
Faculty of Social Sciences 

University of Helsinki 
 

 

 

 

 

 

 

SOCIAL INEQUALITIES IN DEMENTIA 

A REGISTER STUDY ON DEMENTIA MORBIDITY, 

MORTALITY AND LONG-TERM CARE 

 

 

 

 

Aino Kaarina Korhonen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DOCTORAL DISSERTATION 

 

To be presented for public discussion with the permission of the Faculty of 

Social Sciences of the University of Helsinki, in Room 115, University Language 

Centre, on 9 December 2022, at 12 noon. 

 

Helsinki 2022 

  



 

 

Publications of the Faculty of Social Sciences 223 

Doctoral Programme in Social Sciences 

Demography 

 

Supervisors 

Professor Pekka Martikainen, University of Helsinki 

Docent Elina Einiö, PhD, University of Helsinki 

Docent Taina Leinonen, PhD, Finnish Institute of Occupational Health 

Docent Lasse Tarkiainen, PhD, University of Helsinki 

 

Pre-examiners 

Professor Marja Jylhä, University of Tampere 

Professor Rikke Lund, University of Copenhagen 

 

Opponent 

Professor Johan Fritzell, Karolinska Institutet 

 

Custos 

Professor Pekka Martikainen, University of Helsinki 

 

The Faculty of Social Sciences uses the Ouriginal system (plagiarism 

recognition) to examine all doctoral dissertations. 

 

 

 

 

 

© Aino Kaarina Korhonen 

 

Cover: Riikka Hyypiä & Hanna Sario 

  

 

ISSN 2343-273X (Print) 

ISSN 2343-2748 (Online) 

ISBN 978-951-51-7077-4 (Paperback) 

ISBN 978-951-51-7078-1 (PDF) 

 

Unigrafia 

Helsinki 2022 

 



 

3 

 

ABSTRACT 

Social inequalities in health in older age are well recognised in terms of various 

aspects of disease and disability. Despite improvements in population health, 

population ageing is projected to be accompanied by increasing prevalence of 

chronic diseases, especially Alzheimer’s disease and other types of dementia. 

Although dementia is already one of the leading causes of death and the single 

most important cause of residential long-term care (LTC), no comprehensive 

understanding exists about the social patterning of dementia mortality and 

residential LTC. To tackle the increasing burden of dementia and to address 

the inequalities in the way disease and disability are distributed in the ageing 

populations, better insight is needed about how social factors along the life 

course affect the risk of dementia and care needs at older ages. 

This study investigates social inequalities in dementia morbidity, mortality 

and residential LTC among Finnish older cohorts between 2000 and 2018. The 

aim of the study was to analyse the association between several indicators of 

socioeconomic position and dementia mortality, and estimate the contribution 

of dementia to overall socioeconomic inequalities in mortality in older age. A 

further aim of the study was to analyse how social factors are associated with 

the use of residential LTC over the years before dementia-related death. Given 

the long induction times in dementia, the study also focussed on childhood 

and adulthood social determinants of dementia morbidity and their interplay 

with health-related risk factors, including depression and cardiovascular 

health. The study used large individual-level register data on population-

representative samples compiled by Statistics Finland and linked with several 

administrative health registers. Records of causes of death, medication 

reimbursements and hospital care episodes were used to identify dementia. 

Dates in residential LTC were obtained from records of health and social care. 

The results showed that people with a lower midlife socioeconomic position 

were at an increased risk of dementia-related death. The findings support the 

idea that educational and occupational social class inequalities relate to 

differences in cognitive reserve. Inequalities in terms of household income, by 

contrast, reflected the accumulation of health-related risk factors among the 

economically more disadvantaged. The inequalities endured with age and, 

consequently, dementia substantially contributed to the overall socioeconomic 

inequalities in mortality in older age. Social differentials were also present in 

living arrangements among people who eventually died with dementia; in the 

eight years preceding death, older and non-married individuals in particular, 

but also those with lower income, were more likely than others to live in 

residential LTC. These differences, however, diminished as death approached, 

demonstrating that social and economic resources cannot compensate for the 

intensifying need for care of people with dementia at the end of life. 
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People with a history of clinical depression in earlier life experienced an 

increased risk of dementia. The increased risk affected people at all levels of 

education and was not explained by family background shared by siblings. The 

results indicated that men were at particular risk because of comorbidities – 

especially alcohol-related conditions. The findings further showed that 

disadvantaged circumstances already in childhood were associated with 

dementia morbidity in older age. An excess risk of dementia was related to 

having lived in crowded households, with a single father, and in the eastern 

and northern parts of Finland. These associations were only partly attributable 

to attained socioeconomic position and cardiovascular health in adulthood, 

suggesting that the accumulation of risk begins already in early life and 

preventive interventions in midlife may not suffice to reduce the excess risk 

associated with disadvantaged childhood circumstances. 

The findings demonstrate that social factors across the life course structure 

the life chances of individuals and generate important inequalities in health 

and the ability to continue independent living in older age. The increasing 

individual and societal burden of dementia in particular highlights the need to 

address social inequalities in dementia morbidity, mortality and LTC. Further 

investigations should also assess the effectiveness of socioeconomic and 

mental health interventions as part of dementia prevention strategies.
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TIIVISTELMÄ 

Väestön ikääntymisen ja eliniän pitenemisen seurauksena etenevät 

muistisairaudet koskettavat alati kasvavaa joukkoa ihmisiä. Muistisairaudet 

paitsi lyhentävät elinikää, myös heikentävät ikääntyneiden mahdollisuuksia 

asua itsenäisesti kotona sairauden edetessä. Muistisairaus ei kuitenkaan ole 

vääjäämätön ikääntymisen seuraus, vaan jopa yli kolmasosan 

muistisairaustapauksista on arvioitu liittyvän ennaltaehkäistäviin 

riskitekijöihin, kuten matalaan koulutukseen ja sydän- ja verisuonitautien 

riskitekijöihin. Koska muistisairauksien yhteiskunnallinen merkitys kasvaa 

huomattavasti, sosiaalisiin terveyseroihin muistisairauksissa tulisi kiinnittää 

erityistä huomiota.  

Tässä tutkimuksessa tarkasteltiin väestöryhmien välisiä eroja 

dementiakuolleisuudessa ja pitkäaikaishoidon käytössä sekä tutkittiin, miten 

sosiaaliset ja terveyteen liittyvät riskitekijät yhdessä vaikuttavat 

muistisairauden riskiin elämänkulun aikana. Tutkimuksessa selvitettiin 1) 

millaisia sosioekonomiset erot ovat dementiakuolleisuudessa ja millainen 

rooli muistisairauksilla on ylipäätään ikääntyneiden kuolleisuuseroissa, 2) 

miten pitkäaikaishoidon käyttö vuosina ennen dementiakuolemaa eroaa 

väestöryhmien välillä, 3) miten aiempi masennushistoria ja sosiaaliset tekijät 

yhdessä ovat yhteydessä muistisairausriskiin, sekä 4) miten lapsuuden 

elinolosuhteet ovat yhteydessä muistisairausriskiin ja missä määrin yhteys 

välittyy aikuisuuden sosioekonomisten ja terveyteen liittyvien riskitekijöiden 

kautta. Aineistona tutkimuksessa käytettiin koko väestöä edustavia 

yksilötason rekisteriaineistoja, joihin yhdistettiin kuolinsyyrekisterin, 

lääkekorvausrekisterin sekä terveydenhoidon ja sosiaalihuollon 

hoitoilmoitusrekisterien seurantatietoja. 

Tutkimuksessa havaittiin, että matala sosioekonominen asema oli 

yhteydessä korkeampaan dementiakuolleisuuteen. Tulokset tukevat ajatusta, 

jonka mukaan koulutusasteen ja ammattiaseman mukaiset erot liittyvät 

ryhmien välisiin eroihin kognitiivisen reservin kumuloitumisessa. 

Tuloryhmien väliset erot puolestaan selittyivät suuremmalta osin terveyteen 

liittyvillä riskitekijöillä. Merkittävä ja iän myötä kasvava osuus yli 70-

vuotiaiden kuolleisuuden sosioekonomisista eroista liittyi muistisairauksiin. 

Tulokset osoittivat myös, että väestöryhmien välillä on eroja 

pitkäaikaishoidon käytössä kahdeksanvuotisen tarkastelujakson aikana ennen 

dementiakuolemaa. Pitkäaikaishoidon käyttö oli yleisempää vanhemmilla ja 

ei-naimisissa olevilla sekä heillä, joilla oli pienemmät kotitalouden tulot. 

Nämä erot kuitenkin pienenivät merkittävästi kuoleman lähestyessä. Tulokset 

viittaavat siihen, että sosiaaliset ja taloudelliset resurssit eivät pysty 

kompensoimaan kasvavaa hoidon tarvetta muistisairauden edetessä. 

Henkilöillä, joilla oli sairaalahoidon perusteella päätelty masennushistoria, 

oli muita suurempi riski sairastua muistisairauteen. Kohonnut riski havaittiin 
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kaikissa koulutus- ja siviilisäätyryhmissä, eikä masennuksen ja 

muistisairauden yhteyttä selittänyt sisarusten jakamat ei-havaitut 

perhetaustaan liittyvät tekijät. Miehillä yhteys masennuksen ja 

muistisairauden välillä oli voimakkaampi kuin naisilla, mikä selittyi erityisesti 

alkoholinkäyttöön liittyvien riskitekijöiden yleisyydellä. Tulokset osoittivat 

myös, että jo lapsuuden aikaisilla elinolosuhteilla on yhteys 

muistisairausriskiin. Korkeampi riski havaittiin henkilöillä, jotka olivat 

lapsena asuneet ahtaasti, yksinhuoltajaisäperheessä tai Itä- tai Pohjois-

Suomessa. Koska nämä yhteydet selittyivät vain osin aikuisuuden 

sosioekonomisilla ja terveyteen liittyvillä riskitekijöillä, vaikuttaa siltä, että 

muistisairausriskin kumuloituminen alkaa jo varhaisessa iässä.  

Tulosten perusteella sosiaalinen ja taloudellinen huono-osaisuus 

elämänkulun eri vaiheissa on yhteydessä korkeampaan muistisairausriskiin 

sekä todennäköisyyteen asua pitkäaikaishoidossa ennen dementiakuolemaa.  

Koska monet muistisairauksien riskitekijät jakautuvat epätasaisesti 

väestöryhmien välillä, muistisairauksien ennaltaehkäisy tulisi nähdä osana 

väestön terveyserojen kaventamista. Lisäksi tulisi arvioida millaisia 

vaikutuksia sosioekonomista asemaa ja mielenterveyttä parantavilla 

toimenpiteillä voisi olla muistisairauksien ennaltaehkäisyn keinoina. 
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1 INTRODUCTION 

Social inequality in disease, disability and mortality is well documented in the 

demographic and social epidemiological literature. While a large body of the 

literature has focused on inequalities among the working age population, it has 

also been acknowledged that the same social and economic structures affect 

people and their health at older ages (Arber & Ginn, 1993; Dahl & Birkelund, 

1997). Older people with a lower socioeconomic position (SEP) experience 

higher rates of disease, poor mental health, disability, and mortality (Marmot 

& Shipley, 1996; Miech & Shanahan, 2000; Rahkonen & Takala, 1998; Ross & 

Wu, 1996).  

Among the key factors affecting morbidity and disability among the ageing 

populations are Alzheimer’s disease and other types of dementia (Prince et al., 

2015). Globally, over 50 million people live with dementia, and the number is 

projected to more than double by 2050 (Nichols et al., 2022; Prince et al., 

2015). In Finland, about 200,000 individuals have dementia and some 14,500 

new cases are expected to develop every year (Viramo & Sulkava, 2015). 

Although increasing longevity and social changes including educational 

expansion might delay dementia morbidity to later ages (Crimmins et al., 

2018; Wolters et al., 2020), increasing numbers of people will live with 

dementia before death. Dementia has already become one of the leading 

causes of death in several countries including Finland (GBD 2019 

Collaborators, 2021; Official Statistics of Finland (OSF), 2020). 

The increasing prevalence of dementia in ageing populations is a pressing 

public health issue since dementia profoundly impacts the lives of the affected 

and their families. Dementia reduces the remaining years of life (Brodaty et 

al., 2012; Todd et al., 2013), and is an important cause of disability and 

residential long-term care (LTC) (Agüero-Torres et al., 2001; Nihtilä et al., 

2008). Dementia care provided by informal caregivers and the social and 

health care sectors impose enormous economic costs on societies (Prince et 

al., 2015). As no curative interventions have been discovered to date, national 

strategies have taken dementia as a public health issue, calling attention to 

primary prevention and dementia care (Cahill, 2020). 

Like disease and disability overall, dementia affects people differently 

across the social hierarchy. People with a lower education level have a higher 

prevalence of dementia, and live more years and a larger proportion of life with 

dementia (Crimmins et al., 2018). The educational differences in dementia 

have been attributed to a greater accumulation of cognitive reserve among the 

more highly educated people and those working in cognitively more 

demanding occupations (Stern, 2002). Moreover, education and occupational 

social class are indicators of SEP according to which several other health-

enhancing resources and health-damaging exposures are distributed in the 

population (Lynch & Kaplan, 2000). Importantly, many of the lifestyle and 
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health-related risk factors for dementia, including smoking, midlife obesity, 

type 2 diabetes, and cardiovascular disease (CVD) are associated with 

socioeconomic disadvantage (Kaplan & Keil, 1993). Consistent social 

inequalities have previously been shown in cardiovascular and all-cause 

mortality in older age (Huisman et al., 2005, 2013), but despite the increasing 

prominence of dementia as a cause of death with population ageing, 

socioeconomic inequalities in dementia mortality have mainly been 

overlooked in the literature. 

Social inequalities might not only concern the length of life but also the 

living arrangements among people with dementia. People with dementia are 

particularly dependent on care already from the early stages of the disorder, 

and thus differences especially in the availability of informal care might 

engender inequalities in the chances of living at home and the probability of 

transitioning to residential LTC. Although in general social and economic 

resources are important determinants of residential LTC (Freedman, 1996; 

Grundy & Jitlal, 2007; Nihtilä & Martikainen, 2007), the existing evidence of 

social differentials in the use of residential LTC among people with dementia 

is less consistent (Cepoiu-Martin et al., 2016; Luppa et al., 2008). 

Furthermore, little is known about the changing role of social and economic 

resources as dementia progresses (Cepoiu-Martin et al., 2016). A more 

detailed understanding of the time-varying associations between social factors 

and residential LTC might help to identify factors that support independent 

living on the one hand, and to ensure timely access to residential LTC for those 

in need on the other. 

Although social inequalities in dementia only manifest at older ages, the 

risk of dementia might be most profoundly impacted by the presence of 

protective factors or exposure to risk factors earlier during the life course. In 

particular, the effects of midlife exposures to vascular risk factors have been 

recognised, and thus promotion of healthy lifestyles and cardiovascular health 

might prove the most effective intervention to improve brain health and 

reduce the risk of dementia (Norton et al., 2014). Not only are many of the 

vascular risk factors more prevalent among the socioeconomically 

disadvantaged, but an emerging body of literature also suggests that the 

harmful effects of these factors might be more pronounced among lower 

educated and less socially integrated people (Iso-Markku et al., 2022, p.; 

Kirton & Dotson, 2016; Marseglia et al., 2019; Singh-Manoux et al., 2008; 

Sjöberg et al., 2020).  

While the contributions of midlife vascular risk factors are better 

understood, not all dementia risk factors are equally well established. In 

particular, the role of depression in dementia remains debated despite the high 

prevalence of depression among the working-age population and thereby 

potentially important implications for dementia prevention (Bennett & 

Thomas, 2014; Byers & Yaffe, 2011; da Silva et al., 2013). The risk of dementia 

onset is twofold among people with depression, but the estimate might be 

biased due to challenges in separating prodromal depressive symptoms of 
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dementia from depression that is aetiologically associated with the dementing 

process. Consequently, it also remains unknown whether social resources 

might help to protect against the potentially adverse consequences of 

depression on the risk of dementia.  

In addition to midlife, exposures to protective and risk-enhancing factors 

already in childhood might have implications for later-life dementia risk 

(Seifan et al., 2015). Childhood is an important period of structural and 

functional development of the brain (Tomalski & Johnson, 2010), but early-

life socioeconomic circumstances might also determine the lifetime build-up 

of cognitive reserve and affect the accumulation of health-related risk factors 

across the adulthood years (Mortimer & Graves, 1993; Puolakka et al., 2018; 

Richards & Deary, 2005). Although a rich literature has investigated the ‘long 

arm of childhood’ in adulthood morbidity and mortality (Elo et al., 2014; Elo 

& Preston, 1992; Galobardes et al., 2006; Hayward & Gorman, 2004), 

strikingly little is known about the associations between childhood 

socioeconomic circumstances, adulthood risk factors and dementia. 

In the ageing populations, health inequalities in older age deserve special 

attention because disease and disability concentrate in the most rapidly 

growing segment of the population, while older people are particularly 

dependent on their health in order to maintain independent and autonomous 

lives (Arber & Ginn, 1993). Because dementia contributes to a significant 

proportion of old-age morbidity and mortality, a more detailed understanding 

of social inequalities in dementia will contribute to better insight into overall 

inequalities in health in older age. The four studies summarised in this 

dissertation were set out to further our knowledge about social inequalities in 

dementia morbidity, mortality and residential LTC. The aim of the study was 

to analyse the association between several indicators of SEP and dementia-

related death and estimate the contribution of dementia to overall 

socioeconomic inequalities in mortality in older age. A further aim of the study 

was to analyse how social factors are associated with the use of residential LTC 

over the years before dementia-related death. The study also focused on the 

dynamics between childhood and adulthood social factors and health-related 

risk factors, including depression and cardiovascular health, in determining 

later risk of dementia morbidity. To address the gaps in the existing literature, 

all studies took advantage of high-quality register data with long follow-ups on 

individuals’ social and health records. A great strength of the data in the study 

of social inequalities in health among older people is that the samples were 

drawn from national population registers that also cover the 

socioeconomically disadvantaged and people with health problems, who are 

difficult to reach in prospective cohort and panel studies (Chatfield et al., 

2005; Kuh et al., 2016).  

The investigation of social inequalities in dementia morbidity, mortality 

and LTC contributes to a deeper insight into how social factors across the life 

course structure the life chances of individuals in older age. A better 

understanding of the dynamics between social and health-related risk factors 



Introduction 

14 

 

also helps to promote equal chances to health and well-being as well as to 

design effective preventive interventions to reduce dementia morbidity.
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2 CONCEPTUAL BACKGROUND 

 DEMENTIA MORBIDITY, MORTALITY AND LONG-
TERM CARE 

A decline in cognitive function is a normal feature of brain ageing. The brain 

can, however, also be affected by neurodegenerative disease or 

cerebrovascular damage that causes progressive deterioration of cognition 

including memory, language and problem solving. Dementia is the stage at 

which cognitive and functional decline is severe enough to interfere in 

everyday life, although in this study dementia refers more broadly to the 

underlying dementing condition that can already be identified and diagnosed 

in the prodromal stage. The most common cause of dementia is Alzheimer’s 

disease, affecting about 70% of all people with dementia. Although the root 

cause of Alzheimer’s disease remains unknown, the accumulation of amyloid-

β peptides as plaques outside the brain cell and strings of tau protein (known 

as neurofibrillary tangles) inside the cell along with neuronal and synaptic loss 

are distinctive features of Alzheimer’s disease. Other common causes include 

vascular cognitive impairment, dementia with Lewy bodies and 

frontotemporal dementia, and the different causes also commonly co-occur 

(Kapasi et al., 2017; Schneider et al., 2007).  

About 5% of the global population over the age of 60 have dementia, and 

about 7% in Western Europe (Prince et al., 2013). Dementia is strongly related 

to advanced age, with the estimated incidence rate increasing from about 4 per 

1000 person-years at the age of 65–69 to 65 per 1000 person-years among 

those aged 85–89 (Wolters et al., 2020). Genetic factors also contribute to 

dementia, a family history of genetically complex dementia being associated 

with about a doubling of the risk of dementia compared to the general 

population (Lautenschlager et al., 1996; Loy et al., 2014). A major genetic risk 

factor for Alzheimer’s disease is the apolipoprotein E (APOE) ε4 allelic variant, 

the carriers of one ε4 allele facing a 3–4-fold increased risk and the carriers of 

two ε4 alleles a 9–15-fold increased risk of Alzheimer’s disease compared with 

carriers of the common ε3 allele (Yamazaki et al., 2019). Only rare cases are 

the Mendelian form of dementia, in which case a mutation in one of the 

dementia genes is related to a 95% lifetime risk of dementia (Loy et al., 2014; 

Pasanen et al., 2018).  

Despite the strong influences of age and genes, several lifestyle and 

vascular risk factors – the prevalence of which can be altered through 

interventions – affect the risk of developing dementia. It was recently 

estimated that as much as 40% of worldwide dementias are attributable to 12 

potentially modifiable risk factors. These include low education, midlife 

hearing impairment, traumatic brain injury, hypertension, heavy alcohol use, 

and obesity as well as later life smoking, depression, social isolation, physical 
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inactivity, diabetes and exposure to air pollution (Livingston et al., 2020). 

Dementia affects women more than men because women more often reach the 

age at which dementia incidence becomes high. Although most evidence 

indicates that the age-specific prevalence and incidence do not differ between 

men and women (Nebel et al., 2018), several gender-specific risk factors have 

been suggested. For example, menopause is a potential risk factor that only 

affects women, and the APOE ε4 allele more strongly predicts Alzheimer’s 

disease among women than among men (Nebel et al., 2018). 

Dementia is a fatal condition, the survival from diagnosis to death having 

been estimated to average from 1.1 to 8.5 years (Brodaty et al., 2012). 

Dementia has become one of the leading causes of death globally: in 2019, 

dementia was estimated to be the fourth leading cause of death among the 

population aged 70 and over (GBD 2019 Collaborators, 2021). In Finland, 

dementia ranks third across all ages with more than 10,000 dementia deaths 

annually (OSF, 2020). Although the number of dementia deaths has increased 

with the ageing of the population, a part of the increase in dementia mortality 

is due to changes in registration practices (OSF, 2021). The high age-

standardised dementia mortality in Finland as compared with other European 

Union countries has been attributed to a less frequent coding of pneumonia – 

a common immediate cause of death among people with dementia – as the 

underlying cause of death, in line with the World Health Organization (WHO) 

guidelines (OSF, 2019).  

Death is preceded by a gradual decline in the ability to operate 

independently and perform daily tasks including personal care. Therefore, the 

need for informal care is substantial over the course of the disorder. Dementia 

is commonly accompanied by behavioural and psychological symptoms (Savva 

et al., 2009), which together with the need for intensive care inflict heavy 

burden on the informal caregiver (Cheng, 2017). Dementia is thus the most 

important indication of LTC in residential settings. In Finland, residential LTC 

has been mostly provided in intensive service housing with 24-hour assistance 

since the deinstitutionalisation policy of the 1990s and 2000s when traditional 

institutions including nursing homes and LTC wards of health centres and 

hospitals were almost completely abolished (Anttonen & Karsio, 2016; 

Blomgren & Einiö, 2015). Alongside these changes, care at home has been 

prioritised with the consequence that formal home care has come to substitute 

intensive care previously provided in institutions (Anttonen & Karsio, 2016; 

Kröger & Leinonen, 2012). Although there is no cure available for dementia, 

cholinesterase inhibitors and memantine have modest cognition-enhancing 

effects, the pharmacological treatment of Alzheimer’s disease patients thus 

aiming at slowing down the functional decline, promoting autonomy and 

postponing residential LTC admission (Grossberg, 2008; Takeda et al., 2006; 

Wattmo et al., 2010). In Finland, the proportion of regular home care clients 

with dementia has increased from 9% in 2001 to 21% in 2015 (OSF, 2017). 
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 SOCIAL DETERMINANTS OF DEMENTIA 

Socioeconomic position 

The better health of the socioeconomically advantaged and the worse health 

and earlier mortality of those socioeconomically disadvantaged is a consistent 

finding across the social epidemiological literature. The unequal distribution 

of health across socioeconomic groups arises from the distribution of health-

damaging exposures and the possession of health-enhancing resources (Lynch 

& Kaplan, 2000).  Access to knowledge, skills, assets and economic resources 

are key elements that link social stratification with health, and is 

conceptualised in terms of socioeconomic position (SEP). SEP describes the 

structural locations of individuals, families and groups within the society and 

is commonly indicated by education, occupational social class and income. In 

general, education reflects the acquired knowledge, skills and values that have 

been learned during schooling and provides the qualifications that make 

certain occupations available. Occupations in turn connect individuals to the 

fundamental structures of the labour market. In addition to status and power, 

occupations are different in terms of physical and psychosocial working 

conditions. Income is the economic return to work; the higher the social class, 

the higher also the income tends to be. Income determines the material 

resources that provide access to better quality food and housing, and services 

such as private healthcare and leisure activities. In addition to the absolute 

amount of money, income also describes relative differences in living 

standards within a society. Thus, although education, occupational social class 

and income are highly correlated, SEP is primarily a multidimensional 

construct, and each indicator is thought to be linked with health through 

particular mechanisms (Braveman et al., 2005; Fritzell et al., 2004; 

Galobardes, Shaw, Lawlor, & Lynch, 2006; Galobardes, Shaw, Lawlor, Lynch, 

et al., 2006; Lahelma et al., 2004; Lynch & Kaplan, 2000). 

Education has played a particularly important role in the investigation of 

socioeconomic inequalities in dementia. The association between low 

education and poor performance in cognitive tests was first interpreted as a 

test bias that should be corrected using education-stratified cut-off scores 

(Kittner et al., 1986). However, the accumulating evidence on educational 

differences in the prevalence and incidence of clinical dementia suggested that 

education might pose true aetiological effects on the dementing process 

(Berkman, 1986; Mortimer & Graves, 1993). The prominent explanations for 

a causal relationship between education and dementia have been the brain and 

cognitive reserve models (Katzman, 1993; Stern, 2002). To explain why the 

amount of neuropathological burden did not directly match with the 

presentation of clinical dementia, Katzman (1993) suggested that people with 

higher education have greater brain reserve, indicated by increased synaptic 

density in the neocortex, and therefore tolerate greater pathology before the 

critical threshold of dementia symptoms is reached. The cognitive reserve 

model views the reserve as a dynamic compensation process where alternative 
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brain networks can be more effectively recruited in the face of an advancing 

neuropathology (Bennett et al., 2003; Stern, 2002). In addition to education, 

other active engagement in cognitive and social activities are also viewed to 

enhance the cognitive reserve. The ‘use it or lose it’ concept has been used to 

describe the benefits of continued cognitive engagement for dementia risk 

(Swaab, 1991). Therefore, higher social class occupations might also be 

protective of dementia because of the associated mental demands, work 

complexity, self-direction, and opportunities for continued learning (Andel et 

al., 2005; Karp et al., 2009; Kohn & Schooler, 1978; Stern et al., 1994). 

A higher SEP might not only compensate for the neuropathological burden 

but also protect against the development of the neurodegenerative or vascular 

pathologies. The ‘brain battering’ hypothesis suggests that the socioeconomic 

differences arise from differential exposures to neurotoxins and vascular risk 

factors contributing to the dementing process through, for example, 

cerebrovascular lesions and incident stroke (Del Ser et al., 1999).  

Not all health differentials between socioeconomic groups are necessarily 

caused by SEP, however. The selection model, contrasting the causal 

explanations, describes the process where individuals are selected into higher 

and lower SEP based on their health characteristics (Goldman, 1994, 2001). 

For example, cognitive decline might affect an individual’s ability to continue 

in a cognitively demanding occupation, and lead to early retirement and a 

decline in income. Selection can also be indirect, meaning that some common 

factor contributes to both low SEP and dementia. Such factors might include 

genetic factors, childhood family background and personality traits. 

Marital status 

Married people experience better mental health and lower rates of disease and 

mortality compared with non-married individuals (Hu & Goldman, 1990; 

Jylhä & Aro, 1989; Lund et al., 2004; Osler et al., 2008; Silventoinen et al., 

2022). These differences, similarly to those observed in terms of SEP, are 

deemed to originate from causation and selection processes. The causal 

explanations emphasise the positive psychosocial effects that marriage has on 

health through social integration, social control and social support. Marriage 

provides social integration through relationships to the spouse and children, 

and married individuals often get to share the social network of their spouse 

(House et al., 1988). Social control refers to the spouse’s influence on 

behaviours of the other and the internalising of social norms and socially 

acceptable behaviours (Berkman & Glass, 2000; Umberson, 1987). Social 

support, on the other hand, emphasises the quality of the relationship. 

Emotional support and intimacy in particular have been viewed as the special 

characteristics of marriage that provide emotional integration and prevent the 

sense of emotional isolation (Berkman, 1984; Weiss, 1969). The spouse is also 

a source of instrumental support, providing help and assistance with tangible 

needs (Weiss, 1969). Additionally, social support may have a particular stress-

buffering role (Cohen & Wills, 1985). Such buffering might become manifest 
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as an attenuated stress response in the event of a stressful life situation, but it 

might also protect against the adverse health consequences once stress is 

present by soothing the physiological reactions or encouraging healthier 

coping mechanisms, for example. The perceived support in particular, as 

opposed to the actual support received, has been considered to be essential for 

the stress buffering effect (Cohen et al., 2000; Kawachi & Berkman, 2001).  

Married people have a lower risk of dementia compared with non-married 

people (Sommerlad et al., 2018). Marriage may be indicative of rich social 

networks and cognitively enriched environments that enhance the cognitive 

reserve (Fratiglioni et al., 2004). In line with the stress-buffering model, social 

support received from the spouse might suppress stress reactions in the face 

of adverse events, thus alleviating dementia risk potentially attributable to 

hypothalamic-pituitary-adrenal (HPA) axis dysfunction and high cortisol 

levels (Dafsari & Jessen, 2020; Ouanes & Popp, 2019). Conversely, unmarried 

people may lack many of these benefits that marriage carries, and union 

dissolution through divorce or bereavement may particularly predispose 

individuals to stress (Booth & Amato, 1991; Stroebe et al., 2007). The higher 

prevalence of lifestyle and vascular risk factors and lower SEP may also 

contribute to the higher risk of dementia among non-married people. Indirect 

selection mechanisms have also been suggested as a potential explanation: 

certain cognitive or personality traits such as difficulties in flexibility of 

thought or communication might contribute to both a lower accumulation of 

cognitive reserve and selection out of marriage (Sommerlad et al., 2018). 

The life course perspective 

The life course perspective to social inequalities in health emphasises that not 

only do social factors over the years of adult life affect health, but exposures to 

socioeconomic adversity already in childhood contribute to later-life health 

through influencing the biological development and structuring the life 

chances of individuals (Barker, 1991; Bartley et al., 1997; Wadsworth, 1997). 

The mechanisms through which exposures along the life course might affect 

later health have been conceptualised in terms of critical periods, social 

trajectories and risk accumulation (Kuh & Shlomo, 2004; Power & Hertzman, 

1997). The critical period model emphasises that exposure to risk factors 

during a particular age may have especially harmful effects on later-life health. 

For example, childhood is an important period for the structural and 

functional development of the brain, and exposure to deficient nutrition, an 

impoverished social environment, prolonged stress or lower quality parental 

care associated with socioeconomic disadvantage all contribute to a less 

optimal brain maturation (Tomalski & Johnson, 2010) and might thus cause 

long-lasting effects on later-life dementia risk. The trajectory and 

accumulation models, on the other hand, describe life course mechanisms 

where childhood socioeconomic circumstances set individuals on different life 

trajectories, predicting the socioeconomic attainment in adulthood and the 

accumulation of risk factor exposures across the life course. Fewer parental 
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resources due to, for example, low parental education or a large number of 

children in the family (‘resource dilution’), might lead to a lower 

socioeconomic attainment in adulthood and thereby to a higher risk of 

dementia in later life (Borenstein et al., 2006; Downey, 2001). In addition, 

childhood socioeconomic circumstances may influence life trajectories in 

terms of marital status, mental health and health behaviours (Amato, 1996; 

Gilman et al., 2002; Lynch et al., 1997), thus contributing to an accumulation 

of exposures to dementia risk factors. 

 DEPRESSION AS A HEALTH-RELATED RISK 
FACTOR FOR DEMENTIA 

The contribution of lifestyle and health-related risk factors to dementia is well 

recognised. In particular, an increased risk of dementia is associated with 

vascular risk factors including hypertension, diabetes, obesity and smoking.  

Vascular risk factors not only affect the cerebrovascular system and cause 

vascular dementia, but they might also accelerate the progression of 

neurodegeneration including that caused by Alzheimer’s disease (Takeda et 

al., 2020).  

One suspected health-related risk factor for dementia is depression 

(Livingston et al., 2017, 2020; Norton et al., 2014). Depression is a common 

comorbid disorder in dementia, with about 30–40% of dementia patients 

presenting with depressive symptoms (Castilla-Puentes & Habeych, 2010; 

Zhao et al., 2016). Depression also commonly precedes dementia onset, and a 

meta-analysis estimated that late-life depression increases the risk of 

dementia onset twofold (Cherbuin et al., 2015). Another meta-analysis 

estimated that late-life depression accounts for 4% of all dementia cases 

(Livingston et al., 2017).  

The causal relationship between depression and dementia is, however, 

likely complex and the question of whether depression is an aetiological risk 

factor for dementia remains unresolved (Bennett & Thomas, 2014; da Silva et 

al., 2013). In particular, depression in close proximity to dementia onset is 

likely a prodromal symptom of dementia itself. Depressive symptoms may also 

develop in reaction to the cognitive and functional decline, suggesting a 

reverse causal relationship. Depression and dementia also share common 

determinants, including low education and not being married (Andrade et al., 

2003; Kessler et al., 2003; Lorant et al., 2003), which might cause biased 

estimates between the two disorders (Bennett & Thomas, 2014).  

The causal mechanisms through which depression might, however, 

contribute to dementia risk have been suggested to relate to hippocampal 

atrophy due to activation of the HPA axis and increased glucocorticoid 

production, and raised levels of pro-inflammatory cytokines (Herbert & 

Lucassen, 2016). Furthermore, depression is associated with many other 

health-related risk factors including CVD (Penninx, 2017), which might 
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mediate the aetiological association between depression and dementia 

(Kuźma et al., 2018; Livingston et al., 2020). 

 SOCIAL FACTORS AND RESIDENTIAL LONG-TERM 
CARE 

People who are dependent on help with basic activities of daily living such as 

eating, dressing and bathing over an extended period are in need of LTC 

provided in the home or in a residential setting. In general, social and 

economic resources facilitate living at home, postponing admission to 

residential LTC (Grundy & Jitlal, 2007; Nihtilä & Martikainen, 2007). Family 

members help with tangible needs and, especially in co-residential 

arrangements, directly substitute informal care for residential care 

(Freedman, 1996). The spouse and adult children also provide emotional 

support and assistance in obtaining formal home care services that reduce the 

need for residential LTC (Freedman, 1996; Freedman et al., 1994). Private 

home care services are also more accessible to older people with higher 

economic resources, promoting independent living even in the presence of 

health problems (Puthenparambil et al., 2017). The lower likelihood of 

residential LTC associated with economic resources may also relate to home 

ownership and better-quality housing (Nihtilä & Martikainen, 2007). In 

Finland, higher incomes may also create a disincentive to move to residential 

LTC due to higher user fees (Häkkinen et al., 2008).  

However, the relevance of social factors for the use of residential LTC of 

people with dementia may differ from the general older population. On the 

one hand, social and economic resources may be particularly important to 

people with dementia, who need help and care already in the early stages of 

their condition and become highly dependent on care over the dementia 

progression (Prince et al., 2013). On the other hand, given the high burden on 

the informal caregiver and the level of cognitive and functional impairment, it 

is possible that these factors cannot offset the need for intensive professional 

care provided in a residential setting at the end of life (Gaugler et al., 2005). 
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3 EMPIRICAL EVIDENCE 

 SOCIOECONOMIC DETERMINANTS OF DEMENTIA 
MORTALITY 

Socioeconomic inequalities in all-cause and cause-specific mortality are well 

recognised. In particular, mortality from CVD, certain cancers and alcohol-

related conditions have a strong socioeconomic gradient (Kaplan & Keil, 1993; 

Mäkelä, 1999; Tarkiainen et al., 2016; Van der Heyden et al., 2009). Most 

studies have concentrated on the working-age population where relative 

inequalities tend to be high due to the low level of overall mortality, but 

socioeconomic inequalities in mortality are also evident in older age 

(Demakakos et al., 2016; Huisman et al., 2005, 2013; Marmot & Shipley, 

1996). Despite the heavy concentration of mortality at older ages and the 

increasing trend in dementia mortality with population ageing, little is known 

about socioeconomic inequalities in dementia-related mortality. 

The few earlier investigations into educational inequalities in dementia 

mortality have reported an educational gradient, but only when individuals 

were followed from midlife or early old-age onwards (Enroth et al., 2014; Russ 

et al., 2013; Strand et al., 2014, 2015). A meta-analysis of 11 waves of the 

Health Survey for England following individuals aged 35 and older reported 

an increased hazard for dementia-related death among women [hazard ratio 

(HR)=1.61; 95% confidence interval (CI) 1.25–2.08] and men (HR=1.44; 1.03–

2.02) with lower education (14 years or less) compared with women and men 

with 16 or more years of education (Russ et al., 2013). An excess risk for the 

lower educated was also reported in two Norwegian health examination 

studies (Strand et al., 2014, 2015). Strand et al. (2015) followed men aged 40–

59 in 1980 until 2012 and observed an excess hazard of dementia-related death 

for men with basic compared with tertiary education (HR=1.34; 1.10–1.63). 

Another study, in which age differences were specifically addressed, found that 

educational differences were only present among men and women who were 

followed from the age of 35–49 (HR=0.68; 0.50–0.93 for high versus low 

education) or ages 50–69 (HR=0.52; 0.34–0.80) onwards, whereas no 

educational inequalities emerged among those who were aged 70–80 at study 

baseline. No statistically significant differences by education (HR=1.42; 0.86–

2.35) emerged in the Vitality 90+ study that followed the residents of Tampere, 

Finland, who were over 90 years of age and had participated in a postal survey 

(Enroth et al., 2014).  

One explanation for the diminishing educational inequalities in dementia 

mortality with advancing age is selective survival. People with lower education 

experience higher mortality throughout adulthood, and those who survive to 

the oldest old age likely have fewer risk factors and better health compared 

with those who did not survive. This explanation suggests that people with 
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higher and lower education are more alike in terms of their health in the older 

than in the younger age groups. 

Another potential explanation for the lack of educational differences 

amongst the oldest old is the skewed distribution of education in these cohorts 

(Huisman et al., 2005; Martelin, 1994). The majority of the oldest cohorts have 

basic education at most, and thus education fails to capture the heterogeneity 

of most of the population and to identify high-risk population groups. In the 

Vitality 90+ study, where educational differences did not emerge, all lower 

social classes experienced an increased hazard of dementia-related death 

compared with upper non-manual workers (Enroth et al., 2014). The 

estimated age- and gender-adjusted excess hazard was largest for unskilled 

manual workers (HR=2.95; 1.13–7.70). Social class differences were also 

reported for younger age groups in England, where part-skilled or unskilled 

manual working men experienced an increased hazard of dementia-related 

death (HR=1.52; 1.01–2.29) compared with the combined professional and 

intermediate social class. Midlife personal income was not related to dementia 

mortality in the Norwegian health examination study of middle-aged men 

(Strand et al., 2015). 

In summary, prior results indicate a potential attenuation in educational 

inequalities in dementia mortality with advancing age. Although these results 

are based on small numbers of dementia-related deaths and should therefore 

be replicated with larger datasets, the findings highlight the need to assess the 

age-specific associations between SEP and dementia mortality. In particular, 

age-specific analysis in terms of other indicators of SEP apart from education 

are largely missing. 

 SOCIAL DIFFERENTIALS IN RESIDENTIAL LONG-
TERM CARE WITH DEMENTIA 

According to previous findings, strong determinants of entry into residential 

LTC include older age, female gender, the presence of chronic disease, and 

social factors such as living alone and a lower SEP (Luppa et al., 2010; McCann 

et al., 2011; Nihtilä et al., 2008; Nihtilä & Martikainen, 2007). Among people 

with dementia, the severity of cognitive decline and functional impairment are 

important proximal predictors of admission to residential LTC (Gaugler et al., 

2009; Luppa et al., 2008), but evidence of the role of key social factors 

including age, marital status or living arrangements and SEP are inconclusive.  

Older age has in many studies been found to increase the probability of 

residential LTC among people with dementia (Andel et al., 2007; Eska et al., 

2013; Gaugler et al., 2003; Heyman et al., 1997; Smith et al., 2000). Other 

studies have not, however, observed age differences once cognitive and 

functional status were adjusted for (Banerjee et al., 2003; Dorenlot et al., 

2005; Huang et al., 2015; Luck et al., 2008; Luppa et al., 2012; Smith et al., 

2001; Wattmo et al., 2010; Yaffe et al., 2002). For example, a Swedish study 
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of 880 memory clinic patients with Alzheimer’s disease observed that younger 

age at dementia onset and older age at study baseline predicted residential 

LTC admission in an unadjusted model, but not when several indicators of 

cognitive and functional status were adjusted for (Wattmo et al., 2010). It is 

possible that the age-effect observed in many studies primarily relates to the 

more advanced stage of dementia progression of older patients, but heavy 

adjustment for several indicators of cognitive and functional status might also 

obscure any association between age and residential LTC. 

Several studies have reported that not being married hastens admission to 

residential LTC among dementia patients (Luck et al., 2008; Luppa et al., 

2012; Smith et al., 2000, 2001). A few studies have indicated that within the 

non-married group, never married individuals might be at a particularly high 

risk of residential LTC compared with their widowed or divorced counterparts, 

which might relate to a greater likelihood of having children available as 

informal caregivers among the formerly married (Luppa et al., 2012; Smith et 

al., 2000, 2001). Overall, the availability of informal care in a co-residential 

setting may reduce the probability of residential LTC as compared with living 

alone (Banerjee et al., 2003; Eska et al., 2013), although one study concluded 

that this was only the case when the informal caregiver was the spouse (Smith 

et al., 2001). Moreover, the presence of a spouse or family caregiver may 

matter more to men than to women. A US study following up dementia 

patients over 5 years observed that for unmarried men the median time to 

admission was 2.1 years as compared with either married men or unmarried 

and married women, for whom the median time was more than 3 years 

(Heyman et al., 1997). Comparably, a Swedish study reported a four-fold 

hazard of admission for men living alone as compared with men living with a 

family member, while among women the effect of living alone was significantly 

smaller (Wattmo et al., 2010). In contrast to many of the other studies, one US 

study of dementia patients eligible for Medicare and Medicaid programmes 

reported a higher probability of residential LTC admission among the married 

compared with non-married (Andel et al., 2007). 

Most studies have not found gender differences in the probability of 

residential LTC among people with dementia (Andel et al., 2007; Banerjee et 

al., 2003; Eska et al., 2013; Heyman et al., 1997; Luck et al., 2008; Luppa et 

al., 2012; Smith et al., 2000; Wattmo et al., 2010). A few studies have, 

however, reported that the probability is higher for men (Gaugler et al., 2003; 

Huang et al., 2015) or women (Smith et al., 2001). 

Socioeconomic factors have been less frequently studied in the context of 

dementia, and most of the studies that included socioeconomic variables 

assessed education. A higher education was related to a lower probability of 

residential LTC admission in the US (Smith et al., 2000) and Taiwan (Huang 

et al., 2015). Other studies have found no association between education and 

residential LTC (Heyman et al., 1997; Luck et al., 2008; Luppa et al., 2012; 

Smith et al., 2001; Wattmo et al., 2010). In a cohort of New York dementia 

patients, a higher income was related to a smaller probability of residential 
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LTC admission (Mittelman et al., 2006). In another US study, income of the 

dementia patient was not associated with the probability of admission, 

although Medicaid eligibility strongly predicted residential LTC (Gaugler et 

al., 2003). 

Previous studies have mainly recognised the role of dementia progression 

by adjusting for dementia severity and the level of cognitive and functional 

status, and little is known about whether the associations between social 

factors and residential LTC change as dementia progresses. As an indication 

of time-varying effects of social factors, a meta-analysis observed that older 

age only predicted residential LTC admission in studies with a follow-up of 

four years or less, while the lower probability of the married only emerged in 

studies with a follow-up period of six years or longer (Cepoiu-Martin et al., 

2016). Earlier studies on dementia patients have differed in the length of 

follow-up after study enrolment or dementia diagnosis, and it is thus possible 

that inconsistent evidence partly relates to the time-varying effects of social 

factors that have not been captured in the time-to-event analyses.  

 DEPRESSION AND DEMENTIA 

To discern depression that is aetiologically associated with the dementing 

process from prodromal depressive symptoms of dementia has turned out to 

be difficult in empirical studies (da Silva et al., 2013; Ownby et al., 2006). 

Because the preclinical and prodromal stages of dementia generally already 

begin 10–15 years before the clinical stage, the proximity of depression to 

dementia onset should be taken into account. Only a few studies, however, 

have analysed the association by different time intervals between depression 

and dementia, or by age at depression onset. 

A prospective health examination study in the US reported a HR of 1.22 

(1.10–1.35) for dementia associated with depressive symptoms at around the 

age of 40–60 (Barnes et al., 2012). A similar finding was reported in a Swedish 

cohort study, where depression before age 65 was associated with an odds ratio 

(OR) of 3.2 (1.0–10.2) for dementia at the age of 85–88 (Pálsson et al., 1999). 

A recent register study from Sweden also observed a consistent association 

between depression and dementia, the OR persisting at 1.58 (1.27–1.98) for 

depression observed 20 years before dementia onset (Holmquist et al., 2020). 

A US family-based case–control study reported an OR of 1.71 (1.03–2.82) for 

proxy- and self-reported depression more than 25 years before diagnosed 

Alzheimer’s disease (Green et al., 2003). In contrast, other studies have 

observed no association between earlier-life depression and dementia. In a 

Swedish twin cohort, registry-identified depression was only associated with 

dementia when depression occurred less than ten years before dementia 

diagnosis, but no association was observed with earlier-onset depression 

(Brommelhoff et al., 2009). Two other studies found an association between 

depression and dementia only when the first episode of depression had 
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occurred after the age of 50 (Li et al., 2011) or 45 (Steffens et al., 1997). A 

similar finding was observed in the Whitehall II cohort, where a retrospective 

trajectory analysis showed that the level of depressive symptoms most clearly 

diverged between dementia and non-dementia groups in the last 10 years 

before dementia onset, although a small difference was also observed more 

than 20 years before dementia onset (Singh-Manoux et al., 2017). The role of 

social factors has mainly been addressed by controlling for gender and 

education as confounders. Only two studies controlled for potential 

confounding by family background using twin (Steffens et al., 1997) or sibling-

matched (Holmquist et al., 2020) models, yet these studies did not account for 

observed educational differences between siblings.  

Previous investigations have indicated that the harmful effects of lifestyle 

and vascular risk factors might be more pronounced among people with lower 

education and those less socially integrated. For example, a higher education 

was found to protect against the risk enhancing effects of high body mass index 

(BMI) and type 2 diabetes (Iso-Markku et al., 2022; Kirton & Dotson, 2016; 

Moran et al., 2019). An unfavourable risk-factor profile indicated by 

depression, social isolation, smoking, physical inactivity and unhealthy diet 

was related to an increased risk of dementia only among those with low 

cognitive reserve (measured in terms of education, occupational complexity 

and engagement in social and cognitive activities) (Jia et al., 2021). 

Additionally, a rich social network or living with a partner might mitigate the 

excess risk associated with diabetes or low mood (Marseglia et al., 2019; 

Sjöberg et al., 2020). 

Only one of the reviewed studies assessed the association between 

depression and dementia by gender, finding similar associations for women 

and men (Holmquist et al., 2020). In studies not accounting for the temporal 

proximity of depression to dementia onset, (prodromal) depression may be 

more consistently associated with dementia among men than women, 

although the results of different studies are conflicting (da Silva et al., 2013). 

The role of education also seems unclear: baseline depression was associated 

with Alzheimer’s disease only among people with higher but not among those 

with lower (eight years or less) education in the Netherlands (Geerlings et al., 

2000), while a Swedish study reported similar associations for those with 

higher as for those with lower (six years or less) education (Pálsson et al., 

1999). It is thus not clear whether social factors moderate the association 

between depression and dementia, especially in the long term. 

Taken together, previous studies that have been able to take into account 

the proximity of depression to dementia onset have provided conflicting 

evidence for whether depression is an aetiological risk factor for dementia. An 

important limitation of many previous studies is that many of them rely on 

self- or proxy-reported history of depression, and the results may thus be 

subject to reporting bias. Furthermore, unlike for many other health-related 

risk factors, effect modification by social factors has mainly not been 

investigated in the case of depression. 
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 CHILDHOOD SOCIAL DETERMINANTS OF 
DEMENTIA 

A large body of literature shows that childhood socioeconomic circumstances 

affect cardiovascular morbidity and mortality (Galobardes, Smith, et al., 2006) 

as well as all-cause mortality (Hayward & Gorman, 2004). Despite the well-

recognised contribution of vascular risk factors and low education in dementia 

(Livingston et al., 2020; Norton et al., 2014), the evidence of associations 

between childhood socioeconomic circumstances, adulthood modifiable risk 

factors and dementia is surprisingly limited. 

Previous studies have reported an increased risk of dementia among people 

with a lower childhood SEP (Gatz et al., 2006; Moceri et al., 2001; Rogers et 

al., 2009; Sesker et al., 2021; Vable et al., 2018), a larger household or sibship 

size (Borenstein et al., 2005; Moceri et al., 2000, 2001), and stress or loss of a 

parent in childhood (Donley et al., 2018; Norton et al., 2011; Radford et al., 

2017). For example, mother’s low education was associated with an increased 

risk of dementia in two studies using data from the Health and Retirement 

study (HRS) (Rogers et al., 2009; Vable et al., 2018). In a Swedish case–

control study using data from the twin registry, parents’ low social class was 

associated with an OR of 2.58 (1.23–5.41) for dementia (Gatz et al., 2006). 

Similarly, father’s manual occupation was associated with an increased risk of 

Alzheimer’s disease in a US case–control study (OR=2.1; 1.3–3.5) (Moceri et 

al., 2001). A few studies have reported an association between dementia and 

household or sibship size (Borenstein et al., 2005; Moceri et al., 2000, 2001). 

For example, a US community-based case–control study observed that each 

additional sibling increased the odds of Alzheimer’s disease by 8% (OR=1.08; 

1.02–1.15) (Moceri et al., 2000). A prospective study on the HRS used an index 

summarising information of mother’s and father’s education, family structure, 

maternal investment, average financial resources and financial instability, and 

found that a higher childhood socioeconomic score was associated with a lower 

hazard of dementia (Sesker et al., 2021).  

By contrast, other studies have not observed an association between 

Alzheimer’s disease and father’s social class (Norton et al., 2011), or financial 

status indicated by home ownership or home mortgage status (Moceri et al., 

2001). In a follow-up of Catholic clergy members, a summary index of parents’ 

education, father’s social class and the number of siblings was only associated 

with the baseline level of cognitive function but not with the rate of cognitive 

decline or clinical Alzheimer’s disease (Wilson et al., 2005). Unexpectedly, one 

US prospective study of 4277 participants reported inverse associations 

between dementia and childhood financial instability and household density 

(Tom et al., 2020). 

A major limitation of previous studies is that the information of childhood 

socioeconomic circumstances relies almost solely on retrospective self and 

proxy reports, which may introduce serious reporting bias. In particular, 

retrospective recall data of childhood disadvantage and housing assets may be 
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inaccurate, and retrospective life history data might overestimate associations 

with adulthood outcomes compared with prospectively collected data (Jivraj 

et al., 2020). Only two of the studies reviewed above have been able to use 

prospectively recorded data on childhood socioeconomic circumstances 

(Moceri et al., 2001; Norton et al., 2011). Moceri et al. (2001) linked population 

census and birth certificate data with the Genetic Differences Case–Control 

Study, and Norton et al. (2011) used death certificate data on parents’ death 

dates and father’s occupation. The results were, however, partly conflicting, 

the former finding a strong association between father’s manual occupation 

and Alzheimer’s disease, while the latter reported no association with father’s 

occupation. Several studies have, on the other hand, used anthropometric 

measures such as height and limb length as objective measures of childhood 

socioeconomic circumstances (Abbott et al., 1998; Beeri et al., 2005; 

Borenstein et al., 2005; Gatz et al., 2006; Huang et al., 2008; Kim et al., 2003; 

Kim et al., 2008; Tom et al., 2020). These studies found significant 

associations between body growth and dementia, except one study on head 

circumference (Borenstein et al., 2005). 

Another gap in the current knowledge is that the life course mechanisms 

linking childhood socioeconomic circumstances with later-life dementia risk 

have not been explicitly addressed. Several studies have, however, adjusted for 

adulthood education, finding fully attenuated associations between childhood 

socioeconomic circumstances and dementia (Gatz et al., 2006; Moceri et al., 

2001; Rogers et al., 2009), while others have observed associations that were 

robust to adjustment for own education (Moceri et al., 2000, 2001; Sesker et 

al., 2021; Tom et al., 2020). Some studies have also simultaneously adjusted 

for other adulthood characteristics apart from education, including physical 

activity (Gatz et al., 2006; Sesker et al., 2021). 

In summary, several studies have shown an association of various 

measures of childhood socioeconomic circumstances with dementia, most of 

which are based on retrospective reports by study participants or their close 

relatives. Furthermore, evidence of the life course mechanisms remains 

limited since adulthood SEP or cardiovascular health variables have been 

adjusted for in an unsystematic manner. It thus remains unclear whether 

childhood socioeconomic circumstances are related to dementia risk mainly 

by predicting adulthood SEP or cardiovascular health, or whether early-life 

factors pose influences that are not related to these adulthood factors.
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4 AIMS OF THE STUDY 

The overarching aim of this dissertation was to contribute to a more detailed 

understanding of social inequalities in dementia. To this end, four 

independent sub-studies were conducted, each of which took a specific 

perspective on social inequalities in dementia morbidity, mortality and 

residential LTC. All sub-studies took advantage of unique Finnish register data 

that is representative of the whole Finnish population, also covering the 

population subgroups that are less likely to participate in surveys and studies 

involving health examinations, namely people of older age, those experiencing 

cognitive decline, and people with a lower SEP (Chatfield et al., 2005; Kuh et 

al., 2016). As one of the main advantages, the prospectively collected data with 

long follow-ups on socioeconomic conditions, family relations, health and 

institutional and residential care allowed for delving more deeply into the 

time-varying and age-dependent associations, and to simultaneously take into 

account factors across the life course. 

Sub-study I aimed to analyse the midlife socioeconomic determinants of 

dementia mortality and quantify the contribution of dementia to the overall 

socioeconomic inequalities in mortality at older ages. Earlier studies on social 

inequalities in mortality in older age have paid little attention to dementia 

despite the increasing prominence of dementia as a cause of death with 

population ageing. Because the few previous investigations that have been 

conducted have indicated a possible attenuation in educational inequalities in 

dementia mortality with age, the study aimed to assess the magnitude of 

socioeconomic inequalities in dementia mortality in relation to age. As one of 

its main aims, the study analysed differences not only by education but also by 

occupational social class and household income, which may be indicators of 

SEP that better identify high-risk population subgroups in the oldest cohorts. 

Disentangling the contributions of different indicators of SEP further provides 

better insight into the potential mechanisms of how SEP shapes the risk of 

dementia-related death. 

The objective of Sub-study II was to investigate how social factors are 

related to residential LTC among people who eventually died with dementia. 

Dementia profoundly influences the ability to continue independent living in 

the years preceding death, but the existing evidence of social differentials in 

the use of residential LTC among people with dementia is less consistent. The 

study analysed the use of residential LTC by age, marital status and income 

because of their recognised contribution to the living arrangements of the 

general older population but their as-yet-unclear influence on living 

arrangements among people with dementia. Because the role of social factors 

might change as dementia progresses, it was considered relevant to analyse 

these associations according to proximity to death. 
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Sub-study III had a twofold aim: the study first investigated the association 

between a history of depression and dementia incidence because the empirical 

evidence for whether depression is an aetiological risk factor for dementia is 

mixed and longitudinal studies with sufficiently long follow-ups are scarce. 

The study aimed to minimise bias arising from preclinical depressive 

symptoms by measuring depression in the period 15–30 years before the 

follow-up for dementia. As most studies have only accounted for confounding 

by observed characteristics, this study also assessed unobserved factors 

including childhood family background and genetic factors shared by siblings. 

As its second aim, the study analysed gender, education and marital status as 

potential effect modifiers that might buffer against the excess risk associated 

with depression, as has been indicated for several other dementia risk factors. 

Finally, the aim of Sub-study IV was to analyse the association between 

childhood socioeconomic circumstances and the risk of dementia, using 

prospectively recorded information of childhood circumstances and thus 

avoiding bias related to inaccurate self and proxy reports on childhood 

disadvantage. A further objective of the study was to quantify the mediating 

role of adulthood SEP and cardiovascular health – risk factors that are 

amenable to intervention but the role of which in linking childhood 

socioeconomic circumstances and later-life dementia risk has not been 

explicitly addressed in previous investigations. Because the aetiology of 

dementia onset at a younger age partly differs from dementia at older ages, the 

study analysed the associations separately for dementia onset before the age 

of 65. 

In summary, the research questions were: 

1) What are the associations between multiple indicators of SEP and 

dementia mortality? Do the associations persist with advancing age? 

(Sub-study I) 

2) What is the contribution of dementia to the overall inequalities in 

mortality in older age? (Sub-study I) 

3) Does the use of residential LTC differ by age, marital status and income 

in the eight years preceding dementia-related death? Do these 

associations depend on the proximity to death? (Sub-study II) 

4) Is a history of clinical depression associated with dementia? Is the 

association attributable to observed social factors or unobserved factors 

shared by siblings? Do gender, education or marital status modify the 

association? (Sub-study III) 

5) Are childhood socioeconomic circumstances associated with dementia? 

To what extent are these associations mediated by adulthood SEP and 

cardiovascular health? Are the associations similar for early-onset 

dementia as for dementia overall? (Sub-study IV)
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5 DATA AND METHODS 

 DATA SOURCES AND STUDY DESIGNS 

The study was conducted with annually updated individual-level register data 

compiled by Statistics Finland. All permanent residents of Finland have been 

assigned a unique personal identification number since the late 1960s allowing 

the linkage of information from different registers including the population, 

employment and cause-of-death registers. Sub-studies I and III also utilised 

data collected in the population censuses of 1970, 1975, 1980 and 1985 and 

linked with the population register that covers years from 1987 onwards. 

Population census data from 1950 was also used in Sub-studies III and IV. 

Statistics Finland has further linked the data with the care register of health 

and social care compiled by the Finnish Institute for Health and Welfare, and 

medication reimbursement registers of the Social Insurance Institution of 

Finland (Kela). The care register includes the dates of admission and discharge 

of episodes of inpatient hospital care since 1970 and dates of outpatient 

specialised care since 1998 with information on the primary and additional 

diagnoses. From 1995 onwards, the register also contains information from 

the social care including institutional and residential care. The medication 

reimbursement registers cover records of special reimbursement entitlements 

and state-reimbursed purchases of prescription medication. The special 

reimbursement register includes information of special reimbursement 

entitlements that Kela has granted to cover medication expenses because of 

certain long-standing and serious illnesses. The register contains information 

of the dates of the beginning and end of the entitlement, and of the illness for 

which the entitlement has been granted. The register of medication purchases 

includes dates of all Kela-reimbursed prescription medication purchases with 

information of the medication but not of the indication for which it was 

prescribed. Statistics Finland pseudonymised the data before providing it to 

researchers, and ethical issues were acknowledged in the data processing. 

Participant consent was not required for this study as administrative register 

data can be used for scientific purposes under the Personal Data Act and the 

Statistics Act. 

Sub-studies I and II employed population register data on a representative 

11% random sample of the Finnish population aged 15 years and over in 1987–

2007 (permission TK-53-339-13). In Sub-study II, an oversample of deaths 

supplemented the data so that 80% of all people who died during the period 

were covered. Weights were used to adjust for the different sampling 

probabilities: lower weight was given to persons who died and a higher weight 

to persons who did not die. Sub-studies III and IV used a 10% household 

sample drawn from the 1950 Finnish population census that Statistics Finland 

has linked with the subsequent population register (permission TK-53-1490-
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18). Sub-study III additionally used population register data of the total 

population of Finland. 

Each sub-study restricted the study population according to the specific 

research aim and design. To study the midlife socioeconomic determinants of 

dementia mortality at older ages, Sub-study I included individuals aged 70–

87 at the end of 2000. For these cohorts, socioeconomic characteristics at 

around the age of 55 could be measured from the 1970, 1975, 1980 and 1985 

population censuses. Individuals with missing census information due to not 

residing in Finland (n=920) and those with missing household income 

information because of not belonging in the household population in the 

census year (n=401) were excluded. The final analytic sample included 54,964 

individuals who were followed up for dementia mortality between 2001 and 

2016. 

Sub-study II, which studied the use of residential LTC in the 8 years 

preceding death, included all people who died at the age of 70 and above in 

2001–2007, and people of the same age who survived to 31 December 2007 as 

a group for reference. For the survivors, the end of the study period (equivalent 

to the date of death) was set at 31 December of a randomly assigned year 

between 2001 and 2007. If information of household income was not available 

in any year between 9 to 13 years before death or the end of the study period, 

the individual was excluded from the analyses (n=2550). Altogether, the study 

comprised 36,971 individuals who died from a dementia-related cause, 

150,686 individuals who died from causes unrelated to dementia, and 60,421 

individuals who survived the study period. 

Sub-study III followed individuals born in 1900–1950 for dementia 

incidence at the age of 65 and over from 2001 through 2018. Because the gap 

between depression and dementia incidence was desired to be 15–30 years, 

individuals with pre-baseline dementia (n=24,543) or who were living in an 

institution at baseline (n=49,384) were excluded. People with missing census 

information 15–30 years before baseline (n=14,914) were also excluded 

because the measurement of depression or socio-demographic variables was 

not possible for those not living in Finland. The full cohort included 1,616,321 

individuals. The sibling comparison analysis was conducted on a sibling 

subsample that consisted of 63,445 individuals born in 1935–1950. Siblings 

were defined as children aged 0 to 15 years and living in the same family in 

1950, identified using unique family identifiers. 

To study the association between childhood socioeconomic circumstances 

and dementia, Sub-study IV included individuals who were aged 0–15 years 

and lived with their family during the 1950 census, and were alive and living 

in private households at the end of 1999. Delayed entry was allowed for 

individuals who entered the population between 2000 and 2017 (mainly 

return migrants; n=674). 95,381 individuals were followed up for dementia 

incidence and mortality at the age of 50–83 between 2000 and 2018. Table 1 

summarises the main characteristics of the study samples. 
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Table 1. Sample characteristics, key variables and methods of Sub-studies I–IV 

 Sub-study I Sub-study II Sub-study III Sub-study IV 

Data type Register and 

census 

Register Register and 

census 

Register and 

census 

Study period 2001–2016 2001–2007 2001–2018 2000–2018 

Age at 

baseline, 

years 

70–87 ≥70 at death 65–100 (65 in the 

sibling 

subsample) 

49–64 

N 54,964 248,078 1,616,321 

(63,445 in the 

sibling 

subsample) 

95,381 

Outcome Dementia 

mortality 

Residential LTC Dementia 

incidence 

Dementia 

incidence and 

mortality 

Main 

independent 

variables 

Education, 

occupational 

social class and 

household 

income at age 

53–57 years 

Age (at time of 

death), marital 

status (annually) 

and household 

income (9–13 

years before 

death) 

A history of 

clinical 

depression 15–

30 years before 

baseline 

Parents' 

education, social 

class, home 

ownership, 

region of 

residence, family 

type, household 

crowding, 

standard of 

equipment, and 

SEP index at age 

0–15 years 

Covariates of 

main interest 

Economic 

activity, marital 

status and 

health-related 

variables 

Gender, cause of 

death and 

proximity to 

death 

Gender, 

education, 

marital status 

and health-

related variables 

Adulthood SEP 

and 

cardiovascular 

healthᵃ 

Interactions 

with main 

independent 

variables 

Age, gender and 

pairwise 

combinations of 

socioeconomic 

indicators 

Gender and 

proximity to 

death 

Gender, 

education, 

marital status 

and birth cohort 

Gender 

Methods Age-adjusted 

mortality rates 

and Cox 

regression 

Logistic 

regression with 

GEE 

Cox regression 

with fixed effects 

estimation 

Discrete time 

survival 

regression (logit) 

and linear 

regression with 

KHB 

decomposition 

GEE, Generalised estimating equations; KHB, Karlson-Holm-Breen; LTC, long-term care; SEP, 

socioeconomic position 
a Adulthood SEP includes education, occupational social class, household income, economic 

activity and marital status; cardiovascular health includes alcohol-related diseases and 

accidental poisoning by alcohol, diabetes, dyslipidaemia, hypertension and cardiovascular 

disease 
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 OUTCOME VARIABLES 

Dementia was identified from the cause-of-death register, the medication 

reimbursement registers and the diagnostic records of the healthcare register. 

The definition and measurement differed between the sub-studies depending 

on the specific research aim. Sub-study I, which assessed mortality, used data 

on the causes and dates of death. Dementia-related deaths were identified 

using the International Classification of Diseases 10th Revision (ICD-10) codes 

F01–03 and G30 as the underlying or a contributory cause of death. Sub-study 

III aimed to identify the timing of dementia incidence as accurately as 

possible, and thus only used data of the medication reimbursement and care 

registers to identify dementia incidence. Dates of episodes of specialised 

outpatient or inpatient hospital care with dementia diagnosis ICD-10 codes 

F00–03, F05.1 and G30 were collected from the healthcare register. 

Furthermore, people diagnosed with Alzheimer’s disease are entitled to a 

special state reimbursement of anti-dementia medication costs. The month 

when such an entitlement began (Finnish disease code 307), and the dates of 

all state-reimbursed purchases of anti-dementia medication [Anatomical 

Therapeutic Chemical (ATC) code N06D] were collected. The earliest entry in 

any of these data sources was used as the date of dementia incidence. Sub-

study IV used the cause-of-death register, medication reimbursement 

registers and the health care register in concert. In this study, early-onset 

dementia was analysed separately, considering dementia that was identified 

before the age of 65. 

Sub-study II used dates in residential LTC care in 1995–2007 from the 

health and social care registers. Residential LTC was defined as care periods 

in nursing homes, service homes with 24-hour assistance, health centres, 

rehabilitation care, and psychiatric care, when they lasted for at least 90 days 

or the local authority had granted a long-term care resolution. An annual 

dummy variable was created to indicate whether the individual had been in 

residential LTC in each of the eight 365-day periods dating back from their 

death or the end of the study period. 

 INDEPENDENT VARIABLES 

Social characteristics 

Education, occupational social class and household income were the main 

variables used to indicate a person’s own socioeconomic attainment. 

Education was indicated as the highest achieved qualification, classified as 

tertiary (generally ≥13 years of education; International Standard 

Classification of Education ISCED-1997 codes 5–6), secondary (10–12 years, 

ISCED 3–4), and basic education or less (9 years, ISCED 0–2). Occupational 

social class distinguished five occupational groups, categorised as non-

manual, manual, self-employed farmer, other self-employed, and no or 
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unknown occupation. Household income in Sub-studies I and II covered the 

taxable annual income of all household members, including all income 

received in money or monetary benefit subject to tax. Sub-study IV used 

disposable household income, which also takes into account income transfers. 

The information of income was based on data of the Finnish Tax 

Administration and Kela. Household composition was adjusted for using the 

Organisation for Economic Co-operation and Development (OECD) modified 

equivalence scale (OECD, 2013). Quintiles were formed to indicate a person’s 

position in the income distribution, reflecting relative differences in the 

standard of living rather than absolute poverty (see e.g., Fritzell et al., 2015). 

In Sub-study I, education, occupational social class and income were 

measured from the population censuses of 1970–1985 when the studied 

cohorts were aged 53–57 years. Income quintiles were formed based on the 

household income distribution in the population aged 15 and over in the 

census year. In Sub-study II, household income was measured from 9 years 

before death, or up to 13 years if the person was already in residential LTC 8 

years before death. Income quintiles were formed within each birth cohort. In 

Sub-study III, education was measured from the population censuses of 1970, 

1975, 1980 and 1985 15–30 years before the study baseline to reflect the 

socioeconomic resources as well as the level of cognitive reserve that might 

buffer against the adverse effects of depression. Sub-study IV used education, 

occupational social class and income to reflect adulthood SEP. Education and 

income were measured from the study baseline, and social class from 1990, 

1995, 2000 or 2005, depending on the baseline year. 

Because being out of the labour force might indicate poor health or 

cognitive decline, and is also related to lower incomes, Sub-studies I and IV 

also incorporated information of the main type of economic activity. In Sub-

study I, the information was collected from the censuses of 1970–1985, and 

classified as being in the labour force, retired and other inactive. In Sub-study 

IV, economic activity was measured from age 50, and classified as employed, 

unemployed and other non-employed (outside the labour force). 

Marital status, gender and age were considered in all sub-studies. Marital 

status reflects the emotional and task support available for an individual and 

was therefore of primary interest in Sub-studies II and III. In Sub-studies I 

and IV, marital status was used because it may partly relate to SEP as well as 

health. Marital status was classified as married, divorced, widowed and never 

married, and used as a time-dependent variable updated annually during the 

follow-up in Sub-studies II and IV. Sub-study I collected information of 

marital status from the study baseline, and Sub-study III from the 1970–1985 

population censuses 15–30 years before the baseline.  

Gender was used to distinguish between men and women. The variable is 

based on the information of biological sex registered in the population register, 

but the term gender is used because the associations between gender and other 

social characteristics as well as health may be not only biological but also social 

in nature. The Finnish population register does not allow non-binary gender. 
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Age in years was used as the time scale of follow-up in Sub-studies I, III 

and IV. Sub-study II used 5-year age categories 70–74, 75–79, 80–84, 85–89, 

and 90 and over when age was of primary interest, and continuous age 

(centred at the mean value of the total sample) and age squared when age was 

adjusted for in the models. 

Depression and other health-related risk factors 

A history of clinical depression was the main independent variable in Sub-

study III. To avoid bias arising from preclinical and prodromal stages of 

dementia that generally begin 10–15 years before the clinical stage, depression 

was identified 15–30 years before the study baseline. Clinical depression was 

collected from the healthcare register. Inpatient hospital care episodes with 

depression diagnosis were identified using ICD-8 codes 2960, 2980, 3004 and 

3011 in 1971–86, ICD-9 codes 2961, 2968, 3004, 3009 and 3090 in 1987–95, 

and ICD-10 codes F32, F33, F34.1 and F38.1 in 1996–2000. Individuals who 

had at least one care episode with depression diagnosis during the period 15–

30 years before baseline were classified as having a history of clinical 

depression.  

Other health-related risk factors included medical conditions that reflected 

vascular and lifestyle risk factors for dementia and were adjusted for as 

confounders in Sub-studies I and III, and as mediators in Sub-study IV. The 

information of medical conditions was based on the diagnostic records of the 

healthcare register, and the medication reimbursement registers. Sub-study I 

included alcohol-related diseases and accidental poisoning by alcohol, chronic 

obstructive pulmonary disease (COPD) or asthma, diabetes and heart disease. 

These variables were measured from the five-year period before the study 

baseline. Sub-study III included alcohol-related diseases and accidental 

poisoning by alcohol, COPD or asthma, diabetes, coronary heart disease 

(CHD), and other non-stroke CVDs. Stroke was excluded because of the direct 

short-term effect on dementia – also known as post-stroke dementia. All 

conditions were measured 15–30 years before the study baseline. In Sub-study 

IV, cardiovascular health was measured in terms of particular vascular risk 

factors and CVD. Vascular risk factors included alcohol-related diseases and 

accidental poisoning by alcohol, diabetes, dyslipidaemia and hypertension. 

CVD was identified if an individual had been treated for ischaemic heart 

disease, cerebrovascular disease, heart failure, atrial fibrillation or peripheral 

arterial disease. The variables were used as time-dependent during the follow-

up, the status being updated from zero to one once the particular health 

condition was identified in the registers. The ICD, ATC and Finnish disease 

codes that were used in identification of specific conditions are listed in Table 

2. 

In Sub-study II, health-related care need was indicated by the cause of 

death, which distinguished between dementia-related and all other causes of 

death and people who survived the study period. 
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Childhood socioeconomic circumstances 

In Sub-study IV, information of childhood socioeconomic circumstances was 

obtained from the 1950 Finnish population census when the cohort members 

were aged 0–15 years. The study included factors that reflect the SEP of the 

family, family structure and housing conditions. The highest education of 

parents was classified as more than primary school (generally >6 years of 

education; ISCED 2–8), primary school (6 years; ISCED 1), and less than 

primary school (<6 years; ISCED 0). The head of household occupational 

social class was categorised as non-manual, manual, large farmer (with ≥10 

hectares of field), small farmer (with <10 hectares of field), employer or self-

employed, and other. Home ownership was categorised as home owners, 

renters, and unknown ownership. Region of residence was classified as south, 

west, and east or north. Family type was classified as two-parent, single-

mother, and single-father family. Household crowding expressed the number 

of persons per heated room, classified as less than 2, 2 to <3, 3 to <4, 4 persons 

or more, and unknown. The standard of equipment indicated whether electric 

light, running water, sewerage, central heating, hot water, a gas line, bathroom 

or toilet was present in the household. The standard of equipment was 

categorised as modest if at least two of these were present, poor if only one was 

present, very poor if none of these was present, and unknown if no information 

was available. An additional socioeconomic index was created to summarise 

the childhood socioeconomic circumstances, and included parents’ education, 

social class, home ownership, household crowding and the eight housing 

assets as separate dummy variables. Principal components analysis was used 

to summarise the variables into one index, retaining the first principal 

component and divided into quintiles. 

Additional covariates 

To adjust for regional variance in socioeconomic characteristics and mortality 

in Sub-study I and the provision of residential LTC in Sub-study II, 

information of the region of residence was incorporated in these studies. In 

Sub-study I, region of residence was categorised as Helsinki capital region, rest 

of southern Finland, western Finland, eastern Finland, and Lapland.  The 

study also accounted for the degree of urbanisation of the municipality of 

residence, which is based on the proportion of population living in urban 

settlements and the population of the largest urban settlement in the 

municipality, classified as urban, semi-urban and rural. In Sub-study II, 

region of residence was based on 20 counties. All sub-studies included 

calendar year as a control variable.  
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Table 2. International Classification of Diseases (ICD), Anatomical Therapeutic Chemical 
(ATC) and Finnish disease codes used for the identification of health-related risk 
factors 

 ICD–8  

(1970–86) 

ICD–9 

(1987–95) 

ICD–10 

(1996–) 

ATC  

(1995–) 

Disease 

code (1987–) 

Alcohol-

attributable 

diseases and 

accidental 

poisoning by 

alcohol  

291, 303, 

5710, 577, 

E860 

291, 303, 

3050, 3575, 

4255, 5353, 

5710–3, 

5770D–F, 

5771C–D, 

E851 

F10, G312, 

G4051, 

G612, G721, 

I426, K292, 

K70, K860, 

O354, X45 

  

COPD and 

asthma  

491–3 491–3 (not 

4939C) 

J43–6   

CHD  410–4 410–4 I20–5   

CVD   4273, 428, 

430–8, 

4378A, 410–

4, 440–448 

G45, I110, 

I20–5, I130, 

I132, I48, I50, 

I60–9, I70–7 

 201, 206 

CVD other than 

CHD, excluding 

stroke  

390–458 

(excl. 410–4, 

430–8) 

390–458 

(excl. 410–4, 

430–8) 

I00–9 (excl. 

I20–5, I60–6) 

  

Diabetes  250 250 E10–4 A10 103 

Dyslipidaemia   272 E78 C10  

Heart disease    I00–9, I20–52  201, 206, 

207 

Hypertension   401–5, 4160 I10–3, I15, 

I270 

C01–5, 

C07–9, 

B01 

205 

COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CVD, 

cardiovascular disease 

 STATISTICAL METHODS 

Survival analysis with Cox proportional hazards regression was used to 

estimate the associations between indicators of midlife SEP and dementia 

mortality in Sub-study I, and between a history of clinical depression and 

dementia incidence in Sub-study III. Age was used as the underlying time scale 

in both studies, and thus the HRs were adjusted for the confounding effects of 

age (Lamarca et al., 1998). In Sub-study I, individuals were followed for 

dementia mortality from 2001 through 2016. People whose death was 

unrelated to dementia were treated as censored observations on the date of 

death. Separate models for each socioeconomic indicator (education, 

occupational social class and household income) were first estimated, 

adjusting for calendar year, gender, region of residence and the degree of 

urbanisation. In the next stage, all socioeconomic indicators were 

simultaneously included to present mutually adjusted associations. The final 
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model further adjusted for economic activity, marital status and health-related 

risk factors. Interactions between gender and each socioeconomic indicator 

and for all pairwise combinations of socioeconomic indicators were tested 

using likelihood ratio tests. While Cox regression presents relative differences, 

absolute differences by indicators of SEP were calculated in terms of directly 

age-standardised dementia mortality rates in Sub-study I. The contribution of 

dementia to overall socioeconomic inequalities in mortality was determined 

by the rate difference in dementia mortality as a percentage of the rate 

difference in total mortality. Both relative and absolute differences were 

calculated by contrasting the highest and lowest education and income groups, 

and non-manual and manual social classes. Stata version 15.1 (StataCorp., 

2017) was used. 

Sub-study III estimated HRs for dementia incidence at the age of 65 and 

over in 2001–2018 by a history of clinical depression. The associations were 

first analysed on the full cohort (born in 1900–1950), first adjusting for gender 

and calendar year, and next additionally for education, marital status and 

health-related risk factors. To control for unobserved time-invariant 

characteristics shared by siblings, sibling-fixed effects models were estimated 

by allowing a separate baseline hazard for each of the 23,626 childhood 

families in the sibling subsample born in 1935–1950 (Allison, 2009). The same 

observed characteristics were adjusted for as in the full cohort. Effect 

modification by gender, education and marital status was tested in the full 

cohort and for both adjustment models using likelihood ratio tests. These 

analyses were conducted using Stata version 16.0 (StataCorp., 2019). 

Repeated-measures logistic regression models were used to analyse the use 

of residential LTC in Sub-study II, and the associations between childhood 

socioeconomic circumstances and dementia in Sub-study IV. Sub-study II 

accounted for the interdependence of the repeated measures within 

individuals by using the generalised estimating equations (GEE) where an 

autoregressive correlation structure was assigned assuming a stronger 

correlation for observations that are temporally more proximate to each other 

and a weaker correlation for more distant observations (Twisk, 2003). The 

associations between social factors and residential LTC were first estimated 

averaging over the eight years before death. Separate models were estimated 

for each of the main independent variables (age group, marital status and 

household income) and for each cause-of-death group (dementia-related 

deaths, non-dementia-related deaths, and survivors). In the adjusted model, 

age, marital status and household income were simultaneously included in the 

model, further adjusting for gender, calendar year and region of residence. The 

association between the independent variable and residential LTC was allowed 

to differ between men and women by including gender interaction. Absolute 

difference in the predicted probability of residential LTC was estimated using 

the youngest age group, the married and the highest income group as reference 

categories in the respective models. All associations were estimated using the 

observed values of covariates, except the mean age of the total sample (79 
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years) was used to account for the different age distributions between the 

cause-of-death groups in models not specifically estimating age effects 

(Williams, 2012). The time-varying associations with residential LTC were 

analysed by including interactions between the main independent variable, 

proximity to death and gender. The analyses were performed with Stata 

version 14 (StataCorp., 2015). 

In Sub-study IV, discrete time survival analysis was used to estimate ORs 

for dementia incidence and death by each childhood socioeconomic 

characteristic. Separate models were conducted for overall dementia (at the 

age of 50–83) and early-onset dementia by censoring individuals at the end of 

the year they turned 65. Model 1 included each childhood characteristic 

separately and adjusted for age, gender, region of residence in 1950 and 

calendar year, whereas Model 2 also mutually adjusted for all childhood 

characteristics. To distinguish between the effect of mediation or confounding 

and the effect of changing residual variance in the comparison of nested 

nonlinear probability models, the Karlson-Holm-Breen (KHB) method 

(Karlson et al., 2012) was used. To estimate the indirect effects through 

adulthood SEP and cardiovascular health, mediation analysis was then 

conducted on statistically significant associations, in other words, for variables 

where the 95% CI did not include 1.00 in Model 1. The reformulated KHB 

method (Breen et al., 2021) was used in the mediation analysis, because it 

allows for the introduction of mediators sequentially. A linear predictor was 

first estimated from the nonlinear (logistic) model, which included all 

mediating and confounding variables. The linear predictor was then used as 

the dependent variable in a linear ordinary least squares model, first excluding 

both mediators (the total effect model), then including one mediator (vector) 

at a time (the indirect effect models). The direct effect model included both 

mediators simultaneously. Bootstrapping with 1000 resamples of households 

was used to obtain 95% CIs for the total, indirect and direct effects. Finally, the 

indirect effect was divided by the total effect to calculate the proportion 

mediated. Stata version 16.0 (StataCorp., 2019) was used.
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6 RESULTS 

 SOCIOECONOMIC INEQUALITIES IN DEMENTIA 
MORTALITY 

Sub-study I analysed the magnitude of socioeconomic inequalities in dementia 

mortality in relation to age and in terms of several indicators of SEP and 

compared these patterns to those observed for all other causes of death. To 

contribute to a more comprehensive view to socioeconomic inequalities in 

mortality at older ages, the study estimated the contribution of dementia to 

socioeconomic differentials in total mortality at specific ages.  

The magnitude of socioeconomic inequalities was first analysed by 

contrasting basic and tertiary education, manual and non-manual social class, 

and lowest and highest income quintiles (Table 3). All indicators of SEP were 

associated with dementia mortality, the differences being most pronounced in 

terms of income at the age of 70–79 (HR=1.63; 1.32–2.01) followed by social 

class (HR=1.22; 1.03–1.44) and education, in which case the 95% CI included 

1.00 (HR=1.24; 0.97–1.58). The differences diminished with age when SEP 

was measured in terms of income (HR=1.19; 1.08–1.32) and social class 

(HR=1.09; 1.00–1.17), while the differences by education persisted at the same 

level to the age of 90 years and over (HR=1.24; 1.10–1.40). This pattern 

differed from that in all other causes of death, where the relative differences 

attenuated with increasing age in terms of all indicators of SEP. Overall, 

dementia contributed to 28% of educational, 17% of social class and 21% of 

income differences in total mortality among the population aged 70 years and 

over, with the contribution strongly increasing from the age of 70–79 to 90 

years and over in terms of all indicators of SEP (Table 3). 

Figure 1 presents the adjusted HRs for dementia mortality across all ages 

from 70 years and over. Adjusted for calendar year, gender, region of residence 

and the degree of urbanisation in Model 1, the hazard of dementia-related 

death was increased for secondary (HR=1.14; 1.05–1.23) and basic (HR=1.23; 

1.15–1.32) compared with tertiary education, manual social class (HR=1.14; 

1.09–1.20), self-employed farmers (1.08; 1.02–1.15), and unknown social class 

(HR=1.20; 1.00–1.44) compared with non-manual social class, and for all 

income quintiles lower than the highest (HR=1.08; 1.02–1.14 for the fourth 

quintile and HR=1.28; 1.20–1.35 for the lowest quintile). Following mutual 

adjustment for the 3 indicators of SEP in Model 2, basic education (HR=1.14; 

1.06–1.23), manual social class (HR=1.06; 1.01–1.11) and the 3 lowest income 

quintiles (HR=1.08; 1.02–1.15 for the 3rd quintile and HR=1.24; 1.16–1.32 for 

the lowest quintile) were associated with an excess hazard of dementia-related 

death. Adjustments for midlife economic activity and baseline marital status 

and health-related risk factors in Model 3 attenuated the excess hazard, 

particularly in the low income quintiles. In the full model, excess dementia 
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mortality was observed for basic education (HR=1.14; 1.06–1.23), manual 

social class (1.05; 1.00–1.10) and the two lowest income quintiles (HR=1.07; 

1.00–1.14 and HR=1.13; 1.06–1.22). 

 

 

 

Table 3. Mortality differentials in relative terms (hazard ratios) and absolute terms (rate 
difference) between socioeconomic groups by age and cause of death, and 
contribution of dementia and other causes of death to socioeconomic 
differentials in total mortality 

  70–79 80–89 ≥90 

A) Basic education, N=42,445 (ref. tertiary, N=5445) 

 

Dementia Hazard ratio 1.24 (0.97–1.58) 1.19 (1.09–1.29) 1.24 (1.10–1.40) 

 Rate difference 8.7 37.4 157.9 

 Contribution, % 8 31 52 

Other causes Hazard ratio 1.38 (1.26–1.50) 1.11 (1.06–1.17) 1.13 (1.03–1.24) 

 Rate difference 96.1 83.0 146.9 

 Contribution, % 92 69 48 

     

B) Manual social class, N=23,951 (ref. non-manual, N=17,015) 

 

Dementia Hazard ratio 1.22 (1.03–1.44) 1.17 (1.10–1.23) 1.09 (1.00–1.17) 

 Rate difference 7.7 35.3 63.5 

 Contribution, % 6 20 23 

Other causes Hazard ratio 1.44 (1.36–1.53) 1.24 (1.20–1.29) 1.19 (1.12–1.27) 

 Rate difference 114.2 138.7 215.0 

 Contribution, % 94 80 77 

     

C) Lowest income quintile, N=10,373 (ref. highest, N=13,667) 

 

Dementia Hazard ratio 1.63 (1.32–2.01) 1.22 (1.14–1.31) 1.19 (1.08–1.32) 

 Rate difference 22.4 46.3 135.6 

 Contribution, % 13 21 35 

Other causes Hazard ratio 1.54 (1.43–1.66) 1.24 (1.19–1.30) 1.19 (1.10–1.28) 

 Rate difference 151.0 169.7 249.1 

 Contribution, % 87 79 65 

Hazard ratios adjusted for calendar year. Age-adjusted incidence rates calculated as dementia-

related deaths per 10,000 person-years. Contribution of dementia determined by the rate difference 

in dementia mortality as a percentage of the rate difference in total mortality. 
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Figure 1 Hazard ratios for dementia mortality in different adjustment models. Model 1: each 
socioeconomic indicator separately, adjusted for age, gender, calendar year, region 
of residence and degree of urbanisation. Model 2: Model 1 + all socioeconomic 
indicators. Model 3: Model 2 + economic activity, marital status and health-related 
risk factors (alcohol-related diseases and accidental poisoning by alcohol, asthma 
or chronic obstructive pulmonary disease, diabetes, and heart disease) 

 RESIDENTIAL LONG-TERM CARE BEFORE 
DEMENTIA-RELATED DEATH BY SOCIAL FACTORS 

Sub-study II investigated the use of residential LTC by age, marital status and 

household income among people who died from dementia-related causes. The 

study analysed the overall associations across the eight years preceding death 

and the time-varying associations according to proximity to death. 

Trajectories of residential LTC among men and women who died from 

dementia-related causes were compared to trajectories among people whose 

death was unrelated to dementia, and to those of people who did not die during 

the study period. 

Table 4 presents the overall probabilities of residential LTC across the 8 

years preceding dementia-related and non-dementia-related deaths by social 

factors. The level of residential LTC use was substantially higher for men and 

women who died from dementia-related causes as compared with people 

whose death was unrelated to dementia. Adjusted for age, calendar year and 

region of residence in Model 1, an older age at dementia-related death was 

associated with a higher probability of residential LTC, with an absolute 
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difference in predicted probability between the over 90-year-olds and those 

aged 70–74 of 12.2%-points (95% CI 10.0–14.3) among men and 13.3%-points 

(11.3–15.4) among women (Table 4). Adjustment for marital status and 

income in Model 2 attenuated the age differences among women but not men. 

All non-married groups were more likely than the married to live in residential 

LTC in the years before dementia-related death, with no substantial 

differences observed between the widowed, divorced or the never married 

groups, or between genders in Model 1. The differences between the married 

and non-married groups were mainly unrelated to differences in household 

incomes, as shown in Model 2. The income differences were small among 

women (up to 3.9%-points [2.7–5.2] between the highest and lowest income 

quintiles; Model 1) and only slightly larger among men who died from 

dementia-related causes (up to 9.0%-points [6.9–11.1] between the highest 

and lowest income quintiles; Model 1). Adjustment for marital status in Model 

2 attenuated these differences even further. Bearing in mind the different base 

levels of residential LTC use between the cause-of-death groups, the age 

differences were even larger among women who died from non-dementia-

related causes (up to 20.5%-points [19.9–21.1] between the youngest and 

oldest age groups; Model 1) as compared with women who died from 

dementia-related causes. 

The investigation of differences according to proximity to death revealed 

that the differences in residential LTC by age, marital status and income were 

not constant over the years before death. In cases of dementia-related death, 

the differences between age groups increased until 3 to 4 years before death, 

where the difference was just below 20%-points between the youngest and the 

oldest age groups (Figure 2). After this peak, the differences substantially 

reduced among men, and nearly disappeared among women. Among people 

whose death was unrelated to dementia and among the survivors, the 

differences between age groups continued to increase until the last year before 

death. Differences by marital status also constantly increased until the fifth 

year before dementia-related death among women, and until the third year 

among men (Figure 3). By the last year before dementia-related death, the 

differences had decreased to about 6 to 12%-points among men, and about 2 

to 4%-points among women. In cases of non-dementia-related death and 

among the survivors, in contrast, the differences by marital status increased 

up until death, the pattern being stronger among men than among women. 

Although smaller in magnitude, a similar pattern of diminishing differences 

before dementia-related death and increasing differences up until non-

dementia-related death or end of the study period for survivors emerged for 

income (Figure 4). In cases of dementia-related death, the income differences 

in the probability of residential LTC nearly disappeared by the last year of life 

among women, whereas the differences between the highest and lowest 

income quintiles remained at about 6%-points among men. 
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Table 4. Unadjusted average annual probability (%) and differences in predicted 
probability of residential long-term care across the 8 years before death by age, 
marital status and household income, and by gender and cause of death, 
Finland in 1995–2007 

 Dementia-related death (N=36,971) Non-dementia-related death (N=150,686) 

  Difference in probability  Difference in probability 

 % Model 1 Model 2 % Model 1 Model 2 

Men       

Age at death       

70–74 25.2 ref ref 5.4 ref ref 

75–79 27.3 2.1 (0.1,4.1) 2.7 (0.6,4.8) 6.8 1.6 (1.3,2.0) 2.1 (1.7,2.5) 

80–84 28.2 3.8 (1.9,5.7) 4.3 (2.3,6.4) 9.1 4.2 (3.7,4.6) 5.2 (4.7,5.7) 

85–89 32.8 6.8 (4.9,8.8) 6.8 (4.7,8.9) 12.3 7.8 (7.3,8.3) 9.0 (8.4,9.5) 

≥90 38.2 12.2 (10.0,14.3) 10.5 (8.3,12.7) 18.3 14.0 (13.3,14.7) 14.4 (13.6,15.1) 

       

Marital statusa       

Married 24.5 ref ref 6.1 ref ref 

Divorced 38.1 13.2 (11.0,15.3) 12.9 (10.8,15.1) 11.3 6.7 (6.0,7.4) 6.3 (5.6,6.9) 

Widowed 43.5 15.3 (14.2,16.3) 15.2 (14.1,16.3) 15.4 5.3 (5.0,5.7) 5.3 (5.0,5.6) 

Never married 38.1 13.2 (11.1,15.2) 12.8 (10.7,14.9) 12.6 7.4 (6.8,8.0) 6.5 (5.9,7.1) 

       

Income, quintile     

Highest  29.2 ref ref 8.3 ref ref 

4th 29.8 1.0 (-0.3,2.4) 0.9 (-0.6,2.3) 8.6 0.8 (0.5,1.2) 0.9 (0.4,1.3) 

3rd 32.2 4.3 (2.9,5.7) 3.6 (2.1,5.0) 8.9 1.5 (1.2,1.9) 1.4 (1.0,1.9) 

2nd 32.2 5.3 (3.7,6.8) 3.3 (1.7,4.9) 8.9 2.2 (1.8,2.6) 1.4 (1.0,1.9) 

Lowest  33.7 9.0 (6.9,11.1) 3.4 (1.3,5.5) 11.2 6.7 (6.0,7.3) 4.1 (3.5,4.8) 

       

Women       

Age at death       

70–74 38.0 ref ref 7.4 ref ref 

75–79 38.2 0.7 (-1.5,2.9) -0.6 (-2.8,1.6) 10.7 3.5 (3.0,4.0) 3.1 (2.6,3.6) 

80–84 41.7 3.8 (1.7,5.9) 0.7 (-1.3,2.8) 13.8 6.9 (6.4,7.4) 5.8 (5.3,6.3) 

85–89 46.0 7.4 (5.3,9.5) 2.8 (0.7,4.9) 18.8 12.1 (11.6,12.7) 10.0 (9.5,10.5) 

≥90 52.6 13.3 (11.3,15.4) 7.6 (5.5,9.7) 27.2 20.5 (19.9,21.1) 17.1 (16.5,17.7) 

       

Marital statusa       

Married 31.8 ref ref 8.5 ref ref 

Divorced 47.4 12.7 (11.2,14.2) 12.4 (10.9,13.9) 16.3 6.2 (5.6,6.8) 5.4 (4.8,6.0) 

Widowed 49.3 13.4 (12.6,14.2) 13.3 (12.5,14.1) 19.3 5.5 (5.2,5.8) 5.1 (4.8,5.4) 

Never married 50.4 14.3 (13.0,15.5) 14.1 (12.8,15.4) 19.9 6.9 (6.4,7.5) 6.4 (5.9,6.9) 

       

Income, quintile     

Highest  46.0 ref ref 15.7 ref ref 

4th 46.3 1.2 (0.0,2.3) 1.1 (-0.1,2.2) 15.7 0.7 (0.3,1.2) 0.6 (0.2,1.0) 

3rd 46.2 1.9 (0.7,3.0) 1.2 (0.0,2.3) 16.5 1.5 (1.1,1.9) 1.1 (0.7,1.5) 

2nd 46.6 2.4 (1.2,3.5) 0.9 (-0.3,2.0) 17.1 2.2 (1.7,2.6) 1.4 (1.0,1.8) 

Lowest  45.7 3.9 (2.7,5.2) 1.2 (-0.1,2.4) 17.8 4.7 (4.2,5.2) 3.0 (2.6,3.5) 
a Unadjusted probability of residential long-term care according to marital status one year before death. 

Model 1 adjusted each variable for age, calendar year and region of residence, Model 2 included all 

variables. 
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Figure 2 Percentage point difference in the probability of residential long-term care by age, 
and in relation to proximity to death (the end of study period for survivors), Finnish 
men and women whose death was related to A) dementia, B) other causes, and C) 
who survived until the end of 2007. Age group 70–74 used as reference. Adjusted 
for marital status, income, calendar year, and region of residence. 
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Figure 3 Percentage point difference in the probability of residential long-term care by marital 
status, and in relation to proximity to death (the end of study period for survivors), 
Finnish men and women whose death was related to A) dementia, B) other causes, 
and C) who survived until the end of 2007. Married used as reference. Adjusted for 
age, income, calendar year, and region of residence. 
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Figure 4 Percentage point difference in the probability of residential long-term care by 
income, and in relation to proximity to death (the end of study period for survivors), 
Finnish men and women whose death was related to A) dementia, B) other causes, 
and C) who survived until the end of 2007. Highest income quintile used as 
reference. Adjusted for age, marital status, calendar year, and region of residence. 
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 A HISTORY OF CLINICAL DEPRESSION AND 
INCIDENT DEMENTIA, AND THE ROLE OF SOCIAL 
FACTORS 

Sub-study III analysed the association between a history of clinical depression 

and incident dementia, and assessed whether social factors including gender, 

education and marital status modified the association. The study also 

estimated sibling-fixed effects models controlling for unobserved early-life 

family conditions and genetic factors shared by siblings that might confound 

the association between depression and dementia. Depression was measured 

from the period 15–30 years before the follow-up for dementia in order to 

reduce bias arising from depressive symptoms reflecting preclinical and 

prodromal stages of dementia.  

23,959 individuals (1.5%) were identified as having a history of clinical 

depression in the full cohort, and 948 (1.5%) in the sibling subsample. In 

Model 1 adjusting for age, gender and region of residence, a history of clinical 

depression was associated with a HR of 1.32 (95% CI 1.28–1.36) for incident 

dementia (Table 5). Adjustment for education, marital status and other health-

related risk factors in Model 2 only slightly attenuated the association 

(HR=1.27; 1.23–1.31). Adjusting for unobserved factors shared by siblings in 

the sibling-fixed effects model, the association between a history of clinical 

depression and dementia was stronger than in the conventional model, 

although the confidence interval also became wider (HR=1.65; 1.17–2.33; 

Model 1). Further adjustment for the observed characteristics attenuated the 

association to a HR of 1.55 (1.09–2.20). 

Compared with individuals without a history of clinical depression, the 

excess hazard of dementia associated with depression was stronger among 

men (HR=1.41; 1.34–1.49) than women (HR=1.29; 1.24–1.34) in Model 1 

(Table 5). However, adjustment for other social and health-related risk factors 

– alcohol-related conditions in particular – attenuated the association to the 

same level for both genders (test for interaction in Model 2, P=0.10). The 

association between a history of clinical depression and dementia also differed 

between marital status groups (P=0.003; Model 1). Specifically, the 

association was weaker among the widowed (HR=1.16; 1.07–1.26) than the 

married (HR=1.36; 1.31–1.41). Adjustment for covariates in Model 2 did not 

explain this moderation (P=0.004). A history of clinical depression was 

associated with dementia similarly in all education groups (P=0.84; Model 1). 

Age-stratified sensitivity analyses indicated that the association between a 

history of clinical depression and dementia was stronger among the younger 

cohorts, and not statistically significant among the oldest cohort born in 

1900–1919 (Table 5; test for interaction in Model 1; P<0.000). Furthermore, 

in the youngest cohort born in 1935–1950, the association appeared 

tentatively stronger for women than men (P=0.06; Model 2) and for those with 

basic education compared with tertiary education (P=0.05; Model 2) (results 

not shown in the table). 
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Table 5. Hazard ratios (95% confidence intervals) for dementia incidence for people with 
a history of clinical depression in the conventional Cox model on the full cohort 
(born in 1900-50) and sibling fixed-effects model on the sibling subsample (born 
in 1935-50), and by sociodemographic factors. People without a history of 
clinical depression as the reference group in all models. 

  Model 1  Model 2  

 N HR (95% CI) P-valuea HR (95% CI) P-valuea 

Full cohort 1,616,321 1.32 (1.28–1.36)  1.27(1.23–1.31)  

Sibling fixed-effects 63,445 1.65 (1.17–2.33)  1.55 (1.09–2.20)  

      

Gender   0.006  0.10 

Men 713,294 1.41 (1.34–1.49)  1.29 (1.24–1.34)  

Women 903,027 1.32 (1.25–1.40)  1.25 (1.21–1.30)  

      

Education   0.84  0.89 

Tertiary 306,092 1.30 (1.18–1.43)  1.25 (1.14–1.37)  

Secondary 380,134 1.34 (1.25–1.44)  1.29 (1.20–1.38)  

Basic 930,095 1.31 (1.27–1.36)  1.27 (1.23–1.32)  

      

Marital status   0.003  0.004 

Married 1,147,688 1.36 (1.31–1.41)  1.32 (1.27–1.37)  

Divorced 180,126 1.26 (1.17–1.36)  1.22 (1.13–1.31)  

Widowed 123,131 1.16 (1.07–1.26)  1.13 (1.04–1.23)  

Never married 165,376 1.33 (1.21–1.46)  1.30 (1.19–1.43)  

      

Cohort   <0.000  <0.000 

1935–1950 948,630 1.53 (1.44–1.61)  1.40 (1.32–1.48)  

1920–1934 549,647 1.28 (1.23–1.33)  1.24 (1.20–1.29)  

1900–1919 118,044 1.06 (0.95–1.18)  1.06 (0.95–1.18)  

CI, confidence interval; HR, hazard ratio  

a Likelihood ratio test for interaction. Model 1 adjusted for gender and calendar year. Model 2 

further adjusted for education, marital status, and health-related risk factors (alcohol-related 

conditions, chronic obstructive pulmonary disease or asthma, diabetes, coronary heart disease and 

other cardiovascular diseases). 
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 CHILDHOOD SOCIOECONOMIC CIRCUMSTANCES 
AND DEMENTIA, AND MEDIATION THROUGH 
ADULTHOOD MODIFIABLE RISK FACTORS 

Sub-study IV analysed the association between childhood socioeconomic 

circumstances and later-life dementia, and applied formal mediation analysis 

to assess the life course mechanisms that might link early-life factors to 

dementia. In particular, mediation through attained SEP and cardiovascular 

health was analysed. Associations were also analysed separately for early-

onset dementia. 

In the population aged 50 to 83, the overall dementia incidence rate was 

4.4 (95% CI 4.3–4.5) per 1000 person-years. The rate was substantially lower 

for dementia onset before the age of 65 (0.9; 0.8–1.0), and the rate increased 

to 5.8 (5.6–6.0) among those aged 65 to 74, and to 23.6 (22.8–24.6) at the age 

of 75 and over. Table 6 presents the associations between childhood 

socioeconomic circumstances and dementia. Adjusted for age, gender, region 

of residence in 1950 and calendar year, the risk of dementia was higher for 

individuals who resided in eastern and northern parts of Finland (OR=1.19; 

1.10–1.28), lived with a single father (OR=1.27; 1.07–1.51) or in a more 

crowded household (OR=1.10; 1.02–1.18 for 3 to <4 persons per heated room; 

OR=1.19; 1.11–1.27 for 4 persons or more). Adjustment for other childhood 

factors in Model 2 had no substantial effect on these estimates. A lower 

attained education, manual social class, lower income, not being employed at 

the age of 50, and not being married in adulthood were all associated with a 

higher risk of dementia (results not shown). Adulthood cardiovascular health 

was also associated with dementia, a higher risk observed for those with 

diabetes, dyslipidaemia, hypertension, alcohol-related conditions or CVD.  

Figure 5 shows the results of the mediation analysis where the total effects 

of childhood region of residence, family type and household crowding were 

partitioned into direct effects and indirect effects running through adulthood 

SEP and cardiovascular health. The largest indirect effect was observed for 

household crowding through adulthood SEP, with the proportion mediated 

being 47–65%. Adulthood SEP mediated 16–17% of the associations of single-

father family and region of residence with dementia. Smaller indirect effects 

mediated through cardiovascular health were observed for household 

crowding (10–15%) and eastern and northern region of residence (11%). Thus, 

most of the excess risk associated with eastern and northern region of 

residence and single-father family was direct. 

The associations of childhood socioeconomic circumstances, adulthood 

SEP and cardiovascular health with early-onset dementia (n=771) were similar 

to those for overall dementia (results not shown). Likely because of the small 

number of dementia cases before the age of 65, however, only high (OR=1.35; 

1.11–1.66 for 4 persons or more per heated room) and unknown household  
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Table 6. Distribution of the study population, and odds ratios (95% confidence intervals) 
for dementia by childhood socioeconomic circumstances, Finnish men and 
women in 2001–2018, N=95,381 

 
 

Model 1: each variable 

separately 

Model 2: all childhood 

variables 

 % OR (95% CI) OR (95% CI) 

Parents’ education    

More than primary (reference) 10 1.00 1.00 

Primary 73 1.00 (0.91–1.09) 0.96 (0.87–1.07) 

Less than primary 17 1.07 (0.97–1.18) 1.01 (0.90–1.14) 

    
Social class      

Non-manual (reference) 15 1.00 1.00 

Manual 44 1.04 (0.97–1.12) 1.01 (0.93–1.11) 

Large farmer 8 0.90 (0.82–1.00) 0.92 (0.82–1.03) 

Small farmer 24 1.03 (0.95–1.11) 1.02 (0.93–1.13) 

Employer/self-employed 8 0.98 (0.88–1.10) 0.98 (0.87–1.10) 

Other/unknown 2 1.17 (0.99–1.40) 1.12 (0.93–1.34) 

    
Home ownership      

Own (reference) 61 1.00 1.00 

Rent 32 1.03 (0.98–1.09) 1.00 (0.94–1.07) 

Unknown 7 1.07 (0.97–1.17) 1.06 (0.96–1.17) 

    
Region of residence      

South (reference) 13 1.00 1.00 

West 45 1.06 (0.98–1.15) 1.08 (0.99–1.17) 

East and north 42 1.19 (1.10–1.28) 1.18 (1.09–1.29) 

    
Family type      

Two-parent family (reference) 91 1.00 1.00 

Mother only 8 1.07 (0.99–1.15) 1.05 (0.97–1.14) 

Father only 1 1.27 (1.07–1.51) 1.26 (1.06–1.50) 

    
Household crowdinga      

<2 (reference) 32 1.00 1.00 

2 to <3 32 1.03 (0.97–1.10) 1.03 (0.97–1.10) 

3 to <4 16 1.10 (1.02–1.18) 1.10 (1.02–1.18) 

≥4 18 1.19 (1.11–1.27) 1.18 (1.10–1.28) 

  1.05 (0.8111.3 0.92 .72) Unknown 1 1.05 (0.81–1.36) 0.92 (0.49–1.72) 

    
Standard of equipment      

Modest (reference) 24 1.00 1.00 

Poor 46 1.03 (0.97–1.10) 1.01 (0.94–1.08) 

Very poor 29 1.01 (0.94–1.08) 0.94 (0.87–1.03) 

Unknown 1 1.03 (0.77–1.36) 1.07 (0.54–2.12) 

    
Socioeconomic index, quintile      

Highest (reference) 20 1.00 1.00 

4th 19 0.96 (0.89–1.04) 0.96 (0.88–1.04) 

3rd 20 0.99 (0.92–1.07) 0.99 (0.92–1.07) 

2nd 20 1.03 (0.95–1.11) 1.03 (0.95–1.11) 

Lowest 21 1.03 (0.95–1.12) 1.03 (0.95–1.11) 

CI, confidence intervals; OR, odds ratio 
a Number of persons per heated room in the household. Model 1 adjusted for gender, age, 

region of residence in 1950 and calendar year. Model 2 adjusted additionally for all other 

childhood variables, apart from the model for socioeconomic index, which adjusts for family 

type. 
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Figure 5 Total, indirect and direct effects of childhood A) region of residence, B) family type 
and C) household crowding on dementia risk. Models control for gender, region of 
residence in 1950, age and calendar year. Unknown household crowding omitted 
for clarity. 

crowding (OR=2.12; 1.31–3.45), and unknown standard of equipment 

(OR=2.21; 1.26–3.58) reached statistical significance in Model 1. The indirect 

effect of high household crowding through adulthood SEP was larger (55% 

mediated) than that through cardiovascular health (5% mediated). Unknown 

household crowding and standard of equipment were mediated through 

adulthood characteristics to a lesser extent (14–15% mediated). 
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7 DISCUSSION 

 A SUMMARY OF MAIN FINDINGS AND THEIR 
INTERPRETATION 

7.1.1 MIDLIFE EDUCATION, SOCIAL CLASS AND INCOME PREDICT 

DEMENTIA MORTALITY IN OLDER AGE 

Although socioeconomic inequalities in mortality are generally larger in 

working-age populations, an excess risk of death associated with low SEP 

persists into older age (Huisman et al., 2005, 2013). Previously, cause-specific 

analysis of educational inequalities in mortality in older age has indicated 

important contributions of CVD among men and women and COPD among 

men over the age of 75 (Huisman et al., 2005). The results of this study add to 

the accumulating evidence by showing that dementia mortality, which is 

heavily concentrated at very old age, also has a socioeconomic gradient.  

The socioeconomic inequalities in dementia mortality were manifest not 

only in terms of education but also of occupational social class and income, 

and they persisted from younger old age into very old age. Consequently, 

dementia contributed to an increasing proportion of socioeconomic 

inequalities in overall mortality with advancing age. While in the age group 

70–79 dementia contributed to 8% of educational differences in total 

mortality, the proportion increased to 52% above the age of 90. This appears 

to be a unique finding since earlier studies did not observe educational 

differences in dementia mortality when following individuals at older ages 

(Enroth et al., 2014; Strand et al., 2014). An apparent difference between this 

and previous studies is the larger sample size and thereby a greater number of 

dementia-related deaths, which ensures greater statistical power. In addition, 

the register-based follow-up of a population-representative cohort in this 

study avoided bias arising from self-selection to participate and attrition, 

which might be important sources of bias in survey-based studies that involve 

health examinations for older people.  

The association between education and dementia mortality differed from 

that observed in terms of the other indicators of SEP. While the relative social 

class and income differences strongly attenuated with age, the educational 

differences persisted at the same level across age groups. In addition, the 

association between education and dementia mortality was mainly unrelated 

to lifestyle and health-related risk factors. Similar independent associations 

between education and dementia mortality have also been previously reported 

(Russ et al., 2013; Strand et al., 2015). The specific role of education might be 

explained by the cognitive reserve, which has been hypothesised to enhance 

the ability to compensate for an advancing neuropathology and thus postpone 

the clinical expression of dementia (Stern, 2002). According to the cognitive 
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reserve hypothesis, the underlying neurodegeneration might not reach the 

dementia stage before death among individuals with higher education. For 

example, brain autopsy studies have indicated that education groups do not 

differ in terms of the burden of neuropathology at the time of death (Brayne et 

al., 2010). A more enhanced cognitive reserve might also account for the lower 

dementia mortality observed in this study for the non-manual social class as 

compared with manual. Following the ‘use it or lose it’ hypothesis (Swaab, 

1991), education may be an important foundation for cognitive health, but the 

preservation of one’s cognitive reserve requires continuous intellectual 

stimulation, which might be more available in higher social class occupations. 

The social class differences observed in this study were, however, modest 

compared to the differences observed in the earlier Finnish study on 

nonagenarians, which also found significant differences between upper and 

lower non-manual classes (Enroth et al., 2014). 

Despite the potentially enduring benefits of cognitive reserve, the 

inequalities in dementia mortality among the younger old (70–80 years) were 

most pronounced in terms of household income. This is a novel finding since, 

previously, a Norwegian health examination study did not observe differences 

in dementia mortality in terms of midlife personal income (Strand et al., 2015), 

and evidence for income differences in dementia incidence is also mixed 

(Anttila et al., 2002; Sattler et al., 2012). The income differences observed in 

this study were largely attributable to midlife economic inactivity due to early 

retirement or long-term unemployment – factors that commonly relate to 

poor health –  and to the measured health-related risk factors such as diabetes 

and alcohol-related conditions. Such accumulation or clustering of dementia 

risk factors in lower income groups is in agreement with the so-called brain 

battering model (Del Ser et al., 1999). It must be noted, however, that because 

health-related risk factors were measured at baseline, these analyses cannot 

disclose the causal relationship between income, health-related risk factors 

and dementia mortality. It is possible that severe health problems present 

already in midlife contributed to both a lower income and the risk of dementia-

related death (confounding), but a low income might also affect the risk acting 

through lifestyle and vascular risk factors (mediation). In the latter case, the 

fully adjusted model would underestimate the excess dementia mortality 

associated with lower income. 

The findings demonstrate that socioeconomic inequalities in dementia 

mortality are generated not only through the differential build-up of cognitive 

reserve between education groups, but also through the accumulation or 

clustering of health-related risk factors among those with low incomes. To 

address these inequalities, socioeconomic and health interventions should be 

targeted at the most disadvantaged population subgroups. 
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7.1.2 SOCIAL DIFFERENTIALS IN RESIDENTIAL LONG-TERM CARE 

DIMINISH BEFORE DEMENTIA-RELATED DEATH 

 

Dementia is the strongest single determinant of residential LTC, increasing the 

likelihood of admission four to five-fold compared with older people without 

dementia (Bharucha et al., 2004; Nihtilä et al., 2008). In addition, the time 

spent in LTC at the end of life is more extended for people who die with 

dementia than for others (Martikainen et al., 2012). Although a vast majority 

of people with dementia move to residential LTC during the course of the 

disorder (Luppa et al., 2008), the results of Sub-study II show that the use of 

residential LTC differs according to key social factors. In particular, those at 

older ages and who were unmarried, but also those with lower household 

incomes, were more likely to use residential LTC in the years preceding 

dementia-related death. 

The inspection of these associations according to proximity to death 

showed that these differences were not constant across the years before death. 

Among people who died from dementia-related causes, the differences 

between age, marital status, and income groups were most prominent about 

three to four years before death, after which the differences diminished 

towards the end of life. Among people whose death was unrelated to dementia, 

by contrast, the differences between social groups continued to increase until 

death, and thus the diminishing pattern was unique to dementia-related 

deaths. These time-varying associations have not been captured by previous 

studies that followed-up dementia patients from study enrolment or dementia 

diagnosis until admission, and many of which adjusted for several indicators 

of cognitive and functional limitations, which are typical consequences of 

dementia progression and known proximal predictors of residential LTC 

(Luppa et al., 2008). In addition, it has remained unclear whether a shorter 

time to admission associated with older age or non-married status reflected 

shorter survival or a longer time spent in residential LTC. By controlling for 

survival time, this study was able to observe differences in the level of LTC use 

across the years before death. 

The lower overall level of residential LTC use among the married is in line 

with many of the previous studies that followed-up dementia patients for their 

first entry into residential LTC (Luck et al., 2008; Luppa et al., 2012; Smith et 

al., 2000, 2001), although one study has also reported the opposite (Andel et 

al., 2007) and a meta-analysis only observed an association in follow-ups 

longer than six years (Cepoiu-Martin et al., 2016). At the early stages of the 

disorder, a fundamental element of caring for people with dementia is care 

provided in the home. In particular, the spouse and children are commonly 

the most important sources of informal care. In this study, no clear differences 

emerged between the non-married groups, although previous studies from 

Germany (Luppa et al., 2012) and the US (Smith et al., 2000, 2001) have 

suggested that the formerly married might, more likely than never married 

individuals, have the advantage of children as providers of care. The caregiving 



 

57 

 

role of children, however, might be smaller in Finland, which has traditionally 

been characterised by a diffusion of responsibilities between family members 

and the public sector, and with a low level of intergenerational co-residence. 

The differences between marital status groups diminished earlier among 

women than among men, suggesting that having a spouse might postpone 

residential LTC longer for men than for women. Previous studies have also 

indicated that men might benefit more from the presence of a spouse or other 

family members compared with women (Heyman et al., 1997; Wattmo et al., 

2010). Future studies are, however, needed to delve more deeply into the 

dynamics between the availability of informal care from adult children, and 

how their socioeconomic resources and geographic distance might affect the 

use of residential LTC of elderly parents with dementia. 

The findings demonstrate that people at higher household incomes used 

less residential LTC compared with those at lower incomes, but the differences 

were rather small, especially among women who died from dementia-related 

causes. The role of economic resources in the residential LTC use of people 

with dementia has previously been studied in the US (Gaugler et al., 2003; 

Mittelman et al., 2006), although in the Nordic context concerns have also 

been raised about increasing inequality related to the marketisation of home-

based services (Puthenparambil et al., 2017). In particular, several support 

services including cleaning, meals-on-wheels, grocery services and home 

conversion are often purchased from private service providers (Anttonen & 

Karsio, 2016; Puthenparambil et al., 2017). In addition to limited access to 

such services, low income may be a marker of greater care needs of individuals 

due to several comorbidities (Vorst et al., 2016). 

The cognitive decline, functional limitations and especially behavioural 

symptoms associated with dementia put a heavy burden on the informal 

caregiver, and the transition to residential LTC might be a necessary decision 

to ensure the well-being and safety of the person with dementia once the 

symptoms have become serious. Although in the earlier stages of the disorder 

social and economic resources appeared to promote independent living, the 

results indicate that these factors cannot compensate for the intensifying need 

for care at the end of life. In light of these results, it appears unlikely that 

community living could be extensively promoted for people with dementia – 

even for those who have a spouse to provide care at home. Rather, policy 

efforts should be aimed at ensuring timely access to residential LTC for all in 

need. 

7.1.3 A HISTORY OF DEPRESSION CONSISTENTLY PREDICTS 

DEMENTIA ACROSS SOCIAL GROUPS 

Sub-study III drew a more detailed picture of the dynamics between social 

factors and health-related risk factors for dementia. The starting point of the 

study was to investigate the association between depression and dementia 

because the causal relationship between the two disorders is complex and the 
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results of previous studies are conflicting. The main limitation of previous 

studies has been that they have not accounted for the temporal proximity of 

depression to dementia onset, whereby depressive symptoms identified in the 

studies are likely to reflect prodromal symptoms of dementia itself 

(Brommelhoff et al., 2009; da Silva et al., 2013; Li et al., 2011; Singh-Manoux 

et al., 2017). This study took advantage of a long follow-up in the population 

and health registers to identify depression as long as 15–30 years before the 

study baseline in order to capture depression that precedes the average 10–15 

years of preclinical and prodromal stages of dementia (Vermunt et al., 2019). 

The results showed that a history of clinical depression was related to about a 

30% increased risk of dementia. 

The role of social factors in the association between depression and 

dementia was addressed in three particular ways. First, adjustment for 

education and marital status as confounders only slightly attenuated the 

association between depression and dementia, suggesting that the association 

is unlikely to arise from the higher risk of both depression and dementia 

among people with a lower education or who were not married. This 

observation is similar to previous studies that adjusted for education (Barnes 

et al., 2012; Li et al., 2011) or marital status (Holmquist et al., 2020). Second, 

the results from the sibling-fixed effects models showed that the association 

between depression and dementia was not attributable to unobserved 

characteristics shared by siblings that might confound the association. For 

example, disadvantaged childhood socioeconomic circumstances or potential 

genetic antecedents common to depression and dementia might contribute to 

both depression and dementia without the two disorders being causally related 

to each other. Similar results have previously been reported among siblings in 

Sweden (Holmquist et al., 2020) and twins in the US (Steffens et al., 1997), 

although these studies did not adjust for differences in educational attainment 

between siblings. The findings of this and the previous studies provide, 

however, important support for a non-confounded relationship between 

depression and dementia even if information on childhood family background 

was not available. 

Third, effect modification by gender, education and marital status was 

analysed. The results showed that the association was not specific to any of the 

assessed subpopulations, although the strength of association varied in terms 

of gender and marital status. The association was slightly stronger among men 

than among women, although covariate adjustment attenuated this difference 

to a statistically nonsignificant level. A further inspection revealed that the 

excess risk among men associated with depression was mainly related to a 

higher prevalence of alcohol-related conditions. Heavy alcohol use is common 

in depressive disorders, especially among men (Hunt et al., 2020), and it is 

also associated with an increased risk of dementia (Rehm et al., 2019). This 

finding adds to the previous findings on prodromal depression that has been 

observed to be associated with dementia more consistently among men than 

women (da Silva et al., 2013). Because depression was measured from 
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healthcare registers in this study, the gender difference does not arise from 

differential reporting of depressive symptoms between men and women, 

which previously has been suspected to explain the gender difference (da Silva 

et al., 2013). Nevertheless, the age-stratified sensitivity analysis suggested that 

in the youngest cohort born in 1935–1950, the association between depression 

and dementia might in fact be stronger among women than men. Because the 

different cohorts were followed for dementia partly at different ages, future 

studies are needed to establish whether the stronger association among 

women in this cohort will persist with age, reflecting a cohort effect, or whether 

the association will diminish with age, suggesting an age effect. 

The results indicated a weaker association between depression and 

dementia among widowed as compared with married individuals. This finding 

is contrary to the hypothesised stress-buffering effects of marriage. 

Furthermore, the association was generally similar across all levels of 

education. These findings suggest that social support that has been 

hypothesised to alleviate the pathological effects of stress reactions (Cohen & 

Wills, 1985), or cognitive reserve that allows for more efficient use of the brain 

networks compensating for an advancing neuropathology (Stern, 2002), do 

not – assuming a causal relationship – protect against the adverse 

consequences of depression on dementia risk. However, in the youngest 

cohort born in 1935–1950, the association between depression and dementia 

appeared stronger (although not statistically significantly) among people with 

basic education compared with tertiary-educated people, thus lending 

tentative support for the hypothesised protective effect of cognitive reserve. 

As has previously been shown for smoking (Hernán et al., 2008) and high 

BMI (Kivimäki et al., 2018), selective survival may account for a diminishing 

or reversing association between a risk factor and dementia with increasing 

age. Selective survival suggests that individuals with certain risk factors either 

develop dementia or die from other causes (e.g., lung cancer) before reaching 

the oldest old age. A similar survival bias might explain the attenuated 

association between depression and dementia observed in the oldest cohort of 

this study. Furthermore, because widowhood is associated with an increased 

mortality (Shor et al., 2012), it is possible that the surviving widow(er)s were 

selected on health characteristics, thus contributing to an attenuated 

association between depression and dementia among the widowed. 

Depression is one of the leading causes of disability in the working-age 

population, and the prevalence shows an increasing trend over time (Moreno-

Agostino et al., 2021). Several biological mechanisms have been proposed for 

an aetiological relationship between depression and dementia, including HPA 

axis dysregulation and increased glucocorticoid production, inflammation and 

cerebrovascular changes. Therefore, it is possible that better management and 

treatment of depression and its comorbidities already when people are of 

working age could make important contributions to dementia prevention. 

Given the socioeconomic gradient in depression (Kessler et al., 2003; Lorant 

et al., 2003), strategies aimed at promoting mental health might 
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simultaneously contribute to a reduction in social inequalities in dementia 

morbidity. Because this study only captured the most severe cases of 

depression that required hospital care, more research is needed to establish 

whether a history of milder depressive episodes or symptoms are similarly 

associated with dementia. This study, nevertheless, demonstrates a consistent 

long-term association between a history of clinical (hospital-treated) 

depression and later-life dementia risk, and highlights that patients who 

exhibit depression already in working age, especially if severe, should be 

monitored for cognitive function in the long term. Furthermore, information 

of a patient’s depression history should be utilised in the assessment of 

cognitive impairment and timely detection of dementia.  

7.1.4 CHILDHOOD SOCIOECONOMIC DISADVANTAGE INCREASES 

THE RISK OF DEMENTIA  

A long tradition of life course research has documented an association between 

childhood socioeconomic circumstances and adulthood morbidity and 

mortality (Barker, 1995; Elo & Preston, 1992; Forsdahl, 1977; Galobardes, 

Smith, et al., 2006). As people increasingly avoid death in midlife and survive 

to old age, the question of whether childhood socioeconomic circumstances 

extend to predict morbidity and mortality in older age becomes crucial. The 

findings of Sub-study IV attest to the long-lasting effects of childhood 

disadvantage by showing that people who lived in more crowded households, 

with a single father, or in the eastern and northern parts of Finland as children 

faced an increased risk of dementia later in life. 

The findings align with those from previous investigations that have 

reported an increased risk of dementia associated with a higher number of 

siblings or household members (Borenstein et al., 2005; Moceri et al., 2000, 

2001), and loss of a parent in early life, especially if the widowed parent did 

not remarry (Norton et al., 2011). Previous studies have also reported a higher 

risk of dementia associated with mother’s low education (Rogers et al., 2009; 

Vable et al., 2018) or parents’ low social class (Gatz et al., 2006; Moceri et al., 

2001), but this study observed only weak associations between dementia and 

parents’ education, social class or home ownership.  

This was among the first studies to utilise census data on childhood 

socioeconomic characteristics, family structure and housing conditions to 

investigate childhood determinants of dementia. Only two previous studies 

have been able to use prospectively recorded data on childhood socioeconomic 

circumstances (Moceri et al., 2001; Norton et al., 2011), thus avoiding self- and 

proxy-reporting bias. However, these earlier studies were small-scale cohort 

studies involving health examinations (Moceri et al., 2001; Norton et al., 2011) 

and thus were not able to avoid selection or attrition biases typical to studies 

of older people (Chatfield et al., 2005). Register data used in this study could 

follow individuals regardless of their propensity to participate in health 

examination studies. Another strength of the data used in this study was that 
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it was able to analyse the life course social determinants of early-onset 

dementia, which have largely been neglected by previous studies – likely 

because of a lack of well-characterised population-based data with sufficient 

numbers for study. The results suggest that childhood socioeconomic 

circumstances contribute similarly to early-onset dementia as to dementia 

overall. 

The associations between childhood circumstances and dementia were 

partly attributable to potentially modifiable risk factors in adulthood including 

attained SEP and cardiovascular health. In particular, the mediation analysis 

showed that an important part of the effect of household crowding was related 

to a lower adulthood SEP. This is in agreement with previous reports on the 

effect of sibship or household size in which adjustment for attained education 

attenuated the associations partly (Moceri et al., 2000) or fully (Moceri et al., 

2001). The association between the number of siblings and education has been 

linked to resource dilution, suggesting that a greater number of children in the 

family decreases parental engagement or investments allocated to each child 

and therefore leads to lower educational attainment (Borenstein et al., 2006; 

Downey, 2001). Fewer parental resources also predict a lower level of 

childhood cognitive ability, which in turn is a strong determinant of lower 

adulthood education and midlife cognitive ability (Foverskov et al., 2019). To 

the extent that household crowding reflects the number of children in the 

family, the results suggest that fewer parental resources predict a higher 

dementia risk through a lower socioeconomic trajectory. 

Nevertheless, important direct effects of crowded households and single-

father families remained after accounting for adulthood SEP and 

cardiovascular health. Accordingly, earlier studies have reported an increased 

risk of Alzheimer’s disease or dementia associated with parental death (Norton 

et al., 2011), tooth loss before the age of 35 potentially reflecting systemic 

inflammatory processes (Gatz et al., 2006), and shorter body growth reflecting 

childhood nutritional status (Beeri et al., 2005; Gatz et al., 2006; Huang et al., 

2008; Kim et al., 2003; Kim et al., 2008; Tom et al., 2020). The associations 

in these studies were also robust to adjustment for adulthood SEP. In 

particular, crowded households were commonplace in Finland in 1950, and 

potentially related more directly than parents’ education or social class to 

disadvantage in terms of, for example, inflammatory load, stress or poor 

nutrition, which may have hampered brain development in the particularly 

vulnerable stages of life and increased later risk of dementia. Although this 

level of disadvantage affects a decreasing proportion of younger cohorts in 

high income countries, it may be of relevance in contexts where material 

deprivation persists. 

Rural residence, particularly in early life, has been found to be related to a 

higher prevalence of Alzheimer’s disease (Russ et al., 2012). Also in Finland, a 

higher prevalence of Alzheimer’s disease has been reported for eastern and 

northern parts of Finland (Sulkava et al., 1985, 1988), areas that especially in 

the first half of the 20th century were mostly sparsely populated rural areas. 
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The results of Sub-study IV show that people who lived in eastern and 

northern Finland as children experienced a consistently higher risk of 

dementia in later life, an association that was not attributable to the other 

socioeconomic characteristics of the childhood family, or to adulthood SEP or 

cardiovascular health. Future studies are warranted to identify the particular 

factors that bring about these regional differences. 

Overall, the findings add to the existing evidence on the ‘long arm of 

childhood’, previously shown for adulthood morbidity and mortality 

(Hayward & Gorman, 2004), and demonstrate that not only low SEP in 

adulthood but also disadvantaged circumstances in childhood extend to 

influence dementia risk later in life. Although partly mediated through 

adulthood SEP, the effects of childhood socioeconomic circumstances were 

mostly direct, suggesting that socioeconomic and health interventions in 

midlife may not suffice to reduce the excess risk associated with disadvantaged 

childhood circumstances. By contrast, intervention measures targeted at 

reducing socioeconomic disadvantage in families with children may carry 

long-term benefits by contributing to a lower dementia risk in later life. 

 METHODOLOGICAL CONSIDERATIONS 

The studies in this dissertation utilised extensive longitudinal register data, 

which has several advantages in the study of social inequalities in health and 

residential LTC of older people. Importantly, the samples were drawn from the 

national population register that covers the whole Finnish population, and 

also includes the socioeconomically disadvantaged and people with health 

problems who are difficult to reach in prospective cohort studies. Thus, the 

results were not affected by bias arising from self-selection or selective 

attrition. The long follow-up in the population and health registers enabled the 

use of prospectively recorded data across the life course, whereby the 

measurement of earlier-life factors including childhood socioeconomic 

conditions and depression histories did not rely on self reports or proxy 

informants prone to misreporting and recall bias. 

Notwithstanding these strengths, register data is also liable to 

misclassification. Information on dementia relied on registers of medication 

reimbursement, hospital and outpatient care and causes of death. Thus, only 

individuals who sought medical help or were identified by medical 

professionals were recognised as having or having died from a dementia-

related cause. A validation study of Finnish registers reported reasonably good 

sensitivity (71%), with a positive predictive value of 100%, for dementia 

diagnosis when hospital care and medication reimbursement registers were 

used in combination (Solomon et al., 2014). Furthermore, the estimated delay 

in dementia diagnosis was less than 6 months for the medication 

reimbursement register and 17 months for the hospital care register. The 

sensitivity for dementia in the cause-of-death register was lower (44%), which 
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is why this study adopted a multiple-cause approach by also including the 

cases where dementia was recorded as a contributory cause of death (Garcia-

Ptacek et al., 2016). Defined this way, the proportion of dementia-related 

deaths corresponded with estimates obtained from other data sources (Brayne 

et al., 2006; Knapp et al., 2007). Moreover, the dementia incidence rates 

estimated with this data were very similar to those reported in screened cohort 

studies (Wolters et al., 2020). 

Misclassification might also be relevant to some of the independent 

variables. Although missingness in the registers is very low, there may, 

however, be situations where, for example, post-primary qualifications have 

not been registered in the Register of Completed Education and Degrees of 

Statistics Finland. This mainly concerns immigrants, which comprised a very 

small group in the sample. In the case of household incomes, Sub-studies I and 

II used information of income subject to state taxation, and thus information 

of certain monetary transfers including housing allowance and social 

assistance were not included, which might be particularly relevant for people 

with health problems and those outside the labour market. However, in the 

years when both income measures were available, the use of taxable income 

instead of disposable income only had minor effects on the ranking of 

individuals in the income distribution, and because income quintiles were 

used, it was very unlikely to have affected the main findings. Information of 

disposable income was available since 1995 and could therefore be used in 

Sub-study IV. Another potential source of measurement error arises from the 

single-year measurement of household incomes, which does not take into 

account the year-to-year fluctuations in incomes. Such fluctuations, however, 

more strongly affect personal incomes than household incomes. Depression 

was measured from hospital registers, and thus episodes of less severe 

depression that did not require hospital care were not identified. Therefore, 

the results of Sub-study III must be interpreted primarily in the context of 

severe depression. Another limitation of register data is that health behaviours 

such as smoking, diet or physical activity could not be observed directly. 

Although some of their effects could be captured indirectly through 

individuals’ medical histories, it is likely that not all health-related risk factors 

were controlled for and thus confounding by these factors might have been 

underestimated. 

As in any observational study, unobserved heterogeneity might cause 

biased estimates (Rosenbaum, 2005). For example, selection into 

socioeconomic groups is likely non-random, thus, the establishment of a 

causal relationship cannot be attained. The potential bias arising from 

confounding was addressed in each study by controlling for observed 

characteristics that might create a spurious association between the exposure 

and outcome. In addition, Sub-study III explicitly addressed confounding by 

unobserved characteristics by controlling for all time-invariant characteristics 

shared by siblings in addition to several measured characteristics in sibling 

fixed-effects models. However, not all unobserved characteristics are shared 
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by siblings. Only siblings that are discordant in exposure, in this case 

depression, contribute to the within-pair association, thus, the siblings must 

differ at least in this respect, but the exposed sibling is also likely to differ in 

terms of the causes of the exposure. This strengthens the confounder–

exposure association and increases bias due to non-shared confounding 

(Frisell et al., 2012). Thus, the estimates are best interpreted alongside those 

obtained from the conventional Cox regression models. It is also important to 

recognise that the census data did not contain information of biological 

relatedness of children in the family, therefore, any interpretations of genetic 

confounding should be made with caution. 

Bias arising from reverse causation was minimised by imposing long 

intervals between the measurement of exposure and outcome, which reduces 

the likelihood of the latter having caused the former. For example, in Sub-

study I, SEP was measured at around the age of 55 in order to reduce the 

likelihood of cognitive decline having influenced socioeconomic attainment. 

Nevertheless, the possibility that early cognitive decline had affected midlife 

SEP, especially measured in terms of occupational social class and household 

income, cannot be excluded. 

 CONCLUSIONS 

Identifying ways to promote equal chances for health and well-being in older 

age is a pressing public-health matter in ageing societies. The oldest age 

groups constitute the fastest growing segment of the population, while 

advancing age is accompanied with an increasing level of disease and 

disability. The four studies summarised in this dissertation demonstrate that 

social factors across the life course structure the life chances of individuals at 

older ages, with important inequalities being witnessed in terms of dementia 

morbidity and mortality and the ability to continue independent living.  

The socioeconomic pattern in dementia mortality was observed in terms of 

multiple indicators of SEP; older people with a low education, manual social 

class and low household incomes in midlife experienced an excess risk of 

dementia-related death compared with people with a higher SEP. While 

education and occupational social class may more directly affect dementia risk 

by enhancing the cognitive reserve, inequalities in terms of income appeared 

to relate more to the clustering of health-related risk factors among the more 

disadvantaged groups. The socioeconomic gradient persisted into very old age, 

and as the proportion of deaths attributable to dementia increases with 

advancing age, the contribution of dementia to overall socioeconomic 

inequalities in mortality also becomes substantial in older age groups.  

Social differentials were also present among people who eventually died of 

dementia-related causes; in the eight years preceding death, older and non-

married individuals in particular, but also those with lower income were more 

likely than others to live in residential LTC. These differences, however, 
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diminished as death approached, demonstrating that social and economic 

resources cannot compensate for the intensifying need for care of people with 

dementia at the end of life. 

Because neurodegenerative disorders have particularly long induction 

times, preventive interventions should be targeted at promoting health-

enhancing resources and reducing risk-factor exposures earlier in life. This 

study observed that people a history of clinical depression experienced a 

higher risk of dementia in later life, and no clear evidence was found for risk-

buffering effects of cognitive reserve or social support indicated by higher 

education and marriage, respectively. Men with a history of depression, on the 

other hand, appeared to be at particular risk because of comorbidities – 

especially alcohol-related conditions. 

The results further indicated that disadvantaged circumstances already in 

childhood were associated with dementia morbidity. An excess risk was 

related to having lived in crowded households, with a single father, and in the 

eastern and northern parts of Finland. These associations were only partly 

attributable to attained SEP and cardiovascular health in adulthood, 

suggesting that the risk accumulation begins already in early life.  

Although age is the strongest single determinant of dementia, dementia 

should not be regarded as an inevitable consequence of ageing. Dementia 

morbidity, mortality and residential LTC disproportionately affect the 

socioeconomically more disadvantaged, therefore, dementia prevention 

should be recognised not only as public health promotion but also as health 

equity promotion. Further investigations should assess the effectiveness of 

socioeconomic and mental health interventions as a part of dementia 

prevention strategies. 
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