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Ágrip 

Bakgrunnur: Kynjamunur hefur verið áberandi í faraldsfræðilegum 

rannsóknum á lyndisröskunum þar sem kvíðasjúkdómar og þunglyndi hafa 

verið algengari meðal kvenna en hegðunarraskanir og misnotkun á áfengi 

og/eða annarra vímuefna hafa verið algengari meðal karla. Nýleg bandarísk 

rannsókn sýndi á hinn bóginn að þegar óhefðbundnum einkennum var bætt 

við hefðbundin einkenni þunglyndis hvarf kynjamunur á algengi. Jafnframt er 

þekkt að sjálfsvíg eru mun algengari meðal karla, en sjálfsvíg eru talin vera 

form árásargirni sem beinist inn á við. Einnig er talið að sjálfsvíg tengist 

geðsjúkdómum í meirihluta tilfella. Lýst hefur verið sérstöku „þunglyndi karla“ 

sem einkennist af lágu þoli gegn álagi ásamt árásargirni, hvatvísi og 

misnotkun áfengis og annara vímugjafa. Mögulegum þætti undirstúku-

heiladinguls-nýrnahettu öxulsins hefur einnig verið lýst í hugtaki sem kalla 

mætti „kvíða/árásagirni drifið þunglyndi“ í tengslum við hækkun á kortisóli 

samtíma lækkun á serótóníni. Einnig hefur verið lýst mögulegum þætti 

undirstúku-heiladinguls-kynkirtla öxulsins og testósteróns í tengslum við 

þunglyndi meðal karla en það samband er þó óljóst. Enn er lítið vitað um 

geðlyfjanotkun eftir kyni og hvort sama tilhneiging birtist í þeirri notkun og í 

því algengi sem lýst hefur verið í faraldsfræðilegum rannsóknum. 

Markmið: Heildarmarkmið þessa verkefnis var að bæta greiningu og þannig 

meðferð á þunglyndi meðal karla. Í fyrsta lagi með því að kanna 

geðlyfjanotkun eftir kyni og bera þá notkun saman við notkun bólgueyðandi 

og sýrulækkandi lyfja (Study II). Í öðru lagi með því að meta í 

samfélagsrannsókn næmi og sértækni og um leið gildi Gotlands-skalans 

(GMDS) við mat á hugsanlegu þunglyndi meðal karla, samanborið við Becks 

skalann (BDI) og mat geðlæknis (DSM-IV) (Study I). Í þriðja lagi að kanna 

möguleg tengsl kortisóls og testósteróns við þunglyndi karla í sömu 

samfélagsrannsókn (Study I). 

Efni og aðferðir:  Í rannsókn byggðri á lyfjagagnagrunni landlæknis voru 

allar útleystar ávísanir einstaklinga helstu geðlyfja úr apótekum á tímabilinu 

2004-2013 valdar. Til samanburðar voru valdar útleystar ávísanir 

sýruhemjandi og bólgueyðandi lyfja. Grunnurinn innihélt 255.662 einstaklinga 

og 1.189.157 sjúklingaár (Study II). Í samfélagsrannsókn voru 534 karlar 

skimaðir með almennum spurningarlista, GMDS og BDI fyrir mögulegu 

þunglyndi (Study I). Til samanburðar voru 137 karlar með möglegt þunglyndi 
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ásamt viðmiðunarhópi metnir í geðlæknisviðtali. Gildi GMDS, næmi og 

sértækni var metið bæði með samanburði við BDI og mat geðlæknis á 

alvarlegu þunglyndi (MDD skv. DSM-IV). Samtímis voru gerðar 

munnvatnsmælingar á undirhópi rannsóknarinnar á 51 karli þar sem mæld 

voru fimm kortisólsýni og tvö testósterónsýni sem tekin voru á sama degi. 

Niðurstöður: Árið 2013 reyndist marktækur kynjamunur en sambærilegt 

kynjahlutfall (kvk/kk) í algengi notkunar þunglyndis- 1,910 (CI 0,95, 1,869-

1,952) og svefn- og róandi lyfja 1,869 (CI 0,95; 1,832-1,907) (Study II). Eini 

lyfjaflokkurinn þar sem algengi notkunar var meira meðal karla reyndist 

metýlfenidat með kynjahlutfallið kvk/kk 0.617 (CI 0,95; 0.585-0.650). Algengi 

notkunar jókst í öllum lyfjaflokkum sem kannaðir voru á tímabilinu nema á 

bólgueyðandi lyfjum þar sem notkun fór úr 20,1% í 15,7% (p<0,0001). Þó 

notkun ykist á þunglyndislyfjum á tímabilinu reyndist breyting á notkun karla 

ómarktæk (p=0,5887, chi-square test for trend). Jafnframt reyndust karlar 

líklegri til að fá ávísað þunglyndislyfjum í 1-2 ár, en konur líklegri til að fá 

ávísað í 3-10 ár á tímabilinu (OR=1,427, CI 0,95; 1,389-1.466, p<0,0001). Í 

samfélagsrannsókninni (Study I) var gildi GMDS metið með ROC greiningu 

með samanburði við BDI og var þá flatarmál undir ferli (AUC) 0,945 (0,95 CI; 

0,923–0,968). Þegar báðir skalarnir voru bornir saman með sömu aðferð við 

greiningarniðurstöðu geðviðtals á alvarlegu þunglyndi (MDD, DSM-IV) 

reyndist GMDS hafa AUC 0,861 (0,95 CI; 0,800–0,921) og BDI var AUC 

0,822 (0,95 CI; 0,751–0,893). Algengi þunglyndis var metið 14-15%. 

Ómeðhöndlaðir þunglyndir karlar reyndust hafa marktækt hærra kortisól kl. 

22 (p=0,024). Marktækt hærra kortisól að kvöldi reyndist einnig hafa 

samband við sögu um líkamlegan sjúkdóm (allur hópur p=0,028; án geðlyfja 

p=0,014), sögu um geðsjúkdóm (p=0,039; án geðlyfja p=0,005) og þunglyndi 

samkvæmt MADRS ≥ 20 skalanum (Montgomery-Åsberg Depression Rating 

Scale, p=0,047; án geðlyfja p=0,007). Hátt heildar kortisól mælt sem flatarmál 

undir ferli (AUC) reyndist hafa marktækt samband við hátt MADRS skor hjá 

ómeðhöndluðum körlum (p=0,034). Testósterón í munnvatnssýnum karla 

mælt að kvöldi kl. 22 reyndist marktækt hærra hjá þeim sem voru þunglyndir 

samkvæmt MADRS (p=0,028) og BDI (p=0,036) skölunum. Einnig reyndist 

marktæk fylgni milli hækkunar á kortisóli og hækkunar á testósteróni að 

kvöldi hjá þunglyndum körlum (p=0,021). Hins vegar reyndist samtímis 

mæling á kortisóli og testósteróni ekki auka sértækni við greiningu 

þunglyndis.  

Ályktanir: Í seinni rannsókninni (Study II) reyndust karlar ólíklegri til að nota 

þunglyndislyf og þá til skemmri tíma. Þó marktæk aukning reyndist í notkun 

þunglyndislyfja á tímabilinu var engin breyting á notkun karla. Af þeim 
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lyfjaflokkum sem kannaðir voru reyndist metýlfenidat eini lyfjaflokkurinn sem 

karlar notuðu í meira mæli en konur. Í samfélagsrannsókninni reyndist GMDS 

skalinn gildur til skimunar fyrir þunglyndi karla og algengi á þunglyndi karla 

reyndist hærra en fyrri rannsóknir höfðu gefið til kynna. Munnvatnsmælingar 

hormóna að kvöldi reyndust hafa best samband við þær heilbrigðisbreytur 

sem metnar voru. Kortisólmælingar virðast frekar mælikvarði á undirliggjandi 

álagsbyrði (allostatic load) frekar en sértæk mæling á þunglyndi. Testósterón 

sýndi sig hins vegar vera mögulega sértækara fyrir þunglyndi. Marktækt 

samband reyndist milli hækkunar á kortisóli og testósteróni að kvöldi sem 

gæti skýrt ytri einkenni hegðunarröskunar hjá þunglyndum körlum. 

Samantekið gefa niðurstöðurnar vísbendingu um að þunglyndi sé vangreint 

og vanmeðhöndlað hjá körlum. Jafnframt styðja niðurstöðurnar skimum fyrir 

þunglyndi karla með GMDS skalanum í klínísku starfi. Frekari rannsóknir og 

einkum langtímarannsóknir þarf að gera á sambandi kortisóls og testósteróns 

í meingerð þunglyndis karla þó mæliniðurstöður gefi til kynna að þær styðji 

við greiningu.  

Styrkleikar og veikleikar:  Megin veikleiki samfélagsrannsóknarinnar var lág 

þátttaka í skimunarfasanum (25%). Í munnvatnsmælingum á undirhópi 

skimunarfasans var meginveikleiki smæð hópsins og því skortur á 

tölfræðilegum styrk til að meta veikari sambönd. Styrkleiki rannsóknarinnar 

var hins vegar að þetta var samfélagsrannsókn og því undanskilin mörgum 

áhfrifaþáttum á mældar breytur eins og valskakka. Jafnframt voru öll viðtöl 

framkvæmd af tveimur þjálfuðum geðlæknum. Í lyfjagagnagrunns-

rannsókninni var megintakmörkun sú sama og styrkur rannsóknarinnar þ.e. 

gríðarlegur tölfræðilegur styrkur vegna stærðar rannsóknarhópsins. 

Rannsóknin var því veik fyrir villu af gerð eitt (type I error) þ.e. hætta á 

höfnunarmistökum – hafna núll-tilgátu og samþykkja þar með marktækan 

mun þegar hann er ekki fyrir hendi, eða er of lítill til að vera áhugaverður. 

 

Lykilorð: Karlar, þunglyndi, samfélag, kortisól, testósterón. 





 

 

Abstract 

Background: Gender (sex) differences have been prominent in 

epidemiological studies of mood disorders with female preponderance in 

depression and anxiety and male preponderance in externalizing symptoms, 

conduct disorder and alcohol and/or substance abuse. Furthermore, a recent 

study showed, when traditional and alternative symptoms were combined in 

detection of depression, the gender differences in prevalence rate were 

eliminated. On the other hand suicide rate has been much higher for males, 

but the suicide act is believed to be a form of inward aggression and related 

to mental disorders in the majority of cases. A specific “male depressive 

syndrome” has been suggested with symptoms of low stress tolerance, 

acting-out behaviour, low impulse control and substance abuse. The 

involvement of the hypothalamic pituitary adrenal axis has also been 

suggested in a paradigm called “anxiety/aggressive driven depression” in 

relation with elevation of cortisol and lowering of serotonin levels. The 

involvement of the hypothalamic-pituitary-gonadal axis and thus testosterone 

has also been related to male depression but the relationship has been less 

clear. Little is still known about psychotropic drug use by gender or if the 

same trend for female/male (F/M) odds ratios would be observed as in 

epidemiological studies.  

Aims: The main overall aim of this thesis was to improve detection and thus 

treatment of depression among males. Firstly, by investigating psychotropic 

drug use by gender compared to drugs for acid related disorders and non-

steroid anti-inflammatory drug (NSAID) use (Study II). Secondly, by testing 

the sensitivity and specificity of the Gotland Male Depression Scale (GMDS) 

in a community study (Study I).  Furthermore, to test the validity of the GMDS 

with comparison to both the Beck’s Depression Inventory (BDI) and MDD 

diagnosis according to (DSM-IV). Thirdly, by exploring in community settings, 

a possible correlation between male depression and the hormones cortisol 

and testosterone (Study I).  

Material and methods: In a national prescription database study all those 

persons who purchased psychotropic drugs in pharmacies for the period 

2004-2013 were selected (Study II). Data for psychotropic drug use were 

extracted along with data on drugs for acid related disorders and NSAID drug 

use for comparison. The study base contained 255.662 individuals and 
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1.189.157 patient years. In a community study (Study I) 534 males where 

screened for possible depression by a general health questionnaire, GMDS 

and BDI. For comparison 137 males with possible depression and controls 

were examined by psychiatric interview. The specificity, sensitivity and 

validity of GMDS was tested both with comparison to BDI and diagnosis of 

major depressive disorder (MDD) according to the psychiatric examination of 

two experienced psychiatrists (DSM-IV). In a nested case control study of 51 

males, five saliva cortisol samples and two saliva testosterone samples were 

measured on a single day.  

Results: In 2013 a significant gender difference was observed but 

comparable female/male (F/M) odds ratio for antidepressants and 

tranquilizers-hypnotics use with odds ratio 1.910 (CI 0.95, 1.869, 1.952) and 

1.869 (CI 0.95, 1.832, 1.907) respectively. The only drug category 

investigated with male preponderance was methylphenidate with F/M odds 

ratio of 0.617 (CI 0.95, 0.585, 0.650). All drug categories investigated had 

increased use in the period except NSAID which decreased (20.1% to 15.7%, 

p<0.0001). However, there was no change in antidepressant use for males 

(p=0.5887, chi-square test for trend). Furthermore, males were more likely to 

receive antidepressant prescriptions for 1-2 years in the period and females 

more likely to receive prescriptions for 3-10 years (OR=1.427, CI 0.95, 1.389, 

1.466, p<0.0001). In Study I an ROC-curve analysis gave an AUC (area 

under curve) of 0.945 (95% CI 0.923–0.968) when GMDS was tested against 

BDI. When both scales were tested against MDD, according to DSM-IV, the 

GMDS had AUC=0.861 (95% CI 0.800–0.921) and BDI had AUC=0.822 

(95% CI 0.751–0.893). The estimated prevalence of MDD was 14–15%. 

Untreated males with MDD had significantly higher evening cortisol (22 h, 

p=0.024). Significantly higher evening cortisol correlated also with a history of 

physical disorder (p=0.028, excluding psychotropics p=0.014), a history of 

any mental disorder and MADRS score ≥ 20 (Montgomery-Åsberg 

Depression Rating Scale, p=0.047, excluding psychotropics p=0.007). High 

cortisol, measured as AUC, correlated with a high MADRS score in untreated 

males (p=0.034). Saliva evening testosterone was significantly higher in 

depressive males, according to MADRS (p=0.028) and BDI (p=0.036). A 

correlation was also observed between elevated evening cortisol and evening 

testosterone levels (p=0.021). However, simultaneous testing of cortisol and 

testosterone did not increase the specificity of detecting depression. 

Conclusions: Our study showed that males were less likely to use 

antidepressants but more prone to have shorter duration of treatment. There 

was a significant increase in the prevalence of antidepressant use in the 
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period but there was no change for males. The only drug category 

investigated with male preponderance use was methylphenidate. The GMDS 

proved to be a valid screening tool and the estimated prevalence of male 

depression was higher than has previously been reported.  Evening saliva 

measurements seem to be most informative in correlation with the mental 

health variables tested. Cortisol seems to be more of an indicator of allostatic 

load than to be specific for depression while testosterone might be more 

specific for depression. There was a significant correlation between elevated 

cortisol and testosterone in the evening for depressed males, which might 

offer explanations of externalizing symptoms. The overall results indicate that 

male depression is underdetected and undertreated. Furthermore, active 

screening for male depression can be recommended with GMDS in clinical 

practice. Further studies and longitudinal studies are needed to explore the 

relationship of cortisol and testosterone as these measurements might be 

supportive in detecting male depression.   

Strengths and limitations:  The main limitation of Study I was its low 

participation rate in the screening phase (25%) which limits the 

generalisability of the estimated prevalence. In the nested case control study 

the main limitation was its small sample size and therefore lack of power to 

detect weaker correlations. However, the main strength was that the study 

was community based and thus able to avoid many confounders e.g. 

selection bias. Furthermore, all interviews were conducted by two trained 

psychiatrists. In Study II the main limitation was the same as its strength that 

is the study had considerable power or was even overpowered due to large 

sample size. The study was therefore vulnerable for type I error, i.e. risk of 

accepting significant difference where perhaps none truly exists or too small 

to be of any interest. 

 

Keywords: Males, depression, community, cortisol, testosterone. 
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1  Introduction 

The interplay between the central nervous system and endocrine systems is 

a vital part of the human mechanism and a central and essential part of 

survival. Still, the knowledge in this area is scattered in the literature, and little 

is known about the relationship between biochemical changes in these 

systems in relation to clinical signs and changes of mental function. The 

relationship between depression and the hypothalamic pituitary adrenal axis 

has been known since the seventies. The relationship between depression 

and the hypothalamic pituitary gonadal axes is being debated. Gender 

differences in the prevalence of depression, alcoholism and suicides have 

been accepted in the literature.  

There is still a lack of consensus in the definition as well as understanding 

of the biology of depression as for example in comparison with diagnosis of 

diabetes or hypothyroidism. Unipolar depressive disorder —a primarily non-

fatal condition—is considered by WHO to be the third leading cause of the 

burden of disease and is predicted to become the second leading cause by 

2020 (Mathers, 2008). The definition of the symptoms and syndrome of 

depression are still being debated as well as the degree of sex differences 

and effects of stigmatisation are prevalent. Biological theories have only 

partly explained the pathogenesis of depression. The main theory has been 

the monoamine-deficiency hypothesis (Belmaker & Agam, 2008). Drugs have 

been developed, based on this theory, modulating serotonin, nor-adrenaline 

and dopamine in various ways. Later generations of drugs have been 

developed to reduce many troublesome side effects of the earlier 

generations. However, naturalistic studies like STAR*D (Sequenced 

Treatment Alternatives to Relieve Depression) reveal the naked truth. One 

third of participants achieved remission following treatment with their first 

antidepressant, and after a year in treatment, with a sequence of four 

different antidepressants, only two thirds were in remission (Rush et al., 

2006; Trivedi et al., 2006). The most common residual symptoms for those 

not achieving remission are insomnia, fatigue/pain, concentration problems 

and lack of interest (Stahl, 2008). These symptoms may easily be linked to 

disturbances in the interplay between the central nervous system and 

hormonal response and homeostasis, e.g., the hypothalamic-pituitary-adrenal 

axis (HPA), and its consequences. These symptoms may also be linked to 

disturbances in the hypothalamic-pituitary-gonadal axis (HPG) or interaction 
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between both the HPA and HPG axes. Then there is the comorbidity between 

depression, anxiety and addiction/abuse and shared symptoms to be 

considered. Unhealthy lifestyle, increased weight and reduced physical 

activity can induce depressive symptoms because the testosterone level falls 

(Berglund et al., 2011; Diver et al., 2003). All levels of depression, from mild 

symptoms to the well-defined major depressive episodes, have been shown 

to increase disease burden for individuals and society (handicap, suicidality, 

increased mortality, family and social burden) (Kessler et al., 1997). It should 

therefore be of the utmost importance to both improve our techniques of 

detection of depression and understand the pathogenesis of the disease in 

order to be able to relieve the disease burden and symptoms. New 

treatments, medication or psychosocial treatments will only be developed 

through deeper understanding of the pathogenesis. It has been shown both 

previously and more recently through studies in genetics that psychosocial 

factors and genes interact (Belmaker & Agam, 2008). 

1.1  Biological background 

1.1.1  Immediate, prolonged and chronic stress response 

The stress response is a physical reaction to external stimulation observed 

by the senses. When immediate threat or danger is observed, the amygdalas 

send a signal to the hypothalamus, and the body moves from 

parasympathetic activity to sympathetic mode. The hypothalamus sends a 

signal (through autonomic nerves) to the adrenal glands, which then release 

adrenaline. The body responds to the adrenaline by increasing the heart rate 

and blood pressure, pumping more blood to the muscles, brain and vital 

organs. The breath rate increases, and small airways in the lungs open wide, 

enabling more oxygen uptake. The alertness of the senses increases by 

sending more oxygen to the brain. Adrenaline also releases glucose and fat 

from temporary storage in the body to increase the energy supply. The body 

is then ready to flee or fight (often called the fight-flight response), a common 

state for aggression (attack) and anxiety (flee). If the perceived danger is 

prolonged, the body relies on a secondary system, the hypothalamic-

pituitary- adrenal (HPA) axis, to keep the sympathetic nervous system active. 

The hypothalamus releases corticotrophin releasing hormone (CRH). This 

activates the pituitary gland, which then releases adrenocorticotropic 

hormone (ACTH). The ACTH activates the adrenal glands, which then 

release cortisol, often called the stress hormone. Cortisol regulates the blood 

sugar by glycolysis (also lipolysis, proteolysis and gluconeogenesis), 

enabling the body to stay alert longer. When the perceived threat or reason 
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for attack passes, the cortisol level falls, and the parasympathetic system 

takes over and cools things down (Jansen et al., 1995; McEwen, 2006). 

This kind of stress response is known in other species and is likely to 

have evolved to survive life-threatening situations and/or increase the 

likelihood of successful hunting, where both situations end in physical action. 

However, in today’s society the stressors are of a social or internal nature, 

such as demands for results in work or study, climbing the career ladder, 

complexity of society, with all kinds of schedules, complex families, worship 

of egocentric demands, followed by greedy actions creating emotional and 

social strain and bullying as in traffic. These modern life situations can as 

major life events and trauma, create prolonged and chronic stress response, 

which is not necessarily followed by physical and mental relief, and where 

cortisol, among other hormones, plays an important role. 

The term chronic restraint stress (CRS) has been used to describe these 

situations and allostatic load or overload to describe the wear and tear 

resulting from such chronic situations (McEwen, 2013). Allostatic load refers 

to allostasis—an active process where the body responds to daily events and 

maintains homeostasis (achieving stability through change) (McEwen, 2007, 

2013; McEwen & Gianaros, 2011). 

Allostatic load or overload is suspected to play an important role in the 

remodelling of the brain linked to disease state. Examples include anxiety 

disorders, addiction and depression, as well as being suspected to play a 

part in metabolic syndrome, overweight, cardiovascular diseases, 

immunological diseases and even cancer (Kang et al., 2015; Katon et al., 

2007). 

How individuals react in such situations is a combination of many factors. 

Early life events seem to play an important role, as well as genes and the 

environment. 

1.1.2  Pathophysiology of mood disorders 

In the 1950s the monoamine oxidase inhibitors (MAOIs) and tricyclic 

antidepressants were accidentally discovered to be effective in the treatment 

of clinical depression or major depressive disorders (MDD). This led to 

knowledge of the role of neurotransmitters in the brain (nor-adrenaline (NA), 

dopamine (DA), serotonin (5-HT)) (Coppen, 1967; Schildkraut, 1965).  

Various sources of indirect evidence have linked MDD with decreased 

dopamine (DA) neurotransmission (Hasler et al., 2008). A study in a 
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psychiatric outpatient clinic used quantitative positron emission tomography 

(PET) to investigate neural response to catecholamine depletion (DA, NA, 

epinephrine) of the regional cerebral glucose utilisation. The study 

participants included 15 medication-free remitted MDD patients and 13 

healthy controls (Hasler et al., 2008). After catecholamine depletion, 

anhedonia and depressive symptoms increased in both groups, but to a 

greater extent in remitted MDD patients. Increased metabolism was observed 

in anteroventral striatum and decreased metabolism in the orbital gyri in both 

groups. However, in the remitted MDD group metabolism increased in the 

ventromedial frontal polar cortex, midcingulate and subgenual anterior 

cingulate cortex, temporopolar cortex, ventral striatum and thalamus, but not 

in controls. Furthermore, there was a positive correlation with metabolic 

changes in the left ventromedial frontal polar cortex and depressive 

symptoms. Anhedonic symptoms correlated with changes in the 

anteroventral striatum. In conclusion, depressive and anhedonic symptoms 

after catecholamine depletion are related to increased metabolism within the 

limbic-cortical-striatal-pallidal-thalamic circuitry in remitted MDD subjects. A 

study by same author in similar settings of 17 remitted MDD patients and 13 

healthy controls showed a performance deficit in a reward-processing task 

after catecholamine depletion in remitted MDD subjects (Hasler et al., 2009). 

The performance deficit correlated directly with the return of depressive 

symptoms after the catecholamine depletion. This is interesting in the sense 

that impaired cognitive function, which is one of the core symptoms of 

depression, may be linked to hyperactivity in the limbic-cortical-striatal-

pallidal-thalamic circuitry. 

Most studies have been animal studies so far, but recent technology in 

functional neuroimaging studies is providing new insights. Morphometric 

neuroimaging studies have identified multiple structural changes in the brains 

of patients with major depressive disorder (MDD), with strong evidence of 

reduced hippocampal volume and enlarged ventricles (Treadway & 

Pizzagalli, 2014). Recapitulations using voxel-based methods implicate more 

structural network changes in MDD, including the anterior cingulate cortex 

(ACC), medial prefrontal cortex (mPFC), orbitofrontal cortex (OFC), 

dorsolateral prefrontal cortex (dlPFC), the striatum, and the amygdala 

(Treadway & Pizzagalli, 2014). However, the question is whether these 

changes are a cause of or an adaption to illness (Treadway & Pizzagalli, 

2014).  

Later it was found that depression could not be explained with a single 

model theory like the monoamine theory. The link to neuroendocrinology 
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came through numerous studies, using the dexamethasone test as a 

diagnostic tool in depressive disorder and even earlier through the knowledge 

of Cushing disease, with its overproduction of cortisol and high prevalence of 

depression (Carroll et al., 1976; Christensen & Kessing, 2001). The theory of 

dysregulation (hypo or hyper) of the hypothalamic-pituitary-adrenal axis 

became prominent for patients with affective disorders. In the sixties 

receptors for adrenal steroids were found in the hippocampal formation 

(McEwen, 2007). The hippocampus is not only involved in the HPA-axis 

activity (stress response, circadian rhythm, corticoid inhibition) but also plays 

a major role in memory function and part of the limbic system. The 

hippocampus plays a key role in mood regulation, adaption to stress as well 

as memory function through its vital connection throughout the brain.  

Cognitive impairment is a known and well-established part of major 

depression (Palsson et al., 2000). Key questions in previous research have 

been whether prolonged stress through the HPA axis and increased cortisol 

leads to permanent atrophy of brain tissue and thus dementia (Palsson et al., 

1999). Previous studies have yeilded contradictory results. Early onset 

depression (MDD) has been shown to increase the risk of dementia in the 

elderly but not late onset (Palsson et al., 1999). Obviously, the time factor 

could play a role as prolonged hyper-cortisolemia has been linked to 

hippocampal volume reduction (Dinan, 1994; Sapolsky et al., 1986). Factors 

increasing brain plasticity through different mechanisms are well known, such 

as a healthy lifestyle, abstinence, psychotropics and different psychosocial 

treatments (McEwen, 2007; Thakker-Varia & Alder, 2009). 

1.1.2.1 Hippocampus 

The hippocampus is an important part of the limbic system (olfactory bulbs, 

the hippocampus, the amygdala, anterior thalamic nuclei, fornix, columns of 

fornix, mammillary body, septum pellucidum, habenular commissure, 

cingulate gyrus, parahippocampal gyrus, limbic cortex, and limbic midbrain 

areas). 

The limbic system supports a variety of functions, including adrenaline 

flow, emotion, behaviour, motivation, long-term memory, and 

olfaction/smelling. Well-established functions of the hippocampus include 

memory and spatial memory. The diencephalon (thalamus, subthalamus, 

hypothalamus, epithalamus) is also part of the limbic system. 

Recent MRI studies and meta-analyses of hippocampal volume in patients 

with MDD, compared to controls, confirmed a volume difference but only for 

patients with a disease duration of more than two years and more than one 

disease episode (McKinnon et al., 2009). Furthermore, studies of young 
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adults showed no difference in hippocampal volume compared to controls. 

Age at onset of disease, severity of depression at the time of scanning, 

gender and slice thickness did not affect results. Treatment studies of 

patients with MDD show promising results of increased hippocampal volume 

as ratings of depression decrease. An electroconversive therapy (ECT) study 

of MDD patients before and after treatment showed increased hippocampal 

volume in several subfields of the hippocampus, with reduction of depressive 

symptoms, compared to controls (Abbott et al., 2014). Another 

antidepressant treatment study compared 15 admitted MDD patients, who 

responded to treatment, with controls (n=13). At baseline there were no 

differences in hippocampal volume, but patients with MDD showed significant 

posterior hippocampal volume increase during treatment in every single case. 

Furthermore, the hippocampal volume changes correlated significantly with 

the number of solved problems in planning tasks, compared to baseline 

(Schermuly et al., 2011). In a larger study of 39 depressed patients, 25 

remitted patients and 66 healthy controls, the currently depressed received 

treatment with 8 weeks of plasma-controlled citalopram. The result was that 

the grey matter increased in the hippocampus. Furthermore, grey matter 

reduction appears to be specific to the depressed state (Arnone et al., 2013). 

The information of hippocampal volume reduction in relation to disease 

duration and the number episodes, on the one hand, and increased volume 

in treatment studies, on the other, points to the importance of early detection 

of depression and intervention. 

1.1.2.2 Cognitive emotion regulation (the amygdalas and PFC) 

The main areas in cognitive emotion regulation seem to be the amygdala and 

areas in the prefrontal cortex (Erk et al., 2010). The amygdala is in the 

temporal lobe of the brain and is closely associated with the hypothalamus, 

cingulate gyrus, and hippocampus. The amygdalas are part of the limbic 

system and is involved in the processing of emotions (fear, anger and 

pleasure). It is also responsible for stored memories, and where they are 

stored in the brain. The size of the amygdala is believed to correlate with the 

aggressiveness of the species, and it is known that if a male is castrated, the 

amygdala body shrinks about 30% (Malsbury & McKay, 1994). 

The methodology of most replicated fMRI studies requires the subject to 

effectively block out affective distractors in order to be able to attend to the 

non-emotional part of the task. In general, when an individual is faced with 

passive emotional stimuli, where they have to sort out affective distractors, 

heightened amygdala activity is observed, often followed by hypo-activation 

in the prefrontal areas, including ventromedial PFC, ventrolateral prefrontal  
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Figure 1. Simplified summary of the brain areas and neurocircuits involved in mood 
disorders and chronic or repeated stress. The amygdala (AMY) becomes hyperactive 
while hippocampus (HIP), prefrontal cortex (PFC) and ventral tegmental area (VTA) 
become dysfunctional. Other areas in the scheme driven under stress are dorsal raphe 
nucleus (dRN), hypothalamus (Hypoth) and locus coeruleus (LC). The color of the 
arrows indicates the intencity of signalling. 
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cortex (vlPFC), ACC, and dlPFC. These are the same regions that frequently 

show volume abnormalities in depression (Treadway & Pizzagalli, 2014), as 

shown in Figure 1. In a functional magnetic resonance imaging (fMRI) study 

addressing the acute and sustained effect of cognitive emotion regulation in 

MDD, subjects were asked to view emotionally arousing pictures (Erk et al., 

2010). In a second task 15 minutes later, healthy controls (n=17) and 

moderately depressed subjects (n=17) were asked to view the same stimuli 

in a passing view task. Non-depressed and depressed subjects were able to 

down-regulate negative emotions and amygdala activation, but this ability 

decreased with the severity of depression. Furthermore, only the healthy 

control group showed sustained regulation after a 15 min delay. Depressed 

patients also exhibited diminished prefrontal activation and reduced 

prefrontolimbic coupling during active regulation (Figure 1). There also seems 

to be evidence for hyper-response in prefrontal areas in depressed patients. 

A fMRI study compared prefrontal cortex function during working memory 

processing in untreated depressed patients (n=15) and matched healthy 

controls (n=15). The task performance was similar in both groups, but MDD 

patients showed significantly greater dorsolateral cortex activation and 

anterior cingulate cortex activation (Matsuo et al., 2007). Similar results were 

observed in an earlier study using fMRI and Stroop task on 16 depressed and 

16 controls (Wagner et al., 2006). There were no differences in reaction times 

and accuracy, but there was hyperactivity in rostral anterior cingulate gyrus 

(rACG) and dlPFC observed in MDD patients, which correlated with the 

Stroop interference. Furthermore, the authors concluded that greater 

prefrontal activation may reflect cortical inefficiency due to hyperactivity in 

rACG enhancing/amplifying the cognitive interference from the emotional 

state. 

The above studies describe how subjects suffering from depression have 

difficulties in sorting out feelings and facts when faced with tasks or stressors. 

These brain changes may easily contribute to impaired fight or flight 

response. Few fMRI studies have investigated anxiety and anxiety disorders, 

which we relate more to the fight or flight response. However, those that do 

so seem to indicate similar patterns in MDD and anxiety disorders. In a case 

control study of 87 matched subjects, where 26 had MDD (12 without anxiety 

disorders) and 16 anxiety disorders without depression, both groups showed 

similar amygdala hyperactivation to fearful faces, compared to controls, but 

not in passive viewing (Beesdo et al., 2009). A newer study of 18 patients 

with general anxiety disorders (GAD) only—14 patients with MDD only, 25 

patients with comorbid MDD and GAD and 32 healthy controls—supports 

common abnormality for depression and anxiety in the ventral cingulate and 

the amygdala, which may be related to a shared genetic aetiology (Etkin & 
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Schatzberg, 2011). Bearing in mind the high comorbidity between depression 

and anxiety disorders, it should not be surprising that they share the same 

pattern in emotion regulation regarding the amygdala and frontal activities. In 

a recent large cohort study, 67% of those with depressive disorder had 

current and 75% had lifetime anxiety disorder (Lamers et al., 2011). Of the 

persons with anxiety disorders, 63% had current and 81% had lifetime 

depression (Lamers et al., 2011). 

Lastly, the role of the amygdala in memory consolidation has to be 

mentioned. Enhanced memory of stressful and emotional events is well 

known and is, without a doubt, part of our survival skills. There is now 

extensive evidence indicating that the basolateral complex of the amygdala 

(BLA) is an important locus for integrating different hormonal and 

neurotransmitter systems (Roozendaal et al., 2009). Infusion of nor-

adrenaline into BLA in preclinical animal models after training on emotional 

learning tasks enhances the consolidation of memory, where β-adrenoceptor 

antagonist, on the other hand, impairs this consolidation (Roozendaal et al., 

2009). The activation of the β-adrenoceptor in the BLA enhances memory 

consolidation through stimulation of the cyclic AMP-dependent protein kinase 

pathway (Ferry et al., 1999). Now, there is also extensive evidence that 

noradrenergic activity in the BLA is essential in mediating the modulatory 

effects of hormones and neurotransmitters on memory consolidation 

(Roozendaal et al., 2009). But there are also other players. Repeated study 

results show that GABA-ergic antagonists enhance memory consolidation 

and GABA-ergic agonists impair memory (Roozendaal et al., 2009). Stressful 

events increase endocannabinoid (CB) levels within BLA, where activation of 

the CB1 receptor enhances memory consolidation, linking glucocorticoids and 

memory modulation, but CB1 antagonist impairs memory (Campolongo et al., 

2009). The CB1 activation is known to decrease GABA release, and the 

mechanism suggested is therefore inhibition of GABA-ergic activity in BLA, 

increasing presynaptic NA transmission and thus enhancing memory 

consolidation (Roozendaal et al., 2009). Furthermore, glucocorticoids and the 

neuropeptide corticotropin-releasing factor (CRF) both depend on interaction 

with the β-adrenoceptor cyclic AMP cascade in the BLA for memory 

modulation (Roozendaal et al., 2002; Roozendaal et al., 2008). 

The BLA projects directly to the caudate nucleus (visual training) and both 

directly and indirectly to the hippocampus (spatial training) (Roozendaal et 

al., 2009). Furthermore, some studies suggest that BLA interacts with the 

prefrontal cortex in affective training, which in summary suggests that BLA 

interacts with different brain regions to mediate aversive or arousing effects 

on memory consolidation (Roozendaal et al., 2009). 
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The effects of acute and chronic stress result in remodelling of synapses 

and dendritic branching in the amygdala, accompanied by increased anxiety 

(Vyas et al., 2006). The mechanism of this remodelling is vividly described in 

by Roozendaal et al. (Roozendaal et al., 2009). In acute stress there is 

elevation in cortisol/glucocorticoids, leading to a decreased GABA brake on 

the neuron, where there is, at the same time, increased glutamate activity. 

Thus, plasticity is initiated by disinhibition (GABA), leading to localized 

spinogenesis after temporal delay. Chronic or repeated stress increases 

spine density that is more widespread than in acute stress and also dendritic 

growth, leading to heightened anxiety (Roozendaal et al., 2009). This may 

help explain the short-term positive effects of benzodiazepines and alcohol 

versus its negative long-term effects. 

1.1.2.3 Reward processing / pathway and punishment 

By definition the reward system is a collection of brain structures attempting 

to regulate and control behaviour by inducing pleasurable effects. Primary 

rewards are considered to be high-energy food, reproductional/sexual contact 

and socialising (cuddling and grooming). Secondary rewards are linked to 

primary rewards, such as money or music. However, not all pleasure is linked 

to behavioural influence (Nestler, 2015). 

The mesolimbic dopamine pathway goes from the ventral tegmental area 

(VTA) in the midbrain via the medial forebrain to the nucleus accumbens (Nu 

Acc), a part of the limbic system. This pathway is deemed to play a major role 

in pleasurable sensation and reinforcing behaviour (Wise, 2009). 

Motivation, psychomotor speed, concentration, and the ability to 

experience pleasure are all linked: first, they are regulated in part by 

dopamine (DA)–containing circuits in the central nervous system, and, 

second, impairments of these functions are prominent features of depression. 

Study results trying to differentiate between neural mechanisms for 

reward and punishment are conflicting. An fMRI investigated regional and 

interregional connectivity patterns for 17 young adults taking part in a 

gambling task featuring unexpectedly high monetary gains and losses 

(Camara et al., 2008). Similar fronto-striatal-limbic network activities were 

observed, with main activation peaks bilaterally in ventral striatum (nucleus 

accumbens, olfactory tubercle and island of Calleja). Furthermore, similar 

responses for gains and losses were observed in the insular cortex, 

amygdala and hippocampus that correlated with activity in the ventral 

striatum. However, the connectivity to the amygdala appeared to be more 

pronounced after losses and larger functional connectivity to the medial 

orbitofrontal cortex (Camara et al., 2008). 
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1.1.3  Neurochemical pathways 

1.1.3.1 Serotonin 

As a neurotransmitter serotonin is widely used in the body, but the main 

centres for serotonin neurons in the brain are the rostral and caudal raphe 

nuclei. From rostral raphe nuclei the serotonin pathway goes to the 

cerebellum in one direction and, in the other direction, through many areas of 

interest in depression. The pathway goes from raphe nuclei to the temporal 

lobe and limbic cortex, to the thalamus and deep in the brain to the basal 

ganglia and the cerebral cortex (Malhi & Bridges, 1998; Stahl, 2008). 

Adrenal steroids act on numerous neurochemical systems in the 

hippocampus. Adrenal steroids regulate 5-HT1A receptors and are required 

for stress-induced serotonin turnover (McEwen, 2007). This has been one of 

the bases for the use of serotonin-elevating drugs (SSRI, SNRI, tricyclic, etc.) 

in mood disorders. Consequently, serotonin is among the most imaged 

neurochemical systems in depression, but studies exploring receptor sub-

types and serotonin transporters have been controversial. In a recent review 

by Savitz and Drevets, weighing the evidence supports the hypothesis that 

postsynaptic 5-HT1A receptor density or affinity in the mesiolateral cortex is 

reduced in depression though this finding may be specific to individuals with 

elevated cortisol (Savitz & Drevets, 2013). Thus, the stress-induced elevation 

of cortisol down-regulates the gene expression of postsynaptic 5-HT1A 

receptors. 

However, it is not yet known whether abnormalities in the serotonin 

system are a primary deficit or a consequence of other risk factors or 

adaption mechanisms (Savitz & Drevets, 2013; Treadway & Pizzagalli, 2014). 

This also applies to the glucocorticoid cascade theory and speculations 

concerning the genesis of depressive illness (Dinan, 1994). 

Pharmacological treatment studies with serotonin-elevating medicines 

support the role of the serotonin system in the pathophysiology of 

depression, but as shown in the STAR*D study, with only two thirds in 

remission after a year in treatment, this system is only part of the explanation 

(Rush et al., 2006). 

1.1.3.2 Dopamine 

Dopamine is not as widely distributed in the brain as serotonin. It is densest 

in the striatum, the subcortical part of the forebrain. The main input for the 

striatum is from the cerebral cortex, and the striatum is a primary input for the 



Diagnosis of male depression in the community and its correlation with cortisol and testosterone 

38 

basal ganglia system. The striatum is a key structure involved in evaluation, 

decision-making and action (Treadway & Pizzagalli, 2014). Dopamine 

projections rise predominantly from the brainstem (mainly the ventral 

tegmental area and substantia nigra) and extend to the hypothalamus, 

prefrontal cortex, basal forebrain, striatum, nucleus accumbens, thalamus 

and other regions (Fig 7.8 in (Stahl, 2008)). The role of dopamine has been 

well established as necessary for motivation, for reward-based learning and 

goal-directed behaviour (Berridge, 2007; Salamone & Correa, 2012; Schultz, 

2007). Thus, depressive symptoms like anhedonia, fatigue and anergia have 

been linked to the dopamine system (Barch & Dowd, 2010; Treadway & Zald, 

2013). 

As mentioned earlier the evidence for alteration of the DA system in 

depression comes primarily from PET, SPECT and pharmacological studies. 

These studies have found an association with changes in DA synthesis, in 

the availability and distribution of DA receptors and the DA transporter (DAT) 

(Treadway & Pizzagalli, 2014). The magnitude of dopamine transporter and 

correlation with receptor binding in the striatum have been seen as both 

increased and decreased, but post-mortem studies support reduced DAT 

(Treadway & Pizzagalli, 2014). Research results on the availability of DA 

receptors have also been mixed although the D2 receptor availability and 

response to antidepressant treatment may be linked (Gershon et al., 2007; 

Klimke et al., 1999). Although the function of dopamine and neurocircuits is 

known to some extent, study results for depression have been conflicting, 

possibly reflecting the heterogeneity of the disorder or the limitation of cross-

sectional studies. The time factor is obviously an issue for the remodelling of 

the brain and previous life experience. Previous and current pharmacological 

treatment is also a confounder as is a history of substance abuse. Selecting a 

homogenous research population is therefore tricky. 

1.1.3.3 Nor-epinephrine, NE (noradrenergic, NA) 

The NA pathways in the brain arise mainly from locus coeruleus (LC), the 

brainstem's neurotransmitter centre. It has both ascending and descending 

pathways, where descending projections extend down to the spinal cord and 

regulate pain pathways. Ascending pathways lie to the cerebellum (as for 

serotonin), going on further to the thalamus and hypothalamus, one branches 

down to the amygdala and hippocampus. The main pathway goes to the 

basal forebrain and prefrontal cortex (Figure 1). There are also a few 

noradrenergic projections to the striatum/nucleus accumbens (Fig.7.9 in 

(Stahl, 2008)). 
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Noradrenergic neurons can also regulate serotonin release by stimulation 

from LC onto raphe nuclei (Figure 1), where NE binds to alpha 2 receptors 

and inhibits serotonin release. At the somatodendritic areas NE binds to 

alpha 1 and thus acts as an accelerator of serotonin release (Stahl, 2008). 

The role of NE in depression is evident, showing dysregulation in locus 

coeruleus, contributing to symptoms in attention, concentration, memory, 

arousal and sleep (Ressler & Nemeroff, 1999). Imaging studies are missing 

on NE pathways, partly since ligands for the NE receptors are not yet 

available. Only one study on the NE transporter has been performed so far 

measuring occupancy in thalamus of 10 responders to nortryptiline treatment, 

compared to age-matched controls (Takano et al., 2014). The result suggests 

that 50% occupancy of the NE transporter (NET) is needed for 

antidepressant treatment to be successful. Indirect evidence from 

pharmacological studies on selective NET occupancy (reboxetine) shows 

increased thalamic–dorsolateral prefrontal response to emotional pictures 

(Treadway & Pizzagalli, 2014). 

Resting state studies on depressed patients indicate increased 

connectivity within the default mode network (DMN) and task-positive 

network (TPN) (van Wingen et al., 2013). However, a study on duloxetine 

(selective NE and 5HT reuptake inhibitor) showed reduced connectivity in 

DMN between medial prefrontal cortex (mPFC) and the lateral parietal cortex 

and uncoupled mPFC from dorsolateral prefrontal cortex (van Wingen et al., 

2013). Furthermore, in TPN the intraparietal sulcus was uncoupled from the 

inferior occipital gyrus, thus duloxetine seems to reverse this increased 

connectivity in the depressive state between DMN and TPN (van Wingen et 

al., 2013), but the question of whether this is related to changes in NE or 5HT 

activity or both is unanswered. 

Neuroimaging studies in MDD have shown reduced DA activity in the 

reward mesolimbic pathways, such as in the ventral striatum. One 

pharmacological imaging study on healthy volunteers taking duloxetine or a 

placebo showed increased ventral striatal response correlating with 

duloxetine plasma level, probably caused by increased monoamine 

neurotransmission in the ventral striatum (Ossewaarde et al., 2011). 

Furthermore, this result reveals the complicated interaction between the 

monoamines, where blocking the reuptake of 5HT and NE seems to increase 

dopamine activity, at least in healthy volunteers. 
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1.1.3.4 Cholinergic and histaminergic projections 

Cholinergic neurons which originate in the basal forebrain, project to PFC, 

hippocampus and amygdala and are believed to be involved in memory 

(Stahl, 2008). 

Evidence suggests that acetylcholine (ACh) plays a significant role in 

mediating stress (Shytle et al., 2002). Central acetylcholine is increased 

following stress which facilitates the release of several stress-sensitive neuro-

steroids and peptides, including corticosterone, ACTH, and CRF (Shytle et 

al., 2002). Following the results of clinical trials in the 1970s, the cholinergic-

adrenergic theory of depression was hypothesed. It suggests that 

hyperactivity of the cholinergic system over the adrenergic system could lead 

to depressive symptoms (Janowsky et al., 1972; Shytle et al., 2002). The 

effects of using indirect ACh agonist support this theory, showing that 

physostigmine in normal subjects leads to increased heart rate and blood 

pressure, symptoms of dysphoria, depression, anxiety, irritability, 

aggressiveness and hostility (Shytle et al., 2002). However, it can be debated 

which is the chicken, and which is the egg when referring to ACh or ACh-

mediated cortisol or HPA-axis effect. 

There are two types of acetylcholine receptors (AChR), the nicotinic 

acetylcholine receptor (nAChR) and the muscarinic acetylcholine receptor 

(mAChR). The nicotine receptor is ionotropic, and the muscarinic is 

metabotropic (G-protein coupled). This is of importance since medicines 

acting on either receptor have been tested for antidepressant activity. Several 

clinical trials have evaluated mecamylamine, a centrally acting nAChR 

antagonist. Mecamylamine has been reported to reduce sudden mood 

changes and depressive symptoms (Nickell et al., 2013). Scopolamine is a 

centrally acting mAChR inhibitor. Its rapid antidepressant activity after 

infusion is evident within 3 days in both unipolar and bipolar depression (Jaffe 

et al., 2013). 

Lastly, a result in a recent study indicates that there might be a gender 

difference in the cholinergic response to stress. As previously discussed, the 

amygdalas are involved in depression and innervated by the cholinergic 

systems, which have been shown to be hyperactive in MDD. Furthermore, 

hippocampal cholinergic neuro-stimulating peptide (HCNP) regulates 

acetylcholine synthesis (Bassi et al., 2015). In a postmortem study on the 

amygdala in MDD patients and matched controls and in a mouse 

unpredictable chronic stress model (UCSM) with matched pairs (clinical and 

pre-clinical study), the expression level of HCNP precursor protein mRNA 
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and other cholinergic genes was investigated (Bassi et al., 2015). The results 

indicate up-regulation of HCNP-pp mRNA in the amygdala of females with 

MDD (p < 0.0001), but not males and similar results for mice exposed to 

unpredictable chronic mild stress (males and females; p = 0.037). 

Furthermore, up-regulation of acetylcholinesterase in UCSM-exposed mice 

was reported (males and females; p = 0.044) (Bassi et al., 2015). These 

findings suggests that female mice are more prone to develop a higher alert 

state (with possibly elevated cortisol) than male mice under the same 

circumstances. 

The histamine center is in the hypothalamus (tuberomammillary nucleus) 

and projects widely throughout the brain and spinal cord (Stahl, 2008). 

Among other areas are the Nu Acc, striatum, amygdala, hippocampus, basal 

forebrain and PFC. There are also projections to the thalamus and brainstem 

neurotransmitter centers. Histamine is predominantly involved in arousal, 

sleep and wakefulness (Stahl, 2008). Many antidepressants, antipsychotic 

and some anxiolytic drugs are histamine H1 antagonists, which has a 

therapeutic effect against anxiety and insomnia but has the side effect of 

weight gain and sedation (Stahl, 2008). 

1.1.3.5 Interim summary on depression and 5HT, DA, NE 
neurocircuits and symptoms in MDD 

Brain research literature is without doubt one of the fastest developing fields 

in medicine today, and textbook publishers have a hard time keeping up with 

new information. The interpretation of information, from neuroimaging studies 

to neurocircuits, and relating them to clinical symptoms is also a long and 

complicated journey. However, a great effort has been made, for example, in 

the popular textbook “Stahl’s Essential Psychopharmacology” (Stahl, 2008). 

In a short and simplified version for depression, symptoms and neurocircuits, 

the diagnosis of depression requires either a depressed mood or apathy/loss 

of interest, in addition to four of the seven following symptoms (DSM-IV/V): 

change in appetite/weight, sleep disturbances, psychomotor agitation or 

retardation, fatigue, guilt/worthlessness, executive dysfunction and, finally, 

suicidal ideation. Taking a look at each symptom, we get the following list: 

Depressed mood: probably linked to insufficient information processing in the 

amygdala and emotional areas of prefrontal cortex (ventromedial prefrontal 

cortex and anterior cingulate cortex). All anti-depressants have boosting 

effects on these areas (DA, NA and 5HT). 
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Apathy/loss of interest: Thought to be in the ventromedial prefrontal cortex 

and dorsolateral prefrontal cortex, hypothalamic drive centers and nucleus 

accumbens (pleasure/interest centers). Medicines raising DA and NA levels 

have a boosting effect, but elevated 5HT actually has a negative effect. 

Serotonin, which binds to 5HT2A receptors in the brainstem/raphe to ends of 

NA and DA neurons, inhibits the release of DA and NA in the prefrontal 

cortex. The GABA system is also involved (see below in GABA and 

glutamate section). 

Changes in weight/appetite: Hypothalamus and serotonin are thought to play 

important roles in hypo-activity in 5HT projection from raphe nucleus to 

hypothalamus. 

Sleep disturbances: Regulation of sleep is believed to be in several brain 

areas – hypothalamus, thalamus, basal forebrain throughout the prefrontal 

cortex. All monoamines affect sleep. Improved sleep is believed to be 

predictive of response to antidepressant treatment (Palagini et al., 2013; 

Thase, 2014). 

Psychomotor symptoms agitation/retardation: Linked to motor circuits 

especially in the striatum but also in the prefrontal cortex and perhaps 

cerebellum (coordinating center). All three monoamines may therefore have a 

boosting effect. 

Fatigue/loss of energy: Mental fatigue is thought to be linked to lowered NA 

and DA activity in the prefrontal cortex and physical fatigue to lowered activity 

in the striatum and nucleus accumbens. 

Suicidal ideation: Believed to be inefficient processing of information in 

emotional centers like the amygdala, ventromedial prefrontal cortex and 

orbital frontal cortex. Hypoactivity in serotonin projections from the raphe 

nucleus to these areas is thought to be the explanation (Figure 1). 

Guilt/worthlessness: Hypoactivity in serotonin projections as for suicidal 

ideation though without involvement of the orbital frontal cortex.  

Executive dysfunction: Localized in dorsolateral prefrontal cortex and 

regulated mostly by DA and NA. 

Our knowledge so far therefore leads us to the conclusion that treating 

depression is not as simple a task as treating diabetes with insulin or 

hypothyroidism with thyroid hormone. Neither is the pathophysiology of 

depression or mood disorders as simple as just elevating one or all three of 

the monoamines, as shown. While NA regulates/stimulates 5HT release in 
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the brainstem, serotonin inhibits release of DA and NE in prefrontal areas 

and blocks the reuptake of NA, and 5HT stimulates DA release. The function 

of neurocircuits and monoamines is therefore much more a question of a 

delicate balance and neuroplasticity rather than lack of monoamines. It is not 

therefore surprising that the pharmaceutical industry is currently trying to 

develop drugs with multiple effects, orchestrating a complicated symphony of 

the receptors with blocking, partial agonistic effect and antagonist effects for 

the three monoamines and effect on other systems (example voritoxetine: 

5HT and NA/NE reuptake inhibitor, 5HT 1A & 1B partial agonist, 5HT 1D, 3A 

& 7 antagonist, β1 adrenergic ligand and elevation of acetylcholine and 

histamine (Sanchez et al., 2015)). We have therefore moved from multiple 

targeting tricyclic antidepressants to single monoamine targeting drugs of 

SSRI/NRI and back again to selective multiple targeting drugs. Even though 

matching symptoms and appropriate medication is the goal in clinical 

practice, as practised in the treatment algorithm of the STAR*D study, the 

results are still inadequate. Thus, scientists have started looking at systems 

other than monoamine systems for explanations in the pathophysiology of 

depression. 

1.1.3.6 GABA and glutamate 

Gamma aminobutyric acid (GABA) and glutamate (Glu) neurons vastly 

outnumber other neurons in the brain (Treadway & Pizzagalli, 2014). In this 

context it is estimated that the neocortex is about 85% of the brain mass, and 

that 80% of the neurons in the neocortex are spiny and excitatory, forming 

85% of the synapses, and 20% of the neurons are smooth and inhibitory 

forming 15% of the synapses (Sanacora et al., 2012). GABA mediates the 

vast majority of inhibitory transmission, while Glu mediates the majority of 

excitatory transmission (Sanacora et al., 2012). It can therefore be said that 

the brain's main function is glutamatergic excitatory transmission, regulated 

by low level GABA-ergic inhibitory transmission. This is in turn modulated by 

another much smaller (but fundamental modulation of emotion and cognition) 

transmission like the monoaminergic transmission discussed above. 

The glutamate hypothesis is based on the fact that glutamate is not just 

somehow involved in affective disorder but is a primary mediator of 

psychiatric pathology (Sanacora et al., 2012). The involvement of glutamate 

in depression has been known since the 1990s when the antidepressant 

effect was discovered by using N-methyl-D-aspartate (NMDA) receptor 

antagonist (Trullas & Skolnick, 1990). Since then the hypothesis has evolved 

from results from different fields, such as intracellular signalling/gene 
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expression, neurogenesis, synaptic plasticity and remodelling of neuronal 

cells or neuroplasticity in a bip hasic way (Sanacora et al., 2012). 

Earlier in this introduction the importance of the coupling between the 

limbic system and the frontal areas in affective disorders, translated as 

emotional – cognition coupling, was described. Most connections between 

these brain areas are glutamatergic (Sanacora et al., 2012). The difference 

between glutamate receptors and receptors for monoamines is, in a 

simplified version, that the GluR (glutamate receptors) are ionotropic and 

therefore fast-acting, while monoamines act on receptors connected to G-

proteins, which use a second messenger within the cell and is therefore 

slower acting. Glutamate binds to two types of receptors, NMDA and AMPA 

(α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid). The glutamate 

hypothesis of mood disorders suggests that under stress glutamate 

transmission at the synaptic gap could be affected in four different ways 

(Sanacora et al., 2012): 

1. Increased glutamate release from the presynaptic neuron into the 

synaptic gap 

2. Altered expression and/or function of ionotropic Glu receptors 

NMDA/AMPA 

3. Altered clearance of glutamate from the synaptic gap 

4. Reduced glutamate-glutamine metabolism and lower density of glial 

cells 

First, it has been shown that acute stress or administration of 

glucocorticoids increases extracellular glutamate levels in different brain 

areas, including the hippocampus, amygdala and prefrontal cortex, mediated 

by mineralocorticoid receptors (MR) in the hippocampus and glucocorticoid 

receptors (GR) in PFC (Sanacora et al., 2012). The effect of chronic stress is 

not as well investigated. 

Second, acute stress causes rapid insertion of AMPA receptors (AMPA-

R), leading to long-term potentiation (LTP) in the hippocampus (Sanacora et 

al., 2012; Whitehead et al., 2013). In the following phase induction, new 

plasticity is inhibited (threshold for LTP is raised), possibly to preserve 

memory of a stressful event and prevent further subsequent memory 

formation as a survival strategy (Diamond et al., 2007; Joels, 2008; Sanacora 

et al., 2012). The underlying mechanism for the cortisol effect on synaptic 

plasticity is still elusive but is believed to mediate enhancement in the acute 

stress phase and degradation in prolonged phase. An animal study by 
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Whitehead and colleagues shows that after stress or glucocorticoid 

administration, hippocampal slices exhibit NMDA receptor (NMDA-R), 

independent form of long-term potentiation, leading to rapid insertion of Ca
+2

 

–permeable AMPA receptors into the synaptic gap (Figure 2). This then leads 

to long-term potentiation in the hippocampus (Whitehead et al., 2013). This 

process then triggers an additional NMDA receptor-independent form of long-

term potentiation during high frequency stimulation (Whitehead et al., 2013). 

Another animal study by Yuen and colleagues showed that repeated stress 

reduced AMPA-R- and NMDA-R-mediated synaptic transmission and 

glutamate receptor expression in PFC pyramidal neurons, all activated by 

glucocorticoid receptor (Yuen et al., 2012). Thus, in the acute stress phase 

there is an increase in glutamatergic transmission, and under repeated stress 

there seems to be some down-regulation of glutamatergic receptors (Figure 

2), all driven by glucocorticoids. The missing link is, though, how stress 

affects BDNF (brain-derived neurotrophic factor), which has been stated to 

be the key component in the pathology of depression. It has been shown that 

AMPA receptor activation increases BDNF and neurogenesis in a rat 

hippocampal slice (Lauterborn et al., 2000). In a mini-review by Vasquez and 

colleagues, a possible mechanism for depression is suggested with BDNF 

down-regulation (Vasquez et al., 2014). To understand the basis of the 

mechanism, one has to bear in mind that both the AMPA and NMDA 

receptors are ionotropic. This allows controlled calcium Ca
+2

 permeability. 

AMPA is composed of four types of subunits called GluR1-GluR4, where an 

agonist like glutamate can bind. AMPA increases permeability for positively 

charged ions, such as Na
+
, K

+
 and Ca

+2
, whereas calcium inflow is blocked 

by a GluR2 subunit, but calcium flows freely in the absence of GluR2 

activation. In general AMPA has little influence on calcium permeability 

unless the receptor lacks a GluR2 subunit (Platt, 2007). AMPA has two 

binding sites for glutamate, which needs both to be occupied for transmission 

and has a much lower affinity for glutamate than affinity for NMDA 

(Dingledine et al., 1999; Platt, 2007). However, the AMPA receptor has the 

most rapid excitatory transmission within CNS (Platt, 2007). NMDA receptor 

is a voltage-dependent ion channel non-selective to positively charged ions 

and at rest is blocked by the big ions Mg
+2

 and Zn
+2

. NMDA receptor has two 

agonist binding sites, one for glutamate and the other an allosteric site for 

glycine (co-agonist), which needs to be occupied for transmission (Platt, 

2007). At activation NMDA receptor allows the inflow of Ca
+2

 and Na
+
 and the 

outflow of K
+
. Calcium activates BDNF and its synthesis and helps to 

promote proper binding of BDNF to its receptor Tropomyosin receptor kinase 

B (TrkB, also known as Tyrosine receptor kinase B) in pre- and post-synaptic 
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neurons (Vasquez et al., 2014). Thus, BDNF favours more calcium release 

creating sustained stimulation (long-term potential). It seems that 

postsynaptic neurons adapt to short time stimulation but fail to adapt to long-

term stimulation, thus leading to prolonged reduction of BDNF (Figure 2). 

This may then cause irreparable damage to the neuron, which results in 

hippocampal atrophy and reduction or loss of synaptic plasticity (Vasquez et 

al., 2014). The overall result is that the affected individual is unable to 

maintain homeostasis and experiences being handicapped in survival skills. 

This lack of adaptation to long-term stimulation may also be a survival 

mechanism in the cell against excitotoxicity by an activating GluR2 subunit, 

blocking calcium inflow (Kim et al., 2001). The relation of glutamate to the 

physiopathology of excitotoxicity was found as early as 1970 when glutamate 

given orally produced neurodegeneration in vivo (Rang, 2012). This caused 

considerable alarm due to the widespread use of glutamate as a taste-

enhancing food additive and the “Chinese restaurant syndrome”, causing 

acute attacks of neck stiffness and chest pain. The mechanism of glutamate 

excitotoxicity is in many steps, but, in simple terms, it is abnormally high 

glutamate activation of NMDA and AMPA receptors, which leads to 

depolarisation of the cell, causing high levels of Ca
+2

 ions to enter the cell 

(Rang, 2012). The depolarisation leads to more glutamate release and 

hinders glutamate uptake, aggravating the situation. The mitochondria and 

endoplasmic reticulum, which act as a sink for Ca
+2

, get storage overload and 

thus slow down in ATP synthesis, leading to diminished capacity to pump out 

the ions. This elevation of Ca
+2

 ions affects many processes within the cell, 

such as increased glutamate release, membrane damage by activation of 

proteases and lipases, activation of nitric oxide synthases, which leads to 

free radicals and increased arachidonic acid release, which also increases 

free radical production and inhibits glutamate uptake (Rang, 2012). 

The rapid effect of ketamine against depression supports the glutamate 

hypothesis. The effect is mediated through blocking of the NMDA receptor at 

rest, leading to de-suppression of protein synthesis and synaptic potentiation 

in the hippocampus CA1 region (Autry et al., 2011; Nosyreva et al., 2014). In 

short, the functions of AMPA and BDNF synthesis are regained. 

Thirdly, there is altered clearance of glutamate from the synaptic gap, 

which reduces glutamate-glutamine metabolism and lowers density of glial 

cells (Figure 2). Clinical findings implicate glial cell loss and reduction of glial 

cell density in mood disorders (Sanacora et al., 2012). One of the glial cell 

functions is to clear out the glutamate from the synaptic gap with the 

excitatory amino-acid transporters (EAATs), limiting the transmission and 
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reuse glutamate. Glial cells transform glutamate to glutamine, which provides 

the glutamine precursor needed for GABA synthesis (Sanacora et al., 2012). 

Stress has been shown to affect glial cells, both functionally and structurally. 

In a rat experiment 15 days of chronic unpredictable stress (CUS) resulted in 

decreased proliferation of glial cells in neocortex, which was reversed by 

chronic antidepressant administration (Banasr et al., 2007). Another rodent 

experiment, also using CUS showed similar results, where 5 weeks of 

exposure led to the loss of glial cells in the hippocampus but no other parts of 

the brain (Kreisel et al., 2014). Minocyclin and imipramine were able to block 

the process but not to reverse it. However, endotoxin as well as macrophage 

colony-stimulating factor (M-CSF) and granulocyte-macrophage colony-

stimulating factor (GM-CSF) were able to increase hippocampal 

neurogenesis (Kreisel et al., 2014). 

As stated at the start of this section, the main function of GABA is 

inhibitory control of the firing of glutamatergic excitatory neurons (Banasr et 

al., 2011). Compared to studies on glutamate in major depressive disorder 

(MDD), studies of GABA are rare. However, alterations in the GABA-system 

were reported in the early nineties as GABA reduction in plasma and 

cerebrospinal fluid of MDD patients (Treadway & Pizzagalli, 2014). Magnetic 

resonance spectroscopy studies have reported specific GABA reduction in 

the medial prefrontal cortex in MDD patients (Gabbay et al., 2012; Hasler et 

al., 2007; Rajkowska et al., 2007). Of special interest for this work is the 

suggestion of the role of GABA function in mPFC, where GABA is supposed 

to mediate negative feedback to the HPA-axis (Radley et al., 2009; Radley & 

Sawchenko, 2011). The mechanism suggested behind the feedback is 

through glutamine stimulation from mPFC and hippocampal formation (HF) 

on the anterior bed nucleus of the stria terminalis (aBST). This in turn 

mediates GABA inhibition on the paraventricular hypothalamic nucleus (PVH) 

(Figure 2) and stops/slows down CRF formation (Radley et al., 2009; Radley 

& Sawchenko, 2011) and thus, later in the process, stops/slows down cortisol 

release. In other words, if GABAergic activity is decreased, it may cause 

excess glucocorticoid exposure to the medial prefrontal cortex. It has also 

been hypothesised that the simultaneous elevation of GABA and 

glucocorticoid exposure may lead to excitotoxicity in these regions and 

partially explain the previously mentioned structural changes (glutamate, 

GABA and glial neurons), but further studies are needed (Banasr et al., 2011; 

Treadway & Pizzagalli, 2014). To summarise, it seems that cortisol has 

multiple ways of affecting the transmission in glutamate and GABA 

transmission.   
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Figure 2. Suggested mechanism in the coupling between the limbic system and the 
frontal areas (emotional – cognition coupling) shown in basal state, acute stress and 
chronic or repeated stress. The glutamate (Glu) is the main excitatory transmission. 
The GABA system is responsible for the brake on the glutamate system and mediates 
it to the paraventricular hypothalamus (PVH). In acute stress activation of NMDA 
leads to insertion of AMPA receptors into the synaptic gap which stimulates brain-
derived neurotrophic factor (BDNF). In excessive glutamate state another NMDA 
receptor is activated not facing the synaptic gap and brakes down BDNF formation 
(excitotoxicity). Based on (Banasr et al., 2011; Radley & Sawchenko, 2011; Sanacora 
et al., 2012) and others. 
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It is also worth mentioning that there are two types of GABA receptors 

mediating GABAergic inhibition, the GABAA and GABAB, where type A is the 

ionotropic chloride channel, and type B is a G-protein receptor (Luscher et 

al., 2011). Type A mediates the vast majority of GABA functions. Reduced 

expression of GABAAR in anxiety disorders suggests a deficient GABAergic 

role in these disorders. Reduction of GABAAR has been seen in the ventral 

basal ganglia, orbitofrontal and temporal cortex of panic attack patients 

(Malizia et al., 1998). Panic patients showed widespread reduction in the 

superior frontal, temporal and parietal cortex (Tokunaga et al., 1997), left 

hippocampus and precuneus (Bremner et al., 2000b). In patients with general 

anxiety disorders, deficits in the temporal lobe have been described (Tiihonen 

et al., 1997). In patients with post-traumatic stress disorders, medial mPFC 

have been observed (Bremner et al., 2000a). GABAAR binding sites seem to 

be relatively unchanged in depression, compared to anxiety disorders. 

However, extensive evidence exists of the role of GABAAR in depression, 

based on the altered expression of the receptors' subunit transcripts (Luscher 

et al., 2011). The GABAergic Deficit Hypothesis of MDD is based on the 

above-mentioned alterations in the GABA system and on the fact that these 

changes can be reversed by monoaminergic antidepressant drug action 

(Luscher et al., 2011). 

1.1.4  Inflammation, psychosocial stress and treatment resistance 

Without going into in-depth speculations, the interactions between the 

glutamate and inflammation systems as well as connection with 

neuroendocrine function have to be mentioned. It has been known for more 

than a decade that depressive patients, including those in remission, have 

shown cardinal features of inflammation, like elevated cytokines and their 

receptors, elevation of acute phase proteins, chemokines, adhesion 

molecules and prostaglandins (Miller et al., 2009; Raison et al., 2006; Zorrilla 

et al., 2001). Furthermore, the associations between inflammatory markers 

and depressive symptoms of fatigue, cognitive impairment and sleep 

disturbances have also been described (Meyers et al., 2005; Motivala et al., 

2005). A depressed patient's loss of sleep or dysregulated sleep has been 

associated with increased interleukin (IL-6) and the activation of nuclear 

factor kappa B (NF-κB), which is a primary transcription factor in the initiation 

of the inflammatory response (Irwin et al., 2008; Miller et al., 2009; Motivala 

et al., 2005). The connections of the neuroendocrine system, inflammatory 

response and sleep have also been apparent for some time. For example, in 

a study of healthy old versus young adults, IL-6 and plasma cortisol were 

positively associated with total wake time in both groups, and their combined 
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effect was additive (Vgontzas et al., 2003). Furthermore, cortisol levels were 

negatively associated with rapid eye movement (REM) sleep in both groups 

although the effect was stronger in young adults, but IL-6 was negatively 

associated only in the young group (Vgontzas et al., 2003). Thus, the authors 

conclude that the decline of REM sleep with age is primarily associated with 

cortisol increase. In a study of 47 short-distance bus drivers which were 

grouped by morning and afternoon shifts. The morning shift slept one hour 

less than those on the afternoon shift, had lower reaction times, flattening of 

the morning-evening cortisol difference and higher prevalence of overweight 

(Diez et al., 2011). On the other hand, a two-hour mid-afternoon nap seemed 

to reverse effect of one-night loss of sleep on IL-6 and cortisol levels 

(Vgontzas et al., 2007). The level of IL-6 tended to decrease for eight hours, 

and cortisol levels dropped during the nap and increased after awakening. In 

a study of depressed patients, eveningness patients (morningness–

eveningness questionnaire, validated against highest oral circadian 

temperature) had greater severity of insomnia than morningness patients. 

Furthermore eveningness was an independent risk factor for non-remission 

(Chan et al., 2014). As stated in the first section of the introduction, the most 

common residual symptoms of those not achieving remission are insomnia, 

fatigue/pain, concentration problems and lack of interest (Stahl, 2008). 

Furthermore, in a study of community dwelling, citizens, aged 60 and older, 

showed that sleep disturbances were an independent risk factors for the 

recurrence of depression (Cho et al., 2008). The inhibition effect of 

glucocorticoid on inflammation is well established. For instance, cytokines 

and inflammatory mediators activate peripheral pain receptors, which in turn 

send pain signals to the thalamus and somatosensory cortex (Rhen & 

Cidlowski, 2005). Simply put, this pathway stimulates the HPA-axis, and 

elevation of glucocorticoids eventually leads to the inhibition of cytokines and 

inflammatory synthesis of mediators (see (Rhen & Cidlowski, 2005)). This 

process is believed to be bidirectional, where cortisol elevated under threat is 

followed by an elevation in cytokines (see (Slavich & Irwin, 2014)). An 

interesting theory explaining this process was presented 2014 by Slavich and 

Irwin in an article called "From Stress to Inflammation and Major Depressive 

Disorder: A Social Signal Transduction Theory of Depression" (Slavich & 

Irwin, 2014). The essence of the theory is that under threat or adversity 

inflammatory components are upregulated, where pro-inflammatory cytokines 

are key mediators. The cytokines elicit profound changes in behaviour, 

including depressive symptoms, such as a sad mood, anhedonia, fatigue, 

psychomotor retardation, anti-social behaviour and withdrawal. The author’s 

hypothesis is that this highly conserved biological response is critical for 
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survival in acute circumstances of danger with physical threat or injury. 

However, the same response in modern society with social stressors can be 

the driving factor of depression pathogenesis and recurrence as well as 

comorbidity of depression in somatic conditions, such as asthma, rheumatoid 

arthritis, chronic pain, metabolic syndrome, cardiovascular disease, obesity, 

and neurodegeneration (Slavich & Irwin, 2014).  

Anti-inflammatory medicines seem to help in treating depression and/or 

treatment-resistant depression (Miller et al., 2009). In an open label study 

adding acetylsalicylic acid (which blocks the production of prostaglandins by 

blocking cyclooxygenase 1 & 2) in fluoxetine treatment-resistant patients' 

increased the remission rate (Mendlewicz et al., 2006). In another study the 

cyclooxygenase 2 inhibitor celecoxib was added to one of two reboxetine 

(noradrenaline reuptake inhibitor) arms, resulting in significantly greater 

improvement, according to scores on Hamilton Depression Scale, compared 

to reboxetine alone (Muller et al., 2006). Improvement of depressive 

symptoms has also been seen in patients treated for psoriasis with 

etanercept (tumor necrosis factor alpha, TNF-α blocker), compared to a 

placebo. The effect described was independent of effect against skin 

clearance and joint pain (Tyring et al., 2006). Furthermore, patients treated 

with etanercept also had significant and clinically relevant improvement in 

fatigue, which also correlated to improvement in joint pain (Tyring et al., 

2006).  

The inflammatory mechanism of action and its relation to glucocorticoids 

and its receptors should be briefly mentioned. Glucocorticoids can inhibit 

prostaglandin production by three independent mechanisms (Rhen & 

Cidlowski, 2005):  

1. Induction and activation of annexin 1  

2. Induction of MAPK phosphatase 1  

3. Repression of cyclooxygenase 2 

The above would be explained through the third mechanism. The cortisol-

glucocorticoid receptor physically interacts with NF-κB (mentioned at the 

beginning of this section) and blocks its transcriptional activity (Rhen & 

Cidlowski, 2005). In this inactive state NF-κB is sequestered by IκB inhibitory 

protein but can be reactivated by TNF-α, interleukin-1, microbial pathogens, 

viral infections and other inflammatory signals activating IκB kinases (Rhen & 

Cidlowski, 2005). In its unmasked state NF-κB binds to DNA sequences, 

called the NF-κB element, and stimulates the transcription of cytokines, 

chemokines, adhesion molecules, complement factors, its receptors and 



Diagnosis of male depression in the community and its correlation with cortisol and testosterone 

52 

cyclooxygenase 2, which is essential for prostaglandin production (Rhen & 

Cidlowski, 2005). Etanercept is a TNF-α inhibitor, blocking activation of IκB 

kinases. This leads to NF-κB transcriptional activity and its inflammatory 

response. Acetylsalicylic acid and celecoxib block the production of 

cyclooxygenase 2 much further down the chain of NF-κB transcriptional 

activity. These three inhibition mechanisms of prostaglandin production are 

obvious targets for the development of new antidepressant drugs. However, 

how does this affect the pathogenesis of depression? This leads us back to 

the glutamate hypothesis of depression. According to study results, increased 

cytokines and inflammatory mediators, including prostaglandins, have the 

capacity to increase glutamate release, decrease the expression of glutamate 

transporters on relevant glial elements and thereby decrease glutamate 

reuptake (Bezzi et al., 1998; Miller, 2013; Miller et al., 2009). As previously 

described this leads to excessive glutamate stimulation of the NMDA receptor 

mediating excitotoxcity and decreased production of trophic factors, including 

BDNF (Figure 2) (Miller et al., 2009). 

1.1.5  Cortisol and the brain 

Cortisol acts on two types of receptors, glucocorticoid (GR) and 

mineralocorticoid (MR), that are widespread throughout the body and brain 

and enriched in the limbic system (Wang et al., 2014). An observation 

involving old rats studied CRF immunoreactive neurons. It found 

immunoreactive groups in the hypothalamus. Other prominent areas were the 

bed nucleus of stria terminalis, the central nucleus of the amygdala, the 

region of the dorsal raphe, locus coeruleus, the external cuneate nucleus, 

and the medullary reticular formation (Cummings et al., 1983). 

Previously the HPA axis was described (section 1.1.1.) in relation to the 

fight-flight stress response, the role of cortisol in the atrophy of the brain and 

its relation to the glutamate and GABA systems as well as its role in immune 

response. Cortisol has a well-established circadian rhythm synchronized with 

daylight. It is at its lowest point in early sleep. Its secretion gradually 

increases during late sleep, with a burst 30-45 min post-awakening, followed 

by decline thereafter (Thorn et al., 2011). The suprachiasmatic nucleus 

(SCN) in the hypothalamus, which is synchronised with daylight via the 

retinohypothalamic tract, regulates this pattern of cortisol secretion (Buijs et 

al., 2003). The SCN is able to detect seasonal daylight variations and 

respond with adjustments in the diurnal and nocturnal psychological states 

(Buijs et al., 2003). The cortisol awakening response test (CAR) was 

designed to test subtle changes in cortisol rhythm or adrenocortical activity, 
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for instance, related to persisting pain, burnout and chronic stress, and as 

indicator of allostatic load (Wust et al., 2000). Previously, the dexamethasone 

suppression test (DST, typically used to assess Cushing disease) was used 

as an indicator of depression. It tests the activity of the feedback mechanism 

in the HPA-axis (Rush et al., 1996). The link between the HPA-axis and 

melatonin circadian rhythm in relation to depression has also been subject to 

speculation as a biological marker in depression. A pilot study of six healthy 

and six MDD subjects in a controlled dimmed light environment showed a 

significant difference in time between cortisol peak and the start of melatonin 

secretion. This is called the phase angle between cortisol acrophase and 

dim-light melatonin onset (Buckley & Schatzberg, 2010). The result showed 

that the phase angle increased significantly in MDD's versus controls 

(13.40+/-1.61h. versus 11.61+/-1.66h, p=0.026). Furthermore, according to 

analysis of receiver operating characteristic (ROC), a phase angle greater 

than 13.57h distinguished MDD's from controls (sensitivity=0.83, 

specificity=1.0) (Buckley & Schatzberg, 2010). These are interesting results 

but must be replicated. Melatonin is synthesised in the pineal gland and 

patterns of secretion, similar to cortisol, are regulated by the suprachiasmatic 

nucleus and daylight (Lewy, 2003). Disturbances in the melatonin circadian 

rhythm have been linked with seasonal affective disorder, and agomelatine 

(melatonin MT1 and melatonin MT2 agonist and a 5HT2C antagonist) has 

shown promising results in treating major depression (Buckley & Schatzberg, 

2010). 

1.1.5.1 Active and passive stress coping behaviour 

A switch mechanism has been proposed moving from inhibitory effects of 

CRF on dorsal raphe nuclei (dRN) and serotoninergic neuronal activity to 

excitatory effect. The former represents active stress coping strategy and the 

latter passive strategy (Bledsoe et al., 2011; Waselus et al., 2009; Wood et 

al., 2013). These suggestions are based on animal studies, and the proposed 

mechanism is a switch from CRF1 receptor activity in acute stress to CRF2 

receptor in the plasma membrane, within dRN neurons under chronic or 

intense stress (uncontrollable stress) causing the neurons to release a 

greater amount of CRF (Homberg & Contet, 2009; Waselus et al., 2009). A 

study by Lukkes and colleagues provided evidence that the dRN CRF2 

receptor recruitment from severe stress lasted long after termination of the 

stressor (Lukkes, J. et al., 2009). Furthermore, early-life social isolation 

increases the levels of CRF receptors in the serotoninergic dRN of adult rats 

and therefore CRF-mediated serotoninergic activity (Lukkes, J. L. et al., 

2009) in limbic and other areas. This may help explain sensitivity to stress in 
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those suffering from social anxiety. As demonstrated in an excellent figure by 

Homeberg and Contet (Figure 1 in (Homberg & Contet, 2009)), there may 

therefore be two types of coping strategies for stress. The former is active 

coping behaviour in response to controllable stress. There GABA inhibition 

through CRF1 receptor mediation reduces the level of serotonin release in 

limbic regions, thereby limiting the behavioural impact of stress exposure 

(Homberg & Contet, 2009). The latter is passive coping behaviour in 

response to uncontrollable stress, mediated by CRF2 receptor activation on 

serotoninergic neurons from dRN to limbic regions, leading to increased 

serotonin release and learned helplessness (Figure 3) (Homberg & Contet, 

2009). 

How might this relate to the “survival of the fittest” and be a benefit to the 

species? It is easy to imagine that under uncontrollable stress passive coping 

behaviour may be beneficial. The likelihood of survival may be increased by 

hiding from or avoiding confrontation. From an evolutional point of view, this 

may have been beneficial for a species' young and weaker ones, giving them 

opportunities later under more promising circumstances. For example, a 

young male challenges another member's social status within the group 

before having sufficient strength or wisdom and is rebuffed. The stress-pain 

Figure 3. Two types of suggested stress mediated projections from dorsal raphe 
nuclei (dRN) to limbic regions. In lower amounts of corticotropin releasing factor 
(CRF) the GABA brake is active and CRF1 mediated effects are dominating with low 
serotonin release. In higher amounts there is a switch to CRF2 mediated activity with 
high serotonin release in limbic regions and possibly frontal areas. Based on 
(Homberg & Contet, 2009) and others.  
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and fearful experience moulds the young male to use a different strategy next 

time. Instead of challenging confrontation in his attempt to reach out to 

members of the group, he approaches gently, showing submission. If 

accepted, he earns opportunity and is in a state of mind to learn from others, 

thereby increasing his likelihood of survival and chances to pass on his 

genes. In biological terms, the CFR afferent dRN may be part of a complex 

neurocircuit involving the amygdala, dRN and mPFC in mediating fear and 

anxiety behaviour (Forster et al., 2008; Homberg & Contet, 2009). A study by 

Forster and colleagues showed that activation of CRF2 receptors in dRN from 

central nucleus of the amygdala controls the release of serotonin in mPFC 

(Forster et al., 2008). The previously mentioned young male had a stress 

overload, were experiencing rejection that produced a great amount of CRF. 

This in turn activated CRF2 receptors in dRN connected to amygdala, which 

in turn mediated increased serotonin release in mPFC. The result was 

helplessness or passive stress coping behaviour. Serotonin in the prefrontal 

cortex is known to block the release of DA and NE and can therefore induce 

symptoms of apathy, anhedonia, reduced libido, akathisia and extrapyramidal 

motor symptoms (Morelli et al., 2011; Stahl, 2008). This has also been 

described as “SSRI induced indifference”, referring to behavioural apathy and 

emotional blunting (Sansone & Sansone, 2010). A study on mice receiving 

chronic 5-HT transporter blockade in adulthood showed reduced DA 

signalling to elicit basal ganglia dysfunction, which was reversed by L-dopa 

administration (Morelli et al., 2011). Basal ganglia are critical for the 

coordination of several motor, cognitive and emotional functions (Cohen & 

Frank, 2009). There are therefore indications that the use of serotonin 

transporter blockades might simulate passive stress coping behaviour. Now, 

if the young male is accepted into to the group in his attempt to reach out 

humbly, he will most probably form emotional bonds, stimulated by the 

hormone oxytocin. A recent meta-analysis showed that oxytocin affects, 

among many other things, the neurocircuits involved in passive stress coping 

behaviour. The amygdala is important for social cognition and the processing 

of facial expression, and oxytocin attenuates the amygdala's activity under 

social stimuli in general (Wigton et al., 2015). It can thus reverse the stress 

response. PFC is another important part of the limbic system for social 

interaction in its role of action selection and evaluation as well as cognitive 

processing of situations. Review of oxytocin studies shows a minimal effect in 

OFC and ACC, at least in men (Wigton et al., 2015), indicating reversal effect 

of the passive stress coping behaviour. However, gender differences should 

be considered in regard to different types of social stimuli (see section 1.2. ref 

on gender differences).  
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1.1.5.2 Early life stress (ELS) and chronicity 

Let us return to our young male. If his attempt to reach out to the members of 

the group fails, the experience would very likely reinforce his passive stress 

coping behaviour, which has been shown to last long after removal of a 

stressor (Lukkes, J. et al., 2009). If this situation is repeated, our young male 

may be on a path leading to overstimulation of the glutamate system, 

retraction of the GABA brake on the cortisol system, inflammation, retraction 

of glial cells and reduction of BDNF production (Figure 2). This leads to 

atrophy and chronicity in the brain. Studies on children exposed to early life 

stress (ELS) or adversity show enlarged amygdala volume (amygdala hyper-

responsiveness), compared to controls. This is seen in adoptees, maltreated 

adolescents and children of consistently depressive mothers (Coplan et al., 

2014). A study on amygdala hypertrophy in macaque monkeys showed larger 

left amygdala volume in stressed subjects, particularly in association with the 

serotonin transporter gene and with higher CRF concentrations in 

cerebrospinal fluid (Coplan et al., 2014). Moreover, the role of stress 

(elevated NA and cortisol) is to induce strong memories of new information 

through the amygdala, but they can also impair interaction of the amygdala 

with other brain regions, such as the hippocampus and prefrontal cortex, 

which may underlie affective and cognitive changes, for example, in MDD, 

anxiety disorders and post-traumatic disorders (Roozendaal et al., 2009). 

According to a recent review, there is evidence that prenatal stress and 

childhood maltreatment is associated with changes in the HPA system and 

reduction in hippocampal volume, which are also associated with increased 

cortisol secretion (Frodl & O'Keane, 2013). The authors furthermore state 

that it is now known that the damaging effect of glucocorticoids on memory 

and learning are mediated via the hippocampus (Frodl & O'Keane, 2013). 

This fits in with the glucocorticoid cascade hypothesis from 1986 (stress 

induced cortisol hypersecretion leads to neuronal receptor loss which leads 

to more cortisol secretion) (Sapolsky et al., 1986). This is offered as an 

explanation of a pathophysiological pathway leading to brain changes as a 

result of severe or chronic stress. A study based on MRI scans (n=61) 

examined whether exposure to cumulative life stress during adolescence, a 

critical time of brain development and reorganisation, affected brain 

morphometry (Hanson et al., 2012). The result indicated an association 

between cumulative life stress, spatial memory and smaller volumes in 

mPFC. Similar results have previously been shown for chronic or repeated 

stress with dendritic shortening in mPFC but at the same time dendritic 

growth in amygdala as well as orbitofrontal cortex (McEwen, 2008). In an 
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attempt to investigate whether glucocorticoids mediate mPFC regulation of 

amygdala, saliva cortisol was measured in 20 individuals in a resting state as 

area under the curve (AUCi) (Veer et al., 2012). The authors found that 

higher baseline cortisol levels were related to stronger negative functional 

connectivity with mPFC, indicating cortisol-mediated regulation of the 

amygdala by the mPFC. This corroborated previous findings from animal and 

human studies (Veer et al., 2012). As mentioned in the section on GABA and 

glutamate, the suggested role of the function of GABA in mPFC is mediating 

negative feedback to the HPA-axis, which may be impaired at higher basal 

cortisol levels as in chronic stress. Finally, emerging research has linked 

changes in HPA-axis activity with both functional and structural differences in 

striatal regions central to reward processing (dopamine driven) (Goff & 

Tottenham, 2014). Early adversity has been linked with dysregulation in 

glucocorticoid secretion and HPA-axis activity, which have been linked to 

depression. A model has thus been proposed to explain the changes in the 

neurobiological mechanism (Goff & Tottenham, 2014). The model basically 

says: early life adversity leads to – HPA-axis dysregulation leading to – 

altered BDNF function leading to – dis-regulated mesolimbic dopamine 

leading to – ventral striatum hypo-activation leading to – adolescent emerging 

depression (Figure 1 in (Goff & Tottenham, 2014)). In support of this theory 

and the one by Homberg & Contet (Homberg & Contet, 2009) regarding two 

types of stress-coping strategies, mediated by CRF1 and CRF2 receptors, is 

how severe stress switches CRF action in the nucleus accumbens from 

appetitive to aversive (Lemos et al., 2012). This report demonstrated how co-

activation of CRF1 and CRF2 receptors mediated increased dopamine 

release in Nu Acc, and how severe-stress exposure completely abolished this 

effect for at least 90 days without recovery (Lemos et al., 2012). This last 

observation therefore suggests an explanation for depressive symptoms due 

to lack of dopamine, possibly mediated by cytokines (see below). If we look 

at our young male again, repeated rejection by the group might lead to 

overstimulation of the amygdala driven by CRF2 receptors in dRN, mediated 

by increased glucocorticoid secretion. The amygdala mediates increased 

serotonin release in mPFC, causing passive stress coping behaviour. 

However, at the same time, increased glucocorticoid release is mediating 

increased glutamate activity through NMDA receptors in the hippocampus 

and mPFC which results in excitotoxicity, lower BDNF values and atrophy. In 

this atrophy, the activity of GABAergic neurons and glial cells is impaired. 

Thus mPFC fails to put a brake on hypothalamus, and negative feedback is 

diminished. At the same time the reward pathway is functionally and 

structurally affected, possibly mediated by cytokine elevation. This leads to 



Diagnosis of male depression in the community and its correlation with cortisol and testosterone 

58 

reduced dopamine activity, which in turn leads to increased vulnerability to 

depression, anxiety and substance abuse as self-treatment to increase 

dopamine release and relaxation. The world is therefore becoming a hostile 

place for our young male, where the amygdala is screaming threat, working 

overtime reading facial expressions and emotionally over-interpreting the 

situation, while memory reading from previous experience is lacking from the 

hippocampus, and information processing is impaired in prefrontal areas. 

Then the time factor is yet to be considered. Is there a buffer in the 

system to keep up with the allostatic load, and if there is, when has the 

situation moved from coping to being pathological? As mentioned above a 

review of MRI studies and meta-analysis on hippocampal volume showed a 

difference in patients with MDD and controls, but only for patients with a 

disease duration of more than two years and with more than one depressive 

episode (McKinnon et al., 2009). Furthermore, studies on young adults 

showed no difference in hippocampal volume compared to controls. Age at 

onset of disease, severity of depression at time of scanning, gender and slice 

thickness did not affect the results. In short, disease duration seems to be the 

factor affecting the hippocampal volume and line of chronicity or the capacity 

of keeping up with the allostatic load, at least when it is more than two years. 

There are also indications that the HPA-axis may be exhausted after long 

disease duration. In a 12-year follow up study on suicidal behaviour and 

salivary cortisol levels, evening salivary cortisol was lower in suicide 

attempters compared to controls (Lindqvist et al., 2008). Furthermore, low 

cortisol levels at follow-up were associated with more severe psychiatric 

symptoms. The authors concluded that this might be due to long-lasting and 

severe psychiatric morbidity, which in turn has exhausted the HPA-axis of 

these patients (Lindqvist et al., 2008). 

1.1.6  Testosterone and the brain 

Compared to cortisol literature, limited literature exists on the function of 

testosterone in the brain. The main research area seems related to 

hypogonadism and testosterone replacement theory, where both definitions 

and benefits are debatable (Paper II). 

In general, testosterone is considered an androgen steroid hormone 

responsible for sexual development and the maintenance of male secondary 

sexual characteristics (Johnson et al., 2013) . Like cortisol, testosterone (T) 

consists of both hydrophilic and hydrophobic groups and therefore passes 

cellular membranes easily where it attaches to T receptors before attaching 

to DNA and facilitating both RNA and protein synthesis (Johnson et al., 
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2013). This aspect of T messenger activity is therefore slow acting, compared 

to activation of G-protein and ionotropic receptors. Testosterone and its 

derivatives stimulate muscle mass, bones, penis, scrotum and secondary 

sexual male characteristics(Johnson et al., 2013). Examples of post-pubertal 

physiological functions are such as increasing energy, muscle mass, weight, 

libido, sexual function, cognition, mood, sleep and aggression (Paper II). The 

main production of T in the body is through the HPG axis, where the 

hypothalamus produces gonadotropin-releasing hormone (GnRH). It 

stimulates the pituitary to produce luteinizing hormone (LH) and follicle-

stimulating hormone (FSH). The LH stimulates testis to produce testosterone, 

and FSH stimulates ovaries to produce oestrogen. Females also produce 

some testosterone, but males produce a daily amount about 20 times 

greater, ranging from 300-1000 ng/dl (Johnson et al., 2013; Southren et al., 

1967; Southren et al., 1965). Like cortisol T also has circadian rhythm or daily 

variation in secretion in males. Its highest values are in the morning, but 

lower by about 40-50% in the evening (Paper II and (Panizzon et al., 2013)). 

Previous studies investigating the relationship between testosterone levels 

and depression have been conflicting (Araujo et al., 1998; Booth et al., 1999; 

Kratzik et al., 2007). 

Testosterone values have been related to mood, where the term 

hypogonadism has been used to describe testicular failure leading to low 

androgen values, but definitions are still being debated (Rey et al., 2013). 

One definition of post-pubertal hypogonadism is characterized by serum 

testosterone levels < 300 ng/dl and at least one clinical sign or symptom that 

includes sexual dysfunction (erectile dysfunction, reduced libido, diminished 

penile sensation, difficulty attaining orgasm, and reduced ejaculate), reduced 

energy and stamina, depressed mood, increased irritability, difficulty 

concentrating, changes in cholesterol levels, anemia, osteoporosis, and hot 

flushes (Kumar et al., 2010). Here we see right away three symptoms 

(depressed mood, irritability, difficulty concentrating) that can be related to 

depression and its neurocircuits in the amygdala, hippocampus and PFC as 

discussed above. Furthermore, difficulty attaining orgasm indicates a 

disruption in dopamine transmission and pleasure centers. 

What about mood and excessive testosterone? Due to ethical 

considerations, studies are lacking, but there are some studies and 

indications from case reports involving exogenous testosterone 

administration. Few reports correlate elevated endogenous testosterone with 

mood disorders but more readily with increased aggressive and risk-taking 

behaviour (Bahrke et al., 1996; Johnson et al., 2013) . Cases of anabolic 

steroid abusers taking 10-100 times the physiological dose report increased 

irritability, aggression, euphoria, manic-like symptoms as well as depressive 

symptoms in the withdrawal phase (Johnson et al., 2013; O'Connor et al., 
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2004; Pope & Katz, 1994). Considering the neurocircuits, irritability and 

aggression may indicate overactive amygdala response and euphoria and 

manic-like symptoms possibly due to excessive DA release. This fits with 

previous discussions in this introduction. A study measuring testosterone in 

bipolar patients (16 males and 51 females) in a depressive or mixed state 

found a positive correlation between testosterone levels, number of manic 

episodes and the number of suicide attempts (Sher et al., 2012). Suicides 

have been considered a form of inward aggression, and these patients are 

possibly experiencing a mind-splitting situation where they find themselves 

full of T/DA/NA-driven energy, but at the same time the amygdala is 

mediating hostility to the mental equation. Testosterone secretion is known to 

decline with age (Harman et al., 2001), but it should also be noted that 

androgen status is maintained in fit, healthy men into the seventh decade of 

life (Diver et al., 2003). A study testing supraphysiological doses of 

testosterone in 15 elderly men (aged 66-86) on memory found decreased 

verbal memory (Maki et al., 2007). The treatment increased total testosterone 

by 241%. Positron emission tomography (PET) showed decreased relative 

activity in the right amygdala and increased relative activity in the bilateral 

prefrontal cortex. Obviously, age is a confounder in testosterone 

measurements, but the above results also indicate the U-shaped relationship 

between T levels and mood disorders described by Booth and colleagues in 

1999 and later replicated by others (Booth et al., 1999; Kratzik et al., 2007) 

(Paper II). These studies indicate an association between depressive 

symptoms and hypogonadism (low T values) and depression in high values. 

Values in between seem to be protective. Previously, relations between T 

levels and the amygdala's size/activity have been mentioned, but compared 

to cortisol, studies on neurociruits and testosterone are lacking. From mouse 

experiments we know that the size of the amygdala shrinks about 30% after 

castration (Malsbury & McKay, 1994), and that castration decreases or 

eliminates conspecific (within species) aggression in male mice (Lofgren et 

al., 2012). A recent cleverly conducted study used a two-step 

pharmacological model that accounts for baseline differences to investigate 

the effect of testosterone on neuronal reactivity in response to threat in young 

healthy males (Goetz et al., 2014). The result was that administering 

testosterone was associated with heightened reactivity of the amygdala, 

hypothalamus and periaqueductal grey to angry facial expressions (Goetz et 

al., 2014). There have been indications in the literature that testosterone 

reduces fear. To test this hypothesis an fMRI study was conducted on 12 

healthy women following a single administration of 0.5 mg of testosterone 

(Bos et al., 2013). According to the results, the amygdalas responded equally 

to fearful and happy faces. Thus, testosterone's effect on the amygdala is 

fairly well established, but it seems not to be situation-specific (at least in 

females) although it affects the fight-flight limbic neural circuitry. A recent 
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neuroimaging review paper on the possible antidepressant effect of 

testosterone concluded that its effect was mainly on the limbic system 

especially the amygdala, a major target in treatment of depression (Hofer et 

al., 2013). 

1.1.6.1 Testosterone, affective symptoms and possible 
mechanism 

In addition to its gonadal function, testosterone is thought to have many 

functions in the central nervous system (CNS) through binding to intracellular 

receptors, modulating ligand-gated ion channels, binding to neurotransmitter 

receptors, taking part in the remodeling of the brain and taking part in 

neuronal adaptions to the environment (Ebinger et al., 2009). Testosterone is 

not only a gonadal neuroactive steroid but also a neurosteroid, that is, a 

steroid synthesized in the CNS (Ebinger et al., 2009). The synthesis is 

catalyzed by 17-beta-hydroxysteroid dehydrogenase with conversion from 

androstenedione and has been found in the hippocampus and temporal lobe 

mainly in subcortical white matter (Stoffel-Wagner, 2001). The hippocampus 

is one of the richest sites in androgen receptors as the amygdala and 

hippocampal neuronal plasticity is partly controlled by testosterone (Ebinger 

et al., 2009). Testosterone is metabolized to estrogen (estradiol) by 

aromatase, which in humans is found in highest concentrations in the 

thalamus and amygdala, while having lower concentrations in the nucleus 

accumbens, pons, occipital and temporal cortices, putamen and cerebellum 

(Hofer et al., 2013). Testosterone metabolized to oestrogen can thus 

modulate the serotoninergic system by binding to oestrogen receptors (Hofer 

et al., 2013). Other testosterone metabolites, androstanediol and 

androsterone, have little or no affinity for androgen receptors, but they are 

potent GABAA receptor agonists and have GABA-mediated functions 

(Roohbakhsh et al., 2011). 

Serotoninergic system and testosterone: Testosterone has an antagonistic 

effect on 5-hydroxytryptamine type 3 (5HT3) receptors (Ebinger et al., 2009). 

These receptors regulate inhibitory interneurons in the brain and also 

vomiting via the vagal nerve (Stahl, 2008). In animal studies anxiolytic effects 

of acute and long-term testosterone administration have been seen but 

controversially also an anxiogenic effect (Roohbakhsh et al., 2011). 

Dopaminergic system and testosterone: Preclinical data suggest that 

testosterone influences dopaminergic activity in CNS (Ebinger et al., 2009). 

In mice, testosterone modulates the storage and uptake of dopamine within 

vesicles of striatal neurons (Shemisa et al., 2006). A PET study examining 

dopamine release in healthy males and females after administration of 
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amphetamine found that males had significantly greater DA release in the 

ventral striatum, but neuroendocrine function remained the same in both 

genders (Munro et al., 2006). A study on Syrian hamsters given testosterone 

for 15 days showed no alterations of DA level in Nu Acc, but amphetamine 

significantly increased DA levels (Triemstra et al., 2008). Thus, direct effect of 

T on DA release is unlikely. Preclinical data suggest that dopamine-

stimulated sexual behaviour is testosterone dependent, and testosterone 

metabolites influence dopamine levels at the medial preoptic area (MPOA) 

(Ebinger et al., 2009). MPOA is a part of the anterior hypothalamus which 

releases gonadotropin-releasing hormone (GnRH), controls copulation in 

males, and is larger in males than in females (Roselli et al., 2007). 

Noradrenergic system and testosterone: Preclinical data suggest that 

testosterone may have some regulatory effects comparable to monoamine 

oxidase inhibitors but only in regard to NA but not serotonin (Ebinger et al., 

2009). 

NMDA and testosterone: Very limited information exists. Activation of NMDA 

receptors in the preoptic area of the hypothalamus (POA) induces GnRH 

secretion and, subsequently, luteinizing hormone (LH) and testosterone, and 

blockage of NMDA receptors decreases T levels and enhances postnatal 

neuronal apoptosis in the preoptic area of male rats (Hsu et al., 2000). 

Interaction between HPA and HPG axis: The literature on how cortisol (CRT) 

and testosterone act together in the brain is both fragmented and 

contradictory. The inhibitory effect of the HPA axis and cortisol on 

testosterone production in its three stages is well known: by modifying 

gonadotropin-releasing hormone (GnRH) from the hypothalamus, by 

influencing luteinizing hormone (LH) from the pituitary or by altering the 

stimulating effect of gonadotropins on gonads (Rivier & Rivest, 1991). 

Furthermore, the HPG axis inhibits cortisol production at the level of the 

hypothalamus (Montoya et al., 2012). Theoretically this would lead to 

imbalance of either high T and low CRT or vice versa though the ratio would 

be different in females due to lower T secretion (Montoya et al., 2012). A 

hypothesis on the T/CRT ratio states that predisposition for social aggression 

results from imbalance of the hormones (Terburg et al., 2009; van Honk et 

al., 2010). These hormones have long-term effects. On one hand, T elevates 

vasopressin gene expression in the amygdala, stimulating aggressive 

behaviour (Montoya et al., 2012). On the other, high cortisol level promotes 

CRH genes expression in the amygdala, facilitating fear/anxiety and 

behavioural withdrawal (Schulkin, 2007; Schulkin et al., 1998). A dual-
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hormone serotoninergic (DHS) hypothesis has been stated by Montoya et al. 

It states that a high T/CRT ratio predisposes to aggression, with low frontal 

serotonin levels promoting impulsivity and lowering fear or fight rather than 

flight (Montoya et al., 2012). We can now immediately see the resemblance 

to the switch mechanism proposed (see above). The inhibitory effects of CRF 

on dorsal raphe nuclei (dRN) and low serotonergic neuronal activity, to 

excitatory effect with serotonin elevation in limbic regions, moving from active 

to passive stress coping strategy accordingly (Bledsoe et al., 2011; Waselus 

et al., 2009; Wood et al., 2013). Adding this together, we would expect a 

higher ratio of T/CRT to activate the CRF1 receptor (fight mode) and a lower 

ratio of T/CRT levels with excessive cortisol to result in activation of the CRF2 

receptor (flight mode) (Figure 4).  

  

Figure 4. The ratio of androgen and corticotropin releasing factor (CRF) affecting 
amygdala and possible mediated symptoms. In higher levels of testosterone 
aggressive /impulsive symptoms are dominating and in higher cortisol/CRF levels 
aversive symptoms are dominating. Notion based on (Papers I-III) and (Homberg & 
Contet, 2009; Montoya et al., 2012). 
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It should be noted that from an evolutionary point of view, one would expect 

the hormones to work together in stressful and physically strenuous 

situations, especially in males. Cortisol is needed for its excitatory effect 

mediation and to keep energy up, while testosterone, with its anabolic effect, 

is motivating and win-rewarding. Animal experiments showed that after 

winning a fight, California mice experience a testosterone surge that helps 

enhance their future winning behaviour, while the future winning behaviour of 

white-footed mice, which lack this endogenous response, shows no 

enhancement (Fuxjager et al., 2011). 

As for cortisol, there are indications of peripubertal alterations in the 

testosterone neurocircuits through adversity. A novel animal model for 

pathological aggression induced by peripubertal exposure to stress with face, 

construct and predictive validity, was presented in a rat experiment. The 

result was that male rats submitted to fear-induction experiences during the 

peripubertal period exhibit high and sustained rates of increased aggression 

at adulthood, even against unthreatening individuals, and increased 

testosterone/corticosterone ratio (Marquez et al., 2013). Furthermore, they 

also exhibit hyperactivity in the amygdala after a resident-intruder test and 

hypoactivation of the medial orbitofrontal cortex after the social challenge. 

Increased and sustained expression levels of the monoamine oxidase A 

(MAOA) gene were found in the prefrontal cortex but not in the amygdala, 

and treatment with an MAOA inhibitor during adulthood reversed the 

peripuberty stress-induced antisocial behaviour. An interesting longitudinal 

study was based on 503 males recruited in the first grade. Then, a selected 

subsample of 56 males with varying histories of violence underwent a 

neuroimaging substudy at 26 years of age. The result demonstrated that men 

with lower amygdala volume had a more longstanding history of aggression 

and psychopathic features and were at increased risk for committing future 

violence (Pardini et al., 2014). Thus, male rats with hyperactive amygdala 

and history of aggression were able to relax after treatment which elevated 

serotonin. However, boys with history of aggression and lower amygdala 

volume, and thus diminished capacity to read facial expression were at risk of 

committing future violence. 

Thus, there are many possible mechanisms which could explain the 

relation of testosterone and affective symptoms. However, in order to explain 

the U-shaped connection between testosterone levels and depression, one 

has to look at the glutamate theory of depression, the switch mechanism from 

CRF1 to CRF2 receptors, the hypothesis on the T/CRT ratio and testosterone 

stimulation of amygdala. 
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Summarising the above information, it is quite possible that males in a 

hypogonodal state, lacking testosterone, are only experiencing high cortisol 

level or a low T/CRT ratio, which promotes CRH gene expression in the 

amygdala resulting in fear/anxiety and behavioural withdrawal (Schulkin, 

2007; Schulkin et al., 1998). A more favourable ratio of T/CRT might have a 

protective effect against depression, where the male is enjoying the drive 

from testosterone in balance with the energy from cortisol. However, a higher 

T/CRT ratio might induce amygdala hyperactivity resulting in aggressiveness, 

but cortisol is still only activating CRF1 receptors on GABA neurons, inhibiting 

frontal serotonin release through dRN. At this stage the effects of cortisol on 

NMDA-R might still be increasing AMPA activity and thus BDNF and synaptic 

formation. In chronic stress we would expect a lower T/CRT ratio with a 

prominent cortisol effect and thus CRF2 mediation of induced serotonin 

frontal release (Figure 4). This would lead to glutamate excitotoxicity, glial cell 

and GABA neuron withdrawal, shut down in BDNF synthesis with synaptic 

degeneration and cytokine elevation. Testosterone might also be elevated, 

but to a lesser degree, and therefore would not dominate the T/CRT ratio. 

The symptoms could thus simultaneously be aggression and anxiety along 

with cognitive impairment. 

Looking at our young male again, in a situation of social acceptance and 

success of climbing the ladder within the group, he might not only lower his 

cortisol but also elevate his testosterone and, thus, reinforce his situation for 

future success. An enhanced amygdalas might stimulate his courage, but 

simultaneously he would enjoy the anabolic effect of testosterone, making 

him stronger and more attractive in the eyes of the females. 

1.1.7  Addiction, comorbidity with mood disorders and 
neurocircuits 

Earlier in the introduction the high comorbidity between MDD and anxiety 

disorders was discussed, and a recently published paper confirms this once 

again. In the World Health Organisation's World Mental Health Survey 

(74.045 adults, 24 countries, DSM-IV), 45.7% of respondent with lifetime 

MDD had one or more lifetime anxiety disorders (Kessler et al., 2015). Of 

respondents with 12-month MDD 51.7% had lifetime anxiety disorders and 

41.6% had 12-month anxiety disorder. Furthermore, as mentioned above, 

neuroimaging studies do not differentiate between MDD and anxiety 

disorders with respect to amygdala hyperactivity (Treadway & Pizzagalli, 

2014). 
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Turning to addiction, there is a new survey of 1767 patients receiving 

treatment for alcohol abuse (alcohol use disorder AUD, DSM-IV) from eight 

European countries. The results show that 43.2% (95% CI: 40.7-45.8%) 

suffered from depression, and 50.3% (95% CI: 47.8-52.9%) suffered from 

anxiety (Rehm et al., 2015). Obviously, the comorbidity of MDD with AUD has 

to be taken into account when doing community studies. 

Neurocircuits and hormones merit brief mentioning here. 

A comprehensive review by Koob & Volkow conceptualises addiction as a 

disorder combining both impulsivity and compulsivity. The result is a 

composite addiction cycle composed of three stages, each taking place in 

different neurocircuits (Koob & Volkow, 2010): 

1. binge/intoxication (ventral tegmental area and ventral striatum – Nu Acc) 

2. withdrawal/negative affects (extended amygdala) 

3. preoccupation/anticipation or craving: (a) craving - orbitofrontal cortex–

dorsal striatum, prefrontal cortex, basolateral amygdala, 

hippocampus, and insula and (b) disrupted inhibitory control - 

cingulate gyrus, dorsolateral prefrontal and inferior frontal cortices. 

The development of addiction is believed to begin with changes in the 

mesolimbic dopamine system, followed by a series of neuro-adaptations from 

ventral to dorsal striatum and orbitofrontal cortex and ending in dysregulation 

of PFC, cingulate gyrus and an extended or hyperactive amygdala (Koob & 

Volkow, 2010). In behavioural terms drug addiction has been conceptualised 

as a disorder involving both impulsivity and compulsivity, where impulsivity 

dominates the early stages and compulsivity the terminal stages (see stages 

above) (George et al., 2012). Furthermore, as the individual moves from 

impulsivity to compulsivity, a shift occurs from positive reinforcement that 

drives the behaviour to negative reinforcement driving the motivated 

behaviour, which is believed to occur within the extended amygdala (George 

et al., 2012). 

There are two theories to be considered in order to gain a little better 

understanding of addiction and this shift. First, the dopamine hypothesis of 

addiction which says that long-term drug use is associated with decreased 

DA function as evidenced by reduction of dopamine D2 receptors and lower 

DA release in striatum in addicted subjects (Volkow et al., 2007). In other 

words, addiction and long-term drug use may lead to anhedonia, a symptom 

shared with depression. 
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The other theory to be considered is the glutamatergic theory of 

alcoholism. The NMDA receptor is now considered one of the primary 

molecular targets for the actions of ethanol in the brain (Gass & Olive, 2008). 

In acute and chronic alcohol use the activity of the glutamate system drops 

but strives to regain homeostasis. In the withdrawal phase this results in 

increased glutamate activity (Gass & Olive, 2008; Spanagel & Kiefer, 2008). 

The withdrawal state in humans has been associated with fatigue, lowered 

mood and psychomotor retardation (George et al., 2012), which are also 

symptoms shared with depression. 

There are many interactions between the glutamate system and DA 

pathways. The mesolimbic pathway consists of ventral tegmental area (VTA, 

part of the midbrain with DA, GABAergic and glutamate neurons) and Nu 

Acc. The VTA communicates with Nu Acc through the medial forebrain 

bundle with DA projections. Nucleus accumbens receives glutamatergic input 

from the frontal cortex, amygdala, hippocampal formation and various nuclei 

of the thalamus (Gass & Olive, 2008). The frontal cortex receives 

glutamatergic input from the hippocampus, amygdala and thalamus. Thus, 

there is a robust excitatory glutamatergic innervation of the mesolimbic 

dopamine reward circuitry (Gass & Olive, 2008). It is also of interest how this 

resembles the glutamate hypothesis of depression and synaptic plasticity in 

many of the same neurocircuits, offering explanations of a possible shared 

mechanism for symptoms. 

Furthermore, an interesting theory of allostasis and addiction was 

published by George et al 2012 (George et al., 2012). There the role of the 

dopamine and corticotropin-releasing factor systems are the key drivers, and 

the extended amygdala and VTA are the key areas. The authors 

hypothesized that repeated compromised activity in the dopaminergic system 

and sustained activation of the CRF–CRF1R system with withdrawal 

episodes may lead to an allostatic load contributing significantly to the 

transition to drug addiction. The CRF system in the amygdala CeA area is 

activated in drug/alcohol use, and in the withdrawal phase the amount of 

CRF increases. The increase mediates and reinforces aversive and 

anxiogenic-like behaviour. Furthermore, a CRF antagonist is known to block 

this negative motivational effect, and indirect evidence points to CRF1 

mediation but not CRF2 mediation (George et al., 2012). There is also 

evidence from an electrophysiological study that DA enhances glutamatergic 

transmission in the amygdala bed nucleus of the stria terminalis (BNST) 

through activation of DA receptors and CRF1 receptors. This suggests that 

dopamine stimulates the local release of CRF in the extended amygdala 



Diagnosis of male depression in the community and its correlation with cortisol and testosterone 

68 

(Kash et al., 2008). Thus, with repeated reinforced drug/alcohol use and 

withdrawal, a vicious cycle is created with diminished DA release and hyper-

activation of CRF-system stimulating the CRF1 receptor that mediates 

anxiogenic and aversive effect. This in turn calls for more DA release. 

With increased amounts of cortisol, we would expect same as with chronic 

stress leading to glutamate excitotoxcity, glial cell and GABA neuron 

withdrawal, shutdown of BDNF, with synaptic degeneration and cytokine 

elevation. 

The possible role of testosterone levels in addiction are also of interest. 

As discussed in the section on testosterone, the ratio T/CRT and the 

amygdala mediating aggressive behaviour in high T levels and anxiety and 

aversive behaviour in low levels (Figure 4), resembles the shift from positive 

to negative reinforcement of drinking. As mentioned earlier, males have 

greater striatal DA release, and low amounts of alcohol seem to increase T 

levels (positive reinforecement) (Munro et al., 2006; Sarkola & Eriksson, 

2003). On the other hand, an alcohol dose-dependent decrease in 

testosterone can be observed, and reduction in testosterone levels is also 

observed (negative reinforcement), when pathological changes occur (Venkat 

et al., 2009; Volzke et al., 2010). 

It is also interesting to speculate how this fits the suggested two types of 

strategy for coping with stress. As described in the cortisol section, the former 

strategy involves active coping for controllable stress. Here GABA inhibition 

through CRF1 receptor mediation reduces the level of serotonin released in 

limbic regions and thereby limits the behavioural impact of stress exposure 

(Homberg & Contet, 2009). The latter strategy involves passive coping for 

uncontrollable stress. Here mediation is provided by CRF2 receptor activation 

on the serotoninergic neuron from dRN to the limbic regions, leading to 

increased serotonin release and learned helplessness (Homberg & Contet, 

2009). George & colleagues suggested CRF1-mediated allostatic load 

(George et al., 2012), but it may be just as likely that in the terminal stages of 

addiction, a shift occurs to CRF2-mediated helplessness with frontal serotonin 

release. This subject would make an interesting study, as well as to estimate 

the possible effect of testosterone in the positive reinforcement behaviour of 

addiction. 

Regarding the interplay between the stress response, allostatic load and 

neural plasticity, on one hand, and psychiatric diseases, on the other, it is of 

interest to follow the progress made in research on addiction diseases. Those 

studying and treating affective disorders are becoming more and more aware 
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of the importance of the mesolimbic pathway and the involvement of 

dopamine and glutamate systems in affective and addiction disorders. 

Furthermore, addiction is obviously a condition requiring consideration when 

diagnosing and treating mood disorders. 

1.2  Gender differences 

Gender differences in the prevalence of psychiatric disorders have long been 

discussed and are well established in epidemiological studies. These studies 

show that females have higher prevalence in mood and anxiety disorders 

than males, and males' prevalence in substance abuse and antisocial 

personality disorders is higher than females' (Eaton et al., 2012; Kessler et 

al., 1993; Kuehner, 2003). A new world mental health survey by the World 

Health Organization further confirmed this. Females (and previously married 

people) had consistently elevated rates of lifetime and 12-month MDD as well 

as comorbid anxiety disorders (Kessler et al., 2015). A recent study from the 

National Comorbidity Survey replication in the USA supports gender 

differences in reported symptoms of depression where males had 

significantly higher rates of anger attacks, aggression, substance misuse and 

risk behaviour (Martin et al., 2013). However, the male female difference in 

prevalence was eliminated when traditional and alternative symptoms for 

depression were combined. Suicidal thoughts are part of the depression 

diagnostic criteria, and studies have frequently reported that suicidal thoughts 

are more common among females (Paykel et al., 1974; Skoog et al., 1996), 

while death by suicide is more common among males. Lastly, it has been 

suggested that the sex ratio of depression varies according to time and place 

(Bebbington, 1999). In support of this notion, a rescent large retro and 

prosprective opposite-sex dizygotic twin pair study results suggests two 

subtypes of depression that differ in prevalence in females (emotionally 

orientated, relationships failures and loss) and males (failure in achieving 

goals – self esteem) (Kendler & Gardner, 2014). This has raised some 

intrusive questions, such as: is depression under-diagnosed among males? 

Are the current diagnostic criteria gender-biased, and/or are there some 

biological explanations? 

1.2.1  Male depression 

A generation ago Wålinder and Rutz proposed a male depressive syndrome, 

following experience from the Gotland study (Walinder & Rutzt, 2001). 

Furthermore, they designed a scale to detect males with this syndrome. The 

Gotland study showed that an educational program for general practitioners 
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on depressive illness significantly decreased the rate of suicides among 

females but not among males. The proposed syndrome comprises low stress 

tolerance, acting-out behaviour, low impulse control, substance misuse and 

hereditary loading of depressive illness, alcoholism and suicides. Walinder 

and Rutz based their notion on data from the Amish study (Egeland & 

Hostetter, 1983) and Van Praag’s (2001) concept of stress-precipitated, 

cortisol-induced, serotonin-related and anxiety-driven depressive illness most 

often seen in males, also called anxiety/aggressive-driven depression. 

Looking at the biology behind the symptoms, they may have an explanation 

of chronic stress, elevated cortisol and elevated testosterone, as discussed in 

relevant sections above. 

The Gotland Male Depression Scale (GMDS) was developed to identify 

these atypical or externalising symptoms in depressed males by adding 

distress symptoms to the standard symptoms of depression. The distress 

subscale includes items 1, 2, 5, 8, 9, 10 and 12 and the depression subscale 

includes the remaining items 3, 4, 6, 7, 11 and 13 (Zierau et al., 2002). 

Validation studies on GMDS are scarce, and the male specificity of the scale 

has been debated. For further information and discussion, see Paper III. As 

results for scales designed to detect male-depressive symptoms and 

substance abuse have been contradictory, other scales are still being 

developed (Rice et al., 2013). No previous study, however, has validated the 

scale in a community sample for screening purpose. The scale was designed 

as a self-rating scale for use in the community (Paper III). 

1.2.2  Biological sex differences 

Sex/gender differences are most certainly discussed in every community and 

most homes. Equal gender rights have made much progress, benefitting 

Western societies, and it may be out of fashion to think there are possibly 

some biological gender differences. However, did Mother Nature see any 

benefit in equipping the genders differently (apart from the gonadal organs) in 

order for the species to survive? Below, there are some studies where sex 

differences were observed and may offer some explanation in regard to the 

subject of this thesis. 

In a study by Vaillancourt and colleagues on 12-year-old bullied and non-

bullied children in a non-clinical sample and the relation to the HPA axis, the 

findings were elevation of cortisol in boys but lowering of cortisol in girls 

(Vaillancourt et al., 2008). This indicates a different stress response of the 

HPA axis by gender, at least in adolescents. A study on early life stress 

(ELS) found that such events disrupt social behaviour and prefrontal cortex 
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parvalbumin (PVB) interneurons at an earlier time-point in females than in 

males (Holland et al., 2014). Previously, ELS has been correlated in males 

with elevated markers of oxidative stress and inflammation, such as 

cyclooxygenase-2 (cox-2) (Holland et al., 2014). Furthermore, sexually 

dimorphic behavioural changes after ELS were consistent with prefrontal 

cortex loss of PVB neurons. The authors concluded that there might therefore 

be a different mechanism behind the disruption in females not mediated by 

cox-2. Early life stress seems therefore to impact differently the prefrontal 

cortical development of males and females. It may be related to elevated 

cortisol in boys, and therefore elevated cytokines, but lowered cortisol in girls 

as in the above study on bullied children (Vaillancourt et al., 2008). 

In a 10-year prospective cohort study (n = 1,309) of- hippocampal atrophy 

and subsequent depressive symptoms in males and females, aged 65-80, 

the results were a significant correlation in hippocampal volume reduction 

and depressive score in females, but not males (Elbejjani et al., 2014). 

Furthermore, hippocampal atrophy was associated with more subsequent 

depressive symptoms and with shorter-term worsening of symptoms in 

women. 

In a systematic review and meta-analysis of placebo-controlled imaging 

studies on oxytocin (OXT), the “bonding hormone”, it was shown that OXT 

administration in females increased activation in the amygdala, but in studies 

involving males OXT administration attenuated activation in the amygdala 

(Wigton et al., 2015). 

A PET study examining dopamine release in healthy males and females 

after amphetamine administration found that males had markedly greater DA 

release in the ventral striatum than females, but neuroendocrine function 

remained the same in both genders (Munro et al., 2006). 

A preclincal study showed female mice to be more prone to stress than 

male mice, with higher up-regulation of acetylcholinesterase under the same 

circumstances of unpredictable chronic mild stress (Bassi et al., 2015). 

In a study on males and CRF/CRH elevation in the Locus Coeruleus (LC) 

showed elevated concentrations of CRF in the LC of depressed subjects 

(Bissette et al., 2003). The LC nucleus contains noradrenergic neuronal cells 

that communicate with hypothalamic, limbic (the hippocampus and amygdala, 

among other structures), and cortical targets and receive excitatory input 

from CRF postsynaptic terminals, among others. Thus, increased CRF in the 

LC mediates fearful and anxious behaviours (hyperarousal), concomitant with 
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increased activity of LC noradrenergic neurons, and chronic stress increases 

CRF synaptic availability in the LC (Bissette et al., 2003). What is of interest 

is that another study on depressed suicide in males showed that the level of 

corticotropin-releasing hormone immunoreactivity (CRH-IR) increased by 

30% in the LC, 39% in the median raphe and 45% in the caudal dorsal raphe 

compared to controls (Austin et al., 2003). These findings indicate that CRH-

IR levels are specifically increased in norepinephrine- and serotonin-

containing pontine nuclei of depressed suicidal men. This is consistent with 

the hypothesis that CRH neurotransmission is elevated in extra-hypothalamic 

brain regions of depressed subjects (Austin et al., 2003). 

Recent preclinical data show sex differences in CRF1 receptor signalling 

and trafficking that make the LC neurons of female rats more sensitive to 

CRF and potentially less able to adapt to excess CRF (Bangasser et al., 

2010). A study cleverly conducted by the same author used CRF1 immuno-

labelling to detect differences in LC neurons by gender. Male CRF1 immuno-

labelling was prominent in the cytoplasm, indicative of internalization, a 

process that would protect cells from excessive CRF (Bangasser et al., 

2013). However, in female mice, CRF1 labelling was more prominent on the 

plasma membrane, suggesting that the compensatory response of 

internalization was compromised (Bangasser et al., 2013). This news is quite 

exciting, especially if the same applies in humans. This could explain the 

higher rates of mood disorders among females. If this applies in females, we 

would expect a lower threshold for amygdala hyper-activation and possibly 

CRF2 response, as discussed earlier, with frontal serotonin release and a 

state of helplessness. But what use would Mother Nature have for this high 

alert state? One obvious possible explanation is that as a mother takes care 

of young ones, this high alert state might increase their likelihood of survival. 

However, in a society with built-in homemade stressors, this response might 

become a burden and source of chronic stress. 

In order to try to understand gender differences in mood disorders, on one 

hand, with female preponderance and, on the other, male preponderance in 

alcohol and substance abuse treatment, one starts to think about the higher 

DA release by males in ventral striatum (Munro et al., 2006) and the female's 

diminished ability to adapt to stress (Bangasser et al., 2013; Bassi et al., 

2015). Is it possible that males get a higher “rush” than females out of 

drinking alcohol and substance abuse and thus have stronger positive 

reinforcement from the behaviour? And is it possible that females have more 

tendencies to use anxiolytic drugs and/or misuse tranquilizers as self-

treatment due to stronger negative reinforcement of the behaviour?  
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1.3  Stigma 

There are also other non-biological explanations to consider, for example, 

help-seeking behaviour and stigma. How shaped are men by the views they 

grew up with when it comes to so-called gender roles and men’s masculinity 

image of themselves when they need to seek help? In 2002 Moller-

Leimkuhler published a review on men’s help-seeking barriers, with particular 

reference to depression (Moller-Leimkuhler, 2002). It was the author’s 

conclusion, based on empirical evidence, that low treatment rates for men 

cannot be explained by better health, but rather must be attributable to a 

discrepancy between perception of need and help-seeking behaviour (Moller-

Leimkuhler, 2002). Furthermore, the author argued that social norms of 

traditional masculinity make help-seeking more difficult because of men's 

inhibition against emotional expressiveness affecting the perception of 

depression symptoms. Moller-Leimkuhler quoted a suicide prevention study 

by Angst and Ernst from 1990 in Switzerland. It was published in German 

medical journal and included in English translation the phrase ‘‘Women seek 

help — men die.’’ This inference was made from the fact that 75% of those 

who sought professional help in an institution for suicide prevention were 

female, and 75% of those who committed suicide the same year were male 

(Moller-Leimkuhler, 2002). 

A US national web-based survey investigated the role played by gender in 

moderating the stigma of mental illnesses (Wirth & Bodenhausen, 2009). 

Respondents read a case summary in which the gender of a person was 

orthogonally manipulated along with the type of disorder; the cases reflected 

either a male-typical disorder or a female-typical disorder. The results 

indicated that when cases were gender typical, respondents felt more 

negative affect, less sympathy, and less inclination to help, compared to 

when cases were gender atypical. The explanation offered by the authors 

was that gender-typical cases were significantly less likely to be seen as 

genuine mental disturbances (Wirth & Bodenhausen, 2009). 

A review of multinational studies comparing the stigma of alcohol 

disorders with other mental disorders found that alcoholism is a particularly 

severely stigmatized mental disorder (Schomerus et al., 2011). When 

compared to people suffering from other mental disorders, alcohol-dependent 

persons were less frequently regarded as mentally ill. They were held much 

more responsible for their condition, provoked more social rejection and more 

negative emotions and were particularly at risk for structural discrimination 

(Schomerus et al., 2011). Only with regard to being dangerous were they 
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perceived to be at a negative level similar to that of people suffering from 

schizophrenia (Silton et al., 2011). This is of interest as males are more likely 

to seek help for alcohol and substance abuse, but females are more likely to 

seek help for affective disorders. Thus, substance abuse may be seen as 

male disorder and/or not even a disease, and affective disorders as more 

typically female (Kessler, 2003; Silton et al., 2011). At least there is strong 

evidence for considering gender as a confounder in studies on mental health. 

1.4  Genes and environment in affective disorders 

Although it is not the subject of this thesis, interaction between genes and the 

environment has to be briefly mentioned. According to epidemiological 

studies, the genetic heredity factor is stronger in schizophrenia and bipolar 

disorders (70-80%), while population studies on depression find heritability to 

be around 38%, and hospital-based studies of severe depression are in the 

range of 48-75% (Uher, 2014). This indicates some interaction between the 

environment and genes in depression, at least in its milder forms. It is also 

clear from family studies that MDD is not caused by a single gene but is a 

disease with complex genetic features (Belmaker & Agam, 2008). 

A hypothesis has been stated that high levels of early life trauma may 

lead to disease through the developmental interaction of genetic variants with 

neural circuits that regulate emotion (the amygdala among others), together 

mediating risk and resilience in adults (Gillespie et al., 2009). The hypothesis 

is based on reported genetic association studies indicating partial mediation 

by gene x environment (GxE). Interactions with the environment involve 

polymorphisms within two key genes, CRHR1 and FKBP5. Data suggest that 

these genes regulate the HPA axis function in conjunction with exposure to 

child maltreatment or abuse (Gillespie et al., 2009). The authors are therefore 

suggesting hyperactivation of the HPA axis mediated by CRHR1 (or CRF1 

receptor). Furthermore, they suggest that FKBP5 is a co-chaperone 

component of the GR playing a key role in the regulation of GR sensitivity 

and thus the expression of glucocorticoid-responsive genes (Gillespie et al., 

2009). 

1.5  Conclusion - Neurocircuits 

Going through the literature on depression and its biology might be 

reminiscent of The Hitchhiker’s Guide to the Galaxy by Douglas Adams as 

well as his The Ultimate Question of Life, the Universe, and Everything. After 

7 and a half million years of calculations the super computer Deep Thought, 

which was a whole planet, found the answer 42. Deep Thought points out 
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that the answer seems meaningless because the beings who instructed it 

never actually knew what the Question was. This resulted in the construction 

of an even larger super computer (Earth) which was tasked with determining 

what the question was in the first place. 

However, the literature is constantly offering us new information often 

driven by new techniques. It is therefore not unfair to say that the days of 

simple explanation for psychiatric disorders are over. Lack of serotonin in 

depression or imbalance of single or multiple neurotransmitters are 

inadequate to explain the pathology of psychiatric illnesses. The monoamine 

theory told us that lack of serotonin in one brain centre was believed to cause 

depression, while we now know that elevated serotonin in the prefrontal 

cortex blocks releases both DA and NE, causing symptoms of depression 

(Stahl, 2008). A quote from Albert Einstein says: “There could be no fairer 

destiny for any (bio-)physical theory than that it should point the way to a 

more comprehensive theory in which it lives on as a limiting case.” The 

monoamine theory has provided us with much information, but I believe it is 

now time for it to live on as a limiting case. Neuroimaging studies have 

provided us with information about changes in brain structures and have 

focused research on depression more on neurocircuits than the imbalance of 

neurotransmitters. We now know that the amygdala becomes hyperactive in 

affective disease and addiction, while we see atrophy in other areas (Figure 

1). We also know now that stressful early life events may change our brain, 

and disease duration and chronicity are also important factors in structural 

changes of the brain. This in itself points out the limitation of cross-sectional 

studies, and how they may provide us with a skewed picture of reality.  

Furthermore, I think it is of importance to ask the ultimate question—why 

have 2.8 million years of evolution provided us with these mechanisms—and 

use that thought to understand the information in front of us. In that sense it 

becomes interesting to think about the fight-flight response in modern society, 

and how it fits into our man-made world. 

There is some evidence that there are different responses in the brain to 

fight and flight, where with lower amounts of CRF, as in acute stress 

response, we might have CRF1 receptor-mediated response with low 

serotonin in limbic regions and sharp focus (Figure 3). Then, in severe stress, 

there might be a high amount of CRF mediating CRF2 receptor response with 

elevated serotonin in limbic regions, resulting in anxiety and helplessness 

behaviour (Homberg & Contet, 2009). There are also some preclinical 

indications that there might be gender differences in this response, where 
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lower amounts of CRF create higher alert states in females than males 

(Bangasser et al., 2010; Bangasser et al., 2013), possibly to save the young 

from danger. The ratio between testosterone/cortisol might also be of 

importance where higher amounts of testosterone mediate aggressive 

symptoms through the amygdala (fight response), and higher cortisol causes 

anxiety and withdrawal (Montoya et al., 2012). This also points to gender 

differences and different reactions in the fight/flight response. 

Taking one step back and thinking overall about the brain’s function, we 

now know that the glutamate system is our main excitatory system and 

GABA our main inhibitory system (Sanacora et al., 2012). This also tells us 

that it is only logical to start looking for explanations there for affective 

disorders. Going through the glutamate hypothesis of depression provides us 

with convincing data on how affective diseases may emerge through chronic 

stress and/or allostatic load (Sanacora et al., 2012). It explains how 

excessive release of glutamate may cause an excitotoxicity state not only 

affecting the synthesis of BDNF but also damaging the glial cells and the 

GABA brake (Figure 2). Lack of BDNF thus provides an explanation for the 

atrophy seen in depression, for example, in the hippocampus and frontal 

cortex areas (Treadway & Pizzagalli, 2014). There is also convincing 

evidence for the part played by the inflammatory system in the pathology of 

depression, and how it may explain symptoms like fatigue, cognitive 

impairment and sleep disturbances (Slavich & Irwin, 2014). The theory is that 

elevation of cytokines is critical for survival in acute circumstances of danger 

from physical threat or injury, but chronic stress leads to damaging effects of 

a dysfunctional immune system (Slavich & Irwin, 2014). 

Going through the evidence, one suddenly discovers that affective 

disorders are not mild or minor diseases but can be severe systemic 

diseases, needing, without a doubt, much more attention in modern society, 

leading to early detection and firm and carefully planned treatment. We see 

that these diseases are not due to the lack of one neurotransmitter, but that 

the whole system is out of tune or balance. The WHO predicts unipolar 

depressive disorder to be the second greatest cause of the burden of disease 

by 2020, and examining local data supports this. A report in 2012 on disability 

pensions (75% disability or more) showed that mental disorders were the 

most common reason for disability (37.1% vs. 35% in 2002) (Security, 2012). 

Furthermore, this is 8.2% of those of working age (18-66) in the nation 

(16,854 individuals out of 204,912)—in other words, 3.1% of the public of 

working age is on disability pensions due to mental disorders. Although there 

are more females on disability pension (59.7%), mental disorders are the 
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most common reason for the disability of males in the under-30 age group. In 

other words, this explains 67% of disability pensions for males and 56% for 

females. In the age group 30-49 years, mental disorder explains 50% of the 

disability for males and 41% for females. Looking at the gender ratio of 

mental disorders further reveals that the male/female ratio is 1.30 (F/M=0.77) 

in the under-30 age group. This is reversed in the age group 30-49 years—

F/M=1.31. Data from 2002 show that the most common mental disorder for 

females was mood disorders, but for males schizophrenic type disorders 

were most common (Thorlacius, 2004). 

As stated above epidemiologic studies show that females have a higher 

diagnostic rate than males in mood and anxiety disorders and males have a 

higher diagnostic rate than females in substance abuse and antisocial 

personality disorders (Eaton et al., 2012; Kessler et al., 1993; Kuehner, 

2003). Furthermore, an Icelandic epidemiologic study showed that when 

alcohol and substance abuse are added to the prevalence of mental 

disorders, males have a higher prevalence rate than females (Stefansson et 

al., 1991). The problem is, though, that males are less likely to seek help and 

receive it (Moller-Leimkuhler, 2002; Rutz et al., 1997). 

In addition, the high comorbidity between depression and anxiety as well 

as changes in many of the same neurocircuits/pathology and similar 

pharmacotherapy raises the question of whether these should be treated as 

separate diseases. Due to this high comorbidity, it is nearly impossible to 

conduct a study solely on depression or solely on anxiety. There is also the 

intrusive question of biological gender differences. If females reach a higher 

alert state than males in response to similar stress, and males have 

testosterone-mediated aggressiveness, would we not expect different 

symptomatology!? Would we not expect females to show symptoms of 

anxiety in early chronic stress as a reaction to allostatic load and males to 

mediate aggressive and antisocial behaviour under the same circumstances? 

Lastly, the high suicide rate among males, compared to females, is of 

great concern (Park, 2015; Phillips, 2014; Titelman et al., 2013). Previous 

studies in Iceland have shown the higher prevalence of suicide attempts 

among females, but suicides are 2-3 times more frequent among males 

(Palsson, 1990, 1991; Sverrisson, 2010; Titelman et al., 2013). Thus, males 

are more likely to succeed in suicide attempts, which may point to different 

symptomatology and inward aggression as discussed previously. 

These issues raise some key questions needing investigation: 
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Is this gender difference reflected in the use of psychotropic drugs, like a 

mirror for those seeking treatment and accepting it? Are males more likely to 

use addictive drugs and females anti-depressants, indicating a biological 

difference? Is there a difference in the gender ratio for psychotropic drugs, 

compared to drugs for acid related disorders or non-steroid anti-inflammatory 

drugs? If so, does this indicate stigma? 

 



 

 

2  Aims 

The overall aim of this thesis is to improve the detection and treatment of 

depression among males by:  

1. Investigating gender differences in the use of psychotropic drugs 

compared to ulcer- and non-steroid anti-inflammatory drugs (NSAID).  

2. Testing the Gotland Male Depression Scale (GMDS) in a community 

study, the Sudurnesjamenn Study.  

3. Testing the correlation between cortisol, testosterone and depression in 

the same community study.  

The following is a list of the papers and studies.  

2.1  Gender differences in the use of antidepressants and 
other psychotropic drugs, compared to drugs for acid-
related disorders and NSAID drug use: National 
Prescription Database Study. 

Study II, Paper IV (submitted). The aim of this National Prescription Database 

study was to investigate whether there were different gender ratios in 

psychotropic drug use, compared to drugs for acid-related disorders and 

NSAID drug use. A further purpose was to investigate whether the same 

gender ratio applied for subcategories of psychotropic drugs, for instance, 

tranquilizers vs. psychostimulants and anti-depressants vs. anti-psychotics. 

The hypothesis was that there were gender differences.  

2.2  Validity of the Gotland Male Depression Scale for male 
depression in a community study: The Sudurnesjamenn 
Study. 

Study I, Paper III. The primary aim of this cross-sectional study was to 

investigate whether the GMDS is a valid screening tool in a community study 

by evaluating its sensitivity and specificity. The secondary aim was to 

estimate the prevalence of possible male depression according to GMDS, 

with reference to Beck’s depression inventory and a psychiatric interview, 

based on DSM-IV criteria. 

The hypothesis was that GMDS was a valid screening tool.  
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2.3  Saliva cortisol and male depressive syndrome in a 
community study: The Sudurnesjamenn Study. 

Study I, Paper I. The main aim of this experimental study was to investigate 

saliva cortisol diurnal variations and correlation with depressive symptoms. 

The secondary aim was to evaluate which method of sampling, time of day or 

calculations, is most informative on HPA-axis dysfunction. 

The main hypothesis was that depressive males express 

hypercortisolaemia, and that cortisol values are significantly higher for 

depressive males than for controls. 

2.4  Saliva testosterone and cortisol in male depressive 
syndrome, a community study: The Sudurnesjamenn Study. 

Study I, Paper II. The main aim of this experimental (nested case-control) 

study was to investigate the correlation between saliva testosterone levels 

and depressive symptoms. The secondary aim was to test whether 

simultaneous sampling of cortisol and testosterone improved the detection of 

clinical cases of MDD. 

The hypothesis for the primary aim was that depressive males would have 

lower levels of testosterone or hypogonadism. The hypothesis for the 

secondary aim was that simultaneous testing of saliva cortisol and 

testosterone would improve the detection of depressive cases. The 

hypothesis for both aims was that there would be significant differences 

between cases and controls. 



 

 

3  Materials and methods 

This thesis is based on two studies, a National Prescription Database study 

and a cross-sectional cohort study. 

The manuscript for Paper IV was based on the National Prescription 

Database Study (Study II) investigating psychotropic drug use for the period 

2004-2013, compared to the use of drugs for acid-related disorders and 

NSAID drug use. 

Papers I, II and III were based on a cross-sectional community study 

(Study I) carried out in Sudurnes in the period 2003 – 2004.  

Due to the different nature of the studies, they will be listed separately in 

sections 3.1 and 3.2. 

3.1 Study II, Paper IV (in manuscript) 

3.1.1  Data sources 

This study is based on data from the Icelandic Prescription Database and 

Statistics Iceland, which is the center for official statistics in Iceland. 

The Icelandic prescription database is run by the Directorate of Health 

and The Social Insurance Administration in Iceland 

(www.landlaeknir.is/english). The database contains detailed information on 

all prescription drugs purchased in pharmacies since 1 January 2002. The 

data extracted for this study contained 1,189,157 patient years, where each 

patient got an unidentifiable case number used as an index, and each line 

represents prescriptions per year. The columns contain additional information 

on gender, postal code, age category, marital status and a list of defined daily 

doses of the following Anatomical Therapeutic Chemical (ATC) classes; 

N02A (opioids), N03AE (clonazepamum), N03AG01 and N03AX09 (valproic 

acid and lamotriginum), N03AX16 (pregabalinum), N05A (antipsychotics), 

N05AA and N05AB and N05AD and N05AF (typical antipsychotics), N05AN 

(lithium), N05B and N05C (anxiolytics, hypnotics and sedatives), N06AA 

(monoamine oxidase inhibitors – MAO inhibitors), N06AB (selective serotonin 

reuptake inhibitors – SSRI), N06AX (other antidepressants like serotonin and 

noradrenalin reuptake inhibitors – SNRI and others), N06AX03 and N06AX12 

and N06AX18 and N06AX22 (other than SNRI in N06AX; mianserinum, 

bupropionum, reboxetinum, agomelatinum), N06BA04 (psychostimulant, 

http://www.landlaeknir.is/english
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methylphenidatum), N06BA09 (psychostimulant, atomoxetinum), M01A (non-

steroid anti-inflammatory drugs, NSAID), A02 (proton pump inhibitors - PPI 

and histamine 2 - H2 blockers). 

Data extracted from Statistics Iceland, the center for official statistics in 

Iceland (www.statice.is), were the size of the population by gender in 

matching age categories to correct for the population size in ratios. 

3.1.2  Study population 

The study population included all those who purchased prescription drugs in 

relevant ATC categories in Icelandic pharmacies for the 10-year period 2004-

2013. Altogether the study population contained 255,662 individuals and 

1,189,157 patient years. 

3.1.3  Statistical analysis 

The following programs were used for data analysis: SPSS v.20-22, Graph 

Pad Prism v.5 and 6 and Excel Power Pivot 2010. In addition to descriptive 

statistics, the tests used were t-test, chi-square, Fisher-exact test, ANOVA, 

Mann-Whitney, Pearson correlation, Spearman rank correlation, Open 

Source Epidemiologic Statistic for Public Health (Dean) and some others. All 

statistical tests were two-sided, and the rejection limit of the null hypothesis 

was set to alpha=0.05. 

3.1.4  Ethics 

The study was approved by the National Bioethics Committee of Iceland no. 

VSN-13-143 and reported to the Icelandic Data Protection Authority no. 

S6440/2013. The data were untraceable to persons. 

3.2  Study I, Papers I, II and III 

The survey design was a cross-sectional community study. The study area 

selected was the Sudurnes community on Reykjanes Peninsula (postal 

codes 230-250). Sudurnes was selected because local authorities had 

reported an increased rate of male suicides. It should also be noted that 

Sudurnes community was at that time undergoing economic changes. The 

main income had come from the fishing industry, services performed for the 

international airport in Keflavik and, not least, the US Navy base, which, in its 

prime, had up to 5700 military personnel and their families. The US Navy 

base was gradually reducing its activity before the time of the study and was 

finally closed in 2006. 

http://www.statice.is/
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3.2.1  Sample 

A random age-stratified sample of people, aged 18-80, was selected out of 

the 5881 males registered in the area in 2003 resulting in (n=2512) by the 

National Register. Information from probands and relatives for reasons of 

non-participation was gathered. It yielded the following results: moved 

(n=286), died (n=22), sick (n=11), far away because of work/school (n=34), 

abroad (n=8) and foreign (n=3). This led to a sample of n=2148 which was 

considered the correct study base, as seen in flow chart Fig.1 in Paper III. 

The screening phase was performed by posting a letter of invitation, 

containing information on the study and a written consent for agreement to 

participate in the study. Furthermore, a general health questionnaire was 

posted with two self-rating scales, the Beck Depression Inventory (BDI) (Beck 

& Beamesderfer, 1974) and Gotland Male Depression Scale (GMDS) (Paper 

I & II). To follow up on the request to participate in the study, two reminders 

were sent. Also, interviews were given in local and nationwide media 

(newspapers and radio), and the town council participated in a television 

broadcast to present the study. This resulted in 534 males taking part in the 

screening phase (24.9%), where n=490 completed answering both the BDI 

and GMDS. Everyone with scores of GMDS ≥ 13 was invited to psychiatric 

interviews (n=98). One had passed away, and three had incomplete data, 

leaving n=94, which n=65 accepted (69.2%). A randomly selected matching 

control group was invited to participate at the same time with scores on 

GMDS < 13, n=69, or in total n=134 (see flow chart Fig. 5 in the 

supplementary material in (Paper III)). To check how representative our data 

were of the national characteristics, we used data from the National Register. 

It showed that young single males were underrepresented, as was expected 

(Martin et al., 2013; Van Der Veen et al., 2009). Other variables, such as 

marital and social status, smoking and alcohol use matched (Paper III). 

3.2.1.1 Sample selection for hormonal measurements (Papers I 
& II) 

The studies in Papers I & II were nested case control studies of the cross-

sectional epidemiological study described above. The participants took part in 

the later phase, where 51 males randomly selected from the control group 

(GMDS < 13) and possible sufferers of depression (GMDS ≥ 13) were invited 

to take part in one-day saliva sampling. Forty-eight males (94.1%) submitted 

saliva samples and completed the screening phase, where 40 males also 

completed the psychiatric interview. Two males were excluded, one due to 

prednisolone use and the other based on results from a Grubbs test being 
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outside the reference limit for outliers. The study sample was therefore 38 

males when testing cortisol or testosterone against information from the 

psychiatric interview and 46 males when tested against information from the 

screening phase Paper I & II.  

3.2.2  The screening instruments 

3.2.2.1 Gotland Male Depression Scale 

The Gotland Male Depression Scale was developed as a screening 

questionnaire to improve the detection of major depression in males after the 

results of the Gotland Study (Rutz, 1999; Rutz et al., 1995). It is a 13-item 

Likert scale with scores from 0 to 3 on each item. The maximum score was 

therefore 39. The scale consists of typical depressive items but also distress 

items, such as irritability, aggression and alcohol use (Zierau et al., 2002). 

The authors of the scale suggested a cut-off score of 13 for probable 

depression and definite depression with score of 27 or higher. 

The members of the study group (MÓ, ÓÞÆ) supervised translation of the 

scale from Swedish to Icelandic with the standard method of forward 

translation, back-translation and check, and test–retest Paper III. 

The scale had never been validated in a community study, but it had been 

tested in an alcohol clinic, where it proved to have acceptable internal validity 

(Zierau et al., 2002). Other studies have also used the scale under various 

circumstances, showing correlation with BDI and BDI II (for further 

information see Paper III).  

3.2.2.2 Beck’s Depression Inventory (BDI) 

The Beck’s Depression Inventory (Beck & Beamesderfer, 1974) is a widely 

used and well-established scale. It has been validated in community studies 

(Lasa et al., 2000; Nuevo et al., 2009). The authors of the BDI suggested a 

cut-off point of 13 for the scale as a screening device in the general 

population (Beck & Beamesderfer, 1974), which was selected for comparison 

with GMDS as described in the details in Paper III. Furthermore, a cut-off 

point of 13 was later confirmed by Lasa et al. to be suitable for screening with 

BDI in general population (Lasa et al., 2000). 

3.2.2.3 General health questionnaire 

The study group selected the following questions, which were called the 

general health questionnaire (Paper I-III), for use in the screening phase. 
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(1) Education: (a) compulsory education, (b) student’s matriculation 

examination or technical education, (c) university degree. 

(2) Social status: (a) working, (b) unemployed, (c) on pension. 

(3) Marital status: (a) married, (b) unmarried, (c) co-habiting, (d) divorced, 

(e) widower. 

(4) Alcohol habits: (a) never used alcohol, (b) previous treatment for 

alcoholism, (c) drinking alcohol. 

(5) Smoking habits: (a) never smoked (b) quit smoking (c) currently 

smoking. 

(6) Medication used. 

(7) Family history of anxiety disorder or depressive disorder (affective 

disorder). 

(8) Previous history of anxiety disorder or depressive disorder. 

Definition of “good physical health” was no history of serious illness or 

accidents (Paper III). 

3.2.2.4 CAGE (cut-down, annoyed, guilty, eye-opener) 

To evaluate drinking status and/or possible alcoholism the CAGE 

questionnaire (Ewing, 1984) was included (Paper III). It consists of the four 

following questions that are each scored 0 or 1:  

(1) Have you ever felt you should Cut down on your drinking? 

(2) Have people Annoyed you by criticizing your drinking? 

(3) Have you ever felt bad or Guilty about your drinking?  

(4) Have you ever had a drink first thing in the morning to steady your 

nerves or to get rid of a hangover (Eye opener)? 

The CAGE questionnaire has been validated, where the likelihood ratios 

for abuse or dependence disorders for scores of 2, 3 and 4 are 72%, 88% 

and 98%, respectively (Buchsbaum et al., 1991). 

3.2.3  The psychiatric interview and diagnostic instrument 

The psychiatric examination (Paper III) was a comprehensive semi-structured 

diagnostic interview, based on the interview used in the Gothenburg study 

(Skoog et al., 1993). The diagnosis of depression was according to DSM-IV 

(Diagnostic and Statistical Manual of Mental Disorders, 4th Edition) for major 

depressive disorder (MDD). Two trained psychiatrists, members of the study 

group, carried out all the interviews (ÓÞÆ, SPP).  
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3.2.4  The hormonal measurements procedures (Papers I & II) 

The study participants received verbal and written instruction on saliva 

sampling and five 2-ml marked vials along with a schedule, confirming the 

time of sampling, physical activities on the sample day and use of any 

medication (Papers I & II). In order to avoid covariates, the following were 

forbidden: dental repair and use of alcohol for 24 h prior to sampling, a meal 

an hour before sampling and brushing of teeth 3 h before sampling. The 

males were instructed to keep the samples in a refrigerator while sampling to 

increase stability. The samples were returned or collected the morning after 

and immediately frozen to - 20° C. All the samples were tested for blood 

contamination in duplicate, and the average value was used as the test 

result. No samples had to be excluded due to blood contamination. All 

measurements were performed by BS at the University of Iceland, 

Department of Pharmacology and Toxicology. 

The sampling took place on a single day for each individual, in a realistic 

environment at work or at home, where saliva was collected by the passive 

drool test at 07:00, 10:00, 12:00, 18:00 and 22:00 h (Paper I). 

Cortisol was measured at all five collection time points and testosterone at 

07:00 and 22:00 (Paper I & II). The minimal sensitivity of the cortisol test 

distinguishable from zero is 0.003 μg/dl. The precision reported by the 

manufacturer is (coefficient of variation) 3.35 – 3.65% for intra-assay and 

3.75 – 6.41% (high/low) for inter-assay (www.salimetrics.com) (Paper I). The 

minimal concentration range of testosterone detectable (sensitivity) is 0 – 1.5 

pg/ml. The precision (coefficient of variation) reported by the manufacturer is 

3.3% and 6.7% for high and low levels for intra-assay, and 5.1% for high and 

9.6% for low testosterone levels for inter-assay (www.salimetrics.com) (Paper 

II). 

For cortisol an attempt was made to evaluate how normal the diurnal 

rhythm was by categorizing the curves by the following method (Paper I): 

1) Normal shape, highest values at 07:00 or 10:00 h in the morning 

2) Borderline, lowest value at 22:00 h but highest values after 10:00 h 

3) Abnormal, highest value at either 18:00 or 22:00 h 

4) Abnormal, lowest value at either 07:00 or 10:00 h. 

http://www.salimetrics.com/
http://www.salimetrics.com/
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3.2.5  Statistical analysis 

3.2.5.1 Statistical analysis Paper III (validity of the GMDS) 

For clinical and demographic variables the Student t-test, Mann–Whitney 

U-test, chi-square test and Fisher’s exact test in SPSS version 22 were used 

(Paper III). For prevalence, sensitivity, specificity, positive predictive value 

and negative predictive value and likelihood ratio, MedCalc Version 13.0.2, 

Excel and SPSS 22 were used. Calculations for receiver operating 

characteristic (ROC) curve analysis and area under curve (AUC) were 

performed in SPSS 22. The rejection limit of the null hypothesis was set to 

alpha=0.05. 

3.2.5.2 Statistical analysis Paper I (cortisol measurements) 

The t-test was used for continuous data (Paper I). For group comparisons 

with categorical variables, the chi-square test with Yates correction or 

Fisher’s exact test was used. For group comparisons using the raw values of 

cortisol not normally distributed, the non-parametric Mann–Whitney test was 

used. The area under the curve (AUC) was calculated by the trapezoidal rule. 

All statistical tests were two-sided, and the rejection limit of the null 

hypothesis was set to alpha=0.05 (Paper I). SPSS version 16 or higher was 

used for statistical calculations. 

3.2.5.3 Statistical analysis Paper II (testosterone measurements) 

The t-test was used for normally distributed data or data with normal 

distribution after logarithmic transformation. For group comparisons with 

categorical variables, the chi-square test with Yates correction or Fisher’s 

exact test was used (Paper II). When comparing groups using raw values of 

testosterone semi-normally distributed, the Mann-Whitney U test was used. 

Spearman’s rank correlation was used when testing for relationships between 

variables. A multiple regression model was used when the possible influence 

of age was tested on testosterone values. All statistical tests were two-sided, 

and the rejection limit of the null hypothesis was set to alpha=0.05 (Paper II). 

For statistical calculations SPSS, version 16 or higher, was used. 

3.2.6  Ethics 

The project was approved by the National Bioethics Committee of Iceland no. 

VSN 02-017. An application was sent to the Icelandic Data Protection 

Authority (IDPA), which stated in reply that the study form did not require 

IDPA approval (informal consent). 





 

 

4  Results 

4.1  Study II, Paper IV (in manuscript) 

4.1.1  Prevalence, odds ratio by gender and DDD 

Table 1 shows the prevalence by gender for receiving at least one 

prescription and purchasing it in a pharmacy in 2013. 

Table 1. Prevalence and odds ratio in 2013 (Paper IV) 

Drug category Females Males Odds ratio (CI 0.95) P* 

NSAID 17.1% 14.3% 1.237 (1.213, 1.260) <0.0001 

PPI & H2 blockers 13.8% 10.4% 1.384 (1.355, 1.414) <0.0001 

Psychotropic drugs  28.1% 18.8% 1.686 (1.659, 1.714) <0.0001 

Antipsychotics 3.9% 3.2% 1.211 (1.167, 1.257) <0.0001 

Antidepressants 15.6% 8.8% 1.910 (1.869, 1.952) <0.0001 

Tranquilizers &  hypnotics 18.7% 11.0% 1.869 (1.832, 1.907) <0.0001 

Stimulants (methylphenidate) 1.5% 2.3% 0.617 (0.585, 0.650) <0.0001 

Opioids 10.2% 8.3% 1.255 (1.226, 1.286) <0.0001 

* Chi square for difference by gender (F/M) 

Table 1 shows no difference in odds ratio by comparing confidence 

intervals for NSAID, antipsychotics and opioids. All ratios are in the 

neighbourhood of 1.21-1.26, with female preponderance. PPI and H2 

blockers have higher female preponderance, with the odds ratio of 1.38. 

Antidepressants and tranquilizers-hypnotics are in their own league, with 

odds ratio 1.91 and 1.87 respectively. The only drug category listed with male 

preponderance is methylphenidate, with the odds ratio of 0.62.   

Table 2 shows the prevalence for the period 2004-2013 adjusted for 

population growth, with p-values for trend showing significant changes in all 

the listed drug categories. It should though be noted that data from some 

nursing homes first came into the national prescription database 2011 but on 

the other hand the nation is still relatively young. 
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Table 2. Prevalence trend for the period 2004-2013 (Paper IV) 

 

*Chi-square test for trend 

There was a reduction in the use of NSAID, while the prevalence of use in 

all other categories grew significantly. Antidepressants showed the slowest 

growth, but methylphenidate use the fastest growth. Though there is a 

positive trend for the increase in the prevalence rate for antidepressant use, it 

is only significant for females p<0.0001 (males p=0.5887, chi-square test for 

trend). The highest growth rate in the period for the drug categories 

investigated is for the psychostimulant methylphenidate, and the lowest is for 

antidepressants. Notably, the use of tranquilizers and hypnotics is growing at 

a higher rate than antidepressants. The only drug category declining in use is 

the NSAIDs. 

Table 3 shows how the gender differences are apparent in not only 

prevalence estimations (Table 1 & 2) but also in defined daily doses per 1000 

inhabitants, both for the period and for 2013. 

Table 3. DDD/1000 by gender for the period and 2013 (Paper IV) 

 2004-2013 DDD/1000/day 2013 DDD/1000/day 

 Males Females Average  Males  Females Average 

NSAID 34,3 52,9 43.5 31,2 47,2 39.2 

PPI & H2 blockers 51,3 69,6 60.8 72,6 97,4 85.0 

Psychotropic drugs  165,1 256,7 211.3 194,2 295,9 244.9 

Antipsychotics 10,5 8,9 9.8 12,5 10,7 11.6 

Antidepressants 70,7 123,5 97.2 84,4 148,9 116.6 

Tranquilizers &  hypnotics 63,9 110,7 87.3 67,9 115,2 91.5 

Stimulants (methylphenidate) 15,4 10,0 12.5 24,0 15,4 19.7 

Opioids 13,3 18,9 16.1 15,5 21,7 18.6 

 

  

Drug category 2004 2013 Growth 
ratio  

P*-value for 
trend, 10 year 
period 

NSAID 20.1% 15.7% 0.78 <0.0001 

PPI & H2 blockers 8.3% 12.1% 1.46 <0.0001 

Psychotropic drugs  20.7% 23.4% 1.13 <0.0001 

Antipsychotics 2.4% 3.6% 1.50 <0.0001 

Antidepressants 11.4% 12.2% 1.07 <0.0001 

Tranquilizers &  hypnotics 13.4% 14.9% 1.11 <0.0001 

Stimulants (methylphenidate) 0.9% 1.9% 2.11 <0.0001 

Opioids 8.5% 9.3% 1.09 <0.0001 
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4.1.2  Antidepressant use by gender and age groups 

The prevalence of antidepressant use decreased from 11.7% in 2004 to 

10.7% in 2009 and then rose to 12.2% in 2013 (Figure 5). 

Figure 5. Prevalence of antidepressant use by year, gender and gender ratio (F/M), 
divided by age groups (Paper IV). 

Furthermore, Fig. 5 shows how gender ratio changed by age group, with 

male preponderance in the age group 0-11, gender equality in the age group 

12-17 and female preponderance in older age groups.  

Numbers of individuals receiving at least one prescription per year are 

listed as number of years in the 10-year period (Figure 6). 

Figure 6. Duration of antidepressant use, as years troughout the period, shown as 
number of individuals and as percentage (Paper IV). 

Approximately 30% got prescriptions and purchased them from a 

pharmacy one year out of 10 years, and almost half (47%) did so for 1-2 

years and 34% for five or more years. Those receiving treatment every year 

in the study period were 11.7%. Males were more likely than females to 

receive antidepressant prescriptions for 1-2 years (51.9% vs. 43.1%) 

compared to the rest of the period (OR=1.427, CI 0.95, 1.389-1.466, 

p<0.0001). 
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4.1.3  NSAID use by gender and age groups 

There was a 22% decline in the use of NSAIDs for the period 2004-2013 

(Figure 7, Table 2).  

Figure 7. Prevalence of NSAID use listed by year, gender and gender ratio (F/M) 
divided by age groups (Paper IV). 

As Fig. 7 shows, there was a narrow distribution for gender ratio by age 

groups, compared to antidepressants, except for the two youngest groups  

(0-11 and 12-17 years), but there were relatively few cases in these groups 

(3.5%, data not shown). 

4.1.4  Methylphenidate use by gender and age groups 

Previously, the indication for methylphenidate was limited to children, but the 

age groups above 18 years now outnumber those below this age (47% vs. 

53%), calculated from Table 4. 

 

Table 4. Methylphenidate use 2013 in number of individuals by gender and age 
groups (Paper IV). 
 
Age group Males Females Total Males/Females 

0-11 919 311 1230 2.95 

12-17 1161 468 1629 2.48 

18-39 1224 1077 2301 1.14 

40-59 387 395 782 0.98 

60+ 80 80 160 1 

Total 3771 2331 6102  

Table 4 also shows how male preponderance decreased as age 

increased and is gone for the age group 40 and above (see also Fig. 8).  
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Figure 8. Prevalence of methylphenidate use by year, gender and gender ratio (M/F), 
divided by age groups (Paper IV). 

In figure 8 the gender ratio is shown for males divided by females as this 

is the only group with male preponderance. 

4.2  Study I, Paper III 

4.2.1  Characteristic of the sample 

Table 5 (Paper III) shows the demographic and clinical variables for those 

completing both the GMDS scale and the BDI compared to the standard, in 

this case the BDI scale. Those possibly suffering from depression according 

to BDI≥13 have a slightly, but significantly, lower average age by 4.8 years. 

In addition, those who are possibly depressed have less education, are 

likelier to be unmarried or divorced, have a higher likelihood of having been in 

rehabilitation for alcohol or substance abuse and being smokers. 

Furthermore, possibly depressed males are likelier to have a family history of 

affective disorder, being on psychotropic and/or anti-depressant drugs, 

having poorer physical health and scoring two or above on the CAGE 

questions. There was no significant difference in working or social status. 

The calculated correlation between scores on BDI and GMDS was 

significant (Pearson r
2
=0.73; p<0.001) (Paper III).  
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Table 5. Demographic and Clinical variables divided by possible depression 
according to BDI, with a cut-off score of 13. (Means, CI 0.95 or number) (Paper 
III). 

Variables Controls (n=395)    
BDI score < 13 

Depressed (n=95) BDI 
score ≥ 13 

 P  

Age 45.9 (44.5-47.4) 41.1 (38.0-44.1) 0.007 

GMDS score 4.1 (3.7-4.6) 17.8 (16.3-19.3) < 0.001 

BDI score 3.7 (3.4-4.1)  19.5 (18.3-20.6) < 0.001 

Educational level (C/S/U)
 a
 122/215/47 51/32/9 < 0.001 

Marital status (U/M/C/D/W)
 b 

 51/246/62/25/10 21/38/17/15/4 < 0.001 

Alcohol status (N/PT/D)
 c
 55/33/295 6/22/64 < 0.001 

Social status (P/U/W)
 d
 56/8/294 11/5/75 0.194 

Smoking (NS/QS/S)
 e
 153/144/95 25/27/43 < 0.001 

Family history of Aff. Disorder (N, Y, U)
f
 103/124/165 1/45/49 < 0.001 

On Psychotropic drugs 25 (6.8%) 20 (21.7%) < 0.001 

On Antidepressants
 

12 (3.3%) 18 (19.8%) < 0.001 

Good physical health 362 (92.8%) 60 (65.2%) < 0.001 

CAGE, score ≥ 2 116 (31.4%) 56 (60.9%) < 0.001 

CAGE, score ≥ 3 66 (17.8%) 45 (48.9%) < 0.001 
a
 C, compulsory education; S, student or technical education; U, university degree 

b 
U, unmarried; M, married; C, co-habiting; D, divorced; W, widower  

c
 N, never used alcohol; PT, previous alcohol treatment; D, drinking alcohol.  

d
 P, on pension; U, unemployed; W, working.  

e 
NS, never smoked; QS, quit smoking; S, smoking 

f 
N, no; Y, yes; U, unknown 

The t- test; Mann Whitney, chi-square test and Fisher’s exact test were used for statistical analysis. 
 

4.2.2  Cut-off values 

Table 6 compares the cut-off points of GMDS with BDI by commonly used 

methods, described in detail in the references (Paper III). The maximal value 

of the Youden index is reached at cut-off point≥11, specificity of 89.1%, 

negative predictive value (NPV) of 96.2%, with sensitivity of 85.3% and 

accuracy of 0.884. 

Table 6. GMDS cut-off points for the entire sample compared to BDI (Paper III). 

Cut-off 
point 

Sensitivity
 % 
(95% CI) 

Specificity
 % 
(95% CI) 

LR+ a 
(0.95 CI) 

LR- b 
(0.95 CI) 

PPV % c 
(95% CI) 

NPV % d 
(95% CI) 

Accuracy  
 

Youden 
index 

9/10 87.4  
(79.0-93.4) 

86.6  
(82.8-89.8) 

6.51 
(5.01-8.46) 

0.15 
(0.09-0.25) 

61.0 
(52.3-69.3) 

96.6 
(94.2-98.3) 

0.868 0.740 

10/11 85.3  
(76.5-91.7) 

89.1  
(85.6-92.0) 

7.83 
(5.84-10.51) 

0.16 
(0.10-0.27) 

65.3 
(56.3-73.6) 

96.2 
(93.7-97.9) 

0.884 0.744 

11/12 81.1  
(71.7-88.4) 

92.4  
(89.3-94.8) 

10.67 
(7.46-15.26) 

0.20 
(0.14-0.31) 

72.0 
(62.5-80.2) 

95.3 
(92.7-97.2) 

0.902 0.735 

12/13 76.8  
(67.1-84.9) 

94.4  
(91.7-96.5) 

13.80 
(9.06-21.01) 

0.25 
(0.17-0.35) 

76.8 
(67.1-84.9) 

94.4 
(91.7-96.5) 

0.910 0.712 

13/14 72.6  
(62.5-81.3) 

95.2  
(92.6-97.1) 

15.1 
(9.57-23.82) 

0.29 
(0.21-0.40) 

78.4 
(68.4-86.5) 

93.5 
(90.7-95.7) 

0.908 0.678 

14/15 62.4  
(53.7-73.8) 

96.2  
(93.8-97.9) 

16.4 
(10.07-28.40) 

0.37 
(0.28-0.49) 

80.3 
(69.5-88.5) 

91.8 
(88.7-94.3) 

0.896 0.586 

15/16 60.0  
(49.4-69.9) 

97.2  
(95.1-98.6) 

21.55 
(11.76-39.47) 

0.41 
(0.32-0.53) 

83.8 
(72.9-91.6) 

91.0 
(87.9-93.6) 

0.900 0.572 

a LR+, positive likelihood ratio 
b LR-, negative likelihood ratio 
c PPV, positive predictive value 
d NPV, negative predictive value 
 



 

 

 

Table 7 compares the cut-off score on GMDS to the golden standard, which was the psychiatric interview with MDD 

diagnosis according to DSM-IV. The result showed that the best compromise between specificity and sensitivity was at cut-off 

point 14 on GMDS, with a Youden index of 0.577 and positive predictive value of 69.4% (Paper III). Furthermore, all those with 

scores of 25 or higher on GMDS met DSM-IV criteria for MDD, according to the psychiatric interview. 

Table 7. GMDS cut-off points for those diagnosed with MDD (DSM-IV) by psychiatrists (Paper III). 

Cut-off 
point 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

LR+
a
 

(0.95 CI) 
LR-

 b
 

(0.95 CI) 
PPV % 

c
 

(95% CI) 
NPV % 

d
 

(95% CI) 
Accuracy 

 
Youden 
index 

PPV % by 
prev. 5% 

NPV % by 
prev. 5% 

Overall 
accuracy 
prev. 5% 

9/10 
96.2  

(87.0-99.4) 
58.0  

(46.5-68.9) 
2.29  

(1.76-2.98) 
0.07 

(0.02-0.26) 
60.0  

(48.8-70.5) 
95.9  

(86.0-99.4) 
0.731 0.543 10.8 99.7 0.599 

10/11 
92.5  

(81.8-97.9) 
63.0  

(51.5-73.4) 
2.50  

(1.86-3.35) 
0.12  

(0.05-0.31) 
62.0  

(50.4-72.7) 
92.7 

 (82.4-97.9) 
0.746 0.554 11.6 99.4 0.644 

11/12 
84.9  

(72.4-93.2) 
66.7 

 (55.3-76.8) 
2.55  

(1.83-3.54) 
0.23  

(0.12-0.44) 
62.5  

(50.3-73.6) 
87.1 

 (76.1-94.2) 
0.739 0.516 11.8 98.8 0.676 

12/13 
81.1  

(68.0-90.6) 
72.8  

(61.8-82.1) 
2.99  

(2.04-4.37) 
0.26  

(0.15-0.46) 
66.2  

(53.4-77.4) 
85.5 

 (75.0-92.8) 
0.761 0.540 13.6 98.7 0.733 

13/14 
81.1  

(68.0-90.6) 
76.5  

(65.8-85.2) 
3.46  

(2.29-5.23) 
0.25  

(0.14-0.44) 
69.4  

*(56.4-80.4) 
86.1 

 (75.9-93.1) 
0.784 0.577 15.4 98.7 0.768 

14/15 
71.7  

(57.7-83.2) 
82.7  

(72.7-90.2) 
4.15  

(2.50-6.88) 
0.34  

(0.22-0.53) 
73.1  

(59.0-84.4) 
81.7 

 (71.6-89.4) 
0.784 0.544 17.9 98.2 0.822 

15/16 
66.0  

(51.7-78.5) 
82.7  

(72.7-90.2) 
3.82  

(2.29-6.39) 
0.41  

(0.28-0.61) 
71.4  

(56.7-83.4) 
78.8  

(68.6-86.9) 
0.761 0.488 16.7 97.9 0.819 

16/17 
64.2  

(49.8-76.9) 
84.0  

(74.1-91.2) 
4.00  

(2.34-6.84) 
0.43  

(0.29-0.62) 
72.3  

(57.4-84.4) 
78.2  

(68.0-86.3) 
0.761 0.481 17.4 97.8 0.830 

17/18 
54.7  

(40.5-68.4) 
88.9  

(80.0-94.8) 
4.92  

(2.54-9.56) 
0.51 

 (0.38-0.69) 
76.3 

 (59.8-88.5) 
75.0 

 (65.1-83.3) 
0.754 0.436 20.6 97.4 0.872 

            

24/25 
28.3  

(16.8-42.4) 
100  

(95.5-100) 
 

0.72 
 (0.61-0.85) 

100 
 (78.0-100) 

68.1  
(58.9-76.3) 

0.716 0.283 100 96.0 0.960 
a
 LR+, positive likelihood ratio 

b
 LR-, negative likelihood ratio 

c
 PPV, positive predictive value 

d
 NPV, negative predictive value 



 

 

4.2.3  ROC calculations and AUC 

 The ROC calculations comparing GMDS to BDI gave area under curve 

AUC=0.945 (95% CI 0.923–0.968) as seen in Fig. 9 (Paper III).  

Figure 9. ROC curve for GMDS vs. BDI with cut-off point 13 (Paper III). 

 When both scales were compared to the result of the psychiatric interview 

with ROC calculations, GMDS had a slightly though not significantly greater 

AUC than BDI (AUC=0.861 (95% CI 0.800–0.921) and AUC=0.822 (95% CI 

0.751–0.893)), respectively (see Fig. 10). 

Figure 10. ROC curve for BDI and GMDS scores vs. MDD (Paper III).  
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4.2.4  Prevalence 

According to the cut-off points of the scales, the proportion of paticipants with 

possible depression was 18.6% for GMDS score≥13 and 19.4% for BDI 

score≥13 (Paper III). By using the result of the psychiatric interview, an 

educated guess of the prevalence was calculated as described in detail in 

Paper III. The guesstimated prevalence, according to GMDS, was 15.1% and 

13.9% according to BDI. 

4.2.5  Subanalysis of symptoms 

Where BDI and GMDS did not agree on possible depression (n=24), a sub-

analysis was made of the most frequent symptoms (Paper III). 

4.2.5.1 GMDS positive and BDI negative 

The GMDS detected 15 participants with possible depression where BDI was 

negative. Of these fifteen nine had MDD (60%), according to the psychiatric 

interview. Three of the most frequently reported symptoms were irritability 

(item 5, mean 2.1, SD=0.70), sleep disturbances (item7, mean 2.0, SD=1.0) 

and reduced stress tolerance (item 1, mean 1.6, SD=0.74). 

4.2.5.2 GMDS negative and BDI positive 

The BDI detected nine participants with possible depression where GMDS 

was negative. Four proved to have MDD (44%), according to the psychiatric 

interview. Three of the most frequently reported symptoms were sleep 

disturbances (item 16, mean 1.33, SD=0.87), loss of sexual interest (item 21, 

mean 1.22, SD=0.83) and self-accusations (item 8, mean 1.11, SD=1.27). 

4.2.5.3 GMDS positive and MDD negative 

A sub-analysis was also done for the group with possible depression 

according to GMDS but not diagnosed with MDD (n=22). There were four 

items on GMDS with equal frequency: irritability (item 5, mean 1.73, 

SD=0.70), burn-out (item 3, mean 1.73, SD=0.88), tiredness (item 4, mean 

1.73, SD=0.94) and sleep disturbances (item 7, mean 1.73, SD=1.03). A fifth 

symptom, reduced stress tolerance (item 1, mean 1.64, SD=0.90) had a 

similar frequency. 

4.3  Study I, Paper I 

Table 8 shows the demographic and clinical variables of the sample (Paper I) 

for those completing the screening phase and the psychiatric interview and 

submitting saliva samples. Of those diagnosed with depressive disorder 



Diagnosis of male depression in the community and its correlation with cortisol and testosterone 

98 

(DD), two had dysthymia, and 12 had MDD. Those with DD had significantly 

higher scores on GMDS, BDI and the Montgomery-Åsberg Depression 

Rating Scale (MADRS), as expected. Furthermore, those with DD were 

marginally more often on psychotropic and antidepressant drugs. No 

participant had been previously admitted to a psychiatric ward. For further 

information, see Paper I. 

 

Table 8. Demographic and Clinical variables (Means +/- SD or number) (Paper I) 

Variables Controls (n=24) Depressive disorder (n=14)           P  
 

    

Age 54.7 +/- 10.9 50.8 +/- 15.5   0.410 

GMDS score 9.2 +/- 5.8 17.4 +/- 6.2 < 0.001 

BDI score 10.1 +/- 7.3 17.3 +/- 6.8  0.005 

MADRS score 6.2 +/- 5.6 21.0 +/- 4.9 < 0.001 

Educational level (C/S/U)
 a
 5/13/4 5/9/0 0.212 

Marital status (U/M/C/D/W)
 b
 1/17/1/2/2 1/7/2/2/2 0.653   

Alcohol status (N/PT/D)
 c
 1/4/16 0/4/9 0.565 

Social status (P/U/W)
 d
 5/1/13 5/0/8 0.576 

Smoking (NS/QS/S)
 e
 2/14/7 1/7/6 0.745 

Family history of Affective Disorder (Y, N,U)
f 

3/11/9 0/4/10 0.111 

On Psychotropics  4(16.7%) 7 (50.0%) 0.061 

On Antidepressants 3(12.5%) 6 (42.9%) 0.052 

Stressed (self-report) 12 (50.0%) 11(78.6%) 0.101 

Stressed according to psychiatrist 10 (41.7%) 9 (64.3%) 0.313 

Good physical health 19(79.2%) 11(78.6%) 1.000 
a 
C, compulsory education; S, student or technical education; U, university degree 

b
 U, unmarried; M, Married; C, co-habiting; D, divorced; W, widower  

c
 N, never used alcohol; PT, previous alcohol treatment; D, drinking alcohol.  

d
 P, on pension; U, unemployed; W, working.  

e
 NS, never smoked; QS, quit smoking; S, smoking 

f
  Y, yes; N, no; U, unknown 
The t- test; Mann Whitney, chi-square test and Fisher’s exact test were used for statistical analysis. 
 

4.3.1  Evening cortisol and health variables 

Table 9 shows the relationship between health variables tested and evening 

values of saliva cortisol for both the entire group and also the group after 

excluding those using psychotropic drugs. 
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Table 9. Evening cortisol at 22 hours (Means +/- SD; µg/dl) and health measures 
(Paper I). 

Variables* Cortisol at 22h P Cortisol at 22h,  
excluding those using 
psychotropic drugs  

P 

 Mean  SD   (n)  Mean SD    (n)  

History of               yes 
physical disorder       no 

0.110  0.076 (8) 
0.047  0.040 (30) 

0.028 0.122 0.073 (6) 
0.050 0.044 (21) 

0.014 

History of any mental yes 
disorder                    no                         

0.096  0.068 (11) 
0.045  0.042 (27) 

0.039 0.154 0.060 (4) 
0.050 0.044 (23) 

0.005 

Education:           Compulsory 
                            Higher  

0.068  0.066 (10) 
0.054  0.052 (26) 

0.479 0.081 0.077 (7) 
0.058 0.052 (19) 

0.545 

Depressive disorder yes 
                                   no 

0.077  0.067 (14) 
0.050  0.046 (24) 

0.355 0.118 0.070 (7) 
0.047 0.043 (20) 

0.024 

BDI               ≥13 
                     <13 

0.072  0.062 (20) 
0.044  0.044 (16) 

0.199 0.083 0.066 (13) 
0.047 0.047 (12) 

0.176 

GMDS            ≥13 
                     <13 

0.071  0.063 (19) 
0.045  0.043 (18) 

0.243 0.080 0.071 (12) 
0.050 0.045 (14) 

0.369 

MADRS       ≥20 
                              <20 

0.099  0.068 (8) 
0.050  0.047 (30) 

0.047 0.148 0.057 (4) 
0.051 0.046 (23) 

0.007 

Smoking                yes 
                               no 

0.070  0.057 (13) 
0.052  0.054 (24) 

0.125 0.070 0.060 (9) 
0.060 0.060 (17) 

0.333 

*Data missing for some items; see (n) values in rows. Mann-Whitney test was used for statistical analysis.  
Physical disorder: serious illness or accident.  
Depressive disorder: according to semi-structured interview by a trained psychiatrist. 

Having a history of physical or mental disorder correlated with elevated 

evening cortisol at 22 hours, both in the entire group and after excluding 

those using psychotropic drugs.  

Diagnosis of DD correlated significantly with elevated evening cortisol 

when psychotropic drug use were excluded (see Figure 11 (Paper I)), and 

depression according to MADRS was significant for both groups. 

Figure 11. Diurnal variations of cortisol (Paper I).  
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4.3.2  Shape of the cortisol curve and health variables 

Those with an abnormal curve shape (highest cortisol peak at either 18h, 22h 

or lowest at either 07h, 10h) correlated with a history of mental disorder with 

p=0.005 for the total group and p=0.001, after excluding psychotropic drug 

use (Paper I). Furthermore, there was a significant correlation for those with 

DD and an abnormal curve after excluding psychotropic drug use (p=0.012) 

(Paper I). 

4.3.3  The area under curve (AUC) for cortisol 

One of the variables tested in Table 9 for AUC had marginal correlation with 

the MADRS score for the total group (p=0.064) but significant correlation 

after excluding the use of psychotropic drugs (p=0.034) (Paper I). 

4.3.4  Other variables tested not reaching significance 

The correlations between morning values of cortisol (7h and 10h) were tested 

against the health variables in Table 5 but did not reach significance. 

Furthermore, when tested for low diurnal variation by subtracting the 

minimum from the maximum value, there was no correlation with any of the 

health variables in Table 5. For further information see Paper I.   

4.4  Study I, Paper II 

In Table 10 the demographic and clinical variables are shown for the sample 

for those completing the screening phase and the psychiatric interview and 

submitting saliva samples. The sample is divided by depressive disorder 

(MDD and dysthymia) and is the same sample as in Paper I, Study I. Thus, 

as in Table 10, those with DD had significantly higher scores on GMDS, BDI 

and the Montgomery-Åsberg Depression Rating Scale (MADRS), as 

expected. Furthermore, those with DD were marginally more often on 

psychotropic and antidepressant drugs (Paper I & II).  

 

  



Results 

101 

Table 10. Demographic and Clinical variables (Means +/- SD or number) (Paper 
II).  

Variables Controls 
(n=24) 

Depressive 
disorder (n=14) 

          P  
 

    

Age 54.7 +/- 10.9 50.8 +/- 15.5 0.410 

GMDS score 9.2 +/- 5.8 17.4 +/- 6.2 < 0.001 

BDI score 10.1 +/- 7.3 17.3 +/- 6.8 0.005 

MADRS score 6.2 +/- 5.6 21.0 +/- 4.9 < 0.001 

Educational level (C/S/U)
 a
 5/13/4 5/9/0 0.212 

Marital status (U/M/C/D/W)
 b
 1/17/1/2/2 1/7/2/2/2 0.653 

Alcohol status (N/PT/D)
 c
 1/4/16 0/4/9 0.565 

Social status (P/U/W)
 d
 5/1/13 5/0/8 0.576 

Smoking (NS/QS/S)
 e
 2/14/7 1/7/6 0.745 

Family history of affective disorder (Y, N,U)
f 

3/11/9 0/4/10 0.111 

On psychotropic drugs  4(16.7%) 7 (50.0%) 0.061 

On antidepressants 3(12.5%) 6 (42.9%) 0.052 

Stressed (self-report) 12 (50.0%) 11(78.6%) 0.101 

Stressed according  
to psychiatrist 

10 (41.7%) 9 (64.3%) 0.313 

Good physical health 19(79.2%) 11(78.6%) 1.000 

Testosterone at 7.00 hours 216.27 pg/ml  
+/- 154.09 

238.52 pg/ml  
+/- 143.53 

0.609 

Testosterone at 22.00 hours 124.61 pg/ml  
+/- 96.18 

151.02 pg/ml  
+/- 108.67 

0.537 

Cortisol at 7.00 hours 0.301 µg/dl  
+/- 0.185 

0.280 µg/dl  
+/- 0.194 

0.303 

Cortisol at 10.00 hours 0.282 µg/dl  
+/- 0.165 

0.523 µg/dl  
+/- 0.993 

0.616 

Cortisol at 12.00 hours 0.179 µg/dl  
+/- 0.086 

0.203 µg/dl  
+/- 0.117 

0.954 

Cortisol at 18.00 hours 0.109 µg/dl  
+/- 0.123 

0.114 µg/dl  
+/- 0.076 

0.829 

Cortisol at 22.00 hours 0.050 µg/dl  
+/- 0.046 

0.077 µg/dl  
+/- 0.067 

0.396 

a
 C, compulsory education; S, student or technical education; U, university degree 

b 
U, unmarried; M, married; C, co-habiting; D, divorced; W, widower  

c
 N, never used alcohol; PT, previous alcohol treatment; D, drinking alcohol.  

d
 P, on pension; U, unemployed; W, working.  

e 
NS, never smoked; QS, quit smoking; S, smoking 

f 
Y, yes; N, no; U, unknown 

The t- test; Mann Whitney, chi-square test and Fisher’s exact test were used for statistical analysis. 
Logarithmic transformation was used on hormonal values for normal distribution. 

4.4.1  Morning testosterone (T) 

Morning (7.00 h) values for T were significantly higher than evening (22.00 h) 

values (237 ± 156 vs. 145 ± 110 pg/ml; p=0.009) (39%difference) (Paper II). 

Morning T values also became significantly lower with increasing age (r=-

0.405; p=0.005; n=46). However, this explained only 16% of the relationship. 

No health variables tested from Table 11 reached significance with morning 

values. 
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4.4.2  Evening testosterone and health variables 

Table 11 shows seven health variables tested against evening values of 

testosterone for the sample that also took part in the psychiatric interview. 

Age did not prove to play part in evening values of testosterone (r=0.253; 

p=0.090; n=46) (Paper II). 

Table 11. Evening testosterone at 22 hours (Means +/- SD; pg/ml) and health 
measures (Paper II). 

Variables Testosterone at 22h P Testosterone at 22h  
excluding  
psychotropics  

P 

a
 Mean    SD      (n)  Mean  SD        (n)  

History of                                      yes 
physical disorder

b
                          no 

146.66  133.11 (8) 
131.05    92.27 (30) 

0.833 167.60  150.55  (6) 
142.43    99.84 (21) 

0.835 

History of any mental                   yes 
disorder

c
                                       no                                                  

162.51  112.41 (11) 
122.86    94.83 (27) 

0.152 232.05  152.18  (4) 
133.41    98.40 (23) 

0.057 

Education:                      Compulsory 
                                                Higher  

144.25  118.69  (10) 
135.02    97.52  (26) 

0.782 151.63  140.96  (7) 
150.14  103.27 (19) 

0.775 

Depressive disorder                     yes 
                                                      no 

151.02  108.67  (14) 
124.61    96.18  (24) 

0.537 190.97  125.41  (7) 
132.99  103.58 (20) 

0.135 

BDI                                              ≥13 
                                                    <13 

142.03   94.31  (20) 
105.02   58.37  (16) 

0.199 167.95  103.68 (13) 
102.44    49.91 (12) 

0.036 

GMDS                                         ≥13 
                                                    <13 

138.46    95.72  (19) 
132.86  109.67  (18) 

0.788 152.59  105.72 (12) 
148.78  120.30 (14) 

0.716 

MADRS                                       ≥20 
                                                    <20 

194.60   122.65   (8) 
118.27     89.13 (30) 

0.042 243.88   144.09 (4) 
131.35     97.75(23) 

0.028 

Smoking                                       yes 
                                                      no 

180.25   141.88 (13) 
111.62     62.01 (24) 

0.051 200.72   163.52  (9) 
123.97     62.55(17) 

0.160 

a
Data missing for some items; see n-values in rows. Student t- test was used for statistical analysis after 

successful logarithmic transformation.  
b
Physical disorder: serious illness or accident.  

c
Depressive disorder: according to semi-structured interview by a trained psychiatrist (DSM-IV). 

Those suffering from depression, according to MADRS, had significantly 

higher evening testosterone in the total group (also on medication). Having 

depression, according to both MADRS and BDI, had significantly higher 

evening values after excluding psychotropic drug users from the analysis.  

  



Results 

103 

Figure 12. Correlation of total Beck Depression Inventory (BDI) scores and evening 
levels of testosterone with fit line (Paper II). 

Furthermore, when multiple regressions were used to correct for age, 

there was positive correlation for the total score on BDI in both groups, with 

or without psychotropic drugs (p=0.017, n=38; p=0.002, n=27) (see Figure 

12). For further information, see Paper II.  

4.4.3  Testing for U (J)-shape 

To test for possible U or J shape relationships of testosterone values, the 

sample was divided into three fairly equal groups (Table 12) by evening 

testosterone values (Paper II). 

Table 12. Equal grouping by evening testosterone values (Paper II).  

Group N Testosterone group range 
values pg/ml 

Mean SD 

1.00 14 0-81.8 65.15 14.806 

2.00 12 81.9-141.9 107.85 21.094 

3.00 12 142.0-501 241.54 117.306 

Total 38  134.34 100.331 

Males with depression were significantly more likely to be in the highest 

third of testosterone levels (BDI, p=0.109; MADRS, p=0.012); excluding 

psychotropic drug use (BDI, p=0.021; MADRS, p=0.018). Figure 13 illustrates 

how those with depression according to the psychiatric interview were more 

likely to be in the highest third of evening testosterone values but the 

difference did not prove significant (see Paper II).   
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Figure 13. Depressive disorder by evening group levels of testosterone (Paper II). 

4.4.4  Simultaneous evening cortisol and testosterone 
measurements 

There was a significant positive correlation between elevated cortisol and 

elevated testosterone in the evening (r=0.328, p=0.044) (see also Figure 14). 

Figure 14, which has cortisol values at 22h on the x-axis and testosterone 

values at 22h on the y-axis, also illustrates that the depressed participants do 

not group homogenously on either axis, which would have indicated 

increased specificity. However, the ratio of T/cortisol was not tested. 

Figure 14. Depressive disorder by evening testosterone and evening cortisol levels 
(Paper II). 



 

 

5  Discussion 

5.1  Main findings 

The main finding of Paper IV is that there is substantial gender difference 

in the use of antidepressants, hypnotics and tranquilizers, with female 

preponderance, when compared to non-steroid anti-inflammatory drugs, anti-

ulcer, antipsychotic and opioid use. Furthermore, over the 10-year period the 

increase in prevalence of antidepressant use was only seen among females. 

The only drug category investigated with male preponderance in prevalence 

of use was methylphenidate. 

In Paper III the main finding was that the Gotland Male Depression Scale 

(GMDS) proved to be valid screening tool in population studies compared to 

both the Beck’s Depression Inventory (BDI) and the psychiatric interview 

based on DSM-IV. The GMDS was numerically, but not significantly, better in 

specificity and sensitivity than the BDI. The prevalence of male depression 

was estimated at 14-15%. Lastly, the results support the use of the GMDS as 

a screening tool for male depression in the community.  

The main finding in Paper I was that untreated males, assessed as 

depressed according to the psychiatric interview, had significantly higher 

cortisol in the evening. Furthermore, evening measurements of cortisol seem 

to be most informative of mental health as they also correlated with any 

history of mental health, with depression according to the MADRS scale and 

with a history of physical disorder. Total cortisol measured as area under 

(AUC) curve also correlated with depression according to the MADRS. 

In Paper II the main findings were that elevated evening testosterone was 

significantly higher in depressed males according to both MADRS and BDI 

scales. There was also a significant positive relationship with scores on the 

BDI and elevated evening testosterone when corrected for age. When testing 

for J- or U-shaped relationships by dividing the sample into three groups, 

using evening testosterone levels, depressed males were more likely to be in 

the highest third. Last but not least there was a significant correlation 

between elevated evening cortisol and elevated evening testosterone. 
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5.2  General discussion 

5.2.1  Gender differences in psychotropic drug use compared to 
drugs for acid-related disorders and NSAID’s (Paper IV). 

Using data from Table 1 and overlapping confidence intervals to compare the 

prevalence of female/male (F/M) odds ratios shows that there is a similar 

odds ratio for NSAID, antipsychotics and opioids—all in the neighbourhood of 

1.21-1.26, with female preponderance. Drugs for acid-related disorders have 

a higher odds ratio of 1.38 and antidepressants, and tranquilizers-hypnotics 

have comparable odds ratios of 1.91 and 1.87, respectively, with overlapping 

confidence intervals. The only drug category investigated with male 

preponderance is methylphenidate with a F/M odds ratio of 0.62 (or reversed 

M/F=1.62). These results indicate that treatment for affective symptoms, on 

one hand, and externalizing symptoms in attention deficit hyperactivity 

disorder (ADHD), on the other, have greater gender prevalence differences. 

To our best knowledge this is the first study investigating gender 

differences in psychotropic drug use in a national prescription database. 

As discussed in Paper IV, gender-typical illness has been stereotyped for 

males as an externalizing disorder (alcohol and substance abuse, antisocial 

personality disorders and conduct disorder), while female-typical illness has 

correlated with more dependent conditions, such as depression and anxiety 

(Kessler, 2003; Wirth & Bodenhausen, 2009). The higher prevalence rate of 

methylphenidate use by males fits with conduct disorder being more 

prevalent in males. However, it should be noted that gender differences are 

eliminated at the age of 40 and above (Table 3) and 53% of individuals 

receiving methylphenidate in 2013 were above 18 years of age. Furthermore, 

the higher prevalence rate for females using antidepressants, tranquilizers 

and hypnotics confirms the findings of epidemiological studies with higher 

prevalence of depression and anxiety disorder among females (Bekker & van 

Mens-Verhulst, 2007; Kessler et al., 2005; Stefansson et al., 1994) and fits 

with the notion of female-typical illnesses (Kessler, 2003; Wirth & 

Bodenhausen, 2009). This finding is however contradictory when alternative 

symptoms, such as anger attacks/aggression, substance abuse, and risk-

taking behavior are added to the standard symptoms of depression, and 

gender differences in prevalence are eliminated (Martin et al., 2013). 

Furthermore, our findings in the Sudurnesjamenn Study indicated a 14-15% 

point prevalence of depression among males (Paper III), which is higher than 

in traditional epidemiological studies, with a lifetime prevalence of major 

depression between 6-17% (Hoertel et al., 2013; Kessler, 2003). If there is 
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similar gender prevalence of affective disorder, then females are almost twice 

as likely as males to receive medication treatment, both antidepressants  and 

tranquilizers/hypnotics (some other use of antidepressants are bound to 

females only as for premenstrual syndrome (PMS) and premenstrual 

dysphoric disorder (PMDD) (Marjoribanks et al., 2013)) (Table 1). The 

explanation may lie in stigmatization of the gender stereotypes, different 

symptoms of affective disorder due to gender-biological differences or both, 

as discussed in Paper VI. Furthermore, stereotype stigmatization may 

originate in biological gender differences, consciously or unconsciously 

observed for generations. As discussed in Paper IV, biological findings 

possibly contributing to different courses of illness by gender, may be related 

to the HPA and HPG axis and, thus, cortisol and testosterone. Bangasser 

and colleagues have shown that locus coeruleus (LC) neurons react 

differently to corticotrophin releasing factor (CRF) (Bangasser et al., 2010; 

Bangasser et al., 2013). In female rats the CRF1 receptor was more 

prominent in the plasma membrane but for males it was more prominent in 

the cytoplasm. The authors concluded that this may be a cellular mechanism 

contributing to the increased incidence of stress-related psychiatric disorders 

in females (Bangasser et al., 2013). The increased CRF activity is a direct 

result of increased HPA activity in reaction to stress, as discussed in the 

introduction. Furthermore, in a new clinical and preclinical study there was 

baseline expression difference of cholinergic signalling-related genes in 

amygdala between females and males (p<0.0001) possibly contributing to 

increased vulnerability of females to develop MDD (Bassi et al., 2015). 

Focusing on the HPG axis and its relation to affective disorders, it is 

known that the amygdala and olfactory bulbs, which are intimately connected, 

are rich in androgen receptors (Cunningham et al., 2012). Olfactory bulb 

removal is known to decrease androgen receptor binding in the amygdala 

and hypothalamus (Lumia et al., 1987). Furthermore, mouse experiments 

have shown that amygdala size decreased about 30% after castration 

(Malsbury & McKay, 1994), and that castration decreases or eliminates 

conspecific aggression in male mice (Lofgren et al., 2012). Testosterone 

administration in females is known to increase amygdala responses to both 

happy and fearful faces (Bos et al., 2013). In healthy controls down regulation 

of negative emotions has been associated with increased prefrontal cortex 

activity and reduced amygdala activity, while heightened amygdala activity 

has been observed prior to depression (Treadway & Pizzagalli, 2014). 

Furthermore, LC is known to project to the amygdala, and the amygdala is 

considered a major target in the treatment of depression (Hofer et al., 2013). 
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A dual hormone hypothesis of testosterone and cortisol and impulsive 

aggression has been suggested, where a high testosterone/cortisol ratio 

predisposes to aggression in general, and low prefrontal serotonin 

transmission promotes impulsivity and lowers fear, which predisposes to 

impulsive aggression (Montoya et al., 2012). In summary, these findings and 

hypothesis offer a biological explanation for some of the symptoms 

suggested in male depressive syndrome—compromising low stress 

tolerance, acting out behavior, low impulse control, substance misuse and 

hereditary loading of depressive illness, alcoholism and suicide (Walinder & 

Rutzt, 2001). 

Lastly, according to the results shown in Table 2, there is a 7% increase in 

antidepressant use from 2004-2013, 11% increase in hypnotic and 

tranquilizer use, and when gender use was specifically checked, there was 

no increase in male use of antidepressants; females accounted for the entire 

increase. This was despite the fact that the Directorate of Health was running 

a campaign in the early part of the period investigated, “The Icelandic 

Alliance against Depression” on suicide prevention and follow-up treatment 

for attempters (Guðnadóttir, 2006). The project was in close co-operation with 

psychiatric departments of the University Hospital, primary health care, social 

services, the police, schools and the National Church. In 2005 “train the 

trainer” was introduced, where selected professionals in every region of the 

country were trained to be educators in their region for health care 

professionals and the public. There was also wide media coverage and 

international collaboration (Guðnadóttir, 2006). It is interesting to compare 

these results with the effect of the educational program for general 

practitioners for the prevention and treatment of depression in the eighties 

(Rutz et al., 1992). The prescription rate of antidepressant use increased, 

while the use of tranquilizers, sedatives and hypnotics decreased. Also the 

update of the Gotland study showed that males accounted for one third of the 

the increased use of antidepressants and females for two thirds of the 

increase (Rutz et al., 1997). The similarities, however, are that mainly 

females were in contact with practitioners. According to the Gotland 

experience, depressive men were incapable of asking for help or showing 

weakness (Rutz et al., 1995). 

The overall conclusion must therefore be that we need different methods 

for detecting and treating affective disorders among males than females. 

Furthermore, the higher prevalence rate of using tranquilizers and hypnotics 

compared to antidepressant use suggests increased risk of addiction and 

raises some general health concerns, thus indicating a need for another 

educational program.  
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5.2.2  Validity of Gotland Male Depression Scale for male 
depression in a community study: The Sudurnesjamenn Study 
(Paper III). 

The main result of Paper III was that the GMDS scale was a valid screening 

tool, compared to the Beck’s Depression Inventory (BDI). Compared to the 

golden standard, which was the psychiatric interview using DSM-IV criteria 

for major depressive disorder, the GMDS was numerically, though not 

significantly, better than BDI in detecting MDD among males. The prevalence 

of depression, based on the screening phase result of the psychiatric 

interview was 15% according to GMDS and 14% according to BDI. 

To our knowledge the Gotland Male Depression Scale has not been 

validated in a community sample. 

Performing a symptom subanalysis of those who were not depressed 

according to BDI and depressed according to GMDS (n=15), the most 

frequent symptoms were irritability, sleep disturbances and reduced stress 

tolerance (Paper III). For those who possibly suffered from depression 

according to BDI (n=9), but not GMDS, the three most frequent symptoms 

reported were sleep disturbances, loss of sexual interest and self-

accusations. The last analysis regarded the symptoms of those possibly 

suffering from depression according to GMDS (n=22), but not MDD according 

to the psychiatric interview. Four symptoms having equal frequency were 

irritability, feeling of burn-out, tiredness and sleep disturbances, closely 

followed by a fifth symptom, reduced stress tolerance. 

As expected those detected by GMDS, but not BDI, most frequently 

reported externalizing distress symptoms, while BDI positive and GMDS 

negative participants reported classical depressive symptoms. However, 

those rated positive on GMDS but not diagnosed with MDD reported mixed 

distress and depressive symptoms. This accords with a previous study 

(Moller Leimkuhler et al., 2007). However, the heart of the matter is that the 

criteria for MDD do not include externalizing distress symptoms. 

Alcohol and substance abuse have previously been described as part to 

the male depressive syndrome, and the CAGE questionnaire was therefore 

included in the study. Of those answering the CAGE questions (n=462), 

37.2% scored two or higher, and 24.0% scored three or higher. The likelihood 

ratio for abuse or dependence disorders for scores of 2, 3 and 4 are 72%, 

88% and 98%, respectively (Buchsbaum et al., 1991). Thus, 24% scoring 

three or higher suggests that around 20% might have dependence, but it 

should be noted that CAGE does not distinguish between those having 
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undergone treatment and are now abstinent and those not having undergone 

treatment or are not now abstinent. In our sample 11.1% had undergone 

treatment for alcohol and/or substance abuse. A recent study on comorbidity 

for patients in specialized care for alcohol use disorder in eight European 

countries showed that 43.2% suffered from depression and 50.3% 

experienced anxiety (Rehm et al., 2015). The aetiology for the complex 

relationship between depression and alcohol and/or substance abuse, 

however, is still unclear. Which is the chicken and which the egg (DeVido & 

Weiss, 2012)? However, addiction and affective disorders have many of the 

same neurocircuits affected as well as the HPA and HPG axis as discussed 

in the introduction. The development of addiction is believed to begin with 

changes in the mesolimbic dopamine system, followed by a series of neuro-

adaptations from ventral to dorsal striatum and orbitofrontal cortex, ending in 

dysregulation of PFC, cingulate gyrus and extended or hyperactive amygdala 

(Koob & Volkow, 2010). In affective disorders neuroimaging studies have 

shown changes in many of the same brain areas, with special focus on the 

amygdala, hippocampus, PFC and the mesolimbic pathway (Treadway & 

Pizzagalli, 2014). 

The overall conclusion in Paper III is that the GMDS is a valid short and 

simple tool to use as a self-rating scale and easy to apply in daily practice to 

screen for depression. Furthermore, the high prevalence of depression 

among males encourages active screening of males in clinical practice. In 

future studies there is a need to analyse which symptoms or clusters of 

symptoms best describe male depression in our sample, and how they 

correlate with cortisol and testosterone. Actually, if males are simultaneously 

experiencing elevation of cortisol and testosterone (Paper II), one would 

suspect mixed distress and depressive symptoms, where testosterone 

mediates aggressiveness and chronic cortisol elevation mediates depressive 

and cognitive symptoms. 

5.2.3  Saliva cortisol and testosterone in male depressive 
syndrome, a community study. The Sudurnesjamenn Study 
(Papers I & II). 

The main findings of Papers I & II are that there is increased activity of both 

the HPA and HPG axis in male depression, according to saliva cortisol and 

testosterone measurements. Furthermore, evening measurements of both 

cortisol and testosterone seem to be most informative of male depression. As 

for testosterone, there was a U (J)-shaped correlation between saliva levels 

and depressive symptoms, indicating a complex association. Depressive 
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males according to MADRS or BDI were significantly likelier to be in the 

highest third of evening T levels. Furthermore, there was positive correlation 

between elevated evening cortisol and evening testosterone levels (p=0.021). 

However, simultaneous measurements of evening cortisol and evening 

testosterone did not increase the specificity of detecting depressive disorder. 

To our knowledge, this is the first study specifically screening only males 

for depressive symptoms in a community sample, followed by a psychiatric 

examination and one-day saliva cortisol and testosterone hormone 

measurements. By this method, it was possible to investigate the relationship 

between saliva cortisol, saliva testosterone and different levels of depressive 

symptoms. 

Using a community sample increases the likelihood of detecting newly 

diagnosed depression and disease of a milder degree than in hospital 

samples. Most previous research on cortisol diurnal variation and MDD have 

been dominated by inpatient samples and thus have limited generalizability 

value for the majority of depressed patients who are in the community. 

Studies reporting on inpatient samples frequently deal with individuals with 

chronic depression and show different results (Schweiger et al., 1999). 

Furthermore, studies on depressed patients in the community have provided 

little evidence of hypercortisolism (Doane et al., 2011; Peeters et al., 2004). If 

HPA-axis dysregulation plays a central role in the pathophysiology of 

affective disorders, as discussed in the introduction, the changes should be 

evident in community-based outpatients with expexted lower chronicity and 

shorter duration of disease (Paper I). The increased HPA activity observed in 

depressed males in this community study might indicate that changes in the 

HPA axis occur early in the disease, if not before symptoms become visible, 

as discussed in the introduction (section on early life stress) and (Paper I). 

Early adversity in life has been linked with dysregulation in glucocorticoid 

secretion and HPA-axis activity which have been linked to depression (Goff & 

Tottenham, 2014). The model suggested by Goff & Tottenham says – early 

life adversity leads to – HPA axis dysregulation which leads to – altered 

BDNF function leading to – disregulated mesolimbic dopamine leading to – 

ventral striatum hypo-activation leading to – adolescent emerging depression 

(figure 1 in Goff & Tottenham) (Goff & Tottenham, 2014). We could use the 

same application to the development of adult depression, skipping the first 

step, and then complicate it by adding hyperactive amygdala and dysfunction 

of the hippocampus and prefrontal cortex as thoroughly discussed in 

introduction. Returning to the study result, the fact that we observe cortisol 

elevation in the evening for those with a history of not only mental disorder 
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but also any physical disorder suggests that these individuals might be 

experiencing similar allostatic load although for different reasons. This might 

also help explain the high comorbidity (Kang et al., 2015; Katon et al., 2007) 

between affective disorders and physical disorders. Perhaps, cortisol 

measurements are better suited as an indicator of allostatic load than as an 

indicator of depression per se. Another point deserving discussion is that at 

the time of the study, no study had reported specifically on males as previous 

results report that salivary cortisol in females is influenced by oral 

contraceptives, pregnancy and menstrual cycle (Hellhammer et al., 2009; 

Kudielka et al., 2009). Furthermore, gender differences in HPA axis activity 

have been reported even in children (Holland et al., 2014; Vaillancourt et al., 

2008). 

Compared to cortisol research, little attention has been given to 

testosterone diurnal variation and its correlation with affective disorders. 

Comparing the study results in Papers I & II, elevated evening cortisol was 

significantly higher in depressed males, but did not reach significance for 

testosterone. However, when the study group was divided by evening 

testosterone levels into three equally sized groups, there was a positive 

correlation between depression and the group with the highest evening 

testosterone. This alone indicates that there is not a linear relationship 

between depressive symptoms and evening testosterone levels. As shown in 

Figure 13, most controls were in the low and middle group, and the fewest 

depressive people were in the middle group, in line with previous results 

showing a U- or J-shaped relationship (Booth et al., 1999; Kratzik et al., 

2007). Previous studies have shown that hypogonadal males had a higher 

symptom score, particularly regarding anxiety, but did not have pathological 

symptoms of depression (Berglund et al., 2011). In our sample, the MADRS 

scale is more conservative in diagnosing MDD than the results of the 

psychiatric interview (DSM-IV) indicate. One could therefore assume that 

being depressed according to MADRS and having significantly elevated 

evening testosterone indicate that subthreshold hypogonadal individuals are 

excluded in the MADRS criteria. That would be another argument for a U-

shaped relationship between depression and testosterone level. On the other 

hand, the BDI is set to be false positive for screening purposes (Beck & 

Beamesderfer, 1974), and one would therefore expect a mixture of low and 

high testosterone levels in those possibly depressed and therefore no 

significance. However, being possibly depressed according to the BDI 

correlated with elevated evening testosterone but only when psychotropic 

use was excluded. One would also expect individuals on psychotropic 
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medication to have subthreshold symptoms for depression and possibly by 

excluding them, this small group consists more of clear depressive cases and 

therefore correlates with elevated evening testosterone. However, the small 

size of the study limits the generalizability of the results, and a larger sample 

may help to answer these questions. Nevertheless, the positive correlation 

between elevated evening cortisol and elevated evening testosterone really 

underlines how complex affective disorders and their symptomatology are. 

This last finding may also be the most interesting one. These males are 

therefore simultaneously experiencing elevation of these hormones which 

may influence different symptoms.  

In the introduction and in Paper II, the anti-anxiety effect of testosterone 

was presented as the relation between testosterone, amygdala size and 

aggressiveness. Also in the introduction, the dual hormone (testosterone and 

cortisol) hypothesis of impulsive aggression was mentioned. It suggests that 

a high testosterone/cortisol ratio predisposes to aggression in general, and 

low prefrontal serotonin transmission promotes impulsivity and lowers fear, 

which predisposes to impulsive aggression (Montoya et al., 2012). As 

corroborated by this author in the introduction, a ratio with dominating cortisol 

and lower testosterone might influence aversive and anxiety-like behaviour 

(Figure 4). Thus, these males may be simultaneously experiencing anxiolytic 

effects from testosterone elevation, increased aggression, increased 

impulsivity, increased activity due to energy from cortisol, but yet cognitive 

disturbances, and with a lower testosterone/cortisol ratio inducing affective 

symptoms. The BDI was designed to detect classical depressive symptoms, 

while the GMDS is a composite of depressive and distress symptoms. For 

GMDS, neither score nor possible depression correlated with testosterone or 

cortisol which was surprising and hard to explain. BDI might possibly 

correlate with testosterone levels for same reasons as MADRS. This is, 

however, unlikely as MADRS is applied by a trained clinician, but the BDI is a 

self-rating scale, like the GMDS. The GMDS has furthermore been criticized 

for having too many items built into one question. 

The only logical way to advance these speculations is to analyze which 

symptoms or symptom clusters best describe male depression in the 

community, and how they correlate with testosterone and cortisol levels. 

Furthermore, prospective studies are needed to explore whether and how 

testosterone and cortisol ratio changes with disease severity, chronicity and 

treatment. 
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Lastly, it was interesting to observe how evening measurements were 

consistently most informative for both cortisol and testosterone. Perhaps, 

high evening values demonstrate a lack of negative feedback mediated by 

GABA on the HPA axis. It has been previously suggested that chronic mild 

elevation of cortisol, especially at night, could play a pathogenic role in 

depression (Rhen & Cidlowski, 2005). By nature cortisol is secreted in the 

late night/early morning, and, as seen in Figure 7, as early as 18.00, there is 

a statistical significance between controls and depressed in cortisol level. 

This occurs again at 22.00. If the hypothalamic brake is lacking on cortisol 

secretion, one would expect an abnormal cortisol curve or a flatter curve, as 

seen in Figure 7. Furthermore, statistical separation can be more easily 

demonstrated where cortisol is by nature its lowest point. Finally, 

confounders like physical activity, meals and caffeine use are less likely to 

influence evening values. 

5.3  Future research 

Logical sequel from the results of the phase II saliva measurement part of the 

Sudurnesjamenn Study would be to investigate if these elevated testosterone 

and cortisol values become comparable to the control group following 

successful treatment. Let us confess that attempts were made to perform 

such a study in an outpatient clinic at the Landspitali University Hospital but 

due to lack of compliance and difficulties with recruitment the study was set 

on hold. Males seem a particularly difficult group to investigate which 

previous studies have also shown, particularly when studying psychiatric 

disorders (Moller-Leimkuhler, 2002). However, the data already collected 

need to be analyzed and the continuance of the study to be reorganized. 

As previously mentioned analyzing which symptoms or symptom clusters 

do best describe male depression in the community will be the subject of the 

fifth article. In order to improve detection of male depression this information 

could be valuable and there is an indication from previous study that males 

are expressing a mixture of depressive and distress symptoms (Moller 

Leimkuhler et al., 2007). Such information could be valuable in further 

development of the GMDS. In addition the correlation of testosterone and 

cortisol levels with symptoms or symptom clusters needs to be explored. To 

our knowledge no such study has been performed. Furthermore, prospective 

studies are needed to explore if and then how testosterone and cortisol ratio 

changes with disease severity and chronicity. 
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Further exploration of the diurnal rhythms of testosterone and cortisol are 

also of great interest in relation especially to working shifts and psychiatric 

health from a longitudinal perspective. 

The data from the National Prescription Database study could be 

analyzed further, and there are some compelling questions which would be 

interesting to investigate. For example, is there a difference in psychotropic 

drug use between rural and more populated areas, where there is access to 

psychiatric services? What is the prescription rate distribution among medical 

specialties in the drug category investigated? 

As mentioned in the addiction and gender sections, greater dopamine 

release has been observed from ventral striatum in males, compared to 

females, after the administration of amphetamine (Munro et al., 2006). In 

addition, females seem to be more biologically prone to anxiety (Bangasser 

et al., 2013; Bassi et al., 2015) as supported by findings in epidemiological 

studies (Eaton et al., 2012; Pesce et al., 2015). Do these findings help us to 

understand why females use more sedatives and hypnotics than males, and 

why males use more stimulants? Do males get more rush out of using 

alcohol due to these mechanisms? Why do fewer females enrol in alcohol 

and substance abuse treatment if they are much more exposed to sedatives 

and hypnotics? A study addressing these issues would be of interest, 

especially as these diseases are becoming more and more costly in 

developed societies. 

5.4  Treatment options 

The primary aims of this project were to contribute to the detection of male 

depression by estimating possible biological markers in the early phase of 

affective disorders and validate the GMDS as a screening tool. A secondary 

aim was to gain some understanding of the role of stress and, thus, cortisol 

and testosterone, in the pathology of depression. However, treatment and 

treatment options have to be mentioned. 

Meta-analysis of MRI studies on hippocampal volume showed volume 

reduction in MDD patients but only among patients with disease duration of 

more than two years or of more than one episode (McKinnon et al., 2009). An 

old review article showed that abnormal dexamethasone suppression test 

(DST) results were obtained in 40-70% of inpatients and 20-50% of 

outpatients (Hayes & Ettigi, 1983). The abnormal DST results has been 

associated with severity of depression while normal response has been 

associated with recovery (Carroll et al., 1968). Combining these results 
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indicates that early detection might be of clinical value and possibly reduce 

the likelihood of hippocampal structural changes and chronicity. As 

mentioned throughout this thesis HPA-axis dysregulation is believed to lead 

to altered BDNF function leading to remodelling of the brain. 

The treatment and treatment options are more or less the ones we have 

today but employed in a more coordinated or “holistic” approach, as 

suggested by McEwen in managing chronic stress and allostatic load 

(McEwen, 2007; McEwen & Gianaros, 2011). This suggestion involves brain-

centered interventions, pharmaceuticals, physical activity and social support. 

Brain-centered interventions involve changes in life style and behaviour, 

such as improving sleep (which we can relate to lowering of interleukins, as 

discussed earlier), social support, a positive view on life, diet, drinking, 

smoking and exercise (McEwen, 2007). However, this is easier said than 

done. 

Pharmacological interventions have proven to be useful but have their 

shortcomings, as was demonstrated in the STAR*D study, where 1/3 of 

participants were not responding (Rush et al., 2006; Trivedi et al., 2006). An 

open-minded way of thinking is needed for drug development, with the 

courage to move away from the monoamines. Interesting results have been 

obtained with the use of anti-inflammatory drugs, as mentioned in 

introduction. The robust effect of ketamine points to the glutamate system, 

and developing CRF2 antagonist, possibly blocking anxiety and aversive 

behaviour, could be an interesting example. The rapid antidepressant effect 

of scopolamine, a centrally acting muscarinic acetylcholine receptor (mAChR) 

inhibitor, is also of great interest (Jaffe et al., 2013). 

Moderate physical activity can be beneficial for the brain and body, and 

animal models have shown increased expression of neurotropic growth factor 

and an increased neurogenesis effect (McEwen & Gianaros, 2011). Physical 

activity also appears to have antidepressant effects, similar to the actions of 

antidepressant drugs (McEwen & Gianaros, 2010). An aerobic exercise 

program, including regular and brisk walking over 6–12 months, improved 

cognition and patterns of brain activation in the prefrontal cortex. The results 

were comparable to those of a much younger control group (McEwen & 

Gianaros, 2011). When considering the role of the fight or flight response that 

is preparing the body to react, the natural release of tension would be 

physical activity. It is thus no wonder that mankind has developed all kind of 

skills and techniques to deal with activation of the fight or flight system, such 

as yoga and other things connecting body and soul (brain). 
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Social support is deemed to consist of instrumental and emotional support 

(McEwen, 2007). People having more types of social relationships have less 

cognitive decline, more resistance to infections and a better prognosis when 

dealing with chronic diseases (Cohen & Janicki-Deverts, 2009). These 

aspects can easily be linked with chronic stress and allostatic load leading to 

remodelling of the brain and strain on the immunological system. It seems 

quite obvious when dealing with stress that the ability to share the load and 

learn from the experience of others should make people more fit to change 

their view of stressors and thus lower the burden of allostatic load. When 

successful, it also allows release of the bonding hormone (oxytocin) and 

dopamine and for them to function as in counteracting the stress effect. 

The conclusion is that early intervention in affective disorders is advisable, 

with intensive treatment consisting of education on the brain and the effects 

of stress, medication if needed, social networking and, last but not least, 

intensive stress releasing physical exercise. 

5.5  Strengths and limitations 

The main limitation of Study I was its low participation rate in the screening 

phase (about 25%). Furthermore, young (single) males were 

underrepresented. However, this is a well-known fact when dealing with male 

participation in studies, especially on psychiatric disorders. In the saliva 

hormonal measurement phase, the main limitation was its low participation, 

its small sample size and therefore rather low power to detect weaker 

correlations. 

However, the study’s strength, to the best of our knowledge, is that it was 

the first study screening only males for depressive symptoms in a community 

sample, thus avoiding some possible confounders (e.g., selection or 

Berkson’s bias). Furthermore, the screening phase was followed by a 

psychiatric examination and one-day saliva sampling with five cortisol and 

two testosterone measurements. Thus, it was possible to investigate the 

relationship between saliva testosterone, cortisol, the time of day and 

different levels of depressive symptoms. 

In Study II the main limitation was its strength—that is, the study had 

considerable power, or was overpowered, due to the large sample size. The 

study was therefore vulnerable to type I error, i.e., the risk of accepting 

significant difference where none truly exists, or the difference was too small 

to be of clinical interest. Secondly, the data do not contain hospital drug use. 





 

 

6  Conclusions and closing remarks 

It seems that the greatest barrier to acquiring new knowledge is previous 

knowledge. This is also often reversed and called “thinking out of the box”. 

Going through the literature on affective disorders and pharmacological 

treatment, one often finds the limitation of the criteria for depression and 

anxiety as separate diseases where males seem to fit in either model. It can 

also be argued that the pharmaceutical industry has spent valuable time and 

money in researching the same pharmacological approach in treating 

affective disorders, perhaps because it is a sure bet. 

In summary the results of this thesis are that males, in general, are less 

likely than females to use medication where gender differences are most 

prominent in the use of psychotropic medication (Paper IV). Furthermore, 

males seem to have shorter duration of treatment. This gender difference is 

unlikely to be explained by better health or better mental health as previous 

research has shown, and the 14-15% prevalence of male depression in 

Paper III also indicates. The hormonal measurement part of this thesis 

indicated simultaneous elevation of cortisol and testosterone in depressed 

males. This was most apparent in the evening (Papers I and II). But how 

does this fit into the previous literature? 

Epidemiological studies tell us that the genetic heredity factor is stronger 

in schizophrenia and bipolar disorders (70-80%), while population studies on 

depression find heritability to be around 38%. Hospital-based studies of 

severe depression showed the the range at 48-75% (Uher, 2014). This 

suggests that other factors may play a more important role, especially in the 

community. The focus thus falls on adaptational skills and allostatic load, 

which originates in our stress reaction and, thus, the old fight or flight reaction 

common in many species. Through several theories based on preclinical and 

clinical findings, it is now suggested that the process may run through 

following pattern: prolonged or chronic stress leads to – HPA- and HPG-axis 

dysregulation which leads to – altered BDNF function leading to – 

disregulated mesolimbic dopamine leading to – remodeling of the brain 

leading to – emerging depression. In addition, there are strong arguments for 

gender biological differences in the reaction to stress, which can help us 

understand why females are experiencing more anxiety, and why males tend 

to be more aggressive. Furthermore, the high comorbidity between 
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depression and anxiety could suggest that these symptoms may be part of 

the same condition. The higher incidence of comorbidity and anxiety 

symptoms among females suggests that anxiety may be more a part of their 

symptomatology, while males may show a more aggressive response to the 

same allostatic load. Biological findings may support this notion. Diagnosing 

depression and anxiety as separate diseases therefore raises some 

questions, especially as these diseases seem to accompany one another, 

sharing a majority of same neurocircuits, having a common denominator in 

the fight or flight response and, last but not least, there seems to be an 

indication of allostatic load which is also linked with many serious and chronic 

physical disorders, having high comorbidity with affective disorders. The 

difference in presence of existing symptoms i.e. anxiety versus depressive 

symptoms might also have explanations in the duration of the disease. 

Effects of acute and chronic stress might result in remodeling of synapses 

and dendritic branching in amygdala, as previously described, accompanied 

by increased anxiety. Furthermore, the hippocampal volume changes have 

been shown to be related to disease duration of more than two years and 

with more than one disease episode. Depressive symptoms might thus 

become more apparent when psychomotor retardation becomes more 

prevalent, later in the disease phase.  

On the list of leading causes of global burden of disease, eight out of 20 

items have biological links and comorbidity with affective disorders. These 

include cardiovascular diseases, immunological diseases and psychiatrically 

related disorders. This underlines that affective disorders are serious chronic 

system diseases and therefore costly in the societal sense. They should be 

destigmatized and given full attention in all aspects of societies. Possibly, we 

should use the term “brain diseases” for de-stigmatization as we use the term 

cardiovascular diseases, and screening for affective disorders should be as 

natural a process as taking blood tests when dealing with other chronic 

diseases. 

Returning to the fight or flight response and the findings of this thesis, 

regarding previous findings one starts to speculate whether nature equipped 

the genders differently to increase the likelihood of survival. Is it so that 

females experience anxiety from perceived danger more instantly to increase 

the likelihood that young ones will survive? Also, is it so that the same stress 

creates less anxiety response in males, tempered by cortisol and 

testosterone, in order to stimulate the fighting or hunting reaction? Is this the 

same reason that males seem to have masked or mixed symptoms in 

depression and a higher suicide rate?  



Conclusions and closing remarks 

121 

To finalize with conclusions on the study results, Paper IV showed that 

males were less likely to use antidepressants and had shorter duration of 

treatment. Furthermore, females but not males, showed increased 

antidepressant use during the period 2004-2013. This occurred despite effort 

from national authorities to increase awareness of depression, detection and 

prevention of suicides, especially among males. The GMDS proved to be a 

valid screening tool and the estimated prevalence of male depression was 

higher than previously reported.  Evening saliva measurements seem to be 

most informative in correlation with mental health variables tested. Cortisol 

was shown to be more of an indicator of allostatic load than to be specific for 

detection of depression. Testosterone on the other hand might be more 

specific for depression. There was a significant correlation between elevated 

cortisol and testosterone in the evening for depressed males which might 

offer explanations of externalizing symptoms previously described in male 

depression. 

 The overall results indicate that depression among males is under-

detected and undertreated. Active screening for male depression is therefore 

recommended in clinical practice by simple and inexpensive tools as the 

GMDS. Further studies, especially longitudinal studies, are needed to explore 

the relationship of cortisol and testosterone. However, these measurements 

may separately be supportive in diagnosing MDD among males.    
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Appendix 

Following are the questionnaires used in the screening phase of Study I.  





 

 

Rnr: 

 

 

 

 

Nafn: 
 

 

 

Dags: 

  

 

Kt.: 
 

 

 

Frkv.: 

 

 

 

 

 

    

 

Heilsufarsupplýsingar 

 
 

    1. MENNTUN 

 
 

 
Grunnskóli   (0) 

 
Stúdentspróf eða verkmenntun   (1) 

 
Háskólamenntun   (2) 

  
 

 
2. STARF 

  

 
Lífeyrisþegi   (0) 

 
Atvinnulaus   (1) 

 
Hvaða starf?        ...................................   (2) 

  
 

 
3. HJÚSKAPARSTAÐA 

  

 
Ókvænt(ur)   (0) 

 
Kvænt(ur)   (1) 

 
Sambúð   (2) 

 
Fráskilin(n)   (3) 

 
Ekkja / Ekkill   (4) 

  
 

 
4. BÖRN (eigin) 

  
 

Nei   (0) 

 
Já   (1) 

 
Aldur.................   (2) 
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5. BARNABÖRN 

  

 
Nei   (0) 

 
Já   (1) 

 
Aldur.................   (2) 

  
 

 
6. ÁNÆGJA MEÐ SAMBAND MITT VIÐ VINI OG ÆTTINGJA 

  

 
Já   (0) 

 
Nokkuð ánægður   (1) 

 
Frekar óánægður   (2) 

 
Nei   (3) 

  
 

 
7. REYKINGAR 

  

 
Aldrei reykt   (0) 

 
Reykti en er hættur   (1) 

 
Reyki   (2) 

  
 

 
8. ÁFENGI 

  

 
Drekk ekki   (0) 

 
Hef farið í meðferð vegna áfengisneyslu   (1) 

 
Drekk   (2) 

  
 

 

 
Hefur þér einhvern tímann fundist að þú þyrftir að draga úr drykkjunni? 

 
 

 
Nei   (0) 

 
Já   (1) 

  
 

 

 
Hefur fólk gert þér gramt í geði með því að setja út á drykkju þína? 

 
 

 
Nei   (0) 

 
Já   (1) 

  
 

 

 
Hefur þér einhvern tímann liðið illa eða haft sektarkennd vegna drykkju þinnar? 

 
 

 
Nei   (0) 

 
Já   (1) 

  
 

 

 

Hefur þú einhvern tímann fengið þér áfengi að morgni til að laga taugakerfið eða losa þig við 
timburmenn? 

 

 

 
Nei   (0) 

 
Já   (1) 
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9. TEKUR ÞÚ EINHVER LYF? 

  

 
Nei   (0) 

 
Já   (1) 

 
Hvaða lyf......................................   (2) 

  
 

 
10. FINNST ÞÉR ÞÚ HAFA VERIÐ ALMENNT VEIKUR SL. 1-2 MÁNUÐI? 

  

 
Nei   (0) 

 
Já   (1) 

  
 

 
11. HEFUR ÞÚ NÚ EÐA ÁÐUR VERIÐ ÞAÐ DAPUR, KVÍÐINN EÐA SPENNTUR 

AÐ ÞAÐ HAFI HAFT ÁHRIF Á STARFSGETU/ÁHUGAMÁL EÐA TENGSL VIÐ 
FJÖLSKYLDU OG VINI? 

  

 
Nei   (0) 

 
Já   (1) 

  
 

 

12. 
HEFUR EINHVER NÁKOMINN ÆTTINGI HAFT ÞUNGLYNDI EÐA 

KVÍÐASJÚKDÓM? 

  

 
Nei   (0) 

 
Veit ekki   (1) 

 
Já   (2) 

    

 

EINKUNN   
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GMDS (Gotland Male Depression Scale) 

  

 

Þunglyndiseinkenni karla 

 
 

 

(Gotlandsskalan för skattning av manlig depressivitet: Wolfgang Rutz, 
M.D., Ph.D., Zoltán Rjhmer, M.D., Ph.D., Arne Dalteg, Ph.D.) 

  

    

 

Hefur þú eða einhver sem þú umgengst tekið eftir breytingum á líðan 
eða hegðun þinni sem er ólík því sem þú eða aðrir eiga að venjast.  

Ef svo er, hverjar eru þær breytingar? 

  

    

 

Á alls ekki við               0                                   Á við að mörgu leyti      2 

  

 

Á við að nokkru leyti    1                                    Á mjög vel við               3 

  

    1. Minna þol gegn álagi og/eða stressast auðveldlega.   

2. Aukin tilhneiging til reiði, óþolinmæði og/eða minni sjálfstjórn. 
  

3. Tilfinning um að vera "útbrenndur" og tómleikakennd.   

4. Stöðug óútskýranleg þreyta.   

5. Aukinn pirringur, óróleiki og óánægja.   

6. Erfiðleikar við að taka einfaldar ákvarðanir.   

7. Svefntruflanir. Svefn of mikill eða og lítill, órólegur svefn, erfitt að sofna, 
vaknar of snemma.   

8. Morgunkvíði, verkkvíði, vanlíðan að morgni.   

9. Aukin notkun áfengis eða róandi lyfja til afslöppunar. Aukin virkni eða flótti í 
mikla vinnu, líkamsþjálfun eða íþróttir. Borðar of mikið / of lítið. 

  

10. Finnst þér hegðun þín hafa breyst þannig að hvorki þú né aðrir kannist við 
þig, finnist þú ómögulegur?   

11. Hefur þú verið eða virst dapur eða neikvæður og vonlítill. "Sérð þú allt 
svart"?   

12. Hefur þú fundið eða aðrir merkt aukna sjálfsmeðaumkun, kvartanir eða 
"aumingjaskap"?   

13. Hafa foreldrar eða systkini þín átt við áfengis- eða vímuefnavanda að 
stríða, þunglyndi, sjálfsvíg eða tilhneigingu til "áhættusamrar hegðunar"?   

  Samtals stig: 0 
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MÆLIKVARÐI BECKS Á GEÐLÆGÐ 

 
 

Þýð. Eiríkur Örn Arnarson 

 

 
Leiðbeiningar: 

 

 

Í spurningalista þessum eru flokkaðar staðhæfingar. Lestu hvern flokk um sig gaumgæfilega. Síðan skalt þú velja eina 
staðhæfingu úr hverjum flokki sem best lýsir því hvernig þér hefur liðið síðustu viku og í því felst einnig hvernig þér líður í dag!  

 

 

Merktu 0, 1, 2 eða 3 (í reitinn) eftir því hvað á best við. Eigi fleiri en ein staðhæfing við innan hvers flokks, skal merkja 
viðeigandi tölu við hvern þeirra. Mundu að lesa allar stæðhæfingarnar innan hvers flokks áður en þú velur þá sem við á.  

 
1. Mér finnst ég ekki vera dapur/döpur.  (0)   

 
Mér finnst ég vera dapur/döpur. (1) 

 

 
Ég er alltaf dapur/döpur og get ekki losað mig úr því ástandi  (2) 

 

 
Ég er svo dapur/döpur og óhamingjusamur/söm að ég held þetta ekki út  (3) 

 

  
 2. Ég er ekki mjög kjarklaus með tilliti til framtíðarinnar  (0)   

 
Ég finn til öryggisleysis gagnvart framtíðinni  (1) 

 

 
Mér finnst ég ekki geta hlakkað til neins  (2) 

 
 

Mér finnst að framtíðin sé vonlaus og að ástandið geti ekki batnað  (3) 

 

  
 3. Mér finnst ekki að líf mitt hafi verið misheppnað  (0)   

 
Mér finnst að ég hafi gert fleiri mistök en aðrir  (1) 

 

 
Þegar ég lít yfir farinn veg, sé ég ekkert annað en mistök  (2) 

 

 
Mér finnst ég algjörlega misheppnuð manneskja  (3) 

 

  
 4. Ég nýt lífsins á sama hátt og áður  (0)   

 
Ég gleðst ekki á sama hátt og áður  (1) 

 

 
Ég nýt í raun einskis lengur  (2) 

 

 
Ég er óánægð(ur) eða leiðist allt  (3) 

 

  
 5. Ég hef ekki sérlega slæma samvisku  (0)   

 
Ég hef oft slæma samvisku  (1) 

 
 

Ég hef nær alltaf fremur slæma samvisku  (2) 
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Ég hef alltaf slæma samvisku  (3) 

 

  
 6. Mér finnst ekki að það sé verið að hegna mér  (0)   

 
Mér finnst að e.t.v. verði mér hegnt  (1) 

 

 
Ég reikna með að mér verði hegnt  (2) 

 

 
Mér finnst að það sé verið að hegna mér  (3) 

 

  
 7. Ég hef ekki orðið fyrir vonbrigðum með sjálfa(n) mig  (0)   

 
Ég er óánægð(ur) með sjálfa(n) mig  (1) 

 

 
Ég er hneyksluð/hneykslaður á sjálfri/sjálfum mér  (2) 

 

 
Ég fyrirlít sjálfa(n) mig  (3) 

 

  
 

   8. Mér finnst ég ekki verri en aðrir  (0)   

 
Ég lít alvarlegum augum á veikleika mína eða mistök  (1) 

 
 

Ég ásaka mig sífellt fyrir galla mína  (2) 

 

 
Ég ásaka mig fyrir allt sem fer úrskeiðis  (3) 

 

  
 9. Ég hugsa ekki um að svipta mig lífi  (0)   

 
Ég hugsa um að svipta mig lífi, en ég myndi ekki gera það  (1) 

 
 

Mig langar til að svipta mig lífi  (2) 

 

 
Ég myndi svipta mig lífi ef ég sæi færi á  (3) 

 

  
 10. Ég græt ekki meira en venjulega  (0)   

 
Ég græt oftar nú en áður  (1) 

 
 

Ég er alltaf grátandi  (2) 

 

 
Eitt sinn gat ég grátið en nú get ég það ekki, jafnvel þó að ég vilji  (3) 

 

  
 11. Ég er ekki uppstökkari nú en venjulega  (0)   

 
Ég verð oftar önug(ur) og uppsigað við aðra en áður  (1) 

 
 

Ég er alltaf uppstökk(ur) þessa dagana  (2) 
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Ég stekk ekki upp á nef mér út af öllu því sem áður fór í taugarnar á mér  (3) 

 

  
 12. Ég hef ekki minni áhuga á öðru fólki nú en áður  (0)   

 
Ég hef minni áhuga á öðru fólki en áður  (1) 

 
 

Ég hef að mestu misst áhugann á öðru fólki  (2) 

 

 
Ég hef misst allan áhuga á öðru fólki  (3) 

 

  
 13. Ég tek ákvarðanir jafn auðveldlega og áður  (0)   

 
Ég reyni oftar að fresta því að taka ákvarðanir en áður  (1) 

 

 
Ég á erfiðara með að taka ákvarðanir en áður  (2) 

 

 
Ég get alls ekki tekið ákvarðanir lengur  (3) 

 

  
 14. Mér finnst ég ekki líta verr út en venjulega  (0)   

 
Ég er hrædd(ur) um að ég sé ellileg(ur) eða óaðlaðandi  (1) 

 
 

Það hafa orðið breytingar á útliti mínu sem gera mig óaðlaðandi ásýndar  (2) 

 
 

Ég er ljót(ur)  (3) 

 
  

 15. Ég á nokkurn veginn jafn auðvelt með að vinna og áður  (0)   

 
Ég verð að taka mér tak til þess að geta byrjað á einhverju  (1) 

 
 

Ég verð að beita mig hörku ef ég á að koma einhverju í verk  (2) 

 

 
Ég get alls ekki unnið  (3) 

 

  
 16. Ég sef eins vel og áður  (0)   

 
Ég sef ekki eins vel og áður  (1) 

 

 
Ég vakna 1-2 klst. fyrr en áður og á erfitt með að sofna á ný  (2) 

 

 
Ég vakna mörgum klst. fyrr en ég er vön/vanur og get ekki sofnað aftur  (3) 

 
  

 17. Ég verð ekki þreyttari en venjulega  (0)   

 
Ég þreytist meira en venjulega  (1) 

 
 

Ég þreytist af öllu sem ég tek mér fyrir hendur  (2) 

 
 

Ég er of þreytt(ur) til þess að koma nokkru í verk  (3) 
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18. Matarlystin er ekkert minni en venjulega  (0)   

 
Matarlystin er ekki eins góð og venjulega  (1) 

 

 
Matarlystin er miklu minni nú en áður  (2) 

 

 
Ég hef alls enga matarlyst lengur  (3) 

 

  

 19. Ég er jafnþung(ur) og áður  (0)   

 
Ég hef lést um meira en 2 kíló  (1) 

 

 
Ég hef lést um meira en 4 kíló  (2) 

 

 
Ég hef lést um meira en 8 kíló  (3) 

 

 
Ég er vísvitandi að reyna að borða minna en áður     já   /   nei 

 

 

20. Ég hef ekki meiri áhyggjur af heilsunni en venjulega  (0)    

 

Ég hef áhyggjur af líkamlegum verkjum svo sem ónotum og verkjum; eða óþægindum í 
maga; eða hægðatregðu  (1) 

 

 

 

Ég hef miklar áhyggjur af líkamlegum vandamálum og á erfitt með að hugsa um nokkuð 
annað  (2) 

 

 

 

Ég hef svo miklar áhyggjur af líkamlegum vandamálum að ég get ekki hugsað um neitt 
annað  (3) 

 

 

  
 

 

21. Ég hef upp á síðkastið ekki tekið eftir að áhugi minn á kynlífi hafi breyst  (0)    

 
Ég hef minni áhuga á kynlífi en áður  (1) 

 

 

 
Ég hef mun minni áhuga á kynlífi en áður  (2) 

 

 

 
Ég hef alveg misst áhugann á kynlífi  (3) 

 

 

 
 

 

 

 
Heildareinkunn 0  
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Flow charts for Paper III 
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