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Abstract 
This thesis addresses several controversial issues regarding commonly 
used antidepressants, including selective serotonin reuptake inhibitors 
(SSRIs), serotonin and noradrenaline reuptake inhibitors (SNRIs), and 
tricyclic antidepressants (TCAs). To this end, patient-level data from 28 
placebo-controlled trials on SSRIs and 13 corresponding trials on the 
SNRI duloxetine, were requested and obtained. Data from Swedish 
nation- or region-wide registers were also utilised. 

Questions addressed include i) whether the antidepressant effects of 
SSRIs and SNRIs are too small to be clinically meaningful, ii) if the 
antidepressant effects of SSRIs and SNRIs are present also in those not 
severely depressed, iii) if the effects of an SNRI are present only in those 
reporting side effects, iv) how an SNRI influences suicidality, v) 
whether the placement of a commonly used cut-off for response to 
treatment might inflate the apparent efficacy of SSRIs and SNRIs, vi) if 
there are differences between SSRIs and an SNRI in terms of reducing 
specific symptoms of depression, vii) if a TCA, amitriptyline, is more 
effective than an SSRI in reducing core symptoms of depression, and 
viii) to what extent SSRI doses eliciting maximum antidepressant effects 
are prescribed to depressed individuals in Sweden. 

Using a population of 8262 patients treated with an SSRI (citalopram, 
fluoxetine, paroxetine, or sertraline), we explored whether meaningful 
antidepressant effects are at hand also in those not severely depressed. 
While the usual outcome measure used in these trials, the sum score of 
the Hamilton Depression Rating Scale 17-item version (HDRS-17-
sum), to some extent revealed increasing drug-placebo differences in 
those more severely ill, this was not the case for the core depressive 

 

symptoms included in the unidimensional HDRS-6 subscale, or for the 
individual HDRS item depressed mood. Meaningful antidepressant 
effects were thus evident also for those not severely depressed, and were 
similar in magnitude to those in the severe group. 

In a population of 3575 duloxetine-treated patients, the above 
observations were replicated, as were several other previous findings on 
the SSRIs. Thus, we could refute that the effects of duloxetine are too 
small to be relevant, and instead concluded that these have been 
underestimated. An early improvement on certain depressive symptoms 
was at hand already after one week of treatment. The effect of duloxetine 
was not restricted to those with severe depression, and was not 
secondary to side effects breaking the blind. No evidence for a suicide-
provoking effect of duloxetine was found. No significant differences in 
terms of item-specific effects adjusted for overall efficacy were found 
between duloxetine and the SSRIs. 

Using both the SSRI and duloxetine populations, we found no evidence 
that differences between active treatment and placebo in terms of 
response to treatment, meaning a ≥ 50% reduction of baseline HDRS 
scores, be inflated due to choosing a cut-off close to the median. Drug-
placebo separation was instead largely independent of chosen cut-off, 
except for extreme values. In line with previous studies on mean 
symptom ratings, the separation with respect to response rates was larger 
when measured using cut-offs on HDRS-6-sum or the depressed mood 
item, and was highly dependent on the SSRI dose. 

When comparing the effects of a TCA, amitriptyline, to those of an 
SSRI, sertraline, using a population of 1241 individuals, a significant 
superiority of amitriptyline to sertraline was noted when using HDRS-
17-sum, but not for most core symptoms of depression, where 
amitriptyline was only numerically superior. Instead, the difference 
observed with respect to HDRS-17-sum in previous meta-analyses 
seems to be largely explained by amitriptyline outperforming the SSRIs 
on items related to sleep, or those expected to be negatively impacted by 
side effects of SSRIs. 

Finally, using register-based data on 50365 Swedish individuals, we 
found that a majority of those collecting an SSRI never receive a dose 
eliciting maximum antidepressant efficacy, as judged from fixed-dose 
trials. The three most common SSRIs - citalopram, escitalopram, and 
fluoxetine - were all found to be underdosed. No support was found for 
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higher doses being less tolerable in individuals aged below 65 years, but 
in those aged 65 and above. 

To conclude, we found no evidence for several of the arguments 
underlying the widespread questioning of commonly used 
antidepressants. By exploring effects on individual symptoms of 
depression, we could instead, with high consistency and in two different 
populations, show that the effects of SSRIs and SNRIs have been 
underrated due to the use of an insensitive outcome measure, HDRS-17-
sum. This was also found to be true for dichotomous cut-offs measuring 
response to treatment. The clinical profiles of SSRIs and duloxetine 
were highly similar to each other, but not to that of amitriptyline. We 
could also conclude that most patients prescribed an antidepressant are 
never treated with a dose that has been found to be maximally effective  
in clinical trials.  
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depressive disorder, selective serotonin reuptake inhibitor, serotonin and 
noradrenaline reuptake inhibitor, tricyclic antidepressant. 
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SAMMANFATTNING PÅ SVENSKA 

 
Sedan länge föreligger ett antal kontroverser gällande antidepressiva 
läkemedel, till vilken grupp hör t.ex. de selektiva serotoninåterupptags-
hämmarna (SSRI), noradrenalin- och serotoninåterupptagshämmarna 
(SNRI), och de tricykliska antidepressiva medlen (TCA). Ifrågasättandet 
har handlat om att den antidepressiva effekten av dessa medel skulle vara 
för liten för att vara kliniskt relevant, att en effekt endast skulle kunna 
detekteras hos patienter med svår depression, att skillnaden mot placebo i 
kontrollerade studier skulle vara sekundär till biverkningar av den aktiva 
behandlingen snarare än resultatet av en farmakologisk antidepressiv 
verkan, att användandet av dessa läkemedel skulle leda till en ökad risk för 
självmord, och att det att vanligen använda måttet på behandlingssvar - en 
50-procentig symptomreduktion - skulle vara missvisande och kunna leda 
till att effekterna av aktiv behandling överskattas. Det är viktigt att skapa 
klarhet vad avser dessa kontroversiella punkter, och även att belysa 
huruvida olika antidepressiva läkemedel skiljer sig åt vad gäller överordnad 
antidepressiv effekt respektive effekt på olika symptom. Det är också 
angeläget att skapa ökad klarhet i hur antidepressiva medel används i 
vården, t.ex. vad gäller dosering. 
 
Med anledning av detta, har vi försökt belysa de ovan nämnda 
kontroverserna i en serie artiklar baserade på patientnivå-data från 28 
studier avseende fyra olika SSRI (citalopram, fluoxetin, paroxetin, och 
sertralin) och 13 studier på ett SNRI (duloxetin), vilka samtliga använt en 
vanligt förekommande skattningsskala för depression, Hamilton 
Depression Rating Scale (HDRS). Vi fann inget stöd för att de 
antidepressiva effekterna av duloxetin skulle vara för små för att vara 
meningsfulla, tvärtom var effektstorlekarna i nivå med många av de vanliga 
läkemedel som används mot icke-psykiatriska åkommor. Vi fann heller 
inget stöd för att effekterna av SSRI eller duloxetin skulle vara begränsade 
till patienter som uppvisar svår depression, eller att effekterna av duloxetin 
skulle kunna förklaras av bieffekter som får patienten eller prövaren att inse 
vem som står under aktiv behandling. Effekterna av duloxetin på 
självmordsbenägenhet visade sig vara skyddande, snarare än främjande, 
och kunde detekteras redan efter en veckas behandling; detsamma gällde 
även symptomen nedstämdhet och psykisk ångest. Vad avser relativ effekt 
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på olika symptom uppvisade duloxetin god överensstämmelse med SSRI-
medlen. 
 
Analys av utfallet av studier vari amitriptylin jämförts med SSRI-preparatet 
sertralin bekräftade konklusionen av tidigare studie-nivå meta-analyser att 
amitriptylin reducerar summapoängen på HDRS-skalan i högre grad än 
SSRI-medlet. Denna skillnad tycks dock framför allt betingas av att 
amitriptylin effektivt förbättrar sömn, och att SSRI-medlens biverkningar i 
högre grad än biverkningarna av amitritylin påverkar HDRS-skattningen 
negativt. Däremot förelåg endast numeriska men inte signifikanta 
skillnader till amitriptylins fördel vad gäller kärnsymptomen vid depression 
som t.ex. nedstämdhet och ångest. 
 
Vi fann inget stöd för att en vanligt använd definition på respons på 
antidepressiv behandling, en 50-procentig reduktion av symptom-
intensiteten, har lett till en artificiell överskattning av effekten av SSRI eller 
duloxetin; om man bortser från skalans extremer har placeringen av cut-
offen således ingen större påverkan på separationen av aktiv behandling 
från placebo. Vi noterade också att separationen däremot är beroende av 
vilka symptom som analyseras, samt av dosen av SSRI. 
 
Slutligen konstaterades att majoriteten av de individer som behandlas med 
ett SSRI i Sverige aldrig förskrivs de doser som visat sig vara mest effektiva 
i kliniska prövningar. De tre vanligaste SSRI-medlen var oftast 
underdoserade, oavsett vårdnivå, förekomst av samsjuklighet hos 
individen, eller förekomst av andra läkemedel. Vi fann för individer under 
65 år heller inget stöd för att dessa högre doser skulle vara mer benägna att 
orsaka avbrott i behandlingen än lägre doser. För individer 65 år och över 
sågs däremot ett sådant samband. I denna åldersgrupp konstaterades även 
att doserna för citalopram och escitalopram gradvis sjunkit under 
studieperioden. 
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1 INTRODUCTION 
 

1.1 MAJOR DEPRESSIVE DISORDER 

 

Major depressive disorder (MDD, colloquially referred to as unipolar 
depression) is commonly defined as a period of at least two weeks where 
a person experiences a reduction in mood and/or loss of interest in or 
diminished pleasure from activities.1-3 To qualify for a diagnosis 
according to the Diagnostic and Statistical Manual of mental disorders, 
fifth edition (DSM-5), an additional three or four symptoms also need 
to be present, e.g., concentration difficulties, sleep disturbance, fatigue, 
or suicidal ideation.1 These symptoms must also be present during most 
of the day, cause significant disability or impairment, not be better 
explained by any other medical condition than depression (such as 
another psychiatric or somatic disorder), not be considered part of 
normal grief or bereavement,4,5 and not be present in a patient also 
having experienced symptoms of mania or hypomania.2,6 

The lifetime incidence of MDD is estimated to be 10%-20%, depending 
on diagnostic criteria and investigated population, being about twice as 
common in women.7-10 Depressive disorders are one of the leading 
causes of disability worldwide, according to the WHO,11 and a large 
share of individuals remain untreated, especially in low-income 
countries.12 Depression is an episodic disorder, meaning that a majority 
of cases will remit during the first year, also when untreated.13,14 
However, outcomes are worse for those with long untreated periods,15,16 
and the risk for recurrence is around 50% after one depressive episode, 
and as high as 80% after two or more episodes.17 Recurrence is even 
more common in those with only partial remission.18,19 Dysthymia, a 
related unipolar mood disorder, is instead characterised by a persistence 
of low mood for at least two years, with lower chance for remission and 
higher risk for chronicity.20,21 

Depression often develops after stressful or traumatic life events, such 
as the loss of a relative,22,23 but may present itself also in the absence of 
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such events.24 Depression is also more common in those with somatic 
disorders such as cancers25,26 or after suffering from stroke,27 and might 
also be induced by certain pharmacological agents, such as interferons 
for hepatitis.28 Individuals with depression have a lower quality of 
life,1,29,30 a markedly elevated risk for suicide,31 and often also display 
psychiatric comorbidities such as generalised anxiety disorder.32,33 All 
this contributes to a significant excess mortality in individuals affected 
by depression,34,35 although the underlying causality is still partially 
unclear.36 

 

1.2 RATING SCALES FOR DEPRESSIVE 
SYMPTOMS 

 

While a formal diagnosis of depression is established through diagnostic 
criteria, rating scales are commonly used to detect improvement (or 
deterioration) in clinical trials, as well as in routine care. Rating scales 
may be scored by the patient or by one or more clinicians.37,38 Several 
different scales are currently in use, including the Montgomery-Åsberg 
Depression Rating Scale (MADRS)39 and the Beck Depression 
Inventory (BDI),40 but the 17-item Hamilton Depression Rating Scale 
(HDRS-17)41 has long been considered the ‘gold standard’ rating scale, 
and has been used extensively in clinical trials on antidepressant 
treatments.38,42 

Items included in this scale are depressed mood, guilt, suicidal ideation, 
early insomnia, middle insomnia, late insomnia, work and activities, 
psychomotor retardation, agitation, psychic anxiety, somatic anxiety, 
gastrointestinal symptoms, general somatic symptoms, genital 
symptoms, hypochondriasis, loss of weight, and insight. Items are 
scored from 0-4 or 0-2 points, the usual outcome of interest being the 
sum score of all seventeen items combined.38 

The use of HDRS-17 sum scores in clinical trials has however been 
questioned for a variety of reasons. One of them is that anhedonia, one 
of the cardinal symptoms of depression,1,3,43 is not directly present in the 
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HDRS-17 (although it may be partially measured by the item work and 
activities),44 while other symptoms not included in the DSM diagnostic 
criteria such as psychic anxiety, loss of insight, and hypochondriasis are 
present in the HDRS-17.42,45 It has also been claimed that too much 
weight is given to sleep symptoms, thus favouring antidepressants with 
a more sedative profile;37,46 the maximum score for the three sleep items 
early insomnia, middle insomnia, and late insomnia being six points, in 
contrast to four points being the maximum score for depressed mood, 
despite the latter symptom being the one most strongly associated with 
psychosocial impairment in depression.47-49 Some items included in the 
HDRS-17, such as sexual dysfunction and gastrointestinal symptoms, 
may also reflect common side effects of serotonin reuptake inhibitors, 
and thus contaminate efficacy ratings.37,50 

The inclusion of many different symptoms of depression into one rating 
scale may lead to multi-dimensionality, i.e., that several different factors 
(clusters of symptoms) not related to each other are measured, which 
has been shown to be the case for HDRS.37,51-53 This is problematic, 
since a certain treatment might influence only one or two factors, which 
might be obscured in the total score, even if the change in these is highly 
clinically relevant.45,52,54 Further, if symptom ratings are influenced by 
other factors than change in depression severity, i.e. age, or comorbid 
disorders, which also is true for HDRS-17 ratings, interpreting change 
scores over time is rendered difficult.46,53 

To overcome some of these issues, several different subscales of the 
HDRS-17 have been created. One of the most commonly used is the 
HDRS-6 subscale, developed by Per Bech and co-workers.51,55 The 
criteria employed for selecting these specific items included a 
reasonable number of observations above zero, that an item score should 
increase proportionally with a global clinical assessment of severity, and 
that the score variation between raters should be the smallest possible.55 
This resulted in a unidimensional subscale that is more focussed on core 
depressive symptoms: depressed mood, guilt, work and activities, 
psychomotor retardation, psychic anxiety, and somatic symptoms.51,56,57 
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1.3 ANTIDEPRESSANTS 

 

1.3.1 History and mechanisms of action 
 

In the 1950s, iproniazide, a potential anti-tubercular drug and inhibitor 
of an enzyme responsible for the breakdown of dopamine, 
noradrenaline, and serotonin, i.e. monoamine oxidase, was shown to 
possess antidepressant effects.58 Not many years later, imipramine, a 
reuptake inhibitor of noradrenaline and to a larger extent serotonin, was 
also shown to have antidepressant properties. Inhibition of the 
degradation of monoamines increases their availability, and inhibition 
of reuptake of the same into the presynaptic neurons leads to increased 
levels of these molecules in the synapses, where they can stimulate 
postsynaptic receptors. Thus, these two drug classes were suggested to 
increase, in different ways, the availability of monoamines, at least in 
the acute state.59 

Drugs increasing monoaminergic activity being antidepressants, 
together with the observation that reserpine, an antihypertensive drug 
that inhibits the release of serotonin into the synapses, may cause 
depressive symptoms in some patients,58 inspired several competing 
hypotheses that suggested that depression was caused by low levels, or 
low transmission, of dopamine, noradrenaline, and/or serotonin.58,60-62 
Although simplistic neurotransmitter deficiency hypotheses for 
depression have today been abandoned, in favour of more complex 
explanations, also taking into account e.g. other neurotransmitters such 
as glutamate,63 the downregulation of neurotransmitter receptors (which 
might explain the time-lag before clinical response),64 and/or effects on 
neuroplasticity,65,66 these hypotheses nevertheless laid the foundation 
for the development of modern antidepressants. Still today, almost all 
prescribed drugs in this class employ serotonin reuptake inhibition as 
their main mechanism of action,64,67 and/or, although to various extent, 
act on serotonergic and noradrenergic receptors.68-70 
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1.3.2 Tricyclic antidepressants 
 

While imipramine is rarely prescribed today, other drugs with a similar 
chemical structure consisting of three carbon rings, hence called 
tricyclic antidepressants (TCAs), remain to some extent in use. One such 
compound is clomipramine, used for depression as well as for panic 
disorder and obsessive-compulsive disorder.71 Another tricyclic drug 
still prescribed is amitriptyline, used to treat depression as well as non-
psychiatric indications such as chronic pain conditions.67,72-74 
Amitriptyline has long been regarded as the ‘gold standard’ or reference 
antidepressant, due to its high perceived efficacy in clinical trials.75 

Amitriptyline is a reuptake inhibitor of serotonin, and to a lesser extent 
also of noradrenaline, and acts on several serotonin receptors including 
as an antagonist on the 5-HT2A-receptor.76,77 It also has considerable 
antihistaminergic and antimuscarinergic properties.78,79 The former 
stimulate appetite and cause sedation,78 which might be desirable or not, 
depending on the symptoms of the patient treated, while the latter might 
contribute to the antidepressant effect, but also cause unwanted side 
effects such as dry mouth.79,80 

 

1.3.3 Selective serotonin reuptake inhibitors 
 

The late Arvid Carlsson, Nobel laureate in Medicine and professor at the 
same department where this thesis was written, was among the first to 
postulate that selective inhibition of serotonin reuptake, without 
involvement of noradrenaline reuptake, would be sufficient to treat 
depression.81 To test his hypothesis, zimelidine, a reuptake inhibitor 
selective for serotonin, was developed, and was indeed shown to be an 
effective antidepressant. Because of tolerability and toxicity issues with 
TCAs, including a risk of fatal heart arrythmias in overdoses,82 there 
was also a demand for safer compounds. While zimelidine was 
unfortunately withdrawn from the market because of the occurrence of 
a rare neurological side effect, Guillain-Barré syndrome, other and safer 
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selective serotonin reuptake inhibitors (SSRIs) soon followed, 
fluoxetine being the first one to achieve commercial success.81 

SSRIs have been considered first-line pharmacological treatment for 
many psychiatric disorders during the past decades, including major 
depressive disorder, anxiety disorders such as generalised anxiety 
disorder, panic disorder and social anxiety disorder, obsessive-
compulsive disorder, and premenstrual dysphoric disorder.81,83-85 
Currently, six SSRIs are used in Sweden: citalopram, escitalopram, 
fluoxetine, fluvoxamine, paroxetine, and sertraline,67,86 with another 
drug, vortioxetine being a serotonin reuptake inhibitor while also 
modulating several specific serotonin receptors.87 

 

1.3.4 Serotonin and noradrenaline reuptake inhibitors 
 

From the observations that TCAs inhibit the reuptake of both serotonin 
and noradrenaline, although to very different extent, and that they may 
be superior to the SSRIs at least for the treatment of severe depression, 
it was speculated that antidepressants inhibiting the reuptake of more 
than one neurotransmitter might be more effective than those affecting 
only one.88,89 Together with the fact that the patents for most SSRIs were 
expiring, this led to the development of the selective serotonin and 
noradrenaline reuptake inhibitors (SNRIs), which can be seen as a step 
backwards to the TCAs, without compromising the improved safety 
profile of the SSRIs. 

Two SNRIs are used in Sweden today, duloxetine and venlafaxine,67 
both which inhibit serotonin and noradrenaline reuptake, but in 
somewhat different proportions.90-92 While both drugs are approved for 
major depression and generalised anxiety disorder, venlafaxine is also 
approved for social anxiety disorder and panic disorder, and duloxetine 
for diabetic neuropathy and stress urinary incontinence.91,93 
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1.3.5 Clinical use of antidepressants 
 

In Sweden, currently more than 10% of the population collect at least 
one antidepressant prescription each year, making antidepressants the 
fifth most common drug class.94 Since 2006, when nationwide drug 
collection rates were beginning to be registered, SSRIs have been by far 
the most commonly used antidepressants, making up between half to 
two thirds of prescriptions, with citalopram being the most common 
compound, followed by sertraline and escitalopram.95 The second most 
common antidepressant class consists of the tetracyclic antidepressants 
(TeCAs), where mirtazapine, an antagonist on α2 adrenergic, 
histaminergic, and several serotonergic receptors, is by far the most 
prescribed compound, followed in turn by the SNRIs.67,95 

While detailed collection rates for all prescribed drugs in Sweden can 
be instantly obtained through a database provided by the National Board 
of Health and Welfare,95 dosage and indication(s) for prescriptions are 
not systematically recorded.96 Studies on these topics are hence sparse, 
with no studies on the prescription patterns of antidepressants in Sweden 
having been conducted for decades.97 

It is however clear, judging from data from Sweden as well as other 
countries, that antidepressants approved for anxiety disorders (as well 
as those not) are commonly prescribed for these indications, about half 
as often as for depression.98-100 It also seems likely that drugs approved 
for non-psychiatric disorders are often used for such indications, e.g., 
amitriptyline for chronic pain conditions,67,101 and that mirtazapine 
might be commonly used only for its sedative properties, e.g., in patients 
with insomnia.67,102,103 

 

1.4 CONTROVERSIAL ISSUES REGARDING 
ANTIDEPRESSANTS 
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1.4.1 Statistical significance in clinical trials 
 

For at least three decades, it has been claimed that antidepressants do 
not outperform placebo in clinical trials in a meaningful way, and that 
no actual antidepressant effects are at hand.104-106 One argument used to 
support such claims has been that the average effects on mean symptom 
ratings compared to placebo are small, and might be explained by other 
factors than a true drug effect.105,106 Another argument has been that 
more than half of trials submitted to the U.S. Food and Drug 
Administration (FDA) for approved antidepressant drugs failed to show 
any significant effect when the outcome was assessed using the sum 
score of the HDRS-17.107-109 

Negative trials might have several possible explanations, including the 
many shortcomings of rating scale sum-scores, as listed above, but also 
other obstacles often present in antidepressant drug trials such as non-
compliance,110 high drop-out rates,111 substantial placebo response 
rates,112,113 and recruitment difficulties114 partly caused by the low 
diagnostic reliability for major depression.115 However, this has not 
hindered the continued dissemination of claims that the seemingly small 
antidepressants effects, when averaging results from all available drugs 
and trials, are irrelevant to the average patient.116-121 

For example, the British National Institute for Health and Care 
Excellence proposed a three-point HDRS-17-sum difference between 
active drug and placebo as cut-off for clinical significance, which 
antidepressants, on average, fail to meet.116 Although this cut-off has 
since been abandoned, higher thresholds were instead proposed by 
others.119,121 One caveat of these measures, however, is that score 
difference cut-offs do not take individual differences in treatment 
response into account.108,122 Another one is the use of an insensitive 
rating instrument; nine in ten of placebo-controlled SSRI trials were thus 
positive when instead of HDRS-17-sum the single item depressed mood 
was used as outcome measure.109 

It has also been hypothesised that the seemingly small antidepressant-
placebo differences might be explained by an ‘enhanced placebo effect’, 
where subjects and/or raters in double-blind randomised clinical trials 
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are unblinded due to side effects of the active drug.123-125 Thus, when a 
patient experiences typical antidepressant side effects, or when raters 
note the presence of these in patient interviews, they realise that the 
patient has been given active drug, which is thought to impact symptom 
ratings.123,126 Although antidepressants do outperform also active 
placebos,127 meaning that the latter produce antidepressant-like side 
effects, the somewhat smaller drug-placebo differences in one 
influential meta-analysis fuelled claims that the former lacks specific 
antidepressant efficacy and merely causes distinguishable side 
effects.126 

 

1.4.2 Baseline severity and antidepressant response 
 

In the DSM-V, as well as in the International Classification of Disorders, 
10th edition (ICD-10), severity of depression is defined by more 
symptoms being present, these symptoms being more severe, or the 
patient’s functioning being more impaired.1,3 In the absence of objective 
measures of depression severity, it has instead been attempted to reflect 
these criteria by defining severity using cut-offs with respect to the sum 
scores of a rating scale comprising a number of items.128 Thus, for 
HDRS-17-sum, two common cut-offs to separate moderate from severe 
depression are 25 and 28 points, respectively.128,129 

A long-standing question has been whether a clinically relevant 
antidepressant effect is at hand also in patients not presenting with an 
episode of severe depressive disorder. This is of obvious interest for 
clinical practice, where psychotherapy rather than pharmacotherapy is 
often recommended in milder cases.130,131 

While it has thus been claimed, using individual studies or meta-
analyses of aggregate data from study publications, that a relevant 
antidepressant response be restricted to those with severe or very severe 
depression,132-134 or at least that the response be larger in those severely 
depressed,135,136 others find similar rates of improvement also in non-
severely depressed patients.137,138 Also using pooled patient-level data, 
meaning that symptom ratings for each individual patient and study time 
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point from different studies are analysed, findings both in favour of an 
association between severity and drug-placebo separation,139,140 and 
not,141-143 have been reported. 

 

1.4.3 Antidepressants and suicide rates 
 

It has been claimed that antidepressants in general, and the SSRIs in 
particular, might induce suicidality during treatment,144-146 even in 
healthy individuals not previously reporting suicidal thoughts.147 On the 
other hand, the number of suicides has dropped in most countries 
following the introduction of SSRIs,148-152 with greater decreases in 
countries with greater increases in prescriptions.149,152 Meta-analyses of 
observational studies have either found decreases in completed suicides 
following SSRI treatment,153 or no significant effects of this drug class 
but possibly when also including other antidepressants.154 Results from 
randomised clinical trials are marred by lack of standardised definitions 
of suicidality;155 however, most analyses do not support an increase in 
completed suicides in those treated with an SSRI,156-158 but some do find 
suicidal attempts to be more common in this group.157,158 

One influential publication159 highlighted substantial differences 
between age groups; while suicidal behaviour was increased in those 
between 18 and 24 years of age, a neutral effect was noted in those aged 
25 to 64, and a beneficial effect in those aged 65 years or above. The 
possibility of age-dependent effects also gains support from 
observational studies153 and in assessments of suicidality scores on 
rating scales, such as item 3 from the HDRS-17, where two studies 
found protective effects on suicidality in adult and elderly 
antidepressant-treated patients.160,161 In contrast to reported side effects 
of suicidal ideation, rating-scale assessments of suicidality are available 
for every individual, and have also been found to correlate well to other 
measures of the same construct.162,163 
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1.4.4 Measures of response and remission 
 

An alternative approach to assess drug-placebo separation, other than 
the adjusted mean score difference between treatment groups, is to 
define a binary measure of response to treatment or remission from 
depression, and measure the difference between treatment groups with 
regard to the share of patients crossing these cut-offs.164,165 While cut-
offs for clinical significance based on mean scores assume that the 
average treatment effect applies to every actively treated patient,122 
response and remission measures instead take into account the response 
of each individual. 

In trials for MDD using the HDRS-17, response is commonly defined 
as a ≥ 50% decrease in HDRS-17 sum score from baseline, and 
remission as an endpoint sum score of 7 points or less.164,166,167 Other 
definitions have, however, also been proposed; remission can likewise 
be defined as an 80% reduction in HDRS-17 sum score,168 or as an 
endpoint HDRS-17 score of 6-2 points or less.169-172 Several cut-offs on 
unidimensional subscales of the HDRS-17 have also been proposed. For 
HDRS-6-sum, for example, endpoint scores between 2 and 5 or less 
have been suggested to define remission.173-175 For the similar HDRS-7 
subscale, also including suicidal ideation, an endpoint score of 3 points 
or lower was found to constitute remission.176  

However, besides some disagreement regarding the choice of cut-off 
and rating scale, some authors have also raised concerns that 
dichotomising continuous rating scales leads to a loss in statistical 
power177 or that choosing a cut-off close to the median, with patients 
clustering close to, but on either side of this, may inflate seemingly small 
and irrelevant drug-placebo differences.178 Since dichotomous measures 
might be considered more clinically informative, as patients classified 
as remitters have a lower risk of recurrence and better functional 
outcomes, e.g., less absence from work,18,19,176 it is important to identify 
to what extent the issues raised might have impacted treatment 
differences. 
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1.4.5 Differences between antidepressants 
 

Despite the fact that sum scores of rating scales might obscure important 
differences between antidepressants in reducing different 
symptoms,42,179 and, conversely, that patients with depression might 
differ substantially from each other with respect to symptom 
profile,180,181 symptom-specific effects of antidepressants are not 
addressed as often as effects on sum scores.47,182 Although SSRIs as a 
class are unequivocally considered first line of treatment for depressive 
disorders,85 there is little consensus regarding to what extent certain 
symptom profiles sometimes justify choosing an antidepressant from 
another group as first line of treatment.183-185 

The possible contribution of noradrenaline reuptake inhibition to 
antidepressant efficacy is a controversial issue, with regard both to 
overall efficacy as measured on sum scores and to effects on different 
depressive symptoms.186 While one recent meta-analysis ranked both 
duloxetine and venlafaxine above the SSRIs in sum-score assessed 
efficacy,111 others have concluded that while venlafaxine might indeed 
be superior to most SSRIs187,188 it is unclear whether this is true also for 
duloxetine,189 or if any possible benefits be restricted to those with 
severe depression.188 While these investigations are limited by rating 
scale sum scores obscuring potential symptom-specific differences, it 
has been suggested, using item-based analyses, that duloxetine treats 
symptoms of low energy, including work and activities and 
psychomotor retardation, better than SSRIs.190,191 However, these 
results might be misleading, as the SSRIs, but not duloxetine, in these 
trials were often given in doses below those eliciting maximum 
antidepressant effects.188 

Another observation, also based on meta-analyses using sum scores, is 
that amitriptyline be more effective than any other antidepressant for 
treating depression.75,111 However, some investigations suggest that this 
superiority might be restricted to inpatients,192,193 to those with 
melancholic features,194 or to those with severe depression,192 although 
at least the latter is disputed.195,196 Further, bearing in mind that 
amitriptyline, due to its central antihistaminergic properties, is known to 
cause more sedation and stimulation of appetite than the SSRIs, this 
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might in part explain its apparent superiority to the SSRIs, especially as 
the outcome has often been assessed using HDRS-17-sum, which is 
likely to favour antidepressants with a more sedative profile.37,46 

 

1.4.6 SSRI dosing 
 

A dose-response relationship for all SSRIs has been established in 
several meta-analyses of fixed-dose clinical trials.197-201 Thus, while the 
lowest approved doses, often used when initiating therapy, are 
significantly better than placebo in reducing depressive symptoms, 
doses above these are, for some of the SSRIs (citalopram, escitalopram, 
and sertraline), significantly better than the lower doses. For other SSRIs 
(fluoxetine and paroxetine), the typical starting doses already display 
maximum efficacy, while doses below these are inferior. 

Although retention in clinical trials is reported to be higher with doses 
above the common starting doses, such doses may come with an 
increased risk for dropout due to side effects.198,199,201 Studies addressing 
strategies to manage treatment-resistant depression do not support dose 
escalation;202-205 however, while this is likely explained by the initial 
dose in most of these studies already being of maximum efficacy, it has, 
together with the increased risk of side effects, led some authors to 
caution against SSRI dose-escalation in general.202,204,206 

Nonetheless, Swedish national drug treatment guidelines for major 
depression,185 as well as the summaries of product characteristics for all 
SSRIs marketed in Sweden, recommend dose-escalation until sufficient 
clinical response is achieved, or until side effects hinder further dose 
escalation. Whether this is practiced in Swedish routine care is however 
unknown, in part likely due to the lack of available dosing data in 
registers, as noted in the introduction. Elsewhere, it has, however, been 
described that those prescribed SSRIs are often inadequately treated, 
both with regard to prescribed dose,207,208 as well as length of 
treatment,207,209,210 although differences between, e.g., levels of care211-
215 and different countries214,216 have been noted. Of note in this context 
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is that two large investigations found better treatment adherence in 
patients whose SSRI doses were titrated.217,218 
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2 AIMS 
 

This thesis aimed to explore a number of controversial issues 
surrounding commonly used antidepressants. We thus aimed to 
investigate i) whether the effects of SSRIs and SNRIs in reducing 
depressive symptoms are too small to be meaningful, ii) if meaningful 
effects of SSRIs and SNRIs are at hand also in those not severely 
depressed, iii) if the effects of an SNRI are observed only in subjects 
reporting side effects of active treatment (which may have broken the 
blind), iv) how an SNRI influences ratings of suicidality, v) whether cut-
offs used to quantify response to treatment might inflate the apparent 
drug-placebo separation in SSRI and SNRI trials, vi) if there are 
differences between SSRIs and an SNRIs in terms of reducing specific 
symptoms of depression, vii) if a TCA, amitriptyline, is more effective 
than SSRI in reducing core symptoms of depression, and viii) to what 
extent SSRI doses eliciting maximum antidepressant effects are 
prescribed in Sweden. 

In paper I, we addressed the question whether meaningful antidepressant 
effects are at hand also in those not severely ill, with initial depression 
severity assessed using HDRS-17-sum scores. We did this using 
different outcome measures, including HDRS-17-sum, but also the sum 
score of the HDRS-6 subscale and the single item depressed mood. We 
first included all randomised patients from a large dataset of trials on the 
SSRIs citalopram, fluoxetine, paroxetine, and sertraline (see Methods), 
and then divided the cohort according to the most extreme definitions of 
severe and non-severe depression proposed. 

In paper II, we attempted to replicate several previously 
reported109,161,219,220 findings from the SSRI dataset described above in 
a material consisting of clinical trials on the SNRI duloxetine. We thus 
investigated whether antidepressant effects are at hand also in those not 
severely depressed, as outlined above, and also explored if effect sizes 
for specific items are larger than those for HDRS-17-sum,109 if relevant 
antidepressant effects are at hand also in patients not displaying any side 
effects,219 and whether the early and late impact of active treatment on 
anxiety and suicidality is positive (rather than negative);161,220 these 



On the efficacy and prescription of serotonin reuptake inhibitors 
 

 
14 

 

is that two large investigations found better treatment adherence in 
patients whose SSRI doses were titrated.217,218 

  

Alexander Lisinski 
 

  
15 

 

2 AIMS 
 

This thesis aimed to explore a number of controversial issues 
surrounding commonly used antidepressants. We thus aimed to 
investigate i) whether the effects of SSRIs and SNRIs in reducing 
depressive symptoms are too small to be meaningful, ii) if meaningful 
effects of SSRIs and SNRIs are at hand also in those not severely 
depressed, iii) if the effects of an SNRI are observed only in subjects 
reporting side effects of active treatment (which may have broken the 
blind), iv) how an SNRI influences ratings of suicidality, v) whether cut-
offs used to quantify response to treatment might inflate the apparent 
drug-placebo separation in SSRI and SNRI trials, vi) if there are 
differences between SSRIs and an SNRIs in terms of reducing specific 
symptoms of depression, vii) if a TCA, amitriptyline, is more effective 
than SSRI in reducing core symptoms of depression, and viii) to what 
extent SSRI doses eliciting maximum antidepressant effects are 
prescribed in Sweden. 

In paper I, we addressed the question whether meaningful antidepressant 
effects are at hand also in those not severely ill, with initial depression 
severity assessed using HDRS-17-sum scores. We did this using 
different outcome measures, including HDRS-17-sum, but also the sum 
score of the HDRS-6 subscale and the single item depressed mood. We 
first included all randomised patients from a large dataset of trials on the 
SSRIs citalopram, fluoxetine, paroxetine, and sertraline (see Methods), 
and then divided the cohort according to the most extreme definitions of 
severe and non-severe depression proposed. 

In paper II, we attempted to replicate several previously 
reported109,161,219,220 findings from the SSRI dataset described above in 
a material consisting of clinical trials on the SNRI duloxetine. We thus 
investigated whether antidepressant effects are at hand also in those not 
severely depressed, as outlined above, and also explored if effect sizes 
for specific items are larger than those for HDRS-17-sum,109 if relevant 
antidepressant effects are at hand also in patients not displaying any side 
effects,219 and whether the early and late impact of active treatment on 
anxiety and suicidality is positive (rather than negative);161,220 these 



On the efficacy and prescription of serotonin reuptake inhibitors 
 

 
16 

 

questions had all received affirmative answers in previous investigations 
on the SSRIs from our group. We also compared the response profile of 
duloxetine to that of SSRIs, i.e., the item-specific effects adjusted for 
overall efficacy as based on all items except the one in question. 

In paper III, we explored the impact of chosen cut-off, outcome measure, 
and SSRI dose, on the SSRI-placebo separation with respect to 
dichotomous measures of response to treatment and remission from 
depression. The large range of possible cut-offs analysed encompassed 
all previously suggested response and remission criteria based on 
HDRS-17-sum, HDRS-6-sum, or depressed mood, respectively. We 
also investigated whether omitting patients close to common cut-offs 
impacted the outcome. The possible importance of placement of the cut-
off was assessed also in a sample of duloxetine-treated patients as 
outlined above. 

In paper IV, we investigated whether there are differences in item-
specific antidepressant efficacy between amitriptyline, the most 
common tricyclic antidepressant, and the SSRI sertraline, the main 
question being if the alleged superiority of amitriptyline in reducing 
HDRS-17-sum reflects a larger effect on depressed mood and other core 
symptoms of depression or may be attributed an impact of its sedative 
properties on HDRS sleep items, and/or the fact that side effects of 
tricyclics are less likely than SSRI side effects to negatively contaminate 
HDRS-17-sum. The impact of differences in drop-out rates on outcome 
was also addressed. 

In paper V, we investigated to what extent the most effective SSRI 
doses, as judged by data from fixed-dose clinical trials, are prescribed 
to individuals with depression in Sweden. We also attempted to find out 
whether differences in dosing might be explained by level of care or by 
patient characteristics, e.g., age, sex, comorbidities and medications, and 
whether a regulatory decision restricting the dosing of certain SSRIs 
impacted the prescribing. Finally, we attempted to assess if maximum 
efficacy doses appeared less tolerable than lower ones. 

 

 

Alexander Lisinski 
 

  
17 

 

3 PAPERS 

 

3.1 PAPER I 
 

3.1.1 Background 
 

The question if clinically meaningful antidepressant effects of SSRIs are 
at hand also in those not severely depressed has been discussed for over 
two decades. Not only have study-level meta-analyses found results 
both in favour of baseline severity moderating drug-placebo 
separation134,139 and not,137,138 but also when using data on the patient 
level, results both supporting and failing to support the suggested 
interaction between treatment and baseline severity have been 
reported.140-143 An important caveat of these meta-analyses, however, is 
that both severity and outcome were assessed using HDRS-17-sum. As 
mentioned in the introduction, the use of HDRS-17 sum scores to 
measure severity and improvement has been repeatedly 
questioned.42,46,109,221 Thus, in this paper, while baseline severity was 
assessed using HDRS-17-sum in most analyses, different outcome 
measures were used, including HDRS-17-sum, HDRS-6-sum, non-
HDRS-6-sum (consisting of items not included in the HDRS-6), and the 
single item depressed mood. 

Two distinct methods were used to address the possible moderating 
effects of severity on drug-placebo separation. We first plotted raw 
mean scores for all patients according to baseline HDRS-17 severity, 
with response assessed using the four different outcome measures listed, 
respectively, and assessed the interaction between severity and 
treatment. We then split the population according to the lowest and the 
highest cut-offs previously proposed to distinguish between mild and 
moderate (HDRS-17 ≤ 18) and between moderate and severe depression 
(HDRS-17 ≥ 27),222 respectively, and compared effect sizes for the four 
different outcome measures listed, as well as for all other individual 
items. Here, we assessed the interaction using severity as a categorical 
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whether a regulatory decision restricting the dosing of certain SSRIs 
impacted the prescribing. Finally, we attempted to assess if maximum 
efficacy doses appeared less tolerable than lower ones. 
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variable, excluding patients in the middle segment (19-26 points), 
corresponding to moderate depression. 

 

3.1.2 Results 
 

We indeed found larger drug-placebo differences with increasing 
baseline HDRS-17 severity, with the outcome also assessed using 
HDRS-17-sum, but only after excluding severity scores endorsed by 
<50 patients, as high variance in the extreme ranges otherwise obscured 
a possible association. There was however no significant relationship 
between baseline HDRS-17 severity and outcome when using HDRS-6-
sum or depressed mood as outcome measure. For non-HDRS-6-sum, the 
interaction between severity and treatment was significant in all 
analyses. 

After contrasting those classified as having severe depression to those 
with non-severe illness, a numerically higher response was noted in the 
severe group compared to the non-severe one for HDRS-17-sum, but not 
for HDRS-6-sum or depressed mood. However, also in the non-severely 
depressed group, significant antidepressant effects were noted also with 
respect to HDRS-17-sum. For non-HDRS-6-sum, on the other hand, 
there was a significant difference between active treatment and placebo 
in the severe group, while no difference at all was noted in the non-
severe group, which can be explained by the relative absence of non-
HDRS-6 symptoms in individuals classified as having non-severe 
depression. Baseline ratings for HDRS-6-sum were indeed similar 
between the two extreme severity groups (difference in baseline scores 
37%), while scores for non-HDRS-6 items were considerably higher in 
patients classified as having severe depression (difference 113%). 

 

3.1.3 Comment 
 

Alexander Lisinski 
 

  
19 

 

While this study did, to some extent, replicate the association between 
baseline severity and outcome when both were scored by HDRS-17-
sum, and after the exclusion of rare severity scores, there was still a 
significant antidepressant effect seen in the non-severely depressed 
group on the same outcome measure. We also found that patients with 
both severe and non-severe depression experienced similar and marked 
reductions in core depressive symptoms as measured using HDRS-6 or 
depressed mood. We conclude that high initial depressive severity is not 
a prerequisite to experience significant benefit from SSRI treatment, and 
that the usage of an inadequate effect measure and the lack of available 
patient-level data has hindered previous publications on this topic from 
reaching this conclusion. 

There are several possible explanations for our findings on the 
consistency of HDRS-6-sum reduction across severity groups. 
Considering that commonness of symptoms was a criterion used in the 
construction of this scale,55 and also that one of the included items, 
depressed mood, is a cardinal symptom of depression,1,3 it is expected 
for these symptoms to be more prevalent across the severity spectrum. 
However, even a maximum score on all items of the HDRS-6 (22 points) 
will not qualify a patient for being severely depressed, according to most 
common cut-offs.129 Thus, to reach the HDRS-17-sum cut-off for severe 
depression, scores on non-HDRS-6 items are necessary; on the contrary, 
non-severely depressed patients may be defined as non-severe cases 
because they do not display high scores on non-HDRS-6 items, many of 
which are non-essential symptoms of depression. This might explain 
why patients with non-severe depression are unlikely to attain 
significant improvement in non-HDRS-6 items, as no improvement 
might be detected if baseline scores are zero. Instead, these items may 
often reflect common side effects of antidepressant treatment.37,50,57 

These data thus rebut the suggestion that SSRIs be useless for the 
treatment of non-severe depression, and also cast doubt on the use of 
HDRS-17-sum not only as measure of outcome but also to separate 
severe from non-severe depression. 
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3.2 PAPER II 
 

3.2.1 Background 
 

A number of recent papers from our group have questioned previous 
analyses indicating that antidepressants often fail to outperform placebo 
with regard to antidepressant effects,109 that any effects, if at hand, be 
restricted to those with severe depression (Paper I), that reported 
antidepressant effects are merely due to side effects breaking the 
blinding in clinical trials,219 and that antidepressants may often provoke 
suicidal thoughts.161  

We also found, in contrast to reports that antidepressant effects take 
several weeks to be noticeable, that significant differences are at hand 
already after one week of treatment, for several items of the HDRS-
17.200,220 Moreover, in a study aiming to shed light on the frequency of 
an SSRI-induced initial increase in anxiety in depressed subjects, we 
observed a significant initial increase in somatic anxiety but not psychic 
anxiety in SSRI-treated subjects after one week of treatment; this 
increase was, however, reversed in favour of active drug at endpoint.220 

One of the aims of Paper II was to investigate whether these 
observations, noted in the SSRI population described in the previous 
paper, could be replicated in a similar collection of patient-level clinical 
trial data for another class of antidepressant, namely the SNRI 
duloxetine. Moreover, it has been suggested that duloxetine, due to its 
different pharmacological profile, has more pronounced effects than 
SSRIs on HDRS-17 items related to low energy, such as work and 
activities and psychomotor retardation.190,191 However, these 
comparisons were often made using optimal duloxetine doses, but 
suboptimal SSRI doses (e.g., duloxetine 60 mg vs. escitalopram 10 
mg).223,224 The other aim of this study thus was to assess the effect 
profile of duloxetine, i.e., item-specific effects adjusted for overall 
efficacy on all other items except the one in question, and to indirectly 
compare this profile to that of the SSRIs studied in Paper I and in other 
previous papers from our group. 
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3.2.2 Results 
 

Overall, the similarities between duloxetine and SSRIs were notable, as 
all previous observations for the latter were replicated in this dataset. 

While duloxetine significantly outperformed placebo already at week 
one with respect to, e.g., depressed mood and psychic anxiety, these 
effects were masked by a simultaneous deterioration on other items, 
including gastrointestinal symptoms and (non-significantly) somatic 
anxiety, thus resulting in a null effect difference on HDRS-17-sum. At 
endpoint (week eight), the effect sizes for depressed mood and psychic 
anxiety were still larger than those for HDRS-17-sum, and the initial 
trend for a negative effect on somatic anxiety, but not the detrimental 
effect on gastrointestinal symptoms, had reversed in favour of active 
drug. Significant score reductions were also noted in those treated with 
active drug for several other items including guilt and work and 
activities. 

While a trend for interaction between baseline severity and outcome was 
found when both were assessed using HDRS-17-sum, and a significant 
such relationship was evident when using non-HDRS-6-sum as outcome 
measure, no evidence was found for baseline HDRS-17 severity to 
moderate outcome on HDRS-6-sum or depressed mood. Effect sizes for 
items not included in the HDRS-6 subscale were substantially larger in 
those with severe depression; however, those classified as not having 
severe depression reported similar and sizeable reductions in HDRS-6 
sum scores. 

No evidence was obtained for a suicide-provoking effect of duloxetine; 
on the contrary, ratings for this item were significantly lower in those 
aged 25 or above whom were treated with active drug. In those aged 24 
or below, however, there was no significant advantage of active drug in 
this regard. 

Also no evidence was found for side effects explaining the 
antidepressant effect of duloxetine; this was of considerable magnitude 
also in patients reporting no adverse events, regardless of whether 
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adverse events were counted during the first two weeks or at any time 
point. In patients displaying adverse events, the antidepressant effects 
were as strong regardless of the severity of adverse events. 

Duloxetine did not separate from the SSRIs (citalopram, fluoxetine, 
paroxetine, and sertraline) regarding any item-specific effects when 
adjusted for overall efficacy. Instead, similar response profiles were 
noted between these two groups. The closest item to displaying a 
significant difference, in favour of SSRIs, was late insomnia (p = .24), 
while the strongest trend in favour of duloxetine was noted for agitation 
(p = .26). 

 

3.2.3 Comment 
 

All previously reported findings for the SSRIs, including significant 
early item-specific effects and these effect sizes outperforming those 
seen on HDRS-17-sum, were replicated in this large material of 
duloxetine trials. Contrary to the wide-spread notion123 that the effects 
of antidepressants are too small to be relevant, the effects for duloxetine 
on core symptoms of depression were found to be on par with those seen 
for many drugs used for non-psychiatric disorders.225 The effects of 
duloxetine were not secondary to side effects, and were not restricted to 
those with severe depression. Further, duloxetine did not negatively 
influence HDRS-rated suicidality, but rather had similar protective 
effects as the SSRIs in patients aged 25 or above. 

Duloxetine was found to have a strikingly similar clinical profile to that 
of SSRIs. Thus, the previously reported superiority of the former 
compound in treating symptoms such as work and activities and 
psychomotor retardation was not replicated when adjusting for overall 
efficacy, which in turn gives support to the observation that the SSRI 
doses previously used when suggesting such differences might have 
been too low.188 The lack of item-specific superiority of duloxetine 
might be further explained by the relatively low influence of duloxetine 
on noradrenaline reuptake inhibition at the doses used to treat 
depression,226 or that the previously reported227 effects of noradrenaline 
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reuptake inhibition on specific depressive symptoms have been 
overestimated. However, adequately powered head-to-head trials using 
equipotent doses of both drug classes are needed to settle the issue, and 
there might still be differences at hand between duloxetine and the 
SSRIs that are not measured by the HDRS-17, e.g., effects on pain 
symptoms.228 

 

3.3 PAPER III 
 

3.3.1 Background 
 

The practice of dichotomising rating scales has been suggested to inflate 
seemingly small score differences between active drug and placebo, 
hence creating substantial differences in terms of numbers of patients 
responding to treatment.178 On the other hand, analyses using 
unidimensional subscales57,173,179,229 or individual items109,229 have 
suggested that the antidepressant effects of SSRIs might have been 
underrated due to the use of an insensitive effect parameter, HDRS-17-
sum. As different cut-offs to assess response and remission have been 
proposed,164,169,173 there is a need to evaluate the impact of chosen cut-
off and effect parameter for the drug-placebo separation in clinical trials, 
as well as the possible impact of subjects clustering close to, but on 
either side, of the cut-offs. Last, while higher SSRI doses are associated 
with a more robust antidepressant response,141,200,201 they also increase 
the risk of side-effect related dropout,201 thus the effect of dose on drug-
placebo separation using dichotomous criteria needs to be evaluated. 

Hence, we addressed the impact of choice of cut-off, effect parameter, 
and dose of active drug, on SSRI-placebo separation using dichotomous 
cut-offs based on relative score reductions from baseline or endpoint 
scores, on HDRS-17-sum, HDRS-6-sum, or depressed mood, 
respectively. The main analyses were reproduced in a sample of 
duloxetine-treated patients as outlined in Paper II. 
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3.3.2 Results 
 

By plotting shares of patients displaying each possible 5% fraction of 
initial symptoms at endpoint, as well as the number of individuals 
scoring on or below a certain endpoint score, for SSRIs and placebo, 
respectively, parallel lines were revealed over a broad range of possible 
response and remission cut-offs. Thus, with the exception of extreme 
values, there was little impact of chosen cut-off on drug-placebo 
separation. The separation was more pronounced for HDRS-6-sum and 
depressed mood. Similar patterns were noted also for subjects treated 
with duloxetine when compared to placebo. 

Modelled analyses for each 10% fraction and endpoint scores from 0-
10, respectively, confirmed these impressions, as well as the drug-
placebo separation being larger when using HDRS-6-sum or depressed 
mood, especially in the lower ranges of possible cut-offs. Removing 
patients close to the most common response or remission criteria (e.g., 
HDRS-17 ≤ 7 points, ± 1-2 points) did not markedly impact drug-
placebo separation. SSRI doses previously found to exert maximum 
antidepressant effects200 were consistently associated with larger drug-
placebo separation regardless of chosen cut-off or rating scale. 

 

3.3.3 Comment 
 

This paper confirmed that while the choice of outcome measure, or SSRI 
dose, did impact the number of responders or remitters, and the 
difference between active drug and placebo in this regard, the choice of 
cut-off did not have a marked impact on outcome, with the exception of 
very low or very high values. Instead, differences between treatment 
groups reflected differences in distribution with respect to low 
remaining scores, where there was a predominance of subjects in the 
active treatment group, and with respect to high remaining scores, where 
a corresponding aggregation of placebo-treated subjects was found. 
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Hence, contrary to what has previously been proposed, individuals 
clustering close to but on either side of the cut-offs did not explain the 
superiority of SSRIs in terms of more patients responding. 

The impact of effect parameter was especially marked in the lower 
ranges of possible endpoint fractions or scores, where there was little 
drug-placebo separation for HDRS-17-sum, but more so when evaluated 
using HDRS-6-sum or depressed mood. Possible reasons for this might 
include that also non-depressed individuals often score around 3 points 
on the HDRS-17,166 that residual symptoms of depression usually 
remain also after six weeks of treatment,18,122 and that the HDRS-17, but 
less to the HDRS-6 or depressed mood, is prone to pick up side effects 
from SSRIs and SNRIs.50 
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3.4.1 Background 
 

In clinical practice, a highly relevant question is to what extent there are 
pharmacodynamic differences between different antidepressants. Thus, 
while the SSRIs are generally regarded as first-line treatment,85,230 
improved understanding of potential differences between currently 
available antidepressants might be informative for the choice of 
medication for those not responding to their initial drug treatment, as 
well as in attempts to develop new and more effective compounds. 

While the tricyclic antidepressant amitriptyline was recently found to be 
the most effective antidepressant in a large-scale meta-analysis of 
placebo-controlled trials,111 the outcome measure used in most of these 
trials, HDRS-17-sum, might favour antidepressants with a strong 
sedative and/or appetite-stimulating profile.46,179 The latter observation 
is supported by another sedative antidepressant, mirtazapine, ranking 
second highest in terms of comparative efficacy.111 Moreover, while the 
total side effect burden is higher for amitriptyline,196,231 HDRS-17-sum 
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3.3.2 Results 
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comprises several items that might be contaminated by common side 
effects of SSRIs, such as reduced libido and weight loss, thus potentially 
favouring amitriptyline in comparisons.37,50,57 

The question hence remains whether amitriptyline is indeed superior to 
other antidepressants in terms of reduction of core depressive 
symptoms, e.g., depressed mood. While previously few and relatively 
small meta-analyses have indeed found the effects of amitriptyline to be 
of considerable magnitude also on core depressive symptoms, when 
compared to placebo,179,232,233 to the best of our knowledge, no previous 
study has contrasted item-specific effects between an SSRI and 
amitriptyline. 

We thus investigated the effects of amitriptyline on HDRS-17-sum as 
well as on individual items when directly compared to sertraline. We 
also visualised potential differences in response profile between the two 
treatments (see Paper II). As amitriptyline might cause more early 
dropouts due to side effects than SSRIs, which in turn might impact the 
efficacy evaluation when dropouts are included, we also compared the 
effects of amitriptyline versus sertraline using two different populations 
taking into account those dropping out (ITT-LOCF) and including only 
those completing treatment (OC), respectively (see Methods). 

 

3.4.2 Results 
 

In comparison to sertraline, a significant superiority of amitriptyline was 
found with respect to HDRS-17-sum as well as insomnia items, 
gastrointestinal symptoms, general somatic symptoms, genital 
symptoms, and loss of weight. The response profile highlighted strong 
effects of amitriptyline on insomnia items and the weight loss item, 
where a significant difference to sertraline was found already after one 
week of treatment. However, amitriptyline was only found to be 
numerically superior in terms of reduction in depressed mood at any 
time point. This pattern was true also for other core depressive 
symptoms, including guilt, work and activities, psychomotor 
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retardation, agitation, and psychic anxiety. There were no significant 
differences favouring sertraline at any time point. 

When comparing outcomes using the ITT-LOCF and OC populations, 
the superiority of amitriptyline was generally more pronounced using 
the latter one, when compared to sertraline, for HDRS-17-sum as well 
as for several items, but not for depressed mood, where still no 
significant differences were found. However, a difference favouring 
amitriptyline with respect to psychomotor retardation, where only 
borderline significance was attained in the mixed model (p = .05), was 
significant in the OC population (p = .03). 

 

3.4.3 Comment 
 

Although we could confirm the superiority of amitriptyline over 
sertraline in reducing HDRS-17 sum scores, only numerical differences 
between the two treatments were found with respect to most core 
depressive symptoms, all however favouring amitriptyline. The 
difference in HDRS-17-sum reduction may thus be largely attributed to 
better outcomes in amitriptyline-treated patients with respect to 
insomnia items, as well as on items prone to pick up side effects from 
SSRI treatment. 

While the inclusion of those dropping out early from trials may have 
disfavoured amitriptyline, as its superiority was greater when only 
considering those who completed treatment, there were still no 
differences to sertraline in terms of depressed mood. However, although 
the current population was too small to address whether amitriptyline 
might be superior in reducing symptoms typical of melancholic 
depression, as has been suggested,194 it is interesting to note that 
amitriptyline did outperform sertraline with respect to one typical such 
symptom, psychomotor retardation, although this difference was only 
significant in the OC population. 

The different clinical profile of amitriptyline vs sertraline noted here, 
which might be largely attributed to its H1-blocking properties, is in 
contrast to that of duloxetine, for which no significant differences were 
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found when compared to four SSRIs (see Paper II). However, the effects 
of amitriptyline and sertraline on anxiety items were relatively similar. 
The prominent ability of SSRIs to dampen anxiety234 thus seems to 
offset the non-specific sedative properties of amitriptyline. 

There are several important caveats of this preliminary manuscript. One 
is that we were unable to include all relevant comparative trials between 
amitriptyline and sertraline. While five additional studies fulfilling our 
criteria were identified and applied for, they could not be provided in 
time for the submission of this thesis. Future analyses should include not 
only a complete dataset of amitriptyline-sertraline comparisons, but also 
amitriptyline-controlled trials with other SSRIs, as well as with other 
antidepressants with a sedative profile, e.g., mirtazapine. 

 

3.5 PAPER V 
 

3.5.1 Background 
 

Although a dose-response relationship for the antidepressant effect has 
been established for all major SSRIs,198-201 what SSRI doses are 
prescribed in clinical practice for adults with depression has not been 
studied in Sweden for more than two decades,97 despite the fact that one 
in ten collect at least one antidepressant prescription each year. One 
reason for this sparsity of studies might be that dosing information is not 
easily obtained from the Swedish Prescribed Drug Register.235 Thus, the 
first step before investigating dosing was to develop an algorithm for 
extracting this information from the free-text instructions provided for 
each collected prescription. 

As SSRIs are mostly prescribed in primary care,131 and we wanted to 
focus on prescriptions for major depression, the lack of a nation-wide 
register of primary care diagnoses led us to focus on Region Västra 
Götaland, as the administrative healthcare database (Vega) offers 
coverage of primary care diagnoses in this region. We excluded those 
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with a lifetime diagnosis of bipolar disorder, less than two collections of 
the same SSRI, or less than eight weeks of continuous treatment. Those 
with ongoing SSRI treatment at the start of the study period, a re-used 
personal identity number,236 or lacking readable dosing instructions, 
were also excluded. Only the first prescribed SSRI during the treatment 
period for each individual was considered. Fluvoxamine was not 
included in the study as it is very rarely prescribed in Sweden. 

We then categorised SSRI doses into those eliciting maximum 
antidepressant effects, and those not, according to findings from several 
meta-analyses of fixed-dose studies.200,201,237 Doses of citalopram >20 
mg, escitalopram >10 mg, fluoxetine >10 mg, paroxetine >10 mg, and 
sertraline >50 mg were considered to elicit maximum antidepressant 
efficacy, while doses on or below these cut-offs were classified as 
providing sub-maximum antidepressant effects. The main outcome of 
interest was whether an individual had collected at least one maximum 
efficacy dose at any time point during their treatment period. Since 
higher SSRI doses may be associated with more dropouts,198,199,201 or 
with a dose reduction at subsequent prescriptions, due to side effects, 
the impact of dosing on the continued collection of prescriptions with 
unchanged dosage was also assessed. 

In late 2011, due to reports on QT-prolongation and a possible increased 
risk of heart arrhythmias in patients aged 65 or above treated with high 
doses of citalopram or escitalopram, the Swedish Medical Products 
agency restricted the recommended maximum doses of these 
compounds to 20 mg and 10 mg, respectively.238 Due to this, as well as 
that elderly people more often might display other reasons for lowered 
dosing, e.g., comorbidities and other medications, the cohort was split 
according to age, with those aged 65 years or above analysed separately. 
We also analysed the impact of the restrictions on dosing for the three 
most common SSRIs, citalopram, escitalopram, and sertraline, in the 
older population. 

 

3.5.2 Results 
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The algorithm correctly estimated 99.2% of all prescribed doses. In all, 
less than half of individuals aged below 65 years ever collected an SSRI 
prescription for a maximum effective dose. The three most common 
SSRIs, citalopram, escitalopram, and sertraline, were thus all prescribed 
at submaximum efficacy doses for a majority of individuals, with 54-
68% never collecting even one maximum efficacy dose. Among those 
ever prescribed a dose in the maximum efficacy range, the median time 
until the first such dose was 51-77 days. For fluoxetine and paroxetine, 
however, the starting dose was already in the maximum efficacy range 
for almost every individual included in the study. 

Several factors were associated with an increased risk of suboptimal 
dosing, including female sex, and being treated in primary care. 
However, while in primary care 56% of doses were in the submaximum 
efficacy range, this was common also in secondary and tertiary care, 
where 40% stayed on submaximum efficacy doses throughout their 
treatment. Having ten or more unique prescribed drugs, one or more 
psychiatric drug, or one or more psychiatric co-morbidity, was 
associated with a somewhat higher chance for maximum efficacy 
dosing. In those below 65 years of age, no evidence was found of 
maximum efficacy doses being less tolerable; prescriptions for such 
doses were hence renewed to a similar extent as those for doses eliciting 
submaximum efficacy, and discontinuation rates were similar in the two 
groups. 

In those aged 65 years or above, doses likely to elicit submaximum 
efficacy were even more common, with around three in four individuals 
treated with citalopram, escitalopram, or sertraline only collecting such 
doses throughout their treatment. For fluoxetine and paroxetine, on the 
other hand, almost every individual was treated with a maximum 
efficacy dose also in this population. In contrast to their younger 
counterparts, however, prescriptions for maximum efficacy doses were 
not renewed to equal extent as those of lower doses, and those treated 
with maximum efficacy doses discontinued treatment to a higher extent. 
There was no clear impact of the 2011 dosing recommendations, as the 
mean doses of both citalopram and escitalopram instead gradually 
declined throughout the study period, while the mean sertraline doses 
remained similar. 
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3.5.3 Comment 
 

This study revealed that most SSRI-treated individuals in Region Västra 
Götaland never collect a dose most likely to effectively treat their 
depression. Since there was a large discrepancy noted between different 
SSRIs, the most obvious explanation is that prescribers refrain from 
increasing the starting dose; the recommended initial doses for 
fluoxetine and paroxetine are hence already in the maximum efficacy 
range, while this is not true for citalopram, escitalopram, and sertraline. 
Reasons for these prescribing patterns might include a lack of 
knowledge on SSRI dose-response, perhaps fuelled by the controversies 
surrounding this issue,205,239,240 or that the typical starting dose is 
deemed good enough for most patients, or a fear of decreased tolerability 
with higher doses among prescribers. While the first two reasons are 
difficult to address in register-based studies, no evidence was found for 
higher doses being less tolerable, at least not in the younger age group. 

Submaximum efficacy dosing was common regardless of individual 
characteristics, including age, sex, and the number of other psychiatric 
or somatic diagnoses or prescribed drugs, and in all levels of care. 
Overall, the mean prescribed SSRI doses in this study were lower than 
in some other countries where similar investigations have been 
conducted,208,213,216,241,242 but not all.214,243 Possible explanations for 
these differences might lie both with the prescriber and the patient 
population; for example, several investigations have found somewhat 
higher doses in secondary than in primary care.211-215 

We conclude that greater benefit might be achieved from SSRI treatment 
if more individuals than currently are given the chance to evaluate the 
potential benefits of the most effective SSRI doses. 
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4 CONCLUSIONS 

 

In this thesis, we have explored several long-standing controversies 
regarding common antidepressants, with little support having been 
found for the arguments underlying the widespread questioning of these 
compounds. Thus, we could refute that the effects of duloxetine are too 
small to be clinically relevant, but instead concluded that these have 
been underestimated, due to the use of an inadequate rating scale. Also, 
in line with previous studies on the SSRIs, we did not find any support 
for the antidepressant effect of duloxetine be due to side effects breaking 
the blind in clinical trials, or that it be restricted to individuals suffering 
from severe depression. 

We also found that an early improvement on certain depressive items 
for duloxetine-treated patients is at hand already after one week, but that 
this is masked, on HDRS-17-sum, by a concomitant deterioration on 
items reflecting potential side effects. 

Duloxetine was found to have a remarkably similar clinical profile to 
that of SSRIs, which is contrary to previous reports suggesting item-
specific benefits of this SNRI. We conclude that either the impact of 
duloxetine on noradrenaline reuptake, or the influence of noradrenaline 
reuptake inhibition on specific depressive symptoms, has been 
overstated. 

We could also refute the suggestion that differences in terms of 
responders between SSRIs and placebo, or between duloxetine and 
placebo, are inflated as a result of choosing a cut-off close to the median, 
and thus suggest continued usage of these clinically relevant 
dichotomous measures. As expected given previous studies on mean 
symptom ratings, the drug-placebo separation was larger when 
measured using cut-offs on HDRS-6-sum or depressed mood, and was 
highly dependent on the SSRI dose. 

Although a significant superiority of amitriptyline to sertraline was 
noted when using HDRS-17-sum, we found that the individual items 
displaying a significant difference were either those related to sleep or 
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those expected to be impacted by side effects of SSRIs. With respect to 
most core symptoms of depression, including depressed mood and 
psychic anxiety, amitriptyline was only numerically superior to 
sertraline. 

Finally, we also concluded that SSRIs are often underdosed in clinical 
practice, regardless of level of care and characteristics of the individual, 
and suggest that more individuals could benefit from their SSRI 
treatment if their prescribers were more often willing to use higher 
doses. No support was found for higher doses being less tolerable in 
individuals aged below 65 years, but in those aged 65 and above. There 
was no clear impact of recent dosing restrictions in the latter age group, 
instead mean prescribed doses decreased slowly during the study period. 
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5 MATERIALS AND METHODS 
 

5.1 DATA SOURCES 
 

Papers I and III-IV were based on anonymised patient-level data from a 
collection of Phase 2-4, double-blind, placebo-controlled trials on 
SSRIs. These were conducted by the respective pharmaceutical 
company during the clinical development of each drug for use in major 
depressive disorder, and included citalopram (H Lundbeck, Valby, 
Denmark), paroxetine (GlaxoSmithKline, Brentford, UK), and 
sertraline (Pfizer, New York, NY, USA). We could not include trials 
used in the development program for fluoxetine, as item-level rating 
data were not available in electronic format. However, fluoxetine was 
used as a comparator in three trials for the other SSRIs, and thus 
included in analyses presented here. While non-SSRI comparators were 
excluded from Papers I and III, Paper IV was based on trials for 
sertraline where amitriptyline was used as a comparator. The SSRI trials 
were selected based on them being submitted to the U.S. Food and Drug 
Administration (FDA) with the application for marketing authorisation. 
Five additional paroxetine studies were also provided by GSK and two 
additional post-marketing sertraline trials by Pfizer. All included studies 
used the HDRS-17 as outcome measure. 

Paper II was based on a similar collection of trials for duloxetine (Lilly, 
Indianapolis, IN, USA). SSRI and non-SSRI comparators were excluded 
from all analyses, although indirect comparisons were made to the SSRI 
dataset as described above. The duloxetine trials included both FDA-
submitted and post-marketing studies. As these were considerably 
newer than the SSRI trials, and as drug trials today need to be registered 
in public databases,244 we could confirm that we indeed had access to all 
relevant, double-blind, company-sponsored trials for duloxetine in 
depression using the HDRS-17 that had been conducted, bar one small 
trial where data were not available. 
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Paper V was based on data from several region- or nation-wide registers 
in Sweden. The Swedish Prescribed Drug Register,235 covering all 
prescription drugs dispensed at any pharmacy in Sweden, was used to 
obtain information about collected SSRIs, including free-text dosing 
instructions and total amount of drug prescribed. Diagnoses were 
obtained from the administrative healthcare database of Region Västra 
Götaland (Vega), encompassing all diagnoses in primary, secondary, 
and tertiary care in this region, and the Patient Register,245 covering all 
diagnoses in secondary and tertiary care in all of Sweden. 
Demographical data were obtained from the Total Population 
Register,246 and the Social Service Register was used for information on 
individuals living in nursing homes. 

 

5.2 ETHICS 
 

For Papers I-IV, an advisory opinion was obtained from the Regional 
Ethics Review Board in Gothenburg, Sweden, stating no objection to the 
conduct of post hoc analyses on de-identified or anonymised patient-
level data. The study presented in Paper V however did need ethical 
approval which was obtained from the same ethics review board (ID 
728-16). Individual consent was waived in the approval. 

 

5.3 STATISTICAL ANALYSES 
 

For continuous outcomes, as presented in Papers I-II and IV, repeated-
measures linear mixed models (MMRM) were used for most analyses. 
Mixed models are preferred for analysing longitudinal data from clinical 
trials as they are considered more reliable247 and produce less bias when 
data is incomplete, than imputation methods such as last observation 
carried forward using the intention-to-treat population (ITT-LOCF),248 
where instead the last available scores for trial participants dropping out 
prematurely are imputed as endpoint scores. The basic MMRM model, 
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which was used unless otherwise stated, included change score for the 
outcome measure in question as the dependent variable, time (week) and 
trial as fixed factors, and the baseline rating of the outcome measure as 
covariate. An unstructured covariance matrix was used to model within-
patient errors, denominator degrees of freedom were estimated using the 
Kenward-Roger approximation, and effect sizes were calculated by 
dividing the least-squares mean differences for the relevant contrast by 
the root of the variance for the corresponding time point. 

For certain analyses of continuous outcomes, including when 
longitudinal assessments could not be used, analysis of covariance 
(ANCOVA) using the ITT-LOCF or the observed cases (OC) 
population, the first including scores for dropouts and the latter only 
including those completing treatment, replaced MMRM as the preferred 
method. These models were specified as mentioned above but excluding 
the time fixed factor. 

Categorical outcomes were instead assessed using either generalised 
mixed models in Paper III or logistic regression in Paper V. In the 
former, the generalised linear models were specified analogous to what 
was described above for the linear mixed models, but a binary 
distribution with a logit link was utilised to reflect the dichotomous 
nature of response and remission criteria. For all dichotomous measures, 
estimates were reported as odds ratios. In Paper V, we used both crude 
models, including only the dependent and independent variables, and 
adjusted models where all other available variables were included as 
covariates. Finally, for visualisation purposes, with regard to continuous 
outcomes in Paper I, we used raw unadjusted mean scores from the ITT-
LOCF population and, for categorical outcomes in Paper III, unadjusted 
proportions of patients crossing dichotomous cut-offs from the ITT-
LOCF and OC populations, respectively. 

In Paper I, where we investigated the relationship between initial 
severity and drug-placebo separation, MMRM and ITT-LOCF 
ANCOVA models were both used. Initial severity for the outcome 
measure in question was included as a covariate in all models, but also 
coded as a categorical variable when calculating the interaction between 
the two extreme severity groups. In this interaction analysis, we also 
included the three-way interaction between severity, treatment, and time 
to adjust for time course differences. 
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In Paper II, basic MMRM models were used in the analyses regarding 
item-specific effects, but we also performed interaction analyses 
between severity and outcome as mentioned above. When investigating 
the association between side effects and treatment outcome, we chose 
the OC population as the primary one, as a possible association might 
otherwise be masked by patients with more severe adverse events 
discontinuing treatment early. The presence of adverse events during the 
first two weeks, or at any time point, for duloxetine-treated patients only, 
was coded as a dichotomous variable. These three groups were then 
compared using ANCOVA. When assessing the relationship between 
severity of adverse events (coded as mild, moderate, or severe) and 
outcome, only duloxetine-treated patients were considered in an 
ANCOVA model otherwise specified as above. When assessing the item 
response profile of duloxetine, a variable coding for the sum of all other 
items (except the one in question) was included in an otherwise basic 
MMRM model. Comparisons to the response profile of SSRIs were 
indirect, as these data represent different trials and pooled analysis was 
not possible. Unpaired two-sample t-tests were used to compare 
differences between the populations with respect to item-specific 
relative efficacy. 

In Paper III, visualisations were performed using unadjusted 
dichotomous outcomes on the ITT-LOCF and OC populations from the 
SSRI and duloxetine trials, respectively. We then fitted basic 
generalised linear models to assess SSRI-placebo differences in terms 
of the number of responders or remitters. When contrasting different 
SSRI doses to placebo, a three-level variable coding for placebo, 
submaximum efficacy SSRI dose, or maximum efficacy SSRI dose, 
respectively, replaced the treatment variable in generalised linear mixed 
models otherwise identical to the basic model. 

In Paper IV, basic MMRM models were used for all main analyses, 
while analogous ANCOVAs were also fitted to address the impact of 
dropouts, using the ITT-LOCF and OC populations, respectively. 

In Paper V, the numbers and proportions of individuals ever collecting 
a maximum effective dose was the main outcome, but the mean 
prescribed dose was also analysed. Crude and adjusted logistic 
regression models were used for all analyses on the impact of prescriber 
and/or individual characteristics on dosing. In the adjusted models, age 
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was included as a continuous variable, but all other variables were 
dichotomised either for medical reasons, categories representing 
conditions that clinicians were expected to consider when prescribing, 
or for statistical reasons, data being considered inappropriate for logistic 
regression. The same procedures were used also in a number of 
sensitivity analyses using different populations, where, e.g., individuals 
regardless of the presence of a depression diagnosis or regardless of 
treatment length were included. 

 

5.4 STATISTICAL SOFTWARE 
 

SAS version 9.4 (SAS Institute, Cary, NC, USA) was used for all 
statistical analyses presented in this thesis. For data management, IBM 
SPSS Statistics, versions 24 to 27, (IBM Corp, Armonk, NY, USA) was 
also used. For Paper II, remote desktop access to the Clinical Trial Data 
Transparency environment, using SAS 9.4, was provided through SAS 
Solutions OnDemand by the Clinical Study Data Request website. 
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