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Abstract 
Background The aging process contributes to alterations in organ 
systems, which lead to an increased risk for chronic conditions. Drug 
treatment is an important strategy in the management of chronic 
conditions; however, pharmacokinetic and pharmacodynamic alterations 
contribute to increased sensitivity to drug effects. This sensitivity is even 
more pronounced among older people with major neurocognitive 
disorder. Nevertheless, this group of people is often exposed to potentially 
inappropriate drug treatment associated with serious adverse drug 
reactions.  

Aim To identify patterns of potentially inappropriate drug treatment and 
factors associated with this type of drug treatment among older people 
with cognitive impairment to enable further improvement of drug 
treatment and diminish the risk of adverse drug reactions among this 
vulnerable group of people.  

Method Explicit criteria were utilized to identify inappropriate 
prescriptions based on renal function, potentially inappropriate 
medications according to age and clinically relevant drug-drug 
interactions among older people with cognitive impairment admitted to 
two hospitals in Northern Sweden. The first two studies included 428 
people and the third study 458 people. Medical records were used as the 
data source. Moreover, explicit criteria were used to identify potentially 
inappropriate medications according to age among 1,881 and 1,305 
nursing home residents in Västerbotten county in 2007 and 2013, 
respectively. The association between the length of nursing home stay and 
the use of potentially inappropriate medications were investigated based 
on information in questionnaires. Finally, the use of potentially 
inappropriate medications according to age were investigated three years 
pre- and post-diagnosis of major neurocognitive disorder among 67,226 
older people registered in the Swedish registry for cognitive/dementia 
disorders.  

Results Every tenth of the people admitted to hospital had at least one 
inappropriate prescription based on their estimated renal function. 
Moreover, 40.9% had at least one potentially inappropriate medication 
and 43.2% had at least one clinically relevant drug-drug interaction. 
Pharmacodynamic interactions were found to be the most common type. 
Increasing number of prescribed medications was significantly associated 
with having at least one potentially inappropriate medication according to 
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age and at least one clinically relevant drug-drug interaction, respectively. 
Moreover, potentially inappropriate medications were common among 
nursing home residents but had decreased 2013 compared to 2007 and 
were only to a lesser extent associated with the length of stay. In the 
nationwide study population, it was found that potentially inappropriate 
medications according to age were overall low and decreased continuously 
three years pre-diagnosis until three years post-diagnosis of major 
neurocognitive disorder. Consequently, the use of potentially 
inappropriate medications was found to be significantly lower post-
diagnosis except when concerning antipsychotic drug treatment, which 
was significantly higher post-diagnosis when compared with the pre-
diagnosis period.  

Conclusion Potentially inappropriate drug treatment is common among 
older people with cognitive impairment admitted to the hospitals in 
Västerbotten regardless of their type of living. Increasing number of 
medications was significantly associated with potentially inappropriate 
medications and clinically relevant drug-drug interactions. The 
decreasing trend of potentially inappropriate medications among nursing 
home residents and among older people with a major neurocognitive 
disorder is positive and indicates an increased awareness of potentially 
inappropriate drug treatment in healthcare. 
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Svensk sammanfattning 
Andelen äldre personer i samhället ökar allt eftersom vi lever längre. I takt 
med åldrandet försämras funktionen hos flera organ vilket gör att 
kroppens förmåga att justera för förändringar försämras. Detta gör att 
äldre personer blir känsligare för sjukdomar vilket även leder till att 
antalet läkemedel ökar. Fysiologiska förändringar, sjukdomar och 
behandling med flera läkemedel gör att äldre personer blir känsligare för 
läkemedelseffekter och risken att uppleva biverkningar ökar.  

En av de vanligaste sjukdomarna som kopplas samman med åldrande är 
demenssjukdom. Utöver de kroppsliga förändringarna som åldrande för 
med sig, innebär en demenssjukdom att känsligheten för läkemedel ökar 
ännu mer. Detta beror dels på de förändringar som sker i centrala 
nervsystemet till följd av sjukdomen men också på att personer med 
demenssjukdom ofta använder fler läkemedel än äldre personer utan 
demenssjukdom. I takt med att symtomen förändras, försämras dessa 
personers förmåga att identifiera och kommunicera upplevda 
biverkningar. Därmed blir det ännu mer komplext att identifiera om 
symtom beror på sjukdom eller läkemedelsbiverkningar. Detta gör det 
ännu viktigare att läkemedelsbehandlingen hos dessa individer är säker.  

Läkemedel är nödvändiga vid behandling av sjukdomar men kan i vissa 
fall vara potentiellt olämpliga, till exempel baserat på de 
åldersförändringar som sker i kroppen. För vissa läkemedel behöver doser 
anpassas efter kroppens förmåga att utsöndra dem. Görs inte detta kan 
läkemedel ansamlas i kroppen vilket leder till biverkningar. I andra fall 
riskerar läkemedel att ge onödiga biverkningar och bör av den 
anledningen undvikas. Ett tredje exempel är att läkemedel kan vara 
olämpliga i förhållande till annan samtida läkemedelsanvändning. 
Behandlingseffekten kan då förändras vilket kan förvärra ett 
sjukdomstillstånd eller leda till oönskade biverkningar.  

Syftet med denna avhandling var därmed att undersöka hur vanligt det är 
med potentiellt olämplig läkemedelsbehandling hos äldre personer med 
demenssjukdom. Studierna syftade också till att hitta möjliga faktorer 
som kan kopplas samman med denna typ av läkemedelsbehandling. 

De tre första studierna baserade sig på en studiepopulation som 
inkluderades i en tidigare genomförd studie. Äldre personer med kognitiv 
svikt inlagda på Norrlands universitetssjukhus samt länssjukhuset i 
Skellefteå inkluderades. 
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Den första av dessa tre studierna undersökte hur stor andel av personerna 
som hade olämpliga förskrivningar baserat på njurfunktionen. De 
läkemedel som utsöndras via njurarna, identifierades bland personernas 
läkemedelslistor och de förskrivna doserna jämfördes mot personens 
beräknade njurfunktion. Det visade sig att 10,3% av personerna hade för 
höga doser eller kontraindicerade doser vilket motsvarade 9,1% (50/547) 
av förskrivningarna. Studien visade att nedsatt njurfunktion var kopplat 
till högre ålder. Några faktorer kopplade till olämpliga doser 
identifierades dock inte.  

Läkemedel som är potentiellt olämpliga med avseende på ålder 
identifierades i den andra studien. Knappt hälften, 175 (40,9%) individer, 
hade minst ett potentiellt olämpligt läkemedel förskrivet. Av dessa 
individer hade 39 (9,1%) två potentiellt olämpliga läkemedel och 6 (4,1%) 
hade tre potentiellt olämpliga läkemedel vid inläggning på något av 
sjukhusen. Studien visade också att potentiellt olämpliga läkemedel var 
vanligare ju fler läkemedel en person hade.  

I den tredje studien identifierades kliniskt relevanta 
läkemedelsinteraktioner där doseringen kan kräva justering eller där 
läkemedelskombinationen bör undvikas. Knappt hälften av personerna, 
43,2% (198/403), hade minst en kliniskt relevant läkemedelsinteraktion. 
De flesta, 196 personer, hade minst en läkemedelsinteraktion som kan 
kräva dosjustering och 15 personer hade en eller flera 
läkemedelsinteraktioner som bör undvikas. Även här visade det sig att 
kliniskt relevanta läkemedelsinteraktioner var vanligare ju fler läkemedel 
en person hade förskrivet.  

Den fjärde studien undersökte sambandet mellan andelen äldre personer 
som använder potentiellt olämpliga läkemedel och personernas boendetid 
på särskilt boende. Äldre personer som bodde på särskilda boenden i 
Västerbottens län 2007 och 2013 inkluderades. Endast andelen personer 
som använde det blodsockersänkande läkemedlet glibenklamid ökade 
med längre boendetid år 2007. År 2013 var det endast användning av 
antipsykotiska läkemedel som ökade med längre boendetid. Därmed 
visade studien att potentiellt olämplig läkemedelsbehandling, i princip, är 
lika förekommande oavsett hur länge personerna bott på särskilt boende. 
Antikolinerga och antipsykotiska läkemedel var de som var vanligast 
förekommande.  

I den femte studien undersöktes det hur andelen personer som använder 
potentiellt olämpliga läkemedel förändras tre år före fram till tre år efter 
att de fått diagnosen demenssjukdom. Studien visade att användningen 
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av potentiellt olämpliga läkemedel generellt är låg bland dessa individer 
och andelen personer med denna typ av läkemedel minskade både före 
och efter diagnostillfället. Användningen av antikolinerga läkemedel 
ansågs dock vara konstant innan diagnos men minskade efter diagnos. 
Antipsykotiska läkemedel var den enda gruppen läkemedel som ökade 
både före och efter diagnos och var därmed vanligare efter diagnos jämfört 
med före. En positiv trend som studien visade på är att förskrivningen av 
potentiellt olämpliga läkemedel var mindre vanlig för de som fått sin 
diagnos 2016-2017 jämfört med de som fått sin diagnos 2008-2009.  

Sammantaget visar denna avhandling att potentiellt olämplig 
läkemedelsbehandling är hög hos individer med kognitiv svikt inlagda på 
sjukhus oavsett boendeform. En hög läkemedelsanvändning kan förklara 
en del av dessa resultat. Potentiellt olämplig läkemedelsanvändning är i 
princip lika vanlig oavsett hur länge äldre personer bott på särskilt 
boende. Avhandlingen visar också att potentiellt olämplig 
läkemedelsanvändning är låg både före och efter diagnostisering av 
demenssjukdom och ser ut att sjunka både på särskilda boenden samt för 
de som fått en demensdiagnos på senare år vilket indikerar en ökad 
medvetenhet i sjukvården gällande riskerna med potentiellt olämpliga 
läkemedel bland äldre personer. Speciellt bland de med demenssjukdom.  
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Introduction 
Drug treatment is important to managing chronic conditions. However, 
drug treatment is often extensive among older people, and their sensitivity 
for drug effects increases due to the aging process. People with cognitive 
impairment or major neurocognitive disorder (NCD) are even more 
vulnerable to drug effects due to additional physiologic alterations found 
in the central nervous system (CNS) and characteristics of the disorder. 
Nevertheless, drug treatment is even more extensive among this group of 
people, and they are often subject to drug treatment considered 
potentially inappropriate, i.e., associated with severe adverse drug 
reactions (ADRs). Consequently, it is important to investigate patterns of 
potentially inappropriate drug treatment among this vulnerable group of 
people.  

Accordingly, the first part of the introduction will address aging with a 
focus on biologic aging and associated physiologic alterations due to its 
association with altered drug response. Moreover, the physiologic 
alterations seen among older people with cognitive impairment, the 
characteristics of neurocognitive disorders and different assessment tools 
utilized in clinical practice will be described.  

The second part will focus on drug treatment among older people with and 
without major NCD and describe drug-related problems (DRPs) 
associated with drug treatment. Moreover, criteria and registries available 
to assess drug treatment among people with major NCD will be addressed. 
Finally, national initiatives to improve drug treatment are highlighted.  

Older people 

People 65 years or older account for a large proportion of people in society, 
and in 2020 they accounted for 20.1% of the total Swedish population [1]. 
Moreover, the life expectancy has increased [2], and improved health care 
and drug treatment are important contributing factors [3, 4]. 
Consequently, the proportion of people 65 years or older continues to 
increase in society, where approximately 25.1% of the population will be 
65 years or older in 2070 [5]. The proportion of older people accounted 
for 51.2% of the local authorities’ costs for social services 2019 [6], and age 
is considered one of the major predictive factors for unplanned hospital 
admissions [7]. 
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Aging 

Age may be described in different ways, and aging is traditionally divided 
into biologic, psychologic and social aging [3]. Aging is defined as a 
“progressive change in the cellular, physiological and psychological 
characteristics of the human body coupled with a transient loss of 
cellular, molecular and physiological functionally of a tissue or organ” 
[8]. Aging is considered the effect of these physiologic changes [9]. The 
biologic aging process implies a progressive impairment of the organ 
systems’ capacity, which deteriorates the possibility to maintain 
homeostasis, and consequently, this results in an increased vulnerability 
for chronic conditions and death. Psychologic aging includes changes in 
memory, learning, intelligence and personality, which is affected by 
biologic aging and diseases, e.g., neurocognitive diseases, while social 
aging includes, e.g., changes in a person’s economy, relations, context and 
form of housing [3]. 

The biologic aging process is individual and difficult to measure. 
Nevertheless, this type of aging is important due to the implied 
physiologic alterations and the impairment of several organ systems, 
which may lead to drug treatment [3], pharmacokinetic alterations, a 
changed pharmacodynamic response, and consequently, altered drug 
handling [10]. 

The aspects of biologic aging are therefore considered within this thesis, 
and chronologic age, which on the contrary is easier to determine [3], is 
used to identify people with increased biologic aging. The term older often 
refers to people aged 65 years and above [11, 12] and is a age cut-off used 
when considering drug treatment as potentially inappropriate for older 
people [13]. Therefore, within the frame of this thesis, the term older 
people is defined in the same way, i.e., people 65 years or above. 

Pharmacokinetic alterations  

The aging process causes alterations in the absorption, distribution, 
metabolism and elimination of drugs. However, the clinical relevance 
differs between the pharmacokinetic parameters, e.g., decreased 
elimination is often considered one of the most important 
pharmacokinetic alterations affecting the clearance of renally excreted 
drugs and active metabolites. Changed distribution also raises concern 
due to the altered volume of distribution. The main alterations in the 
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pharmacokinetic parameters and its effect on drugs can be summarized 
as follows. 

Absorption 

The intrinsic factors that may affect the absorption of orally administered 
drugs are changed composition of gastric fluid, altered gastrointestinal 
pH, the time it takes for gastric emptying, intestinal transit time and 
decreased gastrointestinal blood flow. The clinical implications of 
changed pH and composition of gastric fluid are uncertain [14]. However, 
the absorption of basic drugs may be affected due to hypochlorhydria [15]. 
Since the small intestine is the major site for drug absorption, a delay in 
gastric emptying would delay drug absorption. However, the absorption 
seems to be complete, and this alteration is therefore also considered a 
minor influent on drug effect. The rate of absorption may decrease due to 
decreased blood flow. Nevertheless, the general opinion is that the 
absorption is unaffected [14]. 

Distribution 

The body composition changes along with the aging process. The amount 
of skeletal muscles decreases, which contributes to an approximately 20% 
decrease in body water. Besides this, the relative amount of body fat 
increases [3]. Consequently, the distribution volume decreases and 
accordingly the concentrations of water soluble drugs, e.g., lithium and 
digoxin, increases [12]. For lipid soluble drugs, the volume of distribution 
may increase, and the elimination half-life is prolonged [10]. These 
alterations may contribute to an increased risk for ADRs when drugs are 
administered. Long-acting benzodiazepines and antipsychotic drugs are 
two examples of lipid-soluble drugs with a long half-life that may 
contribute to ADRs [16]. 

Another clinically relevant alteration that affects the drug distribution 
among people with major NCD is increased permeability of the blood 
brain barrier (BBB) and decreased activity of p-glycoprotein (P-gp). This 
leads to an enhanced possibility for liposoluble CNS-active drugs to reach 
the CNS, which increases the risk of ADRs even more [15]. 

A third alteration in distribution is slightly decreased concentrations of 
albumin in serum, which increase the unbound fraction of highly protein-
bound acidic drugs [12], e.g. diazepam, phenytoin, salicylic acid and 
warfarin. However, this alteration is considered to be of little clinical 
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relevance since the free fraction of a drug is counterbalanced by drug 
clearance [9].  

Metabolism 

The liver size decreases by approximately 20-30% and hepatic blood flow 
by approximately 20-50%, which affects drugs with a high extraction 
fraction [12]. Some of the cytochrome P450 (CYP450) enzymatic activity 
and phase I metabolism also decreases, which may lead to a decreased 
metabolism of lipid-soluble drugs and accordingly an increased drug 
effect. However, the clinical consequence may vary between individuals 
[11]. 

Elimination 

Impairment of renal function is considered to be an important physiologic 
alteration that occurs along with aging, which affects the elimination of 
renally cleared medications [17]. This aging is characterized by fibrosis, 
atrophy, arteriosclerosis and a substantial reduction of the kidney mass 
by approximately 20-25% [10]. Consequently, the renal blood flow 
decreases and the glomerular filtration rate (GFR) declines by 
approximately 1 ml/min/m2 every year from approximately the fourth 
decade of life [18]. This leads to decreased clearance of renally cleared 
drugs and active metabolites. Accordingly, the half-life is prolonged and 
serum concentration grows, which increases the risk of accumulation, an 
enhanced drug effect and ADRs if drug doses of renally cleared 
medications are not properly adjusted according to renal function [3]. 
Additional to the aging process, chronic conditions such as hypertension 
[10], diabetes [18] and coronary heart disease [12], as well as concomitant 
drug therapy, may contribute to decreasing GFR [11]. The decline in renal 
function is therefore individual and accordingly crucial to estimate for 
dose estimation of renally cleared medications, diagnostic reasons or 
following renal function along with disease progression [18]. 

Measurement of GFR is the most accurate method for defining renal 
function. This includes measurement of a marker in urine, collected 
during a specified time period. Table 1 shows the different exogenous and 
endogenous markers that may be utilized, of which inulin is considered to 
be the gold standard and reference method. Even if the measurement of 
exogenous compounds is considered to give an accurate value of GFR, the 
methods are invasive, complicated, and resource and time consuming. 
The measurement of endogenous creatinine is also an alternative 
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measurement method. However, this method includes urine collection 
over 24 h and is therefore time consuming. Consequently, measurement 
methods are not motivated for use in every day practice [19, 20]. 

Table 1. GFR measuring methods [19]  
Marker Exogenous/ 

Endogenous 
Characteristics Accuracy  

Inulin Exogenous  Polysaccharide Reference method, 
i.e., gold standard 
Free glomerular 
filtration,  
no secretion or 
reabsorption 

51Cr-EDTA Exogenous Filtration 
marker 

P10 ≥50%  
P30 ≥80% 

Iohexol Exogenous  X-ray contrast 
agent 

P10 ≥50%  
P30 ≥80% 

DTPA Exogenous Filtration 
marker 

P10 ≥50%  
P30 ≥80%  

Iothalamate Exogenous  Radiolabeled 
X-ray contrast 
agent 

P10 ≥50%  
P30 ≥80%  

Creatinine,  
24h 
measurement 

Endogenous From muscle 
break down 

Overestimation due 
to tubular secretion, 
affected by altered 
production rate  

51Cr-EDTA, chromium ethylenediaminetetraacetate; DTPA, diethylene-triamine 
pentaacetate; GFR, glomerular filtration rate; P10, The proportion of people with 
measured GFR <10% from inulin clearance; P30, The proportion of people with measured 
GFR <30% from inulin clearance. 

Instead, different equations are developed to calculate an estimated GFR 
(eGFR). The estimation methods either use creatinine or cystatin C, which 
are endogenous markers of which creatinine is most commonly used in 
health care when renal function is estimated. The creatinine-based 
estimation methods are summarized in table 2. Creatinine is a breakdown 
product from muscles, predominantly filtered at glomerulus but also 
excreted via tubular secretion [21]. Common to all creatinine-based 
estimation methods is that demographic and/or anthropometric data is 
utilized to estimate the muscle mass and give an approximation of GFR. 
Cystatin C is a low molecular protein from cells in the body and therefore 
independent from muscle mass. Cystatin C is freely filtered through 
glomerulus [19]. 
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 Table 2. GFR estimation methods [19, 22] 
Method abs/rel eGFR Variables Accuracy 
LM-rev   rel Creatinine, age, sex  P30 ≥75%a,b 
LM-LBMREL 
LM-LBMABS  

rel 
abs 

Creatinine, sex, 
length, lean body 
weight 

 

MDRD  rel Creatinine, age, 
sex, ethnicity  

P30 ≥75%a  

MDRD  
 

abs Creatinine, age, 
sex, ethnicity, 
weight and length 

 

CKD-EPI  
 

rel Creatinine, age, 
sex, ethnicity  

P30 ≥75%a,b 

 
CKD-EPI  
  

abs Creatinine, age, 
sex, ethnicity, 
weight, length 

 

Cockcroft-Gault 
eCLcr ≈ eGFR  

abs Creatinine, age, 
sex, weight 

P30 <75%c 

 
Abs, absolute (ml/min); eCLcr, estimated creatinine clearance; eGFR, estimated 
glomerular filtration rate; LM-rev, revised Lund-Malmö method; LM-LBMABS, Lund-
Malmö lean body mass absolute; LM-LBMREL, Lund-Malmö lean body mass relative; 
MDRD, Modification of Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease 
Epidemiology Collaboration; P30, The proportion of people with an estimated renal 
function <30% from measured GFR; rel, relative (ml/min/1.73m2). a Unless GFR <30 
ml/min/1.73m2 or BMI <20kg/m2; b Also, if >80 years; c Especially if GFR <60 
ml/min/1.73m2. 

The estimation methods shown in table 2 can estimate either the absolute 
or relative GFR. The absolute GFR (ml/min) is used when dose 
adjustments of renally cleared medications need to be made, e.g., 
morphine, which has active metabolites that are renally cleared [23]. This 
value is the actual filtration rate regardless of body size and may therefore 
differ substantially between individuals. The absolute GFR can be related 
to body size through calculation of relative GFR (ml/min/1.73m2) since 
the size of the kidneys and the renal function is proportional to the body 
surface. The absolute GFR is then standardized to a body surface of 
1.73m2. The relative GFR is utilized when renal function or progression of 
diseases are evaluated since the same reference intervals can be utilized 
for different individuals [18], e.g., when stages of chronic kidney disease 
(CKD) need to be estimated and followed. The Cockcroft-Gault (CG) and 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equations were developed to estimate creatinine clearance (CLcr) and 
GFR, respectively [22]. Consequently, the terms estimated CLcr (eCLcr) 
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and eGFR will be used throughout this thesis when results from the CG 
and CKD-EPI equations are referred to. 

Pharmacodynamic alterations  

Beyond the pharmacokinetic alterations, changes in organ functions also 
cause pharmacodynamic alterations, which contributes to increased 
sensitivity for drug effects. Furthermore, the stomach mucosa changes 
among older people, which increases the risk of bleeding when non-
steroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase (COX)-
inhibitors or low dose of acetylsalicylic acid (ASA) are being used [11, 24]. 

Impairment of the baroreflex function is also found among older people 
who therefore experience a decreased ability to regulate fast alterations in 
blood pressure [25]. This leads to increased risk for orthostatic 
hypotension characterized as instability and dizziness. Moreover, 
orthostatic hypotension may give rise to cognitive impairment. Drugs that 
increase the risk of experiencing orthostatism are beta blocking agents, 
diuretics, anti-Parkinson drugs, tricyclic antidepressants (TCA) and 
antipsychotic drugs [11].  

Increased sensitivity in the central nervous system 

One of the important pharmacodynamic alterations that affects older 
people, especially those with major NCD, is increased CNS sensitivity. The 
number of synapses within CNS [26], and accordingly the levels of 
neurotransmitter substances, e.g., serotonin, noradrenaline, 
acetylcholine and dopamine, decreases [27]. This leads to memory 
impairment and the impairment of other cognitive functions. Moreover, 
the sensitivity for CNS-active drugs, e.g., benzodiazepines, and ADRs 
increases [9]. 

The sensitivity for CNS active substances, e.g., anticholinergic drugs, is 
even more pronounced among people with cognitive impairment since 
they exhibit lower acetylcholine levels, a decreased number of neurons 
due to the degenerative characteristics and deficits in the BBB, which are 
found among people with major NCD. There is also an increased 
sensitivity for antipsychotic drugs. This is especially pronounced among 
people with Lewy Body dementia, probably due to their loss in 
dopaminergic neurons and/or the anticholinergic effects [15]. 
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Neurocognitive disorders 

NCD is a collective concept including delirium, mild NCD and major NCD 
for which the Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5), provides diagnosis criteria to distinguish between them 
[28]. In DSM-5, major NCD has replaced the previous term dementia 
[29], and mild NCD includes the term mild cognitive impairment (MCI) 
[30]. However, the term mild NCD applies to all age categories, whereas 
MCI applies specifically to older people [31]. 

In paper I-III the term dementia was used in accordance with 
International Statistical Classification of Diseases and Related Health 
Problems, 10th edition (ICD)-10 and ICD-11, the diagnostic tools used in 
Sweden [29]. However, in paper IV and V the updated term major NCD 
was used. Major NCD and MCI will also be used in the frame of this thesis, 
in accordance with the updated diagnostic term in DSM-5 and since older 
people are addressed. 

Mild cognitive impairment 

MCI is often a prodromal symptom to major NCD, and people with MCI 
are at significant risk of developing a major NCD [31]. According to DSM-
5, the term MCI is defined as an impairment in one or more of the 
cognitive domains, and the impairment should be greater than that of 
normal aging but to a smaller extent compared to the impairment 
associated with early state of major NCD. Six cognitive domains are 
included when the cognitive function is evaluated, i.e., executive function, 
learning and memory, complex attention, linguistic and perceptual-motor 
ability, and social cognition. The person’s ability to cope with everyday life 
activities are remained even if greater effort or compensatory strategies 
might be needed [29, 31]. Moreover, the cognitive impairment should not 
be exclusively explained by delirium, nor by another mental disorder, e.g., 
schizophrenia or major depressive disorder [31].  

Major neurocognitive disorder 

Approximately 20,000-25,000 people are diagnosed with major NCD in 
Sweden every year [32], and it is a common cause of morbidity and 
mortality [27]. The most important risk factor for major NCD is age [30]. 
Consequently, as the proportion of older people increases in society, so 
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does the proportion of people with this disorder, and it is estimated that 
approximately 250,000 people will have this disorder in 2050 [32, 33]. 

According to DSM-5, major NCD are neurodegenerative disorders defined 
by progressive, substantial and permanent decline in one or more 
cognitive domains, functioning and behavior. The cognitive decline 
should be related to the person’s previous ability. The decline in cognitive 
functions should also be so serious that it affects everyday life [31]. 
Affected executive function implies, e.g., difficulties managing multi-stage 
tasks, organizing, planning and keeping up with shifting conversations. 
Learning and memory impairment may result in difficulties recalling 
events that newly happened, keeping track of previously performed 
actions, misplacement of objects, as well as an increased reliance on and 
utilization of reminders. When complex attention is affected, the person 
is easily distracted, it takes longer time to perform tasks, and they often 
need to be simplified. Moreover, it becomes difficult to keep information 
in mind. Decline in the language domain implies increased difficulties 
finding words, the usage of wrong words and grammatical errors and 
difficulties understanding other people’s language. When the perceptual-
motor ability is impaired, the person, e.g., becomes lost in familiar places. 
Impairment of social cognition results in, e.g., apathy, loss of judgement, 
inappropriate behavior and decreased empathy [30]. 

Beyond the effect on everyday life, the main distinction between mild and 
major NCD is the cognitive test results. People with mild NCD or MCI 
score 1-2 standard deviations (SD) below the normative mean value of a 
reference group. People with major NCD, on the other hand, score more 
than 2 SD below the reference [31]. 

Subjective and objective evaluations are made when symptoms of 
cognitive decline are assessed. In an optimal case the subjective 
assessment includes information from both the person under 
investigation and a relative or health care professional who knows the 
person [30]. This is made through anamnesis and structured interviews 
[34]. 

The objective assessment of the current cognitive function and 
progression of cognitive decline involves different standardized tests [27] 
of which the Mini-Mental State Examination test (MMSE) is the most 
well-known [30]. According to Swedish guidelines, the basic investigation 
should include MMSE and the clock-drawing test when major NCD is 
suspected. The Rowland Universal Dementia Assessment Scale (RUDAS) 
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can be considered if the person has a native language other than Swedish, 
another cultural background or a low level of education. Moreover, the 
Montreal Cognitive Assessment (MoCA) test can be utilized when early 
symptoms are assessed [34]. 

The objective assessment should also include an assessment of the 
person’s function and ability to perform activities of daily living (ADL); 
neuroimaging, including computer tomography (CT) or magnetic 
resonance imaging (MRI); relevant blood samples; identification of 
potential biomarkers; and an assessment of their physical and mental 
state [34]. Dependent on etiology, major NCD is further classified into 
different subtypes [30]. 

Subtypes of major neurocognitive disorder 

Alzheimer’s disease 

Alzheimer’s disease (AD) is the most common type of major NCD [27]. It 
is a neurodegenerative disorder, and the pathology includes extracellular 
accumulations of amyloid plaques composed by abnormally folded 
amyloid b and neurofibrillary tangles, which are composed by 
hyperphosphorylated tau. This leads to neuroinflammation, dysfunction 
and loss of neurons and synapses, which is associated with the severity 
and the clinical features that are manifested. Consequently, these 
processes start many years before symptoms become evident [35]. 
Memory impairment is a core symptom [29], and progressive impairment 
of episodic memory is the most common early sign of AD since the 
amyloid b often starts to accumulate in hippocampus. Moreover, 
behavioral and psychological symptoms (BPS), e.g., apathy, depression 
and anxiety are frequently found among people with AD, and agitation, 
aggression and psychosis may become prevalent at later stages of major 
NCD [35, 36]. 

Vascular dementia 

Cerebrovascular disease is a common cause of cognitive impairment, and 
vascular dementia (VaD) is the second most common subtype of major 
NCD among older people [37]. VaD accounts for approximately 15% of the 
major NCD diagnoses and consists of subtypes according to the 
pathological changes. It is common for VaD and AD to coexist, and AD is 
also associated with vascular risk factors. The alterations in cognitive 
function among people with VaD is more heterogenous than in AD and 
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dependent on which brain region is affected, e.g., in contrast to AD, 
memory is affected to various extents in VaD [38]. BPS may also differ and 
delusions may be more prevalent compared to AD. However, as in AD, 
apathy and depression are common [36].  

Frontotemporal dementia 

Frontotemporal dementia (FTD) is the second most common cause of 
young onset of major NCD, i.e., for those aged 65 years or younger, and 
onset usually occurs between age 45 and 65 [39]. It is a progressive 
neurodegenerative disorder, involving the accumulation of tau or 
transactive response (TAR) DNA-binding protein 43, which affects the 
frontal and temporal lobes, resulting in neuronal loss. FTD is 
characterized by a decline in social function, altered personality and 
emotional processing and/or a decline in language skills. Altered eating 
behavior and hallucinations are also characteristic of FTD. Moreover, 
memory may be affected but orientation is considered to be well preserved 
[40]. 

Lewy body dementias 

Lewy body dementias include dementia with Lewy bodies (DLB) and 
Parkinson’s disease dementia (PDD), which share pathological features 
[41] and is the second most common neurodegenerative subtype of major 
NCD among older people [42]. It is associated with loss of dopaminergic 
and cholinergic neurons [41] and is characterized by the accumulation of 
a-synuclein in the brain stem and cortex. The clinical features include 
cognitive fluctuations, hallucinations, parkinsonism and depression [28, 
36, 41]. However, neurofibrillary tangles and amyloid b are also found in 
the majority of DLB cases and are present in PDD as well. The cognitive 
domains often impaired are attention, executive functions, visual-spatial 
ability and short-term memory. The major distinction between DLB and 
PDD is the timing of symptoms, i.e., in PDD, Parkinson’s disease should 
be the first presented and be present at least one year prior to the 
symptoms associated with major NCD [41]. 

Cognitive tests 

There are several different screening tests available to assess cognitive 
function. Some commonly used tests are described as follows. 
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The Mini-Mental State Examination 

This test is a commonly used test to evaluate cognitive function when 
cognitive impairment is suspected. The test includes evaluation of 
orientation, memory, attention, recall, registration, calculation, language 
and ability to draw a polygon. It scores between 0-30 and can be used to 
follow changes in cognitive function [43]. The cut-off of ≤23 is used to 
identify persons with cognitive impairment [44]. The score can be further 
categorized to acquire an indication of the degree of major NCD.  

Gottfries’ cognitive scale 

This scale, developed by Gottfries & Gottfries, measures cognitive 
function and was developed for people with severe major NCD. It consists 
of 27 items and measures the orientation ability of the person being 
investigated. The items can be answered as “yes” or “no” by the health care 
staff, and a score ≤23 indicates cognitive impairment [45, 46]. 

The clock-drawing test 

The clock-drawing test is used for cognitive screening and several 
cognitive functions are evaluated, e.g., auditory comprehension, visual 
memory and reconstruction, planning, abstract thinking, time perception, 
visuospatial abilities, motor programming and execution, numerical 
knowledge and concentration. The test is quick, easy to use, not impacted 
by education or language and is considered a good complement to the 
MMSE test. However, it may be difficult to score and interpret the result. 
The person who performs the test receives instructions to draw a circle or 
information that the pre-printed circle represents a clock face. The person 
then receives instructions to put in the numbers to complete the clock and 
set the time to 10 minutes past 11 [47]. 

The Rowland Universal Dementia Assessment Scale 

RUDAS evaluates six cognitive domains, i.e., memory, visuospatial 
orientation (body parts), praxis, visuo-constructional drawing, judgement 
and language. The score ranges between 0-30, where a score <23 indicates 
cognitive impairment. The result appears not to be affected by language, 
cultural background or education level [48]. 
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The Montreal Cognitive Assessment 

This assessment consists of different tests that evaluate multiple cognitive 
abilities: attention and executive function, visuospatial function, 
language, short-term and working memory, concentration and 
orientation. It was originally developed to detect MCI and has a high 
sensitivity for detecting cognitive impairment at an early stage. The score 
ranges between 0-30. However, it is not comparable with the MMSE test 
result. In the MoCA test, the result is adjusted according to the level of 
education before interpretation of the result. A cut-off of ≤25 is considered 
MCI [49]. In Sweden, correction for sex, age and education level are also 
made, and different cut-off values are available to guide and distinguish 
between MCI and major NCD [50]. 

Activities of daily living 

Along with the progression of major NCD, function declines, and the 
dependency of help to perform ADL increases. An association is found 
between cognitive decline and impairment in the performance of ADL [45, 
46]. At an early stage of MCI, instrumental ADL may be affected, e.g., the 
management of money and medications. As the cognitive impairment 
proceeds, basic ADL becomes affected, i.e. hygiene, dressing, continence, 
transferring and eating [51]. Increased dependency to cope with ADL is a 
major cause for being admitted to nursing homes, and approximately 8 of 
10 of older people living in nursing homes have major NCD [52]. 

The function may be assessed through the level of independency in ADL. 
This can be measured through self-report, a caregiver report or 
observations. One of the most commonly used ADL assessment scales are 
the Katz Index of independence in ADL, which assesses bathing, toileting, 
continence, dressing, transfers and eating as either fully dependent or 
fully independent. The Barthel ADL Index includes the same items as the 
Katz Index of independence in ADL and also grooming, mobility and 
stairs. In this assessment each item is rated dependent on the assistance 
needed and some items are more heavily rated [51].  

Behavioral and psychological symptoms  

BPS is a collective term that refers to behavioral disturbances and 
psychological symptoms that often arise during the progression of major 
NCD [53]. The symptoms are also referred to as neuropsychiatric 
symptoms (NPS) or behavioral and psychological symptoms in dementia 
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(BPSD) [54]. BPSD was used in paper III-V when these types of symptoms 
were referred to. However, due to the removal of the term dementia in 
DSM-5, and because major NCD will be used in this thesis, the term BPS 
will be used further on as well. 

Approximately 80% of people with major NCD exhibit some type of BPS 
during the progression of the disorder. BPS include, e.g., aberrant motor 
behavior, agitation, apathy, anxiety, depression, disinhibition, euphoria, 
eating behaviors, irritability, aggression, delusions and hallucinations. 
The different symptoms vary along with the progression of the disorder 
[53] and are associated with dysfunction in the serotonergic, cholinergic, 
dopaminergic and noradrenergic neurotransmitter system in the CNS 
[55]. BPS are often the first symptoms presented among people that later 
become diagnosed with major NCD [27], and agitation, apathy, delusions, 
dysphoria and irritability can be severely distressing to caregivers [56]. 
Consequently, BPS is a common reason for moving in to nursing homes 
[27, 57].  

Beyond the progression of major NCD, BPS may arise due to other factors, 
e.g., infection, constipation, hunger, pain or urinary retention. The 
symptoms may also be due to environmental factors or drug treatment 
[58]. Ideally, the reason for BPS should be identified to counteract the 
symptoms. However, inappropriate drug treatment is often utilized to 
manage BPS, and antipsychotic drug treatment is common among older 
people with major NCD [59].   

BPS can be measured using the Neuropsychiatric Inventory (NPI) scale. 
This is a validated scale that measures ten BPS domains. The scale 
includes aberrant motor behaviors, agitation/aggression, anxiety, apathy, 
delusions, disinhibition, dysphoria, euphoria, irritability/lability and 
hallucinations. Each domain is represented by a question that assesses the 
occurrence of the specific domain. If the caregiver assesses the domain to 
be present; sub questions will follow, and the frequency and severity of 
the persons behavior are rated. The severity is rated as 1, mild; 2, 
moderate or 3, severe. Frequency is rated as 1: occasionally, less than once 
per week; 2: often, approximately once per week; 3: frequently, several 
times per week but less than every day; 4: very frequently, continuously 
or once or more per day. The total score for each BPS is calculated by 
frequency x severity and the global BPS score, ranging between 0-120, can 
be generated by summing each of the separate BPS scores together [60].  
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Drug treatment among older people 

Age-related impairment of organ function, multiple chronic conditions 
and extensive drug treatment increase the complexity of drug treatment 
among older people. Consequently, it may be challenging to reach a well-
balanced drug treatment among older people, and the risk-benefit balance 
is important to consider when prescribing new medications among older 
people since the risk for ADRs increases [3]. Moreover, ADRs may be 
difficult to recognize and be mistaken for symptoms. Consequently, new 
medications may be prescribed. 

It has been reported that community-dwelling older adults on average use 
4.3 ± 3.2 drugs [61]. Moreover, it is estimated that 25.2% of older people 
have 6-9 medications and 12.0% ≥10 medications prescribed [62]. It has 
also been found that 39% of older community-dwelling individuals use ≥5 
drugs [61], defined as polypharmacy [63, 64]. 

Comorbidity is often high among older people living in nursing homes. 
Accordingly, the number of drugs is also high among this group of people, 
and it is found that nursing home residents on average use 7.2 ± 3.6 drugs, 
and 76% are subject to polypharmacy [61].  

A nationwide study including people 75 years or older living in Sweden 
found that increasing number of drugs dispensed at Swedish pharmacies 
was significantly associated with potentially inappropriate drug 
treatment; anticholinergic drugs, long-acting benzodiazepines, three or 
more psychotropic drugs and drug-drug interactions (DDIs) of type D, 
respectively [65]. It has also been reported that potentially inappropriate 
prescriptions increase the odds of experiencing ADRs [62]. However, if 
careful consideration and monitoring are made when drugs are being 
prescribed, the benefit may outweigh the risks and ADRs can be 
prevented.  

Drug treatment among older people with major 
neurocognitive disorder 

It is known that people with major NCD have more comorbidities and 
consequently a higher medication burden than their counterparts without 
this disorder [66, 67]. This also contributes to an increased vulnerability 
to drug effects [68]. Due to high comorbidity, high medication burden and 
atypical symptoms, it is even more complex to distinguish the reason for 
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exhibited symptoms among older people with cognitive impairment. 
Additionally, people with major NCD are commonly excluded from or 
underrepresented in randomized controlled trials when drug effects are 
investigated, even if many chronic conditions are common among this 
population [15]. Consequently, a cautious approach is needed when 
medications are prescribed to this group of people so that the desired 
benefits from drug treatment can be achieved.  

Nevertheless, international studies have revealed that polypharmacy and 
excessive polypharmacy have increased and are higher among older 
people with major NCD compared to older people without the disorder, 
both in the nationwide study population [69] and among community-
dwelling people [70].  

A previous study has found an association between increasing number of 
medications and the use of potentially inappropriate medications (PIMs) 
[71], and a higher prevalence of PIMs has been reported among those with 
major NCD compared to those without this disorder [67, 70]. The reversed 
is, however, found among older people living in nursing homes, i.e., 
polypharmacy and PIM use is less common among people with major 
NCD compared to those without the disorder. Nevertheless, 
polypharmacy and PIM use is higher among nursing home residents 
compared to community-dwelling older people [70].   

Additionally, psychotropic drug use is common among older people with 
cognitive impairment living in nursing homes [72]. This type of drug 
treatment is also found to be associated with an increased risk for the 
initiation of PIM use among older people with AD [73], which is 
concerning because of the association between PIM use and increased risk 
for ADRs and hospitalization [74, 75]. One study found that ADRs caused 
or contributed to almost every fifth of non-scheduled hospitalizations 
among older people with major NCD [76]. 

Of the psychotropic drugs, antipsychotic drugs are often prescribed 
among older people with major NCD, and its use is associated with BPS 
[72]. It has been reported that up to 20.8% of people with major NCD 
living in nursing homes are prescribed some type of antipsychotic drug 
[52] even if this type of drug treatment is associated with severe ADRs 
[58]. However, with appropriate adjustment and close monitoring, 
psychotropic drugs may be used under certain circumstances.  
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Drug treatment for behavioral and psychological symptoms 

If non-pharmacological interventions have been ineffective in the 
management of BPS among people with major NCD, pharmacological 
alternatives may be considered, e.g., anti-dementia drugs can be utilized 
as rational drug treatment. Moreover, antidepressants, anxiolytics, 
sedatives and antipsychotic drugs can be considered as rational drug 
treatment according to the described situations.  

Antidepressants 

Selective serotonin reuptake inhibitors (SSRI) may be considered in the 
treatment of depression, either as monotherapy or in combination with 
mirtazapine, an a2-receptor antagonist, if the circadian rhythm also is 
disturbed. The primary mechanism for SSRI is the selective inhibition of 
the serotonin transporter (SERT). Accordingly, serotonin reuptake is 
inhibited and the levels of serotonin (5HT) is increased giving an 
antidepressant effect [11, 77]. SSRI can also be used to treat anxiety if this 
is considered a symptom of depression. Moreover, this type of drug 
treatment can be utilized in the management of severe aggression or lack 
of impulse control [11]. Degeneration of serotonergic neurons and altered 
serotonergic activity is thought to be associated with agitation and 
aggression among people with AD [55, 78]. The pharmacologic 
mechanism from SSRI is therefore utilized in the treatment of aggression 
among people with major NCD. SSRI is also better tolerated and has less 
side-effects than antipsychotic drugs [36, 55, 79]. However, according to 
a meta-analysis, there are doubts about the clinical effect on depression 
among people with major NCD [80] and it is important to regularly 
evaluate if the indication for drug treatment is current. 

Anxiolytics 

Oxazepam can be utilized as a short-term treatment of severe anxiety. It 
may also be utilized as a secondary alternative of sedative treatment [11]. 
The drug is a benzodiazepine derivate acting on the gamma-aminobutyric 
acid subtype A (GABAA) receptor complex as do benzodiazepines. 
However, oxazepam has no active metabolites and shorter half-life 
compared to long-acting benzodiazepines [81, 82].  
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Sedatives 

Zopiclone is a sedative with a relatively short half-life. It may therefore be 
utilized to manage disturbed circadian rhythm among people with major 
NCD, when other possible causes have been outranged [11]. Zopiclone is 
also a positive allosteric modulator of GABAA. However, it does not cause 
dependence, tolerance or withdrawal symptoms to the same extent as 
benzodiazepines and is therefore considered as a safer alternative 
compared to benzodiazepines when sleep disturbance needs to be 
managed [77]. 

Antipsychotics 

If memantine or SSRI have not had any effect on aggression, antipsychotic 
drug treatment may be utilized. Risperidone, an atypical antipsychotic 
drug without anticholinergic properties, with a maximum daily dose of 1.5 
mg is considered as the first line alternative in the management of severe 
aggression or psychotic symptoms [11]. However, short-term treatment 
should be considered, and continuous follow up is important if 
antipsychotic drugs are utilized in the treatment of BPS [11] due to severe 
ADRs, discussed in a later section.  

Anti-dementia drugs 

Two different types of anti-dementia drugs are available for the treatment 
of major NCD: cholinesterase inhibitors (ChEIs) and memantine. ChEIs 
is indicated for mild to moderate AD and blocks pre- and postsynaptic 
acetylcholinesterase, thereby enhancing the effect of acetylcholine. This 
either enhances memory and/or slows down the function impairment 
[77]. It is also reported that ChEIs has a long-term effect on the reduction 
of cognitive decline [83]. Memantine, indicated for moderate to severe 
AD, binds to the N-methyl-D-aspartate (NMDA) receptor and inhibits the 
effect of a constant release of glutamate, thereby contributing to improved 
memory and inhibition of neurodegeneration in AD [77]. The drug may be 
used in the treatment of aggression or lack of impulse control [11] and 
effect on cognition, BPS and ADL have been reported [84, 85]. Due to the 
different mechanism of action, ChEIs and memantine may be used 
concomitantly to acquire an additive effect on cognitive functions [84]. 
The use of anti-dementia drugs is also associated with a decreased risk in 
aggressive behavior [72].  
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Drug-related problems among older people 

Due to pharmacokinetic and pharmacodynamic alterations and 
increasing number of drugs among older people, the risk of DRPs 
increases [86]. Consequently, DRPs among older people with major NCD 
is common and contributes to hospital admission and increased health 
care costs [76, 87]. However, it is found that DRPs are often possible to 
prevent [88, 89].  

DRPs can be defined as “Any undesirable event experienced by the 
patient that involves or is suspected to involve drug therapy and that 
actually or potentially interferes with a desired patient outcome” [90]. 
However, different expressions and classifications of the DRP subgroups 
exist [91]. The classification according to Cipolle et al. is one example that 
can be used when medication reviews are conducted [92] and includes the 
following categories: need additional drug therapy, unnecessary drug 
therapy, wrong drug, ADR, dosage too low, dosage too high and non-
adherence [90]. This thesis will specifically address the following DRP 
categories: wrong drug (i.e., the patient has a medical condition for which 
the wrong drug is being taken), including contraindicated drugs according 
to renal function; and dosage too high (i.e., the patient has a medical 
condition for which too much of the correct drug is being taken), including 
too high dose based on renal function. Additionally, DDIs and PIMs will 
be addressed due to its possible association with ADRs and deterioration 
of the medical condition. 

Adverse drug reactions 

According to the European Medicines Agency (EMA), an ADR is defined 
as “a noxious and unintended response to a medicine” [93]. The World 
Health Organization (WHO) expands this definition even more to “an 
unintended and noxious effect that is attributable to a medicine when it 
has been given within the normal range of doses used in man” [94]. ADRs 
can be divided into type A and type B, of which type A is related to the 
pharmacologic mechanism and dose. Consequently, these types of 
reactions are possible to prevent. Type B reactions cannot be related to 
pharmacologic response and are rare, often unexpected and severe [94].  

Risk factors for experiencing ADRs are older age, the female sex, 
morbidity, polypharmacy and impaired renal function [68, 95-97]. It has 
been reported that 5.0% of people with major NCD in France were subject 
to ADRs. There was no significant difference between people living at 
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home or those living in nursing homes. Of the identified ADRs, 47.8% 
were preventable and 31.9% were serious [98]. 

Drug-drug interactions 

A DDI is defined as “when the effects of one drug are changed by the 
presence of another drug” [99]. Age-related physiological changes and 
diseases increase the risk of using multiple medications. Consequently, 
the risk of experiencing clinically relevant DDIs and, accordingly ADRs, 
increases [100]. These ADRs may be the reason for acute hospital 
admissions [76]. DDIs can be either pharmacokinetic or 
pharmacodynamic. The pharmacokinetic DDIs affect the absorption, 
distribution, metabolism or elimination of a drug. The pharmacodynamic 
interactions may result in either additive or synergistic effects or 
antagonistic or opposing effects of a drug [99]. 

Potentially inappropriate medications  

A PIM can be defined as “a drug which should not be prescribed for this 
population because the risk of adverse events outweighs the clinical 
benefit, particularly when there is evidence in favor of a safer or more 
effective alternative therapy for the same condition” [101]. PIM use 
among older people with major NCD is found to be significantly associated 
with higher costs due to unplanned hospitalization [87]. It is also found 
that people using PIMs are at increased risk of experiencing ADRs [62]. 
All of the following drug classes and drug substances may contribute to 
ADRs among older people with major NCD. 

Long-acting benzodiazepines 

Benzodiazepines act as a non-selective positive allosteric modulator at 
postsynaptic GABAA receptors in the CNS and consequently have 
anxiolytic, sedating, anticonvulsant and muscle relaxant effects [77]. 
Long-acting benzodiazepines are lipid soluble drugs and have long 
halftimes that contribute to prolonged halftimes among older people due 
to alterations in the volume of distribution associated with the aging 
process. Together with the increased sensitivity for CNS active drugs due 
to pharmacodynamic alterations, the pharmacological response from 
long-acting benzodiazepines may be achieved at lower plasma 
concentrations. The mechanism responsible for increased sensitivity for 
long-acting benzodiazepines is, however, unknown [9]. The ADRs that are 
associated with this type of drug treatment is prolonged sedation, 
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cognitive impairment, impairment in psychomotor function, and 
consequently, increased risk of fall accidents. Long-acting 
benzodiazepines are therefore not recommended among older people 
with major NCD, delirium or cognitive impairment [11, 13, 102].  

Anticholinergic drugs 

This drug class includes several drug substances with different clinical 
indications [11]. They either have primary or secondary anticholinergic 
effects, and drugs with anticholinergic side effects are often primarily 
prescribed for other reasons, e.g., antipsychotics, TCA and 
antihistamines. However, the anticholinergic effect is utilized to manage 
urge incontinence and Parkinson’s disease. Most of the drugs with 
anticholinergic effects act by inhibiting muscarine (M1) receptors, which 
contributes to side-effects associated to the CNS or the peripheral nervous 
system (PNS). ADRs associated with PNS are, e.g., constipation, nausea, 
urinary retention and mouth dryness. ADRs associated with CNS are, e.g., 
delirium, agitation, confusion, cognitive impairment and fall accidents 
[103]. 

These types of drugs are therefore of special concern among older people 
with major NCD due to the pharmacokinetic and pharmacodynamic 
alterations previously mentioned [15]. Additionally, anticholinergic drugs 
may counteract with ChEIs due to their mechanism of action [77, 103, 
104].  

Tramadol 

Tramadol is a centrally acting analgesic drug used for the treatment of 
moderate to severe pain. This opioid consists of two enantiomers of which 
one of them is metabolized to the active metabolite (+)-O-desmethyl-
tramadol via CYP2D6 of which polymorphism exists. The enantiomers 
and this active metabolite contribute to the analgesic effect through 
different mechanisms, i.e., binding to and activation of µ opioid receptors 
and inhibition of 5HT and norepinephrine neuronal reuptake in CNS. 
Both tramadol and its active metabolite is mainly renally secreted. 
Impaired renal function and polymorphism may therefore contribute to 
altered effect, and tramadol should be adjusted according to renal 
function [105]. Tramadol may give rise to dizziness, confusion, fatigue, fall 
accidents and cognitive impairment. Moreover, due to increased risk for 
serotonergic syndrome, tramadol should not be combined with other 
drugs affecting serotonin, e.g., SSRI or antipsychotic drugs [11]. 
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Propiomazine 

Propiomazine is a phenothiazine derivate; a centrally acting sedating 
agent used for insomnia to avoid benzodiazepine side-affects. This drug 
also has anticholinergic and antihistaminergic effects [106]. The use of 
propiomazine is associated with restless legs, extrapyramidal symptoms 
(EPS), paresthesia and daytime fatigue [11].  

Glibenclamide 

Glibenclamide is an antidiabetic agent used in type 2 diabetes to enhance 
insulin secretion [107]. However, the drug was deregistered from the 
Swedish market in 2021 and only license prescribing is now available 
[108]. It should be avoided among older people due to its long half-life 
and active metabolites that are renally cleared, which contributes to an 
increased risk for hypoglycemia, especially when renal function is 
impaired [11]. Consequently, this may lead to impaired cognitive function 
and fall accidents [109]. 

Codeine 

Codeine is an opioid which is demethylated via CYP2D6 to morphine. This 
centrally acting analgesic drug is more potent for the opioid receptor 
compared to tramadol, but weaker than morphine [81]. Polymorphism 
may result in diverse drug response between individuals and impaired 
renal function may contribute to increased drug effect and increased risk 
for ADRs such as cognitive impairment and constipation [11]. 

Antipsychotic drugs 

Antipsychotic drugs are approved for the treatment of severe aggression 
and psychosis among people with major NCD, as previously described 
[11]. However, the sensitivity to antipsychotics is increased among the 
elderly due to the lipophilicity of these drugs, greater drug access to CNS 
and alterations in neurotransmitter substances and receptors [110]. This 
type of drug treatment is associated with severe ADRs, e.g., delirium, fall 
accidents, hip fractures, cerebrovascular events and mortality [62, 111-
113]. Despite this, off-label prescribing is common to manage BPS among 
people with major NCD [114]. 

Antipsychotic drugs are divided into typical and atypical. The different 
types of antipsychotics have a different affinity for a number of different 
receptors. Consequently, the pharmacological effect and risk of ADRs 
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differs both between and within the groups [77]. Typical antipsychotics 
have a generally high affinity for dopamine (D2) receptors in the CNS, and 
the antipsychotic effect is due to the antagonistic effect on these receptors. 
This pharmacologic mechanism is also responsible for EPS, i.e., the ADRs 
that typical antipsychotics may lead to. Besides being D2-receptor 
antagonists, atypical antipsychotics also have antagonistic effects on 
5HT2A receptors. Therefore, atypical antipsychotics lead to less cognitive 
impairment and less impairment in motor functions, e.g., EPS [58]. Some 
antipsychotics also bind to and blocks M1-cholinergic receptors to various 
extent, which contributes to anticholinergic side-effects such as 
constipation, dry mouth, urinary retention and cognitive impairment. 
Moreover, affinity for a1-receptors contributes to an increased risk for 
hypotension, and a blockade of histamine (H1)-receptors contributes to 
sedative side-effects [77]. 

NSAIDs 

NSAIDs are commonly used for pain treatment and act by inhibiting 
prostaglandin synthesis by COX 1 and 2 enzyme inhibition. This inhibition 
leads to impaired protection by the gastric mucosa and increased risk for 
lesions and/or bleeding [115, 116]. Moreover, the COX inhibition is also 
associated with impaired regulation of renal function, heart failure and 
hypertension [115, 117, 118].   

Criteria to assess drug treatment  

To assess and assure appropriate drug treatment among older people, 
implicit and explicit criteria are available. Implicit criteria means that 
clinical judgements based on the individual’s clinical condition are made, 
i.e., they are person-specific and individual data are needed. However, 
they are considered time-consuming and user-dependent [101]. Since 
implicit criteria are not based on consensus, as explicit criteria are, it is 
also difficult to gain valid and reliable results when assessments are 
measured. Explicit criteria, on the other hand, are lists of drugs, 
commonly based on consensus and therefore considered more rigid. 
Moreover, only minimal clinical information is needed when assessments 
of drug treatment are made. However, inter-individual differences cannot 
be evaluated, and drug treatment considered as appropriate based on the 
individual’s clinical condition are unidentifiable [119].  
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Explicit criteria  

Different explicit criteria are available to evaluate drug treatment among 
older people. Beers criteria, a widely used PIM list, is one well-known 
example. This list specifies drugs considered as PIMs among most older 
people, drugs that should be avoided among people with certain clinical 
conditions and drugs that should be used with caution. Moreover, DDIs 
and dose adjustments according to renal function are listed. This list, 
however, covers the American drug market [13]. Accordingly, a European 
criteria, the European Union (7 European countries) (EU(7))-PIM list, has 
been developed to fit the European drug market, and Beers criteria was 
utilized when the European list was produced [101]. Moreover, Swedish 
indicators of good drug therapy in the elderly have been developed to 
reflect drug use within Sweden [11]. Common to these criteria, when they 
are utilized, is that the result is considered good when the prevalence of 
identified drugs is as low as possible.  

The EU(7)-PIM list 

The EU(7)-PIM list is an international explicit screening tool including 
275 drug substances and seven drug classes, covering the drug market of 
seven European countries. The drugs listed are considered as PIMs for 
older people. However, some of the PIMs are considered potentially 
inappropriate only at specified doses or based on treatment duration. The 
list was developed in 2015 by experts from seven European countries. The 
list aims to be utilized in clinical practice or to identify PIMs and compare 
prescribing patterns between European countries. It can also be used 
among older people with major NCD. Beyond the PIM list, it also includes 
suggestions of possible dose adjustments and other therapeutic 
alternatives [101]. 

Swedish quality indicators for good drug therapy in the elderly 

Indicators for good drug therapy in the elderly are extensively used in 
epidemiological studies and within healthcare to evaluate, follow, 
compare and optimize drug treatment among older people. The indicators 
are divided in two different parts: the drug specific and disease specific. 
The drug specific indicators consist of nine parts including drugs that 
should be avoided for most older people, drugs for which correct and 
current indication is important, inappropriate dose regimens, 
inappropriate doses, polypharmacy, drug dosing based on renal function, 
drug combinations, drugs inappropriate when certain symptoms are 
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present and psychotropic drugs. The diagnosis specific indicators list 
rational, irrational and inappropriate drug treatment based on the 13 most 
common diagnoses among older people [11].   

Swedish registries 

Registries are a reliable data source that may be utilized when, e.g., 
patterns of drug treatment are assessed according to explicit criteria [11]. 
Four different types of registries are available in Sweden: public authority 
registries, e.g., The Cause of Death Register and the Swedish Prescribed 
Drug Register (SPDR); national quality registries, e.g., the Swedish 
registry for cognitive/dementia disorders (SveDem); biobanks and 
research-generated data. Due to our social security number, different 
registries are able to combine when research is conducted [120].  

The Swedish registry for cognitive/dementia disorders 

SveDem was started 1 May 2007. It is a nationwide register and its aim is 
to optimize care, i.e., improve the quality of diagnostics and treatment, for 
people with major NCD living in Sweden. People are registered when they 
receive information about diagnosis and the registry, unless they decline 
registration. Information about diagnosis, basic investigation and 
possible test results, medical treatment, demographic data, type of 
accommodation, civil status and support from community are some 
examples of data that are collected and registered. The registrations can 
be made either in special or primary care units, nursing homes or home 
health care. After the baseline registration, yearly follow-ups are made 
[121].  

The Swedish Prescribed Drug Register  

SPDR was set up on 1 July 2005 with the aim to improve patient safety. 
Data about all prescribed medications collected at Swedish pharmacies 
are compiled in the register. This includes information about the drug, the 
prescription and prescriber, costs and demographic information about the 
patient. Information about drugs dispensed within other parts of health 
care, e.g., at hospitals or emergency drugs in nursing homes, are not 
included [122].  
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National initiatives to improve drug treatment  

Inappropriate drug treatment has been extensive among people living in 
nursing homes and among their multimorbid counterparts in the 
community. For this reason, several national initiatives have been made 
to improve drug treatment among older people.  

In 2004, the Swedish National Board of Health and Welfare was 
appointed the mission to develop quality indicators for evaluation of the 
quality of drug treatment among older people. The indicators were further 
revised in 2010 and 2017, structured as previously described. 
Antipsychotic drug treatment was added in 2010, and glibenclamide and 
codeine were added 2017 [11]. Guidelines regarding medication reviews 
have also been published [123], and it has been found that medication 
reviews are able to significantly reduce PIMs among older people in 
nursing homes [124]. Moreover, between 2010 and 2014, economic 
rewards were given to municipalities and county councils to improve the 
care of frail older people ≥65 years. More specifically, rewards were given 
if inappropriate drug use, i.e., long-acting benzodiazepines, 
anticholinergic drugs, tramadol, propiomazine, NSAIDs and 
antipsychotic drugs, decreased. The aim with the rewards was to stimulate 
further improvement of healthcare for older people in the municipalities 
and county councils [125].  

Reports and studies have described the patterns of potentially 
inappropriate drug treatment among older people in general and among 
those living in nursing homes. Since 2005 until 2016, drugs that should 
be avoided among older people according to the Swedish drug specific 
indicators 2010, i.e., long-acting benzodiazepines, anticholinergic drugs, 
tramadol and propiomazine, has decreased from 14.3% to 6.8%. The use 
of NSAIDs follow the same pattern and has decreased from 5.1% to 2.5% 
[126]. The prevalence of these drugs further decreased between 2016 and 
2019 [6]. Moreover, a decline in the prevalence of antipsychotic drug use 
among nursing home residents has been found where 25.1% of older 
people and 38.0% of those with cognitive impairment used antipsychotic 
drugs 1982 [124, 126-129]. However, among people ≥75 years living at 
home, antipsychotic drug use remained approximately the same 2012 and 
2016 [126].  
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Aim 
The overall aim with this thesis was to identify patterns of potentially 
inappropriate drug treatment and potential risk factors associated with 
potentially inappropriate drug treatment, among older people with major 
NCD or cognitive impairment.  

Specific aims 

I. To estimate the prevalence of impaired renal function and 
inappropriate prescriptions based on renal function among 
older people with cognitive impairment. Moreover, to identify 
factors associated with impaired renal function and 
inappropriate prescriptions of renally cleared medications.  
 

II. To investigate the prevalence and factors associated with 
potentially inappropriate medications according to age, among 
older people with cognitive impairment. 

 
III. To assess the occurrence, characteristics and factors associated 

with clinically relevant drug-drug interactions, among older 
people with cognitive impairment.  

 
IV. To investigate the use of potentially inappropriate medications 

and its association to the length of nursing home stay among 
older people.  

 
V. To investigate the longitudinal patterns of potentially 

inappropriate medication and anti-dementia drug use from 
three years prior to, up until three years post-diagnosis, of 
major neurocognitive disorder among older people living in 
Sweden.   
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Methods 
All the studies included in this thesis were descriptive observational 
studies, and quantitative methods were utilized. Paper I-IV were cross-
sectional studies, and paper V was a longitudinal study. An overview of 
the different studies is presented in table 3 and 4.  

Table 3. An overview of study types, settings, study populations and 
number of people included in each of the studies I-V  
Paper Study type Setting Study population Participants, 

n 

I-II Cross-
sectional 

Hospital 
setting 

≥65 years, with 
major NCD or 

cognitive 
impairment 

428 

III Cross-
sectional 

Hospital 
setting 

≥65 years, with 
major NCD or 

cognitive 
impairment 

458 

IV Cross-
sectional 

Nursing 
homes 

≥65 years 1,881 
(2007) 
1,305 

(2013) 
V Longitudinal Nationwide ≥68 yearsa,  

registered in 
SveDem 

67,226 

NCD, neurocognitive disorder; SveDem, Swedish registry for cognitive/dementia 
disorders. a 68 years at time of diagnosis to ensure age of 65 years or older when the pre-
diagnosis period started. 
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Table 4. An overview of the type of data collection, extracted data and 
primary outcome for the studies, I-V, included in this thesis  
Paper Data 

collection 
Data 

extraction 
Outcome Associated 

factors a 

I Medical 
records 

Renal 
function, 
renally 
cleared 

medications 

Prevalence of: 
Inappropriate 
prescriptions, 

impaired 
renal function 

Type of 
accommodation, 

MMSE 

II Medical 
records 

PIMs Prevalence of:  
People with 

PIMs 

Number of 
medications, 

MMSE, type of 
accommodation, 

geographic 
location 

III Medical 
records 

Clinically 
relevant 

DDIs 

Prevalence of:  
Clinically 

relevant DDIs 

Number of 
medications, 

MMSE, type of 
accommodation, 

geographic 
location 

IV Questionnaire PIMs PIM use in 
relation to 
length of 

nursing home 
stay 

Length of 
nursing home 

stay 

V Registries PIMs PIM use pre- 
and post- 

diagnosis of 
major NCD 

Pre- and post- 
diagnosis period, 

diagnosis year 

DDIs, drug-drug interactions; MMSE, Mini-Mental State Examination; NCD, 
neurocognitive disorder; PIMs, potentially inappropriate medications. a age and sex were 
included in paper I-V.  
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Study population 

Older people with cognitive impairment admitted to hospital 

The study population in paper I-III were collected from a randomized 
controlled intervention study conducted between 9 January 2012 and 2 
December 2014 including people, 65 years or older, with major NCD or 
cognitive impairment admitted to the acute internal medicine or 
orthopedic ward at Norrland’s University Hospital or the medical ward at 
the county hospital in Skellefteå. All the admissions were emergencies 
except one that was elective. In the intervention study, 473 people were 
invited, of whom 13 declined to participate. Finally, 460 people were 
randomized to either the intervention or control group [92]. Within paper 
I and II, people who died (n=31) or withdrew from the intervention study 
(n=1) were excluded. Consequently, the study sample comprised of 428 
people treated as a homogenous study population. Within paper III, 
people who withdrew from the intervention study (n=1), or for whom the 
admission was elective (n=1), were excluded. Therefore, the final study 
population comprised 458 people. 

Older people living in nursing homes 

Paper IV included older people living in nursing homes in Västerbotten 
county, 2007 and 2013, for whom a caregiver filled in a questionnaire that 
was sent out those years. In 2007, 3,578 older adults were living in 
geriatric care in Västerbotten county. The number of people with this type 
of residence was 3,210 in 2013. The response rate to the questionnaires 
was 85.8% (n=3,070) in 2007 and 70.5% (n=2,262) in 2013, comprising 
5,332 respondents. In 2007, geriatric and psychogeriatric hospital wards 
were classified as geriatric care, however not in 2013. Therefore, 99 of the 
respondents in 2007 were excluded to include people with the same type 
of residence both years. Moreover, people for whom no age was registered 
in the questionnaire or those younger than 65 years were excluded 
(n=278); people without any evaluation of cognitive function (n=569) or 
without complete medication list (n=238) were also excluded. Finally, 
people without an identifiable year indicating when the resident moved in 
to the nursing home or a negative value when length of stay was 
calculated, as well as people with a length of nursing home stay exceeding 
five years, were excluded (n=962). Accordingly, 3,186 people were 
included in paper IV, 1,881 from the surveys 2007 and 1,305 from 2013.  
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Older people registered in SveDem  

Paper V is based on a nationwide study sample collected from SveDem. 
This ensured that the people included in the study had a diagnosis of 
major NCD [121]. Diagnosis date should range between 1 July 2008 and 
31 December 2017, which applied to 68,977 people. Those younger than 
68 years at their diagnosis date of major NCD (n=1,702), or for whom no 
information about age was registered (n=26), were excluded. People for 
whom no information about sex was registered (n=23) were also excluded. 
Finally, the study population comprised 67,226 people. 

Data collection 

Medical records 

Medical records were used as the data source in paper I-III. These records 
were collected within the previously mentioned intervention study [92]. 
Baseline data from the medical records, before any intervention was 
performed, was extracted for paper I-III, and information about the 
number of medications at index hospitalization, sex, age, MMSE score 
when this was available, and type of accommodation, i.e., living at home 
or in nursing homes, were noted. Renally cleared medications, at index 
hospitalization, were identified for paper I. Additionally, information 
about weight (actual), height, serum creatinine concentration (Cs,cr) 
(µmol/L) and type of major NCD were noted. However, this data was 
collected on the date of randomization into the intervention study, which 
was usually within two days, maximum 22 days, from index 
hospitalization. Information about geographic location was noted for each 
participant in paper II and III. Moreover, PIMs were identified in paper II 
and all prescribed medications were noted in paper III.  

Multi-Dimensional Dementia Assessment Scale 

In paper IV, data was collected from the Multi-Dimensional Dementia 
Assessment Scale (MDDAS) [130], which was included in the 
questionnaire that was sent out in May 2007 and 2013. The scale 
measures, e.g., cognitive function, ADL, BPS, motor functions, hearing, 
speech, vision and pain. Assessment of motor functions, hearing, speech, 
vision, pain and the BPS part of the scale were, however, not included in 
the study. The member of staff who knew the resident best should answer 
the questions based on the residents’ health condition the preceding week. 
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Age, sex and the date when the resident moved in to the nursing home 
were also noted in the questionnaire. Moreover, a registered nurse 
received instructions to complete the residents’ current medication list, 
which should include information about the residents’ ongoing drug 
treatment and attach a copy of it before the questionnaires were sent back 
to the researchers. From these medication lists, the number of 
medications and PIMs were identified.  

Registries 

SveDem, SPDR and the Cause of Death register were combined and used 
as the data source in paper V. Information about the type of major NCD, 
MMSE score, living status and type of residence at baseline registration 
were collected from SveDem. Moreover, diagnosis date and age at 
diagnosis date were collected from this registry. Diagnosis year was 
further extracted from the diagnosis date. Information about sex was 
collected from SPDR. This registry also provided information about drugs 
collected at Swedish pharmacies [131]. Information about people who 
died during the study period post-diagnosis was collected from the Cause 
of Death register [132].  

Data extraction 

Estimation of renal function   

The CG equation [81], shown in figure 1, was used to calculate the eCLcr so 
that the prescriptions of renally cleared medications could be evaluated 
according to guidelines and the prevalence of inappropriate prescriptions 
could be estimated. Moreover, the CG equation was utilized when the 
prevalence of impaired renal function was estimated among the study 
population. 

eCL!"	(mL/min) =
F	 × (140	– 	age) 	× 	weight	

C#,!"
 

Figure 1. Estimation of CLcr according to the CG equation [81] 
Age (years); CG, Cockcroft-Gault; Cs,cr, serum creatinine concentration (µmol/L); eCLcr, 
estimated creatinine clearance; F=1.04 if female and 1.23 if male; weight (kg).  
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The CKD-EPI equation, shown in figure 2, was used to estimate the 
relative GFR and the prevalence of the different CKD stages. Different 
equations were used (a-d) dependent on sex and Cs,cr (mg/dL) [97]. The 
equation shown in figure 3 was used in order to convert Cs,cr (µmol/L) to 
Cs,cr (mg/dL) [133]. 

	

7)	eGFR	(mL/min/1.73m%) = 144	 ×	=
C#,!"
0.7 >

&'.)%*
×	(0.993)+,- 

@)	eGFR	(mL/min/1.73m%) = 144	 ×	=
C#,!"
0.7 >

&..%'*
×	(0.993)+,- 

A)	eGFR	(mL/min/1.73m%) = 141	 ×	=
C#,!"
0.9 >

&'./..
×	(0.993)+,- 

B)	eGFR	(mL/min/1.73m%) = 141	 ×	=
C#,!"
0.9 >

&..%'*
×	(0.993)+,- 

Figure 2. Estimation of relative GFR according to CKD-EPI equation. 
The different equations (a-d) were used dependent on sex and Cs,cr as 
follows: (a) if female and Cs,cr ≤ 0.7 mg/dL, (b) if female and Cs,cr > 0.7 
mg/dL, (c) if male and Cs,cr ≤ 0.9 mg/dL, (d) if male and Cs,cr > 0.9 mg/dL 
[97] 
Age (years); CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Cs,cr, serum 
creatinine concentration (mg/dL); eGFR, estimated glomerular filtration rate.  

 

C#,!"	(mg/dL) =
C#,!"	(µmol/L)	

88.4
 

Figure 3. The equation used for conversion of the Cs,cr unit, from (µmol/L 
to mg/dL [133] 

Cs,cr, serum creatinine concentration.  

To compare the prevalence of the different stages of CKD, the absolute 
GFR was estimated and the body surface area (BSA) normalization was 
removed using the equation shown in figure 4 [134]. This equation is 
based on the relative eGFR calculated with the CKD-EPI equation shown 
in figure 2. In order to estimate BSA, the DuBois and DuBois formula 
shown in figure 5 was used [134].  
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eGFR	(mL/min) 	= 	eGFR	(mL/min/1.73m%) 	×
BSA
1.73

 

Figure 4. Estimation of the absolute GFR based on relative GFR 
estimated by CKD-EPI equation [134] 

BSA, Body Surface Area; eGFR, estimated glomerular filtration rate.  

BSA	(m%) = 	0.007184	 ×	height'.0%1 	× 	weight'./%1 

Figure 5. Calculation of BSA according to the DuBois and DuBois 
formula [134] 

BSA, Body Surface Area; height (cm); weight (kg). 

For each participant, the eGFR was categorized according to the different 
CKD stages shown in table 5. The prevalence of impaired renal function 
was calculated from these frequencies including stage 3-5 marked in blue. 
Renal function was considered impaired when relative eGFR <60 
mL/min/1.73m2, i.e., CKD stage 3-5. 

Table 5. Classification of CKD based on GFR [17]. The stages, which 
indicate impaired renal function, are marked in blue 
Stage Description GFR 

(mL/min/1.73m2) 
- Increased risk for CKD ≥ 90 with risk factors 
1 CKD with normal or increased renal 

function 
≥ 90 
 

2 CKD with mild impairment of renal 
function 

60-89 

3 Moderate impairment of renal 
function  

30-59 

4 Severe impairment of renal function 15-29 
5 Terminal renal failure  < 15 

CKD, chronic kidney disease; GFR, glomerular filtration rate. 
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Activities of daily living 

The residents’ ability to cope with ADL was evaluated according to five 
categories, i.e., eating, dressing, hygiene, bladder and bowel control. The 
categories were scored between 1 and 5, except bowel control which is 
scored between 0 and 4, based on the residents’ dependency of help. 
Consequently, the sum could range between 4 and 24 and a lower score 
indicates a higher ADL dependency [130].   

Cognitive function 

In paper IV, cognitive function was measured according to the cognitive 
scale developed by Gottfries & Gottfries [45, 46]. The scale includes 27 
items regarding cognitive function and ranges between 0-27 points. The 
resident was considered to have cognitive impairment when the score was 
≤23. In paper I-III and V, cognitive function was measured according to 
MMSE [43]. The degree of cognitive impairment was categorized in the 
same way when Gottfries & Gottfries and the MMSE test was performed, 
i.e., severe impairment (0-7), moderate impairment (8-15), mild 
impairment (16-23) and no impairment (≥24). 

Length of nursing home stay 

The date when the resident moved into the nursing home was identified 
in the questionnaire. If no identifiable month was noted, the resident 
received a random value of 1-12. However, if the person moved into the 
nursing home the same year as the questionnaire was sent out, they 
received a random value of 1-6. Similarly, if no identifiable day was noted, 
the resident received a random value of 1-30. Thereafter, length of nursing 
home stay was calculated as the difference between the date when the 
resident moved into the nursing home and the date when the 
questionnaire was distributed. Finally, the length of nursing home stay 
was truncated as complete months.   
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Periods pre- and post-diagnosis of major neurocognitive 
disorder 

Time periods pre- and post-diagnosis of major NCD were identified and 
coded based on diagnosis date, shown in figure 6. Six six-month periods 
were identified pre-diagnosis, and six six-month periods were identified 
post-diagnosis. This was done for every individual included in the study 
population. The six periods pre-diagnosis formed the pre-diagnosis 
period, and the six periods post-diagnosis formed the post-diagnosis 
period. Diagnosis date was included in the first six-month period post-
diagnosis. 

 
Figure 6. The six-month intervals pre- and post-diagnosis of major NCD 
utilized in paper V when PIM use was identified 

NCD, neurocognitive disorder; PIM, potentially inappropriate medication.   

Identification of drug treatment 

Inappropriate prescriptions based on renal function 

In paper I, Geriatric Dosage Handbook (GDH) [135] was used to identify 
renally cleared medications among the participants’ medications lists 
which were included in the medical records. For each identified 
medication, name, dose, strength and drug formulation were noted. This 
prescription data, together with the participants’ renal function, were 
compared with the guideline in GDH to evaluate if the prescription had 
too high dose (more than the maximum daily dosage) or was 
contraindicated based on the participants’ renal function. This 
classification was done in accordance with previous research [136-138]. 
Morphine was, however, evaluated according to another guideline 
because of unclear dosage guideline in GDH [23]. Moreover, mirabegron 
was not included in GDH. Consequently, these prescriptions were also 
evaluated according to a different guideline [139]. Too high dose and 
contraindicated prescriptions were classified as inappropriate 
prescriptions according to renal function. If the prescriptions did not 
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require dose adjustment according to the guidelines, the prescriptions 
were classified as having appropriate doses based on the participants’ 
renal function.  

Pro re nata medications and over the counter (OTC) medications were 
excluded from the analyses because of the uncertainty regarding dose and 
lack of information in the medical records, respectively. Locally 
administrated formulations were also excluded. Moreover, angiotensin-
converting enzyme (ACE) inhibitors were excluded due to 
pharmacodynamic variations associated with this type of drug therapy 
and the importance of dose adjustment according to clinical response 
[140]. Neither were digoxin or dalteparin included due to the importance 
of monitoring the clinical response and serum concentrations [135, 141]. 

Clinically relevant drug-drug interactions 

All drugs used at admission to hospital wards, except prescriptions with a 
pro re nata dose and OTC drugs, were identified for each study participant 
in paper III. Drug name, formulation and route of administration were 
noted, and the Janusmed interaction database [142, 143] was utilized to 
identify clinically relevant DDIs among the study participants. Clinically 
relevant DDIs were defined as those that may require dose adjustment or 
those which should be avoided according to the categories shown in table 
6, i.e., category C and D [142].  

Table 6. Classification of DDIs and their clinical relevance. Clinically 
relevant DDIs, i.e., those that can be handled with dose adjustment and 
those that should be avoided are marked with orange and red, 
respectively [142]  
Category Clinical relevance 
A Insignificant DDIs 
B Relevance is unknown and/or varies 
C Relevant DDIs that can be handled with dose 

adjustment 
D Relevant DDIs that should be avoided 

DDIs, Drug-drug interactions. 
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The interactions were further categorized according to Stockley’s 
classification system [144] shown in table 7. 

Table 7. Categorization based on pharmacological mechanism 
according to Stockley’s classification system [144] 
1 Pharmacokinetic interactions 
1.1 Drug absorption interactions 
1.2 Drug distribution interactions 
1.3 Drub metabolism, biotransformation, interactions 
 1.3.1 Enzyme induction 
 1.3.2 Enzyme inhibition 
1.4  Drug excretion interactions 
1.5 Drug transporter proteins 
2 Pharmacodynamic interactions 
2.1 Additive or synergistic interactions 
2.2 Antagonistic or opposing interactions 
2.3 Drug or neurotransmitter uptake interactions 

 

Potentially inappropriate medications based on age 

The EU(7)-PIM list [101] was used to identify PIMs based on age among 
people with cognitive impairment admitted to hospital (paper II). The list 
consists of 282 substances or drug classes from which 137 substances were 
eligible for the analysis. Drugs not approved on the Swedish market and 
locally administered drugs were excluded. Moreover, treatment-duration 
and regimen-duration dependent PIMs were excluded due to lack of 
information in the medical records. Further on, PIMs and doses that were 
used at admission to the hospital wards were collected from the medical 
records. However, prescriptions with a pro re nata dose were excluded 
because of uncertainty about the drug-use. Additionally, OTC drugs were 
excluded due to lack of information in the medical records. 

The drug-specific quality indicators from the Swedish National Board of 
Health and Welfare [11] were used to identify PIMs based on age when 
study IV and V were conducted. Drugs that are considered inappropriate 
for older people regardless of indication were identified and categorized 
according to the indicators. The PIMs and PIM classes included long-
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acting benzodiazepines, anticholinergic drugs, tramadol, propiomazine, 
codeine and glibenclamide. NSAIDs and antipsychotic drugs, except 
lithium, were also included even if current and correct indication are 
important according to the indicators, and this information was lacking.   

In paper IV, information about PIM use was collected from the nursing 
home residents’ medication lists. Only ongoing drug treatment was 
included because pro re nata drugs were excluded from the residents’ drug 
list. The identified drugs were grouped according to the classification in 
the indicators, and PIM use was defined as having at least one of the PIMs 
prescribed regardless of treatment duration.  

In paper V, information about PIM use was identified according to the 
Anatomical Therapeutic Chemical Classification (ATC) system. PIM use 
was defined as having collected at least one PIM in each PIM class 
according to the indicators, at least once during a six-month period.   

Anti-dementia drug use 

Anti-dementia drug use was identified according to ATC among the 
nation-wide study sample included in paper V. Anti-dementia drug use 
was defined as having collected at least one anti-dementia drug at least 
once during a six-month period.  

Ethics 

Study I-III were approved by the Regional Ethical Review Board in Umeå 
(registration number 2011-148-31M for all three of them). Written and 
orally presented information, individually adapted based on the persons’ 
cognitive level, were given to the participants and their next of kin. Those 
who did not want to participate or regretted doing so in the intervention 
study were able to decline or withdraw from the study. 

Study IV was approved by the Regional Ethical Review Board in Umeå 
(registration number 07-028M (2007) and 2012-464-31M (2013)). All 
participants were provided with written information. Additionally, 
posters with information about the study were available in the entrances 
to the nursing homes. An opt-out consent procedure was used in the 
studies, and residents and their relatives were able to decline 
participation.  
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Study V was approved by the Regional Ethical Review Board in Umeå 
(registration number 2017/256-31). The participants included from 
SveDem are informed about the purpose with the register before 
registration, i.e., that the data collected will be used for research purposes 
and to improve the quality of care for people with major NCD. The persons 
also receive information about their right to access any personal data that 
has been registered and the right to decline any registration.  

Statistics 

All statistical calculations were performed using IBM SPSS Statistics 
(Somers, NY, USA) version 22 (paper I and II), version 24 (paper III) and 
version 26 (paper IV and V). Results were considered statistically 
significant when p-value < 0.05.   

Descriptive statistics 

Descriptive statistics were used to present the basic characteristics of the 
study population in paper I-V. Frequencies and proportions were 
calculated for dichotomous variables in paper I-V. Moreover, frequencies 
and proportions were calculated for the different stages of CKD in paper I 
and cognitive impairment in paper IV and V, subtypes of major NCD in 
paper I and V, and for the different diagnosis years in paper V. Mean 
values with standard deviation were calculated for continuous variables 
with normal distribution in paper I-V. Additionally, the range were 
calculated for continuous variables in paper I-III. In paper IV, the 
interquartile range and range were calculated for continuous variables 
with skewed distribution.  

Regression analyses 

Logistic regression 

Simple logistic regression analyses were conducted in paper I-III to 
investigate associated factors for potentially inappropriate drug 
treatment. In paper I, the association between the presence of at least one 
inappropriate prescription based on renal function and the independent 
variables sex, age, MMSE and type of accommodation was investigated. 
Moreover, the association between impaired renal function, defined as 
eCLcr <60 ml/min, and the independent factors sex, age, MMSE and type 
of accommodation, was also investigated. In paper II, the association 
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between people with and without one or more PIM according to age and 
the independent variables sex, age, number of medications, MMSE, 
geographic location and type of accommodation was investigated. In 
paper III, people with and without clinically relevant DDIs were compared 
regarding differences in sex, age, number of medications, MMSE, type of 
accommodation and geographic location. These analyses were followed by 
multiple logistic regression analyses in paper I-III to investigate the 
associations between age, sex and significant variables from the simple 
model and the exposure of inappropriate prescriptions based on renal 
function, PIMs and clinically relevant DDIs in each study, respectively.  

Additionally, simple and multiple logistic regression analyses were also 
conducted in paper V to investigate the association between people with 
and without one or more PIM according to age, and the independent 
variables sex, age, MMSE, anti-dementia drug use and type of 
accommodation, at baseline registration and the six-month period 
following diagnosis of major NCD.  

Linear regression 

Multilinear regression analyses were conducted in paper IV to investigate 
the association between people using one or more PIM according to age 
and their length of stay in a nursing home. Separate analyses were 
conducted for each PIM or PIM class according to Indicators for good drug 
therapy in the elderly from the National Board of Health and Welfare [11] 
and for the use of at least one PIM regardless of classification. The 
analyses were adjusted for age, sex, ADL score, Gottfries score and 
number of medications.  

Generalized estimating equations 

In paper V, a generalized estimating equation (GEE) regression model 
with logit link function and exchangeable within-person correlation was 
utilized to analyze data and estimate adjusted odds ratio (aOR) for PIM 
and anti-dementia drug use pre- and post-diagnosis of major NCD. PIM 
and anti-dementia drug use was included as the dependent variable. The 
time period pre- and post-diagnosis, sex, age (categorized into 68-77, 78-
87 and 88-) and diagnosis year (categorized into 2008-2009, 2010-2011, 
2012-2013, 2014-2015 and 2016-2017) were included as independent 
variables.  
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Estimated marginal means 

Estimated marginal means (EMM) was used to estimate the unadjusted 
prevalence of people using PIMs or anti-dementia drugs within each of 
the twelve six-month periods pre- and post-diagnosis. Moreover, adjusted 
proportions of people using PIMs or anti-dementia drugs in the pre- and 
post-diagnosis periods were estimated. PIMs and anti-dementia drug use 
was the dependent variable. The time periods pre- and post-diagnosis, 
sex, age and diagnosis year, categorized in the same way as described for 
the GEE model, were included as independent variables.  
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Results 

Impaired renal function 

The prevalence of people with impaired renal function, i.e., eGFR <60 
ml/min/m2, was different dependent on the renal function estimation 
method. The different results are shown in figure 7-9, respectively. When 
the CG equation was used, 280 people (65.4%) were estimated to have 
impaired renal function (figure 7). However, 41.0% and 40.4% were 
estimated to have impaired renal function when the CKD-EPI equation 
was used to calculate absolute and relative eGFR, respectively, as shown 
in figure 8 and 9.  

Figure 7. The eCLcr in relation to Cs,cr when the CG equation was used to 
calculate eCLcr and the prevalence of people with impaired renal 
function, i.e., eCLcr <60 ml/min  
CG, Cockcroft-Gault; Cs,cr, serum creatinine concentration; eCLcr, estimated creatinine 
clearance.  
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Figure 8. The eGFR in relation to Cs,cr when CKD-EPI (abs) was used to 
calculate eGFR and the prevalence of people with impaired renal 
function, i.e., eGFR <60 ml/min  
CKD-EPI (abs), Chronic Kidney Disease Epidemiology Collaboration (absolute); Cs,cr, 
serum creatinine concentration; eGFR, estimated glomerular filtration rate.  

Figure 9. The eGFR in relation to Cs,cr when CKD-EPI (rel) was used to 
calculate eGFR and the prevalence of people with impaired renal 
function, i.e., eGFR <60 ml/min/1.73m2  
CKD-EPI (rel), Chronic Kidney Disease Epidemiology Collaboration (relative); Cs,cr, serum 
creatinine concentration; eGFR, estimated glomerular filtration rate.   
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The correlation between eCLcr and eGFR (abs) and eGFR (rel) are 
presented in figure 10 and 11 respectively.  

 
Figure 10. eCLcr in relation to eGFR (abs) estimated with the CG and 
CKD-EPI (abs) equations, respectively  
CG, Cockcroft-Gault; CKD-EPI (abs), Chronic Kidney Disease Epidemiology Collaboration 
(absolute); eCLcr, estimated creatinine clearance; eGFR (abs), estimated glomerular 
filtration rate (absolute).   

Figure 11. eCLcr in relation to eGFR (rel) estimated with the CG and CKD-
EPI (rel) equations, respectively  
CG, Cockcroft-Gault; CKD-EPI (rel), Chronic Kidney Disease Epidemiology Collaboration 
(relative); eCLcr, estimated creatinine clearance; eGFR (rel), estimated glomerular 
filtration rate (relative). 
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Inappropriate prescriptions based on renal 
function 

Renally cleared medications were identified among 326 individuals 
(76.2%) of the study population. Inappropriate prescriptions based on 
renal function was found among 44 (13.5%) of those having renally 
cleared medications prescribed and among 10.3% of the total study 
population. It was 15 (4.6%) of those with renally cleared medications 
prescribed who had one or more prescriptions with too high dose, and 31 
(9.5%) had at least one contraindicated prescription based on their renal 
function.    

In total, 547 prescriptions of renally cleared medications were found 
among the study population. When the CG equation was used to estimate 
the eCLcr, 50/547 (9.1%) prescriptions were classified as inappropriate 
based on the renal function, shown in figure 12. Of the 547 prescriptions, 
17 (3.1%) were classified as having too high doses and 33 (6.0%) as being 
contraindicated prescriptions. The corresponding prevalence of 
inappropriate prescriptions, i.e., too high doses and contraindicated 
prescriptions, were 28 (5.1%) and 32 (5.9%), respectively, when the 
prescriptions were evaluated based on absolute and relative eGFR 
calculated with CKD-EPI equation, shown in figure 13 and 14.  

Figure 12. The prevalence of inappropriate prescriptions in relation to 
eCLcr when the CG equation was used to estimate the renal function  
CG, Cockcroft-Gault; eCLcr, estimated creatinine clearance. 
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Figure 13. The prevalence of inappropriate prescriptions in relation to 
eGFR (abs) when the CKD-EPI equation was used to estimate the renal 
function  
CKD-EPI (abs), Chronic Kidney Disease Epidemiology Collaboration (absolute); eGFR, 
estimated glomerular filtration rate. 

 

  
Figure 14. The prevalence of inappropriate prescriptions in relation to 
eGFR (rel) when the CKD-EPI equation was used estimate the renal 
function  
CKD-EPI (rel), Chronic Kidney Disease Epidemiology Collaboration (relative); eGFR, 
estimated glomerular filtration rate. 
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Clinically relevant drug-drug interactions 

Clinically relevant DDIs were found among 198 individuals (43.2%) of the 
study population. The majority of these people, 195 (98.5%), had at least 
one interaction that may require dose adjustment, and 15 (7.6%) had one 
or more interactions that should be avoided.  

Among the 401 clinically relevant DDIs that were identified, 385 (96.0%) 
were DDIs that may require dose adjustment, and 16 (4.0%) were DDIs 
that should be avoided. Of the identified DDIs, 187 (46.6%) were 
pharmacodynamic interactions and 169 (42.1%) were pharmacokinetic 
interactions. The rest of the interactions, 45 (11.2%), were classified as 
uncertain. Additive and synergistic interactions were the most common 
type of pharmacodynamic interactions, 185 (98.9%), and drug absorption 
interactions were the most common type of pharmacokinetic interactions, 
83 (49.1%). The distribution of the different DDI categories based on 
pharmacological mechanism and classification based on clinical relevance 
are shown in figure 15.  

 

Pharmacodynamic 
interactions (n=187) Pharmacokinetic interactions (n=169) 

 
Figure 15. The distribution of interaction categories and classification 
based on clinical relevance identified among the drug-drug interactions 
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Increased risk of bleeding was the most common potential clinical 
consequence, which 145 (36.2%) of the identified interactions may have 
led to. Moreover, 111 (27.7%) of the identified interactions may have led 
to a reduced efficacy of the drugs.  

Warfarin and citalopram were the drug substances most commonly 
involved among the identified DDIs. Warfarin was prescribed 67 times, 
and 75 interactions were identified. Additionally, 90 prescriptions of 
citalopram were identified from which 131 clinically relevant interactions 
were found.   

Potentially inappropriate medications  

Prescriptions of PIMs were found among 175 (40.9%) people admitted to 
the included hospitals. Among these people, 130 (30.4%) had one PIM 
prescribed, 39 (9.1%) had two PIMs prescribed and 6 (1.4%) had three 
PIMs prescribed. Among the 137 PIMs included from the EU(7)-PIM list, 
52 (38.0%) different PIMs were identified among the analyzed medical 
records. The study population had 3,317 prescriptions in total, and 226 
(6.8%) of these were identified as potentially inappropriate.  

The drug-specific quality indicators from the Swedish National Board of 
Health and Welfare were used in paper IV and V. In paper IV, when the 
prevalence of nursing home residents using PIMs was investigated, it was 
found that 903 (48.0%) of them used at least one PIM in 2007. The 
corresponding prevalence of people using at least one PIM was 370 
(28.4%) in 2013.  

In paper V, i.e., when the nationwide study population was investigated, 
it was found that 15,225 (24.6%) used at least one PIM at the time of, and 
six-months following, the diagnosis of major NCD. However, when PIMs 
and PIM classes were investigated separately, it was found that the 
different drugs and drug classes contributed to the total PIM use to 
different extent. This was found both when PIM use was investigated 
among nursing home residents and among the nationwide study 
population with major NCD.  
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Long-acting benzodiazepines 

According to the linear regression analyses, the use of long-acting 
benzodiazepines was prevalent among nursing home residents regardless 
their length of stay, both in 2007 and 2013, as shown in figure 16. 
However, the prevalence of people using these types of drugs was 
significantly lower in 2013 (p <0.0011). The prevalence was low and 
declined continuously both pre- and post-diagnosis of major NCD among 
the nationwide study sample. According to the EMM and GEE analyses, it 
was found that the adjusted proportions of people using long-acting 
benzodiazepines was significantly lower post-diagnosis, as shown in 
figure 17. The results for the additional PIMs, PIM classes and anti-
dementia drugs will be presented according to the same pattern on the 
following pages.  

Figure 16. The prevalence of people using long-acting benzodiazepines in 
relation to the length of nursing home stay in 2007 and 2013, showing 
no linear association. P-value from linear regression 

  

 
1 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs.  
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Adjusted2  prevalence; aOR (95% CI) 

2.5%; Ref 1.6%; 0.643 (0.615-0.673) 

 
Figure 17. The unadjusted and adjusted prevalence of people using long-
acting benzodiazepines pre- and post-diagnosis of major NCD. 
Prevalence, aOR and CI according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
2 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Anticholinergic drugs 

Anticholinergic drug use was found to be prevalent among nursing home 
residents regardless their length of stay in both 2007 and 2013. However, 
it was significantly lower 2013 (p<0.0013). Moreover, the prevalence of 
people using anticholinergic drugs in the nationwide study population 
was approximately the same as among nursing home residents 2013. The 
prevalence of people using anticholinergic drugs was considered stable 
pre-diagnosis of major NCD and then declined. Consequently, the 
adjusted proportions of people using anticholinergic drugs was 
significantly lower post-diagnosis. 

Figure 18. The prevalence of people using anticholinergic drugs in 
relation to the length of nursing home stay in 2007 and 2013, showing 
no linear association. P-value from linear regression 

  

 
3 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 12 24 36 48 60

Pr
ev

al
en

ce

Nursing home stay (months)

2007

n=238 (12.7%) 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 12 24 36 48 60

Pr
ev

al
en

ce

Nursing home stay (months)

2013 (p <0.0013)

n=105 (8.0%) 



 

   

 

53 

Adjusted4 prevalence; aOR (95% CI) 

8.9%; Ref 7.2%; 0.796 (0.778-0.815) 

 
Figure 19. The unadjusted and adjusted prevalence of people using 
anticholinergic drugs pre- and post-diagnosis of major NCD. 
Prevalence, aOR and CI according to EMM and GEE analyses 
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 

 
4 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
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Tramadol 

The use of tramadol was not significantly associated with length of nursing 
home stay in either 2007 or 2013. Moreover, the prevalence of tramadol 
use was significantly lower in 2013 compared to 2007 (p<0.0015). The 
prevalence of people using tramadol pre- and post-diagnosis of major 
NCD was low and declined continuously. The adjusted prevalence of 
people using tramadol post-diagnosis was also significantly lower 
compared with the period pre- diagnosis. 

Figure 20. The prevalence of people using tramadol in relation to the 
length of nursing home stay in 2007 and 2013, showing no linear 
association. P-value from linear regression 

  

 
5 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted6 prevalence; aOR (95% CI) 

3.0%; Ref 1.1%; 0.365 (0.347-0.384) 

 
Figure 21. The unadjusted and adjusted prevalence of people using 
tramadol pre- and post-diagnosis of major NCD. Prevalence, aOR and 
CI according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
6 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Propiomazine 

Propiomazine was prevalent among nursing home residents regardless 
their length of stay in nursing homes. However, this type of drug use had 
declined and was significantly lower in 2013 compared to 2007  
(p <0.0017). The prevalence of people using this drug decreased three 
years pre-diagnosis until three years post-diagnosis in the nationwide 
study population, and the use was significantly lower post-diagnosis 
compared with the period pre-diagnosis of major NCD. 

Figure 22. The prevalence of people using propiomazine in relation to the 
length of nursing home stay in 2007 and 2013, showing no linear 
association. P-value from linear regression 

  

 
7 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted8 prevalence; aOR (95% CI) 

3.0%; Ref 1.9%; 0.644 (0.616-0.672) 

 
Figure 23. The unadjusted and adjusted prevalence of people using 
propiomazine pre- and post-diagnosis of major NCD. Prevalence, aOR 
and CI according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
8 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Codeine 

Codeine was used among nursing home residents regardless their length 
of stay in both 2007 and 2013. This type of drug use was, however, 
significantly more prevalent among people living in nursing homes in 
2013 (p=0.0219). However, in the nationwide study population, the 
prevalence was low and declined continuously three years pre- until three 
years post-diagnosis. Consequently, the adjusted prevalence of people 
using codeine was significantly lower post-diagnosis of major NCD.  

Figure 24. The prevalence of people using codeine in relation to the 
length of nursing home stay 2007 and 2013, showing no linear 
association. P-value from linear regression 

  

 
9 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted10 prevalence; aOR (95% CI) 

3.0%; Ref 1.9%; 0.634 (0.610-0.659) 

 
Figure 25. The unadjusted and adjusted prevalence of people using 
codeine pre- and post-diagnosis of major NCD. Prevalence, aOR and CI 
according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
10 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Glibenclamide 

The use of glibenclamide was significantly more common among people 
with longer stays in nursing homes in 2007 (b=0.534E-3, 95% CI:  
0.040E-3-0.103E-2, p=0.03411). The linear relationship is shown in figure 
26. Moreover, the prevalence of people using glibenclamide in nursing 
homes, six years later, was significantly lower (p <0.00112). Low 
prevalence of people using glibenclamide was found in the nationwide 
sample as well. The use declined both pre- and post-diagnosis of major 
NCD and was significantly lower post-diagnosis.  

Figure 26. The prevalence of people using glibenclamide in relation to 
the length of nursing home stay in 2007 and 2013, showing a linear 
association in 2007. P-values from linear regression 

  

 
11 Adjusted for age, sex, Gottfries score, ADL and number of drugs. 
12 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted13 prevalence; aOR (95% CI) 

1.4%; Ref 0.7%; 0.510 (0.480-0.542) 

 
Figure 27. The unadjusted and adjusted prevalence of people using 
glibenclamide pre- and post-diagnosis of major NCD. Prevalence, aOR 
and CI according to EMM and GEE analyses 
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
13 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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NSAIDs 

NSAIDs were prevalent among nursing home residents regardless of their 
length of stay for both study years and did not differ significantly between 
the years (p=0.05114). The use of NSAIDs declined continuously from 
three years pre-diagnosis of major NCD among the nationwide study 
sample, until three years post-diagnosis. The adjusted proportion of 
people using NSAIDs was significantly lower post-diagnosis compared 
with the pre-diagnosis period. 

Figure 28. The prevalence of people using NSAIDs in relation to the 
length of nursing home stay in 2007 and 2013, showing no linear 
association. P-value from linear regression 

  

 
14 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted15 prevalence; aOR (95% CI) 

7.0%; Ref 3.6%; 0.497 (0.483-0.510) 

 
Figure 29. The unadjusted and adjusted prevalence of people using 
NSAIDs pre- and post-diagnosis of major NCD. Prevalence, aOR and CI 
according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder; NSAIDs, non-steroidal 
anti-inflammatory drugs. 

 
15 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Antipsychotic drugs 

The prevalence of people using antipsychotic drugs was high among 
nursing home residents both study years, and a significant association was 
found between the prevalence of antipsychotic drug users and the length 
of nursing home stay in 2013 (b=0.155E-2, 95% CI: 0.229E-3-0.288E-2,  
p=0.02216). However, the prevalence was significantly lower in 2013  
(p <0.00117). The linear association is shown in figure 30. Moreover, the 
prevalence of people using antipsychotic drugs was found to increase 
continuously both pre- and post-diagnosis of major NCD. The use of 
antipsychotic drugs was significantly higher among people post-
diagnosis.  

Figure 30. The prevalence of people using antipsychotic drugs in relation 
to the length of nursing home stay in 2007 and 2013, showing a linear 
association in 2013. P-values from linear regression 

  

 
16 Adjusted for age, sex, Gottfries score, ADL and number of drugs. 
17 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted18 prevalence; aOR (95% CI) 

3.1%; Ref 10.6%; 3.707 (3.592-3.826) 

 
Figure 31. The unadjusted and adjusted prevalence of people using 
antipsychotic drugs pre- and post-diagnosis of major NCD. Prevalence, 
aOR and CI according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
18 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Anti-dementia drugs 

The prevalence of people using anti-dementia drugs in 2007 and 2013 
declined significantly as the length of stay increased (b=-0.119E-2, 95% CI: 
-0.217E-2-(-)0.213E-3, p=0.01719 and b=-0.188E-2, 95% CI: -0.312E-2- 
(-)0.641E-3, p=0.00319, respectively), as shown in figure 32. However, no 
significant difference in the prevalence was found between the years 
(p=0.51020). The prevalence of people using ChEIs or memantine 
continuously increased three years pre-diagnosis of major NCD until the 
first six-month period post- diagnosis. Thereafter, the prevalence was 
found to decline. The use of anti-dementia drugs was found to be 
significantly higher post-diagnosis compared with the pre-diagnosis 
period.  

Figure 32. The prevalence of people using anti-dementia drugs in 
relation to the length of nursing home stay in 2007 and 2013, showing a 
linear association both years. P-value from linear regression  

  

 
19 Adjusted for age, sex, Gottfries score, ADL and number of drugs 
20 Compared to 2007. Adjusted for age, sex, Gottfries score, ADL, length of nursing home stay and 
number of drugs. 
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Adjusted21 prevalence; aOR (95% CI) 

3.5%; Ref 52.6%; 30.132 (29.194-31.101) 

 
Figure 33. The unadjusted and adjusted proportions of people using anti-
dementia drugs pre- and post-diagnosis of major NCD. Prevalence, aOR 
and CI according to EMM and GEE analyses  
aOR, adjusted odds ratio; CI, confidence interval; EMM, estimated marginal means; GEE, 
generalized estimating equation; NCD, neurocognitive disorder. 

 
21 Adjusted for sex, age (categorized as 68-77 (ref), 78-87 and ≥88 years) and year of diagnosis 
(categorized as 2008-2009 (ref), 2010-2011, 2012-2013, 2014-2015 and 2016-2017). 
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Associated factors   

Impaired renal function and inappropriate prescriptions 

Impaired renal function was found to be significantly associated with 
higher age when adjusted for sex and living in nursing homes (aOR 1.203, 
95% CI 1.152-1.257). Impaired renal function was also more common 
among women when the univariate analyses were conducted (OR 2.046, 
95% CI 1.358-3.082). However, this significant association did not remain 
according to the multivariable analysis.  

Living in nursing homes was the only factor significantly associated with 
having at least one inappropriate prescription based on renal function 
when the univariate analyses were conducted (OR 2.060, 95% CI 1.073-
3.954). However, none of the factors, i.e., sex, age or living situation, 
remained significant according to the multivariable model.  

Potentially inappropriate drug treatment  

In the hospital setting it was found that having at least one PIM and 
clinically relevant DDI, were significantly more common among people 
with higher number of medications. No association between sex, age or 
type of accommodation and having PIMs or DDIs was found in the 
hospital setting. However, PIM use was more common among women 
compared to men and among people living in nursing homes compared to 
those living at home in the nationwide study sample. Moreover, PIM use 
was significantly lower at higher age and when anti-dementia drugs were 
used among the nationwide study sample at time of diagnosis of major 
NCD and the following six-months. Factors associated with potentially 
inappropriate drug treatment according to the multivariable regression 
analyses are presented in table 8 for each study, respectively.  
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Table 8. Factors significantly associated with PIMs and clinically 
relevant DDIs according to multiple regression analyses conducted for 
people admitted to hospital and the nationwide study population  
 Type of potentially inappropriate drug treatment 

 PIMs based on 
age (II)a 

Clinically relevant 
DDIs (III)a 

PIMs based on 
age (V)b 

Type of setting Hospital Nationwide 

Associated  
factor,  
aOR (95% CI) 

  

Female 1.116  
(0.720-1.730) 

0.853  
(0.558-1.303) 

1.136  
(1.092-1.182) 

Age 0.995  
(0.964-1.028) 

1.008  
(0.977-1.040) 

0.976  
(0.973-0.979) 

Number of 
medications 

1.281  
(1.197-1.370) 

1.312  
(1.227-1.403) 

 
* 

Living in nursing 
home 

1.471  
(0.965-2.243)c 

0.876  
(0.590-1.300)c 

1.774  
(1.660-1.895) 

Anti-dementia 
drug use 

 
* 

 
* 

0.836  
(0.803-0.870) 

aOR, adjusted odds ratio; CI, confidence interval; DDIs, drug-drug interactions; MMSE, 
Mini-Mental State Examination; PIMs, potentially inappropriate medications. a Adjusted 
for sex, age and number of medications, b Adjusted for sex, age, MMSE, anti-dementia drug 
use and type of accommodation, c Only included in the simple regression analyses in paper 
II and III, respectively *Factor not investigated in this particular study.  

Potentially inappropriate medications and anti-dementia 
drugs 

The tables 9-11 present factors associated with PIM and anti-dementia 
drug use among the nationwide study sample three-years pre- and three-
years post-diagnosis of major NCD. It was found that PIM use was 
significantly more common among females compared to men, except for 
glibenclamide, which was more commonly used among men, and 
antipsychotic drug use, where no significant association was found for sex.  

The use of anticholinergic drugs, tramadol, propiomazine, NSAIDs and 
antipsychotic drugs was significantly lower among people aged 78-87 
compared to those aged 68-77 at diagnosis. Glibenclamide was the only 
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drug that was more common among those 78-87 years old. Long-acting 
benzodiazepines and antipsychotic drug use were significantly more 
common among people 88 years or older compared with those aged 68-
77. All other PIMs except glibenclamide were significantly lower among 
those in the oldest age group compared to previously mentioned reference 
category.   

Overall, the adjusted proportions of people using PIMs was significantly 
lower at later diagnosis year, as shown in table 9-11. The use of 
anticholinergic drugs, tramadol, glibenclamide and antipsychotic drugs 
was significantly lower among those diagnosed 2014-2017 compared to 
those diagnosed 2008-2009. Propiomazine and NSAIDs were 
significantly lower among those diagnosed 2012-2017, and the use of 
long-acting benzodiazepines was significantly lower among people for 
whom the diagnosis year was between 2010-2017 compared to people who 
got their diagnosis 2008-2009. 
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Table 9. Factors associated with PIM use during the periods pre- and 
post-diagnosis according to the longitudinal analyses conducted for the 
nationwide study sample   
 PIM (class) 

Associated  
factor, 
aOR (95% CI) 

Long-acting 
benzo-

diazepines 

Anticholinergic 
drugs 

Tramadol 

Female 1.539  
(1.408-1.682) 

1.243  
(1.194-1.294) 

1.440  
(1.344-1.543) 

Agea    

78-87 1.051  
(0.951-1.162) 

0.857  
(0.820-0.896) 

0.870  
(0.807-0.937) 

88- 1.346  
(1.194-1.519) 

0.704  
(0.663-0.748) 

0.722  
(0.653-0.798) 

Year of diagnosisb   

2010-2011 0.770  
(0.665-0.891) 

1.018  
(0.945-1.097) 

1.013  
(0.897-1.143) 

2012-2013 0.627  
(0.543-0.724) 

0.958  
(0.891-1.030) 

1.039  
(0.925-1.167) 

2014-2015 0.482  
(0.416-0.559) 

0.889  
(0.827-0.957) 

0.740  
(0.656-0.836) 

2016-2017 0.388  
(0.331-0.455) 

0.857  
(0.794-0.925) 

0.427  
(0.372-0.490) 

aOR, adjusted odds ratio; CI confidence interval; PIM, potentially inappropriate 
medication. a Reference category: 68-77 years, b Reference category: 2008-2009.  
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Table 10. Factors associated with PIM use during the periods pre- and 
post-diagnosis according to the longitudinal analyses conducted for the 
nationwide study sample  
 PIMs 

Associated 
factor, 
aOR (95% CI) 

Propiomazine Codeine Glibenclamide 

Female 1.258  
(1.162-1.361) 

1.293  
(1.221-1.369) 

0.814  
(0.705-0.940) 

Agea   

78-87 0.861  
(0.790-0.937) 

0.968  
(0.908-1.031) 

1.258  
(1.054-1.502) 

88- 0.813  
(0.724-0.912) 

0.818  
(0.752-0.890) 

1.150  
(0.919-1.438) 

Year of 
diagnosisb 

   

2010-2011 0.873  
(0.762-1.001) 

0.944  
(0.889-1.111) 

1.132 
(0.850-1.508) 

2012-2013 0.796  
(0.697-0.909) 

1.103  
(0.992-1.226) 

0.904  
(0.680-1.203) 

2014-2015 0.677  
(0.592-0.775) 

1.044  
(0.939-1.161) 

0.604  
(0.449-0.813) 

2016-2017 0.537  
(0.465-0.620) 

0.921  
(0.824-1.029) 

0.387  
(0.284-0.527) 

aOR, adjusted odds ratio; CI, confidence interval; PIM, potentially inappropriate 
medication. a Reference category: 68-77 years, b Reference category: 2008-2009.  
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Table 11. Factors associated with PIM and anti-dementia drug use 
during the periods pre- and post-diagnosis according to the longitudinal 
analyses conducted for the nationwide study sample  

 PIM class/Anti-dementia drugs 

Associated 
factor, 
aOR (95% CI) 

NSAIDs Antipsychotic 
drugs 

Anti-dementia 
drugs 

Female 1.265  
(1.219-1.313) 

0.991  
(0.941-1.044) 

1.123 
(1.078-1.169) 

Agea     

78-87 0.766  
(0.736-0.797) 

0.937  
(0.884-0.994) 

0.663 
(0.634-0.693) 

88- 0.503  
(0.475-0.533) 

1.112  
(1.032-1.197) 

0.293 
(0.275-0.312) 

Year of diagnosisb   

2010-2011 0.988  
(0.923-1.056) 

0.993   
(0.899-1.097) 

0.805 
(0.744-0.871) 

2012-2013 0.854  
(0.800-0.912) 

0.931  
(0.846-1.025) 

0.824 
(0.764-0.889) 

2014-2015 0.775  
(0.725-0.828) 

0.845  
(0.767-0.930) 

1.012 
(0.939-1.091) 

2016-2017 0.646  
(0.602-0.693) 

0.692  
(0.625-0.767) 

1.072 
(0.994-1.156) 

aOR, adjusted odds ratio; CI, confidence interval; NSAIDs, non-steroidal anti-
inflammatory drugs; PIM, potentially inappropriate medication. a Reference category: 68-
77 years, b Reference category: 2008-2009.  
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Discussion  

Main findings 

Inappropriate prescriptions based on renal function were found among 
every tenth of older people with cognitive impairment admitted to 
hospital. Moreover, prescriptions of PIMs were found among 40.9% of the 
same study population, and 43.2% had at least one clinically relevant DDI. 
Having at least one prescription of PIM or at least one clinically relevant 
DDI was significantly associated with increasing number of medications.   

Most of the people had interactions which may require dose adjustment 
(98.5%), and 7.6% had at least one DDI that should be avoided. 
Pharmacodynamic interactions were the most common type accounting 
for almost half of the identified DDIs. Additive and synergistic 
interactions were the most common DDI category, and increased risk of 
bleeding was the most common potential clinical consequence.  

PIM use was only to a small extent associated to the length of nursing 
home stay. Only glibenclamide and antipsychotic drug use was more 
common among nursing home residents with longer length of stay in 2007 
and 2013, respectively. Overall, the prevalence of nursing home residents 
using PIMs decreased 2013 compared to 2007.  

The use of PIMs was, overall, low among the nationwide study population 
diagnosed with major NCD between 2008-2017. Moreover, PIM use was 
found to decline continuously three years pre- until three years post-
diagnosis. Consequently, PIM use was found to be significantly lower 
post-diagnosis when compared with the period pre-diagnosis. However, 
antipsychotic drug treatment increased both pre- and post-diagnosis and 
was significantly higher post-diagnosis when compared with the pre-
diagnosis period.  
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Potentially inappropriate drug treatment 

Drug therapy is important and necessary in the management of chronic 
conditions among older people with major NCD or cognitive impairment. 
However, it may lead to DRPs which include, as previously mentioned, a 
number of categories. The present thesis has focused on dosage too high 
and wrong drug based on renal function, DDIs and PIMs due to the 
increased risk of ADRs among older people and especially those with 
major NCD. 

The majority of the prescriptions was appropriate based on renal function 
according to the renal function estimation methods that were used. 
Metformin was the drug most commonly identified as inappropriate 
based on renal function. This reflects that diabetes is a common chronic 
condition among older people and might also reflect the association 
between diabetes and major NCD [145]. However, different renal function 
estimation methods and dosage guidelines may have affected the result, 
e.g., dosage limits for metformin were different in different guidelines 
when the first study was conducted [135, 141, 146]. The CKD-EPI equation 
is found to overestimate renal function [147], which also reflects that the 
prevalence of people with eGFR <60 ml/min is higher when the CG 
equation was utilized compared to when the CKD-EPI equation was used. 
Consequently, the prevalence of inappropriate prescriptions was 
different, and either there is a risk of too low doses if renal function is 
underestimated, or a risk of too high doses if renal function is 
overestimated, when different estimation methods are used in clinical 
practice. This could cause further problems if different estimation 
methods are used at different times when doses of renally cleared 
medications are evaluated or should be prescribed. Moreover, dosage 
guidelines may change over time, e.g., the dosage limits regarding 
metformin have changed, and dose reduction may be considered at higher 
eGFR than previously recommended [148]. At the time, when the study in 
paper I was conducted, only Cs,cr was reported. However, nowadays, 
relative eGFR is calculated according to CKD-EPI, and reported in the 
medical records in Västerbotten county.  

Increased risk of bleeding was the most common clinical consequence, 
which is considered a serious ADR that may be hard to detect, especially 
among older people with cognitive impairment since they may have 
difficulties with the identification and expression of experienced 
symptoms. The prescribing prevalence of warfarin and citalopram were 
high when DDIs were identified in paper III. Warfarin and escitalopram 
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were also the most commonly involved drugs in severe CNS or 
cardiovascular DDIs identified among older people in a cohort study 
[149]. The prescribing pattern identified in paper III reflects that 
cardiovascular disease and depression are common among older people 
with major NCD. Moreover, approximately 30% of people with major 
NCD experience depressive symptoms before the diagnosis [27]. SSRI is 
also recommended as the first line pharmacological treatment against 
BPS [11]. The high prevalence of SSRI and its involvement in the identified 
DDIs indicate that the identification of these DDIs is of special importance 
among older people with major NCD to prevent ADRs such as increased 
risk of bleeding and increased risk of QT-prolongation. The involvement 
of anti-dementia and antipsychotic drugs among the identified DDIs also 
reflect the characteristic drug use among people with major NCD, e.g., 
donepezil and haloperidol were involved in two and one of the clinically 
relevant DDIs, respectively. These drug-combinations may lead to the 
potential clinical consequence ‘increased risk of QT-prolongation’, i.e., an 
interaction that should be avoided. 

Some of the identified DDIs had an increased risk of hyperkaliemia as a 
documented potential clinical consequence. Given that a majority of the 
included people in paper III had heart failure, these drug combinations 
are recommended to manage this medical condition. Nevertheless, it is 
still important to monitor the response towards this type of drug 
treatment. Drug absorption interactions were also prevalent and could be 
managed through increased dosage intervals. Information about this was 
lacking, and consequently, some of the identified interactions may have 
been appropriate drug combinations. However, correct management of 
DDIs that may require dose adjustment can cause DRPs if the affecting 
drug is deprescribed and the previously affected drug is not dose adjusted. 
This may lead to too high or too low effect from the remaining drug. 
Consequently, it is important to look for clinically relevant DDIs when 
new drugs are prescribed but also identify possible consequences when 
drugs are deprescribed. 

The proportion of people having PIMs prescribed among those admitted 
to hospital was high, which reflects multimorbidity and the vulnerable 
group of people included in paper II. The EU(7)-PIM list includes a high 
number of PIMs and is developed to compare drug use between European 
countries. Consequently, a high number of medications were able to be 
identified, and several of the medications included in the EU(7)-PIM list 
are not included in the drug-specific Swedish quality indicators. For 
example, hypnotics and sedatives, ATC N05C, was the most commonly 
prescribed drug class because zopiclone >3.75mg/day is considered an 
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inappropriate drug treatment according to the EU(7)-PIM list [101]. In 
Sweden zopiclone 7.5 mg/day is considered an appropriate drug 
treatment according to the Swedish quality indicators. Sleep disturbances 
are common among people with major NCD, either due to the disorder 
itself or due to depression. Consequently, this drug class was commonly 
identified when an international criterion was used as identification tool 
and reflects the clinical condition among this group of people. Cardiac 
therapy, i.e., ATC class C01, was the second most commonly identified 
drug class. According to one study, cardiovascular drugs were the drug 
class most commonly involved in ADRs among older people admitted to 
hospital [95]. The results in paper II therefore reflect that safer drug 
alternatives, according to the EU(7)-PIM list, should be considered for a 
large proportion of people to reduce the risk of experiencing ADRs [101].  

Also, different PIM lists include different drugs, i.e., more substances are 
included in the EU(7)-PIM list than in the drug specific indicators from 
the Swedish National Board of Health and Welfare. Consequently, the 
prevalence of PIM users alters if different PIM identification tools are 
utilized, which was also found in a cross-sectional study conducted by 
Harlin F, et al. [manuscript under preparation]. The study included 
older people with major NCD living in Sweden, and it was found that the 
prevalence of PIM users was 21.7% and 33.6% according to the Swedish 
drug-specific indicators and EU(7)-PIM list, respectively. Consequently, 
this can also explain the high prevalence of people having PIMs, which 
was found in paper II. 

Moreover, one study investigating PIM use among people registered in 
SveDem 2012 and 2017 identified a significant association between PIM 
use and the use of multidose drug dispensing [Rangfast I, et al; 2021, 
submitted]. Multidose drug dispensing medications are common among 
older people with high numbers of medications, and it is found that older 
people using this service may be more exposed to PIMs than their 
counterparts with ordinary prescription use [150]. This may also explain 
the high PIM prevalence found in paper II.  
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Associated factors 

Demographic characteristics  

Women live longer, and consequently impaired renal function becomes 
more common among women than men. This might reflect the result 
found in the univariate analyses in paper I, i.e., that impaired renal 
function was significantly more common among women and at a higher 
age. However, only age remained significantly associated to impaired 
renal function in the multivariable analysis.  

Moreover, living in nursing homes was the only factor significantly 
associated with having at least one inappropriate prescription based on 
renal function according to the univariate analyses. This indicates that 
those living in nursing homes are older and have more chronic conditions 
and medications which increase the risk of having impaired renal function 
[10-12, 18], and consequently inappropriate prescriptions. However, in 
the multivariable analysis, no significant associations were found, which 
indicates that the population admitted to hospital is a vulnerable group of 
older people regardless their type of living.  

In the nationwide population in paper V, it was found that PIM use was 
significantly more common among nursing home residents. Since nursing 
home residents often use more medications than community-dwelling 
older adults, it was not unexpected to find this significant association. 
Moreover, PIM use was significantly more common among women than 
among men, except for glibenclamide, which was more common among 
men, and antipsychotic drugs of which no significant association was 
found. The pattern of significantly higher PIM use among women is found 
in another study as well [151]. Moreover, it was found that anti-dementia 
drugs were significantly more common among women than men. One 
possible explanation for these patterns could be that women more often 
search for medical advice for experienced symptoms. The non-significant 
association in antipsychotic drug use might reflect an equal progression 
of major NCD among both men and women.   

Higher age was overall negatively associated with PIM use according to 
paper V. This implies an increasing awareness among health care 
professionals regarding potentially inappropriate drug treatment at a 
higher age. Nevertheless, antipsychotic drug treatment and long-acting 
benzodiazepines were more common at a higher age, which may reflect 
increasing BPS along with the progression of major NCD. Moreover, anti-



 

   

 

79 

dementia drugs were significantly lower at a higher age which might 
reflect deprescribing due to frailty. However, the pattern warrants 
concern given the positive effects associated with anti-dementia drugs. 

Number of medications 

Only number of medications was found to be significantly associated with 
prescriptions of PIMs and clinically relevant DDIs in paper II and III. 
Neither age, sex, nor living situation were significantly associated to this 
type of potentially inappropriate drug treatment. Since age is found to be 
one of the major predictive factors for unplanned hospital admissions [7] 
and all participants were 65 years or older, the study population may 
represent a more vulnerable group of people at risk of being admitted to 
hospital. This might explain the significant association between number 
of drugs and potentially inappropriate drug treatment found in paper II 
and III.  

Moreover, an association between having a severe DDI and number of 
medications has been found in another study. The same study found that 
the number of DDIs increased significantly when the number of 
medications increased [149]. Given that national trends imply that the 
mean number of drugs increases among older people in Sweden, there is 
need of extra attention to prohibit the increased risk of clinically relevant 
DDIs [126].   

Time trends  

This thesis revealed that the prevalence of people with major NCD using 
PIMs overall was low, has declined over the years and was significantly 
lower pre- and post-diagnosis of major NCD except regarding 
antipsychotic drugs. It was also found that PIM use has declined among 
nursing home residents. This implies increasing awareness within health 
care of risks associated with PIMs both among older people and among 
those with major NCD and that national initiatives have led to further 
decline regarding PIM use also among older people with major NCD. 
Consequently, this work needs to continue so that the positive trends are 
maintained and/or further improved. 

Antipsychotic drugs 

Antipsychotic drug use was found to be significantly associated with the 
length of nursing home stay in 2013, however not in 2007. The small 
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increase in 2013 and nonsignificant pattern in 2007 suggests that 
prescribing was common before admission to nursing homes, which is 
supported by another study [152]. However, a Norwegian study found that 
the prescribing of antipsychotics increased [153] and that the prescribing 
rate was highest six months after nursing home admission [52]. 
Nevertheless, the use of antipsychotic drug use had decreased in 2013 
compared with 2007 among nursing home residents. This trend was 
found in the nationwide study sample in paper V as well, i.e., antipsychotic 
drug use was significantly lower among people diagnosed with major NCD 
2014 and onwards compared to people diagnosed 2008-2009. National 
guidelines are suggested to be the reason for the decreasing trend of 
antipsychotic drug use among nursing home residents [154]. 

Even if antipsychotic drug treatment was found to decrease over the years, 
the continuous increase of antipsychotic drug treatment pre- and post-
diagnosis found in paper V warrants concern. The increasing trend in the 
period prior diagnosis reflects the increase in BPS, e.g., aggression, 
symptoms that may lead to contact with health care. Further on, the 
increase in the prevalence post-diagnosis is found in another study as well 
[155] and reflect the occurrence of BPS due to the progression of major 
NCD. Non-pharmacological interventions are recommended, according 
to Swedish guidelines in the management of BPS. However, risperidone 
may be prescribed with a maximum dose of 1.5 mg/day for a short period 
of time if aggression or severe hallucinations or delusions cannot be 
managed with non-pharmacologic alternatives. If this guideline reflects 
the result found among study participants in paper IV and V remains 
unknown. Consequently, some of the identified PIM users may have 
appropriate drug treatment according to recommendations. However, 
one study identified extensive antipsychotic drug treatment among people 
with Lewy body dementia [156], for whom this type of drug treatment is 
inappropriate [27]. This indicates that some of the antipsychotic drug 
treatment identified in paper V was inappropriate based on indication. 
Altogether, even if the trends in antipsychotic drug use were positive 
among nursing home residents and antipsychotic drug treatment became 
significantly lower among people with a more recent diagnosis year, it is 
important to regularly question antipsychotic drug treatment among 
older people and especially those with major NCD to diminish the risk of 
serious ADRs. 

Anticholinergic drugs 

Overall, the prevalence of anticholinergic drug use was low among people 
diagnosed with major NCD and in line with the prevalence among nursing 
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home residents in 2013, according to paper IV. No significant association 
was found between the prevalence of people using anticholinergic drugs 
and the length of nursing home stay, neither in 2007, nor in 2013. This 
pattern suggests that the residents already use the drugs at admission or 
that no deprescribing was made among the nursing home residents. 
Nevertheless, a significant decrease in the prevalence of people using 
anticholinergic drugs was found in 2013 compared with 2007, which 
suggests an increased awareness of the side-effects associated with this 
type of drug treatment.  

Anticholinergic drug use also became significantly lower among those 
who received their major NCD diagnosis in 2014 and later compared with 
those diagnosed in 2008-2009. The continuous decrease among the 
nationwide study sample is the opposite of another study, which found 
that anticholinergic exposure did not change one year pre-diagnosis until 
one year post-diagnosis of major NCD [157]. Moreover, the proportion of 
anticholinergic drug use in the nationwide study population in paper V is 
much lower compared with a study reporting a proportion of 27.0% [158]. 
However, the anticholinergic drug use among the study population in 
paper V is almost six times higher compared to the prevalence of older 
people having anticholinergic drugs dispensed in Sweden between 2006-
2013 [159]. This is concerning given the vulnerability for anticholinergic 
side effects among older people with major NCD. However, given the fairly 
constant level of anticholinergic exposure pre-diagnosis and decline post-
diagnosis, there is an awareness of the inappropriateness of 
anticholinergic drug use among people with major NCD, which is positive. 
It should also be brought to mind that some anticholinergic drugs, e.g., 
TCA are needed and can be used for neuropathic pain [21, 160]. It is found 
that chronic pain is associated with, and increase the risk for depression, 
aggression and agitation among people with major NCD [161, 162]. 
Accordingly, even if TCA may give rise to anticholinergic side-effects, 
correctly monitored and with regular follow-ups, this type of drug 
treatment is considered as appropriate in the individual case, which is not 
detected when explicit criteria are utilized.   

Nevertheless, together with antipsychotic drug treatment, people using 
anticholinergic drugs made up a substantial part of the total PIM use 
found in paper IV and V. Consequently, anticholinergic drug exposure 
needs to be questioned and followed among community-dwelling older 
people and older people living in nursing homes given their vulnerability 
to the ADRs associated with this type of drug treatment.  
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Long-acting benzodiazepines and propiomazine 

There is an ongoing debate concerning whether there is an increased risk 
of cognitive decline and major NCD due to benzodiazepine use [102]. 
However, anxiety, for which benzodiazepines may be prescribed, is a 
prodromal symptom for major NCD. This may explain the higher 
prevalence of people using benzodiazepines pre-diagnosis, which was 
found in paper V. Given the ADRs associated with the use of long-acting 
benzodiazepines, the continuous decline in, and low prevalence of, users 
found in paper V is positive. Moreover, compared with the prevalence of 
all people, 65 years or older, with long-acting benzodiazepines between 
2006-2013 [159], the unadjusted prevalence of people with major NCD 
using this type of drug treatment according to paper V is low. The use of 
oxazepam has increased among older people [159], in line with the 
recommendations in Swedish quality indicators [11]. Oxazepam is 
recommended due to its shorter half-life compared to long-acting 
benzodiazepines, and the utilization of this drug may explain the 
decreasing trend in the use of long-acting benzodiazepines. Moreover, 
diazepam is now the only long-acting benzodiazepine available on the 
Swedish market since flunitrazepam and nitrazepam have been 
deregistered [163, 164].  

The use of propiomazine decreased among nursing home residents 2013 
compared with 2007, and the prevalence found among the nationwide 
study sample in paper V is in line with the prevalence among nursing 
home residents in 2013. The low and decreasing prevalence is positive and 
in line with the decline found among people, 65 years or older, between 
2006 and 2013 [159]. Moreover, according to paper V, the use of 
propiomazine became significantly lower post-diagnosis and among those 
with later years of diagnosis, respectively. An increasing prevalence of 
zopiclone use is found among older people and is the recommended drug 
of choice for sleep disturbances due to the shorter half-life of zopiclone 
[159]. This could explain the declining prevalence of propiomazine among 
nursing home residents and the nationwide population with major NCD.  

Moreover, the decline in the prevalence of long-acting benzodiazepines 
and propiomazine among nursing home residents between 2007 and 
2013, and the significant decrease among people with major NCD indicate 
an increasing awareness of the side effects associated with long-acting 
benzodiazepines and propiomazine among frail older people.  
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Pain treatment 

The significant decrease in the use of tramadol is positive and found both 
among nursing home residents in paper IV and pre- and post-diagnosis of 
major NCD in paper V. The prevalence of people using NSAIDs was also 
significantly lower post-diagnosis. The prevalence both pre- and post-
diagnosis is in line with the prevalence found among community-dwelling 
people and nursing home residents, respectively [61]. Moreover, the 
prevalence of tramadol and NSAIDs was significantly lower among people 
with more recent year of diagnosis. Given that tramadol should be dose 
adjusted according to renal function and that NSAIDs is associated with 
an increased risk of bleeding, either due to the drug itself or as a potential 
clinical consequence due to its involvement in DDIs, it is positive that the 
prevalence of these types of treatments have declined. The trend is also 
supported by a general decline among older people in Sweden between 
2006 and 2013 [159]. This prevalence is in accordance with those found 
in the pre-diagnosis period among the nationwide study sample in paper 
V. Increasing treatment with paracetamol and opioid analgesics other 
than tramadol, e.g. oxycodone, among people with major NCD [165] may 
explain the positive result and is in accordance with Swedish guidelines 
[11]. Moreover, the patterns found indicate that there is an awareness of 
NSAIDs and tramadol being inappropriate among frail older people.  

The use of codeine was also found to be lower post-diagnosis compared 
with the period pre-diagnosis, which is positive. However, the use of 
codeine had increased significantly 2013 compared to 2007 among 
nursing home residents, and no significant association was found between 
this type of drug treatment and year of diagnosis. Codeine was included in 
the Swedish drug specific indicators in 2017, as a drug that should be 
avoided among older people regardless of indication. Consequently, the 
inappropriateness was not highlighted in 2007 and 2013, which may be a 
reason for the negative trends, i.e., increase among nursing home 
residents and the nonsignificant association found across the year of 
diagnosis in the nationwide study sample. 

Glibenclamide  

The prevalence of glibenclamide users was only significantly associated 
with the length of nursing home stay in 2007, and the prevalence had 
decreased six-fold 2013 compared to 2007. The prevalence of people using 
glibenclamide in the period post-diagnosis of major NCD was also 
significantly lower compared to the period prior to diagnosis. A significant 
decrease was also found among the nationwide study population 
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diagnosed in 2014 and onwards compared to those diagnosed 2008-2009, 
which indicates an increasing awareness about the inappropriateness of 
glibenclamide use even before this drug was included in the drug-specific 
quality indicators 2017. Given that glibenclamide should be adjusted 
based on renal function and that hypoglycemia may cause BPS among 
older people with major NCD, these declining trends in drug use are 
positive. Additionally, glibenclamide has been, as previously mentioned, 
deregistered from the Swedish market.  

Anti-dementia drugs 

A significant decline in the prevalence of people using anti-dementia 
drugs was found in both 2007 and 2013 as the length of stay in nursing 
home increased. However, there was no significant difference between the 
prevalence of people using anti-dementia drugs in 2013 when compared 
to 2007. The decline was, however, larger in 2013 and is worth mentioning 
given that antipsychotic drug treatment increased significantly with 
longer nursing home stays in 2013. However, if these patterns are 
associated remains unknown.  

The higher prevalence among those with short length of stay reflects that 
major NCD is a common cause of moving into nursing homes. Moreover, 
the decrease in anti-dementia drug use among people with longer nursing 
home stays might reflect a healthy survival effect, i.e., those who have 
stayed longer are those without major NCD. Consequently, the prevalence 
of people using these types of drugs declines. It might also reflect 
deprescribing due to increased frailty [166]. 

Nevertheless, the increase in the prevalence of anti-dementia drug use 
among the nationwide study pre- and post-diagnosis time is positive. Only 
a small decline in the proportion of anti-dementia drug use was found 
within a year post-diagnosis. This probably reflects those who do not 
tolerate the drug treatment, and the high and fairly constant prevalence 
post-diagnosis reflects drug treatment in accordance with guidelines. 

Final remarks regarding potentially inappropriate drug 
treatment 

The low prevalence of people using PIMs in the nationwide study 
population probably includes a proportion of people for whom PIMs are 
appropriate based on a person’s clinical condition. Accordingly, a PIM 
prevalence of 0% is not possible and probably not even desirable. 
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However, due to the risks associated with these types of drugs it is 
important to continuously follow up effects when drugs are newly 
prescribed to detect if and when the drug treatment becomes 
inappropriate, e.g., it has been reported that antipsychotic drug treatment 
is used longer than recommended [167]. Moreover, continuous follow up 
is important, to detect and manage clinically relevant DDIs both when 
new drugs are prescribed and deprescribed and to follow renal function to 
ensure that the drug treatment is appropriate based on the present clinical 
condition. The improved pattern of PIM use over the years, revealed in 
this thesis, and the interindividual need and response to drugs among 
older people with major NCD, therefore implies that implicit criteria play 
an important role to further identify drug treatment considered 
inappropriate. 

The 1st of May 2021, a further national initiative was started: the law of 
national drug list. The National drug list was also set up, which is a register 
that will be fully incorporated into Swedish health care and pharmacies 
the 1st of May 2023 [168]. The law and register make it possible to acquire 
information about prescriptions from other prescribers within Sweden. 
Consequently, the register improves the possibility to follow up drug 
treatment initiated by other prescribers and receive information about 
which prescriptions have been collected at Swedish pharmacies as long as 
the person allows this information to be shared [169].  
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Methodological considerations 

Study design 

All studies were quantitative, descriptive, observational studies. 
Consequently, it is not possible to make any causality assessments which 
is an important weakness to consider [170]. Moreover, the data collection 
periods were retrospective. Given that new information regarding drug 
utilization is regularly updated, the current recommendations regarding 
PIM use may have changed after the data was collected.  

Nevertheless, observational studies enable increased knowledge about 
drug utilization patterns. Moreover, the study in paper V is a longitudinal 
study, which also gives information about trends in PIM use [170]. 
Altogether, the studies may contribute to suggestions about future 
interventions so that drug treatment among older people with cognitive 
impairment can be optimized and the risk of ADRs diminished. 

Study population 

The study population in paper I-III consisted of people admitted to 
hospital wards. The participants were considered to have cognitive 
impairment if sufficient information related to memory, orientation or 
executive function was noted in their medical records before admission to 
the included hospital wards. People were also included if major NCD were 
suspected and/or if a medical investigation had been or would be initiated. 
The medical records were carefully reviewed before inclusion and 
uncertain cases were excluded to avoid the risk of including people 
without major NCD who had developed delirium during the hospital stay.  

Their physical conditions therefore suggest that this population 
represents a more vulnerable group of people compared to older people 
with cognitive impairment not needing hospital care. When the 
participants were recruited in the intervention study, only 13 declined to 
participate. However, those who died, i.e., those who can be considered 
the frailest, were excluded in paper I-II, which may have affected the 
results.  

Paper IV included people living in nursing homes, which also represents 
a vulnerable group of people. The response rate was 85.8% and 70.5% in 
2007 and 2013, respectively, when the surveys were distributed, which 
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can be considered as good response rates and consequently representative 
for older adults living in nursing homes for whom cognitive function is 
evaluated. However, the cut-off of a five years length of stay might have 
influenced the prevalence and associations found in the study. 

The nationwide study population included in paper V was collected from 
SveDem. The completeness rate for SveDem differs between the years and 
also between counties since these rates depend on the number of people 
getting diagnosed the current year and the epidemiologic approximations 
of yearly incidences. Moreover, the registrations are made after diagnosis, 
and many of the incidence cases do not seek medical advice. 
Consequently, the completeness rate can never be 100%. When yearly 
completeness rates are calculated based on incidence rate, it ranges 
between 15%-41% between 2008 and 2017. If the completeness is 
estimated based on prevalence data the rate is 29% instead [171-180].  

More important is how well the data represents older people with major 
NCD in Sweden, i.e., the representativity of recorded data in SveDem. In 
2017, not all the primary units were connected even if the number 
continuously increases. However, all special clinics were connected and 
all counties were represented [172]. Accordingly, the data in SveDem can 
be considered to have good representativity for the Swedish population 
with major NCD. In paper V, those who died after the time of diagnosis 
were included, which also contributes to good representativity. 

Data collection 

In paper I-III, data was collected from medication lists included in 
medical records. To ensure that data about current drug treatment were 
correct, i.e., updated and complete, medication reconciliations were 
made. Information was collected from medication lists from primary care 
centers, and hospital medical records and for two persons, interviews 
were conducted with the included persons and/or next of kin [92].  

The MDDAS that were used as the data collection source in paper IV has 
been tested for and has good intra- and interrater reliability [130]. This 
contributes to a generally good quality of data and results, which is 
possible to compare with other studies using the same method [170].    

The data in SveDem is validated through different methods. Logical 
checks are conducted when values with limited ranges are registered, data 
recorded twice are deleted and conflicting data is corrected. Additionally, 
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monitoring of registered data against source data in medical records and 
external registries ensures good quality of data [181].     

Estimation of renal function 

In paper I, the CG equation was used to calculate eCLcr from which doses 
of renally cleared medications were evaluated. This estimation method 
was established among healthy people with stable renal function [21]. The 
study population in paper I was, however, frail, older people with 
presumably low muscle mass since people with major NCD are at high risk 
of weight loss [15]. Demographic and anthropometric data are needed 
when creatinine-based estimation methods are utilized. These variables 
can be difficult to estimate among frail older people. Since creatinine is a 
breakdown product from muscle mass, which declines among older 
people, cystatin C is an alternative endogenous marker that can be used 
when GFR is estimated for which no anthropometric data are needed. 
However, this marker is not recommended to use among people using 
high doses of corticosteroids or among those with hypo- or 
hyperthyroidism. Moreover, the method is considered to have low 
accuracy if BMI <20kg/m2 and age >80 years. Recommendations state 
that the mean value from creatinine based renal function estimation 
methods and cystatin C gives a higher accuracy of estimated renal function 
if eGFR <30ml/min/1.73 m2. In paper I, this would apply for 5.6% of the 
study population. Consequently, the result in paper I might have been 
affected by choosing the CG equation, and it is found that this method has 
inferior accuracy when renal function is estimated.  

The different results, dependent on which renal function estimation 
method that was used, show the complexity of estimating renal function 
among older people with cognitive impairment admitted to hospital. The 
eGFR equations should estimate the GFR with sufficient accuracy, defined 
as that at least 75% of the estimations that are made should range within 
±30% of the measured GFR [19]. This applies for the revised Lund-Malmö 
method (LM-rev) and CKD-EPI (rel) equations as long as GFR 
≥30ml/min/1.73 m2 and BMI ≥20kg/m2. These equations may therefore 
be considered the most accurate when renal function or diseases should 
be estimated and/or followed. However, absolute eGFR is recommended 
when doses of renally cleared medications should be adjusted according 
to renal function. Accordingly, absolute eGFR calculated by CKD-EPI 
equation implies a more accurate estimation of GFR when renally cleared 
medications are prescribed. The variables needed in each estimation 
equation, respectively, give an estimate of muscle mass. The CKD-EPI 
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equation includes more variables than does the CG. It is therefore 
reasonable that the CKD-EPI equation gives a more accurate value of 
eGFR also when absolute GFR is estimated, even if there are limitations 
with the CKD-EPI equation as well. In contrast, CG was initially developed 
for evaluating doses of renally cleared medications and dose 
recommendations in GDH reflects this, i.e., recommended doses were 
based on eCLcr [135]. Moreover, the Swedish Agency for health technology 
assessment and assessment of social services (SBU) recommends that the 
same renal function estimation method that was used when dosage 
guidelines were developed should also be used when doses are adjusted 
based on renal function [19]. Consequently, the CG equation can be 
considered a proper method when dose evaluations were made in paper I. 

Moreover, information about proteinuria or baseline data about Cs,cr were 
not available and it was not known if the persons Cs,cr was stable. 
Consequently, it was unknown if the included people had stable renal 
function. Ideally, a mean value from several measurements of Cs,cr should 
have been used when the eCLcr was calculated. 

Cognitive function 

The scale developed by Gottfries & Gottfries, utilized in paper IV, enables 
proxy rating by a staff member and consequently enables measurement of 
orientation among nursing home residents not able to perform the MMSE 
test due to severe cognitive impairment. Therefore, a floor effect is 
avoided. The assessment also gives an even distribution of the score. 
Accordingly, it is a suitable method to assess cognitive function when 
questionnaires are used as the data collection method [45]. Moreover, the 
scale is a validated tool and correlates with 90% sensitivity and 91% 
specificity [130] to the MMSE cut-off for cognitive impairment, i.e., ≤23 
[43]. The scale is also tested for inter- and intra-rater reliability [130]. The 
results regarding cognitive impairment in the different studies may 
therefore be compared.  

Identification of drug treatment 

Overall, explicit criteria were used to identify PIMs. Since this type of 
criteria is consensus based, little or no clinical data is needed and the same 
recommendations are followed for all included individuals, explicit 
criteria are useful when epidemiologic studies are carried out. However, 
as drug treatment improves, as time trends have shown, it may be more 
difficult to detect clear signs and patterns where further improvements 
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can be made. However, since explicit criteria list drugs considered 
potentially inappropriate, these types of criteria play an important role in 
an implicit context, i.e., in the clinical assessment of medical treatment for 
each individual and when new drugs are initiated.  

Even if ACE inhibitors are renally cleared, these types of drugs were 
excluded in paper I because monitoring according to clinical response is 
required due to the large variation in pharmacodynamic response [140]. 
First and foremost, enalapril but also ramipril, were identified among the 
prescriptions. Moreover, digoxin was commonly prescribed among the 
study population. This drug was also excluded because serum 
concentrations and clinical response are important to consider. 
Consequently, the prevalence of inappropriate prescriptions based on 
renal function may have been different if ACE inhibitors and digoxin were 
included.  

NSAIDs and antipsychotic drugs were identified among the study 
population in paper IV and V even if correct and current indication are 
important according to the indicators [11]. This information was not 
available in these studies. Consequently, some of the identified 
prescriptions may have been appropriate according to the person’s clinical 
condition as previously discussed.  

Moreover, the EU(7)-PIM list includes medications considered to be PIMs  
based on treatment duration. These drugs were not possible to identify 
due to the lack of information about when the prescriptions were 
prescribed the first time. The prevalence of PIM prescriptions and people 
with PIMs may therefore be higher than the result in paper II.  

In paper III, the Janusmed interaction database was the only source that 
was utilized to identify clinically relevant DDIs among the study 
population admitted to hospital. Those DDIs that not are included in the 
database were therefore not detected, e.g., some pharmacodynamic 
interactions or if more than two drugs interacted.   

Moreover, only regular drug treatment was identified in paper I-IV. In 
paper I-III, pro re nata drugs were excluded to reduce the uncertainty 
about the use, e.g., morphine was commonly prescribed as pro re nata 
drug among the study population included in paper I but was nevertheless 
excluded in the case of pro re nata prescriptions. In paper IV, only ongoing 
drug treatment was included in the attached medications lists from which 
the data was collected. Consequently, the prevalence of people having 
inappropriate prescriptions according to renal function, clinically relevant 
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DDIs or PIMs based on age in paper I-IV was probably higher than 
reported.  
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Future research 
A positive trend in PIM use was found among the nationwide study 
population with major NCD. Since drug treatment is found to differ 
between people with major NCD and those without this disorder it would 
be valuable to acquire more knowledge about how patterns differ between 
them. By conducting a study including people with major NCD and 
comparing their PIM use with a control group without this disorder, more 
knowledge about the extent of PIM use can be achieved. Moreover, it 
would be interesting to investigate if and how PIM use differs dependent 
on subtype of major NCD.  

The improved patterns of PIM use among older people with major NCD 
also implies that other DRPs needs further attention in future research. 
Given the clinical features of major NCD, non-adherence may be a serious 
problem, leading to too high doses or undertreatment which, in both 
cases, can be harmful for this group of people.  

The introduction of the national drug list increases the possibility to 
investigate patterns of non-adherence based on register data since the 
register will include information about both prescriptions and the 
collection of prescribed drugs at Swedish pharmacies [169]. Since the 
National drug list gives prescribers an increased awareness of a person’s 
drug treatment, it would also be interesting to make further epidemiologic 
studies to follow the patterns of PIM use when the register has been fully 
implemented in Swedish health care, e.g., even if the patterns of 
antipsychotic drug treatment probably reflect the clinical progression of 
major NCD, the patterns of increasing prevalence post-diagnosis implies 
that it is necessary to follow-up this type of drug treatment, and especially 
after the introduction of this new register. 

Additional and continuous studies are also needed to follow the patterns 
of PIM use among nursing home residents so that positive trends can be 
further confirmed or negative patterns become identified. Follow up 
studies may be conducted both regionally and nationally to compare and 
identify where further improvements need to be made.  
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Conclusions 
Inappropriate prescriptions based on renal function were prevalent 
among older people with cognitive impairment admitted to hospital. 
Additionally, clinically relevant DDIs and PIMs were common among the 
same group of people regardless their type of accommodation, and 
increasing number of medications were significantly associated with this 
type of potentially inappropriate drug treatment. These results indicate 
the importance of careful and continuous evaluation of drug therapy in 
primary care among older people with cognitive impairment regardless of 
their type of accommodation. Consequently, it is important to be aware of 
different renal function estimation methods, dosage guidelines, DDIs and 
PIMs when prescribing new medicines to ensure that prescriptions are 
appropriate based on the clinical condition and ADRs can be prevented.   

PIMs were found to decrease among nursing home residents, and length 
of nursing home stay was only to a small extent associated with the 
prevalence of people using this type of drug treatment. Moreover, the use 
of PIMs has decreased in recent years among older people with major 
NCD, and the prevalence of people using PIMs generally declined post-
diagnosis which is positive. This indicates an increased awareness of 
potentially inappropriate drug treatment among a vulnerable group of 
people. Accordingly, these patterns are important to maintain and 
continuously work with so that the positive trends are maintained.  
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