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Abstract 

Background 

With increasing age, the body and mind transform. Many of our organs 
gradually lose capacity, making them more sensitive to the effects of several 
drugs. In parallel, many of us accumulate an increasing burden of disease and 
other conditions warranting the use of medications. Hence, the use of most 
classes of drugs increases with age, especially so in elderly women. At the same 
time, medical science is lagging behind due to the fact that the oldest people in 
society often are excluded from pharmacological studies, where young males are 
the most coveted subjects. In the absence of strong evidence, much of the 
knowledge about the clinical and adverse effects of several drugs in the elderly 
is derived from observational studies, prone to bias and confounding. The use of 
psychotropic drugs in elderly people is particularly controversial, and even 
more so in people suffering from major neurocognitive disorders (NCD). 
Psychotropics have been associated with several adverse effects as well as 
limited clinical effect. Still, they are frequently prescribed to elderly patients. 

Aims 

This thesis aims to explore the associations between several types of 
psychotropic drugs and two of the most severe adversities attributed to their 
use, increased mortality and the risk of hip fracture. It aims to explore mortality 
in data from well-controlled studies. It also aims to employ novel statistical 
methods to investigate the associations between drug exposure and hip fracture, 
in an attempt to gain information on possible causality from observational data. 

Methods 

This thesis uses quantitative, comparative and epidemiological methods, 
prospective as well as retrospective. Two of the four papers are based on data 
collections conducted by the Department of Community Medicine and 
Rehabilitation, Umeå University, and include 992 and 1,037 individuals, 
respectively. The other two papers are based on Swedish nationwide registers 
and include 408,144 and 255,274 subjects, respectively. In all four papers 
multivariable regression models were used to investigate the associations 
between the exposures and outcomes, adjusted for possible confounding 
variables. 

Results 

In a population-based sample of very old people, and in old people with major 
NCD, ongoing use of psychotropic drugs was not independently associated with 
increased mortality. Analyses did show, however, a significant impact of sex on 



 

iv 

the mortality risk, with tendencies for antidepressant drug use to be protective 
in men, but not in women, and for benzodiazepines to increase the mortality 
risk in men, but not in women.  

In two cohorts of old people, based on several nationwide registers, 
investigating the associations between psychotropic drug use and hip fracture 
revealed that users of antidepressants, as well as users of antipsychotics, had 
significantly increased risks of hip fracture, independent of a wide range of 
covariates. However, when studying how the risk changed over time, the 
strongest associations were found before the initiation of treatment with the 
respective drug, and no dose-response relationships were found. 

Discussion 

The finding that psychotropic drug use was not independently associated with 
an elevated mortality risk was not in line with previous research, most of which 
have been based on data from large registers, and shown an increased risk of 
mortality. One reason for this difference is that the cohorts studied in this thesis 
were thoroughly investigated and characterised, making it possible to perform 
extensive adjusting for confounding variables. Hence, we expect a lesser amount 
of residual confounding, than in most other studies. Another explanation is that 
we studied ongoing drug use at baseline, rather than associations following 
initiation of treatment.  This might have introduced a selection bias in our 
studies, where the individuals most sensitive to adverse effects would have 
discontinued treatment or passed away. The finding of a significant impact of 
sex on the risk of mortality adds to the unexplored field of sex differences in 
drug responses in old age, and warrants further investigation. 

In our register studies of psychotropic drug use and the risk of hip fracture, 
novel methods were applied. We have tried to overcome the hurdles of several 
types of confounding through the investigation of associations before and after 
the initiation of antidepressants, and antipsychotics, respectively. Our finding 
that the associations between psychotropic drug use and hip fracture were not 
only present, but indeed strongest, before the initiation of treatment indicates a 
strong presence of residual confounding and confounding by indication, and 
points toward the absence of a causal relationship between psychotropic drug 
use and hip fracture. 

Conclusion 

The evidence supporting causal relationships between psychotropic drug use 
and serious adverse events in old age is insufficient. Our results point towards 
bias and confounding having strong influences on the observed associations 
between psychotropic drug use and mortality, and hip fracture, respectively.  
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Populärvetenskaplig sammanfattning 

Bakgrund 

Med stigande ålder drabbas de flesta av oss av fler sjukdomar och symptom, och 
ofta innebär det att vi får läkemedel som behandling. Med ökande ålder ökar 
dock kroppens känslighet för många läkemedel, genom att flera av våra organ 
får minskad kapacitet. Ofta saknas det dock studier på hur effektiva, och 
eventuellt farliga, vanligt förekommande läkemedel är vid behandling av sköra 
äldre personer, då dessa ofta exkluderas från läkemedelsstudier. 

Vår befolkning blir äldre och äldre och en av de största utmaningarna för oss 
inom vården, och för samhället i stort, är att göra vårt bästa för att ålderdomen 
ska bli så njutbar som möjligt. Dock drabbas många äldre av sjukdomar som 
påverkar livskvaliteten negativt, där fallskador, psykisk ohälsa och 
demenssjukdom är bland de allvarligaste hoten. Många insatser krävs för att 
minska bördan av dessa sjukdomar, och vi har i våra studier fokuserat på 
huruvida psykisk ohälsa kan behandlas med läkemedel utan att orsaka mer 
skada än nytta. 

Psykofarmaka är en grupp läkemedel som påverkar vårt psyke, vårt medvetande 
och känsloliv. De vanligaste typerna och de vi studerat i vår forskning är 
antidepressiva, antipsykotiska och lugnande läkemedel. Antidepressiva 
mediciner ges som behandling vid depression, och i viss utsträckning även vid 
ångest, smärta och sömnproblem. Antipsykotiska läkemedel används främst vid 
behandling av schizofreni och andra psykossjukdomar, men är även vanligt 
förekommande vid behandling av psykotiska symptom vid demenssjukdom. 
Bensodiazepiner och andra lugnande läkemedel har en snabbt insättande 
lugnande effekt och kan användas vid kraftig ångest och som sömnmedel. 
Många studier har visat att användandet av psykofarmaka ökar med stigande 
ålder, att de förskrivs i högre utsträckning till kvinnor än till män, och att de är 
särskilt vanliga hos människor med demenssjukdom. Detta trots av vi har 
begränsad kunskap om dess positiva effekter vid hög ålder och vid 
demenssjukdom. Dessutom har dessa läkemedel kopplats samman med flertalet 
misstänkta biverkningar, bland annat en ökad risk för fall och frakturer och för 
tidig död.  

Då forskningen tydligt visat att förekomsten av psykiska symptom ökar med 
åldern, och att nästan alla människor med demenssjukdom drabbas av psykiskt 
illabefinnande någon gång under sjukdomsförloppet, är det av stor vikt att 
vidare utforska riskerna och nyttan med psykofarmaka, så att vi kan använda 
dessa läkemedel för att göra största möjliga nytta, och minsta möjliga skada. 
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Syfte 

Det första syftet med våra studier var att studera kopplingen mellan 
psykofarmaka och död hos mycket gamla människor (delarbete 1), och hos 
människor med demenssjukdom (delarbete 2) 

Det andra övergripandet syftet var att utforska huruvida risken att drabbas av 
höftfraktur var kopplad till användandet av psykofarmaka, mer specifikt 
antidepressiva (delarbete 3), och antipsykotiska läkemedel (delarbete 4). 

Metod och Resultat 

Vi har undersökt kopplingen mellan användandet av psykofarmaka och död i 
två studier där vi själva noggrant undersökt alla deltagare. I den första 
inkluderades 992 personer som var 85 år eller äldre, varav 158 (16%) använde 
antidepressiva läkemedel, och under de 5 år studien pågick avled 502 (51%) av 
deltagarna. I det andra delarbetet deltog 1,037 äldre människor med 
demenssjukdom, varav 659 (64%) använde psykofarmaka. Under studiens 
uppföljningstid på 2 år avled 549 (53%) personer. Pågående behandling med 
psykofarmaka var i bägge studierna kopplat till en ökad risk för död, men risken 
förklarades av skillnader i sjukdomar och andra bakgrundsfaktorer, som skilde 
sig mycket åt mellan användare och icke-användare av psykofarmaka. Vi fann 
även att kön påverkade risken påtagligt, där antidepressiva tycktes ha en 
skyddande effekt hos män, och risken för död kopplad till lugnande mediciner 
var högre hos män än hos kvinnor. 

I två studier, baserade på nationella register av hela Sveriges befolkning över 65 
år, har vi studerat kopplingen mellan psykofarmaka och risken att drabbas av 
höftfraktur. I delarbete 3 studerades 408,144 personer, varav hälften påbörjade 
antidepressiv behandling. Av de 255,274 deltagarna i delarbete 4 fick hälften 
behandling med antipsykotiska läkemedel. I bägge studierna registrerades alla 
höftfrakturer året innan och efter påbörjad behandling, totalt 17,593 i delarbete 
3, och 12,921 i delarbete 4. De som använde psykofarmaka drabbades av mer än 
dubbelt så många höftfrakturer, både året före och året efter behandlingens 
start. Genom att jämföra hur risken skilde sig åt mellan användare och icke-
användare före och efter behandlingen påbörjades, och hur den förändrades 
över tid, kunde vi visa att äldre människor som förskrevs psykofarmaka hade en 
kraftigt ökad risk för höftfraktur redan innan receptet expedierades. Den största 
risken fann vi 16-30 dagar innan behandlingsstart, och mönstret var detsamma 
för män och kvinnor. 

Diskussion 

Genom en noggrann granskning av litteraturen som berör äldre människor och 
psykofarmaka kan vi dra några viktiga slutsatser. I många fall vet vi mycket lite 
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om eventuella positiva effekter av behandling med psykofarmaka hos äldre 
människor med psykiska symptom och sjukdomar. I de fall där det finns studier 
av god kvalitet visar dessa att effekterna är relativt små, mindre än hos yngre 
personer. Kunskapen om allvarliga biverkningar av psykofarmaka hos äldre är 
begränsad och i huvudsak baserad på observationsstudier, utifrån vilka det är 
svårt att dra slutsatser om orsakssamband. Väldigt få studier har undersökt 
huruvida eventuella behandlingseffekter och biverkningar skiljer sig åt mellan 
män och kvinnor. 

I delarbete 1 och 2, där vi har undersökt kopplingen mellan användandet av 
psykofarmaka och risken för död, finner vi svagare samband än i många andra 
studier. Det beror, tror vi, framför allt på två saker. För det första har vi 
undersökt våra deltagare mer noggrant än vad som gjorts i tidigare studier och i 
våra analyser kunnat ta större hänsyn till bakomliggande sjukdomar och andra 
faktorer. Därigenom har vi även funnit att dessa faktorer förklarar 
överdödligheten hos användare av psykofarmaka. För det andra har vi studerat 
pågående läkemedelsbehandling. Om ett läkemedel har en ökad risk för 
allvarliga biverkningar och död som är störst direkt efter insättning, men 
mindre uttalad senare, kan vi därför ha underskattat risken. Att risken för död 
skiljer sig åt mellan kvinnor och män, för användare av både antidepressiva och 
lugnande mediciner, är ett nytt fynd och något som behöver undersökas vidare i 
fler studier, för att öka förståelsen om orsaker och bakomliggande faktorer. 

I delarbete 3 och 4 har vi använt i sammanhanget nya statistiska metoder, och 
på så sätt kunnat visa att äldre människor som förskrivs psykofarmaka har en 
kraftigt ökad risk för höftfraktur redan innan behandlingsstart. Vi tolkar detta 
som att risken för att falla och att få recept på psykofarmaka ökar parallellt och 
beror på ett allmänt försämrat hälsotillstånd. Baserat på våra resultat, 
ifrågasätter vi att det finns ett starkt orsakssamband mellan användningen av 
psykofarmaka och fall och frakturer hos äldre människor, något som uttolkats 
ur tidigare studier med hög risk för feltolkning, enligt vår mening. 

Slutsats 

Sammanfattningsvis finner vi att riskerna med psykofarmakabehandling vid 
hög ålder och vid demenssjukdom tycks vara mindre än vad man tidigare trott. 
Men eftersom att kunskapen om dess positiva effekter är otillräcklig är det 
viktigt att dessa läkemedel förskrivs med försiktighet till sköra äldre personer 
och att behandlingen följs upp noggrant och systematiskt. Vidare efterfrågar vi 
att sköra äldre i större utsträckning än idag inkluderas i behandlingsstudier, och 
att skillnader mellan kvinnor och män beträffande positiva och negativa effekter 
av psykofarmaka utforskas vidare. 
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Introduction and Background 

With increasing age, the body and mind transform. Many of our organs 
gradually lose capacity, making them more sensitive to the effects of several 
drugs.[5, 6] In parallel, many of us accumulate an increasing burden of disease 
and other conditions warranting the use of medications.[5] Hence, the use of 
most classes of drugs increases with age, especially so in elderly women.[7-11] 
At the same time medical science is lagging behind due to the fact that the 
oldest people in society often are excluded from pharmacological studies, where 
young males are the most coveted subjects.[5, 12-14] In the absence of strong 
evidence, much of the knowledge about the clinical and adverse effects of 
several drugs in the elderly is derived from observational studies, prone to bias 
and confounding.[5, 15-17] The use of psychotropic drugs in the elderly is 
particularly controversial, and even more so in people suffering from major 
neurocognitive disorder (NCD).[18-20] Psychotropics have been associated 
with several adverse effects as well as limited clinical effect.[21-26] Still, they 
are frequently prescribed to elderly patients.[27, 28] 

The age of the population of Sweden, and of most other countries, is increasing 
at an accelerating rate.[29] If we are to grow old with preserved quality of life 
and dignity, we as researchers and health care workers must do our best to 
prevent diseases and conditions causing suffering and disability in elderly 
people. Injurious falls, mental health problems, and major NCD are considered 
especially challenging threats to successful ageing, affecting many elderly and 
having severe impacts on those stricken.[29, 30] A wide spectrum of measures 
will be necessary to employ to reverse or slow this trend, one of which are 
considered in this thesis; how to pharmacologically treat psychiatric illness in 
old age without causing harm. 

This thesis aims to explore the associations between several classes of 
psychotropic drugs and two of the most severe adversities attributed to their 
use, increased mortality and the risk of hip fracture. 

  



 

2 

Psychiatric disorders and symptoms in old age 
The incidence and prevalence of several psychiatric conditions increase in 
parallel with increasing age. This is certainly true of major NCDs, which are also 
associated with an increased risk of suffering other psychiatric conditions. 

Major neurocognitive disorder 
The term NCD was established in the 5th edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5).[31]. The chapter “Delirium, Dementia, 
and Amnestic and other Cognitive Disorders in the 4th edition of DSM was 
renamed “Neurocognitive Disorders” in DSM-5. The chapter comprises three 
syndromes: delirium, mild NCD and major NCD. Major NCD thus replaced the 
term “dementia” in DSM-IV and apart from minor changes to the diagnostic 
criteria it describes the same symptoms and diseases.[32] In this thesis we have 
chosen to use the updated terminology from DSM-5 and the term major NCD is 
used synonymously with dementia, even though some of the included papers 
and many references use the term dementia. The reasoning for this is that we 
believe the term major NCD to be more descriptive than the term dementia, and 
more important, it lacks the stigma associated with the etymology of the word 
dementia, which is derived from the Latin word de (without) and mens (mind); 
joined together demens (madness).[33]  

Major NCD comprises several diseases with different aetiologies, but with the 
common trait of significant decline in at least one of six defined cognitive 
domains; complex attention, executive function, learning and memory, 
language, perceptual-motor function or social cognition, severe enough to 
interfere with independence in everyday activities.[31, 32] Alzheimer’s disease, 
a neurodegenerative disease of mixed and not yet fully understood aetiology, is 
characterised by memory impairment and is the most common.[34] The second 
most common cause of major NCD is cerebrovascular disease, and its symptoms 
depend on which parts of the brain are affected by cerebrovascular lesions.[35] 
Neuropathological signs of the two disorders are often found together in people 
with cognitive decline.[36] Other fairly common diseases causing major NCD 
are Lewy body disease, characterised by cognitive fluctuations, parkinsonism 
and visual hallucinations,[37] and frontotemporal lobar degeneration, 
presenting with changes in personality, speech and behaviour.[38]  

The cognitive symptoms of mild to moderate Alzheimer’s disease can be treated 
with cholinesterase inhibitors, but the effects are moderate and the evidence 
scarce for long-term treatment, and for treating severe disease.[39-41] 
Memantine, a N-methyl-D-aspartate receptor antagonist, offers modest 
improvement of cognitive symptoms in moderate to severe Alzheimer’s 
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disease.[42] Cholinesterase inhibitors and memantine have been tried in other 
major NCDs as well, but with exception of Lewy body disease and major NCD in 
Parkinson’s disease, where limited evidence suggests positive effects of 
cholinesterase inhibitors,[43, 44] results have been disheartening. In major 
NCD due to cerebrovascular disease further vascular insult can be reduced 
through the treatment of the same risk factors as targeted in secondary 
prevention after ischaemic stroke, e.g. hypertension, hyperlipidaemia and atrial 
fibrillation, and through modification of life style factors such as diet and 
smoking.[45] In major NCD due to normal pressure hydrocephalus, 
neurosurgical interventions can offer cognitive improvement.[46] No available 
treatment offers remission or cure to any of the common major NCDs. 

The World Health Organization estimated that in 2015 47 million people, or 5% 
of the population aged ≥ 60 suffered from a major NCD.[30] The prevalence 
doubles with every five-year increase in age resulting in a prevalence of 30-40% 
in people aged ≥ 90 years.[47-49] Sex differences in major NCD incidence as 
well as prevalence have been shown in numerous studies, Alzheimer’s disease 
being the most studied. A slightly higher incidence rate in women, combined 
with a longer survival results in a female-male ratio of 1.5-2.2 in prevalence.[48, 
50, 51] The reasons for the uneven sex distribution are not fully known, but 
research points towards biological factors such as sex differences in the impact 
of the APOEε4	 genotype, as well as socioeconomic inequalities, where lower 
educational level has been shown to be a risk factor for major NCD.[52, 53] 

Neuropsychiatric symptoms of major neurocognitive disorder 
Major NCDs not only affect cognitive domains, but also the behaviour and 
psyche.[54] Neuropsychiatric symptoms of major NCD, also known as 
behavioural and psychological symptoms of dementia, comprise a wide range of 
behaviours, emotional states and psychiatric symptoms, and definitions have 
changed over time. The most commonly used instrument to assess 
neuropsychiatric symptoms of major NCD is the Neuropsychiatric Inventory 
(NPI), which identifies 12 clinically relevant symptoms: delusions, 
hallucinations, agitation/aggression, dysphoria/depression, anxiety, apathy, 
irritability/lability, euphoria, disinhibition, aberrant motor behaviour, night-
time behaviour disturbances, and appetite and eating abnormalities.[55-57] 
Some symptoms are more common in specific major NCDs and the prevalence 
vary according to severity and stage of the disease.[55, 58-61] Almost all (≥ 
95%) of those who suffer major NCD experience at least one of these symptoms 
at some point during their disease, most commonly dysphoria/depression or 
apathy.[62, 63] Sex differences in some symptoms have been shown, where 
agitation/aggression is more common in men and dysphoria/depression and 
anxiety more often occur in women.[64, 65] 
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Depression 
Depression is a mood disorder usually characterised by depressed mood and 
loss of interest and pleasure. DSM-5 defines 8 different depressive disorders, 
where major depressive disorder is the most recognised.[31] DSM-IV defined 
minor depression as a less severe form of major depressive disorder, with less 
criteria fulfilled, but the diagnosis has been dropped in DSM-5.[66] Depressive 
symptoms are a common feature in many other psychiatric disorders, e.g. 
schizophrenia,[67] anxiety,[68] substance use disorder,[69] and major 
NCD,[70, 71] as well as in many somatic diseases such as cardiovascular 
disease, Parkinson’s disease and cancer.[72, 73]  

Depression is common among individuals of all ages, with a lifetime prevalence 
of up to 20%, currently affecting more than 300 million people worldwide, and 
is ranked by the World Health Organization as the single largest contributor to 
global disability.[74, 75] In old age, depression is underdiagnosed and -treated, 
especially in patients with co-existing major NCD.[76, 77] It has been argued 
that late-life depression is less likely to meet the criteria of major depressive 
disorder, but rather presents itself as minor depression or depressive symptoms 
of clinical importance.[78] Apart from depressive symptoms being common in 
major NCD, depression has also been shown to increase the risk of later being 
diagnosed with major NCD.[79] Women are about twice as likely as men to 
experience depression, a fact that has led to many theories as to why.[80] 
Humoral explanations involving the impact of oestrogen has been put 
forward,[81] as well as psycho-social theories about the impact of the double 
burden of many women who have the responsibility of earning money as well as 
the bulk of the domestic labour.[80] Men’s depressions have shown to be 
under-recognised due to diagnostic criteria being based on female 
depression.[82, 83] In late-life, however, sex and gender differences seem to be 
less pronounced, especially in major NCD comorbidity.[65, 84] 

Anxiety and Sleep-wake disorders 
Anxiety, apart from being highly prevalent as a symptom in major NCD, with a 
point prevalence of around 20% and a five-year prevalence of around 60%,[62, 
63] is common in all ages. It can present as a symptom, isolated or related to a 
disease or disorder, or less commonly as one of six specified anxiety disorders in 
DSM-5.[31] Anxiety disorders are characterised by excessive fear and anxiety, 
and the trigger of the pathological reaction determines the disorder, e.g. specific 
phobias, social anxiety disorder or generalised anxiety disorder, where multiple 
stimuli trigger symptoms. 
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The most common sleep-wake disorder is insomnia, defined as subjective 
difficulties with sleep initiation, duration, consolidation, or quality.[85] 
Insomnia as a disorder, which requires symptoms at least 3 nights per week 
during at least 3 months as well as impairment in daytime functioning,[31] is 
thought to have a 12 month prevalence of 7.0% and to be almost twice as 
common in women than in men.[50, 86] It rarely presents as an isolated 
disorder but rather in combination with other psychiatric and somatic 
illnesses,[87] major NCD being a significant risk factor where the prevalence 
has been shown to be around 30%.[88-90]  

Many anxiety disorders as well as insomnia can be treated with cognitive 
behavioural therapy, also in old age and in major NCD comorbidity.[85, 86, 91, 
92] When pharmacological alternatives are warranted, antidepressants can be 
effective as a long-term treatment option, whereas anxiolytics and hypnotics 
can offer short-term reduction of symptoms.[85, 93, 94] 

Schizophrenia 
The most common primary psychotic disorder is schizophrenia. It is 
characterised by hallucinations, delusions, disorganised speech, catatonic 
behaviour, and negative symptoms, and is a chronic disorder.[31] The lifetime 
prevalence has been estimated to be 0.4% and the incidence 40% higher in men 
than in women.[95] Since schizophrenia is a strong risk factor for all-cause 
mortality, and the incidence peaks in the early 20s.[95, 96], life expectancy is 
severely reduced at 64.7 (95% CI, 61.1-71.3) years in western countries.[97] 
Hence, individuals with schizophrenia are rarely encountered in geriatric 
settings. 

Symptoms of schizophrenia are treated with antipsychotics, which are 
recommended to be continued indefinitely.[98] 
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Psychotropic Drugs 
Psychotropic drugs are loosely defined as drugs capable of affecting mind, 
emotions and behaviour.[99] This definition includes most recreational drugs, 
which are not considered in this thesis. Several therapeutic drugs not intended 
to affect these areas may have adverse effects on the mind, emotions and 
behaviour, e.g. drugs with anticholinergic properties,[100] but are not 
considered psychotropics nor included in our studies.  

All medical drugs are systematically coded in the Anatomic Therapeutic 
Chemical classification system (ATC) by the World Health Organization.[101] It 
contains five levels where the 1st level designates the anatomical main group; 2nd 
level, therapeutic subgroup; 3rd level, pharmacological subgroup; 4th level, the 
chemical subgroup; and finally 5th level, chemical substance. Psychotropics 
drugs belong to the 1st level, anatomical main group of the Nervous System 
(ATC-code, N). The 2nd level describes therapeutic subgroups, where 
Psycholeptics (N05) is of great interest in geriatric settings and to our studies. It 
comprises drugs with calming effects on the patient and is further subdivided 
on the 3rd level, pharmacological subgroups, into Antipsychotics (N05A), 
Anxiolytics (N05B) and Hypnotics and Sedatives (N05C; from here on referred 
to as hypnotics). Psychoanaleptics (N06), drugs with stimulatory effect on the 
psyche, are subdivided into Antidepressants (N06A), Psychostimulant (N06B), 
Psycholeptic and Psychoanaleptics in Combination (N06C) and Anti-Dementia 
Drugs (N06D), where only Antidepressants are in focus in this thesis. The 
therapeutic subgroups Anaesthetics (N01), Analgesics (N02), Antiepileptics 
(N03), Anti-Parkinson Drugs (N04) and Other Nervous System Drugs (N07) are 
beyond the scope of this thesis. These drugs are indeed capable of affecting the 
mind, emotions and behaviour and have also been associated with adverse 
effects, but their use is less controversial since they are usually prescribed on 
stronger indications than the drugs studied in this thesis, are less commonly 
prescribed to elderly patients, or are generally not considered being 
psychotropic drugs. A non-complete overview of the drugs in ATC 1st level 
category N, which contains all psychotropic drugs considered in this thesis, is 
presented in Table 1.  
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Table	1	An	overview	of	drugs	affecting	the	nervous	system	
1st	level	
Anatomical	

2nd	level	
Therapeutic	

3rd	level	
Pharmacological	 Description	

Nervous	system	
(N)	

Anaesthetics	(N01)1,2	 	 Induces	loss	of	sensation	or	
awareness.	Used	mainly	in	
surgical	and	intensive	care	
settings.	

	 Analgesics	(N02)1,2	 	 Alleviates	pain.	

	 Antiepileptics	(N03)1,2	 	 Used	to	prevent	or	treat	
epileptic	seizures.	

	 Anti-Parkinson	Drugs	
(N04)1,2	

	 Treats	symptoms	of	
Parkinson’s	disease	and	
related	conditions.	

	 Psycholeptics	(N05)	 Antipsychotics	(N05A)1,3	 Drugs	primarily	used	to	treat	
and	prevent	acute	and	
chronic	psychotic	conditions.	

	 	 Anxiolytics	(N05B)1	 Alleviates	anxiety	

	 	 Hypnotics	and	Sedatives	
(N05C)1	

Used	to	treat	insomnia.	

	 Psychoanaleptics	
(N06)	

Antidepressants	(N06A)1	 Primarily	used	to	treat	and	
prevent	depressive	disorders	

	 	 Psychostimulants	(N06B)1,	2	 Drugs	that	enhance	cognitive	
function,	used	e.g.	in	the	
treatment	of	ADHD.	

	 	 Psycholeptics	and	
Psychoanaleptics	in	
combination	(N06C)	1,2	

No	drug	belonging	to	this	
group	is	registered	in	
Sweden.	

	 	 Anti-Dementia	Drugs	
(N06D)	1,2	

Used	to	improve	symptoms	
of	major	NCD.	

	 Other	Nervous	
System	Drugs	(N07)	1,2	

	 A	heterogeneous	group	of	
drugs,	which	cannot	be	
classified	in	the	preceding	2nd	
levels.	

ADHD,	Attention	deficit	hyperactivity	disorder;	NCD,	neurocognitive	disorder	
1	Further	subdivisions	not	presented	
2	Not	considered	in	this	thesis;		
3	Lithium	(N05AN)	is	excluded	from	the	group	Antipsychotics	(N05)	in	this	thesis.	
3rd	level	groups	considered	in	this	thesis	marked	in	bold.		
4th	and	5th	level	subdivisions	not	presented.		
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Antipsychotics 
Two of the four studies included in this thesis investigated antipsychotics 
(Paper II and Paper IV). 

Background 

Antipsychotics have been in use since the 1950s, mainly for the treatment of 
schizophrenia. Chlorpromazine was the first drug to be approved, in 1954 in the 
US and in 1955 in Sweden.[102, 103] As many other conventional (also known 
as first-generation or typical) antipsychotics it exhibits a strong inhibition on 
dopamine receptors.[103, 104] It is through this blockade most of their 
therapeutic effects are derived, as schizophrenic and psychotic patients are 
thought to suffer from dopaminergic hyperactivity in certain areas of the 
brain.[105, 106] Dopamine is also crucial in motor control, as evident from 
people suffering from Parkinson’s disease, categorised by cell death of 
dopamine-producing neurons in the basal ganglia, and severe motor 
symptoms.[107] Hence, antipsychotics with dopamine-antagonistic effects are 
likely to produce Parkinsonistic side effects, known as extrapyramidal motor 
symptoms, in some cases prevailing after cessation of treatment.[103, 108] 
Another effect of dopamine antagonism is the potential to cause 
hyperprolactinaemia, through receptor blockade in the hypothalamus, which in 
turn can lead to a variety of adversities, including osteoporosis.[109] Much 
work was put into developing antipsychotic agents with less or no 
extrapyramidal effects, leading to the advent of atypical (also known as second-
generation) antipsychotics, the first of which was Clozapine, commercially 
available in 1972.[110, 111] Atypical antipsychotics also exhibit dopamine 
antagonism, but in addition, and unlike conventional antipsychotics, stimulate 
dopamine release. In lower doses they have significantly less extrapyramidal 
effects, but more often exhibit metabolic side effects such as weight gain and 
diabetes mellitus.[103, 112] Antipsychotics also affect other transmitter systems 
to varying degrees, resulting in additional effects, sometimes wanted and in 
other cases limiting their usefulness. Histamine-receptor blockade can lead to 
sedation and weight gain;[113, 114] adrenergic alpha-receptor antagonism is 
thought to lead to autonomic dysregulation of blood pressure;[115, 116] 
anticholinergic effects can result in blurred vision, constipation, urinary 
retention and reduced cognitive functioning;[117] serotonergic activity affects 
mood.[118] Many individual antipsychotics also have specific side effects, not 
necessarily associated to their mechanisms of action.[119-121]  

All antipsychotics are indicated for use in the treatment of chronic psychotic 
disorders, such as schizophrenia,[122, 123] but they are often used to treat other 
disorders as well.[124-126] Atypical antipsychotics are sometimes used to treat 
bipolar, depressive, as well as anxiety disorders.[125, 127-130] Both 
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conventional and atypical antipsychotics are commonly used in the treatment of 
neuropsychiatric symptoms in people suffering from major NCD, such as 
hallucinations, aggression and agitation. However, the effect size is small and 
counteracted by adverse effects. Hence, most recommendations state they 
should only be used when other interventions (pharmacological or non-
pharmacological) have failed.[60, 131] 

Effects 

Antipsychotics have been used and studied in people suffering neuropsychiatric 
symptoms of major NCD since the 1950s. A 1985 review article included 21 
studies of conventional antipsychotics in patients with behavioural 
complications of major NCD. [132] In 16 of the included studies, treatment 
showed statistical efficacy. However, only 11 of the studies were placebo-
controlled and only 9 had comparable groups. In fact only 3 of the 21 studies 
met the methodological criteria of the author. Of these 3, Rada et al. showed no 
significant difference between thiothixene and placebo regarding clinical 
improvement or adverse effects.[133] Petrie et al. compared loxapine to 
haloperidol and placebo and showed clinical improvement in both active 
treatment groups. However, 90% of the participants in both treatment groups 
suffered significant adverse effects, most commonly sedation, compared to 55% 
in the placebo group.[134] Barnes et al. studied loxapine, thioridazine and 
placebo and showed significant improvement of equal magnitude in both 
treatment groups as well as in the placebo group. Adverse effects, however, were 
more common in the treatment groups. Helms concluded in his review article, 
that the evidence supports judicious use of antipsychotics to treat 
neuropsychiatric symptoms of major NCD, but that adverse effects are a factor, 
and that no specific antipsychotic agent can be recommended.[132] A 1990 
meta-analysis by Schneider et al. came to similar conclusions and also 
calculated the effect size of antipsychotics on neuropsychiatric symptoms of 
major NCD from the 7 included double-blinded placebo-controlled trials (r = 
0.18; considered a small effect size).[135] Only conventional antipsychotics 
were included and the results were similar for different agents. Interestingly, 
41% of the participants receiving placebo showed clinical improvement, 
whereas 59% of those receiving active treatment did. The authors stated that 
this can be interpreted in two ways; withholding antipsychotic treatment may 
keep 18% of patients from improving, and; considering the high placebo 
response, a substantial number of patients may receive antipsychotics 
unnecessarily. A Cochrane systematic review of randomised controlled trials 
(RCTs) of haloperidol for neuropsychiatric symptoms of major NCD was 
conducted in 2002.[136] The search was repeated in 2005, 2008 and 2010, 
neither of which retrieved any new studies for inclusion. Five studies were 
included, all published between 1997-2000. All earlier trials were excluded due 
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to methodological weaknesses, the most common being the lack of a placebo 
group. The effect was assessed in 6 domains, but differences were only seen in 
aggression, where haloperidol was significantly more effective than placebo 
(Standardised Mean Difference [SMD], -0.31; 95% Confidence Interval [CI], -
0.49, -0.13) Active treatment also resulted in more dropouts due to adverse 
events (Odds Ratio [OR], 2.52; 95% CI, 1.22-5.21), but no difference in total 
dropout rates was seen. The conclusion of the authors were that haloperidol 
cannot be recommended for routine use for neuropsychiatric symptoms of 
major NCD, but that it may be indicated specifically for aggression.  

Since the emergence of a wide range of atypical antipsychotics, many clinical 
trials have been performed to evaluate their efficacy in the treatment of 
neuropsychiatric symptoms of major NCD, and the evidence is strongest for 
aripiprazole, olanzapine, quetiapine and risperidone. Schneider et al. performed 
a meta-analysis and systematic review of the evidence in 2006, which included 
15 RCTs.[137] Based on the results of three trials, aripiprazole exhibited 
symptomatic efficacy, as measured through the NPI, with an > 50% 
improvement in NPI scores favouring active treatment (OR, 1.50; 95% CI, 1.14-
1.99). Efficacy was also proven for risperidone when combining the results from 
four trials. The effects were measured using Behavioural Pathology in 
Alzheimer’s Disease Rating Scale (BEHAVE-AD) where > 50% improvement 
favoured treatment (OR, 1.79; 95% CI, 1.37-2.33). The results from the five trials 
of olanzapine and the three trials of quetiapine did not show significant overall 
efficacy, and the analyses were complicated by the use of different outcomes 
and measurements in the included trials. The conclusions of the authors were 
that antipsychotics are modestly effective when used judiciously, and that there 
are no other demonstrated, effective pharmacological alternatives.[137] The 
American Psychiatric Association Practice Guideline on the Use of 
Antipsychotics to Treat Agitation or Psychosis in Patients With Dementia 
included a systematic review of the current evidence as of January 2015, based 
on data from 45 RCTs.[23] It did not perform a meta-analysis, but rather 
summed up the body of evidence according to qualitative headings, as 
presented in Table 2 for three of the main outcomes. Since the effects were 
small and adverse effects significant, the authors concluded that antipsychotic 
medication should only be used for the treatment of agitation or psychosis in 
patients with major NCD when symptoms are severe, are dangerous, and/or 
cause significant distress to the patient. Furthermore, risks and benefits should 
always be assessed and treatment effects should be evaluated using quantitative 
measures, the authors argued.  

  



 

11 

Table	2	Quality	of	the	body	of	evidence	for	antipsychotics	versus	placebo	in	the	treatment	
of	neuropsychiatric	symptoms	of	major	NCD	
	

Aripiprazole	 Olanzapine	 Quetiapine	 Risperidone	
Atypical	
antipsychotics	

Risk	of	bias	 Low1,3,	Medium2	 Low1-3	 Low1-3	 Low1-3	 Low1-3	

Consistency	 Consistent1-3	 Consistent1,2,	
Inconsistent3	

Consistent1,	
Inconsistent2,3	

Consistent1,2,	
Inconsistent3	

Consistent1,2,	
Inconsistent3	

Directness	 Direct1-3	 Direct1-3	 Direct1-3	 Direct1-3	 Direct1-3	

Precision	 Imprecise1,3,	
Precise2	

Imprecise1-3	 Imprecise1-3	 Imprecise1-3	 Imprecise1-3	

Applicability	 Institutionalised	
and	non-
institutionalised	
patients1-3	

Institutionalised	
and	non-
institutionalised	
patients1-3	

Institutionalised	
and	non-
institutionalised	
patients1-3	

Institutionalised	
and	non-
institutionalised	
patients1-3	

Institutionalised	
and	non-
institutionalised	
patients1-3	

Dose-
response	
relationship	

Absent1-3	 Absent1-3	 Absent1-3	 Absent1-3	 Absent1-3	

Magnitude	
of	effect	

Weak1-3	 Weak1-3	 Weak1-3	 Weak1-3	 Weak1-3	

Confounding	
factors	

Absent1-3	 Absent1-3	 Absent1-3	 Absent1-3	 Absent1-3	

Publication	
bias	

Not	suspected1-3	 Not	suspected1-3	 Not	suspected1-3	 Not	suspected1-3	 Not	suspected1-3	

Overall	
strength	of	
evidence	

Moderate1,	
Low2,3	

Low1,	
Moderate2,	
Insufficient3	

Low1,	
Insufficient2,3	

Moderate1-3	 High1,	
Moderate2,	
Low3	

NCD,	neurocognitive	disorder	
1	Overall	neuropsychiatric	symptoms	of	major	NCD	
2	Agitation	in	major	NCD	
3	Psychosis	in	major	NCD	
Based	on	The	American	Psychiatric	Association	Practice	Guideline	on	the	Use	of	Antipsychotics	to	
Treat	Agitation	or	Psychosis	in	Patients	With	Dementia	(Reus	et	al.	2016).		
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Prevalence of use 

Considering that schizophrenia and other primary psychotic disorders are 
uncommon in old age, and that most guidelines state that antipsychotics should 
be prescribed judiciously and restrictively in old age,[60, 131, 138] one would 
expect the use of antipsychotics to be low in elderly populations. 

According to official statistics from the Prescribed Drugs Register (PDR; 
described in detail in the Methods section),[139] 2.6% of the Swedish 
population aged 65 years and older used antipsychotic drugs in 2019 (3.0% of 
women and 2.2% of men). In the same year, 6.0% of people aged 85 years and 
older used antipsychotics (6.6% of women and 4.9% of men). 

A 2017 study of antipsychotic drug use in and its trend between 2005 and 2014 
was based on national registers in 16 countries.[140] The results for people aged 
65 years and older were presented separately, and in half of the countries 
antipsychotic use increased over time, whereas it decreased in the other half. 
Large differences were seen between the studied countries, with the highest 
antipsychotic drug use among elderly people in 2014 in Taiwan (14.9%), Spain 
(6.8%) and Iceland (6.8%), and lowest use seen in Colombia (1.9%), Japan 
(2.0%), and the privately insured sub-population in USA (2.0%). In Swedish 
people aged 65 years and older, the use decreased over time from 4.2% in 2006 
to 2.5% in 2014. In all countries but Japan, antipsychotic drug use was higher in 
people aged 65 years and older than in those 20-65 years old. Sex differences 
were seen in all studied populations. With the exception of Colombia, elderly 
women had a higher prevalence of antipsychotic drug use than men (2.9% vs. 
2.1% in Sweden, 2014).[140] 

In residential care settings, antipsychotic drug use has been reported to be 
higher than in unrestricted populations of elderly people. A 2011 study of people 
aged 65 years and older in England and Wales reported that 20.9% of people in 
residential care facilities used antipsychotics, compared to 0.9% of community-
dwelling people.[141] In residential care facilities the prevalence decreased with 
increasing age, whereas it increased with age in the community. In residential 
care, antipsychotic drug use was slightly higher in men than in women, whereas 
the opposite was true for the community-dwelling. The strongest predictor for 
antipsychotic drug use in both populations was major NCD diagnosis.[141] In a 
2017 review of the prevalence of antipsychotic drug use in Swedish nursing 
home residents with major NCD, 12 studies were included.[142] The prevalence 
of antipsychotic drug use ranged from 6% to 38% in the included studies, which 
were conducted 2000-2013. The study that reported 6% prevalence was not 
restricted to nursing home residents, however.[143] Excluding the results from 
that study, the range of antipsychotic drug use would have been 12-38%.  
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A 2017 meta-analysis of antipsychotic drug use in people with major NCD 
included data from 43 studies conducted in Europe and Northern America, 
published between 1991 and 2013.[144] The pooled prevalence of antipsychotic 
drug use was 27.5%. In the 11 studies conducted in community-dwelling 
settings, the pooled prevalence was 12.3%, whereas it was 37.4% in the 21 
studies conducted in residential care settings. Of the included studies that 
reported cognitive level of the participants, as measured through the Mini 
Mental State Examination (MMSE), antipsychotic drug use was highest in the 
studies with the lowest mean MMSE scores. Analyses of time trends showed 
that antipsychotic drug use decreased over time in community settings and 
increased in residential care settings, both trends being small. Potential 
differences according to sex or geographic region were not analysed.[144] In a 
2014 study of 2,091 individuals with major NCD, residing in care facilities in 8 
different countries (7 in Europe) 32.8% used antipsychotic drugs.[145] Large 
geographic differences were seen with a prevalence of 60% in the Czech 
Republic and 18% in Israel. Some of the factors associated with antipsychotic 
drug use were severe cognitive impairment, psychotic symptoms and having 
access to geriatrician services. Sex was not associated with the use of 
antipsychotics, but women were more likely to be using atypical antipsychotics, 
and men conventional antipsychotics.[145] 
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Antidepressants 
Three of the studies included in this thesis investigated antidepressants (Paper 
I, Paper II and Paper III). 

Background 

Antidepressant drugs are used to treat depressive disorders as well as long-term 
anxiety disorders. Some antidepressants are used off-label to treat other 
conditions, e.g. neuropathic pain and insomnia.[146] Most antidepressants 
increase the concentration of synaptic serotonin, by inhibiting the reuptake of 
serotonin from the synaptic cleft or other mechanisms, and to varying degrees 
also affect noradrenaline and dopamine levels. 

In the 1950s, reserpine was used to treat high blood pressure. It was noted that 
many patients suffered depressive symptoms as a side-effect of the treatment, 
reversible after termination of treatment.[147] Investigation of the substance 
revealed that it inhibited a monoamine transporter, leading to depletion of the 
monoamines serotonin, noradrenaline and dopamine in the central nervous 
system.[148] Also during the 1950s, the antitubercular compound iproniazide 
was synthesised.[149] It was noted that patients treated with iproniazide 
exhibited signs of arousal and central nervous system stimulation,[150] and the 
chemical compound was found to inhibit the enzyme monoamine oxidase 
(MAO), which metabolises biogenic amines, e.g. serotonin, dopamine and 
noradrenaline, into inactive forms.[149] In the late 1950s, the interest for using 
iproniazide as an antidepressant drug was growing, and in parallel, the 
monoamine hypothesis as a biochemical model to understand human 
depression was starting to form.[149] The monoamine hypothesis proposes that 
depression is a result of depletion of the monoamines serotonin, noradrenaline, 
and/or dopamine in the central nervous system.[151, 152] The theory was 
widely spread and accepted in the 1960s and even though it has later been 
criticised to be incomplete, and based on contradictory evidence, it has been 
central in the evolution of antidepressant agents ever since.[148, 149, 153]  

Following the experimental off-label use of iproniazide as a psychostimulant, it 
was accepted as an antidepressive agent, and its success led to the development 
several other MAO inhibitors.[149] There were, however, safety concerns over 
their ability to induce hypertensive crisis, with possible lethal effects if not 
following strict dietary restrictions, avoiding food containing the amino acid 
tyramine.[154] With time, and the advent of other antidepressant agents, the 
use of MAO inhibitors waned considerably, with many of the drugs being 
withdrawn from the market.[149] Tricyclic antidepressants (TCA) were also 
developed during the 1950s, first considered as promising psycholeptics as they 
had sedative properties due to significant antihistaminergic affinity.[149] 



 

15 

During clinical trials of imipramine, the first registered TCA, most patients with 
schizophrenia had worsened symptoms, however, whereas a subgroup with 
depressive psychosis showed marked improvement.[148] Imipramine and other 
TCAs later were shown to exhibit inhibitory effects on the reuptake of 
noradrenaline and serotonin from brain synapses, thereby potentiating the 
effects of the signalling substances, knowledge which helped build the 
monoamine hypothesis.[149] Thanks to less pronounced side-effects, similar 
efficacy, and to aggressive marketing campaigns by the pharmaceutical 
companies promoting amitriptyline, the most successful and still often used 
TCA, TCAs took over from MAO inhibitors as the most used antidepressants in 
the 1960s and 1970s.[149] 

With the monoamine hypothesis firmly established, scientists were specifically 
aiming for the neurotransmission systems in play in the development of new 
effective and safe antidepressants. The advent of selective serotonin reuptake 
inhibitors (SSRIs) came with zimelidine in 1972,[155] followed by fluoxetine in 
1974, which was made commercially available in 1982.[149] Fluoxetine showed 
the same level of efficacy as TCAs, but with far less side effects as its actions 
were more directed, and soon became hugely popular.[149] Several other SSRIs 
have been introduced since, and as a group they remain the first 
pharmacological antidepressant treatment of choice to this day.[156, 157] Other 
types of antidepressants targeting other components of the monoamine 
signalling pathways have emerged since, e.g. serotonin and noradrenaline 
reuptake inhibitors (SNRIs), noradrenergic and specific serotonergic 
antidepressants (NaSSAs), serotonin antagonist and reuptake inhibitors 
(SARIs), noradrenaline reuptake inhibitors (NRIs) and noradrenaline and 
dopamine reuptake inhibitors (NDRIs). None have been proven superior to 
SSRIs,[158, 159] and are often used as second line pharmacological treatments 
when SSRI treatment is unsuccessful.[157, 160-162] 

Effects 

Pharmacological treatments of depression in adults have been studied 
thoroughly. A 2018 systematic review and meta-analyses of 21 antidepressant 
drugs for the acute treatment of major depressive disorder in adults included an 
impressive 522 double-blind RCTs, both published and unpublished, conducted 
between 1979 and 2016 and reports efficacy and acceptability.[158] Efficacy was 
defined as response rate measured by the total number of patients who had a 
reduction of ≥ 50% of the total score on a standardised observer-rating scale for 
depression, and acceptability as treatment discontinuation measured by the 
proportion of patients who withdrew for any reason. Drugs from all classes of 
antidepressants, with the exception of MAO inhibitors, were represented among 
the 21 included. All drugs showed efficacy, the highest response rate being 



 

16 

shown for the TCA amitriptyline (OR, 2.13; 95% CI, 1.89-2.41) and the lowest 
for the NRI reboxetine (OR, 1.37; 95% CI, 1.16-1.63), compared to placebo. The 
other 19 drugs exhibited ORs between 1.49 and 1.89. Acceptability was high, 
with only the TCA clomipramine having a higher dropout rate than placebo 
(OR, 1.30; 95% CI, 1.01-1.68). The SSRI fluoxetine and the atypical 
antidepressant agomelatine had lower dropout rates than placebo (OR, 0.88; 
95% CI, 0.80-0.96 and OR, 0.84; 95% CI, 0.72-0.97, respectively), whereas the 
rest did not differ from placebo. The article moves on to head-to-head analyses, 
the conclusion of which is that ”agomelatine, amitriptyline, escitalopram, 
mirtazapine, paroxetine, venlafaxine, and vortioxetine were more effective than 
other antidepressants (range of ORs 1.19-1.96), whereas fluoxetine, 
fluvoxamine, reboxetine, and trazodone were the least efficacious drugs (0.51-
0.84). For acceptability, agomelatine, citalopram, escitalopram, fluoxetine, 
sertraline, and vortioxetine were more tolerable than other antidepressants 
(range of ORs 0.43-0.77), whereas amitriptyline, clomipramine, duloxetine, 
fluvoxamine, reboxetine, trazodone, and venlafaxine had the highest dropout 
rates (1.30-2.32).”[158] 

So far, so good, but do these results tell us how to treat geriatric depression? 
The authors of the review do not report the mean and median age or age span of 
the participants, other than all patients being ≥ 18 years, and do not comment 
on the representation in the included studies and how this might affect 
applicability.[158] In the appendix, however, the mean age of each of the 522 
individual studies are reported, and when scrolling through the list it is 
apparent that a majority of the studies had a mean age between 35 and 45 years. 
Only 40 (7.7%) of the 522 studies reported a mean age above 60 years and 22 
(4,2%) above 70 years. Of these 40 studies, only 18 were placebo-controlled 
(45%, compared to 58% of the full review). Efficacy was higher among the 
younger old, being reported in 6 of the 8 studies with a mean age of 60-70 
years, whereas it was only proven in 4 of the 10 studies of patients with a mean 
age ≥ 70 years. Also acceptability was higher in the younger old. In the studies 
able to show efficacy the effect sizes seem small, however, as some of the 
authors of the original studies also conclude.[163, 164] Patients with cognitive 
impairment (mild or major) were specifically excluded from 18 (45%) of the 40 
studies including old patients, 5 of the studies did not report exclusion criteria 
and 4 studies had exclusion criteria that were vague. Only 3 (7,5%) of the 
studies included people with “mild dementia”.  
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Others have tried to compile data on pharmacological treatment of depression 
specifically in old age. In 2015, Statens beredning för medicinsk och social 
utvärdering (SBU; the Swedish Agency for Health Technology Assessment and 
Assessment of Social Services, in English) performed a systematic review and 
meta-analyses of treatments for major depressive disorder or clinically 
significant depressive symptoms in people aged ≥ 65 years, including all 
commercially available antidepressant drugs at the time.[165, 166] Some of 
their findings are presented in Table 3.  

Table	3	Antidepressants	to	treat	depression	in	people	aged	≥	65	years	
	

Studies	 Participants	
OR	(95%	CI)	
vs.	placebo	

NNT		
(95%	CI)	 Conclusion	

SSRI1	to	treat	
depression,	
remission	

3	RCTs	 521	treatment,	
366	placebo	

0,80	(0,60-1.06)	 -	 Low	level	of	
evidence	for	
non-efficacy	

SSRI1	to	treat	
depression,	
responders	

3	RCTs	 521	treatment,	
366	placebo	

0,88	(0,67-1.16)	 -	 Low	level	of	
evidence	for	
non-efficacy	

SSRI2	to	prevent	
relapse,	<	1-year	

2	RCTs	 212	treatment,	
214	placebo	

0,22	(0,13-0.36)	 3,8	(3-6)	 Low	level	of	
evidence	for	
efficacy	

SSRI3	to	prevent	
relapse,	≥	1-year	

2	RCTs	 91	treatment,	
75	placebo	

0,88	(0,31-1.10)	 -	 Insufficient	
evidence	

Duloxetine	(SNRI)	
to	treat	depression,	
remission	

3	RCTs	 549	treatment,	
342	placebo	

1,78	(1,20-2.65)	 9,1	(6-20)	 Low	level	of	
evidence	for	
efficacy	

Duloxetine	(SNRI)	
to	treat	depression,	
responders	

2	RCTs	 352	treatment,	
247	placebo	

2,83	(1,96-4.08)	 6	(4-8)4	 Low	level	of	
evidence	for	
efficacy	

CI,	confidence	interval;	NNT,	numbers	needed	to	treat;	OR,	odds	ratio;	RCT,	randomised	
controlled	trial;	SNRI,	serotonin	and	noradrenaline	reuptake	inhibitor;	SSRI,	selective	
serotonin	reuptake	inhibitor	
1	citalopram,	escitalopram,	fluoxetine	
2	citalopram,	escitalopram	
3	paroxetine,	sertraline	
4	not	given	by	the	original	authors,	but	calculated	from	their	raw	data.	
Based	on	Behandling	av	depression	hos	äldre.	En	systematisk	litteraturöversikt.	(Statens	
beredning	för	medicinsk	utvärdering	2015)	and	Efficacy	and	tolerability	of	antidepressants	in	
people	aged	65	years	or	older	with	major	depressive	disorder	-	A	systematic	review	and	a	
meta-analysis	(Tham	et	al.	2016)	

 
Studies of agomelatine (atypical antidepressant), bupropion (NDRI), 
amitriptyline (TCA), fluvoxamine (SSRI), imipramine (TCA), mianserin 
(NaSSA), mirtazapine (NaSSA), moclobemid (MAO inhibitor), reboxetine 
(NRI), vortioxetine (serotonin modulator and stimulator) and venlafaxine 
(SNRI) met the inclusion criteria and were included in the review, but were 
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considered to have too few participants or to be of too low quality to make 
efficacy calculations based upon. The overall conclusions of the authors were 
that; when it comes to pharmacological treatment of depression in old age, 
evidence is scarce; SSRIs are not better than placebo to treat depression in old 
age, but that long-term SSRI treatment in responders can prevent relapse; 
duloxetine is slightly more effective than placebo, but also cause significantly 
more adverse events.[166] 

Systematic reviews relevant to the subject of treating depression in old age have 
been published in the Cochrane Database of Systematic Reviews. A 2001 review 
of the efficacy of antidepressants versus placebo for depressed elderly included 
17 RCTs performed in subjects aged ≥ 55 years.[167] It concluded that TCAs (11 
studies; pooled OR, 0.32; 95% CI, 0.21-0.47), SSRIs (2 studies; pooled OR, 0.51; 
95% CI, 0.36-0.72) MAO inhibitors (2 studies; pooled OR, 0.17; 95% CI, 0.21-
0.47), and atypical antidepressants (2 studies; pooled OR, 0.52; 95% CI, 0.29-
0.93) were effective in the reaching remission of depression in old age (ORs < 1 
favours treatment). Discontinuation rates did not differ between placebo and 
active treatment and efficacy was similar in institutionalised and community-
dwelling patients. It should be noted, however, that many of the studied drugs 
are no longer commercially available and that the definition of elderly as being 
≥ 55 years old is not in line with what most medical researchers would agree 
upon. A 2016 Cochrane review of continuation and maintenance treatments for 
depression in older people (≥ 60 years old) included 6 placebo-controlled RCTs 
of 708 patients who had already responded to antidepressant treatment and 
were in remission. Three of the included studies investigated TCAs (1 dothiepin, 
2 nortriptyline), the other 3 SSRIs (citalopram, escitalopram and sertraline) and 
all 6 were analysed together in the meta-analyses. The main outcome was 
relapse in depression at 12-month follow-up, but since different time points 
were used in the included studies, relapse at other time points were used as 
secondary outcomes. Antidepressants were shown to be superior to placebo in 
preventing relapse at 12 months (3 studies; pooled OR, 0.67; 95% CI, 0.55-
0.82), 36 months (1 study; OR, 0.64; 95% CI, 0.45-0.90), and at final follow-up 
(6 studies ranging from 6 to 36 months; pooled OR, 0.65; 95% CI, 0.48-0.87), 
but not at 6 (3 studies), 18 (1 study) or 24 months (4 studies). Dropout rates, 
overall or due to adverse effects, did not differ between treatment and placebo. 
The authors conclude that continuing antidepressants for 12 months in elderly 
patients who have responded to treatment appear to be helpful and safe, but 
that the studies are too few and the body of evidence of too low quality to offer 
clinical guidance.[168]  

  



 

19 

Some studies have shown that sex and/or gender can have an influence on the 
response to antidepressant drugs,[169, 170] whereas others have not been able 
to prove any such differences.[171, 172] I have found no studies investigating 
possible sex/gender differences in the response to treatment of depression in 
old age. Current guidelines do not recommend different treatment regimes of 
male and female depression, as there is no strong evidence to support this,[156] 
or do not mention the possibility to take sex/gender into account.[173, 174]  

Antidepressant treatment specifically in people with major NCD have been 
studied, both to treat depression in major NCD comorbidity, and to treat 
neurocognitive symptoms in major NCD. A 2018 systematic review and meta-
analysis of placebo-controlled RCTs of antidepressant treatment of depression 
in patients with co-existing major NCD, included 8 studies (5 SSRI, 2 TCA, 1 
NaSSA, 1 SNRI) with a total of 614 subjects.[175] The primary endpoints were; 
effect on depression as measured by rating scales (1); response (2); and 
remission (3). No group of antidepressants showed efficacy concerning 
endpoint 1 or 2, neither did all antidepressants analysed together. Concerning 
the number of patients in remission after 6-12 weeks, SSRIs (3 studies; OR, 
2.22; 95% CI, 1.20-4.12), TCAs (1 study; OR, 9.00; 95% CI, 1.42-57.12), and all 
antidepressants (4 studies; OR, 2.57; 95% CI, 1.44-4.59) were superior to 
placebo. There were significantly more dropouts in the treatment groups than in 
those receiving placebo (OR, 1.50; 95% CI, 1.07-2.14). The secondary outcomes 
of change in cognitive function and in activities in daily living showed no 
difference between treatment and placebo. The authors proceeded to grade the 
level of evidence for the different outcomes and the only outcome for which they 
rated the quality of evidence as high was for depression rating scale scores, 
where no effect of antidepressants was seen. The evidence of a positive effect on 
remission was rated as moderate and that of the negative result concerning 
response of low quality.[175] 

In a 2005 systematic review of pharmacological treatment of neuropsychiatric 
symptoms in major NCD, 5 RCTs of antidepressants were identified.[176] In 
one of the studies, citalopram was found to be superior to placebo, whereas no 
effect was seen in the other four. The study with a positive result was short (17 
days) and had a 54% dropout rate.[177] A placebo-controlled, double-blind, 
RCT of the effects of the SSRI citalopram on agitation in Alzheimer’s disease has 
been conducted more recently.[178] The two main outcomes were improvement 
at 9 weeks in the agitation subscales of two rating instruments measuring 
neuropsychiatric symptoms. Efficacy was proven in both outcomes, with 
moderate or marked improvement in 40% of the citalopram users compared to 
26% of the placebo users. Secondary efficacy outcomes included NPI scores, 
where citalopram was superior in the irritability, anxiety and delusions 
items.[179]  
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Prevalence of use  

According to official statistics from the PDR,[139] 17.0% of the Swedish 
population aged 65 years and older used antidepressant drugs in 2019 (21.0% of 
women and 12.3% of men). In the same year, 30.2% of people aged 85 years and 
older used antidepressants (34.1% of women and 23.1% of men). A Swedish 
study compared three cohorts of people aged 78 years and older and found that 
the prevalence of antidepressant drug use increased quite dramatically between 
the first cohort from 1987 and the latest cohort from 2007, from 0.6% to 11.4% 
in men and from 1.5% to 16.3% in women.[180] 

A nationwide Finnish study from 2014 compared antidepressant drug use in 
people aged ≥ 70 years, with and without a diagnosis of Alzheimer’s disease, 
and found prevalences of 28% and 11%, respectively.[27] SSRIs were most 
common, used by 18% and 6%, respectively. Women more often used 
antidepressants than men; 31% vs. 22% in people with Alzheimer’s disease and 
13% vs. 8% without. A Swedish study conducted 2005-2006 included people 
aged 85 years and older, and found that 33.6% of people with major NCD used 
antidepressant drugs, compared to 11.4% of those without cognitive 
impairment.[181] 

In people in residential care facilities, several studies have shown a high 
prevalence of antidepressant drug use. A Swiss study of almost 19,000 people 
was based on data between 1997-2007 and showed a prevalence of 29.6% in 
residents with major NCD and 26.7% without.[182] A Swedish register study of 
people aged ≥ 65 years found that in 2008, 43.9% of people in residential care 
facilities used antidepressants, compared to 10.1% of community-dwelling 
people.[183]  
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Anxiolytics and hypnotics 
One of the four studies included in this thesis investigated anxiolytics and 
hypnotics, more specifically those classified as benzodiazepines and related 
drugs (Paper II).  

Background 

Anxiolytics are used to treat anxiety disorders, whereas hypnotics are used to 
treat insomnia. However, there is close kinship between the groups, both 
concerning their effects and their chemical structures, which is why they are 
presented together. Many agents have been used through history and there is 
considerable overlap in the psychopharmacological treatment of anxiety and 
insomnia, and other psychiatric conditions, as antidepressants as well as 
antipsychotics are used as anxiolytics and hypnotics without them being 
classified as such. In contrast to e.g. psychotherapy and antidepressants, which 
can take weeks or months to exhibit their anxiolytic effects, anxiolytic drugs 
generally act within minutes or hours. 

Among the drugs primarily used as anxiolytics and hypnotics we find drugs 
acting either through potentiating the neurotransmitter γ-aminobutyric acid 
(GABA), a widespread inhibitory neurotransmitter in the human brain, or 
through antihistaminergic effects. Both groups are problematic, as the former 
are addictive,[184] and the latter have significant anticholinergic effects, 
making them especially unsuited for elderly patients.[100, 185] Among the 
drugs potentiating GABA, barbiturates dominated the first half of the 20th 
century after the commercial introduction of barbital in 1903, replacing the 
more toxic bromides which were popular in the second half of the 19th 
century.[186] As barbiturates are highly addictive and deadly in higher doses, 
they are no longer in use as anxiolytics or hypnotics. They were succeeded by 
benzodiazepines, the first of which were chlordiazepoxide, approved for use in 
1960. Diazepam, introduced as Valium® in 1963, was a huge success and still 
remains in clinical use.[186] Benzodiazepines were not superior to barbiturates 
in efficacy, but acceptability was higher; initially they were marketed to have 
negligible side effects. By the mid-1970s they were used regularly by 10-20% of 
adults in Western countries.[187] As studies began to emerge during the second 
half of the 1970s, showing that the addictive properties of benzodiazepines were 
in fact significant, their legal use decreased and they were classified as 
controlled substances in many countries.  

A new group of GABA-potentiating drugs emerged in the 1990s, the so-called Z-
drugs (zolpidem, zopiclone and zaleplon).[188] Initially thought to have similar 
effects as benzodiazepines, but lacking many of the adverse effects, they soon 
became popular, and their use widespread. But just as with benzodiazepines, 
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they have shown to be addictive, induce tolerance, and have significant side 
effects.[188] Since they bind to the same sites of the GABA receptor complex, as 
do benzodiazepines, this is hardly surprising. As Z-drugs have relatively short 
half-lives, they are mainly used as hypnotics, in the treatment of insomnia. 

Effects 

Benzodiazepine anxiolytics have been shown to be superior to placebo in the 
treatment of several anxiety disorders, with the main advantage over other 
treatment regimes being the fast onset of effect.[94, 189, 190] Concerns over 
their adverse effects, addictive properties, and the development of tolerance, 
however, have resulted in benzodiazepines not being recommended as first-line 
or continuous treatment of anxiety disorders, according to most 
guidelines.[189, 191] Benzodiazepine hypnotics as well as Z-drugs have been 
proven superior to placebo in the treatment of insomnia,[192] but based on the 
same concerns as over their anxiolytic siblings, their long-term use is advised 
against.[193, 194] 

Not many high quality studies of benzodiazepines and Z-drugs have been 
performed in geriatric settings. A 2004 meta-analysis of the efficacy of sedative 
hypnotics in older people with insomnia included data from 20 RCTs of 
benzodiazepines or Z-drugs.[195] The mean age of the participants of each 
study had to be > 60 years, and no psychiatric co-morbidities or concurrent 
psychotropic drug use were allowed. Whereas only one of the included studies 
could prove efficacy, the meta-analysis was in favour of active treatment when 
studying the main outcome, sleep quality. The effect size, however, was small at 
0.15 (95% CI, 0.05-0.23). The analyses of only benzodiazepines (7 studies) 
showed efficacy with an effect size of 0.37 (95% CI, 0.01-0.73).[195] The authors 
concluded: “In people over 60, the benefits associated with sedative use are 
marginal and are outweighed by the risks, particularly if patients are at high risk 
for falls or cognitive impairment”. A 2014 systematic review of benzodiazepines 
for the treatment of neuropsychiatric symptoms in major NCD included 5 RCTs, 
all of which compared benzodiazepines (alprazolam, diazepam, lorazepam or 
oxazepam) to another psychotropic drug (most often an antipsychotic 
drug).[196] Only one of the studies included a placebo arm. Due to the 
significant heterogeneity, no meta-analysis could be performed. No difference 
in the efficacy of benzodiazepines compared to the other treatments was seen in 
either study. In the study including a placebo arm, both lorazepam and 
olanzapine were superior to placebo in acute efficacy (2 hours) but only the 
antipsychotic drug remained superior at later measurements.[197] Tolerability 
analyses showed that benzodiazepines had similar dropout rates and adverse 
effects as their comparator, except that sedation was more common (2 studies) 
and motor symptoms less common (1 study) in patients treated with 
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benzodiazepines. The main conclusion drawn by the authors was that there is a 
severe lack of evidence in the support of benzodiazepines in the treatment of 
neuropsychiatric symptoms in patients with major NCD.[196] In a 2007 
literature review and practice guideline for the treatment of patients with major 
NCD, conducted by the American Psychiatric Association, it was concluded that 
”Benzodiazepines may have a higher likelihood of side effects and a lower 
likelihood of benefit than antipsychotics; nonetheless, they are occasionally 
useful in treating agitation in certain patients with dementia, particularly those 
in whom anxiety is prominent.”[198, 199] 

Prevalence of use 

According to official statistics from the PDR,[139] 10.4% of the Swedish 
population aged 65 years and older used anxiolytic drugs and 19.1% used 
hypnotic drugs in 2019. Both classes were more commonly used by women than 
men; 12.9% vs. 7.5% for anxiolytics; 23.4% vs. 14.0% for hypnotics). In the same 
year, 21.1% of people aged 85 years and older used anxiolytics and 33.7% used 
hypnotics (women vs. men; 23.9% vs. 16.1% for anxiolytics; 36.9% vs. 27.7% for 
hypnotics). 

The use of anxiolytics and hypnotics is less strongly associated to major NCD 
and residential care, than is the use of antipsychotics and antidepressants. A 
nationwide Finnish study from 2014 investigated the use of benzodiazepines 
and Z-drugs in people aged ≥ 70 years, with and without a diagnosis of 
Alzheimer’s disease, and found prevalences of 29% and 27% respectively.[27] 
Women more often used benzodiazepines and Z-drugs than men, 31% vs. 26% 
in people with Alzheimer’s disease and 30% vs. 21% without. A Swedish study 
conducted 2005-2006 included people aged 85 years and older, and found that 
36.8% of people with major NCD used anxiolytic and/or hypnotic drugs, 
compared to 31.4% of those without cognitive impairment.[181] A Swedish 
register study of people aged ≥ 65 years found that in 2008, 33.8% of people in 
residential care facilities used hypnotics, compared to 14.6% of community-
dwelling people.[183]  
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Adverse Effects of Psychotropic Drugs 

Background 

As a physician, my two main concerns when deciding what treatment to 
recommend, or whether to treat at all, when a clinically significant symptom or 
disease emerges in a patient are; does the treatment have a good chance to be 
helpful, and; is there a risk of the treatment inflicting harm to the patient? 
When it comes to pharmacological treatment of psychiatric symptoms in old age 
the evidence of efficacy ranges from non-existent to strong, and the effect sizes 
are generally small, as previously described in detail. So, lets move on to the 
question of harmfulness, the risk of adverse drug effects. 

Adverse drug reactions range from minor (e.g. a mild passing nausea) to serious 
(e.g. life-threatening arrhythmias), can be dose-related (e.g. digoxin toxicity) or 
not (e.g. penicillin hypersensitivity), can be related to the pharmacological 
action of the drug or not (the former being more common and predictable), and 
can present during different time points during or after treatment (e.g. opiate 
withdrawal syndromes).[200] Depending on the seriousity, probability and 
other qualities of the adverse events of a certain drug, monitoring procedures 
and management strategies must be applied. For dose-related adverse effects of 
drugs with a narrow therapeutic index (e.g. carbamazepine, digoxin and 
warfarin), direct or indirect measures of the drug concentrations must be 
measured in blood samples,[201] and for QT prolonging drugs (many antibiotic 
and psychotropic drugs) electrocardiography should be performed before and 
after initiation of treatment.[202] Some adverse effects can be handled through 
dose reductions, whereas others may persist even after the termination of 
treatment, sometimes indefinitely (e.g. tardive dyskinesia induced by long-term 
use of antipsychotics).[121] The best sources of estimating the range, severity 
and probability of adverse effects of a certain drug are the clinical trials of that 
drug, given that those trials are placebo-controlled RCTs and that adverse 
effects are thoroughly investigated through valid measures, since the RCT 
design is superior in determining causality. Many drug trials, however, do not 
routinely report suspected adverse events, and when they do, it is too often 
through non-standardised and non-structured assessments, or crude 
measurements such as comparing the number of dropouts in the placebo and 
treatment groups.[203] A review from 2018, including 33 studies of different 
methods of obtaining data on adverse events from participants in drug trials, 
found a large impact of the type of questions asked on what symptoms were 
reported.[204] Another problem in detecting adverse effects in clinical trials is 
if the adverse effect occurs rarely or late during treatment, since the relatively 
small samples and short follow-up times in many clinical trials means that 
adverse effect can go unnoticed, even if clinically relevant. Performing meta-
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analyses of adverse events reported in clinical trials can certainly increase the 
sensitivity, but requires uniform and standardised reporting in the included 
studies.[203] Also, subgroups at high risk of adverse events, e.g. people of old 
age and people with major NCD, are often underrepresented in drug trials.[203]  

Due to the limited amount of data available from drug trials concerning adverse 
effects of psychotropic drugs in old age (and the amount of resources needed to 
fill that gap through new drug trials, unlikely to be sponsored by the 
pharmaceutical industry), much work has been done to obtain knowledge 
through observational studies. More and more data are now being gathered in 
various health care databases, allowing for analyses of large cohorts, increasing 
the possibility to detect rarely occurring events.[205] However, in a register 
study the researcher is not free to design the process and the content of the data 
collection, which leaves uncertainty about the validity of the measurements of 
interest, which forms of bias might influence loss of data, and what impact on 
the results unknown confounders might have. In addition, whether a 
participant of an observational study receives a particular treatment or not is 
due to chance, as in a RCT, but rather the result of their morbidity status and 
many other factors, conditions likely to also impact the outcome of interest. The 
subject of bias and confounding in medical research is vast field and has been 
explored and discussed for a long time. It is beyond the scope of the current 
thesis to include a review of this field, even though much of it is relevant to our 
studies. Some of the types of confounding are more consistently prevalent in 
epidemiological studies of adverse events, however, and are also seldom 
addressed or handled by the authors. Hence, these mechanisms of confounding 
deserve explanation before we go into detail on the results and conclusion of 
these studies. 

Confounding occurs when other factors than the ones of interest are in fact 
responsible for part of the effect or association seen, e.g. between an exposure 
and an outcome. If we want to study the association between variable X and Y, 
and there is a variable Z that is associated with both X and Y, we must take 
variable Z into consideration if we are to make a true calculation of the 
association between X and Y. This can be done through controlling for variable 
Z in multivariable analyses, by restricting our sample according to a certain 
range of Z, or by stratification. A commonly occurring situation, however, is that 
variable Z is un-measured, either because data on Z is unavailable or that we do 
not suspect it to be associated with X and Y and do not acknowledge it. If this is 
the case, there is a presence of residual confounding, commonly occurring in 
epidemiological studies. Residual confounding can also occur if the 
measurement of variable Z is not precise enough, hence not capturing the 
variability and impact of Z. Confounding by indication is often encountered in 
pharmaco-epidemiological studies. It occurs if we want to study the effect of 
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drug X on outcome Y and there is a disease Z that leads to the use of drug X and 
the incidence of outcome Y. If not carefully considered we might wrongly 
conclude that outcome Y is a causal effect of drug X, where it is in fact the 
indication for the drug that exerts the effects leading to the outcome. An 
extreme case of wrongly attributing causality to an observed association is 
reverse causality. If we extend the previous example, it happens if outcome Y, 
(the effect of disease Z) leads to the use of drug X. A study design that does not 
take temporality into consideration might lead to conclusions influenced by 
reverse causality.[16, 17, 206, 207] 

In the current thesis we are not investigating subjective and minor adverse 
outcomes, but rather two so called hard outcomes; mortality and hip fracture.  
The rationales for this are:  

(1) Severity. Mortality is quite obvious, as clinicians we should at least try not to 
kill our patients. This does not necessary mean that all treatments that impose 
an increased risk of mortality are off the table, but if we can increase the 
knowledge on whether this is the case or not, this certainly makes a difference 
in our decisions on whether to recommend a treatment or not, and the possible 
gains of the treatment would have to be higher. Hip fracture is a serious, often 
life-threating event, and its incidence increases with age.[208, 209] In old age 
hip fracture is most commonly the result of a low energy trauma, often a fall 
incidence, in combination with a decreased bone mineral density.[210] Hip 
fracture almost always leads to surgery, which is a risk in itself, and after 
rehabilitation many patients do not reach their previous level of function and 
independence.[211] 

(2) Associations in previous studies. Most psychotropic drugs have been 
associated with increased mortality, but except for antipsychotics where there is 
strong evidence in support of causality from placebo-controlled RCTs, most 
data comes from epidemiological studies, vulnerable to confounding and bias. 
Associations between the use of psychotropics and falls and fracture have also 
been seen in numerous studies. Even though there is no evidence from placebo-
controlled RCTs to support causality, the amount of epidemiological data is by 
many viewed as strong enough support of the theory that psychotropic drugs 
actually cause falls and fractures.  

(3) Studiability. Mortality as well as hip fracture are incidents less prone to 
misclassification than most. They are both dichotomous, seldom unnoticed, and 
almost always lead to a contact with either health care and/or a government 
body, which in turn record the incident. Would we study fall incidents instead of 
hip fracture, we would have to account for a significant amount of data loss, 
which in turn very well might be biased. 
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Antipsychotics 
The use of antipsychotics in patients with major NCD is associated with several 
adverse effects, which has been noted and discussed ever since the early 
studies.[132, 212] Early treatment studies reported common adverse effects 
easily detected by the researchers, such as drowsiness, hypotension, 
parkinsonism and dropouts due to adverse effects, but adverse effects were 
seldom investigated thoroughly and described in detail.[132-134, 213] The fact 
that antipsychotics in higher doses can have adverse effects on patients and also 
impede their ability to report these effects is commented on in an early study 
where the patients were given 150-225 milligrams of chlorpromazine daily: “It 
was very noticeable that patients on treatment looked ill, with pinched, drawn 
faces, and pallor, though there was no subjective complaint.” 

While atypical antipsychotics as a group induce less motor symptoms than do 
conventional, as discussed earlier, they are more likely to exhibit other adverse 
effects. In a 2015 systematic review of studies of adverse effects of antipsychotic 
drug use in adults, high prevalences were found for many endpoints.[119] 
Sexual dysfunction was reported by 49-59% of men and by 25-49% of women. 
The metabolic syndrome was found in 23-50%, equally common in women and 
men, clozapine and olanzapine showing the highest risks. Other cardiovascular 
risk factors, i.e., type 2 diabetes, dyslipidaemia, hypertension and obesity were 
also highly prevalent and strongly associated with antipsychotic drug use.[119] 

A Cochrane systematic review of placebo-controlled RCTs of haloperidol, the 
most commonly used conventional antipsychotic, for neuropsychiatric 
symptoms of major NCD was based on data from five studies.[136] All-cause 
dropouts did not differ between groups (OR, 1.00; 95% CI, 0.68-1.46), whereas 
dropouts due to adverse effects favoured placebo (OR, 2.52; 95% CI, 1.22-5.21). 
Extrapyramidal symptoms (OR, 2.34; 95% CI, 1.25-4.38), somnolence (OR, 
4.20; 95% CI, 1.78-9.91), and fatigue (OR, 5.39; 95% CI, 2.04-14.22) were more 
common in those receiving active treatment, whereas no difference was seen in 
risk for endocrine symptoms, drooling, parkinsonian gait, dry mouth, dizziness, 
akathesia, rigidity, dyskinesia, drowsiness, bradykinesia, and tremor. The 
reporting of adverse effects differed between the included studies, hence the 
meta-analyses of specific adverse effects suffered from power problems 
increasing the risk for type II errors, false negative results. 

In a 2006 meta-analysis and systematic review of the efficacy and adverse 
effects of atypical antipsychotics for major NCD, 15 RCTs were included.[137] 
The studied drugs were aripiprazole (3 studies), olanzapine (5 studies), 
quetiapine (3 studies), and risperidone (4 studies). No difference in all-cause 
dropouts was seen between active treatment and placebo groups (32.2% vs. 
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32.4%). Several adverse outcomes were analysed: Somnolence, falls, injury, 
syncope, extrapyramidal effects, abnormal gait, edema, urinary tract infections 
and cognitive decline. Seven of the included studies reported changes in MMSE 
scores, and the meta-analysis was in favour of placebo with a weighted mean 
difference of 0.73 (95% CI, 0.38-1.09; MMSE range 0-30). When studying the 
individual drugs the results were only significant for aripiprazole and 
risperidone, but the trend was similar for all four drugs. All four drugs increased 
the risk of somnolence, with the highest OR shown for olanzapine at 4.0 (95% 
CI, 2.27-7.04), and an OR of 2.84 (95% CI, 2.25-3.58) for all drugs, based on 13 
studies. The risk of extrapyramidal effects was increased for risperidone (OR, 
1.80; 95% CI, 1.35-2.42), but not for the other 3 drugs, resulting in an OR of 1.51 
(95%, 1.20-1.91) for all drugs, based on 11 studies. Abnormal gait was reported 
in 5 studies, with higher incidence in the treatment groups (OR, 3.42; 95% CI, 
1.78-6.56). Eight studies reported edema, where the risk was increased in 
treatment with risperidone and olanzapine (all drugs OR, 1.99; 95% CI, 1.20-
3.30). The risk for urinary tract infections was increased in analysis of all drugs 
together (8 studies; OR, 1.28; 95% CI, 1.02-1.61), but not in the analyses of each 
of the individual drugs.[137] 

A 2019 meta-analysis based on data from 597 placebo-controlled RCTs of 
atypical antipsychotic drugs investigated short-term serious adverse events.[22] 
Adverse events were defined as serious if they: resulted in death, were life-
threatening, required inpatient hospitalisation or prolonged existing 
hospitalisation, resulted in persistent or significant incapacity or disability, or 
were congenital anomalies/birth defects. Analyses showed that active treatment 
increased the risk of somatic adverse events (314 studies; OR, 1.24; 95% CI, 
1.08-1.42), but decreased the risk of psychiatric adverse events (314 studies; OR, 
0.64; 95% CI, 0.58-0.71) and any adverse event (368 studies; OR, 0.83; 95% CI, 
0.77-0.89). Subgroup analyses were conducted for somatic serious adverse 
events. Age groups analyses showed that patients > 65 years old had a higher 
risks than adults and children (23 studies; OR, 1.56; 95% CI, 1.22-1.98). In 
analyses of different indications for treatment, studies of patients with major 
NCD showed an increased risk for serious somatic adverse event imposed by 
active treatment (15 studies; OR, 1.59; 95% CI, 1.23-2.04). No statistically 
significant differences in risk between conventional and atypical antipsychotics, 
and between the individual drugs were seen. Despite the large amount of data, 
no sex or gender analyses were performed.[22] 

The American Psychiatric Association conducted a systematic review of the 
treatment of agitation and psychosis in major NCD, based on the available 
evidence as of January 2015, and it included data from 45 RCTs and many 
observational studies of antipsychotic drugs.[23] The authors concluded that 
the strength of evidence for most adverse effects of antipsychotics in elderly 
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people with major NCD is low, with some exceptions. Further, they were critical 
towards the inconsistent reporting of adverse effects in RCTs and the large risk 
of confounding and bias in available observational studies. Some of their 
findings are presented in Table 4. 

Table	4	Quality	of	the	body	of	evidence	for	adverse	effects	of	atypical	antipsychotics	
versus	placebo	in	patients	with	neuropsychiatric	symptoms	of	major	NCD	
	 Overall	strength	

of	evidence	 Comments	
Mortality	 High1,	Moderate2	 12	RCTs	and	25	observational	studies	included.	No	difference	in	risk	

between	individual	atypical	antipsychotics	based	on	RCTs.	Small	
effect	size.	Dose-response	relationship	shown	in	two	observational	
studies.	Risk	of	bias	in	included	observational	studies	rated	as	
moderate	to	high.	

Falls	and	hip	
fractures	

Low	 12	RCTs	and	4	observational	studies	included.	No	increased	risk	in	
data	from	RCTs,	which	use	inconstant	reporting.	Small	risk	shown	in	
observational	studies.	Risk	of	bias	in	included	observational	studies	
rated	as	high.	

Cerebrovascular	
accidents	

Low	 11	RCTs	and	15	observational	studies	included.	Risk	shown	for	
risperidone	and	olanzapine	in	RCTs3	Wide	confidence	intervals	and	
inconsistent	reporting	in	RCTs.	Risk	of	bias	in	included	observational	
studies	rated	as	high.	

Cardiovascular	
events	

Low	 15	RCTs	and	2	observational	studies	included.	Risk	shown	for	
risperidone	and	olanzapine	in	RCTs.3	Small	effect	size.	Risk	of	bias	in	
included	observational	studies	rated	as	high.	

Cognitive	
effects	

Low	 7	RCTs	and	2	observational	studies	included.	Small	effect	size.	
Inconsistent	findings.	Inconsistent	reporting.	Risk	of	bias	in	included	
observational	studies	rated	as	high.	

Sedation	 Moderate	 29	RCTs	included.	Risk	shown	for	all	studied	atypical	antipsychotics.	
Moderate	effect	size.	Consistent	findings.		

Extrapyramidal	
effects	

Moderate	 13	RCTs	and	3	observational	studies	included.	Risk	shown	for	
risperidone	and	olanzapine	in	RCTs.	3	Small	to	moderate	effect	size.	
Risk	of	bias	in	included	observational	studies	rated	as	high.	

NCD,	neurocognitive	disorder;	RCT,	randomised	controlled	trial	
1	For	atypical	antipsychotics	vs.	placebo,	and	for	conventional	vs.	atypical	antipsychotics	
2	For	haloperidol	vs.	risperidone,	and	for	risperidone	vs.	quetiapine	
3	A	smaller	number	of	participants	in	the	studies	of	aripiprazole	and	quetiapine	than	in	those	of	olanzapine	
and	risperidone	might	in	part	explain	the	lack	of	significant	results	for	the	former	drugs.	
Based	on	The	American	Psychiatric	Association	Practice	Guideline	on	the	Use	of	Antipsychotics	to	Treat	
Agitation	or	Psychosis	in	Patients	With	Dementia	(Reus	et	al.	2016).		
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Mortality 

In 2005, a meta-analysis of the risk of death with antipsychotic drug treatment 
for major NCD was published.[25] Based on data from 15 placebo-controlled, 
double-blinded RCTs of the atypical antipsychotics aripiprazole, olanzapine, 
quetiapine and risperidone, it reported an increased mortality risk with an OR 
of 1.54 (95% CI, 1.06-2.23). The pooled incidence of death was 3.5% in the 
active treatment groups and 2.3% in the placebo groups. The absolute risk 
difference was 1% (95% CI, 0.4-2.0%). Neither of the included studies reported 
an increased risk of death, and in the meta-analyses of each of the studied 
drugs, no statistically significant increased mortality was seen, highlighting the 
difficulty of detecting uncommon adverse incidents in treatment studies. The 
same year, the U.S. Food and Drug Administration issued a warning that 
atypical antipsychotic drugs increases mortality in patients with major NCD, 
based on their own unpublished data from 17 RCTs. Following the warning, 
antipsychotic drug prescriptions to patients with major NCD dropped by 19% in 
the U.S.[214] A 2006 RCT of atypical antipsychotics in patients with 
Alzheimer’s disease has been conducted since, and it did not find higher 
mortality in those treated with olanzapine, quetiapine or risperidone, compared 
to placebo.[215] To our knowledge, no other studies of antipsychotics and 
mortality based on data from RCTs have been conducted, including no reports 
of increased mortality in clinical trials of conventional antipsychotics. 

There are many studies of antipsychotic drug use and mortality based on 
observational data, many of which show stronger associations than the risk 
shown in higher quality data. Maust et al. performed a matched retrospective 
cohort study in people aged ≥ 65 years with major NCD.[216] The study was 
extensively adjusted in the matching process and in the analyses. The absolute 
effects on 180-day mortality following a new prescription of 4 selected 
antipsychotics were investigated. Haloperidol users had a mortality of 20.7% 
compared to 8.4% of their matched controls. From multivariable regression 
models, numbers needed to harm (NNH; how many patients you have to treat 
to cause one death) were calculated, which was 26 for haloperidol. The 
corresponding figures for the other studied antipsychotics were: Olanzapine 
(13.9% vs. 9.8% mortality; NNH, 40), quetiapine (11.8% vs. 8.2% mortality; 
NNH, 50), and risperidone (13.9% vs. 7.8% mortality; NNH, 27). The 
conclusion of the authors was that the effect of antipsychotics on mortality 
might be higher than previously reported.[216] The possible influence of 
confounding and bias in the study design was mentioned briefly and not 
discussed further, which has been criticised.[217] Mortality associated with 
antipsychotics has also been studied in large registers, with minimal control 
over possible confounders. One example is a Swedish nationwide population-
based case-control study of people aged 65 years and older.[218] People who 
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died outside of a hospital 2008-2013 were matched by age and sex to survivors, 
and their drug use in the 90 days prior was investigated. Drugs were selected 
based on their potential to cause QT prolongation, including most 
antipsychotics. Adjusted analyses showed that the use of any antipsychotic drug 
was strongly associated with mortality (OR, 2.98; 95% CI, 2.92-3.04). The 
mortality risks associated with the most commonly used individual 
antipsychotic drugs were: haloperidol, (OR, 4.63); risperidone (OR, 2.93); and 
olanzapine (OR, 2.02). The authors discussed the limitations of the study 
design, that the indications for treatment were not known, but did not relate 
their figures to the lower ORs seen in treatment studies. They also fail to 
mention that haloperidol is commonly used in the treatment of symptoms in 
palliative care in Sweden, something that might explain the strong association 
with mortality in the study. In a retrospective cohort study, associations 
between antipsychotic treatment and short-term serious events were 
investigated in old people with major NCD.[219] The register-based study 
included just over 40,000 individuals, half of whom were community-dwelling 
and the other half nursing home residents, and was extensively matched using 
propensity scores. An increased risk of any serious event, defined as death or 
hospital admission within 30 days of initiation of treatment, was seen for users 
of conventional (OR, 3.8; 95% CI, 3.3-4.4), as well as of atypical antipsychotic 
drugs (OR, 3.2; 95% CI, 2.8-3.7). The risk associated with drug use was 
considerably higher in the community-dwelling than in the nursing home 
residents. The authors briefly mention the possibility of residual confounding 
and selection bias in their discussion, but come to the rather bold conclusion 
that their study is likely to underestimate the true risk of serious adverse event 
attributable to antipsychotics in old people of major NCD.[219] 

A large retrospective study cohort study of people aged ≥ 65 years investigated 
mortality in users of conventional and atypical antipsychotics, and found that 
conventional antipsychotics posed a relative risk (RR) of death within 180 days 
of 1.37 (95% CI, 1.27-1.49) compared to atypicals.[220] However, being an 
observational study with significant group differences in several background 
characteristics, including sex distribution and the prevalences of ischemic heart 
disease and major NCD, it is impossible to rule out residual confounding and 
confounding by indication, the latter being highly probable since haloperidol, 
often used to treat nausea and delirium in palliative care,[221] was one of the 
most commonly used conventional antipsychotics. Several other cohort studies, 
comparing elderly users of conventional and atypical antipsychotics, have also 
found the mortality rates to be higher in users of conventional antipsychotics, 
mainly haloperidol.[220, 222, 223] 

An overview of some of the studies of antipsychotics and mortality is presented 
in Table 5. 
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Table	5	Antipsychotic	drugs	and	all-cause	mortality,	selected	studies	

	
Design	 Exposure	 Participants	 Mortality	

OR	(95%	CI)	
Comments	

Schneider	et	
al.,	2005	[25]	

15	RCTs,	
meta-analysis,	
nursing	
homes	and	
outpatients	

3	AAPs	
(Ari,	Ola,	
Que,	Ris)	
or	Pl	

3,353	AT,	
1,757	Pl,	
all	major	NCD	
	

1.54		
(1.06-2.23)	

6-26	week	follow-up	
time.	No	significant	risks	
for	individual	drugs,	but	
similar	trends.	

Schneider	et	
al.,	2006	[215]	

RCT,	
outpatients	

3	AAPs	
(Ola,	Que,	
Ris)	or	Pl	

279	AT,		
142	Pl,	
all	major	NCD	

0.85		
(0.20-3.62)	

36-week	follow-up	time.	

Maust	et	al.,	
2015	[216]	

Matched	
retrospective	
cohort	study,	
outpatients	

1	CAP	
(Hal),	3	
AAPs	(Ola,	
Que,	Ris)	

15,071	pairs,	
all	major	NCD	

1.76		
(1.64-1.90)1	

180-day	follow-up.	
Increased	risks	for	all	
individual	drugs,	with	
the	highest	risk	shown	
for	Hal,	followed	by	Ris.	

Danielsson,	
2016	[218]	

Register-
based	case-
control	study,	
population-
based	

All	CAPs	
and	AAPs.	

133,874	users	
≥	65	years	

2.98	
(2.92-3.04)	

Matched	on	the	
outcome.	Exposure	
investigated	up	to	90	
days	prior.	7,5%	major	
NCD	
	

OR,	odds	ratio;	CI,	confidence	interval;	RCT,	Randomised	controlled	trial;	AAP,	atypical	
antipsychotic	drug;	Ari,	aripiprazole;	Ola,	olanzapine;	Que,	quetiapine;	Ris,	risperidone;	Pl,	
placebo;	AT,	active	treatment;	NCD,	neurocognitive	disorder;	CAP,	conventional	antipsychotic	
drug;	Hal,	haloperidol	
1	Not	given	by	the	original	authors,	but	calculated	from	their	raw	data.	

 

There is limited data on whether there is a difference between men and women 
concerning the mortality risk posed by antipsychotics drugs. A 2013 population-
based cohort study of people aged > 65 years with a diagnosis of major NCD did 
not analyse men and women separately, but compared them.[224] Following a 
new prescription of an antipsychotic, 30-day mortality and hospital admissions 
were analysed. The 30-day mortality was 4.6% in men and 2.6% in women. Also 
hospital admissions occurred more commonly in men (8.4% vs. 5.9%). The 
outcomes analysed together showed an adjusted OR of 1.47 (95% CI, 1.33-1.62) 
for men to suffer a serious event, compared to women. The authors concluded 
that elderly men with major NCD are at a higher risk of experiencing a serious 
event, including death, following initiation of antipsychotics, than are women, 
but that the possibility of sex-associated confounding makes it impossible to say 
that men are more vulnerable to adverse effects of antipsychotics.[224] 
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Falls and fractures 

We have found no convincing evidence of an increased risk of falls, any fracture, 
or hip fracture in data from placebo-controlled RCTs of antipsychotic drugs. 
Falls and fractures are not routinely investigated and reported in RCTs, but 
there are some recordings of interest. A 2006 placebo-controlled RCT of 
atypical antipsychotics in patients with Alzheimer’s disease reported falls, 
fractures, and injuries together, which occurred in 17% of those treated with 
olanzapine, 15% in the quetiapine group, 12% in risperidone users, and in 15% 
of those receiving placebo (p = 0.16).[215] In the same study, no increased risks 
of several conditions likely to predispose patients to falls and fractures, i.e., 
dizziness, gait disturbance, motor disturbance or dyskinesia, were seen in 
participants randomised to antipsychotic treatment. In a meta-analysis of 15 
RCTs of atypical antipsychotics for major NCD, no increased risks of 
injury/accidental injury, falls, or syncope were seen in any of the four studied 
drugs or in all drugs analysed together. The OR for injury/accidental injury was 
0.93 (95% CI, 0.78-1.11), but the figures for syncope and falls were not 
shown.[137] In secondary analyses of data from a placebo-controlled RCT of 
three dosage regimes of risperidone for nursing home residents with major 
NCD and psychosis or agitation, falls were investigated.[225] The highest 
proportion of patients who fell was seen in those randomised to 2 milligrams 
(mg) risperidone daily (27.3%), followed by placebo (22.3%), and risperidone 
0.5 mg (18.0%). The lowest incidence was seen in the 1.0 mg risperidone daily 
group (12.7%), which was the only statistically significant result. In sensitivity 
analyses, where patients with or without baseline wandering behaviour were 
analysed separately, the protective effect of risperidone 1.0 mg against falls was 
seen only in those with moderate or severe wandering at baseline (Hazard Ratio 
[HR], 0.28; 95% CI, 0.12-0.67), whereas no increased or decreased risks were 
seen in other doses or in those with no or mild wandering at baseline.[225]  

In a 2018 systematic review and meta-analysis of associations between 
psychotropic drugs and falls, 75 studies of antipsychotics were included, 24 of 
which showed an association with an increased risk of falls.[21] Only 3 RCTs 
were included, neither of which found an increased risk of falls in the active 
treatment groups.[225-227] The meta-analysis included 16 of the studies and 
the adjusted analysis found an increased risk of falls associated with 
antipsychotic treatment (pooled OR, 1.54; 95% CI, 1.28-1.85).[21] A prospective 
fall-registration study was performed at a psychogeriatric hospital ward, where 
a geriatrician and a physiotherapist analysed the circumstances surrounding 
each fall event during two years.[228] Almost half (45%) of the 298 falls were 
considered being precipitated by antipsychotic drugs, and falls were also 
commonly attributed to the use of antidepressants (10%) and benzodiazepines 
(26%). Even though the study was conducted at a ward specialising in the 



 

34 

management of neuropsychiatric symptoms of major NCD, the only psychiatric 
symptom specified as a possible cause of falls was delirium, a circumstance that 
makes the study highly susceptible to confounding by indication. 

Associations between antipsychotic drug treatment and hip fracture have been 
found in several observational studies, many of which have been included in 
recent meta-analyses.[229, 230] Papola et al. performed a meta-analysis of 24 
studies of the association between antipsychotic drug exposure and hip fracture, 
mainly in people aged > 65 years, and reported an OR of 1.57 (95% CI, 1.42-
1.74). The ORs in the individual studies, published between 1994 and 2017, 
ranged from 0.79 (95% CI, 0.23-2.71) to 3.60 (95% CI, 1.30-9.97). In subgroup 
analyses no difference in the risk was seen in men vs. women (p = 0.88), 
conventional vs. atypical antipsychotics (p = 0.08), or low vs. medium vs. high 
dosages (p = 0.11). Seven studies contributed to the meta-analysis of the 
secondary outcome any fracture, which also showed an increased risk 
associated with the use of antipsychotics (OR, 1.17; 95% CI, 1.04-1.31). The 
authors assessed the quality of the evidence and concluded that the quality of 
evidence was low for the outcome of hip fracture and very low for any 
fracture.[230] In another meta-analysis of 19 observational studies, Lee et al. 
found an association between antipsychotic use and any fracture, which was 
stronger among older people, and for the outcome of hip fracture. In subgroup 
analyses of individual drugs, the weakest associations were found for the 
atypical antipsychotics risperidone (6 studies; OR, 1.24; 95% CI, 0.95-1.62) and 
quetiapine (3 studies; OR, 1.47; 95% CI, 0.82-2.64), and the strongest for the 
conventional antipsychotics chlorpromazine (3 studies; OR, 2.01; 95% CI, 1.43-
2.83) and haloperidol (5 studies; OR, 1.93; 95% CI, 1.35-2.76). However, as the 
authors point out, the apparent differences in risk between the drugs might be 
due to confounding by indication and heterogeneity among the studies.[229]  
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Antidepressants 
Antidepressant drugs (N06A) is a large group including over 60 drugs with 
different pharmacological properties.[101] Therefore, a complete and thorough 
overview of all serious and commonly occurring adversities associated with 
antidepressants is no small feat, and beyond the scope of this thesis. Hence, a 
pragmatic approach of mainly presenting findings related to antidepressants 
commonly used in old age has been chosen. MAO inhibitors are rarely used 
today, and the use of TCAs is limited, when the market is largely dominated by 
SSRIs.[149] As previously described, each new generation of antidepressant 
drugs has been marketed as being superior to the previous regarding 
tolerability, rather than efficacy.  

TCAs exhibit significant anticholinergic properties such as dizziness and 
cognitive impairment, and are also sedative.[100, 231] SSRIs lack the marked 
sedative effects and anticholinergic effects of TCAs, but have been shown to be 
associated with several other adversities. Common side effects of SSRIs, as well 
as other classes of antidepressants also exhibiting serotonin reuptake inhibition, 
include sexual dysfunction, dry mouth, somnolence, insomnia, gastrointestinal 
symptoms, and worsened psychiatric symptoms during introduction and 
withdrawal.[159, 232] Potentially life threatening adverse effects attributable to 
SSRIs include serious bleeding events, hyponatremia, arrhythmias and 
serotonergic syndrome.[159, 231, 233] Antidepressants with noradrenergic 
properties (MAOs, TCAs, SNRIs, NaSSAs, NRIs, and NDRIs) exhibit 
cardiovascular side effects such as tachycardia and hypertension, as well as 
sweating and to various degrees insomnia.[234] 

The rate and severity of adverse effects of commonly used antidepressants have 
not been high enough to reflect in significantly higher dropout rates in RCTs, as 
shown in previously described meta-analyses of studies of adults,[158] and of 
elderly patients.[167] Outside of the setting of a clinical trial, however, 
adherence of antidepressant drug treatment have been shown to be low and 
concerns about antidepressant side effects one of the most commonly stated 
reasons for discontinuation.[235] In studies of treatment of depression in major 
NCD comorbidity, dropout rates have been higher among those receiving active 
treatment (OR, 1.50; 95% CI, 1.07-2.14), as shown in a meta-analysis of 9 RCTs 
(5 SSRI, 3 TCA, 1 NaSSA, 1 SNRI).[175] Any adverse event (OR, 1.55; 95% CI, 
1.21-1.98), dry mouth (OR, 1.80; 95% CI, 1.23-2.63), and dizziness (OR, 2.00; 
95% CI, 1.34-2.98) were more common in the active treatment groups, whereas 
no differences in cognitive decline, dependency in activities of daily living 
(ADL), fatigue, or constipation were seen.[175] In a recent RCT of the effects of 
the SSRI citalopram on agitation in Alzheimer’s disease, tolerability was high 
concerning dropout rates and most adverse effects, but MMSE scores at 9 weeks 
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showed cognitive decline in the active treatment group, and among the 
subcohort tested with electrocardiogram, QT prolongation (increasing the risk 
of arrhythmias) appeared in 12.5% of participants of the citalopram group, 
compared to 4.3% in the placebo group.[178] 

A systematic review and meta-analysis of adverse effects of antidepressants in 
depressed patients aged ≥ 65 years included 19 RCTs.[236] All participants 
were community-dwelling, and patients with significant psychiatric 
comorbidities (including major NCD) were excluded. Analyses of the data from 
the 7 RCTs comparing SSRIs (escitalopram, fluoxetine, citalopram, and 
paroxetine) to placebo showed that active treatment increased the risk of 
discontinuation due to adverse events during the acute treatment phase (< 12 
weeks; RR, 2.90; 95% CI, 1.16-5.06), but not during the continuation phase (12 
to 48 weeks; RR, 0.58; 95% CI, 0.17-1.92) and the maintenance phase (> 48 
weeks; RR, 0.81; 95% CI, 0.31-2.11). No difference in the actual occurrence of 
adverse events in the acute phase was found (RR, 1.07; 95% CI, 0.98-1.16), and 
in the continuation phase escitalopram caused less adverse effects than placebo 
(12 to 48 weeks; RR, 0.69; 95% CI, 0.53-0.90). No increased risks of any of the 
investigated secondary outcomes (hypertension, orthostatic hypotension, 
mortality, suicide, change in cognitive function, weight change, and “serious 
adverse events”) were found. Four trials investigated SNRIs (duloxetine, and 
venlafaxine) versus placebo. SNRIs increased the risk of any adverse event (RR, 
1.14; 95% CI, 1.03-1.25), and of discontinuation due to adverse events (RR, 1.85; 
95% CI, 1.05-3.27). Both figures refer to the acute treatment phase during which 
no increased risks of falls, fractures, mortality or QT prolongation were seen. 
Duloxetine lowered the risk of “serious adverse events” based on the data of two 
studies (RR, 0.20; 95% CI, 0.04-0.97). One study of duloxetine reported the 
acute and continuation phase together and found an increased risk of 
discontinuation due to adverse events (RR, 2.64; 95% CI, 1.21-5.73).[237] The 
authors concluded that the reporting of adverse events was inconsistent and 
that each analysis of the specific outcomes therefore was based on data from a 
minority of the included studies. Since the individual studies also had few 
participants, the strength of evidence was rated as insufficient for many of the 
outcomes.[236] 

Mortality 

We have found no data from RCTs indicating that any contemporary 
antidepressant agent increases mortality in elderly patients, but the amount of 
data is very scarce. There are, however, several observational studies showing 
an association between antidepressant drug use and increased mortality in 
elderly people. A large cohort study of people aged 65 and over with diagnosed 
depression was followed for maximum of 13 years, during which data on 
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antidepressant drug use and several potential adverse outcomes were 
registered.[233, 238] In analyses adjusted for a wide range of covariates, all 
studied classes of antidepressants were associated with increased all-cause 
mortality (TCAs, HR, 1.16; SSRIs, HR, 1.54; other antidepressants, HR 1.66; 
Table 6). Analyses of associations in different time frames after initiation of 
treatment revealed the mortality risk to be most elevated during the 4 first 
weeks, for all three groups of antidepressants. After 4 weeks the risk diminished 
and after 12 weeks antidepressant drug treatment was associated with a 
decreased risk of all cause mortality. Positive dose-response trends were seen 
for TCAs and SSRIs, but not for other antidepressants. In analyses of individual 
drugs, the SARI trazodone showed the strongest association to mortality (HR, 
1.82; 95% CI, 1.59-2.08), followed by the other antidepressant mirtazapine (HR, 
1.76; 95% CI, 1.62-1.91). The only drug not associated with an increased 
mortality risk was the TCA dosulepin.[238] In the Swedish register study of 
mortality associated with the use of QT prolonging drugs, previously mentioned 
in the section on antipsychotics and mortality, antidepressant drugs were also 
included in the analyses.[218] Adjusted analyses showed that use of any 
antidepressant drug was associated with increased mortality (OR, 1.62; 95% CI, 
1.60-1.63). The mortality risks associated with the most commonly used 
individual antidepressant drugs also showed the strongest associations: 
citalopram, (OR, 1.56); mirtazapine (OR, 1.67); and sertraline (OR, 1.37). 

There are some studies indicating an increased mortality risk in users of 
antidepressants in people with major NCD. In a large register study of 
associations between psychotropic drug use and all-cause mortality, analyses 
were performed in people with major NCD and their closely matched controls 
with no diagnosis of major NCD.[26] In both cases and controls, the use of 
SSRIs was associated with increased mortality, but association was weaker in 
people with major NCD (HR, 1.36 vs. HR, 1.81). In users of TCAs, no association 
was seen in cases, whereas an increased risk was seen in controls (HR, 1.00 vs. 
HR, 1.41). Maust et al., in their matched retrospective cohort study of people 
aged ≥ 65 years with major NCD, studied not only antipsychotics, but also 
antidepressants and the risk of death.[216] The study was extensively adjusted 
in the matching process and in the analyses. The absolute effects on 180-day 
mortality following a new prescription of an antidepressant drug were 
investigated, and antidepressant users had a mortality of 8.3% compared to 
8.0% of their matched controls. In the multivariable analysis the difference was 
found to be small, but significant, corresponding to NNH 166 (95% CI, 107-
362).[216]  

An overview of some of the studies of antidepressants and mortality is 
presented in Table 6. 
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Table	6	Antidepressant	drugs	and	all-cause	mortality,	selected	studies	
	 Design	 Exposure	 Participant

s	
Mortality	 Comments	

Sobieraj	et	al.,	
2019	[236]	

Systematic	
review	and	
meta-analysis	
of	RCTs	

SSRI,	
SNRI,	
NDRI	

≥	65	years	 RD	%	(95%	CI)	
S-Cit:	0	(-4.7–2.7)	
Flu:	-1	(-5–2)	
SNRI:	no	events	
NDRI:	no	events	

Included	studies	
excluded	patients	
with	major	NCD.	
Evidence	rated	as	
insufficient.	

Maust	et	al.,	
2015	[216]	

Matched	
retrospective	
cohort	study,	
outpatients	

All	ADs	 29,704	
pairs,		
all	major	
NCD	

Unadjusted	
OR	(95%	CI)		
1.05	(0.99-1.12)1	

Adjusted		
RD	%	(95%	CI)	
0.6	(0.3-0.9)	

180-day	follow-up.		

Coupland	et	
al.,	2005	[233]	

Cohort	study	 TCA,	SSRI,	
other	ADs	

60,746	
depression	
≥	65	years	
	

HR	(95%	CI)	
TCA:		
1.16	(1.10-1.06)	
SSRI:		
1.54	(1.48-1.59)	
Other	AD:		
1.66	(0.60-1.06)	

≤	13-year	follow-up	
time.	

Danielsson	et	
al.,	2016	[218]	

Case-control	
study,	
population-
based	

All	ADs	 539,111	
users	
≥	65	years	

OR	(95%	CI)	
1.62	(1.60-1.63)	

Matched	on	the	
outcome.	Exposure	
investigated	up	to	
90	days	prior.	7,5%	
major	NCD.	

RCT,	randomised	controlled	trial;	SSRI,	selective	serotonin	reuptake	inhibitor;	SNRI;	serotonin	
and	noradrenaline	reuptake	inhibitor;	NDRI,	noradrenaline	and	dopamine	reuptake	inhibitor;	RD,	
risk	difference;	CI,	confidence	interval;	S-Cit,	escitalopram;	Flu,	fluoxetine;	NCD,	neurocognitive	
disorder;	OR,	odds	ratio;	TCA,	tricyclic	antidepressant;	AD,	antidepressant	drug;	HR,	hazard	ratio	
1	Not	given	by	the	original	authors,	but	calculated	from	their	raw	data.	
 

Gender differences in the association between antidepressant drug use and 4-
year mortality was investigated in a 2008 cohort study of 7,363 community-
dwelling elderly people.[239] When grouping the participants according to 
severity of depressive symptoms (no/mild/severe) and antidepressant drug use 
(yes/no), the highest mortality risk among men was seen in those with severe 
depression and ongoing antidepressant treatment (HR, 5.3; 95% CI, 2.7-10.5), 
whereas the corresponding group of women did not have an increased risk of 
death (HR, 0.8; 95% CI, 0.3-2.1). In people with severe depression and no 
antidepressant treatment the risks were similar in men and women (HR, 1.8; 
95% CI, 1.0-3.3, vs. HR, 1.8; 95% CI, 1.1-2.8). No increased mortality was seen 
in participants who used antidepressants, but had no depressive symptoms. The 
authors concluded that it is impossible to tell the individual contributions to 
mortality risk posed by depression and antidepressants, respectively, but that 
antidepressants seem to have a protective effect against death in women, but 
not in men.[239]   



 

39 

Falls and fractures 

In a 2018 systematic review and meta-analysis of associations between 
psychotropic drugs and falls, 107 studies of antidepressant drugs were included, 
48 of which showed an association with an increased risk of falls.[21] Only 3 
RCTs were included, 2 of which investigated SSRIs and did not report an 
increased risk of falls in the active treatment groups. In one 24-week RCT of 
duloxetine in elderly outpatients with depression an increased risk of falls was 
found (25.3% vs. 15.7%, p = 0.045), a result that did not remain significant 
when calculating exposure-adjusted incidence rates.[240] The meta-analysis 
included 22 of the studies and the adjusted analysis found an increased risk of 
falls associated with antidepressant treatment (pooled OR, 1.55; 95% CI, 1.43-
1.74).[21] Meta-analyses of unadjusted data from 48 studies found an increased 
risk of falls of a similar magnitude (pooled OR, 1.69; 95% CI, 1.52-1.88). 
Subgroup analyses found a strong association between SSRIs and falls in 
adjusted data from 4 studies (pooled OR, 2.02; 95% CI, 1.85-2.20) and in 
unadjusted data from 5 studies (pooled OR, 1.98; 95% CI, 1.87-2.10). Analyses 
of data from studies of TCAs and falls included adjusted data from 5 studies 
(pooled OR, 1.41; 95% CI, 1.07-1.86), and unadjusted data from 5 studies 
(pooled OR, 1.95; 95% CI, 1.79-2.13).[21] 

A recent systematic review of meta-analysis of the association between SSRIs 
and hip fracture included data from 37 studies, 14 with a case-control design 
and 23 cohorts.[241] Some of the included studies included adults of all ages, 
whereas others included only elderly people. The authors rated the overall risk 
of bias of the included studies and found it to be “serious” in 29 of the studies 
and “critical” in the remaining 8. The meta-analysis of all studies found an 
association between SSRI use and hip fracture (RR, 1.62; 95% CI, 1.52-1.73). 
Additional analyses found that adjusting for SSRI treatment duration, defined 
daily dose, depression, bone mineral density, or by total number of included 
covariates did not have a significant impact on the results. A placebo-controlled 
RCT investigated the effects of fluoxetine (SSRI) on the functional outcomes 
after stroke, the results of which were presented in 2019.[242] In analyses of 
adverse outcomes during the 6-month follow-up, an increased risk of fractures 
was seen in the active treatment group (2.9% vs. 1.5%; p = 0.007), and while the 
number of injurious falls was also higher, a statistically significant risk was not 
proven (7.7% vs. 6.0%; p = 0.066). In further analyses, only female sex, age > 
70 years, and fluoxetine (HR, 2.00; 95% CI, 1.20-3.34) were found to be 
independently associated with the risk of fractures.[243] 
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Anxiolytics and hypnotics 
The main reasons that benzodiazepines and the pharmacodynamically very 
similar Z-drugs are prescribed with caution are their addictive properties, and 
the development of tolerance, which in turn can cause rebound insomnia and 
withdrawal symptoms following regular use.[188, 189, 191, 193, 194] On top of 
that, other adversities have also been associated with their use.  

In a systematic review of RCTs of benzodiazepines and Z-drugs for insomnia, 16 
of 24 included studies (2,220 participants) reported adverse events.[195] The 
most common adverse events were drowsiness, headache, nightmares, and 
nausea, and the NNH for all adverse events was 6 (95% CI, 4.7-7.1). Cognitive 
adverse effects were more common in active treatment than in placebo, based 
on the results of 10 studies (OR, 4.78; 95% CI, 1.47-15.47). Psychomotor-type 
side effects (dizziness, loss of balance, and falls) were reported in 13 studies and 
occurred more often in active treatment groups in absolute numbers, but the 
result was not significant. A 2017 systematic review of serious adverse events 
associated with the use of benzodiazepines and Z-drugs included experimental 
as well as observational studies.[244] Eight outcomes were investigated; motor 
vehicle accidents, falls and fractures, drug overdose, infections, pancreatitis, 
respiratory disease exacerbations, major NCD, and cancer. The authors 
concluded that there is sufficient evidence from experimental and observational 
studies to establish causal relationships between the use of benzodiazepines/Z-
drugs and motor vehicle accidents, and falls and fractures, respectively. For the 
other 6 studied outcomes, the evidence was found to be conflicting and/or 
insufficient.  

Mortality 

Just as with antidepressants, and unlike antipsychotics, we have found no data 
from RCTs showing increased mortality due to anxiolytic or hypnotic drug 
treatment. In a systematic review and meta-analysis of mortality associated 
with the use of anxiolytics and hypnotics, the literature search, performed in 
2014, produced 25 observational studies.[245] Participants were adults of all 
ages. In the adjusted analysis of all anxiolytics and hypnotics, there was an 
association between drug use and increased all-cause mortality (HR, 1.43; 95% 
CI, 1.12-1.84). As there was significant heterogeneity between the studies, 
caused by 6 of the studies, an additional analysis was performed with these 
excluded, which also showed a significant mortality risk associated with drug 
use, albeit a smaller one (HR, 1.21; 95% CI, 1.15-1.84). Eight of the included 
studies provided sex-disaggregated data, and from these the association for 
women (HR, 1.68; 95% CI, 1.38-2.04) and men (HR, 1.60; 95% CI, 1.29-1.99), 
respectively, was calculated. The mortality risk was lower in studies of only 
people aged > 50 years, than in studies of people of all ages (OR, 1.07; 95% CI, 
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0.98-1.16 vs. OR, 1.74; 95% CI, 1.25-2.44; p = 0.006). In subgroup analyses 
considering study location, duration of treatment, study population, number of 
covariates adjusted for, follow-up duration, and study quality, neither analysis 
could prove a significant impact of the respective factor. A 2011 cohort study of 
10,900 nursing home residents investigated the mortality in benzodiazepine 
users, compared to users of atypical antipsychotics (known to pose a risk of 
death).[223] Following initiation of treatment the 180-day mortality was 
slightly higher in benzodiazepine users relative to users of atypical 
antipsychotics, resulting in a significantly increased risk in the unadjusted 
analyses (RR, 1.37; 95% CI, 1.14-1.64), but not in the fully adjusted model (RR, 
1.20; 95% CI, 0.96-1.50). The two subcohorts had quite different characteristics 
with a higher burden of psychiatric illness in users of antipsychotics, and more 
somatic diseases in users of benzodiazepines, the possible impact of which was 
not discussed by the authors. 

Specifically in people with major NCD, no independent associations between 
anxiolytics and hypnotics, and mortality has been seen. In a large register study 
of associations between psychotropic drug use and all-cause mortality, analyses 
were performed in people with major NCD and their closely matched controls 
with no diagnosis of major NCD.[26] In the controls, the use of benzodiazepines 
and Z-drugs was associated with increased mortality (HR, 1.36 and HR, 1.56, 
respectively), whereas no significant associations were seen in the participants 
with major NCD. 

Falls and fractures 

In a 2018 systematic review and meta-analysis of associations between 
psychotropic drugs and falls, now referred to for the third time, 67 studies of 
benzodiazepines were included, 26 of which showed an association between 
drug use and an increased risk of falls.[21] No RCTs were identified for the 
exposure to benzodiazepines, nor to Z-drugs, anxiolytics, hypnotics, or 
sedatives. The meta-analysis of benzodiazepines included 14 of the studies and 
the analysis based on adjusted data found an increased risk of falls (pooled OR, 
1.42; 95% CI, 1.22-1.65).[21] A systemic review and meta-analysis of anxiolytics 
and hypnotics and the risk of hip fracture included 22 observational studies, 
and no RCT.[246] Associations to an increased risk of hip fracture were found 
for benzodiazepines (RR, 1.52; 95% CI, 1.37-1.68) and Z-drugs (RR, 1.90; 95% 
CI, 1.68-2.13), in users relative to non-exposed. Short-term use was associated 
with a higher risk of fracture than medium-term and long-term use, for both 
groups of drugs. The conclusions of the authors were that the risk profiles of hip 
fracture were similar in benzodiazepines and Z-drugs, and that they should be 
used with great caution. The possible effects of bias and confounding on the 
results were not discussed. In the systematic review by Brandt et al., presented 
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on page 40, the authors concluded that “There is sufficient, converging evidence 
from epidemiologic and experimental studies to establish a strong causal 
connection between benzodiazepine/Z-drug use to falls and fractures as a 
consequence of psycho-motor impairment.”[244] However, when investigating 
the body of evidence in the section on falls and fractures in the review, only one 
reference to experimental data was found; a 2010 review of the effects of 
hypnotic drugs on balance, including 57 clinical trials.[247] Compared to 
placebo, the investigated drugs had a significant effect on balance, seen as an 
increased postural sway, measured by various electronic devices. The effect was 
larger and lasted longer in older subjects, and a significant dose-response effect 
was seen. It seems plausible that the measured effect of an increased body sway 
could very well translate into an increased risk of falls and fractures,[248] but 
since falls and fractures were not the outcomes, it can hardly be considered 
evidence thereof. 
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Aims 

This thesis aims to explore the associations between several types of 
psychotropics and two of the most severe adversities attributed to their use, 
increased mortality and the risk of hip fracture. It aims to explore mortality in 
data from well-controlled studies. It also aims to employ novel statistical 
methods to investigate the associations between drug exposure and adverse 
events, in an attempt to gain information on possible causality from 
observational data. Presented below are the specific aims of each of the four 
papers included in this thesis. 

Paper I - Antidepressant use and mortality in very old people 

The aim of the present study was to evaluate the risk of death associated with 
antidepressant use in a population-based cohort of very old people. A secondary 
aim was to determine whether depressive symptom level, sex, major NCD, heart 
failure, or stroke moderated this association. 

Paper II - Psychotropic drug use and mortality in old people with dementia: 

investigating sex differences 

The aims of this study were to explore the association between psychotropic 
drug use and 2-year mortality in old people with major NCD, and to investigate 
possible sex differences in this outcome. 

Paper III - Association between antidepressant drug use and hip fracture in 

older people before and after treatment initiation 

In the present Swedish nationwide matched cohort study, we investigated the 
association between antidepressant therapy and hip fracture in the year before 
and year after the initiation of treatment among individuals aged 65 years and 
older. 

Paper IV - Antipsychotic drugs and hip fracture: associations before and after 

the initiation of treatment 

The aim of the study was to examine the association between antipsychotic drug 
use and hip fracture, before and after the initiation of treatment, in a matched 
nationwide Swedish cohort of individuals aged ≥ 65 years. 
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Materials and Methods 

This thesis uses quantitative, comparative and epidemiological methods, 
prospective as well as retrospective. Two of the four papers are based on data 
collections conducted by the Department of Community Medicine and 
Rehabilitation, Umeå University, whereas the other two are based on Swedish 
nationwide registers. An overview of the materials and methods of the four 
papers are presented in Table 7. 

Table	7	Materials	and	methods	of	the	included	papers	
	 Paper	I	 Paper	II	 Paper	III	 Paper	IV	
Data	sources	 Umeå	85+/	

GERDA,	and	the	
Swedish	Tax	
Agency,	and	the	
Population	
Register	Centre	in	
Finland.	

Umeå	85+/	
GERDA,	FOPANU,	
REMANU,	
UMDEX,	the	
Swedish	Tax	
Agency,	and	the	
Population	
Register	Centre	in	
Finland.	

The	National	
Board	of	Health	
and	Welfare	in	
Sweden,	Statistics	
Sweden,	and	the	
Swedish	Tax	
Agency	

The	National	
Board	of	Health	
and	Welfare	in	
Sweden,	Statistics	
Sweden,	and	the	
Swedish	Tax	
Agency	

Design	 Cohort,	
prospective	

Cohort,	
prospective	

Matched	cohort,	
prospective	and	
retrospective	

Matched	cohort,	
prospective	and	
retrospective	

Exposure	 Baseline	use	of	
antidepressants	

Baseline	use	of	
psychotropic	
drugs	

Initiation	of	
antidepressant	
drug	therapy	

Initiation	of	
antipsychotic	drug	
therapy	

Outcome	 5-year	mortality	 2-year	mortality	 1-year	incident	
hip	fractures,	
prospective	and	
retrospective	

1-year	incident	
hip	fractures,	
prospective	and	
retrospective	

Statistics	 Cox	proportional	
hazard	regression	
models	

Cox	proportional	
hazard	regression	
models	

Logistic	regression	
and	flexible	
parametric	
models	

Logistic	regression	
and	flexible	
parametric	
models	

Data	collection,	y	 2000-2012	 2000-2012	 2005-2012	 2006-2017	

Sample	size,	n	 992	 1,037	 408,144	 255,274	

Population	 A	population-
based	sample	of	
people	aged	85	
years	and	older,	in	
the	northern	part	
of	Sweden	and	
Finland.	65%	
women.	

A	sample	of	
people	aged	65	
years	and	older	
with	major	NCD	in	
the	northern	part	
of	Sweden	and	
Finland.	74%	
women.	

Swedish	residents	
aged	65	years	and	
older.	63%	
women.	

Swedish	residents	
aged	65	years	and	
older.	60%	
women.	

Age,	mean	(range)	 89.1	(85-103)	 89.4	(65-104)	 80.1	(65-109)	 81.5	(65-108)	

GERDA,	Gerontological	Database;	FOPANU,	the	Frail	Older	People	-	Activity	and	Nutrition	study;	REMANU,	
the	Residential	care	facilities	-	Mobility,	Activity	and	Nutrition	study;	UMDEX,	the	Umeå	Dementia	and	
Exercise	study;	y,	years;	n,	number	
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Data sources 

Umeå 85+/GERDA 
In 1999, the population-based cohort study Umeå 85+ was initiated by the 
Department of Geriatric Medicine and the Department of Nursing, Umeå 
University, Sweden.[249] Geriatric Medicine was soon thereafter included as a 
unit of the newly formed Department of Community Medicine and 
Rehabilitation, of which the unit of Physiotherapy also was involved in the 
project. The aim was to investigate health factors, living conditions and physical 
ability of the oldest old in Umeå, Västerbotten, Sweden. People aged 85, 90 and 
≥ 95 years were invited to participate. The first data collection was conducted in 
2000, and in 2002 the study expanded to include 5 rural municipalities in the 
inland Västerbotten. The ambition to repeat the study every five years meant a 
2005-2007 data collection in the same municipalities, including follow-up 
examinations as well as the addition of new participants. During the same 
period the name changed to GERDA (GERontological DAtabase) and two 
municipalities in Pohjanmaa/Österbotten, Finland, were included, in 
collaboration with the Department of Social Work, Umeå University, Sweden; 
the Åbo Akademi University, Finland; the Novia University of Applied Sciences, 
Finland; and the University of Vaasa, Finland. In the 2010-2012 follow-up, two 
additional Finnish municipalities were included, and a fourth follow-up was 
conducted in 2015-2017. In the current thesis, the data from 2000-2002, 2005-
2007 and 2010-2012 were used in Paper I and Paper II. 

A random sample of half of all 85-year-olds, all 90-year-olds and all aged 95 
years and older in the included municipalities were identified from Swedish and 
Finnish population registers and selected for participation. No exclusion criteria 
were applied. Letters of invitation including information about the study as well 
as contact information to the team of investigators were sent to all participants. 
One week later the participants were contacted by phone to provide further 
information and to inquire for decisions on participation. If suspicion was 
raised about the participant’s ability to fully understand the information and/or 
the request to participate, a close relative was also contacted and the person was 
only included if both he/she and the close relative gave oral informed consent. 
Data collection was performed through home visits where structured interviews 
including several test questionnaires, and various measurements were 
performed. When the participant was unable to answer some of the questions, 
relatives and/or caregivers were also interviewed, if permission was given. 
Additional data was collected from medical records and lists of prescribed 
drugs. The participants could choose to participate in only part of protocol if 
he/she wished, e.g. give access to medical records and consent to a close relative 
being interviewed, but decline a home visit. The data collection was performed 
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by trained investigators and comprised medical students, nurses, physicians 
and physiotherapists. 

FOPANU 
The Frail Older People - Activity and Nutrition (FOPANU) study was a cluster-
randomised controlled intervention trial conducted in Umeå, Sweden, in 2002 
by the Department of Community Medicine and Rehabilitation, Umeå 
University.[250] The aim was to study the effects of an exercise program and 
nutritional supplements in people in residential care facilities. The inclusion 
criteria were: age ≥ 65 years, dependency in at least one ADL item, living in one 
of the selected residential care facilities, and willingness to participate. 
Exclusion criteria were: MMSE scores of < 10, inability to rise from a chair with 
armrests with the help of one person, or non-approval from the residents’ 
physician. Physiotherapists evaluated the eligibility of all residents of the 9 care 
facilities. The participants, and in case of severe cognitive impairment also their 
closest relative, gave their oral informed consent. Baseline data from FOPANU 
were used in Paper II. 

REMANU 
The Residential care facilities - Mobility, Activity and Nutrition study in Umeå 
(REMANU) was a prospective observational cohort study conducted in Umeå, 
Sweden, in 2004 by the Department of Community Medicine and 
Rehabilitation, Umeå University.[251] The aim was to monitor changes in 
activity, mobility and nutrition during 6 months and to evaluate various 
measures of physical function in ADL dependant care facility residents. The 
inclusion and exclusion criteria were identical to those of the FOPANU study. 
Physiotherapists evaluated the eligibility of all residents of the 3 care facilities. 
Baseline data from REMANU were used in Paper II. 

UMDEX 
The Umeå Dementia and Exercise (UMDEX) study was a cluster-randomised 
controlled intervention trial conducted in 2011-2012 in Umeå, Sweden, by the 
Department of Community Medicine and Rehabilitation, Umeå 
University.[252] It investigated the effects of a high intensity exercise program 
in people with major NCD. The study employed the same inclusion and 
exclusion criteria as FOPANU, with the addition of only including residents 
with a diagnosis of major NCD. Physiotherapists and physicians evaluated the 
eligibility of all residents of the 16 care facilities. Baseline data from UMDEX 
were used in Paper II.  
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Registers 

The National Board of Health and Welfare 

A Swedish government agency with a wide range of activities and duties 
concerning healthcare, epidemiology, medical and social services. Among other 
things they are responsible for several national healthcare registers. The 
National Patient Register (NPR) contains records of all diagnoses established 
during inpatient care since 1987 and during specialist outpatient visits since 
2001, whereas diagnoses set only in primary care services are not included in 
the register. Since 1997, all diagnoses are classified according to the 
International Classification of Diseases, 10th revision (ICD-10).[253] Data on the 
outcome of Paper III and Paper IV, hip fracture, and the diagnoses considered 
as confounders in the two studies were retrieved from the NPR. The positive 
predictive value for hip fracture diagnosis in the NPR has been shown to be > 
95%.[254] The Prescribed Drugs Register (PDR) contains information on all 
drug prescriptions dispensed at Swedish pharmacies since July 1, 2005.[255] 
Among other details, the register includes the date of prescription, the date of 
dispension, the dose, the name and the ATC-code of each drug prescription. The 
PDR was the source of all data on prescribed drugs in Paper III and Paper IV. 

Statistics Sweden 

Official statistics spanning across several fields are provided by the government 
agency Statistics Sweden. In our studies, the socioeconomic data used in Paper 
III and Paper IV was retrieved from Statistics Sweden. These were data on the 
highest educational level, marital status, early retirement, foreign background, 
in-home care, residential care, and income. 

The Swedish Tax Agency and the Population Register Centre in Finland 

Dates of death of the Swedish participants of all four studies were provided by 
the Swedish Tax Agency. Dates of death of the Finnish participants of Paper I 
and Paper II were retrieved from the Population Register Centre in Finland.  
The same sources were also used to obtain population registers used to identify 
the individuals eligible for inclusion in Umeå 85+/GERDA. Population registers 
also included data on sex for all inhabitants, which in Sweden as well as in 
Finland, was registered dichotomously as female or male. As a consequence, no 
record of gender identities that diverged from those officially registered was 
available. 
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Participants 

Paper I  
This study was based on the 2000-2002, 2005-2007 and 2010-2012 cohorts of 
Umeå 85+/GERDA. Participants who had declined home visits and those who 
had missing responses to ≥ 6 of the 15 items in the Geriatric Depression Scale 
(GDS-15) were excluded from the study. The process resulted in the inclusion of 
992 individuals (53.1%) of the 1,867 assessed for eligibility. The flow chart of the 
study is presented in Figure 1. The population-based sample of very old people 
in northern Sweden and northern Finland in the study had a mean age of 89.1 
(range 85-103) years, and 65% were women. 

Paper II 
All participants in the 2000-2002, 2005-2007 and 2010-2012 cohorts of Umeå 
85+/GERDA with diagnoses of major NCD and data on drug use were 
considered for inclusion in the study, as were the participants with major NCD 
in the FOPANU and REMANU studies and all participants of the UMDEX 
study. When someone had been included in more than one of the cohorts, data 
only from their first participation was included. Of the 2,498 participants in the 
included cohorts, 1,037 (41.5%) were eligible for inclusion in the study. Figure 2 
shows the flow chart of the inclusion procedure. This sample of elderly people 
with major NCD in northern Sweden and northern Finland had a mean age of 
89.4 (range 65-104), and 74% were women. The sample was somewhat skewed, 
since the participants were recruited from four cohorts with different inclusion 
criteria. A majority of the participants (71%) were recruited from a population-
based cohort of people aged ≥ 85 years, whereas the other three cohorts 
included people aged ≥ 65 years residing in residential care facilities. 

Paper I and Paper II both recruited participants from the Umeå 85+/GERDA 
study, even though the inclusion criteria were different. This resulted in some 
people, i.e., those with major NCD, being included in both papers. 
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Figure	1	Flow	chart	of	the	study	presented	in	Paper	I	

  	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Included participants (n = 992) 

Declined home visit (n = 512)	
Missing responses to ≥6 GDS 
items (n = 190)	

Deceased before contract (n = 167) 
Unable to contact (n = 6)	

Invited to participate (n = 1694) 

Assessed for eligibility (n = 1867) 

Antidepressant 
users (n = 158) 

Antidepressant  
non-users (n = 

834)	

Deceased at 
follow up  

(n = 402, 48%)	
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follow up  

(n = 100, 63%) 
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Figure	2	Flow	chart	of	the	study	presented	in	Paper	II	
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Paper III 
Participants for the study were selected using the PDR, where all individuals 
aged 65 years and older who had a prescription for an antidepressant drug filled 
between July 1, 2006, and December 31, 2011, were included in the study. To 
reduce the risk of bias related to recent antidepressant drug use, we included 
only individuals who had not been prescribed antidepressants for at least 1 year. 
Each participant was matched to one individual who did not use 
antidepressants during the study period, based on sex and year of birth. The 
study cohort consisted of 204,072 cases and the same number of controls 
(408,144 total), with a mean age of 80.1 (range 65-109) years, and 63% were 
women. 

Paper IV 
In this study, we included all individuals aged ≥ 65 years who filled their first 
prescriptions for antipsychotic drugs between January 1, 2007, and December 
31, 2017. Individuals who filled prescriptions between July 1, 2005, and 
December 31, 2006, were excluded to ensure an exposure-free period of ≥ 18 
months before the first possible index date. Each selected individual was 
matched by sex and birth year to one control individual with no antipsychotic 
drug prescription between July 1, 2005, and the index date. A total of 255,274 
individuals were studied, half of them controls, with a mean age of 81.5 (range 
65-108) years, and 60% were women. 
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Measurements, exposures and outcomes (Papers I and II) 
Many areas of interest were covered in the data collection of the 
Umeå85+/GERDA, UMDEX, FOPANU and REMANU studies and have 
previously been described in great detail.[249-252] The papers included in the 
current thesis used a selection of these as covariates in the analyses, to describe 
the cohorts and as indicator variables. 

Measurements 

The Mini-Mental State Examination (MMSE) was used to assess cognitive 
function and in some cases to recognise undiagnosed major NCD (together with 
additional information). Scores range from 0-30, where higher scores indicate 
better cognitive functioning.[256] It is an instrument widely used for screening 
for NCD and for follow-up assessments of people with major NCD.[257, 258] In 
people aged ≥ 65 in a community setting a cut point of 24 predicts major NCD 
with a sensitivity of 85% and a specificity of 90%. Raising the cut point to 25 
increases sensitivity to 87%, but lowers specificity to 82%, in the same age 
group.[259] Results are influenced not only by cognitive functioning, but also by 
educational level, age and cultural background.[260, 261]  

The Mini Nutritional Assessment (MNA) assesses the risk of malnutrition in 
elderly people, based on questions about health factors and dietary intake and 
body measurements. Scores range from 0-30; MNA < 17 indicates manifest 
malnutrition and MNA 17-23.5 indicates risk of malnutrition. It has been 
proven to predict not only malnutrition and risk thereof, but also 
mortality.[262, 263] 

Participants were weighed and measured and their Body Mass Index (BMI) 
were calculated using the formula weight (kg)/(height [m])2. In old age, being 
underweight as well as unintentional weight loss, are associated with increased 
mortality.[264] 

Independence in Activities of Daily Living (ADL) was measured using the 
Barthel ADL index, measuring ten aspects of physical and self-care 
independence. Scores range from 0-20, where higher scores indicate higher 
independence. Reliable results can be obtained from the participants, as well as 
from their carers.[265] 

The Geriatric Depression Scale (GDS), 15-item version was used to measure the 
prevalence of depressive symptoms and in some cases to set diagnoses of 
depression (together with additional information). It was designed specifically 
for the elderly and has been proven to be useful also in the presence of cognitive 
impairment, down to MMSE scores of 10.[266, 267] It consists of 15 yes/no 
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questions; GDS > 10 indicate severe depressive symptoms and GDS 5-10 
indicate moderate depressive symptoms. 

The Organic Brain Syndrome (OBS) scale was used to assess symptoms of 
disorientation and confusion. It has shown to be an effective and useful tool to 
detect signs of delirium, major NCD and other organic brain syndromes in 
different patient samples.[268] The results from the OBS scale were only used 
in the evaluation of the diagnoses of major NCD and delirium in this thesis. 

The Montgomery-Åsberg Depression Rating Scale, 10-item version (MADRS), 
was used to rate depressive symptoms.[269] As this is a tool designed to be used 
by physicians, it was used only in participants where a physician conducted the 
data collection. The MADRS results were only used in the evaluation of the 
diagnosis of depression in this thesis. 

Information on medical conditions, current and previous, was collected during 
interviews and from medical records and classified according to ICD-10. The 
diagnoses of delirium, major NCD (dementia), and depressive disorders were 
established in accordance with DSM-IV.[270]. In addition to the sources used 
for other diagnoses, the evaluation of possible delirium, major NCD and 
depressive disorder included the results of GDS-15, MMSE, MADRS and OBS 
tests and other information obtained through interviews. All diagnoses were 
evaluated and established by a specialist in geriatric medicine. 

Data on drug use was obtained from medical records and lists of prescribed 
drugs and crosschecked with the participants to verify actual use. All drugs were 
registered according to their ATC-groups and coded as “scheduled” or “as 
needed”. 

Exposures 

Paper I investigated the association between the antidepressants and mortality. 
Exposure to antidepressants was defined as ongoing treatment with one or 
more antidepressant drugs at baseline. Drugs belonging to ATC-group N06A 
were considered antidepressants, used by 158 (16%) of the 992 participants. 
Dose and 4th level subdivisions in the ATC system were not considered. 

Paper II investigated the association between psychotropic drugs and mortality. 
Three groups of psychotropics were analysed separately. Exposure was defined 
as ongoing drug treatment at baseline, scheduled or as needed. Antidepressants, 
defined as drugs in ATC-group N06A, were used by 388 (37%) of the 1,037 
participants. The definition of benzodiazepines included Z-drugs and 
benzodiazepines not classified as anxiolytics or hypnotics according to the ATC 
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system, which meant ATC-groups N05BA, N05CD, N05CF, and N03AE were 
studied together, and used by 404 (39%) of the participants. The definition of 
antipsychotic drugs used in the Paper II encompassed drugs with close 
chemical kinship to antipsychotics but not classified as such, resulting in the 
inclusion of N05A (but not N05AN01 [lithium]), N05BB01, N05CM06, and 
R06AD, used by 230 (22%) participants. Dose and 4th level subdivisions in the 
ATC system were not considered, nor were other psychotropic drugs or all 
psychotropics together. 

Outcomes 

The outcome of interest in Paper I and Paper II was all-cause mortality. In 
Paper I, 5-year mortality data was collected and analysed, whereas 2-year 
mortality was the outcome of Paper II. 
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Measurements, exposures and outcomes (Papers III and IV) 
In the two studies presented in Paper III and Paper IV, all data were retrieved 
from national registers in Sweden. To be able to describe to cohorts and adjust 
the analyses for possible confounders, a wide range of variables were chosen 
and processed. 

Measurements 

Socio-economic data were retrieved from Statistics Sweden and the selection 
included age, sex, highest educational level, marital status and early retirement 
in both papers, with the addition of income, care level and foreign background 
in Paper IV. All these factors have been shown to be associated with various 
health- and healthcare-related outcomes in previous studies. Highest 
educational level was processed into 5 categories (unspecified; primary school; 
secondary school, 2 years; secondary school, 3 years; university) in Paper III, 
and into 7 categories (unspecified; primary school, < 9 years; primary school, 9 
years; secondary school, 2 years; secondary school, 3 years; university, < 3 
years; university, ≥ 3 years) in Paper IV. Marital status was recoded into 4 
categories (married; unmarried; divorced; widowed), and early retirement 
defined as retirement before the age of 65 years, in both papers. Foreign 
background was based on the birth country and processed into a dichotomous 
variable. If the participant or if both of his/her parents were born outside of 
Sweden he/she was considered having a foreign background. Care level 
included information on whether the participant received in-home care or lived 
in a residential care facility, if financed by the municipality (which applies to 
almost all public and private residential care facilities in Sweden). Income was 
presented yearly and included wages, pensions, benefits and all other official 
sources. 

Diagnoses established in specialised care were retrieved from the NPR. The 
selection of medical diagnoses was based on scientifically established 
associations (with falls, hip fracture, osteoporosis, mortality, or the use of 
psychotropic drugs), as well the clinical experience of the authors. Some 
selected diagnoses was omitted due to very low prevalence (e.g. schizophrenia), 
or due to too high correlation to another chosen variable (e.g. falls to hip 
fracture). Both studies included alcohol intoxication, chronic obstructive 
pulmonary disease, diabetes mellitus, kidney failure, major NCD, malignant 
disease, myocardial infarction, and stroke. Depression was also included in 
Paper III, whereas Paper IV included osteoporosis and rheumatic disease. In 
Paper IV, the variables diabetes mellitus, major NCD, and osteoporosis not only 
included data from the NPR, but also the use of disease-specific drugs (ATC-
groups A10, N06D and M05B, respectively), collected from the PDR. All 
diagnoses were registered dichotomously. 
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Data on current and previous drug use (since July 1st, 2005) was retrieved from 
the PDR and chosen based on the same principles as the medical diagnoses. 
Paper III investigated anti-dementia drugs (N06D), antipsychotic drugs 
(N05A), benzodiazepines (N05BA), bisphosphonates (M05BA), and 
prednisolone (H02AB06). Paper IV included antidepressants (N06A), 
anxiolytics (N05B), hypnotics (N05C), and systemic glucocorticoids (H02AB) as 
individual variables, as well as anti-dementia drugs, drugs affecting bone 
structure and mineralisation, and drugs used in diabetes, in the processing of 
medical diagnoses variables, as described above. 

Dates of death were retrieved from the Swedish Tax Agency. 

Exposures 

The main exposure of interest in Paper III was the initiation of antidepressant 
drug treatment, defined as the dispension of any drug belonging to ATC-group 
N06A at a Swedish pharmacy, as registered in the PDR. The three most 
commonly prescribed antidepressants (5th level, chemical substances), 
amitriptyline (N06AA09), citalopram (N06AB04) and mirtazapine (N06AX11) 
were investigated as exposures in subgroup analyses. 

In Paper IV, the main exposure was the initiation of antipsychotic drug 
treatment (N05A, excluding N05AN), otherwise defined in the same manner as 
in Paper III. Exposure to the two most common chemical substances 
haloperidol (N05AD01) and risperidone (N05AX08) were investigated in 
subgroup analyses, as were those of conventional and atypical antipsychotics 
(classification not reflected in the ATC system). 

Outcomes 

The outcome of Paper III was hip fracture, defined as any of the ICD-10-codes 
S72.0 (fracture of head and neck of femur), S72.1 (pertrochanteric fracture), or 
S72.2 (subtrochanteric fracture of femur), registered in the NPR. 

Paper IV also investigated the outcome of hip fracture, but the definition was 
broadened to include all events registered as ICD-10-code S72 (fracture of 
femur). 
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Statistics 

General 
In all four papers multivariable regression models were used to investigate the 
associations between the exposures and outcomes, adjusted for possible 
confounding variables. The selections of covariates to include in the models 
were based on the clinical experience of the authors, on associations to the 
outcome or exposure, either seen in previous research or as statistically 
investigated in our own data, as described below for each paper. Before 
performing multivariable regression analyses, Pearson’s and Spearman’s 
correlation coefficients were investigated for all variables. To avoid 
multicollinearity, variables were omitted or reprocessed if correlating too 
strongly to another variable. We avoided using more than 1 variable per 10 
outcome events, and if the selection resulted in too many variables, a backwards 
stepwise removal process was employed to reach the maximum allowed number 
of variables. 

The independent-samples t-test was used to compare means of continuous 
variables, whereas categorical variables were investigated using the χ2 test. All 
statistical tests were two-tailed and p < 0.05 was considered to indicate 
statistical significance. 

Mortality 
In Paper I and Paper II associations between psychotropic drug use at baseline 
and mortality were investigated using Cox proportional hazard regression 
models, simple as well as multivariable. The results are presented as Hazard 
Ratios (HR), comparing the mortality risk of users versus non-users. As the Cox 
regression assumes a proportional hazard, that the effect of the predictor 
variable on survival was constant over time, the proportionality was tested 
using the Schoenfeld Residuals Test. In Paper II, a non-proportional hazard 
was seen for benzodiazepines as a predictor for 2-year mortality. Hence, first-
year and second-year mortality were investigated in separate Cox regression 
models. All other hazards were found to be independent of time, and could be 
analysed using Cox regression models for the full follow-up time, 5 years in 
Paper I and 2 years in Paper II. 

Hip fracture 
The outcome of interest in Paper III and Paper IV was hip fracture during the 
year preceding and the year following initiation of treatment. The retrospective 
and prospective analyses were performed independently. The Schoenfeld 
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Residuals Test was performed to investigate time dependency, which revealed 
non-proportional hazards in both studies. Survival analyses were performed 
using flexible parametric survival models for non-proportional hazards, as 
described by Royston and Parmar, to avoid complications that could arise in 
Cox regression models when allowing for time-dependent covariates.[271-273] 
Two independent analyses were conducted to examine retrospective and 
prospective hip fractures within 1 year of the index date, using the hazard scale 
of the stpm2 module in Stata 13, with three degrees of freedom and all other 
options at default positions. The models were adjusted for sex and age, but not 
adjusted further.  

Conditional logistic regression models were used to investigate the magnitude 
of the association between drug use and hip fracture in 10 time frames (1-15, 16-
30, 31-91, 92-182, and 183-365 days before and after the initiation of therapy), 
and the results presented as Odds Ratios (OR). Simple as well as multivariable, 
regression models were analysed. The latter were adjusted for conditions 
present at the index date in the prospective models, and for conditions present 1 
year before the index date in the retrospective models. 

Statistics specific for each paper 

Paper I 

This study investigated associations between antidepressant drug use and 
mortality, using Cox proportional hazard regression models, as described above. 

In the multivariable models in this study, covariates were considered possible 
confounders when they were associated (p < 0.05) with both death and 
antidepressant use in independent-samples t-tests or χ2 tests. The care facility 
resident and MMSE score variables were not included in the final model due to 
high degrees of correlation (r > 0.5) with Barthel ADL Index scores and major 
NCD, respectively. HRs for death among antidepressant users compared with 
non-users were calculated in three models: model 1 was adjusted for age and 
sex; model 2 was adjusted for age, sex, and GDS score; and model 3 was 
adjusted for age, sex, GDS score, and possible confounders (living alone, major 
NCD, antipsychotics, heart failure, Barthel ADL index). The three models were 
applied to the total sample and to those with GDS scores 5 and < 5, respectively.  

Total GDS scores were imputed when 10-14 of the 15 GDS questions were 
answered, using the fraction of the answered score extrapolated to 15 questions 
and rounded up to an integer.[274] Other missing data were not imputed. 
Sensitivity analyses of participants without imputed GDS scores were 
performed in model 3.  
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Interaction effects between antidepressant use and sex, major NCD, heart 
failure, and stroke, respectively, were analysed in model 3. In case of significant 
interactions, HRs for death were investigated further in subgroups of 
antidepressant users. 

IBM SPSS Statistics software (version 21.0 for Macintosh; IBM Corporation, 
Armonk, NY, USA) was used for statistical analyses.  

Paper II 

This study investigated associations between psychotropic drug use and 
mortality, using Cox proportional hazard regression models, as described above. 

In the selection of possibly confounding variables for the multivariable models 
in this study, fifty variables were evaluated by investigating differences between 
users and non-users of antipsychotics, antidepressants, and benzodiazepines, 
respectively, using the independent-samples t-tests or χ2 tests, as well as by 
analysing associations between the selected variables and mortality using 
univariate Cox models. Variables with p values ≤ 0.15 for group differences and 
associations with mortality were included in the multivariate Cox regression 
models. This procedure was conducted for the full sample and separately for 
men and women to detect sex-specific confounders. The covariates used for 
each of the nine multivariable models are presented in Table 14, found in the 
Results section. 

Some variables had missing data, a missingness considered to constitute bias 
because it was associated with higher morbidity and lower scores on several 
scales. Hence, multiple imputation (20 sets) was conducted to fill the gaps for 
the variables of GDS-15 score, MMSE score, BMI, Barthel ADL index, and 
myocardial infarction > 1 year before baseline. The proportions of missing 
values for these variables ranged from 6.5 to 35.1% Variables used as predictors 
in the imputation model were those included in the Cox regression models, 
those correlating with the variables to be imputed (r ≥ 0.3), and those 
correlating with the presence of missing values for those variables. No 
restriction was set for the imputed values. All mortality analyses were 
conducted on the original data set and the data set completed through 
imputation.  

Interaction terms were created to further investigate possible sex differences in 
mortality by multiplying the sex variable by each dichotomous variable 
indicating use of the studied drugs (sex × drug). Interaction terms consisting of 
MMSE score and drug use were also used to investigate whether the 
associations between psychotropic drug use and mortality were dependent on 
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cognitive level (MMSE × drug). These interaction terms were then entered in 
the multivariate Cox regression models. As the interaction term for MMSE score 
was non- significant in all models, the impact of level of cognitive functioning 
on mortality was not investigated further.  

Sensitivity analyses were performed, where all variables that might be 
considered mediators, rather than confounders, were removed. Sex-specific 
analyses including the variables selected for all participants were also 
performed. 

All statistical analyses and calculations were performed using IBM SPSS 
Statistics software (version 23 for Macintosh; IBM Corporation, Armonk, NY, 
USA). 

Paper III 

This study investigated associations between initiation of antidepressant drug 
therapy and hip fracture, using flexible parametric survival models for non-
proportional hazards and conditional logistic regression models, as described 
above. 

All multivariable analyses were adjusted for marital status, level of education, 
and early retirement, renal failure, chronic obstructive pulmonary disease, 
malignant disease, alcohol intoxication, depression, diabetes, myocardial 
infarction, ischemic stroke, haemorrhagic stroke, major NCD, and the use of 
anti-dementia drugs, antipsychotic drugs, benzodiazepines, bisphosphonates, 
and prednisolone. Each case-control pair was excluded from further analyses if 
the case stopped using antidepressants (defined at 90 days after the last 
prescription was filled), if either individual sustained a hip fracture or died 
within a time frame closer to the index date, or when December 31, 2012, was 
reached. Participants whose treatment was switched from one antidepressant to 
another remained in the analyses (n = 5903). 

Subgroup analyses were performed for the users of the three most commonly 
prescribed antidepressants, for men and women, and for individuals aged < 85 
and ≥ 85 years.  To investigate possible interaction effects of sex and age group, 
the interaction terms (sex × antidepressant) and (age group × antidepressant) 
were investigated in multivariable logistic regression models including the full 
cohort.  

To investigate whether the association between antidepressant drug use and hip 
fracture was dose dependent, comparisons were made between users of high vs. 
low doses of all antidepressants and of citalopram, mirtazapine, and 
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amitriptyline separately. Most prescriptions were for the recommended starting 
doses of the drugs. Hence, the starting dose and lower doses were classified as 
low, and all doses exceeding the recommended starting dose were classified as 
high. Simple and multivariable non-conditional logistic regression models were 
used, as the matched individuals not receiving antidepressants were not 
included in these analyses. Data on dose were unavailable for 4007 participants, 
and these individuals were excluded from these analyses. Sensitivity analyses 
were performed in the subcohorts with diagnoses of depression and major NCD, 
respectively. 

Statistical analyses were performed using the SPSS Statistics software (version 
23.0 for Macintosh; Armonk, NY, USA; IBM Corporation) and Stata (version 12 
for Macintosh; College Station, TX, USA; StataCorp) software. 

Paper IV 

This study investigated associations between initiation of antidepressant drug 
therapy and hip fracture, using flexible parametric survival models for non-
proportional hazards and conditional logistic regression models, as described 
above. 

Multivariable analyses were adjusted for sex, age, highest educational level, 
marital status, early retirement, foreign background, care level, income, alcohol 
intoxication, diabetes, kidney failure, major NCD, malignant disease, 
myocardial infarction, osteoporosis, rheumatic disease, stroke, and the use of 
systemic glucocorticoids, anxiolytics, hypnotics and antidepressants. The 
presence of major NCD, diabetes, and osteoporosis was determined based on 
diagnoses and the use of disease-specific drugs. Stroke included ischemic and 
haemorrhagic stroke. Each case-control pair was excluded from further analyses 
if the case stopped using antipsychotics (defined at 90 days after the last 
prescription was filled), if the control started using antipsychotics, if either 
individual sustained a hip fracture or died within a time frame closer to the 
index date, or when December 31, 2017, was reached. 

For subgroup analyses, separate conditional logistic regression models were 
created for users of conventional and atypical antipsychotics, for men and 
women, and for individuals aged < 85 and ≥ 85 years. For the two most 
commonly used antipsychotics, risperidone and haloperidol, higher and lower 
doses were compared (≥ 0.5 mg vs. < 0.5 mg and ≥ 1.0mg vs. < 1.0 mg, 
respectively). These analyses were performed using non-conditional logistic 
regression models. 
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Sensitivity analyses, where the participants were matched on care level and 
major NCD diagnosis, respectively, were performed, as were analyses of the 
participants who survived the 1-year follow-up. 

The statistical analyses were performed using the SPSS Statistics software 
(version 25.0 for Macintosh; Armonk, NY, USA; IBM Corporation) and Stata 
(version 13 for Macintosh; College Station, TX, USA; StataCorp) software. 
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Ethics 

Paper I 

The Umeå 85+/GERDA study was approved by the Regional Ethics Review 
Board in Umeå (§99–326, §05–063 M, §09–178 M, §2015/296–31), and the 
Ethics Committee of Vaasa Central Hospital (§05–87, §10–54). All participants, 
and in case of severe cognitive impairment also their next of kin, provided 
informed oral consent. 

Paper II 

This study, and the studies from which the cohorts were included, were 
approved by the Regional Ethical Review Board in Umeå, Sweden (§99–326, 
§05–063 M, §09–178 M, §2011–205–31 M, §2015/296–31, §391/01, §439–03), 
and the Ethics Committee of Vaasa Central Hospital, Finland (§05–87, §10–54). 
All participants, and in case of severe cognitive impairment also their next of 
kin, provided informed oral consent. 

Paper III 

The Regional Ethical Review Board in Umeå, Sweden, and the National Board 
of Health and Welfare in Sweden approved this study. Both institutions waived 
the requirement for informed consent.  

Paper IV 

The Regional Ethical Review Board in Umeå, Sweden, and the National Board 
of Health and Welfare in Sweden approved this study. Both institutions waived 
the requirement for informed consent.  
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Results 

Antidepressants and mortality in the very old (Paper I) 
Table 8 shows the baseline characteristics of the total sample and according to 
survival status and antidepressant use. The mean age of the participants was 89 
(range, 85-103) years. Major NCD was diagnosed in 271 (27%) participants, 194 
(20%) had a history of stroke, and 289 (29%) had heart failure. A total of 158 
(16%) participants used antidepressants, most commonly SSRIs, used by 121 
participants. The mean GDS score (± standard deviation [SD]) was 3.8 ± 2.7 
(range, 0-14), and 310 (31%) participants had GDS scores ≥ 5, of which 76 (25%) 
were being treated with antidepressants. During the follow-up period (mean 3.3 
years), death rates were 51% (502/992) in the total sample and 63% (100/158) 
among antidepressant users. Mortality and antidepressant use were associated 
with living alone, antipsychotic drug use, major NCD, heart failure, lower 
MMSE scores, lower Barthel ADL Index scores, and higher GDS scores. Among 
women, mortality rate was lower and antidepressant use higher than in men 
(Table 8). 

In the initial age- and sex-adjusted model (model 1), antidepressant use was 
associated with a 76% increased risk of death (HR, 1.76; 95% CI, 1.41-2.19). In 
model 2, additionally adjusted for continuous GDS score, antidepressant use 
remained associated with an increased risk for death (HR, 1.62; 95% CI, 1.29-
2.03). In model 3, after further adjusting for factors associated with both 
mortality and antidepressant use (Table 8), this association was no longer 
significant (Table 9; Figure 3). In particular, adjustment for major NCD, heart 
failure, and ADL dependency attenuated the associations found in models 1 and 
2 (data not shown). 

In subgroups of participants with high and low GDS scores, antidepressant use 
was associated with an increased risk of death in model 1 (HR, 1.48; 95% CI, 
1.05-2.07, and HR, 1.85; 95% CI, 1.37-2.50, respectively) and model 2 (HR, 
1.42; 95% CI, 1.01-1.99, and HR, 1.84; 95% CI, 1.36-2.48, respectively). In 
model 3, these associations were no longer significant (Table 10).  

Interaction analyses of model 3 revealed a significant interaction between sex 
and antidepressant use (p = 0.03). The HRs for death among antidepressant 
users in model 3 were 0.76 (95% CI, 0.47-1.24) among men and 1.28 (95% CI, 
0.97-1.70) among women (Table 9; Figure 3). Interaction effects in model 3 
were not significant for major NCD, heart failure, or previous stroke (data not 
shown). 
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Table	8	Participant	characterics	of	the	cohort	studied	in	Paper	I	

	
Total		
(n	=	992)	

Alive	
(n	=	490)	

Deceased	
(n	=	502)	

	P	
AD	non-users	
(n	=	834)	

AD	users	
(n	=	158)	

	P	
Age	

89.1	±	4.5	
87.5	±	3.6	

90.6	±	4.7	
<0.001	

89.1	±	4.5	
89.1	±	4.3	

0.86	
Sex,	fem

ale	
645	(65)	

339	(69)	
306	(61)	

<0.01	
524	(63)	

121	(77)	
0.001	

Living	alone	
770	(78)	

363	(74)	
407	(81)	

<0.01	
633	(76)	

137	(87)	
<0.01	

Care	facility	resident	
304	(31)	

83	(17)	
221	(44)	

<0.001	
215	(26)	

99	(56)	
<0.001	

Education,	<8	years	
715	(73)	

343	(70)		
372	(76)		

0.047	
606	(74)		

109	(71)		
0.48	

Diagnoses	and	m
edical	conditions	

M
ajor	N

CD		
271	(27)	

74	(15)	
197	(39)	

<0.001	
189	(23)	

82	(52)	
<0.001	

Previous	stroke	
194	(20)	

90	(18)	
104	(21)	

0.35	
151	(18)	

43	(27)	
0.01	

Diabetes	m
ellitus	

160	(16)	
69	(14)	

91	(18)	
0.08	

134	(16)	
26	(16)	

0.90	
Heart	failure	

289	(29)	
87	(18)	

202	(40)	
<0.001	

227	(27)	
62	(39)	

<0.01	
Angina	pectoris	

342	(34)	
144	(29)	

198	(39)	
<0.001	

277	(33)	
65	(41)	

0.054	
Atrial	fibrillation	

212	(21)	
70	(14)	

142	(28)	
<0.001	

173	(21)	
39	(25)	

0.32	
M
I,	≤	1	y	

28	(2.8)	
10	(2.1)	

18	(3.6)	
0.14	

26	(3.1)	
2	(1.3)	

0.20	
M
alignancy,	≤	5	y	

132	(13)	
57	(12)	

75	(15)	
0.13	

107	(13)	
25	(16)	

0.31	
Regular	use	of	drugs	

	
Antidepressants	

158	(16)	
58	(12)	

100	(20)	
<0.001	

-	
158	(100)	

	
Diuretics	

518	(52)	
222	(45)	

296	(59)	
<0.001	

428	(51)	
90	(57)	

0.22	
Antipsychotics	

87	(9)	
26	(5)	

61	(12)	
<0.001	

58	(7)	
29	(18)	

<0.001	
ASA	

430	(43)	
198	(40)	

232	(46)	
0.07	

358	(43)	
72	(46)	

0.60	
W
arfarin	

86	(9)	
38	(8)	

48	(10)	
0.31	

71	(9)	
15	(9)	

0.42	
N
SAID	

64	(6)	
34	(7)	

30	(6)	
0.54	

53	(6)	
11	(7)	

0.91	
Assessm

ents	
M
M
SE	

22.9	±	5.4	
24.7	±	4.2	

21.1	±	5.8	
<0.001	

23.5	±	5.0	
19.8	±	6.2	

<0.001	
Barthel	ADL	Index	

17.6	±	4.1	
18.9	±	2.5	

16.2	±	4.9		
<0.001	

18.0	±	3.6	
15.0	±	5.3	

<0.001	
Body	M

ass	Index	
25.6	±	4.3	

26.0	±	4.1	
25.3	±	4.4	

0.009	
25.6	±	4.2	

26.1	±	4.6	
0.18	

G
DS-15	

3.8	±	2.7	
3.3	±	2.4	

4.2	±	2.9	
<0.001	

3.6	±	2.6	
4.9	±	3.0	

<0.001	
G
DS	≥	5	

310	(31)	
121	(25)	

189	(38)	
<0.001	

234	(28)	
76	(48)	

<0.001	
N
CD,	neurocognitive	disorder;	M

I,	m
yocardial	infarction;	ASA,	acetylsalicylic	acid;	N

SAID,	nonsteroidal	anti-inflam
m
atory	drug;	M

M
SE,	m

ini	m
ental	state	

exam
ination	(range	0-30);	ADL,	activities	of	daily	living	(range	0-20);	G

DS	=	G
eriatric	Depression	Scale	-	15-item

	version	(range	0-15).		
Data	are	presented	as	m

ean	±	standard	deviation	or	n	(%
).		
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Table	9	Cox	proportional	hazard	regression	model	results	for	associations	between	
antidepressant	drug	use	at	baseline	and	5-year	mortality,	Paper	I	

	
Total	
(n	=	992)	

Men	
(n	=	347)	

Women	
(n	=	645)	

Model	 HR	(95%	CI)	 P	 HR	(95%	CI)	 P	 HR	(95%	CI)	 P	

1	 1.76	(1.41,	2.19)	 <	0.001	 1.34	(0.87,	2.08)	 0.18	 1.97	(1.52,	2.56)	 <	0.001	

2	 1.62	(1.29,	2.03)	 <	0.001	 1.22	(0.79,	1.90)	 0.38	 1.84	(1.41,	2.40)	 <	0.001	

3	 1.08	(0.85,	1.38)	 0.51	 0.76	(0.47,	1.24)	 0.27	 1.28	(0.97,	1.70)	 0.08	

HR,	hazard	ratio;	CI,	confidence	interval.	
Non-users	of	antidepressants	are	the	reference	in	the	analyses.	Model	1	was	adjusted	for	age	and	sex;	
model	2	was	adjusted	for	age,	sex,	and	continuous	GDS	score;	and	model	3	was	adjusted	for	age,	sex,	
continuous	GDS	score,	living	alone,	major	neurocognitive	disorder,	antipsychotics,	heart	failure,	and	
Barthel	activities	of	daily	living	index.	In	the	total	sample	and	among	men,	model	3	was	also	adjusted	for	
age*follow-up	time.		

 

 

Table	10	Cox	proportional	hazard	regression	model	results	for	associations	between	
antidepressant	drug	use	at	baseline	and	5-year	mortality	according	to	GDS	score,	
Paper	I	

	 Total	
(n	=	992)	

GDS	<	5	
(n	=	682)	

GDS	≥	5	
(n	=	310)	

Model	 HR	(95%	CI)	 P	 HR	(95%	CI)	 P	 HR	(95%	CI)	 P	

1	 1.76	(1.41,	2.19)	 <	0.001	 1.85	(1.37,	2.50)	 <	0.001	 1.48	(1.05,	2.07)	 0.02	

2	 1.62	(1.29,	2.03)	 <	0.001	 1.84	(1.36,	2.48)	 <	0.001	 1.42	(1.01,	1.99)	 0.04	

3	 1.08	(0.85,	1.38)	 0.51	 1.10	(0.79,	1.53)	 0.58	 1.02	(0.72,	1.46)	 0.90	

HR,	hazard	ratio;	CI,	confidence	interval;	GDS,	Geriatric	Depression	Scale	-	15-item	version.	
Non-users	of	antidepressants	are	the	reference	in	the	analyses.	Model	1	was	adjusted	for	age	and	sex;	
model	2	was	adjusted	for	age,	sex,	and	continuous	GDS	score;	and	model	3	was	adjusted	for	age,	sex,	
continuous	GDS	score,	living	alone,	major	neurocognitive	disorder,	antipsychotics,	heart	failure,	and	
Barthel	activities	of	daily	living	index.	In	the	total	sample,	model	3	was	also	adjusted	for	age*follow-up	
time.		
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Figure	3	Survival	curves	based	on	Cox	proportional	hazard	regression	models	of	
antidepressant	users	versus	non-users,	Paper	I	

				
M		

	

	

The	darker	lines	represent	antidepressant	users	and	
the	lighter	represent	non-users.	Model	1	was	
adjusted	for	age	and	sex;	model	2	was	adjusted	for	
age,	sex,	and	continuous	geriatric	depression	rating	
scale	score;	and	model	3	was	adjusted	for	age,	sex,	
continuous	geriatric	depression	rating	scale	score,	
living	alone,	major	neurocognitive	disorder,	
antipsychotics,	heart	failure,	and	Barthel	activities	of	
daily	living	index.	
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Psychotropic drugs and mortality in major NCD (Paper II)	
The study cohort comprised 1037 people with major NCD and a mean age of 89 
(range, 65-104) years; 74% of participants were women and 47% died during 
the 2-year follow-up period. Alzheimer’s disease was the most common type of 
major NCD, affecting 52% of the population, followed by vascular NCD, with a 
prevalence of 38%. The most common co-morbidities were depressive disorder 
(51%), recent delirium (48%), and angina pectoris (36%). The female 
participants were slightly older, had lower MMSE and Barthel ADL index 
scores, and used more drugs, specifically benzodiazepines and analgesics, than 
did their male counterparts. Comparisons of participants who were alive to 
those who died during the 2-year follow-up period revealed differences in 14 of 
the 28 background variables. A more detailed description of the participants can 
be found in Table 11.  

Psychotropic drug use at the time of data collection is described in detail in 
Table 12. Antidepressants were used by 37% of the participants, antipsychotics 
by 22%, and benzodiazepines were used by 39% of participants; 64% of 
participants used at least one drug from these three groups. A smaller 
proportion (18%) had ongoing treatment with anti-dementia drugs (Table 11).  

Results from the Cox proportional hazard regression models are presented in 
Table 13. No association between baseline use of antipsychotics and mortality 
was observed in any analysis, and no interaction effect of sex was seen. No 
significant difference in association with mortality was seen between users of 
typical and atypical antipsychotics, in the entire sample or among men or 
women (data not shown). No association between antidepressant use and 
mortality was seen in the univariate analysis or the fully adjusted model for the 
entire sample. The interaction term for sex was significant (p = 0.047), and 
antidepressant use was independently associated with lower 2-year mortality in 
men (HR, 0.61; 95% CI, 0.40-0.92), but not in women (HR, 1.09; 95% CI, 0.87-
1.38). The use of benzodiazepines at baseline was associated with increased 
mortality during the first year thereafter in the unadjusted model (HR, 1.38; 
95% CI, 1.08-1.77), but not in the fully adjusted model. The unadjusted model 
showed no association with mortality risk during the second year, but the fully 
adjusted model revealed an association between benzodiazepine use and 
decreased mortality during this period (HR, 0.72; 95% CI, 0.54-0.96). The 
interaction term for sex was significant for the first year (p = 0.029), but not the 
second year (p = 0.964), after baseline. First-year mortality associated with 
benzodiazepine use was elevated in men in the univariate analysis (HR, 2.07; 
95% CI, 1.29-3.32), but not in the fully adjusted model. No significant 
associations were seen for men during the second year, or for women in any 
model (Table 13). 
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Table	11	Participant	characteristics	of	the	cohort	studied	in	Paper	II	

	
Total	
(n	=	1037)	

Men	
(n	=	268)	

Women	
(n	=	769)	

Alive	
(n	=	549)	

Deceased	
(n	=	488)	

Age	 89.4	±	6.2	 88.0	±	5.9	 89.9	±	6.3*	 87.9	±	6.4	 91.0	±	5.5*	

Sex,	female	 769	(74)	 	 	 412	(75)	 357	(73)	

Death	≤	2	years	 488	(47)	 131	(49)	 357	(46)	
	 	

Medical	conditions	and	diagnoses	

Alzheimer's	disease	 536	(52)	 135	(50)	 401	(52)	 309	(56)	 227	(47)*	

Vascular	major	NCD	 398	(38)	 121	(45)	 277	(36)*	 196	(36)	 202	(41)	

Other	major	NCD	 137	(13)	 31	(12)	 106	(14)	 68	(12)	 69	(14)	

Non-specified	major	NCD	 62	(6)	 11	(4)	 51	(7)	 30	(5)	 32	(7)	

Delirium,	last	month	 494	(48)	 126	(47)	 368	(48)	 221	(40)	 273	(56)*	

Depressive	disorder	 525	(51)	 129	(48)	 396	(51)	 276	(50)	 249	(51)	

Angina	pectoris	 370	(36)	 104	(39)	 266	(35)	 171	(31)	 199	(41)*	

Atrial	fibrillation	 213	(21)	 66	(25)	 147	(19)	 98	(18)	 115	(24)*	

Congestive	heart	failure	 359	(35)	 87	(32)	 272	(35)	 150	(27)	 209	(43)*	

Diabetes	mellitus	 165	(16)	 55	(21)	 110	(14)*	 86	(16)	 79	(16)	

Hip	fracture,	ever	 187	(18)	 32	(12)	 155	(20)*	 96	(17)	 91	(19)	

Malignant	disease,	ever	 196	(19)	 71	(26)	 125	(16)*	 100	(18)	 96	(20)	

MI,	ever	(12.2%	imputed)	 198	(19)	 61	(23)	 137	(18)	 86	(16)	 112	(23)*	

Stroke,	ever	 257	(25)	 78	(29)	 179	(23)	 124	(23)	 133	(27)	

Prescribed	drugs	
	 	 	 	 	

Antipsychotics	 230	(22)	 54	(20)	 176	(23)	 113	(21)	 117	(24)	

Antidepressants	 388	(37)	 94	(35)	 294	(38)	 203	(37)	 185	(38)	

Benzodiazepines	 404	(39)	 87	(32)	 317	(41)*	 205	(37)	 199	(41)	

Analgesics	 691	(67)	 154	(57)	 537	(70)*	 332	(60)	 359	(74)*	

Antiepileptics	 47	(5)	 13	(5)	 34	(4)	 27	(5)	 20	(4)	

Cholinesterase	inhibitors	 163	(16)	 52	(19)	 111	(14)	 100	(18)	 63	(13)*	

Memantine	 38	(4)	 11	(4)	 27	(4)	 22	(4)	 16	(3)	

Number	of	prescribed	drugs	 7.7	±	3.8	 7.2	±	3.9	 7.9	±	3.8*	 7.1	±	3.6	 8.4	±	4.0*	

Scales	and	measurements	
	 	 	 	 	

Barthel	ADL	(6.5%	imputed)	 12.0	±	6.1	 13.2	±	5.9	 11.6	±	6.2*	 13.8	±	5.5	 9.9	±	6.2*	

BMI	(14.9%	imputed)	 25.2	±	4.9	 25.4	±	4.3	 25.1	±	5.1	 26.0	±	4.9	 24.3	±	4.8*	

GDS-15	(35.1%	imputed)	 4.2	±	3.0	 4.1	±	3.1	 4.2	±	2.9	 4.0	±	2.9	 4.4	±	3.1*	

MMSE	(14.2%	imputed)	 13.8	±	6.7	 15.3	±	6.0	 13.2	±	6.8*	 15.5	±	6.1	 11.8	±	6.8*	

NCD,	neurocognitive	disorder;	MI,	myocardial	infarction;	ADL,	Activities	of	Daily	Living	(range	0-20);	BMI,	
Body	Mass	Index;	GDS-15,	Geriatric	Depression	Scale,	15-item	version	(range	0-15);	MMSE;	Mini	Mental	State	
Examination	(range	0-30).	
Results	are	presented	as	mean	±	standard	deviation	or	as	number	(%).	Group	differences	marked	with	*	are	
statistically	significant	(P	<	0.05).	
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Table	12	Psychotropic	drug	use	at	baseline	in	the	cohort	studied	in	Paper	II	
	 	

ATC-code	
Total	
(n	=	1037)	

Men	
(n	=	268)	

Women	
(n	=	769)	

Antipsychotics	and	related	
(incl.	PRN)	

N05A	(-N05AN01),	N05BB01,	
N05CM06,	R06AD	 230	(22)	 54	(20)	 176	(23)	

Antipsychotics	and	related		
(excl.	PRN)	

N05A(-N05AN01),	N05BB01,	
N05CM06,	R06AD	

219	(21)	 51	(19)	 168	(22)	

Antipsychotics	(incl.	PRN)	 N05A	(-N05AN01)	 175	(17)	 37	(14)	 138	(18)	
Antipsychotics	(excl.	PRN)	 N05A	(-N05AN01)	 168	(16)	 36	(13)	 132	(17)	
Drugs	related	to	antipsychotics	
(incl.	PRN)	 N05BB01,	N05CM06,	R06AD	 72	(7)	 20	(7)	 52	(7)	

Drugs	related	to	antipsychotics	
(excl.	PRN)	 N05BB01,	N05CM06,	R06AD	 67	(6)	 18	(7)	 49	(6)	

Typical	antipsychotics	(incl.	PRN)	 	 53	(5)	 12	(4)	 41	(5)	
Typical	antipsychotics	(excl.	PRN)	 	 45	(4)	 9	(3)	 36	(5)	
Atypical	antipsychotics	(incl.	PRN)	 	 135	(13)	 30	(11)	 105	(14)	
Atypical	antipsychotics	(excl.	PRN)	 	 132	(13)	 30	(11)	 102	(13)	
Antidepressants	(No	PRN	use)	 N06A	 388	(37)	 94	(35)	 294	(38)	
Tricyclic	antidepressants	 N06AA	 14	(1)	 3	(1)	 11	(1)	
SSRIs	 N06AB	 299	(29)	 81	(30)	 218	(28)	
MAO-inhibitors	 N06AG	 1	(0)	 0	(0)	 1	(0)	
Other	antidepressants	 N06AX	 115	(11)	 20	(7)	 95	(12)*	
Tetracyclic	antidepressants	 N06AX03,	N06AX11	 89	(9)	 17	(6)	 72	(9)	
SNRIs	 N06AX16,	N06AX21	 28	(3)	 3	(1)	 25	(3)	
BZD	and	Z-drugs	(including	PRN)	 N05BA,	N05CD,	N05CF,	N03AE	 404	(39)	 87	(32)	 317	(41)*	
BZD	and	Z-drugs	(excluding	PRN)	 N05BA,	N05CD,	N05CF,	N03AE	 304	(29)	 60	(22)	 244	(32)*	
Anxiolytics	(incl.	PRN)	 N05BA	 161	(16)	 26	(10)	 135	(18)*	
Anxiolytics	(excl.	PRN)	 N05BA	 99	(10)	 14	(5)	 85	(11)*	
Hypnotics,	BZD	and	Z-drugs		
(incl.	PRN)	

N05CD,	N05CF	 312	(30)	 69	(26)	 243	(32)	

Hypnotics,	BZD	and	Z-drugs		
(excl.	PRN)	 N05CD,	N05CF	 250	(24)	 52	(19)	 198	(26)*	

Hypnotics,	BZD	(incl.	PRN)	 N05CD	 74	(7)	 20	(7)	 54	(7)	
Hypnotics,	BZD	(excl.	PRN)	 N05CD	 64	(6)	 16	(6)	 48	(6)	
Hypnotics,	Z-drugs	(incl.	PRN)	 N05CF	 239	(23)	 50	(19)	 189	(25)*	
Hypnotics,	Z-drugs	(excl.	PRN)	 N05CF	 186	(18)	 36	(13)	 150	(20)*	
BZD	derivatives	(incl.	PRN)	 N03AE	 6	(1)	 2	(1)	 4	(1)	
BZD	derivatives	(excl.	PRN)	 N03AE	 5	(0)	 1	(0)	 4	(1)	
Any	psychotropic	drug	 	 659	(64)	 159	(59)	 500	(65)	
BZD	and	antidepressants	 	 186	(18)	 38	(14)	 148	(19)	
BZD	and	antipsychotics	 	 129	(12)	 25	(9)	 104	(14)	
Antidepressants	and	antipsychotics	 113	(11)	 24	(9)	 89	(12)	
BZD,	antidepressants	and	antipsychotics	 65	(6)	 11	(4)	 54	(7)	
PRN,	Pro	Re	Nata	(when	needed);	SSRI,	Selective	Serotonin	Reuptake	Inhibitor;	MAO,	Monoamine	Oxidase;	
SNRI,	Serotonin-Norepinephrine	Reuptake	Inhibitor;	BZD,	Benzodiazepines.	
Results	are	presented	as	number	(%).	Significant	sex	differences	(p	<	0.05)	are	marked	with	*.	The	results	of	
combinations	of	psychotropic	drugs	include	drugs	related	to	antipsychotics	and	benzodiazepines.		
  



 

71 

Table	13	Cox	proportional	hazard	regression	model	results	for	associations	between	
antidepressant	drug	use	at	baseline	and	5-year	mortality,	Paper	I	
		 Model	1	 Model	2	 Interaction	term	

	
HR	 95%	CI	 HR	 95%	CI	 P	

Antipsychotics	(2-year	mortality)	 	 	 sex*antipsychotic	use	

Total	 1.16	 0.94-1.43	 0.91	 0.73-1.14	 0.962	

Men	 1.24	 0.82-1.87	 0.79	 0.51-1.24	 	
Women	 1.15	 0.90-1.46	 0.90	 0.70-1.15	 	
Antidepressants	(2-year	mortality)	 	 	 sex*antidepressant	use	

Total	 1.01	 0.84-1.21	 0.96	 0.78-1.17	 0.047	

Men	 0.96	 0.67-1.37	 0.61*	 0.40-0.92	
	

Women	 1.03	 0.84-1.28	 1.09	 0.87-1.38	
	

Benzodiazepines	(first-year	mortality)	 	 	 sex*benzodiazepine	use	

Total	 1.38*	 1.08-1.77	 1.13	 0.86-1.47	 0.029	

Men	 2.07*	 1.29-3.32	 1.37	 0.77-2.45	 	
Women	 1.21	 0.91-1.62	 0.96	 0.71-1.31	 	
Benzodiazepines	(second-year	mortality)	 	 sex*benzodiazepines	use	

Total	 0.95	 0.73-1.24	 0.72*	 0.54-0.96	 0.964	

Men	 0.90	 0.51-1.59	 0.81	 0.45-1.45	
	

Women	 0.98	 0.72-1.33	 0.73	 0.53-1.02	
	

HR,	Hazard	ratio;	CI,	Confidence	interval.		
Analyses	of	antipsychotics	and	benzodiazepines	included	related	drugs,	as	described	in	methods.	Hazard	
ratios	marked	with	*	were	statistically	significant	(p	<	0.05).	Model	1	shows	the	unadjusted,	univariate	
associations	between	drug	use	and	mortality.	Model	2	includes	all	available	confounders,	selected	through	
the	process	described	in	the	statistics	section,	and	presented	in	Table	14.	Interaction	terms	show	the	p-
values	for	the	respective	interaction	terms	applied	to	Model	2.	
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Table	14	Covariates	in	the	multivariable	regression	models	(model	2)	in	Paper	II	
	 Antipsychotics	 Antidepressants	 Benzodiazepines	
	 All	 Male	 Female	 All	 Male	 Female	 All	 Male	 Female	
Age	 X	 X	 X	 X	 X	 X	 X	 X	 X	
Sex	 X	 	 	 X	 	 	 X	 	 	
Alzheimer's	disease	 	 	 	 	 X	 	 X	 	 X	
Vascular	major	NCD	 	 	 	 	 X	 	 	 	 	
Delirium,	≤	1	month	 X	 X	 X	 X	 X	 X	 X	 	 X	
Depressive	disorder	 	 	 	 	 	 	 	 (X)	 	
Angina	Pectoris	 	 	 	 	 	 	 X	 X	 	
Congestive	heart	failure	 	 	 	 	 	 	 X	 	 X	
Diabetes	mellitus	 	 	 	 	 X	 	 	 	 	
Myocardial	infarction	 X	 	 X	 	 	 	 	 	 	
Stroke,	ever	 	 	 	 X	 	 	 	 	 	
Chronic	lung	disease	 X	 	 X	 	 	 X	 X	 	 X	
Sleeping	disorder	 	 X	 	 	 X	 	 	 X	 	
Antipsychotics	 X	 X	 X	 	 	 	 	 	 	
Antidepressants	 	 	 	 X	 X	 X	 	 	 	
Benzodiazepines	 X	 X	 	 X	 X	 	 X	 X	 X	
Analgesics	 	 	 	 X	 X	 X	 X	 (X)	 X	
Cholinesterase	inhibitors	 	 	 X	 X	 	 X	 	 	 	
Organic	nitrates	 X	 	 	 	 X	 	 	 	 X	
Antibiotics	 	 X	 	 X	 X	 	 X	 (X)	 	
ASA	 	 	 X	 	 	 	 	 	 	
Digoxin	 	 	 	 X	 	 X	 	 	 	
Agents	acting	on	RAAS	 	 	 	 X	 	 	 	 	 	
Diuretics	 	 	 	 	 	 	 X	 X	 X	
Prescribed	drugs,	n	 X	 X	 X	 X	 X	 X	 X	 (X)	 X	
Barthel	ADL	index	 X	 X	 X	 X	 X	 	 X	 X	 X	
BMI	 	 	 	 X	 X	 X	 X	 	 	
GDS	 X	 X	 	 X	 X	 X	 X	 X	 	
MMSE	 X	 	 X	 	 	 	 	 	 	
Included	variables,	n	 12	 9	 10	 15	 15	 10	 15	 7(11)	 11	
NCD,	neurocognitive	disorder;	ASA,	acetylsalicylic	acid;	RAAS,	renin-angiotensin-aldosterone-system;	ADL,	
Activities	of	Daily	Living;	BMI,	body	mass	index;	GDS,	15-item	Geriatric	Depression	Scale;	MMSE,	Mini	Mental	
State	Examination.	Variables	qualified	for	the	adjusted	analyses	were	associated	(P	<	0.15)	with	mortality	and	
use	of	respective	drug	in	the	total	sample	and	in	subgroups	of	men	and	women,	respectively.	Adjustment	for	
age	and	sex	were	included	in	all	models.	GDS	was	included	in	the	models	with	antidepressant	use	without	
any	required	association	with	mortality	or	drug	use.	Variables	marked	as	(X)	were	selected	for	the	model,	but	
were	removed	in	a	backwards	selection	process	due	to	a	low	number	of	events	in	relation	to	the	number	of	
included	variables.		
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Antidepressants and hip fracture  (Paper III)  
The matched cohort of 408,144 people (204,072 cases and as many controls) 
had a mean age of 80 (range, 65-109) years, and 63% were women. The most 
commonly used antidepressants were SSRIs, making up 63% of the 
antidepressant drugs used. Those who started antidepressant treatment had 
more than twice as many incidents of hip fracture, before (5,642 vs. 2,189) and 
after (7,137 vs. 2,625) the initiation of treatment, than did those who did not use 
antidepressant drugs, and had more comorbidities (Table 15). Sex differences 
were seen in many background variables; women were older and more often 
widowed than were men. Men had a higher prevalence of most diagnoses, but 
women sustained more hip fractures (data available in the Appendix of the 
original paper). 

The association between any antidepressant drug use and hip fracture in the 
total cohort is shown in Figure 4. Antidepressant users had an increased 
incidence of hip fracture before and after the initiation of treatment (peak HR, 
5.5; 95% CI, 4.9-6.1). The curve reveals a gradually increasing HR, which peaks 
in the month before the initiation of therapy and then falls gradually until 1 year 
after the index date. These results were confirmed by evaluation of the 
association using conditional logistic regression models for 5 time frames 
before, and the corresponding 5 time frames after the initiation of treatment 
(Table 16). The association between any antidepressant drug use and hip 
fracture peaked 16 to 30 days before the initiation of treatment (OR, 5.76; 95% 
CI, 4.73-7.01), with the second highest peak occurring 31 to 91 days before 
treatment initiation (OR, 4.14; 95% CI, 3.71-4.61). In the sex-disaggregated 
analyses, the association between antidepressant use and hip fracture was 
strongest at 16 to 30 days before treatment initiation in men (OR, 9.38; 95% CI, 
6.11-14.40) and in women (OR, 4.82; 95% CI, 3.85-6.02). The association was 
stronger among men than among women (significant sex × antidepressant 
interaction) in 4 time frames (Table 16). 

The results from the subgroup analyses are presented in Table 17. Similar 
patterns of association between antidepressant drug use and hip fracture were 
seen for participants aged ≥ 85 and < 85 years. In both age groups, the 
associations were strongest at 16 to 30 days before the initiation of treatment 
(OR, 5.68; 95% CI, 4.27-7.56 and OR, 5.73; 95% CI, 4.37-7.51, respectively). 
However, the association was stronger in the younger cohort at 92-182 and 183-
365 days after the initiation of treatment (significant age group × 
antidepressant interaction; Table 17). In separate analyses of the three most 
commonly used antidepressant drugs, the ORs also peaked 16 to 30 days before 
the initiation of treatment. The citalopram and mirtazapine analyses revealed 
significant associations between the initiation of antidepressant treatment at 
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who did not use antidepressant drugs (Table 1; eTable 1 and
eTable 2 in the Supplement).

Associations Between Antidepressant Drug Use
and Hip Fracture
The association between any antidepressant drug use and hip
fracture in the total cohort is shown in the Figure. Antidepres-
sant users had an increased incidence of hip fracture before
and after the initiation of treatment (peak hazard ratio [HR],
5.5; 95% CI, 4.9-6.1). The curve reveals a gradually increasing
hazard ratio, which peaked in the month before the initiation
of therapy and then fell gradually until 1 year after the index
date.

These results were confirmed by evaluation of the asso-
ciation using conditional logistic regression models for 5 time
frames before and the corresponding 5 time frames after the
initiation of treatment (Table 2). The odds ratio (OR) for the
association between any antidepressant drug use and hip frac-
ture peaked 16 to 30 days before the initiation of treatment (OR,
5.76; 95% CI, 4.73-7.01), with the second highest peak occur-
ring 31 to 91 days before treatment initiation (OR, 4.14; 95%
CI, 3.71-4.61).

Subgroup Analyses
The OR for the association between antidepressant use and hip
fracture was highest at 16 to 30 days before treatment initia-

Figure. Associations Between Antidepressant Drug Treatment Initiation and Hip Fracture
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Table 2. Multivariable Conditional Logistic Regression Model Associations Between Antidepressant Drug Initiation and Hip Fracturea

Time Frame

OR (95% CI)
Interaction
P Value

All Participants
(N = 408 144) Men (n = 150 658) Women (n = 257 486)

Before initiation of treatment, d

183-365 1.59 (1.46-1.74) 1.87 (1.57-2.22) 1.51 (1.36-1.66) .02

92-182 2.20 (1.98-2.45) 2.31 (1.87-2.86) 2.16 (1.91-2.45) .26

31- 91 4.14 (3.71-4.61) 4.86 (3.91-6.04) 3.90 (3.44-4.42) .08

16-30 5.76 (4.73-7.01) 9.38 (6.11-14.40) 4.82 (3.85-6.02) .006

1-15 2.27 (1.85-2.78) 2.51 (1.72-3.65) 2.16 (1.70-2.76) .44

After initiation of treatment, d

1-15 3.36 (2.76-4.09) 6.15 (4.08-9.29) 2.70 (2.15-3.38) .02

16-30 3.56 (2.88-4.41) 5.93 (3.67-9.60) 3.09 (2.44-3.91) .11

31-91 2.90 (2.59-3.25) 3.20 (2.57-4.00) 2.78 (2.44-3.17) .07

92-182 3.20 (2.85-3.58) 3.76 (2.97-4.77) 3.01 (2.65-3.43) .03

183-365 2.54 (2.32-2.78) 2.50 (2.08-2.99) 2.56 (2.30-2.84) .45

Abbreviation: OR, odds ratio.
a Nonusers of antidepressants are the reference in all analyses. All conditional

models were adjusted for sex and age through matching. All analyses were
adjusted for marital status, level of education, and early retirement at the
index date. All prospective analyses were adjusted for renal failure, chronic
obstructive pulmonary disease, malignant disease, alcohol intoxication,
depression, diabetes, myocardial infarction, ischemic stroke, hemorrhagic
stroke, dementia, and the use of antidementia drugs, antipsychotic drugs,
benzodiazepines, bisphosphonates, and prednisolone at the index date. All

retrospective analyses were adjusted for the same conditions at 1 year before
the index date. In each analysis, each participant who had a hip fracture, had
died, or stopped filling their prescription in any time frame closer to the index
date was excluded along with their matched individual (at the most,
n = 140 608) in the time frame 183 to 365 days after initiation of treatment in
all participants. The interaction term sex × antidepressant was analyzed in
multivariable unconditional logistic regression models using the same
variables as in the conditional analyses, as well as sex and age.
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baseline and the incidence of hip fracture in all time frames. For amitriptyline, 
the association was significant in 8 of the 10 time frames. 

Results of the non-conditional multivariable regression analyses of higher 
versus lower dose are presented in Table 18. The study of all antidepressants 
showed increased odds of hip fracture associated with higher doses of 
antidepressants in 2 of the 10 time frames, peaking at 16 to 30 days before the 
initiation of treatment (OR, 1.47; 95% CI, 1.26-1.72), and lower odds in one time 
frame. Higher doses of citalopram were associated with increased odds of hip 
fracture 16 to 30 days before treatment initiation and decreased odds in two 
other time frames. Higher doses of mirtazapine were associated with increased 
odds of hip fracture at 16 to 30 days before treatment initiation, but not in any 
other time frame. The amitriptyline analysis revealed no difference between 
users of higher and lower doses. 

The results of all simple regression models were presented in the Appendix of 
the original paper, as were the characteristics of subgroups of the cohort, and 
the results of the sensitivity analyses of the subcohorts with major NCD and 
depression, respectively. These analyses showed similar patterns of associations 
as the main results presented above (Appendix of the original paper). 

Figure	4	Associations	between	antidepressant	drug	treatment	initiation	and	hip	
fracture,	Paper	III	

	

	

	

	

	

	

	

Flexible	parametric	survival	models	for	non-proportional	hazards	for	all	participants	and	all	antidepressants	
before	(A)	and	after	(B)	treatment	initiation.	Non-users	of	antidepressants	are	the	reference	in	the	analyses.	
Conditional	analyses	were	performed	using	three	degrees	of	freedom	and	knots	at	default	positions.	The	
grey	area	represents	the	95%	confidence	interval.	Participants	who	had	a	hip	fracture,	died,	or	stopped	
filling	their	prescription	were	censored	from	the	analysis.	



 

75 

Table	15	Participant	characteristics	of	the	cohort	studied	in	Paper	III	
	 Total	

(n	=	408,144)	
AD	users	
(n	=	204,072)	

AD	non-users	
(n	=	204,072)	

Age,	mean	(SD)	 80.1	(7.2)	 80.1	(7.2)	 80.1	(7.2)	
Highest	education	level,	%	 	 	 	
Unspecified	 2.0	 2.2	 1.9	
Primary	school	 54.1	 53.4	 54.7	
Secondary	school,	2	years	 23.6	 24.2	 23.1	
Secondary	school,	3	years	 7.0	 7.1	 6.9	
University	 13.3	 13.1	 13.5	

Civil	status,	%	 	 	 	
Married	 49.5	 49.1	 49.8	
Unmarried	 6.9	 6.3	 7.5	
Divorced	 12.6	 13.9	 11.2	
Widowed	 31.1	 30.7	 31.4	

Early	retirement	(before	age	65	years),	%	 1.4	 1.8	 1.1	
Medical	conditions,	%	 	 	 	
Alcohol	intoxication,	ever	 2.0	 2.8	 1.2	
Chronic	obstructive	pulmonary	disease	 4.2	 5.6	 2.8	
Major	neurocognitive	disorder	 4.7	 7.1	 2.2	
Depression,	ever	 2.6	 4.7	 0.6	
Diabetes	mellitus	 11.1	 13.2	 9.0	
Haemorrhagic	stroke,	ever	 1.5	 2.1	 0.9	
Ischemic	stroke,	ever	 10.5	 14.2	 6.8	
Kidney	failure,	ever	 1.9	 2.4	 1.3	
Malignant	disease,	ever	 23.3	 25.7	 21.0	
Myocardial	infarction,	ever	 9.8	 11.0	 8.6	
Drug	use,	%	

	 	 	
	

Antidepressant	drug	classes	 ATC-code	 	 	 	
Tricyclic	antidepressants	 N06AA	 6.7	 13.5	 	
SSRIs	 N06AB	 31.3	 62.6	 	
Other	antidepressants	 N06AX	 12.0	 23.9	 	

Individual	antidepressants	 	 	 	 	
Amitriptyline	 N06AA09	 6.4	 12.9	 	
Citalopram	 N06AB04	 25.5	 51.0	 	
Sertraline	 N06AB06	 5.0	 10.0	 	
Mirtazapine	 N06AX11	 9.3	 18.6	 	

Other	drugs	 	 	 	 	
Anti-dementia	drugs,	after	2005	 N06D	 4.3	 6.7	 1.9	
Antipsychotics,	current	use	 N05A	 1.2	 2.2	 0.1	
Benzodiazepines,	after	2005	 N05BA	 7.5	 10.6	 4.4	
Bisphosphonates,	current	use	 M05BA	 5.2	 5.9	 4.5	
Prednisolone,	current	use	 H02AB06	 7.0	 8.7	 5.3	

Hip	fracture	incidence,	%	(n)	
	 	

	
≤	365	days	before	initiation	of	treatment	 1.9	(7,831)	 2.8	 1.1	
≤	365	days	after	initiation	of	treatment	 2.4	(9,762)	 3.5	 1.3	
AD,	antidepressant;	SD,	standard	deviation;	ATC,	Anatomical	Therapeutic	Chemical;	SSRI,	selective	serotonin	
reuptake	inhibitor.	Medical	conditions	were	registered	dichotomously	and	include	only	those	registered	in	
specialised	care.	
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Table	16	Multivariable	conditional	logistic	regression	results	for	associations	between	
antidepressant	drug	treatment	initiation	and	hip	fracture,	Paper	III	
	
Time	frame,	days	

Total	
(n	=	408,144)	

Men	
(n	=	150,658)	

Women	
(n	=	257,486)	

	
Interaction,	P	

Before	initiation	of	treatment	 	

183–365	 1.59	(1.46–1.74)	 1.87	(1.57–2.22)	 1.51	(1.36–1.66)	 0.016	

92–182	 2.20	(1.98–2.45)	 2.31	(1.87–2.86)	 2.16	(1.91–2.45)	 0.258	

31–91	 4.14	(3.71–4.61)	 4.86	(3.91–6.04)	 3.90	(3.44–4.42)	 0.082	

16–30	 5.76	(4.73–7.01)	 9.38	(6.11–14.40)	 4.82	(3.85–6.02)	 0.006	

1–15	 2.27	(1.85–2.78)	 2.51	(1.72–3.65)	 2.16	(1.70–2.76)	 0.442	

After	initiation	of	treatment	 	

1–15	 3.36	(2.76–4.09)	 6.15	(4.08–9.29)	 2.70	(2.15–3.38)	 0.015	

16–30	 3.56	(2.88–4.41)	 5.93	(3.67–9.60)	 3.09	(2.44–3.91)	 0.112	

31–91	 2.90	(2.59–3.25)	 3.20	(2.57–4.00)	 2.78	(2.44–3.17)	 0.065	

92–182	 3.20	(2.85–3.58)	 3.76	(2.97–4.77)	 3.01	(2.65–3.43)	 0.028	

183–365	 2.54	(2.32–2.78)	 2.50	(2.08–2.99)	 2.56	(2.30–2.84)	 0.446	
Results	presented	as	Odds	Ratio	(95	%	Confidence	Interval);	Interaction,	sex*antidepressant.	
Non-users	of	antidepressants	are	the	reference	in	all	analyses.	All	conditional	models	were	adjusted	for	sex	
and	age	through	matching.	All	analyses	were	adjusted	for	marital	status,	level	of	education,	and	early	
retirement	at	the	index	date.	All	prospective	analyses	were	adjusted	for	renal	failure,	chronic	obstructive	
pulmonary	disease,	malignant	disease,	alcohol	intoxication,	depression,	diabetes	mellitus,	myocardial	
infarction,	ischemic	stroke,	haemorrhagic	stroke,	major	neurocognitive	disorder,	and	the	use	of	anti-
dementia	drugs,	antipsychotic	drugs,	benzodiazepines,	bisphosphonates	and	prednisolone	at	the	index	date.	
All	retrospective	analyses	were	adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	In	each	
analysis,	each	participant	who	had	a	hip	fracture,	had	deceased,	or	stopped	filling	their	prescription	in	any	
time	frame	closer	to	the	index	date	was	excluded	along	with	their	matched	individual,	at	the	most	n	=	
140,608,	in	the	time	frame	183-365	days	after	initiation	of	treatment	in	all	participants.	The	interaction	term	
sex*antidepressant	was	analysed	in	multivariable	non-conditional	logistic	regression	models	using	the	same	
variables	as	in	the	conditional	analyses,	as	well	as	sex	and	age.	
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Table	17	Multivariable	conditional	logistic	regression	results	for	associations	between	
antidepressant	drug	treatment	initiation	and	hip	fracture	in	subgroups,	Paper	III	
	
	
Time	frame,	days	

Citalopram,	
N06AB04	
(n	=	208,214)	

Mirtazapine,	
N06AX11	
(n	=	76,080)	

Amitriptyline,	
N06AA09	
(n	=	52,550)	

Before	initiation	of	treatment	

183–365	 1.65	(1.48–1.85)	 1.74	(1.43–2.10)	 1.36	(1.02–1.82)	

92–182	 2.33	(2.01–2.70)	 2.68	(2.13–3.36)	 0.88	(0.61–1.27)	

31–91	 4.09	(3.54–4.73)	 6.74	(5.27–8.61)	 1.91	(1.36–2.69)	

16–30	 5.47	(4.20–7.13)	 8.54	(5.70–12.80)	 3.95	(1.77–8.80)	

1–15	 2.04	(1.55–2.69)	 4.75	(3.00–7.54)	 1.26	(0.68–2.36)	

After	initiation	of	treatment	

1–15	 3.15	(2.43–4.09)	 6.20	(3.83–10.06)	 2.04	(1.10–3.78)	

16–30	 3.47	(2.64–4.54)	 4.89	(2.94–8.16)	 2.95	(1.44–6.04)	

31–91	 3.21	(2.77–3.71)	 2.56	(1.94–3.39)	 1.55	(1.09–2.22)	

92–182	 3.88	(3.34–4.51)	 2.61	(2.00–3.40)	 1.80	(1.17–2.78)	

183–365	 2.93	(2.60–3.30)	 2.10	(1.69–2.62)	 2.17	(1.55–3.03)	

	 	 	 	 	
	
Time	frame,	days	

Age	<	85	Years	
(n	=	298,022)	

Age	≥	85	Years	
(n	=	110,122)	

	
Interaction,	P	

Before	initiation	of	treatment	

183–365	 1.53	(1.35–1.73)	 1.61	(1.43–1.81)	 0.465	

92–182	 2.19	(1.86–2.57)	 2.16	(1.87–2.49)	 0.249	

31–91	 3.92	(3.34–4.61)	 4.19	(3.63–4.84)	 0.773	

16–30	 5.68	(4.27–7.56)	 5.73	(4.37–7.51)	 0.974	

1–15	 2.67	(1.94–3.67)	 2.01	(1.55–2.62)	 0.117	

After	initiation	of	treatment	

1–15	 3.59	(2.67–4.83)	 3.16	(2.43–4.12)	 0.428	

16–30	 3.14	(2.29–4.30)	 3.80	(2.86–5.04)	 0.554	

31–91	 2.64	(2.23–3.12)	 3.06	(2.63–3.56)	 0.464	

92–182	 3.50	(2.94–4.16)	 2.85	(2.45–3.30)	 <	0.001	

183–365	 2.92	(2.55–3.33)	 2.18	(1.93–2.46)	 <	0.001	
Results	presented	as	Odds	Ratio	(95	%	Confidence	Interval);	Interaction,	age	group*antidepressant.		
Non-users	of	antidepressants	are	the	reference	in	all	analyses.	All	conditional	models	were	adjusted	for	sex	
and	age	through	matching.	All	analyses	were	adjusted	for	marital	status,	level	of	education,	and	early	
retirement	at	the	index	date.	All	prospective	analyses	were	adjusted	for	renal	failure,	chronic	obstructive	
pulmonary	disease,	malignant	disease,	alcohol	intoxication,	depression,	diabetes	mellitus,	myocardial	
infarction,	ischemic	stroke,	haemorrhagic	stroke,	major	neurocognitive	disorder,	and	the	use	of	anti-
dementia	drugs,	antipsychotic	drugs,	benzodiazepines,	bisphosphonates	and	prednisolone	at	the	index	date.	
All	retrospective	analyses	were	adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	In	each	
analysis,	each	participant	who	had	a	hip	fracture,	had	deceased,	or	stopped	filling	their	prescription	in	any	
time	frame	closer	to	the	index	date	was	excluded	along	with	their	matched	individual,	at	the	most	n	=	
97,291,	in	the	time	frame	183-365	days	after	initiation	of	treatment	in	the	subcohort	aged	<	85	years,	and	n	=	
63,400	in	the	citalopram	subcohort.	The	interaction	term	age	group*antidepressant	was	analysed	in	non-
conditional	regression	models	using	the	same	variables	as	in	the	conditional	analyses,	as	well	as	sex.	

  



 

78 

Table	18	Multivariable	non-conditional	logistic	regression	results	for	associations	
between	antidepressant	drug	treatment	initiation	and	hip	fracture	according	to	dose,	
Paper	III	
	
Time	frame,	days	

All	drugs	
(n	=	200,065)	

Citalopram		
(n	=	104,026)	

Mirtazapine		
(n	=	35,382)	

Amitriptyline		
(n	=	26,275)	

Before	initiation	of	treatment	 	

183–365	 0.87	(0.78–0.97)	 0.66	(0.58–0.76)	 1.19	(0.93–1.53)	 1.13	(0.75–1.71)	

92–182	 0.90	(0.80–1.02)	 0.82	(0.70–0.96)	 0.97	(0.74–1.28)	 0.85	(0.47–1.54)	

31–91	 1.09	(0.99–1.21)	 1.01	(0.89–1.15)	 1.06	(0.86–1.30)	 1.17	(0.76–1.81)	

16–30	 1.47	(1.26–1.72)	 1.32	(1.07–1.63)	 1.65	(1.25–2.18)	 1.53	(0.71–3.30)	

1–15	 1.00	(0.80–1.25)	 0.87	(0.64–1.19)	 1.28	(0.86–1.92)	 0.98	(0.39–2.47)	

After	initiation	of	treatment	 	

1–15	 0.87	(0.72–1.04)	 0.93	(0.73–1.18)	 0.68	(0.46–1.01)	 1.44	(0.70–2.98)	

16–30	 1.29	(1.08–1.55)	 1.19	(0.95–1.49)	 1.42	(0.92–2.18)	 0.60	(0.23–1.56)	

31–91	 1.04	(0.94–1.16)	 0.94	(0.83–1.06)	 0.81	(0.61–1.08)	 1.29	(0.81–2.06)	

92–182	 1.03	(0.93–1.14)	 0.90	(0.79–1.02)	 0.95	(0.73–1.25)	 0.96	(0.54–1.68)	

183–365	 0.99	(0.91–1.08)	 0.91	(0.81–1.01)	 0.94	(0.75–1.18)	 1.18	(0.79–1.76)	
All	results	presented	as	Odds	Ratio	(95	%	Confidence	Interval).	Users	of	lower	doses	are	the	reference	in	all	
analyses.	All	analyses	were	adjusted	for	sex,	age,	marital	status,	level	of	education,	and	early	retirement	at	
the	index	date.	All	prospective	analyses	were	adjusted	for	renal	failure,	chronic	obstructive	pulmonary	
disease,	malignant	disease,	alcohol	intoxication,	depression,	diabetes	mellitus,	myocardial	infarction,	
ischemic	stroke,	haemorrhagic	stroke,	major	neurocognitive	disorder,	and	the	use	of	anti-dementia	drugs,	
antipsychotic	drugs,	benzodiazepines,	bisphosphonates	and	prednisolone	at	the	index	date.	All	retrospective	
analyses	were	adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	In	each	analysis,	each	
participant	who	had	a	hip	fracture,	had	deceased	or	stopped	filling	their	prescription	in	any	time	frame	closer	
to	the	index	date	was	excluded,	at	the	most	n	=	66,541,	in	the	time	frame	183-365	days	after	initiation	of	all	
antidepressants.	
Citalopram	low	dose:	n,	49,348;	mean,	10.0	mg;	median,	10.0	mg;	range,	10-10	mg 
Citalopram	high	dose:	n,	54,678;	mean,	20.1	mg;	median,	20.0	mg;	range,	20-40	mg	
Mirtazapine	low	dose:	n,	23,474;	mean,	15.0	mg;	median,	15.0	mg;	range,	15-15	mg	
Mirtazapine	high	dose:	n,	11,908;	mean,	30.4	mg;	median,	30.0	mg;	range,	30-45	mg	
Amitriptyline	low	dose:	n,	19,729;	mean,	10.0	mg;	median,	10.0	mg;	range,	10-10	mg	
Amitriptyline	high	dose:	n,	6,546;	mean,	25.8	mg;	median,	25.0	mg;	range,	25-50	mg	
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Antipsychotics and hip fracture (Paper IV) 
The 1:1 matched study cohort consisted of 255,274 individuals with a mean age 
of 82 (range, 65-108) years; 60% were women. Baseline characteristics of the 
users and non-users of antipsychotics drugs are presented in Table 19. The 
analyses revealed group differences in almost all variables. Those who filled 
prescriptions of antipsychotics had more comorbidities, more often needed 
residential or in-home care, and were more often prescribed other drugs, 
compared to non-users. Atypical antipsychotics were used more commonly than 
were conventional antipsychotics (63% vs. 37%); the two most frequently 
prescribed agents were risperidone and haloperidol, used by 46% and 28% of 
users, respectively. The mean duration of treatment during the 1-year follow-up 
was 217 (SD, 138) days. Significant sex differences were detected in almost all 
background variables; women were older and more often widowed, had lower 
incomes, and sustained more hip fractures than did men. Medical conditions 
other than major NCD were distributed unevenly between the sexes. Men were 
more likely to receive haloperidol and women were more commonly prescribed 
risperidone, and had longer treatment times than men (data available in the 
Appendix of the original paper). 

In the years before and after the index date, respectively, 7,663 and 5,258 hip 
fractures were registered; 236 individuals sustained hip fractures both before 
and after the index date. Those who filled prescriptions of antipsychotics had a 
higher incidence of hip fracture than did non-users, before (4.7% vs. 1.3%) and 
after (3.2% vs. 0.9%) the initiation of antipsychotic treatment (Table 19). The 
hip fracture incidence in each of the 10 time frames analysed is presented in 
Table 20, along with the numbers of participants available for analysis. The 
highest hip fracture incidence rates were seen in the three time frames 
preceding the index date, peaking (at 18.4/100,000 participant days) 16 to 30 
days before the initiation of antipsychotic drug treatment. Data from 134,053 
(52.5%) participants were available for analysis in the time frame with the least 
amount of available data, 183 to 365 days after the initiation of treatment (Table 
20). 

Figure 5 shows the association between antipsychotic drug use and hip fracture, 
and how it changed over time. The association was present 1 year before the 
initiation of treatment and increased in magnitude approaching the index date, 
then gradually fell to plateau soon after the index date. The fully adjusted 
conditional logistic regression models revealed associations in all 10 studied 
time frames, which peaked 16-30 days before the initiation of treatment (OR, 
9.09; 95% CI, 7.00-11.81; Table 21). In the corresponding prospective time 
frame, 16 to 30 days after the index date, the OR was reduced to 3.27 (95% CI, 
2.36-4.51); this association strength was sustained for the remainder of the 
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follow-up period. The pattern was similar in women and men (Table 21), in 
participants aged < 85 and ≥ 85 years (Table 22), and in users of conventional 
and atypical antipsychotics (Table 22); all showed associations in all time 
frames, peaking 16-30 days before the initiation of treatment. 

Fully adjusted non-conditional logistic regression models revealed no dose-
associated difference in the risk of hip fracture in the prospective time frames 
for haloperidol or risperidone users (Table 23). In the retrospective time 
frames, the only group difference was detected for risperidone; people who were 
later prescribed higher doses were less likely to sustain hip fractures at 183-365 
days before the initiation of treatment, than were those who were later 
prescribed lower doses.  

Results of simple logistic regression models, additional background data, and 
the results of sensitivity analyses were presented in the Appendix of the original 
paper. The results of the analyses where the participants were matched on care 
level, and on major NCD status, respectively, and of the subcohort of survivors 
were similar to those of the main analyses, with the highest ORs in the time 
frames closely preceding the index date (Appendix of the original paper).		
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Figure	5	Associations	between	antipsychotic	drug	treatment	initiation	and	hip	fracture,	
Paper	IV	

	

	

	

	

	

	

	

	

	

Flexible	parametric	survival	models	for	non-proportional	hazards	for	all	participants	and	all	antipsychotics	
before	and	after	treatment	initiation,	with	antipsychotic	non-users	serving	as	the	reference.	Conditional	
analyses	were	performed	using	three	degrees	of	freedom	and	knots	at	default	positions.	The	grey	area	
represents	the	95%	confidence	interval.	Each	case-control	pair	was	censored	if	the	case	stopped	using	
antipsychotics,	if	the	control	started	using	antipsychotics,	if	either	individual	sustained	a	hip	fracture	or	died,	
or	when	December	31,	2017,	was	reached. 	
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Table	19	Participant	characteristics	of	the	cohort	studied	in	Paper	IV	

	

Total	
(n	=	255,274)	

AP	users	
(n	=	127,637)	

AP	non-users	
(n	=	127,637)	

	
P		

Age,	mean	(SD),	y	 81.5	(8.1)	 81.5	(8.1)	 81.5	(8.1)	
	

Highest	educational	level,	%	 	 	 	 <	0.001	
Unspecified	 3.0	 2.6	 3.3	 	
Primary	school,	<	9	y	 43.8	 46.3	 41.4	

	
Primary	school,	9	y	 6.7	 6.4	 6.9	 	
Secondary	school,	2	y	 23.8	 24.1	 23.6	 	
Secondary	school,	3	y	 7.9	 7.3	 8.4	

	
University,	<	3	y	 6.2	 5.7	 6.7	 	
University,	≥	3	y	 8.6	 7.6	 9.7	 	

Marital	status,	%	 	
	 	

<	0.001	
Married	 49.5	 46.9	 52.1	 	
Unmarried	 7.8	 8.8	 6.8	 	
Divorced	 13.9	 15.4	 12.4	

	
Widowed	 28.8	 29.0	 28.7	 	

Early	retirement	(age	<	65	y)	,	%	 5.3	 7.0	 3.6	 <	0.001	
Foreign	background,	%	 11.3	 11.3	 11.3	 0.7	
In-home	care,	%	 24.4	 28.8	 20.0	 <	0.001	
Residential	care,	%	 23.4	 38.1	 8.7	 <	0.001	
Income,	mean	(SD),	1,000	SEK	/	y	 143	(220)	 138	(186)	 148	(249)	 <	0.001	
Medical	conditionsa,	%	 	 	 	 	
Alcohol	intoxication,	ever	 1.9	 3.0	 0.8	 <	0.001	
Chronic	obstructive	pulmonary	disease	 4.2	 5.2	 3.1	 <	0.001	
Diabetes	 14.6	 16.6	 12.6	 <	0.001	
Kidney	failure,	ever	 2.7	 3.6	 1.9	 <	0.001	
Major	neurocognitive	disorder	 17.5	 30.4	 4.6	 <	0.001	
Malignant	disease,	ever	 26.3	 28.9	 23.8	 <	0.001	
Myocardial	infarction,	ever	 9.1	 10.2	 7.9	 <	0.001	
Osteoporosis	 11.4	 12.4	 10.4	 <	0.001	
Rheumatic	disease	 1.9	 2.0	 1.7	 <	0.001	
Stroke,	ever	 12.4	 16.2	 8.7	 <	0.001	

Drug	use,	%	 	
	 	 	

Antipsychotic	drug	classesb	 	 	 	 	
Conventional	antipsychotics	 18.3	 36.6	 -	 	
Atypical	antipsychotics	 31.7	 63.4	 -	

	
Individual	antipsychotic	drugs	(ATC	code)b	 	 	 	 	
Levomepromazine	(N05AA02)	 1.8	 3.6	 -	 	
Haloperidol	(N05AD01)	 13.8	 27.5	 -	

	
Olanzapine	(N05AH03)	 3.4	 6.9	 -	 	
Quetiapine	(N05AH04)	 3.6	 7.2	 -	 	
Risperidone	(N05AX08)	 22.8	 45.6	 -	

	
Other	drugs	(ATC	code)c	 	 	 	 	
Glucocorticoids,	systemic	(H02AB)	 23.7	 26.7	 20.6	 <	0.001	
Anxiolytics	(N05B)	 42.2	 60.3	 24.0	 <	0.001	
Hypnotics	(N05C)	 49.2	 63.4	 35.0	 <	0.001	
Antidepressants	(N06A)	 39.7	 57.3	 22.1	 <	0.001	

Incidence	of	adverse	eventsb,	%	 	
	 	 	

Deceased	within	1	year	 18.4	 33.0	 3.9	 <	0.001	
Hip	fracture	the	year	before	the	index	

date	
3.0	(n	=	7,663)	 4.7	(n	=	5,940)	 1.3	(n	=	1,723)	 <	0.001	

Hip	fracture	the	year	after	the	index	
date	

2.1	(n	=	5,258)	 3.2	(n	=	4,144)	 0.9	(n	=	1,114)	 <	0.001	
Continued	on	next	page	 	 	 	 	
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Table	19	Participant	characteristics	of	the	cohort	studied	in	Paper	IV,	continued	
AP,	 antipsychotic	drug;	 SD,	 standard	deviation;	 y,	 years;	 SEK,	 Swedish	 krona;	ATC,	Anatomical	 Therapeutic	
Chemical.	
aMedical	 conditions	were	 registered	dichotomously	 and	 included	only	 those	 registered	 in	 specialised	 care.	
The	 presence	 of	 major	 neurocognitive	 disorder,	 diabetes,	 and	 osteoporosis	 was	 determined	 based	 on	
diagnoses	and	the	use	of	disease-specific	drugs.	Stroke	includes	ischemic	and	haemorrhagic	stroke.	
bNot	included	as	covariates	in	the	multivariate	analyses.	
cDesignates	drug	use	in	2005	or	later.	
 

 

Table	20	Hip	fracture	incidence	and	data	available	for	analysis,	Paper	IV	
	
	
Time	frame,	days	

	
	
Available	for	analysisa,	n	

	
	
Hip	fracturesb,	n	

Hip	fractures	per	
100,000	participant	
days,	n	

Before	initiation	of	treatment	

183–365	 250,283	 2,672	 5.8	

92–182	 252,127	 1,844	 8.0	

31–91	 254,075	 1,948	 12.6	

16–30	 254,778	 703	 18.4	

1–15	 255,274	 496	 13.0	

After	initiation	of	treatment	

1–15	 255,274	 444	 11.6	

16–30	 239,196	 398	 11.1	

31–91	 229,701	 1,305	 9.3	

92–182	 167,521	 1,279	 8.4	

183–365	 134,053	 1,832	 7.5	
aEach	case-control	pair	was	excluded	from	further	analyses	if	the	case	stopped	using	antipsychotics	(defined	
at	90	days	after	the	last	prescription	was	filled),	if	the	control	started	using	antipsychotics,	if	either	individual	
sustained	a	hip	fracture	or	died	in	a	time	frame	closer	to	the	index	date,	or	when	December	31,	2017,	was	
reached.	
bCrude	numbers	for	all	participants.	
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Table	21	Multivariable	conditional	logistic	regression	results	for	associations	between	
antipsychotic	drug	treatment	initiation	and	hip	fracture,	Paper	IV	
	
Time	frame,	days	

Total	
(n	=	255,274)	

Women		
(n	=	152,890)	

Men		
(n	=	102,384)	

Before	initiation	of	treatment	

183–365	 1.75	(1.58–1.93)	 1.74	(1.55–1.95)	 1.72	(1.42–2.08)	

92–182	 3.28	(2.89–3.73)	 3.05	(2.63–3.53)	 4.00	(3.09–5.18)	

31–91	 5.63	(4.90–6.45)	 4.91	(4.19–5.75)	 7.81	(5.94–10.26)	

16–30	 9.09	(7.00–11.81)	 7.83	(5.72–10.72)	 12.17	(7.56–19.60)	

1–15	 5.84	(4.42–7.71)	 4.44	(3.24–6.09)	 11.70	(6.42–21.33)	

After	initiation	of	treatment	

1–15	 4.31	(3.05–6.10)	 3.58	(2.47–5.20)	 9.03	(3.43–23.76)	

16–30	 3.27	(2.36–4.51)	 2.46	(1.71–3.52)	 8.45	(4.01–17.83)	

31–91	 3.24	(2.67–3.93)	 2.74	(2.19–3.43)	 4.83	(3.31–7.05)	

92–182	 3.30	(2.70–4.04)	 2.84	(2.26–3.57)	 5.33	(3.50–8.11)	

183–365	 2.86	(2.40–3.39)	 2.38	(1.97–2.87)	 5.28	(3.55–7.84)	
All	results	presented	as	Odds	Ratio	(95	%	Confidence	Interval)	
Non-users	of	antipsychotics	served	as	the	reference	in	all	analyses.	All	models	were	adjusted	for	sex	and	age	
through	matching.	All	analyses	were	adjusted	for	marital	status,	level	of	education,	early	retirement,	foreign	
background,	care	level,	and	income	at	the	index	date.	All	prospective	analyses	were	adjusted	for	alcohol	
intoxication,	chronic	obstructive	pulmonary	disease,	diabetes,	kidney	failure,	major	neurocognitive	disorder,	
malignant	disease,	myocardial	infarction,	osteoporosis,	rheumatic	disease,	stroke,	and	the	use	of	
glucocorticoids,	anxiolytics,	hypnotics,	and	antidepressants	at	the	index	date.	All	retrospective	analyses	were	
adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	Each	case-control	pair	was	excluded	from	
further	analyses	if	the	case	stopped	using	antipsychotics,	if	the	control	started	using	antipsychotics,	if	either	
individual	sustained	a	hip	fracture	or	died	in	a	time	frame	closer	to	the	index	date,	or	when	December	31,	
2017,	was	reached.	
  



 

85 

Table	22	Multivariable	conditional	logistic	regression	results	for	associations	between	
antipsychotic	drug	treatment	initiation	and	hip	fracture	in	subgroups,	Paper	IV	
	
	
Time	frame,	days	

	
Age	<	85		years		
(n	=	152,614)	

	
Age	≥	85	years		
(n	=	102,660)	

Conventional	
antipsychotics		
(n	=	93,508)	

Atypical	
antipsychotics		
(n	=	161,766)	

Before	initiation	of	treatment	 	

183–365	 1.90	(1.59–2.28)	 1.66	(1.48–1.86)	 1.54	(1.32–1.80)	 1.91	(1.68–2.17)	

92–182	 3.70	(2.93–4.66)	 2.96	(2.55–3.44)	 3.08	(2.50–3.79)	 3.46	(2.94–4.08)	

31–91	 7.37	(5.74–9.46)	 4.56	(3.88–5.36)	 5.44	(4.35–6.81)	 5.66	(4.75–6.73)	

16–30	 11.01	(6.98–17.37)	 7.95	(5.79–10.92)	 13.89	(8.72–22.12)	 7.49	(5.44–10.31)	

1–15	 8.14	(4.91–13.51)	 4.54	(3.27–6.30)	 8.28	(5.09–13.47)	 4.96	(3.51–7.00)	

After	initiation	of	treatment	 	

1–15	 5.76	(3.01–11.01)	 3.66	(2.47–5.45)	 2.22	(1.25–3.93)	 6.29	(4.06–9.75)	

16–30	 3.72	(2.00–6.92)	 2.89	(2.01–4.16)	 3.42	(2.10–5.58)	 3.09	(1.99–4.80)	

31–91	 3.90	(2.68–5.68)	 2.77	(2.22–3.45)	 3.03	(2.20–4.18)	 3.00	(1.95–4.62)	

92–182	 3.80	(2.65–5.44)	 2.86	(2.26–3.62)	 2.78	(1.94–3.99)	 3.53	(2.77–4.51)	

183–365	 3.62	(2.66–4.94)	 2.31	(1.89–2.82)	 3.83	(2.79–5.24)	 2.52	(2.05–3.09)	
All	results	presented	as	Odds	Ratio	(95	%	Confidence	Interval)	
Non-users	of	antipsychotics	served	as	the	reference	in	all	analyses.	All	models	were	adjusted	for	sex	and	age	
through	matching.	All	analyses	were	adjusted	for	marital	status,	level	of	education,	early	retirement,	foreign	
background,	care	level,	and	income	at	the	index	date.	All	prospective	analyses	were	adjusted	for	alcohol	
intoxication,	chronic	obstructive	pulmonary	disease,	diabetes,	kidney	failure,	major	neurocognitive	disorder,	
malignant	disease,	myocardial	infarction,	osteoporosis,	rheumatic	disease,	stroke,	and	the	use	of	
glucocorticoids,	anxiolytics,	hypnotics,	and	antidepressants	at	the	index	date.	All	retrospective	analyses	were	
adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	Each	case-control	pair	was	excluded	from	
further	analyses	if	the	case	stopped	using	antipsychotics,	if	the	control	started	using	antipsychotics,	if	either	
individual	sustained	a	hip	fracture	or	died	in	a	time	frame	closer	to	the	index	date,	or	when	December	31,	
2017,	was	reached.	
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Table	23	Multivariable	non-conditional	logistic	regression	results	for	associations	
between	antipsychotic	drug	treatment	initiation	and	hip	fracture	according	to	dose,	
Paper	IV	
	
	
Time	frame,	days	

Haloperidola,		
N05AD01		
(n	=	35,133)	

Risperidoneb,		
N05AX08		
(n	=	58,219)	

Before	initiation	of	treatment	
183–365	 1.08	(0.89–1.30)	 0.63	(0.49–0.82)	
92–182	 1.18	(0.96–1.45)	 0.81	(0.63–1.05)	
31–91	 1.18	(0.98–1.43)	 0.79	(0.61–1.01)	
16–30	 1.30	(0.98–1.72)	 1.03	(0.71–1.48)	
1–15	 1.06	(0.77–1.47)	 1.20	(0.77–1.86)	

After	initiation	of	treatment	
1–15	 0.94	(0.63–1.42)	 0.57	(0.32–1.03)	
16–30	 0.82	(0.54–1.25)	 1.01	(0.56–1.81)	
31–91	 0.97	(0.74–1.26)	 0.97	(0.72–1.30)	
92–182	 1.10	(0.80–1.50)	 1.19	(0.91–1.55)	
183–365	 1.04	(0.79–1.36)	 0.92	(0.72–1.16)	

All	results	presented	as	Odds	Ratio	(95	%	Confidence	Interval)	
Users	of	lower	doses	served	as	the	reference	in	all	analyses.	All	analyses	were	adjusted	for	sex,	age,	marital	
status,	level	of	education,	early	retirement,	foreign	background,	care	level,	and	income	at	the	index	date.	All	
prospective	analyses	were	adjusted	for	alcohol	intoxication,	chronic	obstructive	pulmonary	disease,	diabetes,	
kidney	failure,	major	neurocognitive	disorder,	malignant	disease,	myocardial	infarction,	osteoporosis,	
rheumatic	disease,	stroke,	and	the	use	of	glucocorticoids,	anxiolytics,	hypnotics,	and	antidepressants	at	the	
index	date.	All	retrospective	analyses	were	adjusted	for	the	same	conditions	at	1	year	before	the	index	date.	
Each	individual	was	excluded	from	further	analyses	if	she/he	stopped	using	antipsychotics,	if	she/he	
sustained	a	hip	fracture	or	died	in	a	time	frame	closer	to	the	index	date,	or	when	December	31,	2017,	was	
reached.	
aLower	dose,	<	1.0	mg	(n	=	23,563);	higher	dose,	≥	1.0	mg	(n	=	11,570).	
bLower	dose,	<	0.5	mg	(n	=	51,195);	higher	dose,	≥	0.5	mg	(n	=	7,024).	
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Discussion 

Main findings 
In a population-based sample of very old people, and in old people with major 
NCD, ongoing use of psychotropic drugs was not independently associated with 
increased mortality. Analyses did show, however, a significant impact of sex on 
the mortality risk, with tendencies for antidepressant use to be protective in 
men, but not in women, and for benzodiazepines to increase the mortality risk 
in men, but not in women. 

In two cohorts of old people, based on nationwide registers, investigating the 
associations between psychotropic drug use and hip fracture revealed that users 
of antidepressants, as well as users of antipsychotics, had significantly increased 
risks of hip fracture, independent of a wide range of covariates. However, when 
studying how the risk changed over time, the strongest associations were found 
before the initiation of treatment with the respective drugs. 

  



 

88 

Psychotropic drug use and mortality (Papers I and II) 

Methodology - strengths and limitations 
Paper I, a study of very old people (≥ 85 years), investigated the association 
between ongoing antidepressant treatment and five-year mortality. In Paper II, 
the associations between antidepressants, antipsychotics and benzodiazepines, 
respectively, and two-year mortality were investigated in old people (≥ 65 years) 
with major NCD. The cohort studied in Paper I was population-based, and since 
no exclusion criteria were used and the participation rate was high, our results 
should be well generalizable to other populations of very old people. In Paper 
II, however, the recruiting of participants from four different studies with 
different inclusion and exclusion criteria resulted in a sample not fully 
representable of all old people with major NCD. Since a majority of the 
participants (71%) came from a study of very old people, people aged 65-84 
years were underrepresented. The other three studies were conducted in 
nursing homes where the residents with the most severe cognitive and physical 
impairments were excluded, hence affecting the generalizability further. 

Both papers were based on data from studies where the participants were 
thoroughly investigated by dedicated researchers. Data were collected through 
physical examination, medical records, and structured interviews with 
participants as well as with next-of-kin. A specialist in geriatric medicine 
verified all diagnoses, and in several cases could recognise undiagnosed 
conditions, e.g. major NCD, depression and delirium. I believe that we, through 
these measures, have been able to capture and record many factors which 
together can predict mortality to a better extent than those available in studies 
based solely on registers and/or medical records. A common weakness of Paper 
I and Paper II, as well as of the studies from which the data stems, is that we 
know little about the timeline of the collected variables. Medical diagnoses and 
health conditions were recorded as ”current”, ”during the previous five years” 
and ”earlier”, in contrast to registers where the actual dates of diagnoses can be 
retrieved. Whilst the ongoing drug use was thoroughly investigated, the 
duration of treatment and previous drug use were not recorded. Also, neither 
drug use nor medical conditions were recorded prospectively, only mortality 
was.  

The studies included in this thesis investigated the associations between 
psychotropic drug use and mortality, associations that could have been 
influenced by other factors through several mechanisms. They could have been 
dependent on confounders, e.g. higher burden of comorbidity and/or 
confounding by indication in people using antidepressants. The investigated 
associations could also have been mediated by effects of the investigated drugs, 
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either through protective effects of treatment or through adverse effects. 
Furthermore, positive and negative effects of treatment could have nullified 
each other, e.g. the reduction of depressive symptoms and inducing arrhythmias 
in a person with depression and long QT syndrome who initiates antidepressant 
treatment. Finally, being observational studies, Paper I and Paper II can only 
indicate associations, not establish causality. These characteristics of the two 
studies are important to keep in mind when comparing our results to those of 
other studies, as I will come back to in more detail. 

Antidepressants and mortality 
In Paper I, treatment with antidepressants at baseline was found to be 
associated with an increased risk of mortality in very old people, independent of 
depressive symptoms, but dependent on major NCD, heart failure, and ADL 
dependence. The unadjusted hazard ratio was found to be 1.76 (95% CI, 1.41-
2.19), of similar magnitude as the unadjusted results of the study by Coupland 
et al. (SSRIs; HR, 1.61; 95% CI, 1.55-1.66).[233] In the fully adjusted model of 
Paper I, the association was no longer significant (HR, 1.08; 95% CI, 0.85-1.38), 
whereas adjusting for a wide range of covariates made little difference to results 
of the study by Coupland et al. (SSRIs; HR, 1.54; 95% CI, 1.48-1.59). Now, the 
two studies are not easily comparable, and there are plausible reasons for the 
difference in the outcome. Coupland et al. performed a register study, as have 
many others, whereas we in our study collected and adjusted for information 
not readily available in most registers, e.g. continuous measures of depressive 
symptoms through GDS-15, measurements of independence in ADL through the 
Barthel Index, adherence to drug treatment, and the evaluation of each 
participant for possible major NCD. Thanks to this, we have been able to reduce 
to amount of residual confounding to an extent that is near impossible in a 
register study, I believe. Coupland et al., in their lengthy discussion on the 
possible impact of confounding on their results, indeed mention the crude 
measurements of depression severity.[233] Another difference between the two 
studies is that we studied ongoing treatment with antidepressants, whereas 
most register studies have investigated the outcome of interest following 
initiation of treatment. This possibly have introduced survivorship bias, a form 
of selection bias, in our study, since the people most sensitive to the adverse 
effects of antidepressants would possibly have discontinued their treatment, or 
died, before joining the study. The fact that the mortality risk associated with 
antidepressants was higher during the 4 first weeks than later during treatment 
in the study by Coupland et al., would be in support of the presence of 
survivorship bias in the Paper I, and could explain some of the difference in 
association strength between the two studies.[233] 
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When investigating antidepressant drug use and mortality in people with major 
NCD, in Paper II, we found no association in the unadjusted (HR, 1.01; 95% CI, 
0.84-1.21), or in the adjusted model (HR, 0.96; 95% CI, 0.78-1.17). Even though 
we had the same set of possible confounders available as in Paper I, and that 
the investigation and use of covariates was extensive, adjusting had a much 
smaller impact in Paper II. This could indicate a smaller amount of 
confounding, which in turn could be a result of a more homogeneous cohort, 
being selected on age and major NCD status, rather than only age. This 
explanation was also put forward by Jennum et al., in the study where they 
found stronger associations between antidepressants and mortality in people 
with major NCD, than in their matched controls without major NCD.[26] The 
magnitude of the associations between antidepressants and all-cause mortality 
in our study also correspond well with the findings of Maust et al., who in a 
much larger cohort study found a barely significant risk difference of 0.6% 
posed by antidepressants, which, just like our figures, was only slightly 
impacted by adjusting for possible confounders.[216]  

In both our studies of antidepressants and mortality a significant impact of sex 
was found, as investigated through the interaction between sex and 
antidepressant use. The subgroup analyses of Paper I revealed a tendency 
toward an increased risk of death among female users and a decreased risk 
among male users, but these associations were not significant. In Paper II, 
antidepressant drug use was independently associated with better survival in 
men, but not in women. These results contrast with findings reported by Ryan 
et al., who observed an association between antidepressant use and increased 
mortality in elderly men, and a possible protective effect of antidepressants in 
elderly women with depression.[239] The characteristics of the participants in 
the studies differ substantially, however, as those in the study by Ryan et al. 
were younger and healthier than those of our studies. A possible explanation to 
the sex difference seen in our studies could be found in the potential of most 
antidepressant drugs to induce QT prolongation, an effect shown to be more 
pronounced in women than in men,[275] which in turn can lead to potentially 
fatal arrhythmias (Torsade de Pointes).[276] Other antidepressants (N06AX), 
including mirtazapine and venlafaxine, were used more frequently by female 
participants in our studies, and are among those most strongly associated with 
increased mortality in previous studies.[218, 233] These two factors may have 
contributed to increased mortality in women, nullifying the protective effects 
observed in men. Needless to say, the impact of sex and gender on the positive 
as well as the negative effects of antidepressants in elderly patients needs 
further investigation. 
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Antipsychotics and mortality 
In Paper II, ongoing treatment with antipsychotics was not associated with 
increased mortality in old people with major NCD; a finding which was 
consistent in unadjusted (HR, 1.16; 95% CI, 0.94-1.43) and adjusted analyses 
(HR, 0.91; 95% CI, 0.73-1.14). We used a liberal definition of antipsychotics, 
and included drugs with close chemical kinship to antipsychotics, but the 
results of subgroup analyses of typical and atypical antipsychotics were 
consistent with the main analyses. This finding is in contrast to that of previous 
research, most of which has shown an increased risk of mortality in users of 
antipsychotics.[25, 26, 216, 218] Unlike as is the case with other psychotropic 
drugs, there is compelling evidence that the use of antipsychotics increases the 
risk of death in people with major NCD (OR, 1.54), as found in the meta-
analysis of RCTs by Schneider et al.[25] One plausible explanation to this 
difference lies in the starting point, where we studied ongoing antipsychotic 
treatment, whereas most studies, including Schneider et al., have begun their 
investigations at the initiation of treatment. The increased risk of mortality 
associated with the use of antipsychotics has been shown to be most 
pronounced soon after treatment initiation.[277] In our study, the elevated 
initial mortality risk had already passed for the majority of the users of 
antipsychotics, and those most sensitive to adverse drug reactions would 
possibly already have terminated treatment.  

A weakness in our study is that only mortality data was collected prospectively, 
something that very well could have resulted in weaker associations. All non-
users at baseline who started using antipsychotics during the 2-year follow-up 
period would still have been considered non-users while being subjected to the 
possibly higher initial mortality risk, whereas baseline users who discontinued 
treatment would have remained in the exposed group in the analyses - a 
possible misclassification bias. In hindsight, we should have designed the Umeå 
85+/GERDA study to also include register data from the PDR and NPR, 
something that would have opened up possibilities for higher quality 
longitudinal investigations of factors associated with prescription drug use. 

In Paper II, no influence of sex on the association between the use of 
antipsychotics and mortality was seen, nor a non-significant tendency in that 
direction, unlike in the cohort study by Rochon et al., where the risk was found 
to be higher in men (OR, 1.47).[224] Again, evidence is scarce in the field of sex 
differences in drug responses.  
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Anxiolytics and hypnotics and mortality 
In our investigation of mortality associated with ongoing use of benzodiazepines 
and/or Z-drugs in people with major NCD, presented in Paper II, we found a 
time-dependent association. During the first year a significant association was 
found in the unadjusted analysis (HR, 1.38; 95% CI, 1.08-1.77), which was 
dependent on several covariates, as shown by the absence of an association in 
the adjusted analysis. The second-year mortality was significantly lower in 
baseline users of benzodiazepines and/or Z-drugs in the fully adjusted model 
(HR, 0.72; 95% CI, 0.54-0.96), compared to non-users at baseline. As already 
discussed thoroughly in the sections on antidepressants and antipsychotics, 
survivorship bias would be expected to have impacted also the results on 
benzodiazepines in a similar manner. In particular, the second-year association 
indicating a lower mortality in baseline users should be interpreted with great 
caution, considering the possible misclassification bias and how it would be 
expected to increase with time. The finding of no association between the use of 
benzodiazepines and mortality in the current study of old people with major 
NCD is in line with the very limited data available from previous studies, where 
a quite modest association have been found, further weakened by age,[245] and 
by major NCD diagnosis.[26]  

A novel finding in Paper II was the sex difference in mortality associated with 
the use of benzodiazepines, which was elevated in men, but not in women. This 
result was significant only in the unadjusted analysis, but the interaction term 
for sex was still significant in the fully adjusted model. As this has not been seen 
before, one can only speculate as to whether this would be confirmed by further 
studies. In the meta-analysis performed by Parsaik et al., the mortality risks 
associated with the use of anxiolytics and hypnotics were similar in women and 
men, based on the minority of the included studies that presented sex-
disaggregated data (HR, 1.68 and 1.60, respectively).[245] However, their 
results were based on studies of people in their 40’s and of all ages, with the 
prevalence of major NCD expected to be very low. Hence, their cohorts were 
very different to those studied in Paper II, and further comparisons would 
therefore seem unreasonable. It would not be far-fetched, I believe, to think that 
behind weak or non-existent associations in other studies,[26, 223, 245] 
increased risks of mortality in men could have been found, had they only 
investigated men and women separately. A possible mechanism could be found 
in prolonged sleep apnoea events induced by benzodiazepines;[278] sleep 
apnoea being more common in men, its prevalence increasing with age, and it 
being associated with increased risks of stroke and all-cause mortality.[279, 
280]   
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Psychotropic drug use and hip fracture (Papers III and IV) 

Methodology - strengths and limitations 
Paper III investigated the association between antidepressants and hip fracture, 
before and after initiation of treatment, in a nationwide matched cohort study. 
Paper IV, using an almost identical design, investigated the association between 
antipsychotic drug treatment and hip fracture. Both studies were population-
based, included people aged ≥ 65 years, and were based on data from several 
Swedish registers. Since no exclusion criteria were used, our results should be 
highly generalizable to other populations of older people using antidepressants 
or antipsychotics. There are no other legal means to obtain antidepressants and 
antipsychotics in Sweden than through prescription, or through administration 
during inpatient care, and since all prescriptions are registered in the PDR, we 
expect minimal selection bias. 

In contrast to Paper I and Paper II where we had the opportunity to thoroughly 
investigate each participant, we had to rely on the strengths and weaknesses of 
the registers used in Paper III and Paper IV, the most important ones being the 
NPR for medical diagnoses, and the PDR for prescription drugs. All diagnoses 
from specialised care were available from the NPR, resulting in very little loss of 
data concerning the outcome of hip fracture. As diagnoses established in 
primary care settings were not available, we expect that our datasets were 
characterised by a significant lack of information concerning comorbidity 
variables such as diagnoses of major NCD, diabetes, osteoporosis, and mild to 
moderate depression, conditions that seldom require specialised care in 
Sweden. Relying on the NPR, we also lacked the opportunity to detect 
undiagnosed conditions, in contrast to in the previous two papers. These 
circumstances significantly increases the risk of residual confounding in Paper 
III and Paper IV, as well as in most other register studies. In an attempt to 
increase the sensitivity on some comorbidity variables we included drugs with 
specific indications, e.g. anti-dementia drugs, and drugs for osteoporosis, as 
markers for their associated conditions, but since many drugs can be prescribed 
on several indications, e.g. cardiovascular drugs, this was often not a feasible 
strategy. In addition, not all medical conditions that might be associated with 
hip fracture and/or psychotropic drug use would be treated with prescription 
drugs, so an underestimation of several medical conditions would still be 
expected. Furthermore, the indications for treatment are not available in the 
PDR, which for antidepressants and antipsychotics might have been depression, 
schizophrenia, neuropathic pain, anxiety, sleeping disorders, or 
neuropsychiatric symptoms of major NCD. Hence, no reliable subgroup 
analyses based on indications for treatment could be performed, something that 
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otherwise could have been helpful in attempts to calculate the magnitude of 
confounding by indication.  

The NPR and the PDR include the actual date the diagnoses were set, and the 
filling of a prescription, respectively, which is crucial to chosen method of 
investigating associations before and after initiation of treatment. Regarding 
medical diagnoses, a time delay between the onset of symptoms and the 
diagnosis being established would be expected, and it certainly could be 
significant for many of the investigated comorbidities, but most likely not for 
hip fracture. Also regarding the supposed drug use and time of initiation of 
treatment there is some uncertainty. We know when the individuals we 
considered users filled their prescriptions at the index date, but how soon after 
that they actually initiated their treatment, or whether they did so at all, we 
could not ascertain. There is also the possibility that some users actually 
initiated treatment earlier than the index date, if they for some reason were 
hospitalised and the first doses of antidepressants or antipsychotics were given 
during the hospital stay, something that would not be registered in the PDR. 
These factors should, however, not have had a large impact on the observed 
associations before initiation of treatment, which are the most novel findings of 
the current studies. The mortality was higher in the treatment groups in both 
papers, which could have introduced bias through competing risk of death, a 
problem especially common when studying frail elderly individuals.[281] 
However, analyses in Paper IV where those who died within 1 year were 
excluded showed results similar to those of the main analyses. 

The awareness of the problems with confounding in observational studies, and 
the difficulties of properly adjusting for group differences through e.g. 
multivariable regression models, propensity scores, and matching, led us to 
explore the temporality of associations between users and non-users in Paper 
III and Paper IV. The current studies use a design where time frames both 
before and after the initiation of treatment are investigated. Thereby, we 
investigated a control period where there is no effect of the drug itself, but still a 
difference in hip fracture risk because of residual confounding effects between 
later users and non-users. By comparing the time frames before and after, the 
amount of residual confounding could be estimated. There will most likely be 
residual confounding no matter how many covariate variables are included, and 
we believe our studies point towards a possible method for estimating such 
effects, even though we have not attempted to actually calculate the magnitudes. 
The reasons residual confounding effects arise are many, including variables not 
measured, the fact that variables measured do not catch the full variation and 
impact of an underlying factor (e.g. income and education level would not fully 
compensate for all aspects of socio-economy), and multiplicative effects 
(interactions) between various covariates. Hence, inclusion of enough or the 
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right combination of confounders will most likely not solve the residual 
confounding problem encountered in most observational studies. 

Antidepressants and hip fracture 
In Paper III, participants prescribed antidepressant drugs sustained more than 
twice as many hip fractures than did those who did not receive antidepressants. 
Interestingly, however, the increased incidence was almost identical before and 
after the initiation of treatment, with the strongest associations observed 16-30 
days before filling the first prescription. The strength of associations increased 
from 1 year before the index date, peaked close to this date, and then fell until 1 
year thereafter. The associations had similar patterns in women and men, but 
were slightly stronger in men. No clear dose-response relationship was seen in 
the association between antidepressant treatment and the risk of hip fracture. 
The differences between unadjusted results and those of the multivariable 
regression models were small, considering the wide range of covariates included 
in the analyses and the large differences between users and non-users in all 
comorbidity variables. 

Previous research 

Associations between antidepressant drug use and injurious falls, as well as hip 
fracture, have been established in several observational studies, many of which 
are included of recent systemic reviews and meta-analyses.[21, 241] To our 
knowledge, only four RCTs (3 SSRI, 1 duloxetine) have investigated falls in 
users of antidepressants, neither of which could establish a significantly 
increased risk.[21, 242] In one RCT, investigating the effect on fluoxetine on the 
functional outcome after stroke, an increased risk of fracture (but not falls) was 
seen in the active treatment group.[242] Whether the observed risk of 
fluoxetine represents a group effect of SSRIs, and whether the risk of fracture is 
increased in people not having recently suffered a stroke, remains to be proven. 
Needless to say, the finding is very interesting and warrants further 
investigation. In a private correspondence with the main author, I was made 
aware that two more studies using the same protocol are ongoing, the results of 
which will tell if the finding is reproducible. Several previous studies have found 
the association between antidepressants and fracture to be strongest soon after 
the initiation of treatment,[233, 282-284] which corresponds well to the post-
initiation results of our study. We have identified one small observational study 
that registered falls during the week before and after initiation of antidepressant 
therapy, in which a higher incidence of falls was seen not only after initiation, 
but also in the days preceding initiation of treatment.[285] Two studies that 
involved self-controlled case-series analyses revealed higher incidences of falls 
and hip fracture during periods of drug treatment, but the periods directly 
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preceding  
re-initiation of treatment were not analysed specifically.[282, 284] In 
systematic reviews and meta-analyses were the authors have graded the level of 
evidence, the association between antidepressant use and injurious falls have 
been criticised for being highly susceptible to bias and confounding.[241, 286]  

Even in the absence of evidence in support of a causal relationship between 
antidepressant use and hip fracture, influential bodies advocate against the use 
of antidepressants in older people. The American Geriatrics Society states in the 
Beers Criteria that antidepressants should be avoided in older people with 
histories of falling unless safer alternatives are not available.[24] In relatively 
recent reports, Sweden’s National Board of Health and Welfare and the Swedish 
Medical Products Agency state that antidepressant drug use increases the risks 
of falls and fractures in older people.[191, 287]  

Interpretation  

The method used in the present study, although it involved the comparison of 
antidepressant users and non-users, was adopted to compare associations 
before and after the initiation of antidepressant treatment. Participants who 
were prescribed antidepressants differed significantly from those who were not 
in many aspects. The two groups are thus not easily comparable, and 
adjustment of the analyses for comorbidities and socioeconomic variables had a 
small impact on the results. If we had examined associations starting from the 
index date, as in many previous observational studies, the conclusion that the 
association between antidepressant use and hip fracture is causal would be easy 
to draw. However, the retrospective analyses included a non-exposure control 
period for each case, and revealed an even higher risk of hip fracture before the 
initiation of antidepressant drug use. This infers a strong presence of residual 
confounding and confounding by indication. 

The upward-sloping curve of the observed association, which was strongest 
close to the initiation of treatment and then declined again, could represent 
parallel increases in the risks of hip fracture and of becoming depressed; these 
factors are not necessarily dependent on each other, but rather may reflect 
general susceptibility during times of other hardship. Depression may also 
increase the risk of falling and sustaining hip fracture, as has been suggested 
previously.[288-291] If that risk is greater than that posed by antidepressants, 
the successful initiation of treatment with subsequent remission from 
depression would be expected to lead to a weaker association thereafter. Not 
only antidepressants, but also depression have been shown to affect bone 
metabolism, something that could contribute to the higher incident of hip 
fracture both before and after initiation of treatment.[292-294] A possible 
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explanation for the strong association 16-30 days before the initiation of 
treatment is that hip fracture requiring hospitalisation leads to the accentuation 
of depressive symptoms, which is acknowledged by hospital staff, who then 
initiate antidepressant drug treatment. Whilst hospitalised, patients would be 
less likely to attend a pharmacy to have a prescription filled, which could be the 
reason for the lower association strength 1-15 days before index date. The 
association between antidepressant drug use and hip fracture was stronger in 
men than in women, especially close to the index date. Several researchers have 
suggested that depression is underdiagnosed and undertreated in men, and that 
men are less likely to seek help when depressed.[83, 295, 296] Perhaps a 
greater proportion of untreated depression was recognised in men when they 
were hospitalised after hip fracture, which would strengthen this association. 

Antipsychotics and hip fracture 
In Paper IV, users of antipsychotics suffered more than three times as many hip 
fractures than their matched controls. A strong association was found between 
antipsychotic drug therapy and hip fracture. However, the association was 
present, and strongest, before the initiation of treatment. This pattern was 
independent of a rich set of potentially confounding variables and was 
consistent in several subgroup analyses. Finally, the risk of hip fracture did not 
differ between users of higher and lower doses of the most common 
antipsychotics. 

Previous research 

Antipsychotic drug treatment has been associated with hip fractures in 
countless observational studies, the results of which are summed up in recent 
meta-analyses.[229, 230] Papola et al. found a 57% increased risk of hip 
fracture attributable to antipsychotic drug use, but concluded that the quality of 
evidence was low and that the risk of residual confounding was serious.[230] 
Lee et al. were less cautious in their conclusions of the finding of a risk of 
similar magnitude, as evident by the title of their article “Use of antipsychotics 
increases the risk of fracture”, and only briefly discussed the possible impact of 
confounding on their results.[229] In contrast to the amount of data available 
from observational studies, a very limited amount of data on this association 
derive from RCTs. Schneider et al. found no increased risks of fall, fracture, or 
injury in individuals prescribed either of three studied atypical antipsychotics 
compared to placebo in a sample of 421 patients with Alzheimer’s disease.[215] 
In the same study, no increased risks of conditions likely to predispose patients 
to falls and fractures, such as dizziness, gait disturbance, motor disturbance, 
and dyskinesia, was seen in participants randomised to antipsychotic 
treatment.[215] In meta-analyses of RCTs of atypical antipsychotics for major 
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NCD, and for aggression and psychosis in Alzheimer’s disease, respectively, no 
increased risks of falls or injury were found, but fractures were not 
investigated.[137, 297] However, many RCTs are short-term and do not 
systematically evaluate hip fracture. In the meta-analysis by Schneider et al., the 
authors stated that most of the included studies did not report adverse effects 
with an incidence below 5 or 10%. As the mean length of the 15 included studies 
was 12 (range 6-26) weeks,[137] hip fracture would be unlikely to reach a 5 or 
10% incidence. 

Despite the lack of evidence of a causal relationship, influential institutions 
have issued warnings based on the observed associations between antipsychotic 
drug use and falls and fractures. In its 2017 recommendations for good drug 
therapy for elderly individuals, the National Board of Health and Welfare in 
Sweden included all antipsychotics in the list of drugs increasing the risk of 
injurious falls.[298] The latest edition of the Beers Criteria, published by the 
American Geriatrics Society, recommends the avoidance of antipsychotics for 
patients with histories of falls and/or fractures, unless no safer alternative is 
available, as they may cause additional falls.[24] 

Interpretation 

The results of the prospective analyses performed in the present study confirm 
those of several previous observational studies of the association between 
antipsychotic drug treatment and hip fracture. The current study adds 
perspective, however, through analysis of the association before the initiation of 
treatment. Our finding that the risk of hip fracture in the treatment group was 
not only elevated, but indeed highest, before the start of treatment raises 
questions about the causality in the relationship between the use of 
antipsychotics and hip fracture, as does the lack of a dose-response relationship. 
Compared with non-users, antipsychotic drug users included in this study were 
more burdened by disease, frail, and care dependent. Adjustment of the 
analyses for these variables, however, made little difference in the results, as did 
the strategies of more closely matching in the sensitivity analyses. This situation 
highlights the difficulties of handling residual confounding, and perhaps to a 
greater extent confounding by indication, challenges often encountered when 
performing observational studies.  

In the retrospective analyses, although no group had received antipsychotics, 
the risk of hip fracture was elevated among subsequent users 1 year before 
treatment initiation and increased gradually, peaking 16-30 days before the 
initiation of treatment. This pattern may represent a period of general decline in 
health, which increases the risks of hip fracture and of the development of 
symptoms leading to the prescription of antipsychotics. The marked peak in the 
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association 16-30 days before the index date could also have been amplified by 
hospitalisation following hip fracture, during which close monitoring by 
medical staff would increase the likelihood that pre-existing conditions, such as 
neuropsychiatric symptoms, would be detected and that treatment would be 
initiated. Psychotic symptoms and/or delirium could also be induced or 
aggravated by surgery and hospitalisation, which in turn would lead to the 
prescription of antipsychotic drugs and filling of these prescriptions after 
discharge from the hospital if the psychotic or delirious state still prevailed. 

The associations were similar in users of conventional and atypical 
antipsychotics, both peaking 16-30 days before the initiation of treatment. 
However, the risk seemed to decline more drastically following treatment 
initiation in those receiving conventional antipsychotics. This result could 
represent a group difference in residual hip fracture risk attributable to the 
treatment, but is more likely to represent confounding by indication. In 
support, the risk of hip fracture was not greater in individuals on higher doses 
of antipsychotics. Furthermore, haloperidol, the by far most commonly used 
conventional antipsychotic agent in this cohort, is often prescribed to treat 
terminal delirium and nausea in patients receiving palliative care, people who 
are often bedridden and closely monitored, and thus less likely to sustain hip 
fractures. Another finding of interest is the stronger association between the use 
of antipsychotics and hip fracture in men than in women, with non-overlapping 
confidence intervals in several time frames. Previous research has revealed sex 
differences in the use of antipsychotics and in the prevalence of various 
neuropsychiatric symptoms among individuals with major NCD, with women 
found to be more likely to develop depressive symptoms and men to more often 
exhibit aggressive behaviour.[65] One could speculate that aggression would be 
more likely to lead to injurious falls, and to the prescription of antipsychotics.  
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Prevalence of psychotropic drug use 
The prevalence of psychotropic drug use was not the outcome of interest in any 
of the included papers in this thesis, but I have already written more pages than 
would be considered reasonable, and I just cannot stop myself to reflect on the 
pattern of use in the studied cohorts.  

The antidepressant drug use in the population-based cohort of very old people 
in Paper I, collected in 2000-2002, 2005-2007 and 2010-2012, was 16%, much 
lower than that of the Swedish population aged 85 years and older in 2019, 
30.2%, according to official statistics.[139] This might be explained an increased 
use of antidepressants over time, but could also be influenced by the fact that 
our figure is a point prevalence, whereas the official statistics are based on a 
whole year. Also, we investigated actual use of the drug, not only having a 
prescription of an antidepressant, hence taking adherence to treatment into 
account, which previously has been shown to be low.[235] In a slightly younger 
(≥ 78 years), population-based cohort in Stockholm, Sweden, the prevalence of 
antidepressant use was 14.7% in 2007.[180] In a study by Craftman et al, the 
sex difference was slightly less pronounced, 16.3% in women and in 11.4% men, 
[180] than in Paper I (18.8% vs. 10.7%). 

In Paper II, also based on data collected 2000-2012, the main inclusion 
criterion was major NCD diagnosis, which resulted in a cohort with a much 
higher use of psychotropics than in Paper I. Two out of three participants (64%) 
used at least one psychotropic drug. Antidepressants were used by 37%, more 
than twice as commonly as in Paper I, and the prevalence was of similar 
magnitude as in previous studies of old people with major NCD.[27, 181-183] In 
contrast to the findings of Paper I, no sex difference in the overall use of 
antidepressants was seen when including only people with major NCD. In 
subclass analyses, other antidepressants (N06AX) were more common in 
women (12% vs. 7%), while the pattern of use was otherwise similar in women 
and men, as was the prevalence of depression. Hence, the rate of treatment 
could be assumed to be non-biased with regard to sex, but this was not 
investigated directly. The absence of sex differences contrasts to the findings of 
Taipale et al, who in a Finnish register study of people with Alzheimer’s disease 
found the antidepressant drug use to be higher in women than in men (31% vs. 
22%),[27] but in concordance with a Swedish study of nursing home residents, 
in which 41% had a major NCD diagnosis and 80% had MMSE scores < 24, 
where 46% of women as well as men used antidepressants.[299] However, most 
studies of the use of antidepressants in people with major NCD fail to present 
sex-disaggregated results. 
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The use of antipsychotics (17%) in Paper II corresponds quite well to the results 
of previous studies of people major NCD. A review of the use in Swedish nursing 
home residents with major NCD, found a prevalence range of 12-38%.[142] As 
our cohort included community-dwelling people with major NCD, one would 
expect our figures to fit in the lower half of the spectrum. A meta-analysis of 
international data published 1991-2013 found a pooled prevalence of 
antipsychotic drug use of 27.5% in people with major NCD; 12.3% in 
community-dwelling, and 37.4% in residential care settings.[144] We found 
antipsychotic drug use to be equally common in men and women with major 
NCD, which is in concordance with some previous studies,[27, 141, 145] 
unfortunately not investigated in many meta-analyses, however.[142, 144] 

Benzodiazepines and/or Z-drugs were used by 39% of the participants in Paper 
II, and 29% of the total cohort used them on a daily basis, despite the risks of 
tolerance and addiction associated with regular use. In the register study of 
people with Alzheimer’s disease by Taipale et al, the use was slightly lower at 
29%.[27] Perhaps cholinesterase inhibitors and memantine were more 
commonly prescribed in attempts to treat anxiety in their cohort of people with 
Alzheimer’s disease, than in a cohort including people with all types of major 
NCDs, as the one studied in Paper II. The use was more common in women 
than in men (41% vs. 32%), in our study. In unpublished data based on the 
Umeå 85+/GERDA study, from which a majority of the participants in Paper II 
were recruited, I investigated the sex difference in the use of benzodiazepines 
and Z-drugs and found the association between use and female sex to be 
dependant mainly on a sex difference in insomnia of an equal magnitude (data 
not shown). Also in official statistics in Sweden, women use more anxiolytics 
and hypnotics than men in old age,[139] but specifically in people with major 
NCD, little is known. Taipale et al, reported the use to 31% in women and 26% 
in men, but the difference was not tested for statistical significance. 

To investigate the prevalences of psychotropic drug use in the cohorts of Paper 
III and Paper IV and to compare them to other cohorts makes no sense, since 
the participants were selected based on the use of antidepressants and 
antipsychotics, respectively. The difference between cases and controls in the 
use of other psychotropics than the investigated exposure is somewhat 
interesting, however. In Paper III, antidepressant users had a higher 
concomitant use of antipsychotics (2.2% vs. 0.1%), and current or recent use of 
benzodiazepines (10.6% vs. 4.4%), than did non-users, but the overall use was 
modest. In Paper IV, where the users of antipsychotics had a higher current or 
recent use of antidepressants (57.3% vs. 22.1%), anxiolytics (60.3% vs. 24.0%), 
and hypnotics (63.4% vs. 35.0%), than non-users, however, the overall use of 
psychotropics was strikingly high among the cases. One reason is that we 
adjusted the protocol between the two very similar studies to investigate all 



 

102 

drug use since 2005 in Paper IV, to increase the sensitivity of the covariates, an 
approach only applied to benzodiazepines in Paper III, where the other drugs 
were investigated at the index date. Another reason is that the selection of 
antipsychotic users of old age likely would have generated a more frail, 
burdened and dependent cohort than the selection of antidepressant users of 
the same age. This is reflected in the much higher prevalence of major NCD in 
Paper IV than in Paper III, and is also very much in line with my clinical 
experience. 
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Implications 

Clinical implications 

Even if psychotropic drug use in old age does not pose a large risk of increased 
mortality or hip fracture, the prescription of psychotropics should be 
undertaken more carefully in older people than in younger people, especially so 
in people with major NCD, as the evidence for positive effects is limited and the 
effect sizes small. Working as a physician in the field of geriatrics is often more 
challenging than in other fields of medicine, due to the relatively limited 
amount of strong evidence applicable to geriatric patients. Hence, we must be 
careful and methodical when considering initiating drug treatments in our 
patients. A common conclusion of many investigations of prescription drugs in 
geriatric settings is that drugs are bad, a message also often communicated in 
non-scientific channels. True as it might be in some instances, this conclusion, 
if not backed by solid evidence and if brought forward without nuance, can 
cause unnecessary suffering in geriatric patients. As wrong as it is to instantly 
reach for a prescription note when presented with a geriatric problem, it is to be 
too reluctant to do so. Withholding a potential remedy from a suffering patient, 
based on the fear of adversities when such have not been proven, can be just as 
unethical as careless prescribing. Instilling fear through magnifying risks or 
extracting causality from associations in observational studies, as several 
influential bodies have done, will not help physicians, or patients and their 
relatives, making informed decisions about drug treatments, and will not move 
the practice of geriatric medicine in the direction of becoming more evidence-
based. 

Based on the limited amount of evidence for clinical and adverse effects of 
psychotropic drugs, on clinical experience, and in concordance with current 
clinical guidelines on how to treat neuropsychiatric symptoms of major 
NCD,[23, 59, 60] a feasible strategy applicable to all frail elderly patients and 
valid not only for psychotropic drugs, would be: 

1. Do the symptoms cause significant suffering or lead to an increased risk of 
harmful incidents? In patients with no or mild cognitive impairment, the 
subjective perception is easy to obtain, whereas it may need to be completed or 
replaced by observations from medical staff and/or relatives in patients with 
more severe cognitive deficits. Delusions or hallucinations not causing any 
harm should be investigated, but do not necessarily need to be treated, whereas 
e.g. frightening hallucinations and severe anxiety might need swift and potent 
drug treatment, even before other strategies are employed. 
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2. Could the psychiatric symptom be secondary to another treatable condition, 
e.g. pain, infection, hypo-/hyperglycaemia, or hypothyroidism? If so, treat that 
condition first and also be patient and wait for the eventual effect before 
initiating psychotropic drug treatment. The aetiology of many psychiatric 
symptoms can be different in older than in younger patients. Thus, it is 
important to look beyond the usual suspects. Depressive symptoms, for 
example, can represent early signs of a NCD and conversely, depressive 
disorders in elderly patients more often present with cognitive symptoms.[300] 
In manifest major NCD, many suffer from obstructive sleep apnoea; a condition 
likely to worsen cognitive functioning and cause depressive symptoms, and a 
condition that is treatable.[301]  

3. Could the symptom or problem be resolved or alleviated through non-
pharmacological measures? What presents as depression might just as well be 
justified sadness due to inactivity and lack of social interaction, and if so, an 
antidepressant drug is hardly the appropriate treatment. Make sure that the 
basic needs, e.g. nutritional, hygienic, social, and psychological, are fulfilled 
before considering prescribing psychotropics. A person with major NCD often 
has an impaired ability to make sense of their surroundings, and might react 
with anxiety or agitation to stressful situations. In such a scenario, the reduction 
of potential stressors around that person would be considered a potential cure, 
whereas the prescription of a benzodiazepine or antipsychotic would be treating 
the symptom. 

4. For whose sake am I considering treatment with psychotropics drugs? It 
always needs to be for the good of the patient, not for the personnel at an 
understaffed nursing home with less than adequate time or resources to manage 
the neuropsychiatric symptoms of the residents, or for next of kin having 
difficulties responding to the behaviour of their relative with frontotemporal 
lobar degeneration. 

5. In the situations where psychotropic drug treatment is warranted, and where 
we should weigh the potential benefits against the potential risks before 
recommending treatment, we must first consider all available evidence. 
However, in many geriatric scenarios the body of evidence is not solid enough to 
provide decisive answers. Hence, we must instead proceed with caution. “Start 
low, go slow” is a well-established and self-explanatory golden rule in geriatric 
pharmacology. To be successful, however, it needs to be accompanied by close 
monitoring of positive and adverse effects, preferably through validated 
instruments, when available.  
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6. Try not to get lost. Many geriatric patients use a large number of drugs, many 
of which are prone to interacting with other drugs. Since the positive and 
adverse effects of most drugs, not only psychotropics, are difficult to predict in 
frail elderly patients, it is important to make as few simultaneous drug 
adjustments as possible. Not only to reduce the risk of adversities, but also to 
give yourself and the patient a fair chance to be able to retrace a possible effect 
to a certain drug adjustment. Sometimes you do get lost, however, most often 
with a patient with severe neuropsychiatric symptoms of major NCD, several 
comorbidities, and polypharmacy. In this scenario, the best option might be the 
withdrawal of all drug treatments except those vital for survival and to start 
over. Since this can be quite dangerous and traumatic for the patient, this is 
often best done at a hospital clinic experienced in this procedure. 

Implications for future research 

The findings of sex differences in the mortality risks associated with 
antidepressants and benzodiazepines, in Paper I and Paper II, need further 
investigation. Our studies could establish that sex was a significant risk 
modifier, that the directions were opposite for antidepressants and 
benzodiazepines, and that different confounders of the associations between 
psychotropic drug use and mortality were significant for women and men. We 
were, however, unable to identify the mechanisms of how being male or female 
modifies this risk, as are probably any single future study. The answers could 
rather be found through the parallel studies of sex differences in 
pharmacokinetics and pharmacodynamics, psychiatric and somatic co-
morbidity, symptomatology of psychiatric illness, risk-taking and help-seeking 
behaviour, psychological strategies, social network resources, and many other 
factors, all in old age. Until then, there are small measures that all researchers 
should employ that could have an impact on our understanding of differences 
between women and men, and between other groups, no matter the specific 
outcome of the study. Unfortunately, many recent studies do not present sex-
disaggregated results, even though being sufficiently powered to do so, and in 
spite of this having been requested by women’s health organizations and bodies 
of government for decades.[302, 303] Therefore, I encourage everyone who 
studies a phenomenon or an association in human beings to perform adequate 
subgroup analyses, not only including group affiliation as a confounder. If 
people of all ages are included in your study, please perform separate analyses 
of children, adults and elderly. When studying populations where discernible 
ethnic groups are represented, investigate whether the outcome of interest 
differs according to ethnicity. This can be applied to social class, nationality, 
disease status, or any other clearly distinguishable and well-represented groups 
in the studied cohort. Even if subgroup results do not lead to additional 
analyses, are presented in an appendix, or are not discussed in the paper in 
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which they are presented, they can still be of great interest and value to other 
researchers, who wish to investigate the findings further, or for inclusion in 
meta-analyses.  

Based on the results of Paper III and Paper IV, I have argued how the 
associations between psychotropic drug use and hip fracture in numerous 
observational studies, including ours, should be interpreted as highly dependent 
on residual confounding and confounding by indication. However, our findings 
do not exclude the possibility that the use of antidepressants and antipsychotics 
actually increase the risk of falling and sustaining a hip fracture. The reasons for 
the increased risk of hip fracture before and after the initiation of therapy may 
differ. In addition, a small risk attributable to the drug exposure may hide 
behind stronger associations due to other factors, one we were unable to 
calculate or detect. Further analysis of these associations in treatment studies 
may shed further light on the possible residual risk associated with treatment, 
something the current study design cannot disprove. Being a slightly novel 
statistical approach, I would also like to see other researchers employ the study 
of temporality in other settings and on other associations. Surely, there is room 
for improvement and refinement of the method, and I also welcome others 
pointing out eventual flaws or errors, overlooked by us.  

Following the main conclusion of this thesis, that the associations between 
psychotropic drug use and serious adverse events in elderly people are too 
strongly influenced by confounding and bias to serve as evidence of causality, 
the demand for RCTs comes naturally. As most of the currently used 
psychotropic drugs are no longer under patent protection, hoping for clinical 
trials of existing drugs to be initiated or sponsored by the pharmaceutical 
industry might be too optimistic. Considering the large amount of people 
affected by the knowledge gap in geriatric psychopharmacology, it would not be 
unreasonable to request public funding of clinical trials large enough to 
investigate positive and negative effects of several psychotropic drugs in frail 
elderly people, or that government bodies put pressure on the pharmaceutical 
industry to study their drugs in people representing the actual users. Also, 
future treatment studies need to be designed to thoroughly investigate adverse 
effects in a systematic and reliable fashion. 
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Conclusions 

In Paper I and Paper II, ongoing use of psychotropic drugs was not 
independently associated with increased mortality in very old people, and in old 
people with major NCD. The current studies were well controlled, compared to 
most previous studies where increased mortality often has been seen, which is 
one of the possible explanations for the difference in outcome. Another 
explanation is that the risk might be higher soon after initiation of treatment, 
based on the findings of previous studies, and that ongoing use is relatively safe, 
with regards to mortality. In both studies, we found significant sex differences 
in the mortality risks associated with antidepressants and benzodiazepines, 
which need further investigation. These findings also highlight the need to 
sufficiently account for sex and other possible group differences in future 
studies. 

In Paper III and Paper IV we investigated the temporality of the associations 
between psychotropic drug use and hip fracture. Based on our results, with the 
strongest associations seen before initiation of treatment, and the absence of 
dose-response relationships, we suggest that older people have an increased risk 
of hip fracture before starting treatment with antidepressant and antipsychotic 
drugs, respectively, due to a high burden of comorbidity and confounding by 
indication. These findings imply an absence of causality in the prevalently 
observed associations between hip fracture and antidepressants and 
antipsychotics, respectively. This conclusion is in contrast to those of many 
previous observational studies, but is supported by the limited amount of data 
available from RCTs. 
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