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Innate immunity in Alzheimer’s disease

Michael T Henekal~3, Douglas T Golenbock®?® & Eicke Latz*~>

Alzheimer's disease (AD) is the world's most common dementing illness, affecting over 150 million patients. Classically AD has
been viewed as a neurodegenerative disease of the elderly, characterized by the extracellular depaosition of misfolded amyloid-f
(Ap) peptide and the intracellular formation of neurofibrillary tangles. Only recently has neuroinflammation emerged as an
important component of AD pathology. Experimental, genetic and epidemiological data now indicate a crucial role for activation
of the innate immune system as a disease-promoting factor. The sustained formation and deposition of Ap aggregates causes
chronic activation of the immune system and disturbance of microglial clearance functions. Here we review advances in the
molecular understanding of the inflammatory response in AD that point to novel therapeutic approaches for the treatment of this
devastating disease.
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Prevention and management of dementia: a priority for
public health

*Helen Frankish, Richard Horton
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Table: Action areas in the WHO Global Action Plan on the Public Health Response to Dementia (2017-2025)*

Global target

Dementia as a public health 75% of countries will have developed or updated national policies,

priority strategies, plans, or frameworks for dementia, either stand-alone or
integrated into other policies/plans, by 2025

Dementia awareness and 100% of countries will have at least one functioning public awareness

friendliness campaign on dementia to foster a dementia-inclusive society by 2025

50% of countries will have at least one dementia-friendly initiative to
foster a dementia-inclusive society by 2025

Dementia risk reduction The relevant global targets defined in, and in keeping with, the global
action plan for prevention and control of non-communicable diseases
2013-20 and any future revisions are achieved

Dementia diagnosis, treatment, In at least 50% of countries, as a minimum, 50% of the estimated number

care, and support of people with dementia are diagnosed by 2025

Support for dementia carers 75% of countries provide support and training programmes for carers
and families of people with dementia by 2025

Information systems for 50% of countries routinely collect a core set of dementia indicators

dementia through their national health and social information systems on which
they report every 2 years by 2025

Dementia research and The output of global research on dementia doubles between 2017

innovation and 2025
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Public health strategies targeting the main lifestyle,
clinical, and social risk factors identified in this
Commission could reduce the incidence of dementia or
substantially delay its onset. Naturally, prevention of

all potentially modifiable cases of dementia will not be
feasible, but pushing back the age of dementia onset
would bring enormous benefits: estimates suggest
that even a delay in onset of 1 year could prevent
more than 9 million cases of dementia by 2050° and
delaying onset by 5 years could halve the prevalence of
dementia globally.’
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Relative risk  Prevalence = Communality PAF Weighted
for dementia PAF*
(95% Cl)

Early life (age <18 years)

Less education (none or 1.6 40-0% 64-6% 19-1% 7-5%

primary school only) (1-26-2-01)

Midlife (age 45-65 years)

Hypertension 1.6 8-9% 57-3% 5-1% 2-0%
(116-2-24)

Obesity 1.6 3-4% 60-4% 2-0% 0-8%
(134-1.92)

Hearing loss 19 31-7% 46-1% 23-0% 9-1%
(1-38-2-73)

Later life (age >65 years)

Smoking 1.6 27-4% 51-1% 13-9% 5-5%
(3:15:2:20)

Depression 1.9 13-2% 58-6% 10-1% 4-0%
(1:55-2:33)

Physical inactivity 1.4 17-7% 26-6% 6-5% 2:6%
(116-1-67)

Social isolation 1.6 11-0% 45-9% 5-9% 2:3%
(1.32-1-85)

Diabetes 1.5 6-4% 70:3% 3:2% 1.2%
(1-33-1-79)

Data are relative risk (95% Cl) or %. Total weighted PAF adjusted for communality=35-0%. PAF=population attributable
fraction. *Weighted PAF is the relative contribution of each risk factor to the overall PAF when adjusted for communality.

Table 1: Potentially modifiable risk factors for dementia
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Figure 3: Forest plot of the effect of hearing loss on incidence of dementia 9-17 years later in cognitively

healthy people

Hearing loss was measured by pure-tone audiometry. RR=risk ratio.

Study RR (95% Cl) Weight % (random) Risk ratio
Lin et al (2011)%¢ 2:32 (1-32-4-07) 27-3% ——
Gallacher et al (2012)% 2-67 (1-38-5-17) 213% »
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| | 1
0-2 0-5 2
n ’ 1 1 - % i / )l )
% -*00.1. 0))02)) "+ +




e ApoE g4

| Early life

LA Less education

Smoking

Depression
Physical inactivity

Soclal isolation

@ Diabetes.

Percentage reduction
if this risk is eliminated

Midlife

Hearing loss

@ Hypertension
@ Obesity

Late life

Potentially

modifiable

35%

Potentially
non-modifiable
65%

%4 -
.5 $5

H W

% -*00.1

Gruppo di ricerca geriatrica

/ .5

- %. /
0))02) "+ +



Figure 5: Potential brain mechanisms for preventive strategies in dementia
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Key messages

1The number of people with dementia is increasing globally
Although incidence in some countries has decreased.

2 Be ambitious about prevention

We recommend active treatment of hypertension in middle
aged (45-65 years) and older people (aged older than 65 years)
without dementia to reduce dementia incidence. Interventions
for other risk factors including more childhood education,
exercise, maintaining social engagement, reducing smoking,
and management of hearing loss, depression, diabetes, and
obesity might have the potential to delay or prevent a third of
dementia cases.

3 Treat cognitive symptoms

To maximise cognition, people with Alzheimer’s disease or
dementia with Lewy bodies should be offered cholinesterase
inhibitors at all stages, or memantine for severe dementia.
Cholinesterase inhibitors are not effective in mild cognitive
impairment.

4 Individualise dementia care

Good dementia care spans medical, social, and supportive care;
it should be tailored to unique individual and cultural needs,
preferences, and priorities and should incorporate support for
family carers.

5 Care for family carers

Family carers are at high risk of depression. Effective
interventions, including STrAtegies for RelaTives (START) or
Resources for Enhancing Alzheimer’s Caregiver Health
intervention (REACH), reduce the risk of depression, treat the
symptoms, and should be made available.
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6 Plan for the future

People with dementia and their families value discussions
about the future and decisions about possible attorneys to
make decisions. Clinicians should consider capacity to make
different types of decisions at diagnosis.

7 Protect people with dementia

People with dementia and society require protection from
possible risks of the condition, including self-neglect,
vulnerability (including to exploitation), managing money,
driving, or using weapons. Risk assessment and management
at all stages of the disease is essential, but it should be balanced
against the person'’s right to autonomy.

8 Manage neuropsychiatric symptoms

Management of the neuropsychiatric symptoms of dementia
including agitation, low mood, or psychosis is usually
psychological, social, and environmental, with
pharmacological management reserved for individuals with
more severe symptoms.

9 Consider end of life

Athird of older people die with dementia, so it is essential that
professionals working in end-of-life care consider whether a
patient has dementia, because they might be unable to make
decisions about their care and treatment or express their needs
and wishes.

10 Technology
Technological interventions have the potential to improve care
delivery but should not replace social contact.
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IMPORTANCE Lower educational attainment is associated with a higher risk of dementia.
However, less clear is the extent to which other socioeconomic markers contribute to
dementia risk.

OBJECTIVE To examine the relationship of education, wealth, and area-based deprivation
with the incidence of dementia over the last decade in England and investigate differences
between people bornin different periods.

DESIGN, SETTING, AND PARTICIPANTS Data from the English Longitudinal Study of Ageing, a
prospective cohort study that is representative of the English population, were used to
investigate the associations between markers of socioeconomic status (wealth quintiles and
the index of multiple deprivation) and dementia incidence. To investigate outcomes
associated with age cohorts, 2 independent groups were derived using a median split (born
between 1902-1925 and 1926-1943).

MAIN OUTCOMES AND MEASURES Dementia as determined by physician diagnosis and the
Informant Questionnaire on Cognitive Decline in the Elderly.

RESULTS A total of 6220 individuals aged 65 years and older enrolled in the study (median
[interquartile range] age at baseline, 73.2 [68.1-78.3] years; 3410 [54.8%] female). Of these,
463 individuals (7.4%) had new cases of dementia ascertained in the 12 years between
2002-2003 and 2014-2015. In the cohort born between 1926 and 1943, the hazard of
developing dementia was 1.68 times higher (hazard ratio [HR] = 1.68 [95% Cl, 1.05-2.86]) for
those in the lowest wealth quintile compared with those in the highest quintile, independent
of education, index of multiple deprivation, and health indicators. Higher hazards were also
observed for those in the second-highest quintile of index of multiple deprivation (HR = 1.62
[95% Cl, 1.06-2.46]) compared with those in the lowest (least deprived) quintile.

CONCLUSIONS AND RELEVANCE In an English nationally representative sample, the incidence
of dementia appeared to be socioeconomically patterned primarily by the level of wealth.
This association was somewhat stronger for participants born in later years.

JAMA Psychiatry. 2018;75(7):723-732. doi:10.1001/jamapsychiatry.2018.1012



Table 1. Dementia Incidence Rates Per 1000 Person-Years by Age Cohort

Total Cohort Age Cohort | Age Cohort Il W
(n =6220) (n =1808) (n=4412)
No. (Cases of No. (Cases of No. (Cases of
Dementia/ Dementia/ Dementia/
Characteristic Censored) Incidence Rate (95% CI)  Censored) Incidence Rate (95% Cl) Censored) Incidence Rate (95% CI)
Total 463/5757 11.32 (10.34-12.41) 239/1569 22.99 (20.31-26.11) 224/4188 7.06 (6.29-8.07)
Age group,y
65-69 71/2008 4.38 (3.49-5.57) NA NA 71/2208 4.38 (3.49-5.57)
70-74 105/1705 8.30 (6.88-10.08) NA NA 105/1705 8.30 (6.88-10.09)
75-79 1277963 17.14 (14.49-20.41) 79/518 20.29 (16.45-25.28) 48/475 13.59 (10.33-18.20)
>80 160/1051 24.69 (21.20-28.91) 160/1501 24.69 (21.20-28.91) NA NA
Sex
Male 187/2623 10.27 (8.92-11.89) 82/655 20.53 (16.64-25.60) 105/1968 7.24 (6.01-8.81)
Female 276/3134 12.09 (10.76-13.63) 157/914 24.39 (20.95-28.55) 119/2220 6.92 (5.80-8.32)
Marital status
Married 254/3428 9.94 (8.81-11.26) 96/640 21.77 (17.93-26.68) 158/2788 7.35(6.31-8.61)
Single/divorced  209/2329 13.35 (11.68-15.33) 143/929 23.80 (20.36-28.07) 66/1400 6.48 (5.12-8.34)
Education
Higher education ~ 73/976 9.85 (7.86-12.50) 37/178 26.22 (19.22-36.58) 36/798 5.72 (4.17-8.08)
A-level 103/1444 9.17 (7.60-11.18) 48/325 19.78 (15.14-26.34) 55/1119 6.06 (4.69-7.99)
>A-level 20/316 9.71 (6.31-15.70) 10/82 23.11 (12.56-46.79) 10/234 5.70 (3.14-11.46)
No qualification ~ 267/3021 13.08 (11.62-14.77) 144/984 23.46 (20.02-27.67) 123/2037 8.32 (7.00-9.97)
Wealth®
Q1 (Highest) 67/1062 7.92 (6.26-10.16) 33/213 19.28 (13.87-27.51) 34/848 4.88 (3.52-6.98)
Q2 82/1096 10.11 (8.16-12.67) 36/230 22.16 (16.18-31.11) 46/866 6.61 (4.99-8.95)
Q3 91/1154 11.03 (9.02-13.64) 49/289 23.33 (17.84-31.03) 42/865 6.66 (4.95-9.16)
Q4 102/1139 12.54 (10.38-15.28) 447322 21.48 (16.12-29.19) 58/817 9.19 (7.18-11.95)
Q5 (Lowest) 121/1306 15.05 (12.62-18.10) 77/515 26.07 (21.02-32.70) 44/791 8.34 (6.27-11.35)
Abbreviations: NA, not available; Q. quintile. ®In the index of multiple deprivation, Q1 indicates least deprived; Q2. the .
2 |n wealth rankings. Q1 indicates highest wealth category: Q2. the second 5ecor|d Ieastdepriv@d:Qlth_e third least deprived: Q4, the fourth least . +
highest; Q3, the third highest: Q4, the fourth highest; and Q5, the lowest. deprived; and Q5. most deprived.

JAMA Psychiatry. 2018;75(7):723-732. doi:10.1001/jamapsychiatry.2018.1012



Table 1. Dementia Incidence Rates Per 1000 Person-Years by Age Cohort

Total Cohort Age Cohort | Age Cohort Il
(n =6220) (n =1808) (n=4412)
No. (Cases of No. (Cases of No. (Cases of
Dementia/ Dementia/ Dementia/
Characteristic Censored) Incidence Rate (95% Cl)  Censored) Incidence Rate (95% Cl) Censored) Incidence Rate (95% Cl)
Index of multiple
deprivation®
Q1 (Least 86/1291 8.62 (7.48-11.24) 49/333 19.27 (14.76-25.59) 37/958 4.82 (3.52-6.77)
deprived)
Q2 116/1221 12.47 (9.50-14.06) 57/325 25.38 (19.71-33.1)8 59/896 7.92 (6.18-10.30)
Q3 97/1224 11.56 (10.20-15.10) 54/337 25.59 (19.73-33.71) 43/887 6.42 (4.80-8.76)
Q4 90/1109 11.99 (9.21-13.88) 43/314 21.51 (16.20-29.14) 47/795 8.35(6.34-11.23)
Q5 (Most 747913 12.64 (10.70-16.86) 36/260 23.30 (19.97-32.79) 38/652 8.70(6.37-12.19)
deprived)
Stroke
No 407/5170 10.87 (9.87-11.99) 213/1426 22.41 (19.66-25.65) 194/3744 6.68 (5.82-7.71)
Yes 56/587 16.47 (12.78-21.56) 26/143 29.47 (20.40-43.92) 30/444 11.53 (8.16-16.82)
Hypertension
No 240/3239 11.27 (9.93-12.85) 137/854 24.68 (20.97-29.23) 103/2385 5.64 (4.66-6.88)
Yes 223/2518 12.44 (10.86-14.27) 102/715 20.16 (17.40-25.55) 121/1803 8.95 (7.53-10.73)
Diabetes
No 416/5215 11.12 (10.11-12.26) 223/1423 23.32 (20.51-26.60) 193/3792 6.64 (5.78-7.67)
Yes 477542 13.52 (10.28-18.13) 16/146 19.06 (11.95-32.22) 31/396 11.66 (8.34-16.80)
Cardiovascular
disease
No 373/5081 10.17 (9.15-11.34) 193/1360 22.07 (19.24-25.43) 180/3721 6.65 (5.61-7.52)
Yes 90/676 16.21 (13.67-19.36) 46/209 28.00 (21.11-37.82) 441467 11.03 (8.28-15.01)

Abbreviations: NA, not available; Q, quintile.

b|n the index of multiple deprivation, Q1 indicates least deprived; Q2, the

2 In wealth rankings, Q1 indicates highest wealth category; Q2, the second
highest; Q3, the third highest; Q4, the fourth highest; and Q5, the lowest.

second least deprived; Q3, the third least deprived; Q4, the fourth least
deprived; and Q5, most deprived.
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Figure 2. Dementia Incidence Rates Per 1000 Person-Years
in Men and Women Presented by Age-Groups in the English
Longitudinal Study of Ageing
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Table 2. Hazard Ratios From Univariate and Multivariate Cox Regression Models by Age Cohort

Hazard Ratios (95% Cl) per Model

Lo

P Value for P Value for PValue for P Value for
Characteristic No. (Cases/Censored) Person-Years Model 1? trend Model 2° trend Model 3¢ trend Model 49 trend
ELSA Overall (N = 6220; 43 219 person-years)
Education
University degree 73/976 7974 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
A-level 103/1444 11593 0.89 (0.67-1.21) 0.90 (0.66-1.23) 0.91 (0.67-1.23) 0.84 (0.62-1.14)
<A-level 20/316 2270 0.87 (0.53-1.42) 2 0.86 (0.53-1.41) 23 0.83 (0.50-1.36) 32 0.74 (0.44-1.22) 29
No qualification 267/3021 21382 1.07 (0.82-1.39) 1.09 (0.83-1.43) 1.07 (0.81-1.40) 0.92 (0.70-1.23)
Wealth®
Q1 (Highest) 67/1062 8807 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Q2 82/1096 8605 1.27 (0.92-1.76) 1.31 (0.94-1.80) 1.29 (0.94-1.79) 1.31(0.94-1.82)
Q3 91/1154 8670 1.29 (0.94-1.77) .01 1.33 (0.97-1.84) .002 1.29 (0.94-1.78) .01 1.28 (0.91-1.79) .04
Q4 102/1139 8605 1.43 (1.05-1.95) 1.50 (1.09-2.05) 1.43 (1.05-1.96) 1.39 (1.00-1.95)
Q5 (Lowest) 121/1306 8531 1.49 (1.10-2.01) 1.62 (1.19-2.21) 1.56 (1.14-2.13) 1.50 (1.05-2.13)
Index of multiple
deprivation’
Q1 (Least deprived) 86/1291 10235 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Q2 116/1221 9734 1.44 (1.08-1.90) 1.45 (1.09-1.92) 1.47 (1.11-1.95) 1.41 (1.06-1.87)
Q3 97/1224 9177 1.38 (1.00-1.79) .04 1.36 (1.02-1.82) .02 1.35(1.01-1.81) .04 1.27 (0.94-1.72) .35
Q4 90/1109 7827 1.39 (1.03-1.87) 1.42 (1.05-1.91) 1.37 (1.02-1.85) 1.25(0.91-1.73)
Q5 (Most deprived) 74/913 6246 1.45 (1.06-1.99) 1.51 (1.10-2.07) 1.47 (1.07-2.10) 1.28 (0.90-1.82)
Age Cohort | (N = 1808; 10 484 person-years)
Education
University degree 37/178 1446 1 [Reference] 1 1 [Reference] 1 [Reference]
Alevel 48/325 2388 0.74 (0.48-1.13) 0.72 (0.46-1.11) 0.74 (0.48-1.14) 0.70 (0.45-1.08)
<A-level 10/82 494 0.85 (0.43-1.70) 2 0.89 (0.45-1.77) 66 0.87 (0.43-1.74 o 0.78 (0.39-1.55 =
No qualification 144/984 6156 0.83 (0.57-1.20) 0.81 (0.55-1.18) 0.81 (0.56-1.19) 0.72 (0.49-1.07)
Wealth®
Q1 (Highest) 33/213 1630 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Q2 36/230 1683 1.14 (0.71-1.82) 1.15 (0.72-1.84) 1.18 (0.74-1.90) 1.19(0.74-1.90)
Q3 49/289 2056 1.21 (0.77-1.89) .23 1.22 (0.78-1.91) .18 1.25 (0.78-1.98) .30 1.25(0.78-1.98) 21
Q4 44/322 2057 1.12 (0.71-1.76) 1.13(0.72-1.78) 1.12 (0.69-1.81) 1.12 (0.69-1.81)
Q5 (Lowest) 77/515 3058 1.32 (0.87-1.98) 1.37 (0.90-2.07) 1.35 (0.85-2.14) 1.35(0.85-2.14)
" 7 8 9 / % / ) " +* N + (continued)
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Q2 46/866 6921 1.42 (0.90-2.22) 1.47 (0.93-2.31) 1.44 (0.92-2.27) 1.43 (0.89-2.29)

Q3 42/865 6613 1.37 (0.86-2.17) .01 1.46 (0.92-2.31) .001 1.39 (0.88-2.21) .05 1.34(0.81-2.19) .05
Q4 58/817 6548 1.81(1.18-2.77) 1.96 (1.28-3.01) 1.83 (1.19-2.82) 1.65 (1.02-2.70)
Q5 (Lowest) 44/791 5475 1.73(1.10-2.72) 2.02 (1.25-3.25) 1.82 (1.12-2.96) 1.68 (1.05-2.86)

Index of multiple
deprivation

Q1 (Least deprived) 37/958 7781 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Q 59/896 7448 1.66 (1.10-2.51) 1.67 (1.10-2.53) 1.73 (1.14-2.63) 1.62 (1.06-2.46)
Q3 43/887 6978 1.37 (0.88-2.12) .01 1.39 (0.89-2.16) .005 1.39 (0.89-2.18) .01 1.27 (0.81-1.98) .18
Q4 47/795 5860 1.77 (1.15-2.73) 1.82 (1.18-2.82) 1.80 (1.16-2.79) 1.55 (0.98-2.45)
Q5 (Most deprived) 38/652 4658 1.87 (1.18-2.97) 1.98 (1.25-3.15) 1.89 (1.19-2.99) 1.50 (0.91-2.49)
Abbreviations: Q, quintile; SES, socioeconomic indicators. diabetes, and cardiovascular disease.
2 Model 1used SES indicators analyzed individually, unadjusted. ¢ In wealth rankings, Q1 indicates highest wealth category; Q2, the second highest; Q3, the third highest; Q4, the
®Model 2 used 1SES indicator at the time, adjusted for sex and marital status. fourth highest; and Q5, the lowest.
< Model 3 used 1SES indicator at the time, adjusted for sex, marital status, stroke, hypertension, diabetes, and f In the index of multiple deprivation, Q1 indicates least deprived; Q2, the second least deprived; Q3, the third
cardiovascular disease. least deprived; Q4, the fourth least deprived; and Q5, most deprived.

9Model 4 with all 3 SES indicators entered simultaneously, adjusted for sex, marital status, stroke, hypertension,
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