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1 | BACKGROUND

VAN DER HEIDE €T AL.

Abstract

INTRODUCTION: Our main objective was to investigate whether retinal neurodegen-
eration, estimated from lower thickness of inner retinal layers, was associated with
incident all-cause dementia and Alzheimer’s disease (AD).

METHODS: We performed an individual participant data meta-analysis using unpub-
lished data from four prospective cohort studies with a total of 69,955 participants
(n = 1087 cases of incident all-cause dementia; n = 520 cases incident AD; follow-up
time median [interquartile range] 11.3 [8.8-11.5] years).

RESULTS: General baseline characteristics of the study population were mean (stan-
dard deviation) age, 58.1 (8.8) years; 47% women. After adjustment, lower baseline
macular retinal nerve fiber layer thickness was significantly associated with a 10% and
11% higher incidence of all-cause dementia and AD, respectively. Lower baseline mac-
ular ganglion cell-inner plexiform layer thickness was not significantly associated with
these outcomes.

DISCUSSION: These findings suggest that retinal neurodegeneration precedes the
onset of clinical dementia. Retinal imaging tools may be informative biomarkers for the
study of the early pathophysiology of dementia.

KEYWORDS

Alzheimer’s disease, dementia, E3 consortium, early-onset dementia cohort, epidemiology,
frontotemporal dementia, OCT, optical coherence tomography, retinal imaging, retinal neurode-

generation, The Alienor Study, The Maastricht Study, The Tromsg Study, The UK Biobank, UK
Biobank Eye & Vision Consortium, vascular dementia

of dementia; however, there are few prospective population-based

There is an imperative for the development of novel methods for the
study of the early pathophysiology of dementia.»? Currently available
methods have important limitations. For example, limitations of mag-
netic resonance imaging and biochemical quantification of proteins
in cerebrospinal fluid are that these methods are expensive, inva-
sive, time consuming, and/or do not allow for direct quantification of
neuronal structures.3*

The retina has been postulated to be a window to the brain
and hence may provide opportunity for the study of neurodegen-
eration in the early pathophysiology of clinical dementia.” Indeed,
retinal neurodegenerative changes have been found to be associated
with cognitive decline and lower brain volume.® In the retina subtle
neurodegenerative changes can be non-invasively, inexpensively, and
rapidly assessed with optical coherence tomography (OCT; up to a
semi-histological resolution).”> Such changes include thinning of inner
retinal layers, that is, the macular retinal nerve fiber layer (mRNFL) and
the macular ganglion cell inner plexiform layer (mGCIPL); and may be
detectable before the onset of clinical dementia.> Lower mRNFL thick-
ness is presumed to reflect loss of retinal ganglion cell axons; and lower
mGCIPL thickness is presumed to reflect loss of retinal ganglion cells
(soma and dendrites).’

At present there is a widely held belief that retinal imaging tools

may be useful biomarkers for the study of the early pathobiology

data available to support this belief.> Indeed, only one population-
based study has analyzed the association of the thickness of inner
retinal layers with incident dementia (<90 cases).® This study found
that lower peripapillary RNFL thickness was significantly associated
with a higher risk of incident dementia and Alzheimer’s disease (AD)
and had directionally similar, though less strong, findings for mGCIPL
thickness.

In view of the above, the aim of this study is to investigate in an indi-
vidual patient data meta-analysis, using prospective population-based
data from four cohorts, (1) whether retinal neurodegeneration, esti-
mated from lower thickness of inner retinal layers, is associated with
incident all-cause dementia and AD (primary outcomes); and vascu-
lar dementia and late-onset dementia (secondary outcomes); and (2)
whether these associations differ with age, sex, or apolipoprotein E
(APOE) genotype status.

2 | METHODS
2.1 | Study population and design
Prospective data from the following four observational, population-

based cohort studies were used: The UK Biobank (n = 82,860; United
Kingdom),” The Tromsg Study (n = 10,180; Norway),® The Maastricht
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Study (n = 7689; the Netherlands),” and The Alienor Study (n = 613;
part of the Three-City Study; France).1? General characteristics (mean
age + standard deviation [SD]; % men; median [interquartile range
(IQR)] follow-up time) of the study populations are: 57.7 + 8.3 years,
46% men, 11.3 [9.1; 11.5] years in the UK Biobank; 61.2 + 9.9 years,
45% men, 11.0 [4.0; 11.6] years in The Tromsg Study; 60.0 + 8.7 years,
50% men, 6.0 [5.2; 6.8] years in The Maastricht Study; and 81.9 + 4.2
years, 37% men, 7.3 [6.1; 7.6] years in The Alienor Study). More details
are presented in the Supporting Information.

2.2 | Dementia

2.2.1 | Primary outcomes: All-cause dementia and
AD

Data on primary outcomes were available in all cohorts. In The UK
Biobank and The Tromsg studies, cases of incident dementia were iden-
tified via linkage to hospital episode statistics data (e.g., death registry
and hospital inpatient records in the UK Biobank) and classified using
the International Classification of Diseases, ninth and tenth revision
(ICD-9 and ICD-10).1! In The Maastricht Study, potential cases of inci-
dent dementia were identified via hospital records. Medical data were
checked by a geriatric specialist and dementia cases were diagnosed
according to the Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition (DSM-IV) criteria. In The Alienor Study, potential
cases of dementia were identified based on a neuropsychological test
battery.'? Those individuals who were identified as potential cases of
dementia were referred to a neurologist for further diagnosis and clas-
sification of dementia according to the DSM-1V criteria.1? More details
are presented in the Supporting Information.

2.2.2 | Secondary outcomes: vascular dementia and
late-onset dementia

Late-onset dementia was defined as the onset of dementia at an
age >65 years.!® Data on vascular dementia were available in all
cohorts except for The Tromsg Study. Data on late-onset dementia

were available in all cohorts.

2.3 | Retinal thickness indices

The thickness of inner retinal layers (i.e., mRNFL and mGCIPL) was
assessed at the macula (peri-foveal) in both eyes with OCT. We cal-
culated global mMRNFL and mGCIPL thickness indices using data from
both eyes (i.e., we calculated the mean thickness of both eyes), or, if
data were only available for one eye, using data from that eye only.
In The Alienor Study only, data on mRNFL and mlIPL thickness were
not presently available, hence, to be able to combine the data from all
cohorts, we estimated mGCIPL thickness in The Alienor Study using

mGCL thickness and reference data on the ratio between mGCL thick-
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RESEARCH IN CONTEXT

1. Systematic Review: There is a widely held belief that reti-
nal imaging tools may be useful biomarkers for the study
of the early pathobiology of dementia; however, there are
few prospective population-based data available to sup-
port this belief. Using Pubmed we identified one previous
study that investigated this (up to January 1,2023; search
terms: retinal nerve fiber layer thickness, ganglion cell
inner plexiform layer thickness, and incident dementia).
This study found a significant association between lower
retinal nerve fiber layer thickness with higher risk of
incident all-cause dementia and Alzheimer’s disease and
weaker, non-significant, findings for lower ganglion cell-
inner plexiform layer thickness (n = 3289 participants; 86
cases of incident dementia; 4.5-year follow-up).

2. Interpretation: The present study contributes important
novel data to the existing literature. Findings of this
study are in line with the concept that retinal thick-
ness biomarkers may be tools for the study of the early
pathobiology of dementia.

3. Future Directions: Future studies may aim to further
develop the concept of retinal imaging biomarkers as
tools for the study of the early pathobiology of demen-
tia. Future studies may seek to quantify the predictive
value of retinal imaging biomarkers for prediction of
onset and progression of dementia relative to exist-
ing risk scores. In addition, future studies may seek
to evaluate to which extent retinal neurodegeneration
is caused by damage to the retinal capillaries. The
retinal capillary vasculature can be quantified in epi-
demiological studies with optical coherence tomography

angiography.

ness and mlIPL thickness (strongly correlated; p = 0.94) from The
Maastricht Study. More details, including on the assessment of OCT
image quality, are provided in the Supporting Information.

In a subset of participants from The Tromsg Study (n = 3309 par-
ticipants) OCT data were available at two moments in time (median
[IQR] difference in time between OCT measurements was 7.7 [7.3, 8.0]
years), allowing for the calculation of change in retinal thickness over
time.

24 | Assessment of covariables

The following covariables were assessed at baseline (a detailed

description of the assessment of all variables per cohort is provided in

the Supporting Information section).
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2.4.1 | Variables for the main analyses

Sociodemographic variables included age (years), sex (male/female),
and educational level (higher [college/university degree or other
professional qualification], upper secondary [second/final stage of
secondary education], lower secondary [first stage of secondary edu-
cation], vocational [work-related practical qualifications], or other).1!

Key dementia risk factors included body mass index (BMI; kg/m2),
diabetes (presence/absence), alcohol consumption (none, moderate,
high), smoking (never, former, current), antihypertensive medication
(presence/absence), systolic and diastolic (office) blood pressure (mm
Hg), and APOE genotype status (categorized as €2 [¢2/¢2 or £2/£3];
£2/4; €3/3; ¢4 [€3/c4 or £4/e4]).14

Eye variables were spherical equivalent (diopter) and other vari-
ables included time until death (only available in the UK Biobank, The
Tromsg Study, and The Alienor Study).

2.4.2 | Variables for the additional analyses

Eye variables were the presence of any eye disease (age-related mac-
ular degeneration, glaucoma, retinopathy, cataract; presence/absence
[in any eye]).

2.5 | Statistical analyses

We used Cox proportional hazards regression analyses to study the
associations of baseline mRNFL and mGCIPL thickness with hazard
of incident dementia (i.e., all-cause dementia; AD; vascular dementia;
and late-onset dementia). We expressed associations per SD lower
thickness (indicating higher levels of presumed neurodegeneration).
Before we performed formal analyses, we checked whether propor-
tional hazards assumption was not violated and whether associations
were linear (both were the case; more details in the Supporting Infor-
mation). We expressed results as hazard ratio (HR) with corresponding
95% confidence interval [CI]).

Follow-up time was calculated as the time between OCT measure-
ment and censoring (the date of incident dementia, the date of death,
or the last date at which data on dementia and death status were
available). For analyses with individual types of dementia, we censored
participants who developed other types of dementia than the type of
dementia of interest.1®

We used the following models. In the crude model, we adjusted
for cohort to account for differences in the assessment of variables
between cohorts. In Model 1, we additionally adjusted for age, sex,
educational level, and spherical equivalent, as these variables are key
determinants of risk of dementia (age, sex, educational level [the lat-
ter is a proxy of social economic status])? or retinal thickness (spherical
equivalent can affect the assessment of retinal thickness).X¢ In Model
2, we additionally adjusted for important risk factors for dementia that
are also associated with retinal thickness (potential confounders), that
is, BMI, diabetes (presence/absence), alcohol consumption (none [ref-

erence], moderate, high), smoking (never [reference], former, current),
antihypertensive medication (with/without), and systolic blood pres-
sure (continuous variable).? We adjusted for covariables in Model 2 in
a separate model as these factors are weaker determinants of demen-
tia than the covariables entered in Model 1. We did not include APOE
genotype status in the model because the association of APOE geno-
type status with retinal thickness remains largely unknown as few
data are available on this association.1”-18 Missing data on covariables
were imputed using multiple imputation analysis (more details in the
Supporting Information).1?

To visualize the associations between retinal thickness indices and
incident dementia we plotted Kaplan-Meier curves. For these curves,
retinal thickness was entered as a dichotomized variable (i.e., thick,
thin, dichotomized by median thickness [i.e., < median thickness; >
median thickness]).

To assess whether the associations differed in strength by key demo-
graphic variables (age, sex, and educational level) or by APOE genotype
status, we tested for interaction with these covariables. For APOE
genotype status, we hypothesized that individuals with APOE ¢4 ver-
sus APOE ¢3 may be more susceptible to microvascular dysfunction,
and therefore also may be more susceptible to the development of clin-
ical dementia.2° To test for interaction, interaction terms were entered
with the determinant in the fully adjusted model (e.g., sex x mRNFL

thickness).

2.6 | Additional analyses

We performed a range of additional analyses. First, we analyzed asso-
ciations in individual cohorts. Second, we analyzed the association of
change in retinal thickness over time with incident dementia. Third,
we repeated analyses after exclusion of individuals with eye diseases.
Fourth, we analyzed the association of APOE genotype status with reti-
nal thickness. Fifth, we performed competing risk analyses to account
for risk of death.2! Other analyses are reported in the Supporting
Information.

Main analyses were performed using Statistical Package for Social
Sciences version 28.0 (IBM SPSS, IBM Corp.). For all analyses (includ-
ing interaction analyses) a P-value < 0.05 was considered statistically

significant in two-sided tests.

3 | RESULTS

3.1 | Baseline retinal thickness and incident
dementia

3.1.1 | Characteristics of the study population

Figure 1 shows the selection of participants for inclusion in analyses.
The study population for mGCIPL thickness consisted of N = 69,955
participants (N = 1087 and n = 520 cases of incident all-cause demen-

tia and AD, respectively). The study population for mRNFL thickness
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Total population (N=101,342)
Subpopulations:
The UK Biobank (N=82,860), The Tromse Study (N=10,180),

Missing data on retinal thickness or
insufficient quality of OCT scans:
(31,387) |
The UK Biobank (n=27,823)
The Tromse Study (n=295) l
The Maastricht Study (n=2,656)

The Alienor Study (n=613)

A

Study population with data on
baseline mRNFL thickness
. ) (N=69,955)
Dementia at baseline: (n=51)
The UK Biobank (n=27) |
The Tromse Study (n=15)

The Maastricht Study (n=9) ¢
The Alienor Study (n=0)

A

Study population without baseline
8 dementia (N=69,904)
Dementia follow up data not
available:

(n=338) |
The UK Biobank (n=4)
The Tromse Study (n=0) ¢
The Maastricht Study (n=334)
The Alienor Study (n=0)

A

Study population with data on
dementia follow-up (N=69,566)

Type of dementia data not available:
(n=9,870)

The UK Biobank (n=0)

The Tromse Study (n=9,870)

The Maastricht Study (n=0)

The Alienor Study (n=0)

A

A\ 4

Study population with
data on vascular
dementia
(N=59,696)

data on all-cause
dementia and
Alzheimer’s disease
(N=69,566)

The Maastricht Study (N=7,689), and The Alienor Study
(n=613)

Study population with

Missing data on retinal thickness or
insufficient quality of OCT scans:

I (30,929)

l P The UK Biobank (n=27,941)

The Tromse Study (n=295)
The Maastricht Study (n=2,656)

Study population with data on The Alienor Study (n=37)

baseline mGCIPL thickness

‘ (N 70’413) Dementia at baseline: (n=79)
I The UK Biobank (n=28)
P The Tromse Study (n=15)
¢ The Maastricht Study (n=9)
The Alienor Study (n=27)

Study population without baseline
dementia (N=70,334) -
Dementia follow up data not
‘ available:
l (n=379)
P The UK Biobank (n=4)
¢ The Tromse Study (n=0)
The Maastricht Study (n=334)
The Alienor Study (n=41)

Study population with data on
‘ dementia follow-up (N=69,955)

Type of dementia data not available:
(n=9,870)
The UK Biobank (n=0)
The Tromse Study (n=9,870)
The Maastricht Study (n=0)
> The Alienor Study (n=0)

\ 4
Study population with

data on all-cause Study population with
i data on vascular
dementia and A
Alzheimer’s disease dementia
(N=60,085)

(N=69,955)

FIGURE 1 Selection of the study population with data on baseline retinal thickness. Data on covariables required for models 1 and 2 was
missing for ~11% of the study populations. This data was imputed. Abbreviations: mMRNFL, macular retinal nerve fiber layer thickness; mGCIPL,
macular ganglion cell-inner plexiform layer thickness; OCT, optical coherence tomography.

consisted of N = 69,566 participants (N = 985 and n = 450 cases of inci-
dent all-cause dementia and AD, respectively). The median follow-up
time for both study populations was 11.3 years (IQR 8.8-11.5 years).
General characteristics of the participants of the mGCIPL study
population according to incident dementia status are provided in
Table 1 and Table S1 in Supporting Information. Table S2 in Support-
ing Information shows general characteristics of the participants of the
mRNFL study population. Overall, participants with incident dementia
were older and had a more adverse dementia risk profile (e.g., higher
blood pressure at baseline) compared to individuals without incident
dementia. Characteristics of the participants included in the analy-
ses were highly comparable to those of participants excluded from
analyses due to missing data (Table S3 in Supporting Information).

3.1.2 | mRNFL

After full adjustment (Model 2), lower baseline mRNFL thickness was
significantly associated with a higher incidence of all-cause dementia
and AD (per SD, hazard risk [95% Cl], 1.10[1.02; 1.17] and 1.11[1.001;

1.23], respectively; Table 2). Figure 2 in shows the Kaplan-Meier curve.

3.1.3 | mGCIPL

After full adjustment (Model 2), lower baseline mGCIPL thickness
was not significantly associated with a higher incidence of all-cause
dementia and AD (1.04 [0.99; 1.10] and 1.01 [0.94; 1.09], respectively;
Table 2). Figure 2 shows the Kaplan-Meier curve.

3.2 | Tests for interaction

Age, sex, and APOE genotype status did not modify any of the above
associations. Educational level did not consistently modify associa-
tions. P-values for interaction are presented in Table S4 in Supporting
Information.

3.3 | Analyses with secondary outcomes
Figure 1 shows the selection of participants for inclusion in anal-

yses. The study population for late-onset dementia was the same

as for all-cause dementia and AD. For vascular dementia the study
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TABLE 1 General characteristics of the study population for baseline mGCIPL thickness.

All-cause dementia

Overall, Without, With,

Characteristic N N=69,955% N=68,868 N=1087
Age (years), mean + SD N = 69,955 58.11+8.82 57.93+8.71 69.48 +8.16
Sex, n (%) N=69,955

Women 36,889 (53) 36,314 (53) 575 (53)

Men 33,066 (47) 32,554 (47) 512 (47)
Educational status, n (%) N=69,221

Higher 33,644 (49) 33,344 (49) 300 (28)

Upper secondary 5750 (8.3) 5687 (8.3) 63(5.9)

Lower secondary 13,903 (20) 13,744 (20) 159 (15)

Vocational 5628(8.1) 5485 (8.0) 143(13)

Other 10,296 (15) 9894 (15) 402 (38)
Diabetes, n (%) N=69,726

Without diabetes 65,016 (93) 64,087 (93) 929 (86)

With diabetes 4710 (6.8) 4564 (6.6) 146 (14)
Spherical equivalent (dpt), median (IQR) N=69,543 0.22(-0.83-1.16) 0.22(-0.84-1.15) 0.81(-0.26-1.93)
Office systolic blood pressure (mmHg), mean + SD N=69,736 136.90 + 18.95 136.77 + 18.88 145.21 +21.48
Office diastolic blood pressure (mmHg), mean + SD N=69,734 80.50+ 10.25 80.53+10.24 78.99 + 10.94
Antihypertensive medication use, n (%) N = 69,955

Without antihypertensive medication at baseline 53,366 (76) 52,770(77) 596 (55)

With antihypertensive medication at baseline 16,589 (24) 16,098 (23) 491 (45)
Body-mass index (kg/m2), mean + SD N=69,719 27.23+4.64 27.24 +4.64 27.08 +4.71
Alcohol consumption, n (%) N=63,892

None 11,271 (18) 10,907 (17) 364 (37)

Moderate 29,665 (46) 29,239 (46) 426 (43)

High 22,956 (36) 22,758 (36) 198 (20)
Smoking status, n (%) N=69,712

Never 36,211 (52) 35,721(52) 490 (45)

Former 26,258 (38) 25,792 (38) 466 (43)

Current 7243 (10) 7122 (10) 121(11)
APOE genotype status

€2/e2,n (%) N=55,615 352(0.6) 349(0.6) 3(0.5)

€2/e3,n (%) N=55,615 6711(12) 6658 (12) 53(8.1)

e2/e4,n (%) N=55,615 1398 (2.5) 1381 (2.5) 17 (2.6)

€3/e3,n (%) N=55,615 32,840(59) 32,561 (59) 279 (43)

e3/e4,n (%) N=55,615 13,011 (23) 12,770(23) 241(37)

e4/e4, n (%) N=55,615 1300 (2.3) 1238(2.3) 62(9.5)
Baseline retinal thickness indices

mRNFL thickness* (um), mean + SD N=69,566 29.27 +4.90 29.26 +4.90 29.36 +4.85

mGCIPL thickness (um), mean + SD N =69,955 74.55 + 6.95 7456 + 6.91 73.89+9.16
Types of dementia

Alzheimer’s disease, n (%) N = 69,955 520(0.7) 0(0) 520 (48)

Vascular dementia, n (%) N = 60,085 109 (0.2) 0(0) 109 (16)

Frontotemporal dementia, n (%) N = 60,085 14 (<0.1) 0(0) 14 (2.1)

Early-onset dementia, n (%) N = 69,955 70(0.1) 0(0) 70 (6)

Late-onset dementia, n (%) N = 69,955 1017 (1.5) 0(0) 1017 (94)

Abbreviations: APOE, apolipoprotein E; IQR, interquartile range; mGCIPL, macular ganglion cell-inner plexiform layer; mRNFL, macular retinal nerve fiber
layer; SD, standard deviation.

aMean + SD; n (%); median (IQR).

*Shown for the population with complete data on mRNFL thickness (n = 69,566).
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FIGURE 2 Kaplan-Meier plots for all-cause incident dementia according to mRNFL thickness and mGCIPL thickness. Figure S2 in Supporting
Information shows the hazard of incident all-cause dementia according to median thickness (thin [in red]; lower than median thickness) or thick [in
blue]; median thickness or larger than median retinal thickness). Data are shown for the study populations with complete data on mRNFL
thickness (2.1) or mGCIPL thickness (2.2) and incident all-cause dementia. Abbreviations: mRNFL, macular retinal nerve fiber layer; mGCIPL,

macular ganglion cell-inner plexiform layer.

TABLE 2 Associations of baseline retinal thickness indices with

incident dementia.

Incident dementia

All-cause dementia

Model n=69,566(985

cases)
HR (95% CI)
mRNFL, per  Crude 1.29 (1.20 to 1.40)
SDlower 4 1.10(1.03t0 1.18)
2 1.10(1.02to 1.17)

All cause dementia

n=69,955(1087

cases)
HR (95% Cl)
mGCIPL, per Crude 1.30(1.25t0 1.36)
SDlower 4 1.04(0.99 to 1.10)
2 1.04(0.99to 1.10)

Alzheimer’s disease

n=69,566 (450
cases)

HR (95% Cl)
1.31(1.17 to 1.46)
1.11(1.004 to 1.23)
1.11(1.001 to 1.23)
Alzheimer’s disease

n=69,955(520
cases)

HR (95% Cl)

1.24(1.17 to 1.32)
1.01(0.94to 1.09)
1.01(0.94to 1.09)

Notes: Variables entered in models: Crude: cohort; model 1: Crude +
age, sex, educational level, and spherical equivalent; model 2: model 1
+ BMI, diabetes, alcohol consumption, smoking status, antihypertensive
medication, and systolic blood pressure. Bold indicates P-value < 0.05.
Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard
ratio; mGCIPL, macular ganglion cell-inner plexiform layer; mRNFL, macular
retinal nerve fiber layer; SD, standard deviation.

populations for mGCIPL thickness consisted of N = 60,085 partic-
ipants (N = 109) and for mRNFL thickness the study population
consisted of and N = 59,696 participants (N = 97 cases). The

median follow-up time for both study populations was 11.3 years
(IQR 8.8-11.5 years).

3.3.1 | mRNFL

After full adjustment (Model 2), lower baseline mRNFL thickness was
significantly associated with a higher incidence of late-onset dementia
(1.08 [1.01; 1.16]), and was numerically identically, though not sta-
tistically significantly, associated with a higher incidence of vascular
dementia (1.08 [0.85; 1.36]; Table 3).

332 | mGCIPL

After full adjustment (Model 2), lower baseline mGCIPL thickness was
not significantly associated with vascular dementia (1.17 [0.98; 1.40])
or late-onset dementia (1.02 [0.97; 1.08]; Table 3).

3.4 | Additional analyses

We had quantitatively similar results in a range of additional analy-
ses (Tables S5-513 in Supporting Information). Here we highlight main
findings, all results of additional analyses reported in the Supporting
Information section. First, we found that associations did not statisti-
cally differ according to cohort (P interaction-value for cohort > 0.05).
Second, greater change in mRNFL and mGCIPL thickness over time

(i.e., retinal thinning) was significantly associated with a higher risk of
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TABLE 3 Associations of baseline retinal thickness indices with
vascular dementia and late-onset dementia.

Model

mRNFL, per Crude
SD lower 1

mGCIPL, per Crude
SD lower 1

2

Incident dementia

Vascular dementia

Late-onset disease

n=>59,696 (97 cases) n=69,566 (914

HR (95% Cl)
1.28(1.003 to 1.63)
1.13(0.89t0 1.42)
1.08(0.85 to 1.36)
Vascular dementia

n=60,085 (109
cases)

HR (95% Cl)

1.32(1.13to 1.56)
1.16(0.97 to 1.39)
1.17 (0.98 to 1.40)

cases)
HR (95% Cl)
1.29(1.19to 1.39)
1.08 (1.01 to 1.16)
1.08(1.01to 1.16)
Late-onset disease

n=69,955(1017
cases)

HR (95% Cl)

1.31(1.25t0 1.37)
1.02(0.97 to 1.08)
1.02(0.97 to 1.08)

Notes: Variables entered in models: Crude: cohort; model 1: Crude +
age, sex, educational level, and spherical equivalent; model 2: model 1
+ BMI, diabetes, alcohol consumption, smoking status, antihypertensive
medication, and systolic blood pressure. Bold indicates P-value < 0.05.
Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard
risk; mGCIPL, macular ganglion cell-inner plexiform layer; mRNFL, macular
retinal nerve fiber layer; SD, standard deviation.

incident dementia (n = 3309; n = 64 cases of incident all-cause demen-
tia; per SD greater mRNFL and GCIPL thickness change, HR [95%Cl]
for incident all-cause dementia 1.19[1.05; 1.35] and 1.17 [0.999; 1.39],
respectively; Table Sé). Findings were similar for incident AD (n = 34
cases). Third, associations remained similar when we repeated analy-
ses after exclusion of individuals with eye diseases (Table S11). Fourth,
a higher number of ¢4 alleles was significantly associated with lower
mRNFL thickness (per allele, —0.02 [-0.03; —0.001] SD mRNFL thick-
ness) but not lower mGCIPL thickness (beta per allele increase, —0.01
[-0.03; 0.01] SD; Table S10). Last, we had similar findings to those

shown in Table 2 when we used competing risk analyses (Table S13).

4 | DISCUSSION

The present individual participant data meta-analysis, using data from
n = 70,000 participants followed over n = 10 years (>1000 cases
of incident all-cause dementia), has four main findings. First, lower
mRNFL thickness was significantly associated with an approximately
10% higher risk per SD of incident all-cause dementia and AD. Sec-
ond, lower mGCIPL thickness was associated with an ~ 5% increase per
SD in risk of all-cause dementia and AD, though not reaching statisti-
cal significance. Third, associations of mRNFL and mGCIPL thickness
with dementia other than AD dementia were generally similar to our
findings for AD. Fourth, associations of mRNFL and mGCIPL thickness
with incident dementia did not differ with age, sex, educational level, or

APOE genotype status.

Findings of the present study contribute important novel data to
the existing literature. Indeed, this is the largest study to date on
the prospective association of retinal thickness with incident demen-
tia (providing considerably more data than the existing literature
[>70,000 participants and >1000 cases of incident dementia versus
n = 3289 participants; 86 cases of incident demential).® Moreover, it
is the first study to (1) investigate the associations of retinal thickness
with other types of dementia than AD, (2) investigate the association
of change in retinal thickness over time with incident dementia, and
(3) investigate whether associations of retinal thickness with incident
dementia differ according to APOE genotype status.

Lower mRNFL thickness was approximately twice as strongly asso-
ciated with incident all-cause dementia and AD than lower mGCIPL
thickness. Possibly this may be because lower mRNFL thickness
reflects loss of synapses whereas lower mGCIPL thickness (mainly)
reflects loss of neuronal gray matter atrophy; and synaptic deteri-
oration precedes gray matter atrophy.” Indeed, consistent with this
concept, synaptic loss is a stronger predictor of cognitive decline and
dementia than gray matter atrophy.22:23

We hypothesized that the associations of mRNFL thickness and
mGCIPL thickness with incident dementia may be stronger in individ-
uals with one or two APOE &4 alleles because the APOE ¢4 genotype is
associated with cerebral vascular disease.2® However, we did not find
evidence for such an interaction, possibly because it may be difficult to
show such an interaction. APOE ¢4 genotype status can predispose to
an increased risk for dementia via other mechanisms in which APOE
genotype is not an effect modifier.2° For example, APOE €4 genotype
can directly predispose to neurodegeneration because the APOE ¢4
genotype is associated with an impaired removal of neurotoxins such
as amyloid beta in neuronal tissue.2?

This study has many strengths. First, the use of data from mul-
tiple large European, population-based cohort studies enables us to
draw conclusions that are valid in the general population and reduces
the chance that our results are affected by selection bias.2* Sec-
ond, due to the prospective nature of the data, we could account for
temporality and, thus, can conclude that mRNFL and mGCIPL thin-
ning precedes incident clinical dementia.2* Third, we adjusted for a
large number of potential confounders, which reduces the chance that
unmeasured confounding spuriously affects the strength of associa-

tions under study (i.e., confounding bias).2*

Fourth, many variables
included in this study were assessed in a standardized manner with
state-of-the-art methods (e.g., mRNFL and mGCIPL thickness), which
reduces the chance that measurement error affects associations under
study (i.e., information bias).2*

This study also has certain limitations. First, in most cohorts the
cases of incident dementia were identified from medical records, which
is a less precise method to determine the diagnosis of dementia than
via neuropsychological tests.!? This may have resulted in misclas-
sification, which may have reduced statistical power to detect an
association.?* Individuals with earlier (subclinical) stages of demen-
tia may not have been detected from hospital records. In addition,
the false positive classification of individuals as dementia cases may

also have resulted in an underestimation of the strength of the
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associations under study.?* Second, we had relatively low numbers
of cases for other types of dementia than AD and were not able
to investigate all subtypes of dementia (e.g., Lewy body dementia
and Parkinson’s disease dementia).?* Third, there were relatively few
cases of incident dementia among participants with the APOE 2 geno-
type (<50 cases); hence there was limited statistical power to detect
whether the associations under study differed between participants
with APOE ¢2 versus APOE ¢3 genotype. Fourth, even though we took
an extensive set of confounders into account, we cannot fully exclude
unmeasured confounding.?* For example, we did not account for other
genetic factors than APOE genotype status in the analyses. Last, the
study population mainly consisted of White individuals; whether find-
ings are generalizable to populations with other ethnicities requires
further study.2*

5 | CONCLUSION

The present individual participant data meta-analysis found that reti-
nal neurodegeneration, estimated from lower inner retinal layer thick-
ness, was associated with a 5% to 10% higher risk of incident all-cause
dementia and AD. These findings support the concept that retinal neu-
rodegeneration precedes the onset of clinical dementia and that retinal
imaging tools may be informative biomarkers for the study of the early

pathophysiology of dementia.
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