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ABSTRACT

Purpose: The optic nerve head (ONH) is a part of the brain that can be easily studied through the
transparent medium of the eye. We explored the relationship between the properties of the optic
nerve head, the retinal nerve fiber layer (RNFL) and cognitive function.

Methods: Participants of the Northern Finland Birth Cohort (NFBC) 1966 underwent an ophthalmic
and cognitive assessment after randomization at age 46. The ophthalmological parameters
obtained were the disc area and the neuroretinal rim volume of the ONH and the average RNFL
thickness. The surrogates used for cognitive function were the paired associates learning test (PAL),
level of education, grade point average (GPA) and Humphrey 24-2 perimetric test time (HFA). We
did exploratory research between the ophthalmological parameters and the surrogates for cogni-
tion and the correlations between the surrogates for cognition.

Results: We found that a larger disc area was associated with a higher level of education, faster
accomplishment of the HFA (R = —0.065) but a lower GPA (R = —0.084). An increase in neuroretinal
rim volume was associated with fewer errors in the PAL test (R = —0.056), higher level of education,
higher GPA (R = 0.072) and faster accomplishment of the HFA (R = —0.047). A thicker RNFL was
associated with faster accomplishment of the HFA (R = —0.047).

Conclusion: We were able to find statistically significant associations between the parameters of
the optic nerve head, the RNFL and cognition in the NFBC Eye study. However, the correlations were
negligible at best and of limited predictive value.
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Introduction

Cognition refers to the ability to process external or
internal stimuli, to establish the relevant from the irre-
levant from these stimuli and to generate appropriate
responses as well as aspects of storing of the processed
information.! The process takes place in the central
nervous system (CNS)." The optic nerve and the fore-
brain both develop from the same embryonic origin and
retinal neurons share anatomical, molecular and patho-
logical similarities with neurons of the cerebrum.>* The
optic nerve head (ONH) is the only part of the CNS that
can be studied directly as it can be viewed through the
transparent medium of the eye. The retinal nerve fibre
layer (RNFL) represents the unfolding of the fibres of the
optic nerve.* Thus, it can be theorized that by examining
the properties or pathological changes occurring in the
optic nerve, it may be possible to reveal certain attributes
or pathological findings of the brain.

Many of the published studies evaluating ocular find-
ings in neurodegenerative diseases or cognitive decline
have reported conflicting results. In fact, most of the

studies have focussed on elderly populations.>” Some
studies have concentrated on the correlation between
cognition and properties of the optic nerve or the
RNFL: In their unselected study population aged 46 to
67 years, Jonas et al. reported that the size of the optic
nerve head was associated with the level of education
and the perimetric test time.® Another study postulated
that the thickness of the RNFL correlated with better
scores in cognitive function tests in their cohort popula-
tion aged 40 to 79 years.”

Less is known about whether there is a correlation
between cognitive function and the optic nerve or the
RNFL parameters before neurodegeneration has taken
place or the optic nerve has been affected by pathological
changes. There are several different tests used to mea-
sure cognitive capabilities but little research has been
done on the correlation between the tests themselves.

The properties of the optic nerve can be assessed by
measuring the size of the optic disc, the volume of the
neuroretinal rim and the thickness of the RNFL. The size
of the optic disc is an anatomical measurement of the
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optic nerve whereas the neuroretinal rim constitutes the
functioning part of the second cranial nerve. The neu-
roretinal rim is formed by the RNFL which accumulates
at the edge of the ONH to continue forward via the optic
nerve. The purpose of this study is to explore possible
associations between cognitive function and the neural
parameters of the eye in an unselected middle-aged birth
cohort.

Materials and methods
The Northern Finland Birth Cohort 1966 eye study

The Northern Finland Birth Cohort 1966 (NFBC) con-
sists of subjects born in the two most northern provinces
of Finland in the year 1966. It is an unselected and
geographically defined population of Caucasian ances-
try. Data on the cohort has been prospectively collected
throughout the years.® The original NFBC study popula-
tion consisted of 12058 subjects. In 2012, when the
cohort was 46 years old, the 10300 subjects living in
Finland were sent a questionnaire and an invitation to
an extensive clinical examination of overall health. The
NEFBC eye study is a randomized prospective cohort
study investigating the ocular health of the NFBC. Half
of the cohort (n = 5155) was randomized to the eye
screening group. Randomization was based on gender,
postcode and birth month. Randomization was per-
formed using Resampling Stats Software (Resampling
Stats Inc., Arlington, Virginia, USA).” Altogether, 3070
randomized subjects took part in the eye examination
protocol. The study was conducted following the prin-
ciples of the Declaration of Helsinki and was approved
by the Ethical Committee of Northern Ostrobothnia
Hospital District.

Ophthalmological assessments

The eye examination protocol has been published pre-
viously in detail.” There was a particular interest in the
evaluation of glaucomatous damage. Therefore, the pro-
tocol included an assessment of the ONH and RNFL.
The ONH parameters evaluated in this analysis include
the disc area and the rim volume. The parameters were
obtained using the Heidelberg Retinal Tomograph
(HRT3, Heidelberg Engineering, Heidelberg, Germany;
software version 3.1.2a, Heyex 1.6.2.0).

Spectral domain optical coherence tomography
(OCT) (Cirrus HD-OCT 4000, software version 6.0.0,
Carl Zeiss Meditec) was used to evaluate the RNFL. The
device measures the optical interference between
a signal from the retina and a reference signal and
produces a cross-section image of the retina. The overall

average of RNFL thickness was chosen for the analyses
in this study.

Assessment of cognitive function

Cognition refers to a range of mental processes relating
to acquisition, storage, manipulation and retrieval of
information. We applied several surrogates for cognitive
function: paired associates learning test (PAL), the level
of education, the grade point average (GPA) in the 8™
grade and the time it took the participant to complete
a standardized automated perimetry test (Humphrey
field analyzer, HFA).

The PAL test has been shown to predict conversion
from mild cognitive decline to dementia and predict
a cognitive decline.'™'! It assesses episodic memory
and new learning. The test comprises colored boxes
shown on a touch screen. One or more of the boxes
reveal a pattern after which the pattern(s) are displayed
one by one and the participant must choose the box that
originally revealed that pattern. The test involves eight
stages with increasing difficulties. The total numbers of
errors made, adjusted for the number of stages com-
pleted, was the parameter used in the study.

The HFA 24-2 is a standardized automated perimetry
test of the central 24 degrees visual field.'* The SITA
Standard algorithm of Humphrey field analyzer II-i
(HFA) (Humphrey Instruments, San Leandro,
California) was used. The task is a relatively simple one
and involves visual perception and the psychomotor
speed of simple cognitive processing. In subjects with
normal visual fields, the faster the subject reacts to the
isopter, the more quickly the test is completed. The HFA
test time has previously been used as a surrogate for
cognition.6

The present level of education of the study subjects
was acquired from the questionnaire. It was divided into
four categories: no vocational education, vocational
course or vocational education, post-secondary educa-
tion or degree from university of applied sciences, mas-
ter’s degree from a university.

The GPA of the theoretical school subjects in the 8™
grade of comprehensive school was obtained from
a questionnaire which had been sent to the participants
when they were 14 years of age as a part of an earlier data
collection. In the Finnish comprehensive school system,
the grading scale is between four and ten, with four
being the lowest and 10 the highest grade.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Software version 25. Left eye of each participant was



chosen for the analysis. Pearson’s correlation coefficient
was used to study the correlation between the para-
meters of the optic disc, the average thickness of the
RNFL and the GPA. The assumptions for Pearson’s
correlation coefficient were confirmed by graphical ana-
lysis. Spearman’s correlation coefficient was calculated
to examine the correlation between the ONH para-
meters, the average RNFL thickness, the total errors in
the PAL test and the duration of the HFA. Spearman’s
correlation coefficient was also used to evaluate the
correlation between the GPA, the total errors and the
duration of the HFA. Spearman’s correlation coefficient
was used instead of Pearson’s correlation coefficient
because of the outliers in the data and the deviation
from the normal distribution of the total errors in the
PAL and the duration of the HFA.

Analysis of variance (ANOVA) was used to study the
correlation between the ONH parameters, the average
RNFL thickness and the level of education. ANOVA was
also conducted to investigate the relationship between
the total errors, the GPA and the duration of Humphrey
visual field test with the level of education. Unpaired
t-test was used to determine the difference between
genders when comparing the ONH parameters, the
average thickness of RNFL, the total errors in the PAL
test, the GPA and the duration of HFA. The difference
between the level of education between genders was
tested using the Chi-Square test of independence.

Results

The number of study subjects in this study was 3068.
Level of education was acquired from 2585 and PAL test
was performed by 2484 participants. The best result was 0
and the worst was 116 errors and the mean number of
errors was 13. HFA test was performed by 3041 partici-
pants and the test time varied from 3 minute 40 seconds
to 13 minutes 34 seconds, the mean being 4 minutes
45 seconds. The GPA was available from 2670 partici-
pants. The lowest GPA was 5.0 and the highest 9.9, the
mean being 7.7. The ONH disc area and rim volume were
measured from 2970 study subjects. The disc area varied
from 0.74 mm?2 to 4.35 mm2, the mean being 2.19 mm?2.
The rim volume varied from 0.01 mm” to 1.96 mm?>, the
mean being 0.47 mm”. The average RNFL thickness was
measured from 2960 study subjects and it varied from
20.0 ym to 141 pm, the mean being 90.4 um (Table 1).

The optic disc parameters and cognitive function
parameters

Although the correlations between the participants’ disc
area and the level of education, the GPA and the duration
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Table 1. Study variables.

Std.
N Minimum Maximum Mean Deviation
Participants 3068
Level of education 2585 1 4
Total errors in PAL 2484 0 116 12.88 11.593
test
Disc area [mm2] 2970 0.74 435 2.19 0.47
Rim volume [mm3] 2970 0.01 1.96 0.47 0.17
Average RNFL 2960  20.00 141.00 90.42 9.45
thickness
HFA test time [mm: 3041 0:03:40 0:13:34  0:04:45  0:00:39
ss]
School grade point 2670 5.0 9.9 7.74 0.96

average

Level of education: 1, no vocational education; 2, vocational courses or
vocational education; 3, post-secondary education or degree from
University of Applied Sciences; 4, master's degree; PAL, paired associates
learning test; RNFL, retinal nerve fiber layer; HFA, Humphrey field analyzer.

of the HFA were found to be statistically significant, the
actual correlation coefficients were low. No statistical
significance was found between the disc area and the
total errors in the PAL test. The statistically significant
correlations were found to be negative meaning that the
larger the disc area, the faster the HFA was completed
and the lower was the GPA. (Figure 1, Table 2)

A statistically significant correlation was found
between the volume of the neuroretinal rim, the total
errors in the PAL test, the level of education and the
duration of the HFA. The correlation coefficients were
low and negative indicating that the larger the rim
volume, the faster the HFA was completed and the
fewer errors were made in the PAL test. A statistically
significant positive correlation was found between the
volume of the neuroretinal rim and the GPA indicating
that the GPA was higher when the neuroretinal rim
volume was larger.(Figure 1, Table 2).

The same analyses were conducted for men and
women separately. In women, the rim volume and in
men, the disc area displayed a significant correlation
with the duration of the HFA. The correlations were
negative and stronger than when tested in the entire
study population. The women’s rim volume had
a significant correlation with the level of education.
The disc areas in both genders and the rim volume in
men had a significant correlation with the GPA. The
remaining optic disc parameters did not exhibit any
significant correlations with the surrogates for cognition
when tested separately between genders (Table 2).

The average RNFL thickness and the cognitive
function parameters

The average RNFL thickness displayed a statistically sig-
nificant correlation with the duration of the HFA. This
was also found in men, but not in women when tested
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Figure 1. The means and 95% confidence intervals of the optic nerve head parameters and retinal nerve fiber layer in correlation to the
level of education and the quartiles of surrogates for cognition. Statistically significant correlations are indicated by asterisk (*).HFA,
Humphrey field analyzer; PAL, paired associates learning test; Level of education: 1, no vocational education; 2, vocational course or
vocational education; 3, post-secondary education or degree from university of applied sciences; 4, master’s degree.

Table 2. Correlation between properties of ONH and surrogates

for cognition.

Total errors in Gradepoint
HFA test time PAL test average
Disc area [mm2]
All subjects (N = 2970) p < .001, p =.932, p <.001,
R = -0.065 R =-0.002 R =-0.084
Men (N = 1334) p = .001, p = .298, p=.012,
R =-0.093 R=-0.033 R=-0.073
Women (N = 1636) p=.181, p =.673, p =.001,
R =-0.033 R=0.011 R =-0.085
Rim volume [mm?]
All subjects (N =2970) p =.011, p =.006, p <.001,
R = -0.047 R =-0.056 R =0.072
Men (N = 1334) p =.283, p =.303, p =.004,
R =-0.030 R =-0.032 R =0.082
Women (N = 1636) p =.001, p =.074, p =.331,
R = -0.085 R =-0.048 R =0.025
Avg. thickness of the
RNFL [pum]
All subjects (N =2943) p =.012, p = .845, p =.936,
R = -0.047 R =-0.004 R =0.002
Men (N = 1330) p =.015, p=.613, p =.351,
R = -0.067 R=0.016 R =-0.027
Women (N = 1613) p=.153, p = .688, p =.624,
R =-0.036 R=-0.011 R =0.013

ONH, optic nerve head; HFA, Humphrey field analyzer; PAL, paired
associates learning test.

separately for genders. The correlations were found to be
negative, meaning that the thicker the RNFL, the more
quickly the HFA was accomplished. No statistically

significant correlation was found between the average
RNFL thickness and the total errors in the PAL test, the
level of education or the GPA and the same results
applied when tested separately for men and women.
(Figure 1, Table 2)

Correlation between the cognitive function
parameters

The correlation between the total errors in the PAL test
and the level of education was statistically significant
(N = 2324, p <.001) as was the correlation between the
total errors in the PAL test and the duration of the HFA
(N = 2465 p < .001, R = 0.080). There was a statistically
significant correlation between the duration of the HFA
and the level of education (N = 2566, p < .001). The
correlation coeflicients indicated that the longer it took
for the participant to complete the HFA, the more total
errors in the PAL test were produced. Faster completion
of the HFA correlated to higher education level not
including people with no vocational education. It was
also found that those study subjects with a master’s
degree made fewer errors in the PAL test than their
counterparts with lower levels of education. There was
a statistically significant negative correlation between



the GPA and the total errors in the PAL test (N = 4478,
p < .001) meaning that the study participants’ who had
a higher GPA made fewer errors in the PAL test.
A statistically significant positive correlation was found
between the GPA and the level of education. This
implies that participants with a higher GPA had
a higher level of education, except in the comparison
of the participants with no vocational education to par-
ticipants with vocational courses or vocational educa-
tion. (Figure 2)

Difference between genders

A statistically significant difference was found between
men and women with respect to the rim volume, the
average RNFL thickness, the total errors in the PAL test,
the GPA, the duration of the HFA and the distribution
in the level of education. Men had larger disc areas, but
the difference was not statistically significant. Men had
less rim volume and their average RNFL thickness was
thinner. Men had a lower GPA. Men completed the
HFA faster but made more errors in the PAL test and
had a lower level of education than women (Figure 3,
Table 3).

Discussion

Cognition is a complex and multifactorial entity that
refers to mental processes relating to the acquisition,
storage, manipulation and retrieval of information. In
the present study, the subjects were tested for psycho-
motor speed (HFA), short-term memory (PAL), long-
term memory, linguistic and mathematical cognitive
function (GPA and level of education). The biological
theory for the correlation between cognition and ocular
findings is based on the embryological, anatomical and
immunological similarities between the optic nerve and
the brain.” The retina is not a simple receiver of infor-
mation; it also processes and packages information
before it is transmitted to the brain via the optic nerve.
It has been shown that children born with early acquired
brain lesions of septo-optic dysplasia have a reduced size
of an optic disc area."” In our study, the subjects were of
working age, hence our study differs from many pre-
vious investigations which have focused on searching for
ocular findings that might correlate with or even predict
neurodegeneration.' "

In the present study, all cognitive function parameters
were statistically significantly correlated. It has been pre-
viously reported that the level of education is associated
with a shorter duration to complete the perimetric test.®
The clinical examination of the present study did not
include verbal testing, but linguistic cognitive function
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may be reflected in the educational parameters. There is
extensive variation in testing for cognitive function even
in different studies regarding the correlation to ophthal-
mological neuro-anatomy.>”'*!¢!7

By exploring the data of the NFBC Eye Study we were
able to find statistically significant correlations between
the ONH parameters and surrogates for cognition:
A higher education level and a faster HFA were asso-
ciated with larger disc areas. These same correlations
have been reported in the Beijing Eye Study.® Contrary
to these results a larger disc area correlated to a lower
GPA in the present study. This would suggest that disc
area does not show consistent correlation to cognitive
function parameters. Larger neuroretinal rim volume
was correlated to higher GPA, faster HFA completion
and fewer errors in the PAL test. However, the correla-
tion coefficients were very low. The average thickness of
the RNFL correlated negatively with the duration of the
HFA test meaning that participants with thicker retinal
nerve fiber layers completed the HFA test faster. No
statistically significant correlation was found with the
other surrogates for cognition. A population-based
study found that HRT-derived RNFL measures corre-
lated with poor performance in cognitive tests.” It has
been reported that there is a strong correlation between
RNFL thickness measured with scanning laser polarime-
try and cognitive function in younger age groups, but
the correlation diminishes after 40 years of age.'® An
increased RNFL thickness was related to decreased cog-
nitive function in a birth cohort examined at the age of
72.'* A study of twins between 18 and 89 years of age
concluded that the correlation between RNFL thickness
and cognition was largely explained by genetic factors.'”

Although statistically significant results were found
the actual correlation coefficients were negligible at best.
An ophthalmological parameter (ONH size) explained
only up to 0.9% (R?) of the variability in a cognitive test
(HFA duration). The lack of correlation may be due to
to the multifactorial nature of both ophthalmological
neuroanatomy and cognitive development.

We investigated differences between genders and
found that men had larger ONH, but smaller rim
volumes and thinner average RNFL thicknesses.
Women completed the HFA slower but made fewer
errors in the PAL test. The women also had a higher
school GPA and a higher education level. These results
are somewhat contrary to the Beijing Eye Study where
women were reported to have lower educational levels
and larger optic disc areas.’

Finland is a country with a fairly low hierarchy
and a high level of social mobility. The subjects of
the 1966 birth cohort have received their education
in the Finnish comprehensive school system which
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guarantees equal primary education for nine years;
this schooling system was adopted in the early 1970s
starting from Northern Finland. Comprehensive
schooling has further increased the equalization of
opportunities and improved social mobility."® The
achievements of Finnish comprehensive school have
been reflected in the results of the Program of
International Student Assessment (PISA).'”

The strength of our study is the birth cohort i.e.
because the participants had the same year and area
of birth, the subjects have had relatively similar edu-
cational opportunities.'"®'? For this reason, the level
of education in our study may be considered as
a fairly accurate surrogate for long-term cognitive
function. The longitudinal prospective birth cohort
data allow the use of school GPA data to be
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Table 3. Comparison of disc parameters, RNFL and surrogates for
cognition between genders.

Male Female Significance
Mean N Mean N
Duration of the HFA [mm: 04:44 1367 04:53 1674 <0.001
ss]
Total errors in the PAL test 14.31 1049  11.83 1435 <0.001
Grade point average 7.55 2470 7.9 3050 <0.001
Disc area [mm2] 2.21 1334 217 1640 0.100
Rim volume [mmZ] 0.44 1334 0.49 1640 <0.001
Average thickness of the 90.43 1346 91.10 1628 0.042

RNFL
RNFL, retinal nerve fiber layer; HFA, Humphrey field analyzer; PAL,
paired associates learning test

combined with other surrogates that measure differ-
ent aspects of cognition. The subjects were in their
late 40s at the time of the eye examinations. The age
may be considered optimal in the light of the study
parameters. The majority of the cohort had com-
pleted their education but were examined before the
onset of the common age-related neurodegenerative
and ophthalmological disorders. A recent report
found no statistically significant association between
cognitive function and age-related macular degenera-
tion, open-angle glaucoma, diabetic retinopathy or
cataract.”® However, these conditions may confound
the correlation between ophthalmological and cogni-
tive parameters particularly in an elderly population.

The response rate to the clinical examination and the
questionnaire may be considered as a limitation of the
study. However, a response rate of 60%, as obtained in
the present study, is considered relatively high in
a population-based cohort, especially as the same sub-
jects have been examined repeatedly over decades.

In summary, in this relatively large population-
based study in an unselected middle-aged population,
there was merely negligible correlation at best
between ONH and RNFL parameters and cognitive
function. An ophthalmological parameter explained
only up to 0.9% of the variability in a cognitive test.
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