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Abstract

Introduction: Underdetection of dementia in areas with low socioeconomic status

(SES) may interfere with findings concerning associations between SES and dementia.

Methods: Using administrative registers we assessed the associations between age-

and sex-adjusted dementia incidence and neighborhood socioeconomic status (nSES)

in 94 Danish municipalities. Wealth was divided into income quartiles and other nSES

variables were dichotomized into high versus low according to themedian.

Results: High population density (odds ratio [OR] 1.21, 95% confidence interval

[CI] 1.18–1.24), higher proportion of inhabitants in higher income quartiles (P for

trend < .0001), and high educational level (OR 1.19, 95% CI 1.15–1.22) were associ-

ated with higher incidence of dementia. High proportion of residents above 65 years

was associated with lower age-adjusted dementia incidence (OR 0.86, 95% CI 0.84–

0.89).

Discussion: Low nSES municipalities have a lower age-adjusted incidence of dementia

diagnosis. These findings corroborate prior concerns that a large number of dementia

diagnosesmay bemissed inmunicipalities characterized by low SES.
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1 INTRODUCTION

Several studies have demonstrated that dementia is underdiagnosed,

thus there is a large number of people at risk of not being offered

proper dementia care.1 Although there are yet no pharmaceutical

treatment options available to actively prevent or arrest progression

of dementia due to neurodegenerative diseases such as Alzheimer’s

disease (AD), early diagnosis of dementia is important for a number of

reasons.2–4 Among these is the relief for patients and caregivers gained

frombetter understanding the symptoms; the possibility tomake plans

for the future at a time when the patient still has the cognitive capabil-

ities needed; and being offered appropriate care pathways including,

for example, medication reviews, optimal treatment for comorbidities,

caregiver support, and–when needed–palliative care. Furthermore,

there are several differential diagnoses that require attention and for

some of these, there are options for symptomatic treatments.2,5

Known risk factors for dementia include cardiovascular diseases6

as well as socioeconomic status (SES) including factors such as

education,7,8 income,9 occupation,10–12 and childhood SES.9,13,14

Socioeconomic factors may influence the time of diagnosis; however,

the literature on this is scarce.15

The level of deprivation in a geographical area, commonly termed

neighborhood socioeconomic status (nSES), is a risk factor for general

health and well-being.16,17 However, findings concerning association

between nSES and risk of dementia are inconsistent.18–21 The aim of

the present study was to investigate the associations between nSES

andmissed or delayed diagnosis of dementia.

2 METHODS

2.1 Population and data sources

We used two cohorts for this study. Cohort I consists of all Danish res-

idents above the age of 65 between January 1, 2016 and December

31, 2018. Dementia cases in cohort I were identified through admin-

istrative databases. Cohort II consists of individuals diagnosed with

dementia in a specialized dementia clinic. It ismandatory for these clin-

ics to report data to the national Danish Quality Database for Demen-

tia (DANDEM). DANDEM includes information on diagnostic work-up,

dementia diagnosis, degree of dementia (light, moderate, or severe),

and medical treatment, and began collecting data January 1, 2016.22

Cohort II includes persons > 65 diagnosed with dementia and regis-

tered in DANDEM between January 1, 2016 and February 28, 2020.

Thus, dementia cases included in cohort II and diagnosed between Jan-

uary 1, 2016 and December 31, 2018 are also included in cohort I. The

cohorts are shown in Figure 1.

Every person residing in Denmark is registered with a unique per-

sonal identification number in the Danish Civil Registration System

(CRS), which makes it possible to link several national databases.23

Dementia diagnosis was retrieved from the Patient Register, contain-

ing diagnoses registered according to the International Statistical Clas-

sification of Diseases and Related Health Problems, 10th revision

(ICD-10) for all hospital contacts.24 Date of birth, household size, and

place of residence were retrieved from the Danish CRS,25 educational

level from the population education register,26 levels of income and

transfer payments from the income statistics registry,27 and use of

anti-dementia medicine from the National Prescription Registry.28

2.2 Dementia diagnosis, dementia severity, and
nSES

In cohort I, individuals with a diagnosis of dementia (ICD-10: F00.0–

F03.9; G30.0–G30.9; G31.8; G31.9) or who had redeemed a prescrip-

tion of any anti-dementia drug (Anatomical Therapeutic Chemical code

N06D) were identified as dementia cases.

We defined date of dementia onset as the date of the first demen-

tia diagnosis registered or the date of the first prescription filled,

whichever came first. The validity of dementia diagnoses inDanishhos-

pital registers has been shown to be high, although not in younger indi-

viduals and we therefore included only individuals aged 65 or above.29

Severity of dementia (light, moderate, or severe) was included in the

analyses only for patients diagnosed in one of the dementia clinics

reporting toDANDEM(cohort II).Weused severity of dementia at time

of diagnosis as a proxy for delayed diagnosis.

We used the municipalities to define geographical neighborhood

unit. There are 98 municipalities in Denmark. The indicators used to

characterize nSES were population density, proportion of residents

aged 65 or above, income levels of inhabitants aged 25 and above, level

of education, and proportion of individuals aged 25 and abovewho had

received welfare support for at least 6 weeks during the period Jan-

uary 1, 2016 until December 31, 2018. Income was divided into quar-

tiles and education into below or above bachelor degree level. All nSES

indicators were dichotomized into low or high according to themedian

of all municipalities.We used differences in dementia incidences in the

municipalities as an indicator of missed dementia diagnoses.

2.3 Statistical methods

Individuals in cohort I were followed from January 1, 2016 or at age

65, and until diagnosis of dementia, death, emigration, or December

31, 2018, whatever came first. We assessed the associations between

nSES and incidence of dementia in an age- and sex-adjusted Poisson

regression model estimating rate ratios of dementia in municipalities

with high versus low classified SES variables. Incidence rate ratios

in the municipalities were calculated with the municipality Odense

(municipality ID461) as the reference area. This referencemunicipality

was chosenbasedon a combination of a high incidence of dementia and

a large population. Municipalities with <50 cases were excluded from

the analysis leaving 94municipalities for analysis. The 95% confidence

intervals (CIs) were calculated under the assumption that the observed

number of cases followed a Poisson distribution.

For cohort II, we assessed the associations between nSES and

incidence of severe dementia in an age- and sex-adjusted Poisson
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RESEARCH INCONTEXT

1. Systematic Review: The authors reviewed the litera-

ture regarding individual and neighborhood socioeco-

nomic status (nSES) associated with risk of dementia

using a PubMed search. Few studies concerning nSES and

dementia were identified.

2. Interpretation: Studying 94 Danish municipalities, we

observed that low nSES was associated with low inci-

dence of dementia indicating that there are a large num-

ber of missed dementia diagnoses in low SES municipali-

ties. Furthermore low nSESwas associatedwith high pro-

portion of severe dementia cases indicating a high pro-

portion of delayed diagnoses.

3. Future Directions: Future studies should clarify how

health services may be improved to meet the needs for

dementia diagnostics and care in low SESmunicipalities.

regression model estimating rate ratios of severe dementia in munic-

ipalities with high versus low classified nSES variables.

By merging cohort I and II, we were able to examine the proportion

of cases diagnosed in a dementia clinic between January 1, 2016 and

December 31, 2018. For all analyses, we used STATA/SE 15.1.

2.4 Ethics

In Denmark, register-based studies do not require approval by an ethi-

cal committee. The study was approved by the Danish Data Protection

Agency, P-2019-19.

3 RESULTS

We identified 20,165 incident dementia cases registered in the Patient

or Prescription Register between January 1, 2016 and December 31,

2018 (cohort I), see Figure 1.

BetweenJanuary1, 2016andFebruary28, 2020, therewere23,647

cases classified as light, moderate, or severe dementia registered in

DANDEM (cohort II). The proportion examined in the specialized

dementia clinics was 74.0% (95% CI 74.0–75.0) with a range of 49.3%

to 88.3%; details are shown in Table S1 in supporting information.

3.1 nSES and dementia

Four municipalities were excluded due to low number of cases. The

remaining 94 municipalities had rates of dementia per 1000 person-

years varying between 3.5 (95% CI 3.0–4.2) and 10.2 (95% CI 9.0–

11.5), details shown in Table S2 in supporting information. The munic-

ipality used as reference had 902 cases corresponding to 9.1 (95% CI

8.6–9.8) cases per 1000 person-years. The variation in age- and sex-

adjusted rate ratios is illustrated in Figures 2 and 3.

F IGURE 1 Flowchart showing the formation of cohort I (Figure 1A) and cohort II (Figure 1B). DANDEM, DanishQuality Database for
Dementia
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F IGURE 2 Incidence rate ratios and 95% confidence intervals (CIs) for dementia in 94Danishmunicipalities

The following nSES variables were associated with high incidence

of dementia in the municipalities: high population density (inhabitants

per km2; odds ratio [OR] 1.21 [95% CI 1.18–1.24]), high proportion of

individuals with high education (OR 1.19 [95% CI 1.15–1.22]), higher

income than themedian level (P for trend< .0001), and high proportion

of individuals with welfare participation (OR 1.05 [95%CI 1.02–1.08]).

High proportion of individuals above 65 years in themunicipalities was

associatedwith low age-adjusted incidence of dementia (OR0.86 [95%

CI 0.84–0.89]), see Table 1.

The following nSES variables were significantly associated with the

proportion of severe dementia at time of diagnosis: high population

density was associated with a lower proportion of severe dementia

(OR 0.9 [95% CI 0.84–0.98]), high proportion of inhabitants with

income level within the second quartile compared to first quartile was

associated with a lower proportion of severe dementia cases (OR 0.88

[95%CI 0.79–0.98]), and high proportion of residents withwelfare par-

ticipation was associated with a high proportion of severe dementia

(OR 1.14 [95%CI 1.14–1.23]), see Table 2.

4 DISCUSSION

The incidence in 94municipalities varied between 3.5 (95%CI 3.0–4.2)

and 10.2 (95% CI 9.0–11.5) per 1000 person-years. Given that lower
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F IGURE 3 Rate ratios of incidence of dementia diagnosis mapped according to 94Danishmunicipalities

TABLE 1 Dementia incidence as outcome and nSES as explanatory variables (n= 1,240,843). Reference= low (proportion below themedian)

Municipality socioeconomic factors Cases

Rates per

1000

person-years

(95%CI)

Age- and

sex-adjusted rate

ratios (95%CI)a

Population density

Low 10,869 5.7 (5.6–5.8) 1.00

High 9296 6.9 (6.8–7.1) 1.21 (1.18–1.24)

Proportion of individuals aged 65+

Low 9588 6.6 (6.5–6.8) 1.00

High 10,577 5.8 (5.7–5.9) 0.86 (0.84–0.89)

Proportion of individuals aged 25–64with higher education

Low 10,747 5.7 (5.6–5.8) 1.00

High 9418 6.8 (6.7–7.0) 1.19 (1.15–1.22)

Proportion of individuals aged 25+with income in

1st quartile (lowest) 6155 5.9 (5.8–6.1) 1.00

2nd quartile 4769 6.0 (5.8–6.2) 1.02 (0.98–1.06)

3rd quartile 4995 6.6 (6.4–6.8) 1.14 (1.10–1.18)

4th quartile (highest) 4246 6.4(6.2–6.6) 1.09 (1.04–1.13)

P for trend< 0.0001

Proportion of individuals with welfare participation aged 25+b

Low 11,909 6.1 (6.0–6.2) 1.00

High 8256 6.4 (6.3–6.5) 1.05 (1.02–1.08)

aLow education was defined as below bachelor degree level and high education as equal to or above bachelor degree level.
bWelfare participationwas defined as having receivedwelfare support at least 6 weeks during either year 2016, 2017, or 2018.

Abbreviations: CI, confidence interval; nSES, neighborhood socioeconomic status.
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TABLE 2 Dementia severity as outcome and nSES indicators as explanatory variables among individuals assessed in a dementia clinic
(n= 23,647)

Municipality socioeconomic factors

Cases

severe

dementia

(n= 2770)

Rates per 1000

person-years

(95%CI)

Age- and

sex-adjusted rate

ratios (95%CI)

Population density

Low 1457 42.5 (40.4–44.8) 1.00

High 1313 38.7 (36.6–40.8) 0.90 (0.84–0.98)

Proportion of individuals aged 65+

Low 1320 39.2 (37.1–41.4) 1.00

High 1450 42.0 (39.9–44.2) 1.08 (1.00–1.17)

Proportion of individuals aged 25-64with higher educationa

Low 1349 38.8 (36.8–41.0) 1.00

High 1421 42.4 (40.3–44.7) 1.08 (1.00–1.16)

Proportion of individuals aged 25+with income in

1st quartile (lowest) 738 41.4 (38.5–44.5) 1.00

2nd quartile 602 36.1 (33.3–39.1) 0.88 (0.79–0.98)

3rd quartile 730 39.9 (37.0–42.8) 0.98 (0.88–1.08)

4th quartile (highest) 700 45.5 (42.3–49.0) 1.10 (0.99–1.22)

P for trend= 0.03

Proportion of individuals with welfare participation aged 25+b

Low 1596 38.2 (36.4–40.2) 1.00

High 1174 44.3 (41.8–46.9) 1.14 (1.06–1.23)

aHigher education is defined as above or equal to bachelor degree level.
bWelfare participationwas defined as having receivedwelfare support at least 6 weeks during either year 2016, 2017, or 2018.

Note: Age and sex-adjusted rate ratio (RR) for severe dementia versus the others. Reference= low (proportion below themedian).

Abbreviations: CI, confidence interval; nSES, neighborhood socioeconomic status.

SES has previously been associated with increased risks of demen-

tia, our data suggest a substantial underdiagnosing of dementia in the

poorest communities, even within a tax-funded health-care system.

The municipality used as reference (Odense) had an incidence of 9.1

per 1000 person-years (95% CI 8.5–9.7). In a previous cohort study in

themunicipality of Odense (theOdense Study),30 the incidence among

randomly drawn individuals aged 65 to 84 years was 29.5 per 1000

person-years. The main reason for the large difference in incidence

between our findings and the earlier Odense Study is probably due

to the fact that we identified dementia diagnoses from administra-

tive registers while the researchers in the Odense Study performed

regular cognitive assessment during the follow-up period and thereby

identified all dementia cases. Thus, our findings suggest that although

Odense had one of the highest incidences in our study, dementia may

still be underdiagnosed.

The World Alzheimer Report from 2011 estimated that worldwide

only 50% of individuals who fulfilled diagnostic criteria for dementia

were diagnosed with dementia.3 A previous Danish study31 compared

incidence of dementia based on the Danish national registers to

findings from European cohort studies pooled and analyzed by the

European Community Concerted Action on the epidemiology and

prevention of Dementia (Eurodem)32 and estimated that overall

approximately two-thirds of patients with dementia in Denmark were

actually diagnosed. However, in the older age groups the diagnostic

rateswere lower (61% among 80 to 89 years old and 43% among those

above 90).

A high proportion of severe dementia cases in the municipalities at

time of diagnosis was associated with low population density and high

proportion of individuals with welfare participation. We interpret this

as a sign of delayed diagnosis. Diagnostic delay might be anticipated

to be associated with marital status, family relations, and social net-

work. However, a recent study did not find this association.33 Unfor-

tunately, we did not have access to data on marital status in our study.

Another reason for diagnostic delay may be due to the nature of a dis-

ease. The diagnosis of an acute event such as a femoral fracture or an

acute myocardial infarction will probably be unrelated to social back-

ground of families and communities. However, a slow progressive dis-

ease such as AD dementia may be mistaken for normal aging and may

therefore bemoreprone to influence fromsocial and educational back-

ground. Itmay seemaparadox thatmunicipalitieswitha lowpopulation

density (rural areas); a high proportion of individuals above 65 years;

and a high proportion of individuals with low education, low income,

and high welfare participation in our study had a low age- and sex-

standardized incidence of dementia.
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We assume that the reason for this paradox is that patients in

low SES municipalities are less likely to be diagnosed than patients

in high SES municipalities. This is supported by the demonstration

of an association between high proportion of severe dementia cases

at time of diagnosis with low nSES indicators. This could be due to

individual factors in patients and their families such as cultural and

economic background;34–38 attitudes and resources among health-

care professionals39 and primary physicians;40,41 and/or structural fac-

tors such as number of primary physicians per 1000 inhabitants in

the municipality, transportation facilities, and distance to a dementia

clinic.38 In a previous study, we found an inverse association between

geographical distance toadementia clinic andprobability of beingdiag-

nosed with AD.42

5 STRENGTHS AND LIMITATIONS

To our knowledge, this is the first study to assess socioeconomic vari-

ables ofmunicipalities as an indicator ofmissed or delayed diagnosis of

dementia. The study is nationwide and thus there is no selection bias.

The variables used for SES are objective measures from validated

national registers.

The study has some limitations. We used municipalities as geo-

graphical entity for neighborhood. Generally, it is recommended to use

smaller units such as areas defined by census tracts or postal codes.43

We chose to use larger areas to have geographical units with a rea-

sonable number of dementia cases. This may have blunted the results.

However, we would presume the associations found between neigh-

borhood and dementia incidence to be even stronger if we had defined

neighborhoods as smaller areas.

We only have administrative data when we compare dementia inci-

dence among municipalities; that is, we do not know the true inci-

dence of dementia. When we compare the rate ratios of dementia in

themunicipalities, we chose to useOdense as a sort of “gold standard.”

We cannot prove that this choice is correct. However, because demen-

tia is known to be underdiagnosed,44 we assume that the incidence of

registered cases in Odense is closer to the true incidence of dementia

than registered incidences in other municipalities.

Weused the proportion of caseswith severe dementia at the timeof

diagnosis as a proxy for delay of diagnosis. Theremay be other reasons

for more severe dementia than a delay in diagnosis, for example, spe-

cific dementia subtypes, differences in speed of progression, and mar-

ital status. However, we would assume such differences to be equally

distributed in the 94municipalities.
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