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Abstract

ABSTRACT
Background
Age is the greatest risk factor for developing dementia and the total number of people
aged 60 years and above is expected to more than double globally from 2013 to 2050 (1).
Primary health care (PHC) is important for basic diagnostic evaluations. Objective test
measurements have been shown to be more reliable than a patient's subjective memory
complaints in dementia assessments (2). However, several studies indicate the low use
of objective cognitive screening tools in dementia diagnostics in PHC (3). Some general
practitioners (GPs) do not perceive today’s cognitive instruments as helpful in the diagnostic process and administration problems have been reported in PHC (4, 5).
The overall aim of this thesis was to investigate the accuracy of several cognitive
tests used in dementia assessments in PHC, especially among older patients: A Quick
Test of Cognitive Speed (AQT), Cognistat and Cognitive Assessment Battery (CAB). The
normative values of the Mini Mental Status Examination (MMSE) in the oldest old was
also studied.
Methods
The studies included in this thesis are from two different study populations.
 Studies I, II and IV. Patients with and without cognitive symptoms were recruited
from four primary health care centres in Sweden between 2007 and 2009.
 Study III. The Elderly in Linköping Screening Assessment (ELSA 85) cohort-population examined people born in 1922 in the municipality of Linköping, Sweden.
Results
Study I. Results showed that AQT is a usable test for dementia diagnosis in PHC. Sensitivity for AQT is superior to the Clock Drawing Test (CDT), equivalent to MMSE and the
combination MMSE and CDT. The AUC for AQT was 0.773, valued good enough.
Study II. Overall, the results for Cognistat in this study are superior to MMSE and CDT,
also in combination. Cognistat is promising for improved dementia diagnosis in PHC
with a quick and easily administered multi-domain test for dementia assessments.
Study III. This study presents valuable information about normative MMSE data for the
oldest patients. Results, suggest using the 25th percentile in MMSE of 25 to 26 points,
and indicate that MMSE 26 is as a reasonable cut-off for cognitive decline and further
medical evaluation in older persons aged from 85 to 93 years.
Study IV. In summary, the additive value of the CAB test in dementia investigations in
PHC is not obvious. In addition to questionable accuracy, the test is quite time consuming and normative values are scarce. By introducing the numerical sum (CABsum) the
accuracy was increased.
Conclusion
In conclusion, objective cognitive tests are an important part of dementia diagnosis in
PHC and there is a need for improved instruments and norm-values. From our results,
several cognitive quick tests are usable in PHC - MMSE, AQT and Cognistat - but they
have some disadvantages. MMSE 26 is a reasonable cut-off for cognitive decline in the
oldest patients 85 to 93 years from a well-educated population with quite good socioeconomic. There is a great interest in finding short and better multi-domain instruments
but the additive value of CAB in dementia investigations in PHC is questionable.
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Svensk sammanfattning

SVENSK SAMMANFATTNING
Ålder är den huvudsakliga riskfaktorn för att utveckla demenssjukdom.
Antalet äldre (över 60 år) förväntas mer än fördubblas globalt mellan åren
2013 to 2050. Demenssjukdom medför tidigt stora konsekvenser för de
drabbade och primärvården är viktig i den basala demensutredningen. Någon botande medicinering för demenssjukdom finns idag inte. Tidig och
korrekt diagnostik av demenssjukdom är ändå betydelsefull då det möjligör att rätt stödinsatser sätts in till patienter och anhöriga och att patienter
kan få symtomlindrande behandling under sjukdomsförloppet.
Objektiv kognitiv testning har visats vara mer tillförlitlig än patienters
beskrivna subjektiva minnessvårigheter i utredning och diagnostik av demenssjukdom. Flera studier har trots detta visat på underanvändning av
objektiva kognitiva tester inom primärvården. Tidigare studier har också
beskrivit att specialister i allmänmedicin uttrycker tveksamhet till vad de
kognitiva testerna tillför i diagnostiken och hur testerna används på vårdcentralerna.
Basal demensutredning består enligt de Nationella riktlinjerna för vård
och omsorg vid demenssjukdom av flera insatser där kognitiv testning är
en del. Utöver testning är det viktigt med ett läkarbesök för medicinsk och
psykiatrisk undersökning, datortomografi av hjärnan för att också utesluta
andra möjliga underliggande sjukdomar, relevant blodprovstagning, omvårdnadsanamnes och en aktivitetsbedömning av en arbetsterapeut.
Det övergripande syftet med avhandlingsarbetet är att undersöka träffsäkerheten och tillförlitligheten i några av de kognitiva tester som används
vid demensdiagnostik inom primärvården, särskilt i den äldre populationen: A Quick Test of Cognitive Speed (AQT), Cognistat och Kognitiva
Screeningbatteriet (KSB). Vi har också undersökt normativa värden och
cut-off gränser för MMSE bland de allra äldsta.
I studie I, II och IV undersöktes patienter med och utan kognitiva symtom
på fyra vårdcentraler i Östergötland, Sverige.
I studie III inkluderades de som var födda år 1922 i Linköpings kommun.
De personer som gav sitt samtycke genomförde som en del av ett större
forskningsprojekt kognitiv testning med MMSE vid åldern 85, 86, 90 och
93 år.

2

Svensk sammanfattning

I resultaten från studie I ses att det kognitiva testet A Quick Test of Cognitive Speed (AQT) är möjligt att använda vid demensutredningar i primärvården. Testet är snabbt, enkelt och användarvänligt och hade i studien likvärdig sensitivitet som MMSE och kombinationen MMSE och Klocktest.
I studie II undersöks det förhållandevis korta och enkla multi-domän instrumentet Cognistat. Testet ger en möjlighet till en bredare uppfattning av
patienters kognitiva nedsättning är enbart en övergripande total skattningssumma. Resultatet visar att Cognistat har en högre träffsäkerhet än
kombinationen MMSE och Klocktest i demensdiagnostiken också i en primärvårdspopulation.
Resultaten från studie III bidrar med värdefull information avseende normativa värden och resultat på MMSE hos de allra äldsta. Den kognitiva
funktionen även hos de som har en så ansenligt hög ålder som 85 - 93 år är
väldigt god med medianresultat 28-29/30. Den undre 25:e percentilen låg
på 26. Tidigare har i många länder ett pragmatiskt cut-off värde för misstänkt demensjukdom och behov av vidare utredning legat runt 24 poäng.
Utifrån studiens resultat föreslår vi istället en cut-off på 26 poäng även hos
de äldsta.
Studie IV undersöker ett lite mer omfattande kognitivt instrument Kognitiva Screeningbatteriet (KSB) och dess användning i demensutredningar i
primärvård. Resultatet i studien visar en lite tveksam träffsäkerhet och
detta satt i relation till att testningen är mer tids - och resurskrävande gör
att vi inte rekommenderar ett breddinförande av KSB i basal demensutredning på vårdcentral i dagsläget.
Sammanfattningsvis så är objektiv kognitiv testning en viktig del av den
basala demensutredningen i primärvården. Flera testar har i avhandlingsarbetet visat sig vara användbara vid demensdiagnostik på vårdcentral:
MMSE, AQT och Cognistat. Införande av KSB är mer tveksamt i primärvården. De med hög ålder som är kognitivt friska presterar väldigt bra resultat på MMSE i den här studiepopulationen, vilket gör att vi föreslår en
cut-off för kognitiv nedsättning även vid hög ålder till 26 poäng i en population med relativt hög utbildningsnivå.
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(J)
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DSMIV-V
ICD-10

Alzheimer’s disease
Vascular dementia
Frontotemporal dementia
Dementia with Lewy bodies
Parkinson´s disease with dementia
Mild Cognitive Impairment
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Computerised Tomography
Activities of Daily Living
Instrumental Activities of Daily Living
Mini Mental State Examination
Clock Drawing Test
A Quick Test of Cognitive Speed
Cognitive Assessment Battery
Rowland Universal Dementia Assessment Scale
Montreal Cognitive Assessment
Trail Making Test A
Trail Making Test B
Positive Predictive Value
Negative Predictive Value
Likelihood Ratio
Receiver Operating Characteristic
Area Under Curve
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Primary Health Care
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Introduction

INTRODUCTION
Dementia in primary care
Dementia is a clinical syndrome with progressive deterioration in cognitive and social function and the ability to live independently, due to progressive neurodegeneration. Dementia is an umbrella term referring to
Neurocognitive Disorder (NCD) and DSM-5 criteria divide this into major
(dementia) and minor (Prodromal Disease or Mild Cognitive Disorder)
NCD (6). Dementia most often affects older people, although young patients who receive the diagnosis early in life require special attention.
Cognition refers to thinking and related processes and according to
DSM-5 there are six cognitive domains that could be affected in both major
and minor NCD:
 Complex attention (involving attention and information processing
speed)
 Executive ability (planning, decision making, working memory)
 Learning and memory
 Language
 Perceptual - motor - visual perception/praxis
 Social cognition (recognition of emotions and behavioural regulation, social appropriateness)
According to DSM-5 dementia (major NCD) is defined by the following:
 There is evidence of substantial cognitive decline from a previous
level of performance in one or more of the domains listed above,
based on the concerns of the individual, a knowledgeable informant,
or the clinician; and a decline in neurocognitive performance, typically involving test performance in the range of two or more standard
deviations below appropriate norms
 The cognitive deficits are sufficient to interfere with independence
and activities of daily living (ADL)
 The cognitive deficits are not in the context of delirium and not primarily attributable to another mental disorder
Dementia divides into three groups depending on the severity of the decline
in cognitive and functional ability: mild, moderate and severe.
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Risk factors for dementia
Old age is the greatest risk factor for developing dementia (1). There is a
non-modifiable link between Apolipoprotein E4 and dementia, and some
rare dementia cases are connected to specific gene mutations (<1%). An
association between Downs syndrome and dementia is also recognised (7).
Observational studies have identified several potentially modifiable risk
factors for dementia, including hypertension, dyslipidaemia and obesity at
midlife, diabetes mellitus, smoking, physical inactivity, depression and a
low level of education (8).
Education is positively associated with cognition and studies are consistent with the cognitive reserve theory, suggesting that education reduces
risk of rapid cognitive decline and progression to Alzheimer’s disease (AD)
(9). Results from healthy elderly people show that besides educational
level, social-inclusion and engagement seem to have a protective effect on
mental ageing, although this effect may not be effective in the oldest old
(10).
Prevention in primary care
To date, there are no medical or pharmaceutical interventions to slow down
the progression of dementia diseases, and therefore lifestyle intervention is
a critical area for action. Appropriate management of cardiovascular risk
factors and diabetes mellitus are essential in primary health care (PHC)
and the role of the general practitioner is important regarding chronically
ill patients in the Swedish health care system (11). The Global Burden of
Diseases, Injuries, and Risk Factors Study 2016 (GBD 2016) reported metabolic condition as one of the major treatable risk factors worldwide in relation to attributable deaths, and attributable disability-adjusted life-years
(DALYs) overall (12).
There is a great interest in different diets and their effects on cognitive
function. Currently there is a lack of consensus among study findings
whether adherence to a Mediterranean diet promotes benefits for age-related cognitive function (13). Epidemiological and observational studies
have indicated that diets high in omega-3 polyunsaturated fatty acids might
be beneficial for cognition in cognitively healthy older individuals (14).
However, randomised interventions studies have shown negligible beneficial effects of omega-3 polyunsaturated fatty acids on cognition and mood
(14, 15).
Physical activity has positive effects on atherosclerosis and metabolic
risk factors (16). Some data indicate a positive effect on cognitive function
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but the results are not completely convincing (17). In a Swedish longitudinal study of females, midlife physical activity was independently associated
with reduced risk of dementia disease later in life (18). Studies have also
shown beneficial health effects of improved physical activity, energy expenditure, health-related quality of life, and hospitalisations for older primary care patients in general (19). Current international guidelines recommend at least 150 minutes of aerobic physical activity per week for achieving health protective effects. Physician -patient discussions concerning risk
reduction via habitual aerobic physical activity offers a complementary intervention as part of broader dementia management in primary care (20).
The Swedish registers
The Nordic countries and Sweden in particular are world-renowned for
their national population - and health registers. The main purpose is to
identify all individuals and to aggregate data about the entire population.
In Sweden, the history of national registration in parish registers goes back
to the end of the 16th century (21).
Six registers are held by the National Board of Health and Welfare in
Sweden: “the national Cause and of Death Register”, “the Medical Birth
Register”, “the National Cancer Register”, “the National Patient Register
(secondary care)”, “the Swedish Prescribed Drug Register” and “the Dental
Health Register”.
Other important registers for elderly patients in PHC are “PV-kvalitet”,
“Senior alert”, “the Swedish register for palliative care” and “the Swedish
BPSD register”. BPSD refers to the behavioural and psychological symptoms in dementia. Severe BPSD are often associated with more advanced
dementia. The aim of the BPSD register is to improve the quality of care of
patients with dementia including reducing the symptoms of BPSD, reducing medication use in BPSD and providing national evidence-based standard care for these patients.
SveDem
The Swedish Dementia Registry (SveDem) started in 2007 with the aim of
improving the quality of diagnostics, treatment and care of dementia patients in clinical practice (22). Newly diagnosed patients meeting the ICDcriteria for dementia are included in SveDem (23).
SveDem is a web-based registry with collected information about diagnostic workup, treatment, care and follow-up. In the Swedish system, both
primary care physicians and specialists make diagnoses of dementia, and
SveDem registers both. Younger patients, patients with a complex medical
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history, rapid decline in cognitive function and suspicion of a rare condition are possible reasons for referral to a memory clinic as well as patients
in need of a second opinion and investigations that are more extensive.
The coverage is around 95% of all specialist memory clinics that diagnose dementia in Sweden but considerably lower for primary health care
units (22).
Demography
Several studies and meta-analyses have tried to estimate the worldwide
prevalence and incidence of dementia in the future. The statistical calculations are challenging due to problems with obtaining valid population data
from the oldest age groups, especially in developing countries (24). An estimate of the dementia prevalence globally is crucial for public policy decisions and social planning (25).
The total number of older persons aged 60 years and above is expected
to more than double globally between 2013 and 2050, reaching more than
2 billion in 2050 (26). The ageing population is likely to mean a large upcoming increase in the number of adults with dementia worldwide. More
than 24 million people have dementia today, with an estimated one new
case every 7 seconds (27). However, recent studies indicate a declining
prevalence of dementia in the United States and other high-income countries (28). With the possibility of increase in educational level as one explanation, the full reason for the decline remains uncertain. Primary-care data
from Spain reported a calculated age and sex standardised dementia incidence of 8.6/1000 person-years (29).
Previously a lower prevalence of dementia has been reported in developing countries compared to, for example, Europe. It is unknown whether
this really reflects a genuine difference in disease incidence or rather can
be linked to different age distributions in the study populations (30). Nevertheless, most people with dementia live in developing countries and the
numbers are forecast to increase by more than 300% between 2001 and
2040 in India, China, and their south Asian and western Pacific neighbours
(27)
Demography in Sweden
The demographic development in Sweden is no exception to that described
globally. The predicted pattern is a mushroom - shaped population pyramid with few children and many elderly (Figure 1) (31).
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Figure 1. The Swedish population pyramid. Ages 0 to 100 years and parts of
the entire population are shown in five year age groups for December 1900
(black) and December 2013 (light grey). Source: Statistics Sweden, Population
statistics. http://www.scb.se/en, 2014.

Social burden and economical cost
According to the Global Burden of Disease estimates for the 2003 World
Health Report, the disability burden for dementia was higher than for almost any other health condition, apart from terminal cancer and spinalcord injury (27). It is higher than both stroke and cardiovascular disease,
even when taking into account that these types of calculations are possibly
affected by different errors.
Direct cost in developed countries arise mainly from community and
residential care but people with dementia are also high consumers of health
care. Institutional costs make up about 60% of the total cost. The cost per
person with dementia in Sweden has nevertheless dropped somewhat in
recent years, mainly due to de-institutionalisation. Indirect costs link
partly to the strain on family caregivers who shoulder a great responsibility
(27, 32). However, worldwide costs of dementia are enormous and rising
due to the increase in the total number of individuals with dementia (33).
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Cognitive impairment
Subjective and objective experience of cognitive impairment and dementia
are common among patients in Swedish primary care (34). Cognitive impairment is an early symptom that might appear several years before a possible dementia diagnosis. The pathway from cognitive impairment to dementia is complex and several aspects of the disease progression is today
unknown. In a PHC context it is important to note that the majority of people with mild cognitive impairment will not progress to dementia even after
10-years’ follow-up (35).
Several other conditions aside from dementia can cause cognitive impairment, especially among elderly patients. Clinical differential diagnostic
assessment is important to be able to detect or rule out other somatic and
psychiatric disorders such as malnutrition, anaemia, cardiovascular diseases, diabetes, neurological diseases, alcohol overconsumption and abuse,
depression and stress-disorders.
Mild cognitive impairment (minor neurocognitive disorder)
Individuals with mild cognitive impairment (MCI) often have subjective
memory decline and show mild cognitive deficits on objective cognitive
tests but activities of daily living are preserved (36).The objective cognitive
impairment is not sufficiently severe to meet the criteria for dementia and
there are consensus criteria for MCI diagnosis (37).
The MCI population has a ten-fold increased risk for of progression to
dementia compared with the general population, of about 30-50% within 5
years, making this group of great interest for early detection of dementia
diseases (38, 39). The incidence of conversion to clinically probable Alzheimer's disease is at a rate of 10-15% per year. In contrast to other elderly
patients who will develop Alzheimer’s disease at a rate of 1-2% per year
(36).
However, the group of elderly patients with MCI is heterogeneous. Follow-up data from elderly outpatients with manifest MCI described an overall rate of conversion 23.8 per 100 person-years. During the same followup period, 53.8% of participants remained stable and 17.3% reverted to
normal (40). There is a high incidence of depression among MCI-patients
and overlap between elderly patients with MCI, depressive disorder and
dementia. In some patients, this symptom pattern might describe a possible clinical continuum rather than different disease pictures (41).
The discrimination between MCI and early AD from normal cognitive
ageing is difficult but understanding the pattern and speed of decline is
13
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helpful. Cognitive ageing is generally characterized by a slow but steady decay in fluid cognition (42). Cognitive tests have shown to be usable tools for
the possibility of predicting which individuals with MCI will progress to dementia. Predictive accuracy was highest when combining memory
measures with a small set of other domains or when relying on broad cognitive batteries (43).
Dementia (major neurocognitive disorder)
The most common form of dementia is Alzheimer’s disease (AD), which
makes up approximately 50-60% of all dementia diagnoses (1). The second
most common is vascular dementia (VaD) 10-50%, followed by mixed dementia and Dementia with Lewy bodies (DLB) (44, 45). More uncommon
forms are frontotemporal dementia (FTD) and Parkinson’s disease with dementia (PDD). However, accumulating data shows that mixed etiologies
(comprising neurodegenerative and vascular features) account for a particularly high prevalence of mixed dementia in people older than 80 years,
making mixed dementia perhaps the most frequent dementia diagnosis in
elderly populations, also in primary care (8).
The distribution of dementia diagnoses in the SveDem registry from
2007 to 2013 (table 1) shows a considerably lower share of AD diagnoses in
relation to the total and a relatively high proportion of mixed dementia
(23).
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SveDem (n = 22,384)
Alzheimer’s disease (AD), early-onset 740 (3.3%)
Alzheimer’s disease (AD), late-onset

7,396 (33.0%)

Vascular dementia (VaD)

4,207 (18.8%)

Mixed dementia

5,568 (24.9%)

Dementia with Lewy bodies (DLB)

695 (3.1%)

Frontotemporal dementia (FTD)

515 (2.3%)

Parkinson’s disease dementia (PDD)

426 (1.9%)

Unspecified dementia

2,330 (10.4)

Others

507 (2.3)

Table 1. Dementia diagnoses from 2007 to 2013 in SveDem.

The role of the general practitioner and primary care
Brief history of Swedish primary health care
The history of Swedish general medicin goes all the way back to the 17th
century. In the beginning of the 20th century, Sweden had around 500 single-working doctors, often with their own private practice, in both the villages and cities. The work was described as hard and lonely, with difficulties recruiting new colleagues. In the middle of the 20th century, the idea
of more complete medical centres grew and often 3-4 medical colleagues
started to work together in a common medical centre. The first Swedish
primary health care centre started in Dahlby, county of Skåne, 1968 and
todays primary health care definition in Sweden originates from the year
1978 (46).
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In Sweden today, primary care practices comprise general practitioners
(GPs) organised within multidisciplinary teams. Well-functioning PHC is
characterised by high accessibility, coordination of care with a person-focus over time and continuity. Primary care is an important factor in the
complex healthcare system, promoting outcomes like quality, efficiency
and equity (47).
In a recent Swedish study, the result showed that active patient – doctor listing and more consultations in primary care are associated with reduced mean days hospitalised, when adjusting for socioeconomic status
and multimorbidity level. In conclusion, the promotion of well performing
primary care is worthwile to maintain good relationships with patients and
possibly reduce mean days hospitalised (48). The risk of hospitalisation is
increased in relation to morbidity burden and is therefore of particular interest in relation to elderly patients and individuals with cognitive impairment.
The multiprofessional team in dementia care
There are several studies indicating the importance of collaborative care
and multiprofessional teams in the assessment and follow-up of patients
with dementia in PHC (49). The main result and benefit is perhaps not improvement of the patient’s cognition, but instead, other important aspects
of care, such as improvements in behavioural and psychological symptoms
of dementia and reducing caregivers stress (50).
Practice nurses in PHC and community nurses have an important role
in the early recognition of patients with a risk of developing cognitive decline and dementia (51). The education for nurses in mental health is sometimes insufficient but it is very important to facilitate early recognition,
since dementia often present in an atypical way without primary appearent
memory loss. Data from a study looking into factors that facilitate helpseeking behaviours for cognitive impairment described the importance of
family and friends, alongside well-informed health professionals (52).
Collaborative memory clinics in PHC are an example of multidisciplinary teamwork as a way of optimising dementia care (53, 54). One important facilitating aspect of building good and effective dementia assessments in primary care seems to be close collaboration between GPs and
geriatric specialists (55).
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GPs’ role in dementia diagnostic procedures
PHC often functions as a gateway to specialist services and secondary care,
and for most people it is the primary route into the health care system. This
and the ability to notice fluctuations in cognitive capacity over time means
GPs often have a key role in the diagnosis of dementia. The majority of elderly people are in contact with a general practitioner, more or less regularly.
Despite this, several studies have highlighted the underdiagnoses of dementia in primary care facilities (34, 56). In an older patient population
with multimorbidity the correlation between MMSE <23 and a dementia
diagnosis in medical records was low (57). In community care the number
of individuals living with undiagnosed dementia is high (58).
There seem to be several contributing factors to the difficulties of a
more active dementia diagnosis in PHC. One explanation is the belief
among some GPs that they have little to offer patients diagnosed with dementia and for that reason sometimes do not reveal the diagnosis at all
(59). Other described barriers include difficulties with communication
about cognitive impairment, educational deficits, and challenges with system resources (60).
Objective test measurements have been shown to be more reliable than
a patient's subjective memory complaints in dementia assessments (2).
Subjective memory complaints lack specificity as they are often associated
with depression (although there is an overlap between symptoms of depression between dementia disorders and affective disease). However, several studies indicate the lack of use of objective cognitive screening tools in
dementia diagnosis in PHC (3). Some GPs do not perceive today’s screening
instruments as helpful in the diagnostic process and therefore do not use
them (4, 5). There are also described problems in administering cognitive
assessment instruments in PHC (61).

Dementia assessments in primary care
Basic dementia investigations
The diagnosis of dementia is clinical and patients with cognitive impairment in need of a basic diagnostic evaluation for dementia is common in
PHC. The diagnosis is based on the history (from the patient and the caregiver), a physical examination and brief cognitive testing (62). Often some
laboratory testing is necessary to rule out other underlying explanations for
the cognitive impairment. Assessments of activities of daily living (ADL) is
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clinically valuable in the basic dementia investigation and can be performed using an objective ADL instrument evaluation (IADL) (63).
According to Swedish national guidelines, structural imaging with
computed tomography is recommended with a high priority (or in selected
cases magnetic resonance imaging) to find cerebrovascular pathology, atrophy and other treatable cerebral pathology (for example brain tumours)
(64). Today, there is no recommendation for functional imaging, measurement of biomarkers and more extensive neuropsychologic testing in PHC
diagnostical procedures (62).
Cognitive tests in dementia assessments in primary care
In this thesis, early cognitive screening is referred to as a first step of case
findings of individuals with possible dementia disease in the clinical setting
at the PHC. The research has not focused on epidemiological screening of
asymptomatic individuals in the community. Today there is no convincing
benefit of screening all elderly people with undetectable signs of the disease
but early recognition of cognitive symptoms is crucial (65). Primary care
studies and cognitive tests take place in an environment where there are
patients with quite high suspicion (and risk) of having dementia and the
text should be read in that context.
PHC cognitive tests for dementia assessments need both high sensitivity as well as quite high specificity. High sensitivity (low proportion of false
negative test results) is important not to miss any dementia cases and high
specificity (low proportion of false positive test results) is also important to
avoid unethically wide investigations on cognitively healthy patients (66).
If the GPs select the correct patients for investigations, there is an expecteded quite high prevalence of the disease in the clinical population and
a high positive predictive value (ppv) would be desirable. However, the
prevalence of positive dementia cases will never be as high in the primary
care population as in a secondary specialist memory clinic setting.
Brief overview
To this date, no single dementia screening test has been shown to be accurate enough to be included alone in a guideline-level recommendation.
Cognitive testing is an important part of a necessarily wide medical examination battery.
According to the requirements from the Swedish National Board of
Health and Welfare the recommendation for basic cognitive testing in dementia diagnostic procedure in PHC is the combination of Mini Mental Sta-
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tus Examination (MMSE) and Clock Drawing Test (CDT), often complemented by another brief screening test for dementia or a multi-domain instrument (64, 67). MMSE mainly evaluates left hemisphere functions including attention, orientation, repetition, naming, recall and comprehension. CDT measures attentiveness, overall visual-spatial ability and construction but not episodic memory specifically (68).
As time pressure often is siginificant in PHC there are attempts to find
a brief instrument that rapidly can detect cognitive decline. The General
Practitioner Assessment of Cognition (GPCOG) takes approximately 4-6
minutes to administer. GPCOG is globally available in primary care settings
but not so common in Swedish primary care. The test consists of one testing
part and one interview part. GPCOG and MMSE seem to have similar accuracy for detecting dementia in PHC with slightly better sensitivity in
GPCOG (69, 70). Data on the instrument are scarce.
There are several brief tests for subjective memory complaints but due
to diagnostic uncertainty, they have limited clinical use. Another challenge
is the inconsistency in the definitions used in the subjective memory tests
and the many variations in the single questions and sets of questions (71).
Examples of tests are the Subjective Memory Complaint (SMC) with a single question and Subjective Memory Complaint Clinical (SMCC) a seven
question test (72). Another example is the Subjective Memory Rating Scale
(SMRS) with a five-item scale (73). None of these is frequently used in
Scandinavian primary care.
As objective memory complaints seem to be more reliable than subjective, it is important to get structured information from key-informants related to the patient. The Cognitive Impairment Questionnaire (CIMPQUEST) has been used in Sweden for many years; it has high reliability and
validity and is therefore often recommended (74).
Early diagnosis of dementia versus normal ageing
One challenge is to discriminate between cognitive changes associated with
normal ageing and signs of cognitive impairment indicating early dementia. The combination MMSE and CDT is helpful in finding dementia in
moderate stages but not for detection of MCI and early diagnosis of dementia (68). Screening for MCI in primary care is questionable, as drugs for
curative purposes are not currently available, but some of the cognitive
tests developed for MCI diagnosis might be beneficial in PHC for early detection of dementia.
An example of a reasonably short cognitive tests focused on early diagnosis of MCI and dementia, is the MCI screen (MCIS) which measures executive function, working and episodic memory and language. The MCIS
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has shown an overall good accuracy in differentiating between normal ageing, MCI and mild dementia in a primary care population (68, 75).
There are several studies of the Montreal Cognitive Assessment Scale
(MoCA) with promising results but data from PHC is scarce. Normative
MoCA data are available from a large Swedish population cohort aged 65
to 85 years (76). The objective of MoCA was to develop a 10-minute cognitive test with the ability to assist first-line physicians in the detection of
MCI (77). MoCA covers eight cognitive domains: short-term memory task
with five nouns (5 points) and delayed recall after five minutes, visual-spatial with CDT (3 points) and cube copying (1 point), executive functions by
adaptive tasks from TMT B (1 point), a phonemic fluency task (1 point), and
a two‐item verbal abstraction task (2 points); orientation to time and place
(6 points) and finally attention, concentration, language and working
memory. Maximum is 30 points. Several short versions of MoCA are available but to our knowledge has not been validated in Scandinavia or in PHC.
MoCA has been compared to another available short MCI test, the
Qmci, in a study at an Australian outpatient geriatric clinic but has not been
evaluated in PHC. The accuracy was eaqual for the tests but Qmci is shorter
and easier for patients to complete (78).
In disease and drug trials, a new composite clinical outcome has been
suggested, which is better designed and more sensitive for early stages of
the disease and MCI. AD Composite Score (ADCOMS) consists of four Alzheimer's Disease Assessment Scale-cognitive subscale items, two MiniMental State Examination items and all six Clinical Dementia Rating-Sum
of Boxes items (79).
Tests of executive function and motor speed
Data suggest reductions in perception and cognitive speed are an early sign
of AD, similar to reductions in delayed episodic memory and linguistic abilities (80). A Quick Test for Cognitive Speed (AQT) is in part one and two
(colour and word) mainly regarded as a single-dimension speed test but the
dual-dimension (part 3 colour-word) measures executive function in particular.
Besides AQT, there are several other available tests of executive functions and speed tests of motor function which may be used in PHC. Trail
Making Test (TMT A) is a test in a more single-dimension fashion measuring attention and processing speed. TMT B consists of alternating numberletter sequencing and is considered an executive test (measuring cognitive
flexibility) (81). The executive functions are complex visual-motor conceptual screening, planning, organisation, abstract thinking and response inhibition functions (82). TMT is regarded as a useful measure of executive
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dysfunction in elderly subjects and patients with MCI. The test requires intact visual and motor functions which somewhat restricts the use but an
oral version of TMT B has been validated (83). AQT can be quickly implemented as a brief executive test in Swedish PHC and the use of TMT is less
common. However, TMT is widely spread as an important part of more extensive neuro-psychological testing batteries in specialist memory clinics.
In theory, nothing excludes the test from being useful also in investigations
and early diagnosis in primary care.
Another possibility is the Stroop test which measures processing speed
and an aspect of executive functioning involving response inhibition. The
original version of the Stroop Test with 100 metric figures is extensive and
not well adapted for elderly patients in PHC. However the test exists in
many versions, most common is the Stroop Color and Word Test (SCWT)
and the Victoria version (84, 85). Most applicable for primary care is probably the short Victoria version consisting of three sets, each set with 24 visual stimuli. The stimuli should be named within time and adjusted for age
into T-scores; a table with normative values is available. Page 1 has words
written in black ink. On page 2 the participants read forms in different colours and the colours are named. On the colour-and-word test on page 3,
none of the colour words match the colour of the ink in which they are
printed. Participants name the ink colours.
Part three in the Victoria Stroop test measure an interference effect,
which indicates the ability to inhibit prepotent responses, an executive
function (86). The Stroop test and AQT share design features but the aspect
of inhibition, linked to frontal brain function, is not a part of the AQT test.
Functional imaging has shown different regional brain activation in the two
tests. AQT mainly shows activation in parietal regions and low frontal activity, whereas Stroop showhs high activity in the frontal regions associated
with the process of inhibition (86, 87).
Dementia diagnosis in a multi-cultural population
The majority of commonly used cognitive assessments tools have known
cultural biases and the tests are limited when used in populations with diverse languages and low education. The Rowland Universal Dementia Assessment Scale (RUDAS) was developed in Australia especially for culturally and linguistically diverse populations. The RUDAS is a brief and freely
available cognitive assessment tool. The correlation between RUDAS and
MMSE in one comparative study was 0.77 (95% CI 0.72-0.81) (88).
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Differential diagnosis of dementia in primary care
From theory and previous research there seem to be neuropsychological
characteristics distinguishing AD from VaD. In clinical practice, this is not
always obvious, especially not early in the disease. There is more prominent
memory loss and impaired retrieval from long-term storage in AD than in
VaD. Moreover, data suggest that AD and subcortical VaD affect perseverative behaviour in a different fashion, despite overall the same degree of
cognitive decline. Executive functions often deteriorate early in VaD. With
neuropsychological batteries designed to measure memory, language,
praxis and executive functions, it was possible to distinguish between cognitive normal function, AD and VaD in a primary care population (89).
It is necessary for the GP to understand the different cognitive-behavioural profiles of neurodegenerative diseases to be able to place the cognitive test results in a clinical context, especially for early differential diagnostics in PHC. Patients with DLB often have mood-congruent visual hallucinations. Both patients with DLB and PDD have more prominent defective processing of visual information compared to patients with AD (90).
Considering this, moderate extensive tests are of interest that are not
too time-consuming and which measure several cognitive domains, not
only global cognitive function. Examples of available cognitive instruments
in the category are Cognistat, Cognitive Assessment Battery (CAB) and
CERAD-NP.
The Consortium to Establish a Registry for Alzheimer's Disease
(CERAD-NP) is a brief neuropsychological assessment battery that
measures the cognitive deficits typically accompanying Alzheimer disease
(AD). The CERAD-NP, like the MMSE, comprises a semantic fluency task,
a picture-naming task, a Word-List-Learning task with delayed recall and
recognition, and a visual construction task (91). CERAD-NP is an example
of a relatively brief multi-domain instrument and is widely used internationally; the test is available in PHC in Finland but uncommon in primary
care centres in Sweden. A composite score for the CERAD-NP that could be
used along with the normative data to provide an index of overall level of
cognitive functioning has been suggested (92).
Some of the available cognitive tests for basic dementia assessments,
used and relevant for Scandinavian PHC today are listed and compared in
table 2.
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Table 2. List of some available cognitive tests for basic dementia assessments in PHC, used to varying extent in Scandinavian countries today.
Time

Sens

Spec

Comparison with
the MMSE

Education
bias

Cultural,
language
bias

CDT

5 min

Adequate

Low

Worse

Easy

Some

Little

AQT

5 min

Adequate

Adequate

Equal

Easy

Little

Little

GPCOG

5 min

Adequate

Adequate

Equal

Easy

?

?

MMSE

10 min

LowAdequate

Adequate

-

Easy

Some

Some

MMSE+CDT

15 min

Adequate

Adequate

Better

Easy

Some

Some

MoCA

15 min

High

Adequate

?

Easy

Strong

Some

RUDAS

15 min

High

Adequate

Equal-Better

Easy

None

None

CERAD - NP

20 min

High

Adequate

Better

Difficult

Strong

Some

Cognistat

20 min

AdequateHigh

Adequate

Better

Moderate

Strong

Some

CAB

30 min

Adequate

Adequate

Equal

Difficult

Strong

Some

Test

Applicability

Very short

Short

Multi-domain

? Indicates data unavailable or unpublished in PHC. Sens-Sensitivity, Spec-Specificity, MMSE Mini Mental State Examination, CDT - Clock Drawing Test, AQT – A Quick Test of Cognitive
Speed, GPCOG – General Practitioner Assessment of Cognition, MoCA – Montreal Cognitive Assessment, CAB – Cognitive Assessment Battery, CERAD-NP – Consortium to Establish a Registry
for Alzheimer´s Disease Neuropsychological battery.
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RATIONALE FOR THE THESIS
With an ageing population worldwide, an increase in people with dementia
is expected. The direct and indirect cost for dementia is substantial. Today
there is no medical cure but with early diagnosis, there is a possibility for
coping strategies to minimise symptoms for the patients and reduce strain
on the family caregivers. PHC often functions as the primary way into the
health care system. The majority of elderly people are in contact with a general practitioner, more or less regularly. This means GPs often have a key
role in the diagnosis of dementia.
According to the Swedish National Board of Health and Welfare, cognitive
tests are an important part of the basic dementia evaluation. However,
there is a lack of use of objective cognitive screening tools in dementia diagnosis in PHC and an underdiagnosis of dementia. Some GPs do not perceive today’s cognitive instruments as helpful in the diagnostic process and
administration problems have been identified with cognitive assessment
instruments in primary care.
The discrimination between MCI and early AD from normal cognitive ageing is difficult. The MCI population in PHC is furthermore very heterogeneous. The recommended combination MMSE and CDT is helpful in finding dementia in moderate stages but not for detection of MCI and early diagnosis of dementia.
For several of the cognitive tests used in the clinic today, primary care validation of the instrument is scarce and GPs need better normative values
for the oldest old to improve the assessments. To improve the diagnostic
process it is also necessary to look for new, brief multi-domain instruments
with a potential for basic dementia investigations.
This thesis is an attempt to increase knowledge and improve the diagnostic
evaluation of the cognitive instruments used for basic dementia evaluations
in primary care.
Increased diagnostic accuracy provides an opportunity to improve medical
and social care for patients with dementia and their relatives.
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AIMS
General aim
The aim of this thesis is to investigate the accuracy of several cognitive tests
used in dementia assessments in PHC, especially among elderly patients:
A Quick Test of Cognitive Speed (AQT), Cognistat and Cognitive Assessment Battery (CAB) and present normative MMSE values for the oldest old.

Specific aims
 To validate the usefulness of AQT as a cognitive instrument in the diagnostic evaluation of dementia against final clinical diagnosis in primary
care and to compare the AQT results with the MMSE and CDT.
 To investigate the diagnostic accuracy and clinical utility of the brief
multi-domain instrument Cognistat for identifying individuals with
cognitive impairment in a primary care population.
 To present normative MMSE values from an elderly Swedish cohort
aged 85-93 years, and to analyse, and compare data from a brain healthy
subgroup of the same age.
 To evaluate the accuracy of the CAB test in a primary care population
based on routine clinical cases in dementia investigations in PHC.
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MATERIAL AND METHODS
Study populations
The studies in this PhD thesis originated from data of participants in two
different populations. One was a primary care population (studies I, II and
IV) and one was a population-based survey (study III) where all residents
were born in 1922 and living in the municipality of Linköping, Sweden.
Primary-care population
Studies I, II and IV systematically recruited participants from four PHC
centres between 2007 and 2009. The four primary care centres served a
total population of 49 800 people; 11 200 were 65 years or older.
The inclusion criteria were as follows: age 65 years and above, with
complaint or suspicion of cognitive impairment due to possible dementia
disease by the patient, an informant or employees in PHC. Inclusion of the
study participants and written informed consent was collected at the appointment with the GP. Altogether 52 individuals met the inclusion criteria. These patients followed a study protocol according to standard dementia basic evaluations in PHC, county council Östergötland and according to
Swedish national guidelines for dementia investigations and care, including lab tests and CT scan (64).
Twenty-nine individuals who were presumed to be cognitively healthy
and visiting primary care for some other medical problem during the same
period were also included to extend the study group. These 29 patients
completed a short questionnaire regarding self-estimated memory and
identified themselves as cognitively well-functioning; the general practitioner agreed with their self-assessment.
Exclusion criteria for all participants were a medical history or record
with a known dementia diagnosis, ongoing verified severe or unstable psychiatric disorder, brain tumour or brain-related infection and recent stroke
or head trauma. Patients with a previous psychiatric diagnosis but in a clinically stable condition (determined by the general practitioner) and with
unmodified antidepressant medication for the last 6 months were included.
All 81 patients performed the cognitive tests MMSE, CDT, AQT and
Cognistat during the same appointment with an occupational therapist in
primary care. The patients then visited a university memory clinic for more
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extensive testing in a standardised order by a trained nurse and a neuropsychologist, and had an evaluation by a geriatric specialist. The final clinical diagnoses were based on the investigation results and consensus conclusions provided by the neuropsychologist and a geriatric specialist.
The DSM IV criteria were the basis for the dementia diagnosis, which
was clinically journaled according to ICD10 (93). The dementia differential
diagnosis followed research criteria for each dementia diagnosis (44, 45,
94-96). MCI diagnosis was assessed according to the criteria from the key
symposium (37).
ELSA 85
In study III we analysed data from the ELSA 85, a population-based survey.
All individuals born in 1922 in Linköping, Sweden, were identified through
the local authorities’ register and invited to be a part of the study by post.
See figure 2 for flow-chart over the ELSA 85 cohort.
Baseline data
Baseline data registration took place between 2007 and 2009. Then 496
(76%) out of the 650 individuals first identified provided written informed
consent and answered a postal questionnaire. Finally, 380 out of those who
filled in the questionnaire were willing to participate in the first phase of
the study, which was a home visit by an occupational therapist. Baseline
data about the participants’ ADL abilities and a cognitive assessment by
MMSE was collected at the home visit. The study individuals then had a
visit at the geriatric clinic for further cognitive testing, blood samples, electrocardiogram (ECG) and physical examination by a doctor. In total, 374
individuals had a complete baseline registration at age 85 years (T1).
The postal questionnaire had questions about medical history and current prescribed drugs. It also included the European Quality of Life 5 Dimensions questionnaire (EQ-5D). Medical history was also obtained systematically from medical records and the medical examinations.
Follow-up data
Follow‐up stages were completed after 1 year at age 86 years (T2), 5 years
at age 90 (T3), and 8 years at age 93 (T4). T1 and T2 consisted of three
phases: a postal questionnaire, a home visit by an occupational therapist,
and a visit to the memory clinic in Linköping. The protocol at T3 and T4
was shortened to include only a home visit, during which the MMSE and
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self‐report questionnaires were administered. A trained nurse or occupational therapist performed the MMSE examination in the home of the patient in most cases.
Brain-healthy group
For analysis of the brain‐healthy group at age 93 years (n=38), people with
known diseases that can cause cognitive decline were excluded. The conditions concerned were neurological (e.g., stroke, epilepsy, multiple sclerosis,
normal pressure hydrocephalus, Parkinson’s disease), cognitive (e.g., dementia, objective mild cognitive impairment), somatic (e.g., chronic obstructive pulmonary disease with hypoxia, insulin‐dependent diabetes, metastasised cancer), and psychiatric disease (e.g., psychosis, depression), severe head trauma, and drug abuse.

Figure 2. Flow-chart over the ELSA 85 cohort.
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Measures
Cognitive tests
The purpose of this section is to give a short general description of the cognitive tests used methodologically in the thesis. Please see the introduction
section for a more comprehensive background of the cognitive tests available for dementia diagnosis in PHC.
Mini Mental State Examination
MMSE is the most widely used and studied short cognitive instrument and
the test is available worldwide, free of charge. The instrument measures
global cognitive function, including orientation, attention, memory, language, and visual construction through 12 items (97). MMSE takes around
10 minutes to administer. Maximum score is 30 points, with lower scores
indicating more impaired cognition. The test was used in all studies I, II,
III and IV but with slight differences in analyses of the cut-off values based
on the issues.
In study I results on MMSE ≤ 26/30 was regarded as cognitive impairment in the statistical analyses.
In study II the cut-offs were > 27/30 = no cognitive impairment; 21-26
= mild cognitive impairment; 11-20 = severe cognitive impairment (98).
The cut-off > 23/30 for no cognitive impairment was used for comparative
data analysis.
In study III normative MMSE values are presented as percentiles for
each age group and separately for the brain healthy group.
In study IV, the same cut-off as in study I, MMSE ≤ 26/30, was regarded as cognitive impairment.
Clock Drawing Test
The CDT measures impairment in mainly visuo-construction and executive
functions but also memory (mostly semantic memory) (99, 100). Difficulties in clock-drawing and associations with decline, especially in parietal
brain regions, have been shown in AD patients (101). The CDT is a short
test with an administration time of less than 5 minutes. There are a numerous different scoring systems and ways to administer the CDT test (102).
In studies I, II and IV scoring according to Shulman was used with a 1
- to 5 - point scale starting with a blank sheet of paper (103). Five points
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correlated to a perfectly drawn clock and 0 points to a not - at - all representative clock picture. Small visuospatial errors resulted in 4 points, and
if the clock indicators were misplaced but the numbers correctly placed
they would score 3 points and 1 to 2 points depending on the severity of the
misorganisation of the numbers on the clock. Every value below 5 points
was considered as an indicator of cognitive impairment.
Cognistat
The test was initially named the Neurobehavioural Status Examination and
the instrument is primarily developed and validated to detect cognitive deficits among patients with neurological conditions for example post neurosurgery and stroke (104).
The neurobehavioral cognitive status examination (Cognistat) has 10
subtests that assess multiple cognitive domains such as orientation, attention, language, constructive ability, episodic memory, calculation, and reasoning (similarities and judgement). The language subtest consists of three
parts comprising comprehension, repetition and naming (105). It has been
shown that the MCI group performed significantly worse than the cognitively healthy group on subtests in Cognistat. Besides episodic memory,
several other cognitive domains, such as constructive ability and abstract
thinking, were also impaired (106). However, the decline in episodic
memory was the most prominent.
The test is brief, and a cognitively healthy individuals needs around 510 minutes to finish it, and individuals with cognitive impairment around
15-20 minutes.
A low value in a separate test indicates cognitive decline in that domain.
Each subtest starts with a screening test (except memory and orientation);
if the patient fails the screening item, the test continues with a metric section. The result is shown in a graphic way as a cognitive status profile and
not as an aggregation of total global function. The graphic profile adds a
qualitative aspect to the test result beyond the numeric sum. In study II we
used the Swedish manual for administration of the test accoring to instructions with available age-normative values (107).
A Quick Test of Cognitive Speed
AQT is a short test, easy to administer and has therefore quickly spread in
primary care dementia diagnosis, especially in Sweden. The test takes
around 3-5 minutes in cognitively healthy adults and around 5 minutes if
the individual has some cognitive impairment. AQT is supposed to measure
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general cognitive and perceptual speed including reaction, retrieval, and
response time as well as working memory and time for making decisions
and cognitive set shifting (87, 108).
The test is not affected by gender and only weakly with education (109).
AQT has been shown to be affected by age to a small extent in normative
studies, with longer time correlated with older age (110, 111). In one study
linear regression indicated a prolonged speed processing time with 2 to 4
seconds (depending on the task) per decade (112). This is concordant with
the Salthouse reported age theory which proposes some age - correlated
changes in visual-pattern comparison speed, fluid intelligence, and working memory (42). However, a recent study in patients with MCI and early
AD showed no age effect in this population, suggesting that the brain disease has more influence on the recorded test time than age (113).
AQT is performed by reading a set of colours, forms, and colour-form
combinations as fast as possible (Pearson education, USA). The test consists of three parts where the patient rapidly names (1) the colour of 40
blue, red, yellow, or black squares (AQT colour), (2) the form of 40 black
shapes (circles, squares, triangles, or rectangles; AQT form), (3) the colour
and shape of 40 figures (consisting of previous colours and forms; AQT colour-form) (114).

Figure 3. Illustration of the coloured geometric figures in AQT.
According to test instructions, the patient is allowed to use other names
to describe the colours and shapes as long as the naming is consistent
throughout the test. The time in seconds is recorded for each of the three
tasks (single-dimension (1), single-dimension (2) and dual-dimension (3)).
Previous studies have shown a low number of naming errors, the seconds
required for self-correction, and switch cost is reflected in the total time for
each plate in the test (115).
In study I an occupational therapist administered the AQT and the patient completed all three tasks. In the data analysis, calculations were done
using the dual-dimension time (task 3) with the cut-off >70 seconds distinguishing those with a response time indicating cognitive impairment from
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no cognitive impairment, in comparison with the clinical consensus diagnosis of the dementia investigation in PHC. The dual-dimension was
choosen since it has been shown to be the most sensitive predictor for prolonged test-times (116).
Cognitive assessment battery
CAB is a composition of severel different previously used and separately
validated cognitive tests. CAB comprise the domains speed and attention
(Symbol Digit Modalities Test), learning and episodic memory (immediate
and delayed text recall), visuospatial functions (Clox and drawing and copying a cube), language (short version of Token Test and naming 30 items
from the Boston naming test) and executive functions (short version Victoria Stroop). The different tests are presented in a standardised order and
overall CAB takes around 20-30 minutes to perform with instructions
(117).
Every test in CAB has a table with normative values (means and standard deviations for various ages). On each test, the result obtained is a grading of the cognitive function as above the mean, at the mean or below the
mean. In this way, it is theoretically possible to get a quick overview of the
patient’s cognitive profile. From previous studies, it seems CAB could possibly distinguish between cognitively healthy controls, MCI, dementia, and
perhaps subgroup vascular from non-vascular MCI (117, 118). CAB was
originally designed to be able to detect minor decline in cognitive capacity
compared to MMSE most frequently used in PHC.
In study IV CAB was administered at a memory clinic by a trained
nurse or an occupational therapist according to the Swedish manual (117).
Concordant with Nordlund et al we also used >2 standard deviations from
the mean for “no cognitive impairment” as the cut-off to define cognitive
decline.
Postal questionnaire
The postal questionnaire in study III (ELSA 85) charted aspects of socioeconomic status, occupation, education, social network and use of assistive technology. The study participants responded to the written questions
on their own.
EQ-5D
In study III health related quality of life was measured by EQ-5D that was
attached to the postal questionnaire. EQ-5D is commonly used in research
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as a health quality measurement and the instrument is validated in general populations, elderly people and among individuals with possible cognitive impairment (119, 120). Aspects of pain/discomfort, anxiety/depression, mobility, usual activities and self-care are in the assessment.

Statistical analysis
In studies I and II data were collected and calculated in the statistical program SPSS for Windows 19:0 (SAS Institute, Cary, NC, USA). In the descriptive analyses we used chi-square for gender, comorbidity, and medication; independent t-test was used for age, education, and the test variables. Sensitivity, specificity and predictive values were calculated in both
studies and likelihood ratios (LR) were presented in study I.
In study I analyses were made for the tests alone and in combination. When
combining different tests, one positive result in any of the test was enough
to register the combination as positive for cognitive impairment. The area
under the receiver operating characteristic (ROC) curve (AUC) was used to
quantify the binary outcomes (“no cognitive impairment” and “cognitive
impairment”). AUC between 0.7 and 0.9 was considered to be good accuracy for the cognitive tests (121).
Correlation data were analysed parametrically with Pearson's correlation and non-parametrically with Spearman's rank correlation.
In study II age, education, duration of symptoms and test results were analysed with the parametric student t test. P-value <0.05 was regarded as
statistically significant.
AUC was also calculated for the different subtest domains in Cognistat.
Besides sensitivity, specificity and predictive values additional analyses
were done with the Youden index (J) and the CUI+ (122, 123).
In studies III and IV analysis of the data was done in the statistical program SPSS for Windows version 24:0 (SAS Institute, Cary, NC, USA).
In study III the MMSE scores originate from the same population on four
separate occasions between ages 85 and 93 years. MMSE normative data
at ages 85, 86, 90, and 93 years are presented by mean, median, range and
percentiles. The Mann‐Whitney U test was used in the analyses of the differences in MMSE between males and females, and between the total group
and the brain‐healthy group.
We also separately analysed MMSE versus age for the same individuals
(n = 50) who reached 93 years of age and delivered data at all four time
points by mixed‐models analyses and pairwise post hoc comparisons. The
mixed‐models analyses used a diagonal repeated covariance structure for

33

Material and methods

the data and is advantageous when multiple correlated measurements are
performed.
In Study IV the non-parametric Mann-Whitney U test was used for group
comparisons between “no cognitive impairment” and “cognitive impairment” since the demographic data were not not homogenous and not normally distributed between the groups. Differences between groups for the
cognitive tests were analysed using a univariate analysis of variance where
the model was corrected for age and education and presented as median
(range) values.
For discrimination between “no cognitive impairment” and “cognitive
impairment” assessments with C-statistics and ROC were done to quantify
the binary outcomes with AUC calculations.
Concordant with Nordlund et al we used >2 standard deviations (>2
SD) from the mean for “no cognitive impairment” as the cut-off to define
cognitive decline for the CAB (117).

Ethical considerations
All research studies that underlie the results in this thesis, including permission to obtain data from all registers held by the County Council of
Östergötland, comply with the ethical rules stated in the Declaration of Helsinki. Ethical approval was obtained from the Regional Ethical Review
Board at Linköping University, Sweden. Studies I, II and IV (dnr
2007/137-07) and the ELSA 85 study III (dnr 2006: 141‐06; 2012: 332‐31;
2014: 455‐31).
The patients studied in the primary care population underwent their
examinations and testing mainly as a part of the clinical investigation.
However, they had to perform several extra cognitive tests and to limit possible bias from fatigue; they performed the extended neuropsychological
tests during another appointment at the memory clinic. Physical examination was carried out with respect for the individual’s integrity. There was
no substantial delay in time until the final diagnosis due to the study.
The cognitively healthy individuals in the primary care study did not
undergo a computer tomography examination or any blood samples.
All data were unidentified, aggregated and presented at a group level.
Overall, the risks are assessed as low and the benefits from the results estimated outweigh the risks associated with the studies.
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RESULTS
Paper 1
Early detection of dementia in PHC is difficult and adequate diagnostic
instruments are important (61, 124). MMSE is the most widely used diagnostic test but the test results are influenced by age, education and ethnicity, and the accuracy has been questioned (125, 126). The brief test AQT is
affected minimally by age and not at all by gender or education (111). AQT
is relevant for PHC dementia diagnostic assessment, and so far, PHC data
is scarce.
The aim of the study was to validate AQT as a cognitive instrument in
the diagnostic evaluation of dementia against final clinical diagnosis and to
compare the AQT results with the MMSE and CDT in primary care.
Results
Results were calculated for 79 patients. Thirty-three patients were diagnosed with no objective cognitive impairment and 46 patients with cognitive impairment. Among the patients with cognitive impairment the distribution of diagnosis was as follows: MCI 16 (35%), AD 12 (26%), mixed
dementia six (13%), VaD five (11%), LBD one (2%), PDD one (2%), dementia of uncertain origin two (4%), and three patients (7%) had comorbidity with depressive disorder.
The sensitivity, specificity, PPV and NPV for the individual tests and
combinations of tests are presented in table 3.
__________________________________________________
Table 3. Sensitivity, specificity, PPV and NPV for the cognitive tests
Cognitive test

Sensitivity

Specificity

PPV

NPV

MMSE
CDT

0.587
0.261

0.909
0.879

0.900
0.750

0.612
0.460

AQT

0.783

0.667

0.766

0.688

MMSE+CDT

0.696

0.788

-

-

MMSE+AQT

0.913

0.636

-

-

AQT+CDT

0.783

0.576

-

-

0.913

0.545

-

-

MMSE+CDT+AQT
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The positive likelihood ratios were as follows: MMSE: 6.45; AQT: 2.35; and
CDT: 2.15. The negative likelihood ratios were as follows: MMSE: 0.45;
AQT: 0.33; and CDT: 0.84.
ROC curve analysis of AQT at cut-off 70 seconds showed an AUC of 0.773,
for MMSE of 0.849, and for CDT of 0.574 (Figure 3).

Figure 3. Receiver operating characteristic (ROC) curve. Null hypothesis:
true area = 0.5. Area under curve (AUC): AQT = 0.773; MMSE = 0.849;
and CDT = 0.574.
Comments
The results in this study show that AQT is a usable test for dementia diagnosis in PHC. Sensitivity for AQT is superior to CDT, equivalent to MMSE,
and comparable to the combination MMSE and CDT. The sensitivity and
specificity of MMSE in combination with CDT is 0.696 and 0.788. A possible new combination with MMSE and AQT for diagnosis of dementia in
PHC shows promising results with sensitivity 0.913 and specificity 0.636.
Combining the three tests together did not provide a convincing improvement on the results.
The AUC 0.773 for AQT was above the recommended level of 0.7 which
was concidered to be good enough for diagnostic tests.
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Paper 2
Cognitive decline and early dementia may present with symptoms other
than memory loss and DSM-IV requires memory and another cognitive domain to be impaired for a dementia diagnosis (127). Therefore, a combination of a memory test with an instrument testing other cognitive domains
is of great interest for dementia diagnosis in PHC. Combined memory and
executive function tests can probably to a higher extent identify mild cognitive impairment and patients with MCI with risk of progression to dementia (128).
Cognistat is an interesting dementia diagnostic instrument for use in
primary care as it includes several cognitive subtests and is easily administered (105).
The aim of this study was to investigate the diagnostic accuracy and
clinical utility of Cognistat for identifying individuals with cognitive impairment in a primary care population. In addition, this study investigated
the diagnostic accuracy of Cognistat compared with MMSE and CDT which
are currently used in the PHC dementia diagnostic assessments.
Results
The final data were analysed on 46 individuals with cognitive impairment
and 33 individuals with no cognitive impairment. The cognitively impaired
group had a significantly higher mean age and lower education level than
the group with no cognitive impairment.
The test results were significantly lower in the group with cognitive impairment (Table 4).
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Table 4. Descriptive data and test results (mean, SD=standard deviation) for the
groups No cognitive impairment and Cognitive impairment.
No cognitive

Cognitive

impairment

Impairment

(n = 33)

(n = 46)

25/8

22/24

0.013

75±5.5

80±5.1

0.003

Education m, SD

11.5±3.9

9.7±3.6

0.037

MMSE m, SD

28.6±1.4

24.9±3.7

<0.000

4.9±0.4

4.5±1.0

0.048

11.9±0.3

11.0±1.7

0.002

Attention (0-8, ≤4)

6.8±1.4

5.7±1.9

0.007

Comprehension

5.9±0.3

5.4±0.9

0.001

11.9±0.5

11.2±1.4

11.2±1.4

Naming (0-8, ≤5)

7.9±0.3

7.4±1.2

0.011

Construction (0-6, ≤2)

4.5±0.8

3.2±1.7

<0.001

Memory (0-12, ≤6)

9.5±2.4

5.6±2.9

<0.001

Calculations (0-4, ≤2)

3.9±0.3

3.6±0.8

0.012

Similarities (0-8, ≤3)

6.2±0.7

5.8±1.6

0.002

Judgement (0-6, ≤3)

5.3±1.0

4.6±1.4

0.014

Females/males
Age m, SD

CDT m, SD

p-value

Cognistat Subtest m,
SD (test range and
cut-off)
Orientation (0-12, ≤8)

(0-6, ≤4)
Repetition (0-12, ≤9)

P-value analysed by Chi-square for gender, independent student’s t-test for age, education and
the test variables MMSE, CDT, and Cognistat. Significant p-value <0.05.

Analysis of one reduced domain alternatively two reduced domains on Cognistat showed sensitivity 0.85 and specificity 0.79 as well as sensitivity 0.57
and specificity 0.97. PPV and NPV were 0.85 and 0.79 as well as 0.96 and
0.62 with one respectively two domains impaired. CDT had a low sensitivity 0.26 and a high specificity 0.88. Cognistat was superior in sensitivity
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and specificity even when comparing to the combination of MMSE and
CDT (with cut-off MMSE <26 as well as <23).
Cognistat > 1 subtest had the best CUI+ of 0.72 corresponding to good
whereas MMSE <26 had CUI+ 0.53 (satisfactory). MMSE <23 only had
CUI+ 0.26 (poor) as well as CDT 0.20.
Analysis with ROC-curve and AUC for each subtest of Cognistat
showed impairment in memory and construction as the most prominent
impairments.
Table 5. Diagnostic accuracy of the tests validated against final clinical diagnosis
(Cognitive impairment n=46 versus No cognitive impairment n=33).
Test

Sens

Spec

PPV

Cognistat

85

79

85

MMSE

59

91

CDT

26

MMSE+CDT

70

NPV

LR+

LR-

79

4.05

0.19

90

61

6.45

0.45

88

75

46

2.15

0.84

79

82

65

3.28

0.38

Sens-Sensitivity, Spec-Specificity, PPV- Positive Predictive Value, NPV-Negative Predictive
Value, LR+-Positive Likelihood Ratio, LR-Negative Likelihood Ratio, MMSE-Mini Mental State
Examination, CDT-Clock Drawing Test. Results on Cognistat analysed with one reduced domain.

Comments
The results of this study indicate that Cognistat is appropriate for dementia
diagnosis in PHC. The relatively high sensitivity and PPV in combination
with a rather good specificity and NPV makes the test relevant for PHC dementia investigations. More important, our results also show that today’s
recommended combination of MMSE and CDT is not ideal for dementia
investigations in PHC.
Overall, the results for Cognistat in this study are superior to those for
MMSE and CDT, also in combination. It is promising for improved dementia diagnosis in PHC with a quick and easily administered multi-domain
test for dementia assessment. The results are also helpful in providing better information if the patient needs to be referred to a specialist memory
clinic for further investigations.

39

Results

Paper 3
The majority of patients with dementia receive their diagnosis when they
are older. According to several guidelines MMSE plus CDT is the recommended combination for basic dementia investigations, despite numerous
limitations (126, 129, 130). There is no absolute MMSE value discriminating between cognitively healthy and cognitive impairment. To be able to
ensure a dementia diagnosis additional information in the investigation
process is necessary in combination with cognitive test results (131).
However, normative MMSE data and cut-offs for cognitive impairment
in elderly populations are helpful in the dementia diagnosis process in
PHC. In many countries, MMSE 24 is used as a cut-off value for pathology
(132). In a lower-educated populations a cut-off of 21 has been suggested
(125). Data from previous age cohorts are scattered and seem to be improving in MMSE results when comparing different age cohorts over time (133).
Current data from highly educated populations are scarce.
The aim of this study was to present normative MMSE values from an
elderly Swedish cohort aged 85-93 years. We also analysed and compared
data from a brain healthy subgroup of the same age.
Results
Residents (n = 650) born in 1922 and living in the municipality of Linköping were invited to participate during 2007, ELSA 85. In total, 374 individuals were tested with MMSE at age 85 (T1), 280 at age 86 (T2), 107 at
age 90 (T3) and 51 at age 93 (T4). For the brain healthy subgroup individuals with known diseases that can cause cognitive decline (from medical
records and medical history) were excluded. These data were analysed separately. The number of brain healthy individuals were as follows: T1 (n =
220), T2 (n = 186), T3 (n = 72) and T4 (n = 38). Data from the selected
individuals (n = 50) who reached 93 years of age (n = 50) were looked at
specifically to analyse MMSE results versus age.
Median MMSE values for the total population over the ages 85, 86, 90,
and 93 years was 28 for all ages investigated. The 25th percentile values
were 26, 26, 26 and 27, respectively.
For the brain healthy subgroup median values were 28, 29, 28 and 28.
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Comparisons for age-effects showed no differences when all individuals for each age group were compared. When only the individuals reaching
93 years of age were analysed, there was a significant lowering of MMSE in
that age group (figure 4).

Figure 4. Lower: MMSE versus age for all individuals between 85 and 93 years of
age, mean (95% CI), p = 0.419, mixed models.
Upper: MMSE versus age for selected individuals (n = 50) who reached 93 years
of age, mean (95% CI), p = 0.003, mixed models. *Pairwise post-hoc comparisons
showed that MMSE at 93 years of age was lower than the three earlier ages (p <
0.037).

Comments
This study provides valuable information about normative MMSE data for
the oldest in a population with high-education and relatively good socioeconomic status. This is of great importance from a PHC perspective where
the majority of dementia investigations are in older people. Results fromlower-educated age cohorts suggest cut-offs of 21 for age 85 years and
older, but the number of observations are quite few (125). An older Canadian study showed a mean MMSE of 25.9 and the the 25th percentile was
23 to 26 correlating to the education level (129). Alltogether the literature
is variable and in clinical practice a low (24) MMSE cut-off is often used for
possible cognitive impairment in old age.
However, in summary, our results, together with several previous studies including 85 year olds, suggest use of the 25th percentile in MMSE of 25
to 26 points. Therefore, we conclude from the present data that MMSE 26
is as a reasonable cut-off for cognitive decline and further medical evaluation in older persons from 85 up to the age of 93 years.
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Our longitudinal data showed relatively stability over the 8-years study
period. Comparisons for age-effects showed no differences when all individuals for each age group were compared. When only the individuals
reaching 93 years of age (n=50) were analysed there was a small but significant lowering of MMSE in that age group.

Paper 4
Together with the patient’s history, medical examination and neuroimaging, cognitive testing is an important part of the basic dementia investigation. Aside from current recommendations to use MMSE and CDT, there is
a great interest in other cognitive tests which can be used for dementia investigations, such as Cognistat and AQT. One modern example is the cognitive instrument MoCA, which in recent years has been introduced as a
possible alternative, especially for detection of MCI and early dementia
(77). Short versions of MoCA applicable for PHC has also been studied as
an alternative (134). We do have normative values of MoCA results in Sweden but worldwide PHC data are scarce (76).
Another alternative is a more extensive neuropsychological assessment
also for elderly people (135). The disadvantages are that the neuropsychological batteries are time consuming, possibly tiring for the oldest patients
and the majority of the PHC settings often have a shortage in psychologists.
Cognitive Assessment Battery (CAB) was introduced as an instrument
somewhere between short cognitive tests and more extensive neuropsychological assessments, and has been elaborated with the intention of sensitivity for early detection of cognitive decline (117). The CAB test consists of
several domains and according to the instructions from Nordlund et al each
subtest should be analysed separately using -2SD as cutoff for cognitive decline (117). A summarised assessment based on the overall picture of the
results on all subtests must then be made to determine whether the patient
is cognitively healthy, has MCI or dementia.
The main purpose was to evaluate the accuracy of the CAB test in a primary care population, based on routine clinical cases in a dementia investigations study across four PHC centres. Patients with cognitive symptoms
as well as expected cognitively healthy patients were invited to participate.
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Demographic data of test results in the two groups “cognitively non-impaired” and “cognitively impaired” showed the test results were significantly altered in the “cognitively impaired” group after adjustment for age
and education.
The accuracy of the different subtests was analysed according to “no
cognitive impairment” or “cognitive impairment” evaluated by the medical
experts in the consensus discussion.
The results from the analysis of -2SD for cognitive decline according to
Nordlund et al for 1, 2 and 3 subtests are presented in table 6. The result of
the AUC varied from 0.685 to 0.772.
_________________________________________________
Table 6. Receiver operation characteristics for subtests of significant deficits
(-2 SD) in 1, 2, or 3 cognitive domains of the CAB test.
Number of domains
with significant
cognitive deficit

AUC

95% CI

1
2

0.772
0.748

0.661-0.883
0.639-0.857

3

0.685

0.570-0.800

When we analysed the numerical score for each subtest, instead of using
the -2SD, the calculated AUC result was 0.643 to 0.884, table 7. This
showed the highest AUC for the subtest Stroop 3 and the lowest AUC for
Token test.
_________________________________________________
Table 7. Receiver operation characteristics (ROC) for subtests of CAB
Test

AUC

95% CI

Delayed recall

0.859

0.774-0.944

SDMT

0.862

Naming

0.837

0.784-0.940
0.784-0.925

CDT/Cube

0.695

0.579-0.811

Token

0.643
0.884

0.579-0.811

Stroop 3

0.807-0.960
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We also produced a new possible model for analysis of CAB, called CABsum. CABsum consists of the subtests that gives lower scores in case of impairment. Those subtests are delayed recall, SDMT, naming, CDT + Cube
drawing and Token test. The range for the CABsum score results was 15106 (out of maximum 179 points). AUC for the CABsum was 0.916 (95% CI
0.857-0.957) better than for the separate subtests analysed both numerically and using -2SD according to Nordlund et al. ROC analysis was performed comparing the CABsum and the MMSE scale data, figure 5.

Figure 5. ROC curve MMSE vs CABsum.
Comments
The main purpose of this study was to evaluate the accuracy of CAB in dementia investigations in a primary care population. As the results to our
knowledge are the first from a primary care setting, they contribute with
valuable information.
Using the analysis method previously reported by Nordlund et al with
the -2SD criteria on each subtest, the AUC outcome for cognitive impairment in 1,2 and 3 subtests was around 0.7, corresponding to fairly good
accuracy but with some poor subtest results <0.7. The time 20-30 minutes
for performing CAB in primary care is quite substantial. This model of analysis also requires well-trained staff in primary care.
By introducing the CABsum the accuracy was increased and the AUC
was high >0.9. We therefore highlight the possibility of using the numerical
sum in clinical practice, a model easy applicable in primary care. However,
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it is necessary to take into consideration the risk of losing qualitative aspects when not looking separately at the results in each subtest.
Overall, the additive value of the CAB test in dementia investigations
in PHC is not obvious. Besides questionable accuracy, the test is quite time
consuming and normative values are scarce. Further studies are needed to
ensure which is the best method for analysing the overall test result, CABsum being one possibility. An interesting aspect of this study is the ROC
analysis which showed that the AUC of CABsum was superior to MMSE.
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The main finding of this thesis is that alternative cognitive tests, other than
those in the current recommendation of MMSE in combination with CDT,
are useful for basic dementia evaluations in PHC.
Normative values for elderly people are important for accurate dementia diagnosis in primary care investigations. Cognitively healthy older people perform well in MMSE. Using the result of the 25th percentile, we suggest MMSE 26 is a reasonable cut-off for cognitive decline and further medical evaluation in older persons from 85 to 93 years of age.
Both Cognistat and AQT improves the diagnostic accuracy with quite
good sensitivity and acceptable specificity for PHC investigations as a complement to the MMSE. The use of CAB is more questionable in primary care
settings.
A recent review in primary care advise against the use of MMSE in isolation to confirm or exclude a dementia diagnosis if the expected prevalence of disease in the population is quite high (132). In our PHC study,
diagnostic cognitive testing was initiated in the case of cognitive symptoms
and suspicion of possible dementia disease. Therefore, in a setting similar
to ours, the prevalence of dementia disease is probably quite high and the
conclusion above is supported by our results.
Meta-analysis of cognitive screening for MCI has reported AUC 0.664
for MMSE and AUC 0.811 for MoCA, which can be compared to the MMSE
data in our population with an AUC 0.849 (136). This illustrates the challenge with finding consistent results when data originates from different
populations. However, the aim of our study was not to find MCI in particular, instead the main purpose of the assessment was to diagnose or exclude a dementia disease.
It is necessary to keep in mind that the tests have their origins in different contexts and with different purposes. Therefore, it is not possible to
compare the results directly without consideration of the context of the
studies. MMSE evolved at a neurogeriatric ward of the hospital in the 1970s
(97). Several new short tests are designed to screen specifically for MCI rather than dementia (136). The use of screening tests for MCI is controversial among GPs as the full value of active MCI case finding does not have a
clear benefit for the primary care patient.
One reasonable question is whether GPs in primary care actively
should look for MCI and pre-dementia conditions or not. In the absence of
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targeted treatment slowing down dementia disease progression, this is
highly doubtful. Regarding the modifiable cardiovascular and metabolic
risk factors, these are conditions already of high priority in PHC. However,
the value of correct and early diagnosis of dementia disease is not controversial in primary care today. In the early dementia evaluation process
there will be several patients receiving a new MCI diagnosis in need of follow up in the primary care system in the future. Of the tests in focus in this
thesis, MMSE, AQT and Cognistat aim at detecting individuals with possible or rather probable dementia disease, while CAB was developed to diagnose MCI patients and individuals with early dementia disease.

General findings
A Quick Test of Cognitive speed
We present AQT as a usable cognitive test in dementia investigations
in Swedish PHC, primarily as a complement to MMSE. AQT is brief, easily
administrated and therefore applicable for primary care. AQT can be handled by GPs themselves or in team evaluations, making the test possible to
distribute globally in different types of PHC systems.
AQT has been studied in different countries and the test is validated in
several languages: Arabic, English, Greek, Japanese, Norwegian and Spanish, besides Swedish. A normative study of cognitively healthy older people
(aged 45 to 90 years) in Italian primary care showed some age effect but
only a weak correlation with education (109). The authors present age adjusted cut-off times for the AQT test based on +1 and +2 standard deviations in Italian language. In our study, we used the suggested cut off in the
Swedish translated manual of 70 seconds in colour-form part three. Analysis of the ROC curve confirmed the cut-off time as reasonable in our complete study population.
In a Japanese population, AQT colour-form naming time correlated
significantly with the Clinical Dementia Rating, the total score on the MiniMental State Examination, and the total score on the Neurobehavioral Cognitive Status (Cognistat) (113). The authors suggest AQT for use not only in
moderate dementia diagnosis but also as a possible short test to discriminate between MCI and early AD versus cognitively healthy individuals.
AQT has also been suggested as one way of distinguishing DLB from AD
since relatively high MMSE results in combination with prolonged AQT
time might indicate possible DLB (137). This is an example where the executive AQT test is as a good complement to the MMSE in the diagnostic
process. However, data primarily strengthen AQT as an overall dementia
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diagnostic test and not for differential diagnosis. This is also how the test
is recommended for use in Swedish primary care today.
Therefore, in our study we validated AQT in relation to any kind of cognitive impairment (a result below norms in any of the objective tests was
categorised as cognitive impairment in the ROC analysis) including both
MCI and dementia. The study population was too small to allow any subgroup analysis.
Cognistat
Our study results indicate that the relatively short multi-domain instrument Cognistat is applicable for dementia diagnosis in PHC. In summary, the most promising results were obtained when using the cut-off for
cognitive decline in the minimum of one subtest. When the cut-off was increased (decline in two subtests or more) specificity was high but the sensitivity dropped to 0.57 with a risk of false negative results. NPV was also
low 0.62 with increased risk of missing possible patients with cognitive decline in need of further investigation. Cognistat with the cut off one subtest
showed a higher sensitivity, equal specificity and somewhat improved PPV
in comparison with the combination MMSE and CDT currently recommended for basic dementia investigations in PHC.
The best AUC when comparing the different subtests of Cognistat was
demonstrated for memory and construction. One disadvantage with Cognistat is the lack of a subtest for psychomotor speed. There are elements of
executive functions in some of the subtests but a more specific subtest for
executive ability is missing in the instrument. High cognitive reserve capacity has been associated with performance on semantic but not visuospatial tasks in both MCI and AD patients. Executive functions were only associated with high cognitive reserve capacity in patients with MCI and not
dementia and is therefore of value in diagnosis in early stages of dementia
(138).
One possibility for use of the multi-domain instrument Cognistat could
be future interventional cognitive training based on patients’ cognitive testing profile. As there are no available curative treatment for dementia disease, every intervention with a possibility of slowing down symptom progression is of interest. Data from cognitive training are incongruous but
there are some indications of effect in early-stage AD patients (139). Improved knowledge of cognitive training is of importance in the planning of
possible multi-professional interventions in PHC in the future.
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The result of better sensitivity is supported from previous studies comparing Cognistat and MMSE in geriatric elderly patients (140). The weakness in other studies has been low specificity and a low PPV; both are notably higher in our PHC population compared with hospitalised populations (141). To what extent Cognistat can be used for detection of early dementia disease and MCI is inconclusive according to previous results (106,
142).
Validation data on Cognistat in dementia diagnosis is overall quite scarce.
Most of the research on the instrument has been done in the field of neurorehabilitation (143). It has been demonstrated that Cognistat is superior
to MMSE in detecting cognitive deficits in patients with brain injury and
psychiatry patients (141). To be even more conclusive regarding the use of
Cognistat in dementia investigations, further studies in larger primary care
populations would be desirable.
Mini Mental Status Examination
The median MMSE values for the entire population in our study over the
ages 85, 86, 90, and 93 years was 28 for all ages investigated. The 25th
percentile values were 26, 26, 26 and 27, respectively. In conclusion, we
suggested MMSE 26 as a reasonable cut-off for cognitive decline and further medical evaluation in older persons from 85 to 93 years of age.
There is an increasing interest in the oldest-old (aged 90 and over) a
rapid growing group in the population. The oldest are also of increased risk
of developing dementia disease. Recently published data of eleven cognitive tests among 403 cognitively intact participants in California, aged 90
to 102, concluded significantly lower scores with increasing age on most
tests (144). In the ELSA 85 population comparisons for age-effects showed
no differences when all individuals for each age group were compared.
When only the individuals reaching 93 years of age were analysed, there
was a significant lowering of MMSE in that age group.
Previous studies worldwide have shown diverse MMSE results in elderly people. The diversity is highly dependent on differences in educational levels and socioeconomic presumptions. A recent normative study
from China presented age-stratified normative values (145). Data presented as follows: The optimal cut-off points for dementia screening were
16/17 for illiterate (sensitivity 87.6% and specificity 80.8%), 19/20 for individuals with 1-6 years of education (sensitivity 93.6% and specificity
92.7%), and 23/24 for individuals with seven or more years of education
(sensitivity 94.3% and specificity 94.3%) (145).
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However, the reported MMSE results in the study from California, with
a similar population to the Sweden, was equivalent to ours (144). In the
overall Californian study group, the mean MMSE value was 27.9. When analysing the age cohorts the mean results were as follows (age 90-91) 28,
(age 92-94) 28.2, (age > 95 years) 27.4. The lowest 25th percentile value of
MMSE was 26 in the overall cohort of elderly in all age groups. In an earlier
Canadian study the 25th percentile was between 23 and 26 but in the similar education group compared to ours 25 points (129).
One interesting 3-year longitudinal Swedish study among very old people at the age of 97, 99 and 100 years showed that low MMSE results were
associated with dementia also in the oldest old (146). There were no differences at baseline between those who developed dementia disease or not.
MMSE scores were positively associated with education but not rate of decline when reaching the age of 100 years.
Cognitive Assessment Battery
The accuracy of the CAB test in a primary care population, based on routine
clinical cases in PHC dementia investigations, were not convincing in our
study. We used the norms of -2SD for cognitive decline according to Nordlund et al for 1, 2 and 3 subtests with varying AUC results in our study population from 0.685 to 0.772 (117). These AUC results are not so impressive
regarding the time and resources required to use the CAB instrument in
PHC investigations. The time needed to perform the CAB is around 20-30
minutes, compared to brief instruments like AQT which takes around 5-10
minutes to conduct.
However, CAB was designed primarily for detection of MCI, an important aspect. In our study we investigated cognitive impairment with a
suspicion of dementia disease overall in PHC. It is possible we would have
found a better AUC if patients with indications and symptoms of moderate
dementia would have been excluded.
Compared to other instruments available for MCI and early dementia
diagnosis, for example CERAD and MoCA, accuracy for CAB seems to be
worse. The original MoCA version has an AUC of 0.893 and the shorter
MoCA versions by Roal et al and Wong et al demonstrated comparable AUC
values of 88.4-88.9% (134, 147, 148). CERAD had an excellent AUC in one
longitudinal PHC population but the result needs to be revalidated (91). To
our knowledge the three tests has never been validated in the same population.
Analysis of the CAB instrument is somewhat complex for use in PHC,
and it requires well-educated nurses, occupational therapists or neuropsychologist to avoid misinterpretions. This would of course be of value if the
50

Discussion

accuracy of the CAB AUC were above the shorter instruments available today, but this is doubtfully as AUC is in the similar range.
A total score has been suggested as a possible interpretation of CERAD.
The CERAD total score was highly accurate in differentiating normal controls and AD individuals in a CERAD registry study (92). In independent
samples, it could discriminate between cognitively healthy, MCI and AD
patients. We constructed a CABsum from the subtests delayed recall,
SDMT, naming, CDT + Cube drawing and Token test. AUC for the CABsum
was 0.916 better than for the separate subtests analysed both numerically
and for -2SD according to Nordlund et al. We suggest CABsum as a possibility for analysis but the results need revalidation in larger study populations both in PHC and memory clinics.
Data indicate a possibility to separate non-vascular MCI from vascular MCI with CAB, which suggest decline in vascular MCI are more prominent in the subtests for memory, language and executive tests compared
with non-vascular MCI patients, this is consistent with previous findings in
CAB (118). As our study population was too small we have not been able to
revalidate similar subgroup analyses.

Methodological considerations
General strength and limitations
Overall, there are relatively few studies of dementia cognitive testing conducted in a primary care setting as presented in studies I, II and IV. Often
primary care dementia research is conducted in a specialist memory clinic
with referred patients from PHC. For diagnostic instruments these studies
need to be supplemented by research in the actual environment where the
test is intended for use.
A greater methodological scope within the dissertation would have
been desirable but the focus of the work has been on accuracy in clinical
dementia diagnosis. Research which is needed in primary care.
The PHC population in studies I, II and IV is small with a limited number
of participants both in the group with cognitive impairment as well as in
the group with no cognitive impairment. Despite a long inclusion period, it
was difficult to find participants. Patients who waived participation highlighted a fear of finding cognitive impairment they did not want to know
about, or a feeling of stress with several tests and extra care visits. However,
according to the statistical power calculation a minimum of 30 individuals
per group would be sufficient to show differences between the groups.
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There was a tendency that cognitively healthy participants were easier
to include among patients with higher education and socioeconomic security. This is reflected in the differences between the two groups with higher
mean age and lower education in the group with cognitive impairment.
The prevalence of patients on antidepressant medication, salicylic acid,
lipid-lowering drugs, and antihypertensive drugs was higher in the group
with cognitive symptoms. The treatments are known to be associated with
cognitive and metabolic conditions, possible risk factors for dementia disease, wherefore the differences are somewhat expected.
Longitudinal research over several years among elderly people is challenging. In the ELSA 85 population, a substantial number of the invited individuals did not enter the follow-up study at all. The postal questionnaire
was sent to n=650 individuals born in 1922 in the municipality of Linköping. Finally, 374 actually proceeded and completed phase one. In the 5years follow-up, 119 (35%) had died and at the age of 93 there were 51 remaining individuals in the cohort. The drop out due to age conditions such
as frailty, diseases and fatigue was substantial between the follow-up points
but a previous study in a similar elderly population showed the same trend
(146).
Individuals living in sheltered homes were more often in the dropout
group. Consequently, the study participants were probably healthier and
had cognitive impairment to a lesser extent than the population in general.
The risk of research bias in elderly population studies is well known and
relevant to the ELSA 85 results as well. This is necessary to consider when
implementing the suggested cut-off of 26 on MMSE. Our result is probably
not usable everywhere, as the cut-off is suggested in the context of a quite
healthy population, living at home, well educated and with moderate socioeconomic conditions. Nevertheless, these patients are commonly seen in
PHC, making the results of the study highly relevant.
With increasing cultural diversity and growing elderly immigrant populations in Western European countries, the availability of brief cognitive
screening instruments adequate for assessment of dementia in people from
diverse backgrounds becomes increasingly important. AQT is an alternative but the multi-cultural tool RUDAS is of highest interest in this sense.
Scandinavian data found RUDAS to have excellent diagnostic properties in
a multicultural sample with a ROC area under the curve of 0.93 (149).
In all the studies in this thesis, fluency in speaking Swedish was an inclusion criterion, so that participants were able to understand the instructions and complete the tests. This is of course a limiting factor when implementing the results to a more diverse PHC population.
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Statistical analyses
The receiver operating characteristic (ROC) curve
Decision aids and diagnostic tests are often evaluated in terms of diagnostic
testing parameters, such as the area under the receiver operating characteristic (ROC) curve, sensitivity and specificity. "Relative operating characteristic" is commonly used in diagnostic to distinguish between two classes
of events. The outcome is, in theory, a precise and valid measure of diagnostic accuracy. The method is wide spread, not only in the medical field
(medical test instruments, imaging) but also in other areas such as weather
forecasting and information retrieval. ROC is also the focus of the statistical
analysis in this thesis. However, the values on which the ROC-analysis is
based is often of uncertain quality (121). Consequently, there are potential
weaknesses also in ROC-analyses. One example being the uncertainty of
the clinical diagnostic procedure and clinical diagnosis discussed earlier.
Clinicans want to know whether a condition is present, or not. Diagnostic tests can answer either yes/no (binary outcomes) or on a continuous
scale. A ROC curve is obtained by tabulating all different values of sensitivity and specificity, then plotting sensitivity (true positive rate) on the y-axis
against 1–specificity (false positive rate) on the x-axis for the various values
(150).
The area under the ROC curve (AUC) is a global measure of diagnostic
tests ability to discriminate between whether a condition is present or not
present. The AUC for a test is one value and is a commonly used measure
for diagnostic accuracy overall. The AUC is an easy and applicable way to
compare diagnostic accuracy between several studies for one particular diagnostic instrument or among comparable test instruments. Estimation of
AUC relies on the knowledge of the true outcomes, and in clinical dementia
diagnosis this is often based on gold standard evaluations with a risk of
bias, especially in small samples as in our PHC study. There are published
suggestions of new statistical methods for estimation of AUC under no ignorable verification bias (151). However, all the statistical methods used in
the studies in the thesis were carefully discussed with a statistician.
Cut-off values and the Youden index
There is often an interest in finding the optimal threshold for a diagnostic
test (cut-off). This value varies along the ROC curve. What is optimal depends on the subject of interest. It is necessary to weigh between false positive and false negative outcomes to determine if these are of equal im-
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portance or not, depending on the aim of the test. If these are of equal importance, the Youden index is reported (the value in the upper left quadrant
of the ROC curve) (122). However, the Youden index is not always of the
greatest interest
The optimal diagnostic tests have both high sensitivity and high specificity. In PHC, we do not want to miss patients with moderate or severe
dementia disease and need brief instruments with high sensitivity (role in)
applicable for that question. On the other hand, if the GP sees a patient with
subjective memory concerns, suspected to have possible MCI, we need
short instruments with high specificity (role out) to avoid false positive and
minimise further unnecessary investigations. As a result, the optimal cutoff depends on several things: the patient, the clinical question, the test in
use and the prevalence of the disease in the setting where the test is used.
For a brief instrument like the MMSE or AQT the importance of high
sensitivity is probably superior to specificity in a PHC setting. This is primarily related to the gold standard diagnostic phenomena where clinicians
usually evaluate patients with positive screening results further but not the
patients with negative results. When using extensive instruments for dementia diagnosis in primary care, for example CAB, both high sensitivity
and specificity (and AUC value) are required, as these test results are often
seen as conclusive for diagnosis by the GPs.
Clinical Utility Index
One way to describe the statistical results in a clinically relevant way is by
analysing the CUI+ (the product of sensitivity and PPV), first mentioned in
2007 (123). CUI+ has been used in previous studies comparing brief cognitive tests (152). The main argument for using CUI+ is the possibility of
weighing together a very high sensitivity where the prevalence of the tested
phenomena perhaps is uncommon in the population. A test with a high
sensitivity but low PPV and as a consequence a low CUI+, is of less interest
to PHC. For an example, a condition with several symptoms may be highly
connected to a disease and if we have a test looking for those symptoms,
sensitivity of the test will become high. However, if that condition rarely
exists in primary care and only presents in secondary care patients, the PPV
will decrease due to the low prevalence and the CUI+ will be low. Under the
described conditions, the test will be useful in secondary care but not in
PHC.
CUI+ scores are possible to convert to qualitative grades (excellent,
good, satisfactory and poor utility). CUI+ is only relevant when a positive
result is under scrutiny as in the Cognistat analyses reported here. CUI+
for Cognistat in our study was good and superior to the recommended combination MMSE and CDT. This reinforces that the sub-domains of Cognistat are relevant for the patients with cognitive impairment seen in PHC.
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Diagnostic considerations
Normative values and cut-offs for cognitive decline
The conventional cut-off score for MMSE is <24 points (153). The use of
cut-off <27 for cognitive impairment could be questioned, but in the ELSA
85 population the difference in MMSE results have earlier been shown to
correspond well to differences in both IADL and health-related quality of
life (154).
MMSE is best at measuring moderate dementia. A shift in one-step of
the MMSE scale at different points does not correspond to equally big steps
in decline in cognitive impairment (155). For early symptoms and MCI a
more sensitive multi-domain instrument is needed; for low results different IADL measures are better suited.
MMSE is well-known to be highly affected by education levels and specific
adjusted norms have been evaluated (129). When comparing MMSE (cutoff cognitive impairment <25) and RUDAS in a previous study the accuracy
(AUC) was similar and RUDAS was not at all influenced by language, education or gender (156). The ELSA 85 from Linköping represents a population from a fairly well-educated area with relatively good socioeconomic
conditions where the ceiling effects on MMSE are relatively low.
Cognistat is known to have ceiling effects due to high premorbid function with false negative results, although some data indicate quite good accuracy for MCI as well (157). However, there are normative data for elderly
people, as ageing influences some components of construction, memory,
and similarities (158). The cut-off point is age corrected for subjects aged
65-74 and 75-84 years. In our study, we used the cut-offs suggested in the
manual.
CAB enl Nordlund et al is designed to find early cognitive decline. One
limitation is that normative data are scarce and there is only one published
study validating dementia and different subtypes (117). In our and otherprevious published data corrections for age and education have been necessary, suggesting a possible ceiling effect. This is needed to take into consideration in the clinic even when the -2SD norms for the subtests is used.
Cognitive tests and driving ability in primary care
The GP often must take into consideration patients’ ability to drive a car
safely in relation to possible cognitive decline. Questions about driving capacity is an important and sometimes difficult issue in dementia investiga-
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tions in PHC (159). The clinical assessment is often strengthened by cognitive testing. Both false negative and false positive test results can be devastating. As a GP, you do not want to miss an unsafe driver but on the other
hand, you want to reinforce patients’ capacity and autonomy for as long as
possible.
MMSE results has been shown to correspond quite poorly to driving
ability on driving tests, one further limitation when using the test alone in
dementia evaluations. In theory executive tests and tests of psychomotor
speed are of interest in relation to driving capacity. Studies looking at TMTA and -B total time had moderate discriminative abilities. Unfortunately,
results indicate that the power of the TMT is the lowest where clinical physicians need it most (e.g. identifying CI patients whose driving skills have
declined to an unsafe level) (160).
In one study with healthy young adults and matched individuals with
Attention-Deficit/Hyperactivity Disorder (ADHD), AQT results revealed
slower processing of visual stimuli in the ADHD group (161). The patients
with ADHD also had more visual problems associated with driving than
controls. Whether AQT can discriminate between driving capacity in patients with cognitive impairment is currently to our knowledge not described.
In PHC complementary specific driving tests and consultations with
specialist clinics are often necessary when evaluating driving ability in early
dementia, as the short tests do not give enough support for the decision.
The CAB test includes subtests highlighted as more specific for driving
evaluations (SDMT, Clox test, Stroop, TMT A, Rey Complex Figure and
Pasmo). However, since there is a shortage and insecurity about the normative values for the driving purpose in the CAB driving subtests today, the
usability for this specific question in PHC is limited.
In moderate and severe dementia the clinical symptoms are more obvious and often enough to recommend that the patient stop driving at the
GP appointment after a team discussion.
Diagnostic uncertainty and the gold standard
Diagnoses in this PHC study were made from a team consensus discussion
between the neuropsychologist and the geriatric specialist at the memory
clinic. Aside from the clinical evaluation in PHC, the neuropsychologist and
the geriatrician also had access to the results from the basic dementia instruments in PHC (MMSE and CDT) as well as the extended neuropsychological battery. The results from the test under investigation (AQT, Cognistat and CAB) were blinded and not available in the team consensus discussion.
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This PHC study was conducted in a true clinical context with validation
against the gold standard for basic dementia investigations in PHC. Due to
the design, there is some familiar diagnostic uncertainty. Gold standard
validation is especially challenging when the gold standard is a complex
procedure (as in dementia diagnosis) and does not consist of one yes/no
test. However, we tried to secure the diagnostic PHC process with an extended neuropsychological battery.
We know from previous studies that the correlation between clinical
diagnosis and both neuroimaging and neuropathology is questionable in
AD (162). There is also a substantial overlap between mixed Alzheimer's
disease (AD) and vascular pathology in many patients (163). The cognitively healthy individuals were all evaluated by the neuropsychologist from
the perspective of their premorbid condition. One possible way to
strengthen the diagnosis would have been a follow-up after 1 year, for example with a review of the medical records or by re-visits and re-testing
after 6 and 12 months. This is often recommended in gold standard validation studies but is not always feasible.

Clinical implications
We need better diagnostic instruments for detection of dementia in primary care. The results from this thesis cover an important knowledge gap
in cognitive testing in dementia evaluations in PHC. Both AQT and Cognistat are available for testing in PHC today and implementation is possible
with no delay. There is a need for further and more extensive studies and
until then AQT and Cognistat are primarily a complement to MMSE.
Validation studies and accurate diagnosis in PHC is dependent on
available normative values also for older people. Our data do not support
the use of CAB in general in PHC dementia investigations, but the test
might have a place in more extensive investigations in memory clinics.
It is necessary to increase the knowledge about and attention given to dementia and cognitive symptoms among patients and professionals in PHC.
Delay to diagnosis by both patients and doctors needs to be diminished in
the future.
Perhaps one way of working with diagnostic dementia instruments for
GPs is to choose between several available instruments depending on the
patient’s symptoms. A recent review of validity of screening instruments
for the detection of dementia and mild cognitive impairment in hospital
inpatients was not able to recommend a single best instrument for use in
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the hospital setting (164). In primary care, we have a risk of under-diagnosis with the older instrument MMSE and a possible risk of over-diagnosis
with newer MCI profiled instruments such as MoCA and different quick
MCI screening tests. As in many other disease conditions, well worked diagnostic algorithms are probably helpful. Overall, it is important to work
within the diagnostic process and follow-up care, with a patient-centred focus. Different collaborative care models have been shown to be successful
(165).
This thesis highlights the need for multi-professional teams to be involved in dementia investigations. Better cognitive tests do not mean that
the remaining part of the medical examination is less important. The testing is crucial but is only one piece of the diagnostic puzzle. Some short testing is possible for GPs to handle on their own in the clinic (for example
MMSE and AQT) while tests such as Cognistat and MoCA need team diagnostic evaluations in PHC.
When older adults with dementia experience progressive functional decline, caregiver burden increases and finally nursing home placement is required. Family caregivers often become secondary patients due to the stress
and cognitive strain, as physical and mental health has been shown to be
slightly negatively associated with the burden of caregiving (166, 167).
Early and correct diagnosis in PHC provides a possibility for generating
coping strategies for both the patient and relatives and to increase important support from both social and health care services (168).

Future issues
In the western part of the world, patients will probably have a tendency
to seek care with earlier symptoms of cognitive impairment. The first contact for the majority of patients with the health care system is primary care.
Therefore, diagnostic instruments with the opportunity to detect early dementia and perhaps in the future mild cognitive impairment but also which
are accurate enough for differential dementia diagnosis in PHC are of high
interest and priority. One example for upcoming research is the MoCA instrument and future studies are needed to better validate the test and short
MoCA versions in PHC. Further development of multi-domain instruments
adapted for primary care would also be of value.
Ongoing research is looking for an easy and accurate laboratory blood
test for the diagnosis of dementia. This is of course exciting and could be a
reality in the future but currently this is far from normal clinical diagnostic
procedures in PCH. The area of neuroimaging is also under constant progress as a way of increasing dementia diagnostic accuracy.
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There is a great interest in digital diagnostic cognitive instruments and
a rapid technical development is to be expected. Technical solutions open
up opportunities for patients to test themselves for early cognitive symptoms. It also improves the possibility of correct follow-up of disease progression in the home environment with fewer resoures. However, in the
follow-up of disease progression cognitive tests are one piece of the evaluation. Medical and functional assessments, activities of daily living and social support are equally fundamental for the patients and relatives.
A Korean study validated the use of MMSE-K in smartphones with 30
patients with ischemic or haemorrhagic stroke (169). The comparison
showed good agreement between face-to-face and remote assessments, as
well as between remote assessment and in-person collaborator evaluations
regarding total MMSE-K score and subscores for each MMSE-K domain
(orientation, memory, attention/calculation, language, and visuospatial
function). Results from telephone-based cognitive screening through conversation with community-dwelling older adults has shown acceptable results in distinguishing dementia, but not MCI, from normal cognition
(170). Future studies will be important for validation of technical instruments to secure accuracy and correct use of these new opportunities. To
date, data from computer assessments among people with cognitive impairment are preliminary and quite scarce.
As the highest increase in people with dementia will be in developing countries, which have limited health care resources and capacity, brief cognitive
tests for first evaluation will be important for a substantial time ahead.
Since MMSE has a ceiling effect, other short instruments such as AQT and
RUDAS which are better adapted for developing countries are of great importance.
With a global increase in elderly people, there is a need for more studies
which examine diagnostic procedures, normative values and medication
use and effects in the oldest population.
A great deal of pre-clinical research to find a way to prevent dementia
is underway. So far, no one has succeeded. In the meantime, accurate diagnosis and overall good clinical care of people with dementia disease will be
of great importance.
The Lancet Neurology Commission was formed with the overarching
aim to provide information and expert recommendations about the growing problem of AD and related dementias of ageing. Among their key recommendations are, the importance of timely diagnosis and treatment, irrespective of social inequalities, to provide cost-effective care and preven-
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tive metabolic interventions in mid-life (171). Accurate and applicable cognitive tests and resources for dementia investigations and preventive care
are essential for future primary care health systems.
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CONCLUSIONS
General conclusion
Alternative cognitive tests, aside from the current recommendation of the
MMSE in combination with CDT, are useful for basic dementia evaluations
in PHC. The conclusion is seen in the context of early cognitive testing conducted among individuals with objective cognitive symptoms and a suspicion of possible dementia. Good knowledge among general pracititioners
of how to interpret the test results in the clinic is necessary. Normative values for the elderly people are important for accurate dementia diagnosis in
primary care investigations.

Specific conclusion
AQT seems to be a usable test for dementia diagnosis in PHC. Sensitivity
for AQT is equivalent to MMSE, and comparable to the combination MMSE
and CDT. The AUC for AQT was 0.773. MMSE together with AQT shows
promising results. AQT measures executive functions primarily and therefore gives important information in addition to the MMSE instrument.
The results indicate that Cognistat is applicable for dementia diagnosis
in PHC with a relatively high sensitivity and PPV in combination with a
rather good specificity and NPV. Cognistat is an easily administered multidomain instrument and is therefore interesting for dementia investigations
in primary care. Memory and construction were the most sensitive subtests.
Cognitively healthy older people perform well in the MMSE. Median
MMSE values for the total population over the ages 85, 86, 90, and 93 years
was 28/30 for all ages investigated. The 25th percentile values were 26, 26,
26 and 27, respectively. From the results in the 25th percentile, we suggest
MMSE 26 as a reasonable cut-off for cognitive decline and further medical
evaluation in older persons from 85 to 93 years of age.
The additive value of the CAB test in dementia investigations in PHC is
not obvious. Besides questionable accuracy, the test is quite time consuming and normative values are scarce. Introducing the CABsum increases the
accuracy and is perhaps a simpler evaluation method for use in PHC but
lacks qualitative aspects in the test analysis.
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