinic is responsible for virtually all psychiatric in- and 

outpatient care for patients with schizophrenia or treatment-resistant 

depression (first-episode depression being handled in primary care). The 

health care system in Sweden is state-funded and is alone in offering 

psychiatric health care. It can therefore be assumed that the majority of the 

cases of schizophrenia and, to a lesser extent, depression, were known by the 

clinic. The Swedish civic registration numbers enable follow-up of health 

care. The studies were conducted at the Department for Brain Stimulation and 

Psychiatric Clinical Research between 2016 and 2020.  

Clinical assessments 

Participants were interviewed with the CAINS and the BPRS (Ventura 1993). 

They were also assessed with the Clinical Global Impression - severity (CGI-

S) (Guy 1976). They underwent a physical examination by a physician, 

including auscultation of heart, lungs, and abdomen and a neurological 

examination. The physician also examined extrapyramidal symptoms using 

the Extrapyramidal Symptoms Rating scale (Chouinard and Margolese 2005). 

Blood pressure, height, and weight were measured. The patients with 

depression in Study II were assessed with the Maudsley Staging Method for 

treatment resistance in depression (Fekadu et al. 2009).  
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Figure 4. Overview of recruitment and data transfers of the samples. 

Circles: studies 

Colors: diagnosis (red=schizophrenia, blue=depression, green=healthy control) 

Block arrows: recruitment 

Dotted arrows: data transfer to mixed samples 

Abbreviations: 

SCZ=schizophrenia, MDE=major depressive episode, HC=healthy control. 
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Self-rating instruments 

For all studies, demographic and clinical characteristics (e.g., medication 

status and nicotine and caffeine consumption) were obtained through 

questionnaires and medical records. A series of self-rating instruments was 

used, including the Montgomery Asberg Depression Rating Scale (MADRS-

S) (Svanborg and Asberg 2001), the EuroQoL-Visual Analogue Scale (EQ-

VAS) questionnaire (Burstrom et al. 2014), the Insight Scale for Psychosis 

(Birchwood et al. 1994), the Sheehan Disability Scale (Sheehan et al. 1996), 

the Alcohol Use Disorders Identification Test (AUDIT) (Bohn et al. 1995), 

the Drug Use Disorders Identification Test (DUDIT) (Berman et al. 2005), 

and the Pittsburgh Sleep Quality Index (Buysse et al. 1989). 

Procedures for psychometric validation 

With the permission of the original developers, the CAINS was translated into 

Swedish and the original developers then approved a re-translated English 

version. The raters underwent training in conducting the interview and several 

workshops were held where all raters discussed videotaped training 

interviews. 

When conducting interviews with the participants, the CAINS was always 

administered first, followed by the BPRS. All interviews were videotaped and 

a second rater watched the videos in the opposite order, with the BPRS first. 

To obtain a blinded design, the researchers used the scores of the live CAINS 

interview (where the rater had not yet conducted the BPRS) together with the 

BPRS ratings from the video rater (where the rater had not yet watched the 

CAINS interview). 

For convergent validity, the CAINS was compared with the negative 

symptoms subscale of the BPRS as a reference (Shafer et al. 2017). The 

anhedonia items from the MADRS-S, the CGI, and the EQ-VAS were also 

used. To examine discriminant validity, the affective and positive symptoms 

subscales of the BPRS (Shafer et al. 2017) and the total score of the MADRS-

S were used. Two tests of cognitive function were used: a test of verbal fluency 

(the Animal Naming Test (Tombaugh et al. 1999)) and a test of processing 

speed (the Digit Symbol Substitution Test (Dickinson et al. 2007)). Lastly, the 

ESRS was used to investigate the relationship with extrapyramidal symptoms 

and the Sheehan Disability Scale was used for functioning. 

Repetitive transcranial magnetic stimulation procedures 

The resting motor threshold was assessed after single pulses of TMS over the 

medial primary motor cortex of the musculus extensor hallucis longus. The 
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localization of the DMPFC was determined either by identifying the 25% 

nasion-inion distance in the midline of the scalp for the first recruited 

participants, or – after adding the brain-imaging study – using an MRI-based 

neuronavigational system (TMS Navigator, Localite, Bonn, Germany). The 

magnetic stimulator was a Magpro X100 with the coil Cool-DB80 A/P, which 

is an angled active/sham figure-of-eight coil. The coil has two identical sides, 

but the sham side is shielded and allows only a weak magnetic field to 

penetrate the scalp. The research software in the stimulator tells the operator 

which side to angle towards the participant, aiming to blind both the 

participant and the operator.  

The active protocol was a modified version of earlier iTBS protocols 

(Chistyakov et al. 2010, Bakker et al. 2015), see Figure 5. The whole treatment 
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Figure 5. The construction of the iTBS protocol in bursts, trains and sessions. 
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session consisted of 40 trains, where each train comprised two seconds of 

stimulation and eight seconds off. Stimulation consisted of bursts of three 

pulses at 50 Hz, repeated at 5 Hz, resulting in a total of 3 pulses × 5 Hz × 2 

seconds × 40 trains = 1,200 pulses. The first 20 trains were delivered with the 

direction of the current from right to left, and the last 20 trains left to right. 

Treatment intensity was 90% of rMT. After a 15-minute break, a second 

treatment session was delivered (Duprat et al. 2016, Tse et al. 2018), resulting 

in 2,400 pulses per day. For the sham treatment, the same protocol was 

delivered, but with the shielded side of the coil towards the participant. In 

addition to this, all participants (regardless of active or sham group) had two 

transcutaneous electrical nerve stimulation (TENS) electrodes attached to the 

forehead. For those in the sham group, this device delivered the same type of 

protocol, but with a weak current, to resemble magnetic stimulation. Both 

participants and operators guessed the treatment allocation after the first, fifth, 

and last treatment day. Raters were not allowed into the treatment room. 

To minimize discomfort, the intensity of the initial treatments was ramped 

up to target intensity. If this process was slow, extra treatment days were 

added. Thus, the treatment sessions were delivered twice daily on weekdays 

for 10–15 days. All participants filled out daily ratings of side effects and pain 

intensity. 

The clinical assessments of symptoms took place the day before the first 

treatment (baseline), the day after the last treatment (follow-up 1), and four 

weeks after baseline (follow-up 2). See Figure 6. 

BLINDED RANDOMIZED SHAM CONTROLLED PHASE OPEN PHASE

Visit 1 Visit 2 Visit 3-12 Visit 13 Visit 14

incl/excl
Pre-tests

Interviews

rTMS

10-15 week days

Post-tests

Interviews
Interviews Follow-ups at 10 and 

26 wks post baseline

Screening Baseline

1 day before 

treatment

10-15 treatment

visits

Follow-up 1

1 day after

treatment

Follow-up 2

4 wks post 

baseline

Same follow-ups after

open active treatment

Visit 1 Visit 2 Visit 3-12 Visit 13 Visit 14

incl/excl
Pre-tests

Interviews

Sham rTMS

10-15 week days

Post-tests

Interviews
Interviews

rTMS

10-15 days

Post-tests

Interviews

Open active

treatment

1 day post treatment

Figure 6. Design of Study II. Dashed boxes represent assessment visits and solid-
lined boxes represent treatment visits. Green=active treatment. Red=sham treatment. 
Blue=post treatment visits. The grey area represents the open phase. 
rTMS=repetitive transcranial magnetic stimulation. 
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Heart rate variability assessments 

Heart rate variability was assessed with the two-electrode heart rate recorder 

Firstbeat Bodyguard 2 (Firstbeat Technologies Ltd., Jyväskylä, Finland). 

When attached to the chest, the device continuously samples all RR intervals 

(using the same electrophysiological principle as a clinical ECG). A research 

nurse attached the device in the morning for all participants. They then 

underwent cognitive tests and various neurophysiological assessments at the 

hospital. After this, they left the hospital, wearing the device until returning it 

on the following day. They were told not to pay any attention to the device 

and to perform their everyday activities as usual. The procedure of attaching 

the device and the length of recordings were the same for Studies III–V. For 

Studies III–IV and for the baseline values of Study V, the recordings from the 

day before the first treatment session in Study II were used. For the follow-up 

data in Study V, the recordings from the day after the last treatment in Study 

II were used. 

The extraction of HRV data differed somewhat between studies: 

 

• In Study III, a time window was chosen between 9 AM and 1 PM in order 

to have data from roughly the same time of the day, and because the 

majority of participants had good quality data within this timeframe 

(inspected visually). One hour of data were extracted from within this time 

window. The exact start time was randomly selected for each participant. 

The main outcome, HRV metric SDNN, was calculated for this hour. 

 

• In Study IV, a two-hour time window between 1 PM and 3 PM was 

identified, where all participants had good quality measurements, i.e., a 

minimum of visible artifacts. Within these two hours, three five-minute 

periods were chosen where the RR interval was highest (Hallman et al. 

2015). The mean SDNN value across the three periods was then calculated 

and used in further analyses.  

 

• In Study V, the nighttime data from the full HRV recording were used, 

with one hour of data from a window between midnight and 5 AM being 

extracted. We aimed to choose an hour where heart rate seemed stable and 

where there was a minimum of visual artifacts. It was not always possible 

to choose the same timepoint between subjects or within subjects 

(baseline vs. follow-up). 

 

All HRV data handling was performed using the software Kubios HRV 

Standard (version 3.0.2). The software’s built-in algorithm for artifact 

correction was used when judged necessary after visual inspection. 
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Pharmacological assessments 

Medication status was recorded by interviewing the patients, but also through 

review of medical records. Drugs were grouped into categories such as 

antipsychotics, chronotropic drugs, antidiabetics, and the like, based on the 

focus of the respective studies. 

In Study I, olanzapine equivalents were calculated using a consensus 

method (Gardner et al. 2010) and in Study IV, another widely used method 

was used (Leucht et al. 2015). For depot antipsychotics, the mean daily dose 

was calculated and used. 

In Study III, the Anticholinergic Drug Scale was used to obtain a quantified 

score of each patient’s individual burden of anticholinergic medication 

(Carnahan et al. 2006). On this scale, drugs are given a score based on their 

respective anticholinergic action, where a score of zero implicates no 

anticholinergic action and a score of three a high level of anticholinergic 

properties. A patient’s total score is the sum of the scores of all drugs the 

patient is taking. Some drugs prescribed as-needed yielded an unrealistically 

high score for many participants (e.g., promethazine) and as-needed 

medications were therefore not included in the total score. A number of drugs 

that were not listed in the original scale were also added and rated based on 

clinical experience within the research team, and to fit the scores of other 

similar substances on the original scale (e.g., benzodiazepines that were not 

included in the original scale were rated 1, since benzodiazepines in the 

original scale were rated 1). These drugs were the following (with the score 

used in parentheses): agomelatine (0), alimemazine (3), aripiprazole (0), 

atomoxetine (0), desogestrel (0), dexamphetamine (0), flupentixol (0), 

levomepromazine (2), melatonin (0), nitrazepam (1), paliperidone (0), 

paracetamol (0), paroxetine (0), pregabalin (0), propiomazine (2), vortioxetine 

(0), and zuclopenthixol (0). Lastly, quetiapine was rated 2 (instead of 0, as in 

the original scale) due to its moderate anticholinergic activity (Correll 2010, 

Huang et al. 2013, Hattori et al. 2018). The total score of each participant was 

referred to as their anticholinergic burden. 

Ongoing physical activity 

To account for ongoing physical activity during the ambulatory HRV settings 

in Study III, the built-in accelerometer in the Firstbeat Bodyguard 2 that was 

attached across the chest to record HRV was used. This device records G-

forces in three directions simultaneously (anteroposterior, mediolateral, and 

vertical). The raw accelerometer data were extracted during the same hour 

interval as the HRV data for each subject and converted into activity counts 

using an algorithm derived from ActiGraph accelerometers (Brond et al. 
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2017). The mean activity count per minute was used as a measure of ongoing 

physical activity. 

Magnetic resonance imaging 

In Study IV, MRI was used to study the neurobiological correlates to HRV. 

Morphological images were acquired for anatomical information and resting-

state functional MRI data for assessments of brain functioning. Pre-processed 

functional images were used to calculate the amplitude of low frequency 

fluctuations as a proxy of regional brain activity and also to obtain 

connectivity data for assessing communication between different brain areas 

at rest. Here, the connectivity between the ACC and the rest of the brain was 

assessed by correlating the mean blood oxygen level dependent (BOLD) 

signal within the bilateral ACC against the BOLD signal in all other voxels. 

Diffusion tensor images were used to define a white-matter tract between the 

ACC and the cerebellum. Individual measures of axial and radial diffusivity 

within this tract, reflecting aspects of white matter properties, were extracted. 

Visual inspection of the acquired images revealed only partial coverage of 

the posterior lobe of the cerebellum in some participants. To handle this, only 

regions where all participants contributed with data were taken into account 

in the further analyses. This resulted in some regions of the cerebellum not 

being included, namely the posterior lobes and the tonsils. 

Statistics 

In all studies, data were assessed for normality, either visually or with 

normality distributional tests (Kolmogorov-Smirnov and Shapiro-Wilk). For 

the demographic data, means and standard deviations or medians and inter-

quartile ranges were calculated. For the correlational analyses in the studies, 

either the Pearson correlation coefficient or Spearman’s rank correlation 

coefficient was used. When using regression models, standard assumptions 

were assessed using conventional methods (multicollinearity, influential 

outliers etc.). 

In Study I, the intraclass correlation coefficient (Shrout and Fleiss 1979) 

was calculated for inter-rater agreement assessments, and Cronbach’s alpha 

(Cronbach and Warrington 1951) for internal consistency. 

In Study II, a general linear model was used for the delta values of CAINS 

between baseline and the first follow-up. Baseline levels of symptoms and 

diagnosis were entered in the model. For the inclusion of the second follow-

up, a general linear mixed model was used.  

In Study III, linear regression models were used, in which we first 

performed crude analyses with all covariates analyzed separately with HRV 
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(SDNN) as the dependent variable. Covariates were successively introduced 

in order to follow the effect of the diagnoses (coded as dummy variables 

defining the presence of absence of schizophrenia or depression) on HRV. In 

this study, both p-values and Bayes factors were reported. A Bayes factor 

represents the probability of observing the data under a model that includes 

the covariate in question, as compared with the same model without that 

covariate. Thus, a Bayes factor above 1 speaks in favor of an effect of the 

current covariate. 

In Study IV, the statistical analyses of the brain images were based on a 

voxel-wise general linear model to assess the correlation between HRV and 

ACC connectivity. To assess the relationship between HRV and regional 

activity, the mean amplitude of low frequency fluctuations was extracted from 

the cerebellum and the ACC. These were analyzed for correlation with HRV 

in each group. Similarly, diffusivity measures were extracted from the ACC 

cerebellar tract and analyzed for correlation with HRV. 

In Study V, a linear mixed model was used to model the interaction 

between group and time effects of the iTBS treatment session on HRV. For 

the prediction analyses, baseline HRV (SDNN) was entered as the 

independent variable in a linear regression model with delta values of 

symptoms as dependent variables. Since some of the participants entered in 

an open phase after unblinding, these data could be used for the prediction 

analyses. When added to the active group during the blinded phase, this 

resulted in a sample of 42 participants. 

Ethical considerations 

Approvals, risks, discomfort, and time spent 

All studies were conducted in accordance with the Declaration of Helsinki and 

approved by the Research Ethical Review Board in Uppsala, see Table 1. One 

patient representative with depression and one with schizophrenia reviewed 

the design and aims of Study II. 

Table 1. Overview of ethical approvals. 

Study number Covered by ethical approval number* 

Study I 2014/286/2 and 2015/362 

Study II 2015/362 

Study III 2014/286/2, 2015/018, 2015/362, 2017/073, and 2019/00046 

Study IV 2015/018 

Study IV 2015/362 and 2019/00046 

*From registration numbers as labeled by the Research Ethical Review Board in Uppsala. 
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All participants were informed about the procedures and risks through written 

information and face-to-face discussions before entering the study. Further, 

we ensured that they were aware of the voluntary nature of their participation 

and their possibility to leave the study without further explanation or 

implications for their ordinary treatment. All participants provided written 

informed consent upon entering the studies. 

Both treatment with rTMS and MRI scanning entail certain risks and 

discomfort. To minimize these regarding rTMS, necessary safety precautions 

as stated in established guidelines were applied (Rossi et al. 2009). Standard 

safety guidelines were also followed for the MRI scanning. Participants in 

Study IV underwent PET scanning, which carries its own risks; these were 

handled in accordance with established recommendations and are not further 

discussed in this thesis. The application and usage of the HRV and 

accelerometer data recorder Firstbeat Bodyguard 2 entails only slight 

discomfort (attachment and removal of dermal electrodes). Wearing the 

device at night is not expected to disturb sleep to a substantial degree (which 

could potentially be detrimental for both patients with schizophrenia and 

depression). The cognition tests, clinical interviews, and medical examination 

did not involve any procedures deemed harmful or causing discomfort. It was 

judged that the potential benefits of performing the studies outweighed the 

risks for the participants. 

Participants were expected to contribute with a substantial amount of their 

time when participating in the studies. The basic battery of interviews, 

examinations, and data collection took approximately four hours. 

Participation in Study II required daily visits to the hospital during weekdays 

for approximately two weeks, as well as follow-up assessments. MRI scanning 

took approximately one hour per scan. All subjects were informed of these 

prerequisites and of their possibility to drop out. However, the time spent must 

also be weighed against the overall possibility of finding what was searched 

for, discussed below. 

Power issues 

Conducting studies implies a spending of resources – financial, personal, 

material, intellectual and so on. In Sweden, these resources are often state-

funded and must therefore be handled with particular care (in the case of 

private funding, these issues are more of an agreement between funder and 

researcher). In clinical research, it is thus important that the studies are 

designed so that the results are likely to contribute with valuable knowledge. 

Ideally, the results should be of benefit to the general public – giving back 

something for the resources spent. The core issue is the power calculation of 

the studies. It can be ethically problematic to conduct underpowered studies, 

since the chances of finding what you are looking for are so small. The 

resources spent in such a study might be spent in vain, if nothing is found. A 

complicating factor is that null results are often as interesting and valuable as 
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“positive” results (de Graaf and Sack 2011). Adequate power is still important, 

since a null result must be robust enough to trust. However, the power 

calculation is of most importance for the outcome measures in studies that 

recruit patients, since their time and potential discomfort are at stake. One 

could argue that a statement to this effect should be included in written 

information, for instance “There is an 80% chance that your contribution in 

this study will make the researchers able to find what they are looking for.” 

However, this could be hard to understand and a better way might be that this 

is dealt with between ethical boards and researchers (as is currently done). 

About half of the patients in Study I were originally recruited to Study II, 

discussed below. We had planned for the somewhat ambitious recruitment of 

60 patients with schizophrenia. Since this was a validation study, there was 

nothing to “discover.” The question was rather what sample could be 

considered large enough to draw any conclusions from the results (the strength 

ultimately being indicated by the confidence intervals). We faced difficulties 

in the recruitment and was ultimately obliged to finish and publish the article 

out of respect for the patients already recruited, despite not having recruited 

the planned number of participants. Not publishing the results would have 

caused an ethical issue in relation to those already included. 

Study II was the main recruiting study in this thesis, and a power 

calculation was performed based on earlier results reported in the literature. 

There were recruitment issues with patients with schizophrenia here as well, 

and the study had to be closed due to the low recruitment rate. 

In the cross-sectional Studies III–V, the participants were originally 

recruited to other studies with other main outcomes, making a power 

calculation for the outcomes in these studies less important. The chances of 

detecting a significant effect in these studies must instead be weighed against 

the time spent by the researchers, which was paid through state funding. 

Although not specifically assessed with power calculations, the chance of 

making valuable contributions was estimated as sufficient to continue with the 

analyses of these studies. Short comments on the specific studies are outlined 

here: Power calculations were based on frequentist statistics with a clear-cut 

significance level. In Study III, this was complemented with the use of 

Bayesian statistics (though Bayesian approaches can also need power 

calculations). The main recruitment to Study IV was for an explorative pilot 

study, for which reason no power calculation was performed. The analyses of 

the data from this study were probably also underpowered. However, findings 

were made and are expected to have at least some substance, though there is 

still a risk of type I errors in small studies (Akobeng 2016). There has been a 

long discussion on the power issues in MRI studies (Mumford 2012, Poldrack 

2012). Regarding the “null” results in Study V, there are possibilities to 

perform a post-hoc power analysis in order to judge the robustness of the null 

results, but it has been argued that confidence intervals are a better way to 

assess this (Levine and Ensom 2001).  
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Expectations  

All treatments create expectations and patients recruited for treatment with 

rTMS have often undergone several other courses of psychiatric treatments 

for their symptoms. Some express that this is their last hope. Potential 

disappointment and the aftermath thereof should therefore be considered as 

well. For instance, one patient in one of the studies included in this thesis was 

hospitalized due to suicidal ideation. It is not obvious how to balance the 

potential risks of intensified suicidal ideation against a possible beneficial 

effect of study engagement. There is thus a need to ensure that participants 

involved in studies have reasonable expectations about how they themselves 

will benefit therefrom, as well as how their engagement in the research may 

benefit others. It was stated in the consent documents that the participants 

themselves might not benefit at all, and the overall purpose was also 

explained.  

Communicating about risks, discomfort, and side effects is a delicate task, 

since both over- and underemphasis might amplify bodily sensations (Barsky 

2017). Explaining which side effects might occur can increase their 

occurrence, and there have been proposals of first informing the patients about 

this and then letting them decide whether they want the information or not 

(Colloca and Barsky 2020). This “contextualized informed consent” is not yet 

a standard procedure, and the common side effects of rTMS are generally 

mild. 

Prioritizing issues 

There is a principle that the resources within the Swedish health care system 

should be spent on the patients who need them most. This is true not only for 

material resources but also for intellectual ones, meaning that researchers 

should focus their time and intellectual capacity on the hypotheses that hold 

the strongest promise to help the patients who are in the most need of help. 

Here, however, we face conflicting interests since researchers also need to test 

completely new hypotheses. This can be applicable when conducting 

underpowered studies, discussed above. There must also be room for 

explorative analyses in order to achieve scientific progress. Therefore, studies 

with expensive methods may be ethically defensible even without a well-

defined potential for clinical implication.  

The aforementioned principle implies that the patients with the most severe 

diseases should be prioritized over patients with less severe diseases. This 

creates many complex questions, not least how to grade the severity of 

diseases; in the context of this thesis, this might be most pertinent for the 

depression group (schizophrenia being argued to constitute more of a disease 

than depression) (Ghaemi 2013). Health care professionals, not the patients 

themselves, are assigned the task of judging severity. Further, actual disease 

– not than subjectively experienced illness (Gabrielsen et al. 2014, Svenaeus 
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2019) – has been the target for health care interventions. This is particularly 

complex in the field of psychiatry, where diagnoses are based on criteria rather 

than biological markers. Strictly speaking, both schizophrenia and depression 

are medically unexplained syndromes, although the criteria used for diagnosis 

mean that they qualify as established disorders rather than completely 

unexplained conditions (notably, DSM-5 uses the word disorder rather than 

disease). There are no formal guidelines on how to weigh disease versus 

illness in the assessment of which patient has the most severe problems 

(Tikkinen et al. 2012). A patient might have a serious disease but very little 

illness, or vice versa. Assessments such as quality-adjusted life years, self-

rated health, and functional outcomes might aid such assessments. 

Nevertheless, cases where illness is the major burden need to be taken as 

seriously as diseases (Kroenke 2014). Not doing so, or providing inadequate 

caregiving, might eventually cause harm (Hatcher and Arroll 2008). Thorough 

clinical evaluation and diagnostics are therefore necessary when taking on 

these cases.  

To summarize, there are ethical issues regarding the distinction between 

disease versus illness; a delicate task in the field of subjectively experienced 

symptoms such as anhedonia and lack of motivation (Aronowitz 2001). In 

Study II, the diagnoses were not only verified with a semi-structured 

interview, but a symptom burden cut-off was used for inclusion, where 

participants were included only if they presented with a certain amount of 

symptom burden. This was not a guarantee of inclusion of only the most 

severely ill, but was nevertheless a way to include only patients with 

substantial difficulties. 

Terminology 

Words are powerful and provide the basis of our thinking. The terminology in 

the final papers and in this thesis might therefore also require ethical critique. 

Medical researchers and their studies are granted high status in society and the 

results presented might be used for important decision-making and resource 

allocation. The terminology will affect all readers, not least the researcher 

him- or herself – but also other researchers, decisionmakers, students, lay 

people, and so forth. Overemphasizing results, inflated conclusions, or 

exaggerated statements can thus be ethically questionable. To foster clear 

thinking, misleading words should be avoided and phrases such as “the 

underlying neurobiology,” “chemical imbalance,” or “brain activation” have 

been recommended to be used with caution (Lilienfeld et al. 2015). On the 

other hand, findings must be communicated in a comprehensive way, which 

means readability must also be taken into account.  

Medicalization 

As a medical device used to alleviate mental experiences, rTMS is part of a 

wider interplay between medicine and society, where there is a tendency to 
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dress human experience in medical terms, referred to as medicalization. This 

is not be confused with pathologizing, where ordinary experiences are labeled 

pathological. Medicalization per se is not negative (Rose 2007), but there are 

arguments that the effects of medicalization can be detrimental (Horwitz 2007, 

Frances 2013). These issues open for ethical scrutiny. They are part of an 

ongoing discussion on the benefits of medical interactions with humans – the 

“Choosing wisely” initiative (ABIM Foundation 2021). However, these 

treatment considerations most often do not extend beyond 

psychopharmacological choices (Urness et al. 2016). Like any other treatment, 

rTMS would merit from being incorporated in this discussion.  
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Key results and discussion 

Study I 

The results from Study I indicated that the Swedish CAINS exhibited adequate 

psychometric properties. The reasons for this restrained conclusion were 

mainly the small sample size and the fact that the blinded and the unblinded 

data showed differing results. The unblinded data showed significant 

convergent validity measures, whereas the blinded data only had significant 

correlations for the observational items. There was thus a discrepancy between 

anamnestic and observational measures.  

Since the majority of the other validation studies of the CAINS have not 

been blinded, making comparisons is not straightforward. The unblinded data 

were in line with those of many of the other validation studies, but the blinded 

data differed somewhat (Kring et al. 2013, Engel et al. 2014, Valiente-Gomez 

et al. 2015, Jang et al. 2017). As the blinding procedure in Study I yielded 

differing results, one must also mention the importance of designing blinded 

validation studies. It is impossible to know how the psychometric properties 

of the CAINS would have differed if the other validation studies had been 

blinded. 

The samples of the existing validation studies also differ substantially. The 

sample in Study I included a relatively high proportion of schizoaffective 

disorder (almost a third). This could in theory contribute to some of the 

observed convergence between negative and depressive symptoms. Negative 

and depressive symptoms are generally argued to reflect distinct categories, 

but some overlap is expected (Galderisi et al. 2018, Richter et al. 2019). This 

touches one of the issues explored in this thesis – can negative symptoms be 

investigated transdiagnostically? This will be further discussed in the General 

discussion and conclusions section below. 

Study II 

In Study II, an effect of iTBS on negative symptoms was found only in the 

subgroup of patients with depression. There was no effect on depressive 

symptoms in either group, and patients with schizophrenia did not improve at 

all. However, the treatment was safe and tolerable. The decrease in CAINS 

score between baseline and follow-up 1 was 7.2 on average in the active 
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depression group. Given that negative symptoms are often quite stable and not 

prone to change, this was considered a clinically relevant decrease.  

Comparisons with existing literature are difficult, since the design of Study 

II differed in at least three aspects: delivering a slightly modified iTBS 

protocol twice daily, using the CAINS as the main outcome measure, and 

including both patients with schizophrenia and patients with depression. Some 

comparisons can be made with recent studies. The results of Study II differed 

from those of a randomized, sham-controlled study of 29 patients with 

schizophrenia treated with high-frequency rTMS over the DMPFC, which 

detected an effect on negative symptoms, assessed with the SANS. However, 

the sham condition did not produce any sensational stimuli (like the TENS in 

Study II) and there were no reports of blinding integrity. Like Study II, the 

aforementioned study did not detect any effect on depressive symptoms either 

(Gan et al. 2021). 

In a blinded, randomized sham-controlled study of 22 patients with 

schizophrenia receiving an iTBS protocol targeting the left DLPFC, there was 

an improvement in negative symptom severity (assessed with the SANS) six 

months after baseline, but not before this. These results highlight the 

importance of long follow-up times. In this study, adding baseline depressive 

symptom ratings into the model did not affect the main result, but the effect 

on depressive symptoms per se was not investigated, leaving the possibility 

open that there might have been such an effect (Bation et al. 2021). Further, 

this study favored the DLPFC as a treatment target. Two other studies also 

indicated this, but none of these reported blinding integrities and one did not 

assess the effect on depressive symptoms (Zhuo et al. 2019, Kumar et al. 

2020). 

Regarding patients with depression, the results of Study II are in line with 

those of another recent study that did not detect a treatment effect superior to 

sham when comparing both low- and high-frequency rTMS over the DMPFC 

(Dunlop et al. 2020).  

There are many possible reasons why there was no treatment effect in Study 

II. The negative symptoms in patients with schizophrenia might have the same 

origin and mediating brain structures as those in depression, but be more 

treatment-resistant and hard to modulate in schizophrenia. Alternatively, the 

negative symptoms in schizophrenia might differ neurobiologically from 

those observed in depression, rendering them less likely to change when the 

supposedly affected brain structure is stimulated. Both these hypotheses are 

flawed by the fact that many studies have indicated an actual improvement in 

negative symptoms in both groups after treatment, though not always showing 

more improvement in the active group (Wobrock et al. 2015, Zhuo et al. 2019, 

Kumar et al. 2020, Wagner et al. 2021). Further, even patients with over 10 

years of disease improved in negative symptoms after rTMS over the DMPFC 

(Gan et al. 2021). One must keep in mind that no studies have reported a 

blinding of timepoint (i.e., the raters knew if they were rating a patient at 
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baseline or at follow-up). This could in theory affect the decline of symptoms 

over time, just as an open study could be biased by treatment allocation. 

Recent studies with positive results have used the SANS as the outcome 

measure (Zhuo et al. 2019, Kumar et al. 2020, Bation et al. 2021, Gan et al. 

2021). Although the CAINS is well-validated, there is still a possibility that it 

captures some domains that are less prone to be affected by the active rTMS. 

One such item could be item 3 “Frequency of pleasurable social activities – 

past week.” This item assesses the number of social interactions. There is no 

evident way of affecting this by rTMS other than through other motivational 

domains, in turn generating more social interactions. In rTMS settings 

specifically, one must also be aware of the daily social interactions between 

the health care staff, potentially introducing an effect over time that would not 

have been there otherwise. 

Lastly, other recent studies have also found the treatment safe and tolerable 

(Bation et al. 2021, Gan et al. 2021). Importantly, two instances of syncope 

occurred in the sham group in Study II, highlighting both the need of constant 

attention in this group too and that the overall setting of rTMS is potent enough 

to induce a vasovagal reaction. 

Study III 

The main finding of this study was that a quantified score of anticholinergic 

burden had a negative relationship to HRV in patients with schizophrenia or 

depression, and that the diagnoses themselves exhibited an effect on HRV, 

even after adjusting for many possible confounders. 

The finding that a diagnosis of schizophrenia and depression implicates 

lower levels of HRV is in line with former studies (Rottenberg 2007, 

Montaquila et al. 2015, Alvares et al. 2016, Quintana et al. 2016). Although 

anticholinergics are known to reduce HRV, former studies of HRV in 

schizophrenia and depression seldom report any measure of the 

anticholinergic medication burden or exposure of patients. A couple of recent 

studies have successfully distinguished between the effects of different 

anticholinergic profiles (Huang et al. 2013, Huang et al. 2016, Cacciotti-Saija 

et al. 2018), all pointing out that more anticholinergic action yields reduced 

HRV. The results of Study III were thus in line with other findings, but extend 

on the field thanks to the use of a quantified score of anticholinergic burden. 

This is important, since there are findings that antipsychotics in general do not 

lower HRV (Clamor et al. 2016). However, it is important not to regard 

antipsychotics as a homogenous group of drugs, but rather assess their actual 

receptor profiles depending on the aims of the study. Neglecting to do so might 

result in false conclusions and ultimately be detrimental to patients through 

equivocal treatment, erroneous risk assessments, or engagement in 

inadequately designed studies. 
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Study IV 

The key finding of this study was that HRV in patients with schizophrenia was 

associated with the resting state connectivity strength between the ACC and 

the cerebellum, spontaneous activity in the cerebellum, and diffusivity within 

white matter projections between the ACC and the cerebellum. All of these 

brain-derived measures were also correlated with antipsychotic dose. 

These results support earlier findings that ACC functioning is important for 

regulating the ANS (Benarroch 1993, Thayer et al. 2012, Jennings et al. 2016, 

Schulz et al. 2016). In Study IV, a stronger relationship between ACC-

cerebellum connectivity and HRV was observed in patients with 

schizophrenia than in controls. One possible explanation is that the 

connectivity measured during the resting state may have a relatively large 

impact on ANS regulation only when the ACC function is altered, for instance 

in patients with schizophrenia. In healthy controls, other factors may have a 

larger influence on HRV.  

The findings suggest that the cerebellum can influence HRV on its own, 

further pointing to the role of the cerebellum in ANS regulation (Sklerov et al. 

2018). There are earlier findings supporting this (Bradley et al. 1991, 

Ghelarducci and Sebastiani 1996, Demirtas-Tatlidede et al. 2011). The results 

from Study IV fit well with a dysfunctional prefrontal-thalamic-cerebellar 

circuitry that possibly also affects the ANS (Andreasen et al. 1996, Cao et al. 

2019). 

The ACC connectivity was found to be altered in patients with 

schizophrenia, but the relationships to HRV were found within brain regions 

where there were no group differences in connectivity, regional activity, or 

axial diffusivity. One possible interpretation of this is that there might be a 

compensatory mechanism where the cerebellum becomes increasingly 

important only when the regulatory function of other regions involved, such 

as the ACC, is altered.  

There is a growing interest in mapping the neurobiological correlates of 

ANS modulation, using MRI technique. This field has thus far confirmed 

already known pathways from earlier anatomical studies, as well as enabling 

studies of the human brain in vivo. Study IV makes up part of this field, 

highlighting the role of the cerebellum in ANS modulation in schizophrenia.  

Study V 

In Study V, no effects of iTBS on HRV were detected. There were no 

correlations between symptom change and HRV, and HRV could not predict 

symptom change. 

We are not aware of any other study investigating the lasting treatment 

effects of iTBS on HRV in a sham-controlled setting. An open study has found 
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increased HRV after rTMS (Udupa et al. 2011), and there have been changes 

observed during the treatment session, albeit possibly induced by sensational 

effects (Iseger et al. 2020). The results of Study V seem to be in line with 

studies in healthy individuals, which have not found lasting effects (Foerster 

et al. 1997, Yoshida et al. 2001, Vernieri et al. 2014, Remue et al. 2016, 

Pulopulos et al. 2020, Era et al. 2021). 

Regarding symptom change after iTBS and its relation to HRV, there are 

no comparable studies, and the only other sham-controlled study investigating 

HRV-like measures as a predictor of treatment response in depression did not 

detect any such effect (Iseger et al. 2020). There are some indications that 

baseline HRV can predict treatment response for other diagnoses and 

treatment modalities (Choi and Jeon 2020, Cosmo et al. 2021, Meyer et al. 

2021).  
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Strengths and limitations 

The major strength of Study I was the blinded design. This validation study is 

one of few that adheres to the recommendations in the QUADAS initiative 

(Whiting et al. 2011). That said, the sample was small and included a large 

proportion of patients with schizoaffective disorder. Given the co-recruitment 

to Study II, there is also a possibility that the sample was skewed to patients 

with predominantly negative symptoms. The rTMS exclusion criteria could in 

theory also have introduced bias, although these conditions are rare (e.g., 

metal implanted in the head). Further, we were unable to assess how many 

patients were actually approached and asked to participate but declined, since 

the recruitment was conducted by staff at the open wards. In order to assess 

generalizability to the clinical population, an optimal design would have been 

to count how many information brochures were distributed to patients and 

thereby get an estimation of how many patients declined participation. 

Study II also merits credence due to the attempt at a blinded procedure. The 

trinity of using the sham coil, the TENS electrodes, and blinded raters are in 

theory the most optimal blinded design currently possible for rTMS studies. 

However, even when using the sham coil, a triple-blinded design (patient-

operator-rater) is still hard to achieve, since the operator often notices the face 

muscle twitches in active stimulation. One could also argue that the person 

conducting the statistical tests should be blinded to treatment arm, but this 

issue is partly overcome by outlining which tests to use when planning and 

preregistering the study. It is also important not to merely report a blinded 

design, but also to assess whether the study actually was blinded. The 

participants and operators guessed treatment allocation before, in the middle 

of, and after the treatment course. Participants correctly guessed their 

treatment allocation after the first treatment day, but the subsequent pattern 

was that more and more participants guessed that they had received sham 

treatment. Our interpretation was that the cause was a lack of treatment effect. 

However, despite our efforts, the study cannot be described as fully blinded. 

The major limitation of Study II was the difficulty in recruiting patients with 

schizophrenia. There is an inherent paradox in trying to motivate patients with 

motivational deficits to participate in a study. That said, the attrition rate once 

in the study was lower than expected. 

Moving forward to the HRV studies (III–V), the limitations are similar to 

those described throughout the HRV research field, namely the differing 

methods for obtaining the HRV data and the use of many different metrics 
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(also discussed below). None of these studies used a standardized method of 

data acquisition and analysis. The choices of time periods from which data 

were extracted differed from study to study and it was only in a subsample of 

Study V that a standard acquisition strategy of collecting five minutes of 

resting data was used. However, the aim was also to use an HRV device in 

ambulatory settings synchronously with an accelerometer, collecting 

movement data, and to assess more lasting effects on HRV (the nighttime data 

from Study V). Nevertheless, the same HRV measure (SDNN) was used in all 

studies (being recommended in longer recordings and where ectopic beats 

cannot be excluded). Further, no statements were made about vagal function, 

which at least in the ambulatory data could not be reliably assessed. Lastly, 

because of the naturalistic setting, neither the breathing pattern nor the 

participant’s position, both known to affect HRV, were assessed (Laborde et 

al. 2017). 

Although many potential confounders were assessed in Study III, there 

might always be some residual confounding. An optimal approach would have 

been to assess some of the determinants, for example nicotine use, more 

accurately. It could be expected that the explanatory value of diagnosis would 

decrease even more if other determinants where included or measured more 

precisely. At the same time, one can raise the question of what actually 

remains of schizophrenia or depression if all factors known to be characteristic 

of the disorders are controlled for. Regarding ongoing physical activity in 

Study III, a longer recording period is recommended in future studies. Some 

measure of general physical activity would also have been of interest. Further, 

the anticholinergic burden of the patients was assessed based on their 

prescribed medication. A more precise method would have been to assess the 

serum activity of anticholinergic compounds. However, the Anticholinergic 

Drug Scale was validated by examining its relation to serum anticholinergic 

activity.  

The main limitation of Study IV was the small sample size. The study’s 

generalizability is also reduced by the fact that all participants were male and 

that the patients were only allowed treatment with the dibenzodiazepines 

clozapine, quetiapine, or olanzapine. In MRI assessments, the BOLD signal is 

affected by cardiac and respiratory fluctuations and this might be 

misinterpreted as brain activity. However, we preprocessed the BOLD signal 

to handle this issue and heart rate was not sampled simultaneously as the MRI 

scanning. 

The same strengths and limitations discussed for Study II are generally 

applicable in the case of Study V as well. The above discussion on the 

limitations of the HRV assessments also applies to Study V. A specific 

limitation of Study V was that we could not ensure that the participants were 

sleeping during the period from which the HRV data was extracted, though it 

was assumed that most of them were. A strength was the secondary analysis 

of HF-HRV in a subsample of patients, with converging results. Also, 
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including patients from the active follow-up increased the sample size in that 

analysis.   



 56 

General discussion and conclusions 

Drawing an overarching conclusion from the somewhat disparate studies in 

this thesis is not necessarily possible. Therefore, the following sections have 

been divided into the three main categories outlined in the title: negative 

symptoms, rTMS, and HRV. 

Negative symptoms 

It can be concluded that negative symptoms in schizophrenia are reliably 

assessed with the Swedish version of the CAINS. Still, the core question 

regarding negative symptoms lingers – what are they? The finding of a useful 

biomarker for negative symptoms would be revolutionary and could 

potentially improve not only diagnostics, but also the predictions of 

developing a certain disorder or symptom, or of treatment response. 

Nevertheless, despite an increasingly intensified search for biomarkers, no 

genetic, molecular, or neuroimaging biomarker has yet established its utility 

in any psychiatric diagnostic, predictive, or treatment process (Singh and Rose 

2009, Lilienfeld and Treadway 2016). Though the intention was to include 

advances in neuroscience in the DSM-5, this idea was eventually dropped 

(Paris and Kirmayer 2016). Some humility is therefore prudent when facing 

the difficulties in finding biomarkers for psychiatric symptoms or diagnoses. 

One should also contemplate whether the categorical system in the DSM has 

achieved its purpose of enhancing the validity and reliability of the psychiatric 

disorders and the therein listed symptoms. Reliability has indeed improved, 

but genetic and neuroimaging studies indicate a large overlap of genes and 

brain structures involved in the psychiatric diagnoses (Stoyanov et al. 2019). 

This is often thought of as “comorbidity” rather than a disavowal of the 

foundational categories (Lilienfeld and Treadway 2016, Ghaemi 2018). It has 

implications also for negative and depressive symptoms, since the notion of 

an overlap might be a construct of an inadequate underlying theory. To 

address this issue, a discussion on the old and still viable question of 

psychiatric ontology and nosology is warranted (Borsboom et al. 2018). 

As long as negative symptoms are assessed using rating scales, they will 

never be more than what can be agreed on in consensus statements. Thus, the 

negative symptoms as assessed using the SANS, the CAINS, or any other 

rating scale will always differ somewhat in the resulting construct, and 

consensus must be reached about which construct is most valid.  
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Identifying or quantifying negative symptoms with a rating scale first, and 

subsequently investigating them with various genetic, molecular, or 

neuroimaging techniques will never go beyond the original assessment from 

the rating scale. The deficit syndrome of schizophrenia, mentioned in the 

Introduction, is meant to encompass primary negative symptoms, i.e., 

negative symptoms not caused by any identifiable factor. This is a noteworthy 

step forward in trying to homogenize subgroups of negative symptoms, 

supposedly offering greater opportunities to find neurobiological correlates, 

biomarkers, and ultimately better treatments. The same ambition should 

perhaps be applied to depression as well (Shorter 2007). 

In the search of biomarkers, one can gain from adopting a 

realistic/essentialist view (Kendler 2016) (i.e., the negative 

symptoms/schizophrenia/depression are just as real as the elements in the 

periodic table and would present identically, regardless of time in history or 

culture). Then, it seems of utmost importance to delineate primary versus 

secondary negative symptoms, something which has been called for (Galderisi 

et al. 2021). However, it is not settled that the experience of not being 

motivated is mediated by the same biochemical reactions, no matter the 

underlying cause of the motivational loss. Nor is it clear where to draw the 

line between normal and pathological. This research field thus faces the same 

issues as those of anxiety and depression – when does a symptom represent a 

distinct and specific pathological process and when is it an expected reaction 

to external stimuli (Wakefield 2015)? It might not be possible to delineate 

with biomarkers alone, and a broader set of projections might be needed to 

fully enlighten the phenomenon (Engel 1977, Singh and Rose 2009, Paris and 

Kirmayer 2016).  

Causality issues also rapidly complicate the picture. Though secondary 

negative symptoms caused by for example social withdrawal might be 

pervasive in a certain patient – what caused the causes of these secondary 

negative symptoms? Could there have been primary negative symptoms or 

other modulating factors present much earlier? Is it even possible to make such 

a distinction? The possibilities of answering these questions solely in 

biological terms can seem small, and defeatist beliefs, for example, have been 

suggested to play a role in the functional outcome of negative symptoms 

(Campellone et al. 2016). 

The non-etiological approach in DSM-5 further complicates the delineation 

of normal versus disease, applicable to both negative symptoms as a construct 

and, at a higher level, the diagnoses of schizophrenia and depression per se. 

Of note, the distinction between primary and secondary negative symptoms 

relies on etiological factors, clashing with the sovereign atheoretical principle 

in the DSM (Strauss and Cohen 2017). To overcome these limitations, 

transdiagnostic approaches such as the RDoC might pave the way toward 

finding useful biomarkers for negative symptoms. However, the RDoC has 

also been the subject of severe critique for being conceptually flawed and 



 58 

unsuitable for studying severe mental disorders such as schizophrenia, autism, 

dementias, and bipolar disorder (Ross and Margolis 2019). However, this 

critique forgoes the fundamental and still open question of what a disease 

actually is. Other critics have argued that the RDoC has no capacity to 

distinguish between health and disease (Weinberger et al. 2015), and several 

challenges have been brought forth (Lilienfeld 2014). In essence, the RDoC 

has been criticized both for being too reductionistic and for not being 

reductionistic enough. Apart from this conceptual and methodological 

critique, ethical issues have been raised (Akram and Giordano 2017), as well 

as concerns regarding how the RDoC was implemented (Frances 2014, 

Pickersgill 2019). However, even critics have acknowledged that the RDoC 

could offer insights into normal human behavior (Ross and Margolis 2019). 

In summary, the observed overlap between negative and depressive 

symptoms needs further elucidation from many perspectives to be sufficiently 

explained. Some suggestions to future research are made below (Future 

directions). The validation study of negative symptoms included in this thesis 

joins an established trend in the way such symptoms are assessed, thereby also 

contributing to a shift in their conceptualization. Currently, negative 

symptoms are what we assess with rating scales. 

Repetitive transcranial magnetic stimulation 

Pending the possible achievements of the RDoC regarding which entities to 

study when investigating negative symptoms, a transdiagnostic approach was 

used in Study II. While there are accepted definitions of specific subdivisions 

of negative symptoms (Kirkpatrick and Galderisi 2008), we wanted to study a 

sample as clinically representative as possible. This approach adhered to a 

more pragmatic view on the negative symptoms – can we treat them, 

irrespective of if they have any real essence? This pragmatic view eschews 

questions of etiology and pathophysiology (Kendler 2016). We did not fully 

incorporate the RDoC ambition of studying human behavior and symptoms 

regardless of diagnosis, but the design was nevertheless a step towards a 

transdiagnostic approach to common psychiatric symptoms.  

Was it feasible to treat negative symptoms transdiagnostically? Although 

Study II had its limitations (discussed above), we cannot conclude that it was. 

It still seems sound to report both overall and diagnosis-specific results. With 

all due respect to transdiagnostic approaches, separate disease models for 

schizophrenia and depression might be needed (Ghaemi 2013, Ross and 

Margolis 2019, McAllister-Williams et al. 2020). 

There was a treatment effect of rTMS on negative symptoms only in the 

depression group, but not in the schizophrenia group. As discussed above, one 

interpretation is that the DMPFC is not a suitable target for treating negative 

symptoms in patients with schizophrenia. The lack of treatment effect in Study 

V also raises questions about the robustness of the findings in the depression 
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group in Study II. Both the sample and the statistical approaches differed 

slightly between those two studies, which in theory could affect the results. 

There was an actual treatment effect on the negative symptoms in the 

depression group, but no significant effect on depressive symptoms. It is worth 

bearing in mind that the assessment of negative symptoms was clinician-

based, while the depressive symptoms were self-rated. As the participants 

were not fully blinded, potential effects of expectations cannot be ruled out. 

However, the majority ultimately guessed that they had received sham, and 

thus nocebo rather than placebo effects would be at hand. This might have 

suppressed the treatment effect. The lack of an active control site or protocol 

makes it impossible to conclude that it was the stimulation of the DMPFC or 

the iTBS protocol per se (as opposed to any other brain region or any other 

protocol) that caused these changes (Duecker and Sack 2015), but the results 

are promising. They indicate that rTMS could indeed alleviate negative 

symptoms in depression. Even such a small step forward could be beneficial 

for this group of patients.  

That said, one must remember that these results are presented at a group 

level. Some individual patients in both the active and sham group actually 

worsened in their symptom burden. This raises ethical considerations since it 

is argued that the primary aim of health care professionals is not to harm and 

only secondarily to relieve or cure (Wiesing 2020). Therefore, improvement 

or worsening of symptoms cannot automatically outweigh each other in a 1:1 

ratio. This issue also highlights the need of better prediction tools or 

individualization of treatment parameters (see further below under Future 

directions).  

Although we aimed for a clinically representative sample, the 

generalizability of the results is not necessarily broad. First, patients who 

participate in treatment studies are not necessarily the same patients seen in 

everyday practice. This could be especially valid for patients with 

schizophrenia. As mentioned above, a high level of negative symptoms 

possibly affects the likelihood of entering a study. Further, rTMS patients with 

depression are often defined as “treatment-resistant.” Though this group is 

heterogenous and hard to define (Hagg et al. 2020, McAllister-Williams et al. 

2020), it is per definition not very similar to the wider group of patients with 

depression. Lastly, because of the inclusion criteria of a fairly high level of 

self-reported negative symptoms, the results might be applicable to this group 

only. 

Regarding the treatment effect of rTMS on HRV, it seems the two are 

relatively independent of each other. That said, the results yielded quite wide 

confidence intervals in both the main outcome of SDNN and the secondary 

outcomes. A difficulty in HRV research is that there are no established normal 

values (further discussed below), and a clinically meaningful effect is 

therefore hard to determine. The closest approximation is looking at the 

changes in heart rate: the confidence intervals spanned from a decrease by 
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roughly 8 beats per minute to an increase by 8 beats per minute. Thus, it can 

be stated, with a fair amount of certainty, that rTMS does not affect heart rate 

more or less than that. Whether or not an effect within these limits is clinically 

significant is hard to speculate on. 

Bearing the limitations and small sample in mind, the “negative” results are 

still important (de Graaf and Sack 2011), and could temper the enthusiasm in 

the field with some sound skepticism (Michael and Kaur 2021). Treatment 

with rTMS has even been argued to have a “corrective” effect on HRV in 

depression (Udupa et al. 2007), but before the causal mechanisms of cardiac 

autonomic function and depression have been thoroughly clarified, one must 

question if a long-lasting change of autonomic parameters is even desirable. 

Other stimulation techniques would indicate that long-term stimulation of for 

example the vagus nerve is safe (Ben-Menachem 2001), but the ethics in the 

ambition of eliciting a permanent change in neurophysiological interactions 

must be considered. For now, rTMS seems to offer a treatment tool for a group 

of patients that otherwise could be exposed to for example TCAs, which have 

known effects on the cardiac autonomic nervous system (Alvares et al. 2016). 

Also, the results from Study V adds to the evidence of HRV as a trait 

phenomenon in depression, in turn possibly affected by other factors or the 

disorder itself, discussed below. 

Heart rate variability 

An overall conclusion is that patients with schizophrenia and to some extent 

also patients with depression exhibit lower levels of HRV than healthy 

controls. This seems to be largely explained by known determinants of HRV, 

and especially by medication with anticholinergic compounds. Researchers of 

HRV in psychiatry have been aware of this for well over 20 years, but a 

surprising underreporting of patients’ anticholinergic burden continues. 

However, the known determinants are not sufficient to explain the observed 

differences in HRV. Whether this is due to other determinants not yet known, 

inexact measurements of already known determinants, or some inherent 

feature of the diagnoses themselves can only be speculated on.  

The widespread use of HRV in physiology research is partly due to the 

relative ease of obtaining a quantifiable metric of supposedly autonomic 

disturbances or dysfunctions. However, the field is hindered by some 

obstructing factors. One is the many different HRV metrics and methods of 

collecting and analyzing data, hampering comparisons between studies. For 

example, a 5-minute recording cannot be compared with a recording of 

another time length (Malik 1996). 

Another issue is the lack of normative data. There are no established 

definitions of what constitutes a “normal” versus a “pathological” HRV, and 

the interindividual variation is high. This complicates the use of HRV as a 

biomarker or prognostic factor for various pathological states. Attempts have 

been made to define normative values, but the lack of success is attributed to 
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factors such as poor reporting of and/or different definitions of metrics, a lack 

of adherence to established recommendations, and the relatively sparse 

research on healthy as opposed to clinical populations (Malik 1996, Nunan et 

al. 2010). 

There is also a long and ongoing debate about the capacity of HRV to 

correctly reflect autonomic and particularly vagal functioning. Though 

steadily criticized, the various HRV metrics are often reported as equivalent 

to either sympathetic or parasympathetic actions. The tendency to draw 

conclusions about the functioning of the whole ANS from HRV alone has to 

be accompanied by caveats (Hayano and Yuda 2019). However, there seems 

to be a consensus that HRV can indeed reveal something about vagal 

functioning in particular, at least when properly used (Berntson et al. 1997). 

Further, there are controversies about the relationship between HRV and 

heart rate. As the IBI increases, so does HRV, while heart rate decreases as an 

effect of the longer IBI. Some have argued that HRV is a direct reflection of 

heart rate (Monfredi et al. 2014), while others suggest that HRV adds more 

value than what can be derived from heart rate alone. It appears that higher 

heart rate indeed reduces HRV, but that analysis of HRV can still provide 

more information regarding the ANS modulation of the heart (de Geus et al. 

2019). This is of interest, since tachycardia alone has also been pointed out as 

a risk factor for cardiovascular disease and mortality (Nilsson et al. 2018).  

In the literature, both patients with schizophrenia and patients with 

depression are often denoted as having an autonomic dysfunction (Montaquila 

et al. 2015, Michael and Kaur 2021). However, pure autonomic dysfunction 

is not equivalent to reduced HRV, but rather a multifaceted clinical picture of 

for example postural hypotension, urinary problems, and constipation. The 

causes can be genetic (Riley-Day syndrome), neurodegenerative (Parkinson’s 

disease), metabolic (diabetes mellitus), autoimmune (Guillain-Barré 
syndrome), or caused by spinal cord trauma or toxins (Wehrwein et al. 2016). 

Until the causal mechanisms and a pathophysiological pathway have been 

established in schizophrenia and depression, it seems most relevant to describe 

what has actually been observed, namely lower levels of HRV.  

 

 

 

 

 



 62 

Future directions 

Negative symptoms 

Future validation studies of the CAINS should aim to adhere to the 

recommendations in the QUADAS initiative, including a blinded design. A 

larger replication study in a Swedish sample would be appropriate, preferably 

including a wider sample of patients, e.g., a balance between in- and 

outpatients, including different sub-diagnoses on the schizophrenia spectrum 

and with various different sociodemographic and clinical characteristics. This 

would also allow for analyzing which items are most strongly associated with 

functional outcome, self-reported health, cognitive deficits (for example the 

correlation between the alogia item and the results of a verbal fluency test), 

treatment response, and so on.  

Research on negative symptoms in the deficit syndrome compared with 

other types of schizophrenia could elucidate whether these differ in any 

substantial way. If not, it will be even harder to make a distinction between 

these two supposedly different categories. 

In the context of the RDoC, the CAINS could be used together with the 

various matrices in order to investigate if it is fruitful to bring these basic 

research findings into a clinical setting. 

Regarding negative symptoms in depression, there are many paths to 

pursue. In general, validation studies discriminate towards depressive 

symptoms, but as already mentioned, the overlap is substantial. There is a need 

to investigate how patients with depression score on scales for negative 

symptoms, such as the CAINS, and to relate this to the same factors as in 

schizophrenia, namely functional or treatment outcome. Transdiagnostic 

research on negative symptoms undeniably challenges the view of negative 

symptoms as specific for schizophrenia spectrum disorders. In depression as 

well as in schizophrenia, the aim should be to develop better treatments and 

care-taking for the patients. Otherwise, this practice will never extend beyond 

a mere categorization of human appearance and behavior. 

The transdiagnostic approach in investigating negative symptoms also 

implicates the inclusion of healthy controls in order to distinguish base rates 

of negative symptoms in the population (Stoyanov et al. 2019). Psychiatrists 

generally hold the view that negative symptoms are a feature of schizophrenia, 

but there are strong arguments for a dimensional approach to negative 

symptoms (Kaiser et al. 2011). Therefore, assessments of negative symptoms 
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in other diagnoses or individuals should be blinded to diagnosis, avoiding any 

prejudices about the person being assessed. Interestingly, healthy controls 

self-report a fairly high level of negative symptoms – but when assessed by 

clinicians aware of them being healthy controls, they are often given no score 

at all (Richter et al. 2019). Here, if anywhere, assessments of factors identified 

in the RDoC in these individuals could enhance its development and 

contribute to the description of the negative symptom continuum, with the 

goal of keeping the boundaries between health and disease intact (Ghaemi 

2008). To achieve this, we might ultimately need a non-linear disease model 

(Weinberger et al. 2015) that is both dimensional and categorical (Ghaemi 

2013) and encompasses the phenomenology of the suffering (Svenaeus 2014). 

Repetitive transcranial magnetic stimulation 

For rTMS against negative symptoms, the recent studies discussed above 

point towards the DLPFC as a treatment target, at least in schizophrenia. 

However, if there is an interest in disentangling the specific neural pathways 

mediating the potential treatment effect, a three-arm study could aid this – e.g., 

DLPFC, DMPFC, and sham stimulation. As previously discussed, a more 

pragmatic approach would be simply to treat, regardless of the neural 

networks involved. However, some argue that pure evidence for efficacy also 

needs a theoretical model of the curing mechanism to be valid (Ghaemi 2008). 

In such case, rTMS in general faces great challenges. Nevertheless, such 

arguments can be countered on the basis that what is considered biological 

plausible today rests on the knowledge currently achieved (Hill 1965). 

The change over time reported in some studies is also worth follow-up. 

Wherein lies its cause? A blinding of timepoint for the raters would be 

necessary to help investigating this issue. Behavioral activation and meeting 

with sympathetic health care staff have face validity for improving outcomes 

in rTMS studies, but this would need to be investigated properly before being 

ultimately settled. However, not all health care can be evidence-based, and 

showing empathy might be one such factor (Svenaeus 2014). 

The language use by raters and operators could also be of interest in 

investigating the subjective reporting of for example side effects, or maybe 

even treatment effects (Faria et al. 2017). Is it possible to decrease the 

experience of pain through the use of different words, as shown in other 

experiments (Barsky 2017)? Could this aid in enhancing tolerability? Could it 

even augment the treatment effect? Can we predict who will experience side 

effects (Barsky et al. 2002)? If the power of expectations were not so strong, 

there would be no need for blinded studies. Taking expectations into account 

could therefore potentially aid in separating placebo effects from “real” effects 

(the effect in the actual subject is of course real, no matter the cause). The goal 

of this would be to profit from the effects of expectations (for example 

enhancing treatment efficacy), rather than to “reveal” that they exist. 
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Regarding prediction of treatment response in rTMS, a large number of 

factors have been studied, but there are no robust findings (Kar 2019). In order 

to enhance the prediction of treatment response, one could possibly look at 

other fields, where personality traits and other psychosocial factors often 

emerge as significant predictors, albeit not always for a specific treatment 

response, but rather in the development of chronic states and functional 

outcome (Summers et al. 1988, Ristner et al. 2000, Westman et al. 2008, 

Oldenburg et al. 2018). Similar approaches have been studied in rTMS 

settings as well, revealing some interesting findings suggesting that 

personality matters for treatment response (Siddiqi et al. 2016), but with 

overall negative outcome (Krepel et al. 2020). 

Since patients with schizophrenia and depression who are included in 

rTMS studies are often labeled treatment-resistant, there is a need of a better 

characterization of these groups (Kronick et al. 2021). There are many steps 

in the emergence of a treatment-resistant depression, each possessing a high 

level of heterogeneity; the initial diagnosis of major depressive disorder is 

heterogenous, the various treatments used are heterogenous, time to relapse is 

heterogenous, and so on (Demyttenaere and Van Duppen 2019). When 

defining a state as dependent on the number of failed treatment trials, health 

care also includes its own actions in the definition, creating a complex 

construct that is unlikely to constitute a specific neurobiological trait (i.e., be 

“real” (Kendler 2016)). Ambitions of finding neurobiological underpinnings 

in such a condition are bound to fail and potential findings would still have to 

be related to higher level phenomena, such as the social context in which the 

individual exists, in order to reach any clinical significance (Paris and 

Kirmayer 2016). It is also possible that health care itself contributes to the 

chronicity by reinforcing a strict biomedical view on the symptoms. Good 

arguments for the reconceptualization of treatment-resistant depression have 

been put forth (McAllister-Williams et al. 2020). A broader perspective could 

be necessary, finding an optimal trade-off between realism and pragmatism, 

and also acknowledging that medical diagnoses have a societal and cultural 

influence (Engel 1977, Kendler 2016, Borsboom et al. 2018). For example, 

low social support is associated with shorter time to relapse in depression 

(Fekadu et al. 2012), something that is not foreseen by biomedical 

perspectives such as the RDoC (Paris and Kirmayer 2016). 

The use of rTMS to treat psychiatric disorders is relatively recent, and there 

is a need to situate rTMS in the wider scientific area of the medical humanities. 

Such interdisciplinary research could include phenomenological experiences 

of receiving rTMS, bioethical issues, historical descriptions, or scrutinizing 

the vocabulary used in the field. These approaches could be of benefit for the 

field in general, addressing questions of meaning rather than, for instance, 

tolerability or efficacy. 
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Heart rate variability 

The cause of the lower HRV in schizophrenia and depression is not yet fully 

understood. For health care providers, it seems reasonable to start by trying to 

falsify the hypothesis that we ourselves induce changes for instance through 

the use of anticholinergic drugs (Ghaemi 2008). To date, a substantial number 

of the criteria for causality, if not all, have been established regarding the 

decrease of HRV as a reaction to anticholinergic compounds (Hill 1965). 

Thus, TCAs and other highly anticholinergic drugs increase heart rate and 

lower HRV. Both these factors have been pointed out as risk factors for 

cardiovascular disease. There is a high comorbidity with cardiovascular 

disease in both schizophrenia and depression. It seems important to assess 

whether the use of these medications contributes to the risk increase. If so, this 

knowledge would have to be incorporated into the risk-benefit equation every 

time such a drug regimen is suggested. There are many other factors 

contributing to the risk as well, but the use of these drugs is something that 

can quite easily be influenced, as opposed to for example smoking cessation, 

a healthier lifestyle in general, or inherent features of the diagnoses 

themselves. Future studies of HRV should thus include some assessment of 

anticholinergic burden. The dichotomy of antidepressants versus 

antipsychotics is not applicable here. 

Study III should be replicated and the Anticholinergic Drug Scale will 

probably need updates as new pharmacological data emerge. Whether or not 

anticholinergic compounds per se contribute to the shorter life expectancy 

observed in at least schizophrenia, would have to be investigated, preferably 

in large register-based studies. However, since the risk is multifactorial, 

causality issues would always linger. 

The role of the cerebellum in HRV regulation in patients with 

schizophrenia will also need further elucidation before being concretized. 

Here, anticholinergic burden might still be of interest, since there are 

cholinergic neurons also within the brain, primarily involved in cerebral blood 

flow (Wehrwein et al. 2016), which is central for the interpretation of the 

BOLD signal in functional MRI studies.  

Regarding HRV and rTMS, even though the study included herein 

indicates the absence of a large effect, there might be a small effect. If deemed 

of interest to discover, future studies should be properly powered for this. 

Whether such a small effect would bear any clinical relevance must be 

interpreted based on the purpose of such a study. 
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Sammanfattning på svenska 

Schizofreni, depression och negativa symtom 

Schizofreni är en psykisk sjukdom som ofta debuterar under de sena tonåren 

eller i ung vuxen ålder. Sjukdomen präglas av så kallade psykotiska symtom, 

vilket till exempel innebär att man hör röster (hörselhallucinationer) eller har 

en bristande tolkning av verkligheten (vanföreställningar). Det är också 

vanligt att man inte anser sig vara sjuk, vilket kan innebära problem i 

kontakten med vården. Därtill finns det något som kallas för negativa symtom. 

Dessa innefattar till exempel känslomässig avtrubbning, motivationslöshet 

och oförmåga att känna lust och glädje. Man har valt termen ”negativa” 

eftersom det är förmågor som försvinner från individen. Dessa symtom är 

svårare att behandla och har visat sig bidra till den funktionsförlust som 

sjukdomen orsakar. Man vet inte varför somliga får schizofreni, men det är 

sannolikt många olika faktorer som samverkar, varav ärftlighet är en viktig 

faktor.  

Depressiva besvär består av bland annat nedstämdhet, oförmåga att känna 

lust och glädje, skuldkänslor, sömnbesvär och energilöshet. För att klassas 

som depression måste ett visst antal besvär vara framträdande under en viss 

tid. Förekomsten av depression är svår att uppskatta, delvis på grund av att 

den beror på hur vi definierar depression. Det är också stor skillnad på hur en 

lindrig depression ter sig jämfört med en svår. Det kan vara så att många 

människor som egentligen upplever helt normala reaktioner på yttre 

omständigheter definieras som sjuka och söker medicinsk hjälp, samtidigt 

som sjuka människor aldrig kommer i kontakt med sjukvården. Den 

behandling som finns är inte heller alltid effektiv. Samtliga dessa företeelser 

är problematiska och motiverar att depression studeras vidare. Depression 

som inte förbättras efter flera behandlingsförsök utgör en särskild grupp, och 

det är den gruppen som har studerats i den här avhandlingen. 

Det finns likheter mellan depressiva besvär och de negativa symtomen vid 

schizofreni. Många tror att symtomen uppkommer på likartade sätt, oavsett 

vad patienten har för diagnos. Eftersom de negativa symtomen bidrar till 

funktionsförlust är det viktigt att försöka lindra dem. Ett första steg blir då att 

på ett tillförlitligt sätt identifiera de negativa symtomen. Därför utvecklade 

man i USA en ny intervju för att kunna uppskatta omfattningen av negativa 

symtom hos patienterna. Intervjun döptes till Clinical Assessment Interview 

for Negative Symptoms (CAINS, på svenska Klinisk Bedömningsintervju för 
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Negativa Symtom). Vi översatte den här intervjun till svenska och i studie I 

användes översättningen i en grupp svensktalande patienter med schizofreni 

för att säkerställa att den svenska intervjun hade ungefär samma egenskaper 

som den engelska. Det hade den, men det vore bra att studera samma sak i en 

ännu större grupp. 

Repetitiv transkraniell magnetstimulering  

Den här avhandlingen handlar också om en ny behandlingsmetod för 

medelsvår till svår depression, vilken kallas repetitiv transkraniell 

magnetstimulering (rTMS). Den har varit i bruk sedan 1990-talet, men i 

Sverige godkände Socialstyrelsen rTMS år 2017 och man fastslår nu att 

behandlingen bör erbjudas till den som har en depression och som inte har 

blivit bättre efter åtminstone två andra behandlingsförsök (alltså den grupp av 

patienter som vi har studerat). Metoden består i att man skickar ut en stark och 

hastigt växlande ström i en kopparspole. Det genererar ett elektromagnetiskt 

fält som kan passera skallbenet och därmed nå hjärnan. Det kallas 

elektromagnetisk induktion och är i grunden samma princip som i en 

induktionshäll. Egentligen handlar det alltså om elektrisk stimulering, men via 

ett elektromagnetiskt fält. Fältet som alstras i hjärnan kan utlösa en nervsignal 

och till exempel få tummen att rycka till om man stimulerar det område av 

hjärnan som styr tummen. Om man ger upprepade pulser enligt olika protokoll 

kan man påverka nervcellernas benägenhet att signalera. Spolen kan hållas 

mot olika områden av hjärnan och man kan på så sätt påverka specifika 

hjärnområden. Eftersom nervcellerna är hopkopplade med varandra i nätverk 

genom hjärnan kan man aktivera eller hämma aktiviteten i ett helt 

hjärnnätverk. Behandling med rTMS har visat sig säker och mer effektiv än 

skenbehandling mot depression i flera dubbelblindade, randomiserade, 

kontrollerade prövningar.  

Man har också prövat rTMS mot negativa symtom vid schizofreni. 

Resultaten har dock inte varit lika entydiga. Därför designade vi en 

dubbelblindad, randomiserad, kontrollerad prövning med rTMS mot negativa 

symtom vid schizofreni eller depression i ett försök att behandla dessa symtom 

i två olika patientgrupper (studie II). Det visade sig att endast patienterna med 

depression blev bättre i sina negativa symtom, vilket kan ha många olika 

orsaker. Kanske var det område av hjärnan som behandlades inte helt optimalt, 

eller kanske är det trots allt så att negativa symtom vid schizofreni och 

depression uppkommer och förändras på olika sätt. 

Hjärtfrekvensvariabilitet 

Pulsen, eller hjärtfrekvensen, räknas som antal slag per minut, men tiden 

mellan hjärtslagen är inte konstant, utan varierar. Detta fenomen kallas för 

hjärtfrekvensvariabilitet (på engelska heart rate variability, HRV). 

Variationen styrs av det autonoma nervsystemet (det kallas så eftersom vi inte 

kan styra över det själva, till skillnad från det viljestyrda nervsystemet som 
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styr till exempel musklerna). Det finns samband mellan nedsatt HRV och 

hjärtkärlsjukdomar. Både patienter med schizofreni och depression har 

dessutom ökad risk för hjärtkärlsjukdomar. Därför är det viktigt att dessa 

samband studeras. Man har tidigare sett att HRV avviker vid schizofreni och 

depression jämfört med friska kontroller. Däremot vet man inte varför. 

Sannolikt är flera olika faktorer inblandade. En sådan faktor kan vara de 

läkemedel som patienterna ofta tar. Man vet att vissa egenskaper hos några av 

dessa läkemedel tydligt påverkar det autonoma nervsystemets förmåga att 

styra hjärtfrekvensvariabiliteten. När man kategoriserar läkemedlen i studier 

utgår man dock oftast från helt andra indelningar, vilket har gjort det svårt att 

se detta samband. I studie III användes därför en indelning som utgick från 

läkemedlens förmåga att påverka det autonoma nervsystemet. Det visade sig 

då att vissa läkemedel påverkade HRV. Även om man tog hänsyn till flera 

andra faktorer som man vet spelar roll för HRV påverkade emellertid 

diagnoserna i sig också HRV. Det kan bero på flera olika saker. Till exempel 

kan det finns okända faktorer som påverkar. Det kan också vara så att de 

faktorer som användes i studien inte mättes på ett tillräckligt detaljerat sätt. En 

annan förklaring kan vara att diagnoserna i sig har någon form av påverkan. 

Givetvis kan flera olika faktorer samverka. 

I studie IV ville vi öka förståelsen för hur styrningen av HRV går till. Vi 

genomförde därför magnetkameraundersökningar av hjärnan på patienter med 

schizofreni och friska kontroller. Vi mätte också HRV på samma patienter, 

dock inte samtidigt som magnetkameraundersökningarna. Det vi kunde se var 

att lillhjärnan (cerebellum) verkade spela roll för hur HRV styrdes i patienter 

med schizofreni, men inte i friska kontroller. Det finns andra studier som pekar 

åt samma håll. 

Man vet väldigt lite om hur rTMS påverkar HRV, men det verkar som att 

rTMS kan påverka pulsen och HRV under själva stimuleringen. Huruvida 

HRV förändras efter en hel behandlingsserie (som ofta pågår under cirka 2 

veckor, med behandlingar 1–2 gånger dagligen) är dock oklart. Det är viktigt 

att studera detta, eftersom vissa läkemedel mot depression kan minska det 

autonoma nervsystemets möjlighet att styra hjärtat (som nämnts ovan). Om 

rTMS inte har dessa negativa egenskaper kan det behöva vägas in när man 

väljer behandling. Det kan också vara intressant att studera om förändringar i 

patienternas symtom samvarierar med förändringar i HRV. Om de gör det 

skulle det tala för att symtomen i sig påverkar HRV (eller att HRV påverkar 

symtomen). Slutligen vore det bra om man kunde hitta faktorer som kan 

förutsäga vilka som kommer att få nytta av behandlingen med rTMS. Enstaka 

försök har gjorts att studera HRV som en sådan faktor. Mot bakgrund av detta 

undersökte vi i studie V hur en behandlingsserie med rTMS påverkade HRV. 

Vi fann att HRV inte påverkades överhuvudtaget, vilket vi tolkade som något 

positivt. Vi såg vidare att HRV inte samvarierade med symtomen hos 

patienterna, vilket tolkades som att HRV snarare har att göra med andra 

egenskaper hos de deprimerade individerna än just symtomnivåerna. 
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Avslutningsvis fann vi inte heller några tecken på att HRV kunde förutsäga 

vilka som fick nytta av behandlingen.  

Slutsatser 

Det är inte helt lätt att dra en enskild slutsats av de olika studierna i denna 

avhandling. Man kan dock konstatera följande: 

 

1. Den svenska versionen av CAINS kan användas på ett tillförlitligt sätt. 

2. Behandling med rTMS mot negativa symtom var mer effektiv än 

skenbehandling endast vid depression. 

3. Patienter med schizofreni och depression uppvisar lägre nivåer av HRV 

och detta påverkas av vissa läkemedel. 

4. Lillhjärnan kan spela roll för hur HRV styrs hos patienter med schizofreni. 

5. Behandling med rTMS verkar inte ge några effekter på autonoma 

nervsystemets styrning av hjärtat. 
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babysitting, “hämtningar,” and for letting me deliver bread to your clinic. Also 

to Pradeep for the scientific discussions.  

 

To my friend Jonatan Brattberg, for bringing me on your refreshing lunch 

runs where I could sort my thoughts during manuscript writing while you ran 

faster. 

 

To Annadahl Dahl and Christoffer Hjälmroth. For no particular reason. 

 



 74 

To the Lundberg-Jonsson family at our summer island. For a terrace that is 

always open and for a cold beer after a long day of writing. 

 

To Anton Dahlberg, Jonas Sigedal, and Hönan. For offering laughs and 

immersion in fantasy during game-playing weekends. To Anton for statistical 

discussions and EndNote tips. 

 

To all the members of the board in my housing cooperative. For support with 

OVK, economy, and discontent members when this thesis was being finalized. 

Thank you Hanna, Henrik, Håkan, Krisztina, Niclas, and Staffan. 

 

To the Anders Wall Foundation. For granting me the Uppsala Student of the 

Year award, which continues to encourage me to get things done. 

 

 

 

To my dearest parents Bengt-Olof and Gunilla. For nourishing my curiosity, 

showing me the joy of learning, and unconditional support. 

 

To my brother Douglas. For always being my older brother. 

 

To my mother-in-law Åsa. For innumerable occasions watching the children, 

making dinner, and solving everyday matters. This thesis would not exist 

without you.  

 

To my father-in-law Anders. For input, discussions, criticisms, and – most of 

all – insights. 

 

To my uncle-in-law Björn. For helpful advice on both raising children and 

clinical issues, and for interpretation of short movies. 

 

To my extended family and sisters-in-law – Maria and Carl, Agnes, and 

Kricke. 

 

To my three beloved children. For both filling and draining me with energy, 

for asking the most difficult questions, and for letting me think of something 

else. Nothing would be worth it without you.  

 

Lastly, and most importantly, to my wife Cilla. Less is more. 

 

 

 

 

 



 75 

References 

 
1. Abhishekh, H.A., Nisarga, P., Kisan, R., Meghana, A., Chandran, S., 

Trichur, R., et al. (2013). "Influence of age and gender on autonomic 

regulation of heart." Journal of Clinical Monitoring and Computing 

27:259-264. 

2. ABIM Foundation. (2021). "Choosing Wisely. An initiative of the ABIM 

Foundation [Internet] [cited 2021 Oct 18]. Available from: www.choo- 

singwisely.org.". 

3. Agashe, S. and Petak, S. (2018). "Cardiac Autonomic Neuropathy in 

Diabetes Mellitus." Methodist Debakey Cardiovascular Journal 14:251-

256. 

4. Akobeng, A.K. (2016). "Understanding type I and type II errors, statistical 

power and sample size." Acta Paediatrica 105:605-609. 

5. Akram, F. and Giordano, J. (2017). "Research Domain Criteria as 

Psychiatric Nosology." Cambridge Quarterly of Healthcare Ethics 26:592-

601. 

6. Aleman, A., Enriquez-Geppert, S., Knegtering, H. and Dlabac-de Lange, 

J.J. (2018). "Moderate effects of noninvasive brain stimulation of the 

frontal cortex for improving negative symptoms in schizophrenia: Meta-

analysis of controlled trials." Neuroscience and Biobehavioral Reviews 

89:111-118. 

7. Alvares, G.A., Quintana, D.S., Hickie, I.B. and Guastella, A.J. (2016). 

"Autonomic nervous system dysfunction in psychiatric disorders and the 

impact of psychotropic medications: a systematic review and meta-

analysis." Journal of Psychiatry and Neuroscience 41:89-104. 

8. American Psychiatric Association (2013). Diagnostic and Statistical 

Manual of Mental Disorders, 5th ed. Arlington, VA, USA, American 

Psychiatric Publishing. 

9. Andreasen, N.C. (1982). "Negative symptoms in schizophrenia. Definition 

and reliability." Archives of General Psychiatry 39:784-788. 

10. Andreasen, N.C. (1989). "The Scale for the Assessment of Negative 

Symptoms (SANS): conceptual and theoretical foundations." British Journal 

of Psychiatry. Supplement:49-58. 

11. Andreasen, N.C., O'Leary, D.S., Cizadlo, T., Arndt, S., Rezai, K., Ponto, 

L.L., et al. (1996). "Schizophrenia and cognitive dysmetria: a positron-

emission tomography study of dysfunctional prefrontal-thalamic-cerebellar 

circuitry." Proceedings of the National Academy of Sciences of the United 

States of America 93:9985-9990. 

12. Andreasen, N.C. and Olsen, S. (1982). "Negative v positive schizophrenia. 

Definition and validation." Archives of General Psychiatry 39:789-794. 

/Users/johanbengtsson/Documents/Forskning/Disp/Kappan/Version3/www.choo-


 76 

13. Anninos, P.A., Tsagas, N., Sandyk, R. and Derpapas, K. (1991). "Magnetic 

stimulation in the treatment of partial seizures." International Journal of 

Neuroscience 60:141-171. 

14. Antelmi, I., de Paula, R.S., Shinzato, A.R., Peres, C.A., Mansur, A.J. and 

Grupi, C.J. (2004). "Influence of age, gender, body mass index, and 

functional capacity on heart rate variability in a cohort of subjects without 

heart disease." American Journal of Cardiology 93:381-385. 

15. Aronowitz, R.A. (2001). "When do symptoms become a disease?" Annals 

of Internal Medicine 134:803-808. 

16. Bakker, N., Shahab, S., Giacobbe, P., Blumberger, D.M., Daskalakis, Z.J., 

Kennedy, S.H., et al. (2015). "rTMS of the dorsomedial prefrontal cortex 

for major depression: safety, tolerability, effectiveness, and outcome 

predictors for 10 Hz versus intermittent theta-burst stimulation." Brain 

Stimulation 8:208-215. 

17. Bar, K.J. (2015). "Cardiac Autonomic Dysfunction in Patients with 

Schizophrenia and Their Healthy Relatives - A Small Review." Frontiers in 

Neurology 6:139. 

18. Bar, K.J., Letzsch, A., Jochum, T., Wagner, G., Greiner, W. and Sauer, H. 

(2005). "Loss of efferent vagal activity in acute schizophrenia." Journal of 

Psychiatric Research 39:519-527. 

19. Barker, A.T., Jalinous, R. and Freeston, I.L. (1985). "Non-invasive 

magnetic stimulation of human motor cortex." Lancet 1:1106-1107. 

20. Barsky, A.J. (2017). "The Iatrogenic Potential of the Physician's Words." 

JAMA 318:2425-2426. 

21. Barsky, A.J., Saintfort, R., Rogers, M.P. and Borus, J.F. (2002). 

"Nonspecific medication side effects and the nocebo phenomenon." JAMA 

287:622-627. 

22. Bation, R., Magnin, C., Poulet, E., Mondino, M. and Brunelin, J. (2021). 

"Intermittent theta burst stimulation for negative symptoms of 

schizophrenia-A double-blind, sham-controlled pilot study." NPJ 

Schizophrenia 7:10. 

23. Beissner, F., Schumann, A., Brunn, F., Eisentrager, D. and Bar, K.J. 

(2014). "Advances in functional magnetic resonance imaging of the human 

brainstem." Neuroimage 86:91-98. 

24. Ben-Menachem, E. (2001). "Vagus nerve stimulation, side effects, and 

long-term safety." Journal of Clinical Neurophysiology 18:415-418. 

25. Benarroch, E.E. (1993). "The central autonomic network: functional 

organization, dysfunction, and perspective." Mayo Clinic Proceedings 

68:988-1001. 

26. Benichou, T., Pereira, B., Mermillod, M., Tauveron, I., Pfabigan, D., 

Maqdasy, S., et al. (2018). "Heart rate variability in type 2 diabetes 

mellitus: A systematic review and meta-analysis." PloS One 13:e0195166. 

27. Berman, A.H., Bergman, H., Palmstierna, T. and Schlyter, F. (2005). 

"Evaluation of the Drug Use Disorders Identification Test (DUDIT) in 

criminal justice and detoxification settings and in a Swedish population 

sample." European Addiction Research 11:22-31. 

28. Berntson, G.G., Bigger, J.T., Jr., Eckberg, D.L., Grossman, P., Kaufmann, 

P.G., Malik, M., et al. (1997). "Heart rate variability: origins, methods, 

and interpretive caveats." Psychophysiology 34:623-648. 



 77 

29. Birchwood, M., Smith, J., Drury, V., Healy, J., Macmillan, F. and Slade, 

M. (1994). "A self-report Insight Scale for psychosis: reliability, validity 

and sensitivity to change." Acta Psychiatrica Scandinavica 89:62-67. 

30. Birkhofer, A., Geissendoerfer, J., Alger, P., Mueller, A., Rentrop, M., 

Strubel, T., et al. (2013). "The deceleration capacity - a new measure of 

heart rate variability evaluated in patients with schizophrenia and 

antipsychotic treatment." European Psychiatry 28:81-86. 

31. Blumberger, D.M., Vila-Rodriguez, F., Thorpe, K.E., Feffer, K., Noda, Y., 

Giacobbe, P., et al. (2018). "Effectiveness of theta burst versus high-

frequency repetitive transcranial magnetic stimulation in patients with 

depression (THREE-D): a randomised non-inferiority trial." Lancet 

391:1683-1692. 

32. Boden, R., Persson, J., Wall, A., Lubberink, M., Ekselius, L., Larsson, 

E.M., et al. (2017). "Striatal phosphodiesterase 10A and medial prefrontal 

cortical thickness in patients with schizophrenia: a PET and MRI study." 

Transl Psychiatry 7:e1050. 

33. Bohn, M.J., Babor, T.F. and Kranzler, H.R. (1995). "The Alcohol Use 

Disorders Identification Test (AUDIT): validation of a screening 

instrument for use in medical settings." Journal of Studies on Alcohol 

56:423-432. 

34. Borsboom, D., Cramer, A.O.J. and Kalis, A. (2018). "Brain disorders? Not 

really: Why network structures block reductionism in psychopathology 

research." Behavioral and Brain Sciences 42:e2. 

35. Bradley, D.J., Ghelarducci, B. and Spyer, K.M. (1991). "The role of the 

posterior cerebellar vermis in cardiovascular control." Neuroscience 

Research 12:45-56. 

36. Brhlikova, P., Pollock, A.M. and Manners, R. (2011). "Global Burden of 

Disease estimates of depression--how reliable is the epidemiological 

evidence?" Journal of the Royal Society of Medicine 104:25-34. 

37. Brond, J.C., Andersen, L.B. and Arvidsson, D. (2017). "Generating 

ActiGraph Counts from Raw Acceleration Recorded by an Alternative 

Monitor." Medicine and Science in Sports and Exercise 49:2351-2360. 

38. Buchheit, M., Simon, C., Charloux, A., Doutreleau, S., Piquard, F. and 

Brandenberger, G. (2005). "Heart rate variability and intensity of habitual 

physical activity in middle-aged persons." Medicine and Science in Sports 

and Exercise 37:1530-1534. 

39. Burstrom, K., Sun, S., Gerdtham, U.G., Henriksson, M., Johannesson, M., 

Levin, L.A., et al. (2014). "Swedish experience-based value sets for EQ-5D 

health states." Quality of Life Research 23:431-442. 

40. Buysse, D.J., Reynolds, C.F., 3rd, Monk, T.H., Berman, S.R. and Kupfer, 

D.J. (1989). "The Pittsburgh Sleep Quality Index: a new instrument for 

psychiatric practice and research." Psychiatry Research 28:193-213. 

41. Cacciotti-Saija, C., Quintana, D.S., Alvares, G.A., Hickie, I.B. and 

Guastella, A.J. (2018). "Reduced heart rate variability in a treatment-

seeking early psychosis sample." Psychiatry Research 269:293-300. 

42. Campana, M., Wagner, E., Wobrock, T., Langguth, B., Landgrebe, M., 

Eichhammer, P., et al. (2021). "Effects of high-frequency prefrontal rTMS 

on heart frequency rates and blood pressure in schizophrenia." Journal of 

Psychiatric Research 140:243-249. 



 78 

43. Campellone, T.R., Sanchez, A.H. and Kring, A.M. (2016). "Defeatist 

Performance Beliefs, Negative Symptoms, and Functional Outcome in 

Schizophrenia: A Meta-analytic Review." Schizophrenia Bulletin 42:1343-

1352. 

44. Cao, H., Ingvar, M., Hultman, C.M. and Cannon, T. (2019). "Evidence for 

cerebello-thalamo-cortical hyperconnectivity as a heritable trait for 

schizophrenia." Transl Psychiatry 9:192. 

45. Carnahan, R.M., Lund, B.C., Perry, P.J., Pollock, B.G. and Culp, K.R. 

(2006). "The Anticholinergic Drug Scale as a measure of drug-related 

anticholinergic burden: associations with serum anticholinergic activity." 

Journal of Clinical Pharmacology 46:1481-1486. 

46. Carney, R.M. and Freedland, K.E. (2017). "Depression and coronary heart 

disease." Nature Reviews: Cardiology 14:145-155. 

47. Casanova, M.F., Hensley, M.K., Sokhadze, E.M., El-Baz, A.S., Wang, Y., 

Li, X., et al. (2014). "Effects of weekly low-frequency rTMS on autonomic 

measures in children with autism spectrum disorder." Frontiers in Human 

Neuroscience 8:851. 

48. Chalmers, J.A., Quintana, D.S., Abbott, M.J. and Kemp, A.H. (2014). 

"Anxiety Disorders are Associated with Reduced Heart Rate Variability: A 

Meta-Analysis." Front Psychiatry 5:80. 

49. Chang, C., Metzger, C.D., Glover, G.H., Duyn, J.H., Heinze, H.J. and 

Walter, M. (2013). "Association between heart rate variability and 

fluctuations in resting-state functional connectivity." Neuroimage 68:93-

104. 

50. Charlson, F., van Ommeren, M., Flaxman, A., Cornett, J., Whiteford, H. 

and Saxena, S. (2019). "New WHO prevalence estimates of mental 

disorders in conflict settings: a systematic review and meta-analysis." 

Lancet 394:240-248. 

51. Charlson, F.J., Ferrari, A.J., Santomauro, D.F., Diminic, S., Stockings, E., 

Scott, J.G., et al. (2018). "Global Epidemiology and Burden of 

Schizophrenia: Findings From the Global Burden of Disease Study 2016." 

Schizophrenia Bulletin 44:1195-1203. 

52. Cheng, Y.C., Huang, Y.C. and Huang, W.L. (2019). "Heart rate variability 

as a potential biomarker for alcohol use disorders: A systematic review and 

meta-analysis." Drug and Alcohol Dependence 204:107502. 

53. Chistyakov, A.V., Rubicsek, O., Kaplan, B., Zaaroor, M. and Klein, E. 

(2010). "Safety, tolerability and preliminary evidence for antidepressant 

efficacy of theta-burst transcranial magnetic stimulation in patients with 

major depression." International Journal of Neuropsychopharmacology 

13:387-393. 

54. Choi, K.W. and Jeon, H.J. (2020). "Heart Rate Variability for the 

Prediction of Treatment Response in Major Depressive Disorder." Front 

Psychiatry 11:607. 

55. Chouinard, G. and Margolese, H.C. (2005). "Manual for the 

Extrapyramidal Symptom Rating Scale (ESRS)." Schizophrenia Research 

76:247-265. 

56. Clamor, A., Lincoln, T.M., Thayer, J.F. and Koenig, J. (2016). "Resting 

vagal activity in schizophrenia: meta-analysis of heart rate variability as a 

potential endophenotype." British Journal of Psychiatry 208:9-16. 



 79 

57. Clamor, A., Sundag, J. and Lincoln, T.M. (2019). "Specificity of resting-

state heart rate variability in psychosis: A comparison with clinical high 

risk, anxiety, and healthy controls." Schizophrenia Research 206:89-95. 

58. Colloca, L. and Barsky, A.J. (2020). "Placebo and Nocebo Effects." New 

England Journal of Medicine 382:554-561. 

59. Correll, C.U. (2010). "From receptor pharmacology to improved outcomes: 

individualising the selection, dosing, and switching of antipsychotics." 

European Psychiatry 25 Suppl 2:S12-21. 

60. Cosmo, C., Seligowski, A.V., Aiken, E.M., Van't Wout-Frank, M. and 

Philip, N.S. (2021). "Heart Rate Variability Features as Predictors of 

Intermittent Theta-Burst Stimulation Response in Posttraumatic Stress 

Disorder." Neuromodulation. 

61. Critchley, H.D., Mathias, C.J., Josephs, O., O'Doherty, J., Zanini, S., 

Dewar, B.K., et al. (2003). "Human cingulate cortex and autonomic 

control: converging neuroimaging and clinical evidence." Brain 126:2139-

2152. 

62. Cronbach, L.J. and Warrington, W.G. (1951). "Time-limit tests: estimating 

their reliability and degree of speeding." Psychometrika 16:167-188. 

63. Crow, T.J. (1980). "Molecular pathology of schizophrenia: more than one 

disease process?" British Medical Journal 280:66-68. 

64. Cuthbert, B.N. and Insel, T.R. (2010). "Toward new approaches to 

psychotic disorders: the NIMH Research Domain Criteria project." 

Schizophrenia Bulletin 36:1061-1062. 

65. de Geus, E.J.C., Gianaros, P.J., Brindle, R.C., Jennings, J.R. and Berntson, 

G.G. (2019). "Should heart rate variability be "corrected" for heart rate? 

Biological, quantitative, and interpretive considerations." 

Psychophysiology 56:e13287. 

66. de Graaf, T.A. and Sack, A.T. (2011). "Null results in TMS: from absence 

of evidence to evidence of absence." Neuroscience and Biobehavioral 

Reviews 35:871-877. 

67. de Jonge, P., Mangano, D. and Whooley, M.A. (2007). "Differential 

association of cognitive and somatic depressive symptoms with heart rate 

variability in patients with stable coronary heart disease: findings from the 

Heart and Soul Study." Psychosomatic Medicine 69:735-739. 

68. De Maria, B., Dalla Vecchia, L.A., Porta, A. and La Rovere, M.T. (2021). 

"Autonomic dysfunction and heart rate variability with Holter monitoring: 

a diagnostic look at autonomic regulation." Herzschrittmacherther 

Elektrophysiol. 

69. Demirtas-Tatlidede, A., Freitas, C., Pascual-Leone, A. and Schmahmann, 

J.D. (2011). "Modulatory effects of theta burst stimulation on cerebellar 

nonsomatic functions." Cerebellum 10:495-503. 

70. Demyttenaere, K. and Van Duppen, Z. (2019). "The Impact of (the Concept 

of) Treatment-Resistant Depression: An Opinion Review." International 

Journal of Neuropsychopharmacology 22:85-92. 

71. Dickinson, D., Ramsey, M.E. and Gold, J.M. (2007). "Overlooking the 

obvious: a meta-analytic comparison of digit symbol coding tasks and 

other cognitive measures in schizophrenia." Archives of General 

Psychiatry 64:532-542. 



 80 

72. Dinas, P.C., Koutedakis, Y. and Flouris, A.D. (2013). "Effects of active and 

passive tobacco cigarette smoking on heart rate variability." International 

Journal of Cardiology 163:109-115. 

73. Duecker, F. and Sack, A.T. (2015). "Rethinking the role of sham TMS." 

Frontiers in Psychology 6:210. 

74. Duggento, A., Bianciardi, M., Passamonti, L., Wald, L.L., Guerrisi, M., 

Barbieri, R., et al. (2016). "Globally conditioned Granger causality in 

brain-brain and brain-heart interactions: a combined heart rate 

variability/ultra-high-field (7 T) functional magnetic resonance imaging 

study." Philos Trans A Math Phys Eng Sci 374. 

75. Dunlop, K., Sheen, J., Schulze, L., Fettes, P., Mansouri, F., Feffer, K., et al. 

(2020). "Dorsomedial prefrontal cortex repetitive transcranial magnetic 

stimulation for treatment-refractory major depressive disorder: A three-

arm, blinded, randomized controlled trial." Brain Stimulation 13:337-340. 

76. Duprat, R., Desmyter, S., Rudi de, R., van Heeringen, K., Van den 

Abbeele, D., Tandt, H., et al. (2016). "Accelerated intermittent theta burst 

stimulation treatment in medication-resistant major depression: A fast road 

to remission?" Journal of Affective Disorders 200:6-14. 

77. Duque, A., Mediano, M.F.F., De Lorenzo, A. and Rodrigues, L.F., Jr. 

(2021). "Cardiovascular autonomic neuropathy in diabetes: 

Pathophysiology, clinical assessment and implications." World Journal of 

Diabetes 12:855-867. 

78. Emmerson, L.C., Ben-Zeev, D., Granholm, E., Tiffany, M., Golshan, S. and 

Jeste, D.V. (2009). "Prevalence and longitudinal stability of negative 

symptoms in healthy participants." International Journal of Geriatric 

Psychiatry 24:1438-1444. 

79. Engel, G.L. (1977). "The need for a new medical model: a challenge for 

biomedicine." Science 196:129-136. 

80. Engel, M., Fritzsche, A. and Lincoln, T.M. (2014). "Validation of the 

German version of the Clinical Assessment Interview for Negative 

Symptoms (CAINS)." Psychiatry Research. 

81. Era, V., Carnevali, L., Thayer, J.F., Candidi, M. and Ottaviani, C. (2021). 

"Dissociating cognitive, behavioral and physiological stress-related 

responses through dorsolateral prefrontal cortex inhibition." 

Psychoneuroendocrinology 124:105070. 

82. Fagard, R.H. (2001). "A population-based study on the determinants of 

heart rate and heart rate variability in the frequency domain." 

Verhandelingen - Koninklijke Academie voor Geneeskunde van Belgie 

63:57-89; discussion 90-51. 

83. Fagard, R.H., Pardaens, K. and Staessen, J.A. (1999). "Influence of 

demographic, anthropometric and lifestyle characteristics on heart rate and 

its variability in the population." Journal of Hypertension 17:1589-1599. 

84. Fagiolini, A., Alcala, J.A., Aubel, T., Bienkiewicz, W., Bogren, M.M.K., 

Gago, J., et al. (2020). "Treating schizophrenia with cariprazine: from 

clinical research to clinical practice. Real world experiences and 

recommendations from an International Panel." Ann Gen Psychiatry 19:55. 

 

 



 81 

85. Faria, V., Gingnell, M., Hoppe, J.M., Hjorth, O., Alaie, I., Frick, A., et al. 

(2017). "Do You Believe It? Verbal Suggestions Influence the Clinical and 

Neural Effects of Escitalopram in Social Anxiety Disorder: A Randomized 

Trial." EBioMedicine 24:179-188. 

86. Faurholt-Jepsen, M., Kessing, L.V. and Munkholm, K. (2017). "Heart rate 

variability in bipolar disorder: A systematic review and meta-analysis." 

Neuroscience and Biobehavioral Reviews 73:68-80. 

87. Fekadu, A., Rane, L.J., Wooderson, S.C., Markopoulou, K., Poon, L. and 

Cleare, A.J. (2012). "Prediction of longer-term outcome of treatment-

resistant depression in tertiary care." British Journal of Psychiatry 

201:369-375. 

88. Fekadu, A., Wooderson, S., Donaldson, C., Markopoulou, K., Masterson, 

B., Poon, L., et al. (2009). "A multidimensional tool to quantify treatment 

resistance in depression: the Maudsley staging method." Journal of Clinical 

Psychiatry 70:177-184. 

89. Foerster, A., Schmitz, J.M., Nouri, S. and Claus, D. (1997). "Safety of rapid-

rate transcranial magnetic stimulation: heart rate and blood pressure 

changes." Electroencephalography and Clinical Neurophysiology 104:207-212. 

90. Forbes, C., Blanchard, J.J., Bennett, M., Horan, W.P., Kring, A. and Gur, 

R. (2010). "Initial development and preliminary validation of a new 

negative symptom measure: the Clinical Assessment Interview for Negative 

Symptoms (CAINS)." Schizophrenia Research 124:36-42. 

91. Foussias, G., Agid, O., Fervaha, G. and Remington, G. (2014). "Negative 

symptoms of schizophrenia: clinical features, relevance to real world 

functioning and specificity versus other CNS disorders." European 

Neuropsychopharmacology 24:693-709. 

92. Frances, A. (2013). Saving normal: An insider's revolt against out-of-

control psychiatric diagnosis, DSM-5, Big Pharma, and the medicalization 

of ordinary life. New York, William Morrow. 

93. Frances, A. (2014). "RDoC is necessary, but very oversold." World 

Psychiatry 13:47-49. 

94. Fusar-Poli, P., Papanastasiou, E., Stahl, D., Rocchetti, M., Carpenter, W., 

Shergill, S., et al. (2015). "Treatments of Negative Symptoms in 

Schizophrenia: Meta-Analysis of 168 Randomized Placebo-Controlled 

Trials." Schizophrenia Bulletin 41:892-899. 

95. Gabrielsen, E., Naden, D. and Lindstrom, U.A. (2014). "The relation 

between the phenomena of disease, illness, and suffering." Holistic Nursing 

Practice 28:362-369. 

96. Galderisi, S., Mucci, A., Buchanan, R.W. and Arango, C. (2018). "Negative 

symptoms of schizophrenia: new developments and unanswered research 

questions." Lancet Psychiatry 5:664-677. 

97. Galderisi, S., Mucci, A., Dollfus, S., Nordentoft, M., Falkai, P., Kaiser, S., 

et al. (2021). "EPA guidance on assessment of negative symptoms in 

schizophrenia." European Psychiatry 64:e23. 

98. Gan, H., Zhu, J., Zhuo, K., Zhang, J., Tang, Y., Qian, Z., et al. (2021). 

"High frequency repetitive transcranial magnetic stimulation of 

dorsomedial prefrontal cortex for negative symptoms in patients with 

schizophrenia: A double-blind, randomized controlled trial." Psychiatry 

Research 299:113876. 



 82 

99. Gardner, D.M., Murphy, A.L., O'Donnell, H., Centorrino, F. and 

Baldessarini, R.J. (2010). "International consensus study of antipsychotic 

dosing." American Journal of Psychiatry 167:686-693. 

100. GBD 2019 Diseases and Injuries Collaborators (2020). "Global burden of 

369 diseases and injuries in 204 countries and territories, 1990-2019: a 

systematic analysis for the Global Burden of Disease Study 2019." Lancet 

396:1204-1222. 

101. George, M.K., T.A.; Post, R.M. (1994). "Prefrontal cortex dysfunction in 

clinical depression." Depression 2:59–72. 

102. George, M.S., Wassermann, E.M., Williams, W.A., Callahan, A., Ketter, 

T.A., Basser, P., et al. (1995). "Daily repetitive transcranial magnetic 

stimulation (rTMS) improves mood in depression." Neuroreport 6:1853-

1856. 

103. Ghaemi, S.N. (2008). "Toward a Hippocratic psychopharmacology." 

Canadian Journal of Psychiatry. Revue Canadienne de Psychiatrie 53:189-

196. 

104. Ghaemi, S.N. (2013). "Taking disease seriously in DSM." World Psychiatry 

12:210-212. 

105. Ghaemi, S.N. (2018). "After the failure of DSM: clinical research on 

psychiatric diagnosis." World Psychiatry 17:301-302. 

106. Ghelarducci, B. and Sebastiani, L. (1996). "Contribution of the cerebellar 

vermis to cardiovascular control." Journal of the Autonomic Nervous 

System 56:149-156. 

107. Global Burden of Disease Collaborative Network (2020). Global Burden of 

Disease Study 2019 (GBD 2019) Results. Seattle, United States, Institute 

for Health Metrics and Evaluation (IHME). 

108. Grisaru, N.Y., U.; Abarbanel, J.; Lamberg, T.; Belmaker, R.H. (1994). 

"Transcranial magnetic stimulation in depression and schizophrenia." 

European Neuropsychopharmacology 4:287–288. 

109. Guessoum, S.B., Le Strat, Y., Dubertret, C. and Mallet, J. (2020). "A 

transnosographic approach of negative symptoms pathophysiology in 

schizophrenia and depressive disorders." Progress in Neuro-

Psychopharmacology and Biological Psychiatry 99:109862. 

110. Gulli, G., Tarperi, C., Cevese, A., Acler, M., Bongiovanni, G. and 

Manganotti, P. (2013). "Effects of prefrontal repetitive transcranial 

magnetic stimulation on the autonomic regulation of cardiovascular 

function." Experimental Brain Research 226:265-271. 

111. Gutin, B., Howe, C., Johnson, M.H., Humphries, M.C., Snieder, H. and 

Barbeau, P. (2005). "Heart rate variability in adolescents: relations to 

physical activity, fitness, and adiposity." Medicine and Science in Sports 

and Exercise 37:1856-1863. 

112. Guttesen, L.L., Albert, N., Nordentoft, M. and Hjorthoj, C. (2021). 

"Repetitive transcranial magnetic stimulation and transcranial direct 

current stimulation for auditory hallucinations in schizophrenia: 

Systematic review and meta-analysis." Journal of Psychiatric Research 

143:163-175. 

113. Guy, W. (1976). ECDEU assessment manual for psychopharmacology 

publication. Washington DC, USA, Department of health, education and 

welfare. 



 83 

114. Hagg, D., Brenner, P., Reutfors, J., Li, G., DiBernardo, A., Boden, R., et al. 

(2020). "A register-based approach to identifying treatment-resistant 

depression-Comparison with clinical definitions." PloS One 15:e0236434. 

115. Hallman, D.M., Sato, T., Kristiansen, J., Gupta, N., Skotte, J. and 

Holtermann, A. (2015). "Prolonged Sitting is Associated with Attenuated 

Heart Rate Variability during Sleep in Blue-Collar Workers." International 

Journal of Environmental Research and Public Health 12:14811-14827. 

116. Hatcher, S. and Arroll, B. (2008). "Assessment and management of 

medically unexplained symptoms." BMJ 336:1124-1128. 

117. Hattori, S., Kishida, I., Suda, A., Miyauchi, M., Shiraishi, Y., Fujibayashi, 

M., et al. (2018). "Effects of four atypical antipsychotics on autonomic 

nervous system activity in schizophrenia." Schizophrenia Research 

193:134-138. 

118. Hautala, A.J., Karjalainen, J., Kiviniemi, A.M., Kinnunen, H., Makikallio, 

T.H., Huikuri, H.V., et al. (2010). "Physical activity and heart rate 

variability measured simultaneously during waking hours." American 

Journal of Physiology: Heart and Circulatory Physiology 298:H874-880. 

119. Hayano, J. and Yuda, E. (2019). "Pitfalls of assessment of autonomic 

function by heart rate variability." Journal of Physiological Anthropology 

38:3. 

120. Hill, A.B. (1965). "The Environment and Disease: Association or 

Causation?" Proceedings of the Royal Society of Medicine 58:295-300. 

121. Hjorthoj, C., Sturup, A.E., McGrath, J.J. and Nordentoft, M. (2017). "Years 

of potential life lost and life expectancy in schizophrenia: a systematic 

review and meta-analysis." Lancet Psychiatry 4:295-301. 

122. Hoogendam, J.M., Ramakers, G.M. and Di Lazzaro, V. (2010). 

"Physiology of repetitive transcranial magnetic stimulation of the human 

brain." Brain Stimulation 3:95-118. 

123. Horan, W.P., Kring, A.M., Gur, R.E., Reise, S.P. and Blanchard, J.J. 

(2011). "Development and psychometric validation of the Clinical 

Assessment Interview for Negative Symptoms (CAINS)." Schizophrenia 

Research 132:140-145. 

124. Horwitz, A.W., J. (2007). The Loss of Sadness - How psychiatry 

transformed normal sorrow into depressive disorder, Oxford University 

Press. 

125. Howell, S., Yarovova, E., Khwanda, A. and Rosen, S.D. (2019). 

"Cardiovascular effects of psychotic illnesses and antipsychotic therapy." 

Heart 105:1852-1859. 

126. Huang, W.L., Chang, L.R., Kuo, T.B., Lin, Y.H., Chen, Y.Z. and Yang, 

C.C. (2013). "Impact of antipsychotics and anticholinergics on autonomic 

modulation in patients with schizophrenia." Journal of Clinical 

Psychopharmacology 33:170-177. 

127. Huang, W.L., Liao, S.C., Kuo, T.B., Chang, L.R., Chen, T.T., Chen, I.M., 

et al. (2016). "The Effects of Antidepressants and Quetiapine on Heart Rate 

Variability." Pharmacopsychiatry 49:191-198. 

128. Huang, Y.Z., Edwards, M.J., Rounis, E., Bhatia, K.P. and Rothwell, J.C. 

(2005). "Theta burst stimulation of the human motor cortex." Neuron 

45:201-206. 



 84 

129. Höflich, G., Kasper, S., Hufnagel, A., Ruhrmann, S., Möller, H.-J. (1993). 

"Application of transcranial magnetic stimulation in treatment of drug-

resistant major depression—a report of two cases." Human 

Psychopharmacology 8:361-365. 

130. Ikawa, M., Tabuse, H., Ueno, S., Urano, T., Sekiya, M. and Murakami, T. 

(2001). "Effects of combination psychotropic drug treatment on heart rate 

variability in psychiatric patients." Psychiatry and Clinical Neurosciences 

55:341-345. 

131. Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D.S., Quinn, K., et 

al. (2010). "Research domain criteria (RDoC): toward a new classification 

framework for research on mental disorders." American Journal of 

Psychiatry 167:748-751. 

132. Iseger, T.A., Arns, M., Downar, J., Blumberger, D.M., Daskalakis, Z.J. and 

Vila-Rodriguez, F. (2020). "Cardiovascular differences between sham and 

active iTBS related to treatment response in MDD." Brain Stimulation 

13:167-174. 

133. Iseger, T.A., Padberg, F., Kenemans, J.L., van Dijk, H. and Arns, M. 

(2021). "Neuro-Cardiac-Guided TMS (NCG TMS): A replication and 

extension study." Biological Psychology 162:108097. 

134. Jang, S.K., Park, S.C., Choi, K.H., Yi, J.S., Park, J.K., Lee, J.S., et al. 

(2017). "Validation of the Korean Version of the Clinical Assessment 

Interview for Negative Symptoms." Psychiatry Investigation 14:413-419. 

135. Jennings, J.R., Sheu, L.K., Kuan, D.C., Manuck, S.B. and Gianaros, P.J. 

(2016). "Resting state connectivity of the medial prefrontal cortex covaries 

with individual differences in high-frequency heart rate variability." 

Psychophysiology 53:444-454. 

136. Jokkel, G., Bonyhay, I. and Kollai, M. (1995). "Heart rate variability after 

complete autonomic blockade in man." Journal of the Autonomic Nervous 

System 51:85-89. 

137. Kageyama, T., Nishikido, N., Honda, Y., Kurokawa, Y., Imai, H., 

Kobayashi, T., et al. (1997). "Effects of obesity, current smoking status, and 

alcohol consumption on heart rate variability in male white-collar 

workers." International Archives of Occupational and Environmental 

Health 69:447-454. 

138. Kaiser, S., Heekeren, K. and Simon, J.J. (2011). "The negative symptoms of 

schizophrenia: category or continuum?" Psychopathology 44:345-353. 

139. Kar, S.K. (2019). "Predictors of Response to Repetitive Transcranial 

Magnetic Stimulation in Depression: A Review of Recent Updates." Clin 

Psychopharmacol Neurosci 17:25-33. 

140. Karason, K., Molgaard, H., Wikstrand, J. and Sjostrom, L. (1999). "Heart 

rate variability in obesity and the effect of weight loss." American Journal 

of Cardiology 83:1242-1247. 

141. Karpyak, V.M., Romanowicz, M., Schmidt, J.E., Lewis, K.A. and 

Bostwick, J.M. (2014). "Characteristics of heart rate variability in alcohol-

dependent subjects and nondependent chronic alcohol users." Alcoholism, 

Clinical and Experimental Research 38:9-26. 

 

 



 85 

142. Kaur, M., Michael, J.A., Hoy, K.E., Fitzgibbon, B.M., Ross, M.S., Iseger, 

T.A., et al. (2020). "Investigating high- and low-frequency neuro-cardiac-

guided TMS for probing the frontal vagal pathway." Brain Stimulation 

13:931-938. 

143. Kay, S.R., Fiszbein, A. and Opler, L.A. (1987). "The positive and negative 

syndrome scale (PANSS) for schizophrenia." Schizophrenia Bulletin 

13:261-276. 

144. Kemp, A.H., Brunoni, A.R., Santos, I.S., Nunes, M.A., Dantas, E.M., 

Carvalho de Figueiredo, R., et al. (2014). "Effects of depression, anxiety, 

comorbidity, and antidepressants on resting-state heart rate and its 

variability: an ELSA-Brasil cohort baseline study." American Journal of 

Psychiatry 171:1328-1334. 

145. Kemp, A.H., Quintana, D.S., Felmingham, K.L., Matthews, S. and Jelinek, 

H.F. (2012). "Depression, comorbid anxiety disorders, and heart rate 

variability in physically healthy, unmedicated patients: implications for 

cardiovascular risk." PloS One 7:e30777. 

146. Kemp, A.H., Quintana, D.S., Gray, M.A., Felmingham, K.L., Brown, K. 

and Gatt, J.M. (2010). "Impact of depression and antidepressant treatment 

on heart rate variability: a review and meta-analysis." Biological 

Psychiatry 67:1067-1074. 

147. Kendler, K.S. (2016). "The nature of psychiatric disorders." World 

Psychiatry 15:5-12. 

148. Kessler, R.C. (2007). "Psychiatric epidemiology: challenges and 

opportunities." International Review of Psychiatry 19:509-521. 

149. Kimmerly, D.S. (2017). "A review of human neuroimaging investigations 

involved with central autonomic regulation of baroreflex-mediated 

cardiovascular control." Autonomic Neuroscience 207:10-21. 

150. Kirkpatrick, B., Fenton, W.S., Carpenter, W.T., Jr. and Marder, S.R. 

(2006). "The NIMH-MATRICS consensus statement on negative 

symptoms." Schizophrenia Bulletin 32:214-219. 

151. Kirkpatrick, B. and Galderisi, S. (2008). "Deficit schizophrenia: an 

update." World Psychiatry 7:143-147. 

152. Kirkpatrick, B., Mucci, A. and Galderisi, S. (2017). "Primary, Enduring 

Negative Symptoms: An Update on Research." Schizophrenia Bulletin 

43:730-736. 

153. Kirkpatrick, B., Strauss, G.P., Nguyen, L., Fischer, B.A., Daniel, D.G., 

Cienfuegos, A., et al. (2011). "The brief negative symptom scale: 

psychometric properties." Schizophrenia Bulletin 37:300-305. 

154. Kleiger, R.E., Miller, J.P., Bigger, J.T., Jr. and Moss, A.J. (1987). 

"Decreased heart rate variability and its association with increased 

mortality after acute myocardial infarction." American Journal of 

Cardiology 59:256-262. 

155. Koch, C., Wilhelm, M., Salzmann, S., Rief, W. and Euteneuer, F. (2019). 

"A meta-analysis of heart rate variability in major depression." 

Psychological Medicine 49:1948-1957. 

156. Krepel, N., Rush, A.J., Iseger, T.A., Sack, A.T. and Arns, M. (2020). "Can 

psychological features predict antidepressant response to rTMS? A 

Discovery-Replication approach." Psychological Medicine 50:264-272. 



 86 

157. Kring, A.M., Gur, R.E., Blanchard, J.J., Horan, W.P. and Reise, S.P. 

(2013). "The Clinical Assessment Interview for Negative Symptoms 

(CAINS): final development and validation." American Journal of 

Psychiatry 170:165-172. 

158. Kroenke, K. (2014). "A practical and evidence-based approach to common 

symptoms: a narrative review." Annals of Internal Medicine 161:579-586. 

159. Kronick, J., Sabesan, P., Burhan, A.M. and Palaniyappan, L. (2021). 

"Assessment of treatment resistance criteria in non-invasive brain 

stimulation studies of schizophrenia." Schizophrenia Research. 

160. Krynicki, C.R., Upthegrove, R., Deakin, J.F.W. and Barnes, T.R.E. (2018). 

"The relationship between negative symptoms and depression in 

schizophrenia: a systematic review." Acta Psychiatrica Scandinavica 

137:380-390. 

161. Kumar, N., Vishnubhatla, S., Wadhawan, A.N., Minhas, S. and Gupta, P. 

(2020). "A randomized, double blind, sham-controlled trial of repetitive 

transcranial magnetic stimulation (rTMS) in the treatment of negative 

symptoms in schizophrenia." Brain Stimulation 13:840-849. 

162. Laborde, S., Mosley, E. and Thayer, J.F. (2017). "Heart Rate Variability 

and Cardiac Vagal Tone in Psychophysiological Research - 

Recommendations for Experiment Planning, Data Analysis, and Data 

Reporting." Frontiers in Psychology 8:213. 

163. Lefaucheur, J.P., Aleman, A., Baeken, C., Benninger, D.H., Brunelin, J., Di 

Lazzaro, V., et al. (2020). "Evidence-based guidelines on the therapeutic 

use of repetitive transcranial magnetic stimulation (rTMS): An update 

(2014-2018)." Clinical Neurophysiology 131:474-528. 

164. Lejtzen, N., Sundquist, J., Sundquist, K. and Li, X. (2014). "Depression 

and anxiety in Swedish primary health care: prevalence, incidence, and 

risk factors." European Archives of Psychiatry and Clinical Neuroscience 

264:235-245. 

165. Leucht, S., Samara, M., Heres, S., Patel, M.X., Furukawa, T., Cipriani, A., 

et al. (2015). "Dose Equivalents for Second-Generation Antipsychotic 

Drugs: The Classical Mean Dose Method." Schizophrenia Bulletin 

41:1397-1402. 

166. Levine, M. and Ensom, M.H. (2001). "Post hoc power analysis: an idea 

whose time has passed?" Pharmacotherapy 21:405-409. 

167. Levy, W.C., Cerqueira, M.D., Harp, G.D., Johannessen, K.A., Abrass, I.B., 

Schwartz, R.S., et al. (1998). "Effect of endurance exercise training on 

heart rate variability at rest in healthy young and older men." American 

Journal of Cardiology 82:1236-1241. 

168. Licht, C.M., de Geus, E.J., van Dyck, R. and Penninx, B.W. (2009). 

"Association between anxiety disorders and heart rate variability in The 

Netherlands Study of Depression and Anxiety (NESDA)." Psychosomatic 

Medicine 71:508-518. 

169. Licht, C.M., de Geus, E.J., van Dyck, R. and Penninx, B.W. (2010). 

"Longitudinal evidence for unfavorable effects of antidepressants on heart 

rate variability." Biological Psychiatry 68:861-868. 

 

 



 87 

170. Licht, C.M., de Geus, E.J., Zitman, F.G., Hoogendijk, W.J., van Dyck, R. 

and Penninx, B.W. (2008). "Association between major depressive disorder 

and heart rate variability in the Netherlands Study of Depression and 

Anxiety (NESDA)." Archives of General Psychiatry 65:1358-1367. 

171. Licht, C.M., Penninx, B.W. and de Geus, E.J. (2012). "Effects of 

antidepressants, but not psychopathology, on cardiac sympathetic control: 

a longitudinal study." Neuropsychopharmacology 37:2487-2495. 

172. Lieberman, J.A., Stroup, T.S., McEvoy, J.P., Swartz, M.S., Rosenheck, 

R.A., Perkins, D.O., et al. (2005). "Effectiveness of antipsychotic drugs in 

patients with chronic schizophrenia." New England Journal of Medicine 

353:1209-1223. 

173. Lilienfeld, S.O. (2014). "The Research Domain Criteria (RDoC): an 

analysis of methodological and conceptual challenges." Behaviour 

Research and Therapy 62:129-139. 

174. Lilienfeld, S.O., Sauvigne, K.C., Lynn, S.J., Cautin, R.L., Latzman, R.D. 

and Waldman, I.D. (2015). "Fifty psychological and psychiatric terms to 

avoid: a list of inaccurate, misleading, misused, ambiguous, and logically 

confused words and phrases." Frontiers in Psychology 6:1100. 

175. Lilienfeld, S.O. and Treadway, M.T. (2016). "Clashing Diagnostic 

Approaches: DSM-ICD Versus RDoC." Annual Review of Clinical 

Psychology 12:435-463. 

176. Lincoln, T.M., Dollfus, S. and Lyne, J. (2017). "Current developments and 

challenges in the assessment of negative symptoms." Schizophrenia 

Research 186:8-18. 

177. Llerena, K., Park, S.G., McCarthy, J.M., Couture, S.M., Bennett, M.E. and 

Blanchard, J.J. (2013). "The Motivation and Pleasure Scale-Self-Report 

(MAP-SR): reliability and validity of a self-report measure of negative 

symptoms." Comprehensive Psychiatry 54:568-574. 

178. Lorenzo-Luaces, L. (2015). "Heterogeneity in the prognosis of major 

depression: from the common cold to a highly debilitating and recurrent 

illness." Epidemiol Psychiatr Sci 24:466-472. 

179. Maeda, F. and Pascual-Leone, A. (2003). "Transcranial magnetic 

stimulation: studying motor neurophysiology of psychiatric disorders." 

Psychopharmacology 168:359-376. 

180. Makovac, E., Thayer, J.F. and Ottaviani, C. (2017). "A meta-analysis of 

non-invasive brain stimulation and autonomic functioning: Implications for 

brain-heart pathways to cardiovascular disease." Neuroscience and 

Biobehavioral Reviews 74:330-341. 

181. Malhi, G.S. and Mann, J.J. (2018). "Depression." Lancet 392:2299-2312. 

182. Malik, M. (1996). "Heart rate variability. Standards of measurement, 

physiological interpretation, and clinical use. Task Force of the European 

Society of Cardiology and the North American Society of Pacing and 

Electrophysiology." European Heart Journal 17:354-381. 

183. Marder, S.R. and Cannon, T.D. (2019). "Schizophrenia." New England 

Journal of Medicine 381:1753-1761. 

184. McAllister-Williams, R.H., Arango, C., Blier, P., Demyttenaere, K., Falkai, 

P., Gorwood, P., et al. (2020). "The identification, assessment and 

management of difficult-to-treat depression: An international consensus 

statement." Journal of Affective Disorders 267:264-282. 



 88 

185. Meyer, T., Brunovsky, M., Horacek, J., Novak, T., Andrashko, V., Seifritz, 

E., et al. (2021). "Predictive value of heart rate in treatment of major 

depression with ketamine in two controlled trials." Clinical 

Neurophysiology 132:1339-1346. 

186. Michael, J.A. and Kaur, M. (2021). "The Heart-Brain Connection in 

Depression: Can it inform a personalised approach for repetitive 

transcranial magnetic stimulation (rTMS) treatment?" Neuroscience and 

Biobehavioral Reviews 127:136-143. 

187. Molgaard, H., Hermansen, K. and Bjerregaard, P. (1994). "Spectral 

components of short-term RR interval variability in healthy subjects and 

effects of risk factors." European Heart Journal 15:1174-1183. 

188. Monfredi, O., Lyashkov, A.E., Johnsen, A.B., Inada, S., Schneider, H., 

Wang, R., et al. (2014). "Biophysical characterization of the 

underappreciated and important relationship between heart rate variability 

and heart rate." Hypertension 64:1334-1343. 

189. Montaquila, J.M., Trachik, B.J. and Bedwell, J.S. (2015). "Heart rate 

variability and vagal tone in schizophrenia: A review." Journal of 

Psychiatric Research 69:57-66. 

190. Moon, E., Lee, S.H., Kim, D.H. and Hwang, B. (2013). "Comparative 

Study of Heart Rate Variability in Patients with Schizophrenia, Bipolar 

Disorder, Post-traumatic Stress Disorder, or Major Depressive Disorder." 

Clin Psychopharmacol Neurosci 11:137-143. 

191. Mumford, J.A. (2012). "A power calculation guide for fMRI studies." 

Social Cognitive and Affective Neuroscience 7:738-742. 

192. Nilsson, B.M., Lindstrom, L., Mohsen, I., Holmlov, K. and Boden, R. 

(2018). "Persistent tachycardia in clozapine treated patients: A 24-hour 

ambulatory electrocardiogram study." Schizophrenia Research. 

193. Nunan, D., Sandercock, G.R. and Brodie, D.A. (2010). "A quantitative 

systematic review of normal values for short-term heart rate variability in 

healthy adults." Pacing and Clinical Electrophysiology 33:1407-1417. 

194. Oldenburg, C., Lundin, A., Edman, G., Deboussard, C.N. and Bartfai, A. 

(2018). "Emotional reserve and prolonged post-concussive symptoms and 

disability: a Swedish prospective 1-year mild traumatic brain injury cohort 

study." BMJ Open 8:e020884. 

195. Omar, M., Wieben, E.S., Polcwiartek, C., Fleischer, J., Valentin, J.B., 

Aagaard, J., et al. (2021). "Cardiovascular autonomic neuropathy in 

patients with schizophrenia." Nord J Psychiatry:1-6. 

196. Opthof, T. (2000). "The normal range and determinants of the intrinsic 

heart rate in man." Cardiovascular Research 45:177-184. 

197. Osoegawa, C., Gomes, J.S., Grigolon, R.B., Brietzke, E., Gadelha, A., 

Lacerda, A.L.T., et al. (2018). "Non-invasive brain stimulation for negative 

symptoms in schizophrenia: An updated systematic review and meta-

analysis." Schizophrenia Research 197:34-44. 

198. Overall, J.E., Gorham, D.R. (1962). "The Brief Psychiatric Ratings Scale." 

Psychological Reports 10:799–812. 

199. Palma, J.A. and Benarroch, E.E. (2014). "Neural control of the heart: 

recent concepts and clinical correlations." Neurology 83:261-271. 



 89 

200. Paris, J. and Kirmayer, L.J. (2016). "The National Institute of Mental 

Health Research Domain Criteria: A Bridge Too Far." Journal of Nervous 

and Mental Disease 204:26-32. 

201. Pascual-Leone, A., Rubio, B., Pallardo, F. and Catala, M.D. (1996). 

"Rapid-rate transcranial magnetic stimulation of left dorsolateral 

prefrontal cortex in drug-resistant depression." Lancet 348:233-237. 

202. Pascual-Leone, A., Valls-Sole, J., Brasil-Neto, J.P., Cohen, L.G. and 

Hallett, M. (1994). "Akinesia in Parkinson's disease. I. Shortening of 

simple reaction time with focal, single-pulse transcranial magnetic 

stimulation." Neurology 44:884-891. 

203. Pearce, J.M. (2004). "Positive and negative cerebral symptoms: the roles of 

Russell Reynolds and Hughlings Jackson." Journal of Neurology, 

Neurosurgery and Psychiatry 75:1148. 

204. Penttila, J., Kuusela, T. and Scheinin, H. (2005). "Analysis of rapid heart 

rate variability in the assessment of anticholinergic drug effects in 

humans." European Journal of Clinical Pharmacology 61:559-565. 

205. Penttila, J., Syvalahti, E., Hinkka, S., Kuusela, T. and Scheinin, H. (2001). 

"The effects of amitriptyline, citalopram and reboxetine on autonomic 

nervous system. A randomised placebo-controlled study on healthy 

volunteers." Psychopharmacology 154:343-349. 

206. Persson, J., Struckmann, W., Gingnell, M., Fallmar, D. and Boden, R. 

(2020). "Intermittent theta burst stimulation over the dorsomedial 

prefrontal cortex modulates resting-state connectivity in depressive 

patients: A sham-controlled study." Behavioural Brain Research 

394:112834. 

207. Pickersgill, M. (2019). "Psychiatry and the Sociology of Novelty: 

Negotiating the US National Institute of Mental Health "Research Domain 

Criteria" (RDoC)." Sci Technol Human Values 44:612-633. 

208. Poldrack, R.A. (2012). "The future of fMRI in cognitive neuroscience." 

Neuroimage 62:1216-1220. 

209. Poppa, T., de Witte, S., Vanderhasselt, M.A., Bechara, A. and Baeken, C. 

(2020). "Theta-burst stimulation and frontotemporal regulation of 

cardiovascular autonomic outputs: The role of state anxiety." International 

Journal of Psychophysiology 149:25-34. 

210. Pulopulos, M.M., Schmausser, M., De Smet, S., Vanderhasselt, M.A., 

Baliyan, S., Venero, C., et al. (2020). "The effect of HF-rTMS over the left 

DLPFC on stress regulation as measured by cortisol and heart rate 

variability." Hormones and Behavior 124:104803. 

211. Quintana, D.S., Alvares, G.A. and Heathers, J.A. (2016). "Guidelines for 

Reporting Articles on Psychiatry and Heart rate variability (GRAPH): 

recommendations to advance research communication." Transl Psychiatry 

6:e803. 

212. Quintana, D.S., Westlye, L.T., Kaufmann, T., Rustan, O.G., Brandt, C.L., 

Haatveit, B., et al. (2016). "Reduced heart rate variability in schizophrenia 

and bipolar disorder compared to healthy controls." Acta Psychiatrica 

Scandinavica 133:44-52. 

213. Ralevski, E., Petrakis, I. and Altemus, M. (2019). "Heart rate variability in 

alcohol use: A review." Pharmacology, Biochemistry and Behavior 176:83-

92. 



 90 

214. Rechlin, T. (1994). "The effect of amitriptyline, doxepin, fluvoxamine, and 

paroxetine treatment on heart rate variability." Journal of Clinical 

Psychopharmacology 14:392-395. 

215. Rechlin, T., Claus, D. and Weis, M. (1994). "Heart rate analysis in 24 

patients treated with 150 mg amitriptyline per day." Psychopharmacology 

116:110-114. 

216. Rechlin, T., Claus, D. and Weis, M. (1994). "Heart rate variability in 

schizophrenic patients and changes of autonomic heart rate parameters 

during treatment with clozapine." Biological Psychiatry 35:888-892. 

217. Remue, J., Vanderhasselt, M.A., Baeken, C., Rossi, V., Tullo, J. and De 

Raedt, R. (2016). "The effect of a single HF-rTMS session over the left 

DLPFC on the physiological stress response as measured by heart rate 

variability." Neuropsychology 30:756-766. 

218. Rennie, K.L., Hemingway, H., Kumari, M., Brunner, E., Malik, M. and 

Marmot, M. (2003). "Effects of moderate and vigorous physical activity on 

heart rate variability in a British study of civil servants." American Journal 

of Epidemiology 158:135-143. 

219. Richter, D., Wall, A., Bruen, A. and Whittington, R. (2019). "Is the global 

prevalence rate of adult mental illness increasing? Systematic review and 

meta-analysis." Acta Psychiatrica Scandinavica 140:393-407. 

220. Richter, J., Holz, L., Hesse, K., Wildgruber, D. and Klingberg, S. (2019). 

"Measurement of negative and depressive symptoms: Discriminatory 

relevance of affect and expression." European Psychiatry 55:23-28. 

221. Ristner, G., Andersson, R., Johansson, L.M., Johansson, S.E. and Ponzer, 

S. (2000). "Sense of coherence and lack of control in relation to outcome 

after orthopaedic injuries." Injury 31:751-756. 

222. Romanowicz, M., Schmidt, J.E., Bostwick, J.M., Mrazek, D.A. and 

Karpyak, V.M. (2011). "Changes in heart rate variability associated with 

acute alcohol consumption: current knowledge and implications for 

practice and research." Alcoholism, Clinical and Experimental Research 

35:1092-1105. 

223. Rose, N. (2007). "Beyond medicalisation." Lancet 369:700-702. 

224. Ross, C.A. and Margolis, R.L. (2019). "Research Domain Criteria: 

Strengths, Weaknesses, and Potential Alternatives for Future Psychiatric 

Research." Mol Neuropsychiatry 5:218-236. 

225. Rossi, S., Antal, A., Bestmann, S., Bikson, M., Brewer, C., Brockmoller, J., 

et al. (2021). "Safety and recommendations for TMS use in healthy subjects 

and patient populations, with updates on training, ethical and regulatory 

issues: Expert Guidelines." Clinical Neurophysiology 132:269-306. 

226. Rossi, S., Hallett, M., Rossini, P.M., Pascual-Leone, A. and Safety of TMS 

Consensus Group. (2009). "Safety, ethical considerations, and application 

guidelines for the use of transcranial magnetic stimulation in clinical 

practice and research." Clinical Neurophysiology 120:2008-2039. 

227. Rossi, S., Santarnecchi, E., Valenza, G. and Ulivelli, M. (2016). "The heart 

side of brain neuromodulation." Philos Trans A Math Phys Eng Sci 374. 

228. Rottenberg, J. (2007). "Cardiac vagal control in depression: a critical 

analysis." Biological Psychology 74:200-211. 



 91 

229. Ruiz Vargas, E., Soros, P., Shoemaker, J.K. and Hachinski, V. (2016). 

"Human cerebral circuitry related to cardiac control: A neuroimaging 

meta-analysis." Annals of Neurology 79:709-716. 

230. Rush, A.J., Trivedi, M.H., Wisniewski, S.R., Nierenberg, A.A., Stewart, 

J.W., Warden, D., et al. (2006). "Acute and longer-term outcomes in 

depressed outpatients requiring one or several treatment steps: a STAR*D 

report." American Journal of Psychiatry 163:1905-1917. 

231. Ryan, S.M., Goldberger, A.L., Pincus, S.M., Mietus, J. and Lipsitz, L.A. 

(1994). "Gender- and age-related differences in heart rate dynamics: are 

women more complex than men?" Journal of the American College of 

Cardiology 24:1700-1707. 

232. Sandercock, G.R., Bromley, P.D. and Brodie, D.A. (2005). "Effects of 

exercise on heart rate variability: inferences from meta-analysis." 

Medicine and Science in Sports and Exercise 37:433-439. 

233. Schestatsky, P., Simis, M., Freeman, R., Pascual-Leone, A. and Fregni, F. 

(2013). "Non-invasive brain stimulation and the autonomic nervous 

system." Clinical Neurophysiology 124:1716-1728. 

234. Schulz, S., Bolz, M., Bar, K.J. and Voss, A. (2016). "Central- and 

autonomic nervous system coupling in schizophrenia." Philos Trans A 

Math Phys Eng Sci 374. 

235. SCORE2 working group and ESC Cardiovascular risk collaboration (2021). 

"SCORE2 risk prediction algorithms: new models to estimate 10-year risk 

of cardiovascular disease in Europe." European Heart Journal 42:2439-

2454. 

236. Shafer, A., Dazzi, F. and Ventura, J. (2017). "Factor structure of the Brief 

Psychiatric Rating Scale - Expanded (BPRS-E) in a large hospitalized 

sample." Journal of Psychiatric Research 93:79-86. 

237. Shaffer, F. and Ginsberg, J.P. (2017). "An Overview of Heart Rate 

Variability Metrics and Norms." Front Public Health 5:258. 

238. Sheehan, D.V., Harnett-Sheehan, K. and Raj, B.A. (1996). "The 

measurement of disability." International Clinical Psychopharmacology 11 

Suppl 3:89-95. 

239. Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., 

Weiller, E., et al. (1998). "The Mini-International Neuropsychiatric 

Interview (M.I.N.I.): the development and validation of a structured 

diagnostic psychiatric interview for DSM-IV and ICD-10." Journal of 

Clinical Psychiatry 59 Suppl 20:22-33;quiz 34-57. 

240. Shorter, E. (2007). "The doctrine of the two depressions in historical 

perspective." Acta Psychiatrica Scandinavica. Supplementum:5-13. 

241. Shrout, P.E. and Fleiss, J.L. (1979). "Intraclass correlations: uses in 

assessing rater reliability." Psychological Bulletin 86:420-428. 

242. Siddiqi, S.H., Chockalingam, R., Cloninger, C.R., Lenze, E.J. and 

Cristancho, P. (2016). "Use of the Temperament and Character Inventory 

to Predict Response to Repetitive Transcranial Magnetic Stimulation for 

Major Depression." Journal of Psychiatric Practice 22:193-202. 

243. Singh, I. and Rose, N. (2009). "Biomarkers in psychiatry." Nature 460:202-

207. 



 92 

244. Sklerov, M., Dayan, E. and Browner, N. (2018). "Functional neuroimaging 

of the central autonomic network: recent developments and clinical 

implications." Clinical Autonomic Research. 

245. Socialstyrelsen (2021). Nationella riktlinjer för vård vid depression och 
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