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Cognitive functions and normal tension glaucoma

Akvile Daveckaite, Evelina Grusauskiene', Kestutis Petrikonis', Antanas Vaitkus', Lina Siaudvytyte,

Ingrida Januleviciene

Purpose: Only a few studies have analyzed the potential link between glaucoma and cognitive function
impairment. They have found controversial results. This study aims to perform quick cognitive function
assessment with clock drawing test (CDT) using two different scoring systems and compare between
normal tension glaucoma (NTG) and cataract patients. Methods: Totally, 30 NTG and 30 patients with
cataracts were included in a prospective, pilot study. The predrawn circle was given, and patients were
asked to draw the clock showing a time of 11:10. The test was evaluated using two methods — Freund
method using a 7-point scoring scale (optimal cutoff <4) and Rakusa using a 4-point scoring scale (optimal
cutoff <3). The level of significance was set at P <0.05. Results: CDT result was significantly better in cataract
group than in NTG group: 3.5 (2) versus 2 (2) by Freund, (P =0.003) and 6.5 (1) versus 4.5 (2.75) by Rakusa,
respectively (P = 0.004). Sixty percent (1 = 18) of NTG group and 10% (n = 3) of cataract group patients
completed the CDT in the specific picture manner (the short hand on 11 and the long hand between 11
and 12), (P = 0.001). Conclusions: Lower CDT results were seen in NTG patients according to two different
scoring systems. NTG patients showed a specific manner of drawing. Further prospective studies are
needed to investigate the CDT reliability as fast screening test of cognitive function impairment in glaucoma

Access this article online

Website:

WWW.ijo.in

DOI:
10.4103/ijo.1JO_756_16

Quick Response Code:

patients.

Key words: Cataract, clock drawing test, cognitive function, normal tension glaucoma

Glaucoma is the second leading cause of blindness worldwide.
It is predicted to reach a number of 79.6 million, of whom 5.9
million will be bilaterally blind, by 2020." With a growing
elderly population, more people are at the risk of visual
impairment due to chronic eye diseases caused by aging
processes as well as dementia.?

Dementia affects many older people in different countries
every year. According to the World Health Organization, there
are 35.6 million people suffering from dementia world over.
It is predicted that by 2030 this number will increase to 65.7
million.®! Alzheimer’s disease (AD) is the most common form
of dementia in the elderly."

There is some evidence that AD may be more frequent
among glaucoma patients. Common genetic risk factors and
similar pathological changes in the optic nerves have been
demonstrated.®! It has been hypothesized that these two
neurodegenerative disorders may have common pathogenetic
pathways.! A causal relationship might be explained by
decreased cerebrospinal fluid pressure (CSFP) in patients
with AD. The results of a study by Wostyn et al. supported
idea that elevated intraocular pressure (IOP), reduced
CSFP, or both determinate an abnormally high translaminar
pressure difference (TPD), which plays an important role in
glaucomatous optic nerve damage. Recently, researchers have
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emphasized that an abnormally high TPD could be the reason
for developing glaucoma in AD patients.®!

Associations between age-related degenerative eye
diseases including cataract, glaucoma, age-related macular
degeneration (AMD), and dementia have been suggested.
Several studies found an association between AMD and
decreased cognitive function,®'? while no such relation was
found between cataract and cognitive function impairment.['>1¢!
Only a few studies analyzed the potential link between
glaucoma and cognitive function impairment and found
controversial results.'72]

A lot of screening tests are applied for cognitive function
assessment. One of them is Clock Drawing Test (CDT), which
matches all requirements of an ideal cognitive screening test.
Basic cognitive skills are evaluated while drawing a simple
clock.?! There are many CDT scoring systems. We used two
different methods: method of Freund, which uses a 7-point
scoring scale® and method of Rakusa, which uses a 4-point
scoring scale.”!

Expecting that glaucoma and AD may have common
pathogenetic pathways, the aim of our study was to compare
cognitive function levels in two different eye diseases:
NTG and cataract. We hypothesized that NTG patients as
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neurodegenerative disease representative will have poorer
CDT scores compared to cataract patients.

Methods

Thirty NTG and 30 patients with uncomplicated cataracts
were included in a prospective, pilot study. The research
followed the tenets of the Declaration of Helsinki and
consent of the Ethical Committee was obtained for the study
protocol. All patients provided written informed consent
before participation.

The inclusion criteria for patients in both groups were an
age over 65 years, and best-corrected visual acuity (BCVA) of
better eye >0.6 by Snellen chart. Patients were included in the
NTG group if they were diagnosed with NTG by a glaucoma
specialist and had characteristic OND changes, visual field
loss consistent with glaucoma, and IOP <21 mmHg before
treatment. NTG group consisted of early and moderate
glaucoma stages. Patients with uncomplicated cataract without
evidence of glaucoma, IOP lower than 21 mmHg were included
in the cataract group.

Patients with ocular conditions such as AMD and
high degree myopia, who had a history of previous
intraocular surgery, retinal or vitreous pathology, traumatic
cataract, steroid or laser treatment, hypothyroidism or
hyperthyroidism, uncompensated cardiovascular and
pulmonary disorders, neurological and other diseases that
could skew results were excluded from the study. Anamnesis
was collected from patients and their medical records
retrieved from their general practitioners. No neurological
evaluation was performed.

Patients were examined under the same conditions:
comfortably seated in a silent room after good instructions.
All study procedures were conducted by one examiner AD.
The predrawn circle of 10 cm diameter was given to patients,
and they were asked to draw a clock showing the time 11:10:
“This circle represents a clock face. Please put in numbers so
that it looks like a clock and then set the time showing 10 min
past 11.” Many other times could be used like: 3:00, 3:40, 8:40,
2:45, and so on. There were no recommendations which time
it was better to use; however, the time 11:10 was suggested
because it appeared to be the most sensitive to neurocognitive
dysfunction. This time included both visual fields and patients
who had a tendency to be “pulled” (frontal pull due to
executive dysfunction) while setting this time. Patients were
allowed to self-correct. No clues were given. In general, there
is no time limit to perform the test, and it usually takes about
2 min. The time was evaluated by the same examiner using
chronometer. The timer was started after instructions were
given and stopped on completion of drawing.

The test was evaluated by two different methods: method
of Freund™ and the Rakusa system.® The Freund scoring
system uses 7-point evaluation scale: from 0 to 7 indicating
poor to excellent cognitive status, respectively. Table 1 shows
the scoring system’s distribution into three categories and
terms. For identification of cognitive problems, an optimal
cutoff <4 was used. Freund scoring system provides excellent
sensitivity (94.3%) and high specificity (87.4%).124

Evaluation method of Rakusa uses a 4-point scoring
scale, with 0—4 indicating from poor to excellent cognitive
status [Table 2]. The optimal cutoff score for identification of
cognitive problems is <3. Method of Rakusa suggests that the
cutoff 3 out of 4 points sensitivity for cognitive impairment is
87% and specificity is 93%.™!

The statistical data analysis was performed using software
SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA). All variables
were defined by methods of descriptive statistics. The
analysis of the quantitative variables included calculation
of the mean and standard deviation (x [SD]). Student’s
t- and Mann-Whitney U-tests were used to compare two
independent groups. Chi-square test was used to compare
the frequencies of qualitative variables. The nonparametric

Table 1: Freund scoring system

Scores Term
Times (0-3)
1 One hand points to 2 (or symbol
representative of 2)
2 Exactly two hands
3 Absence of intrusive marks, e.g., writing or

hands indicating incorrect time, hand points
to number 10, tic marks, time written in text

Numbers (0-2)

1 Numbers are inside the clock circle
2 All numbers 1-12 are present, no duplicates
or omissions

Spacing (0-2)

1 Numbers spaced equally or nearly equally
from each other
2 Numbers spaced equally or nearly equally

from the edge of the circle

Table 2: Rakusa scoring system

Scores Term

1 Number 12 is placed correctly

2 Numbers 3, 6, 9, 12 put symmetrically
3 Small arrow indicating 11

4 Big arrow indicating 2

Table 3: Normal tension glaucoma and cataract patients
characteristics

Cataract (n=30) NTG (n=30) P

Sex, n (%)
Male 8(26.7) 10 (33.3) 0.57
Female 22 (73.3) 20 (66.7)
Age (years), mean (SD) 71.5(7.5) 70.9 (5.5) 0.72
BCVA, mean (SD) 0.84 (0.15) 0.8 (0.14) 0.62

Chi-square test was used to compare categorical variables and Mann-Whitney
U-test for continuous variables. P<0.05 was considered to be statistically
significant. NTG: Normal tension glaucoma, BCVA: Best corrected visual
acuity, SD: Standard deviation
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Spearman correlation coefficient was used. The level of
significance was P < 0.05.

Results

Sixty patients (18; 30% men) were examined. Subject
distribution by age, sex, and BCVA in NTG and cataract groups
is shown in Table 3. The rates of systemic diseases did not differ
significantly between groups [Table 4].

Mean CDT result was significantly better in the cataract group
than the NTG group: 3.5 (2) and 2 (2) by Freund, (P=0.003) and
6.5 (1) 4.5 and (2.75) by Rakusa, respectively (P = 0.004). We
found probable cognitive dysfunction in 50% (1 = 15) of patients
by Freund and 76.7% (n = 23) by Rakusa in NTG group while
in the cataract group, there were 16.7% (1 =5) and 50% (n =15)
patients, respectively. The most common CDT scores by Freund
evaluation system were 4 in NTG and 7 in cataract group.

Table 4: The rates of systemic diseases and combinations
of cardiovascular diseases rates in normal tension
glaucoma and cataract groups

Disease Cataract, n (%) NTG, n (%) P
Cardiovascular diseases 9 (30) 9 (30) 1.0
Diabetes mellitus 3(10) 1(8.3) 0.3
Asthma 1(8.3) 1(3.3) 1.0
Spinal hernia 1(3.3) 1(3.3) 1.0

Statistical comparisons were performed using 2 or Fisher’s exact test.
Level P<0.05 was considered to be statistically significant. Cardiovascular
diseases (ischemic heart disease, arterial hypertension, myocardial
infarction). NTG: Normal tension glaucoma

Table 5: The estimates of clock drawing test by Freund in
normal tension glaucoma and cataract groups

CDT estimate Cataract, n (%) NTG, n (%)
0 0 1(3.3)

1 1(3.3) 2(6.7)

2 0 0

3 2(6.7) 5(16.7)
4 2(6.7) 7 (23.3)
5 2(6.7) 6 (20)

6 8 (26.7) 2(6.7)

7 15 (50) 7 (23.3)

Numbers in bold represent scores lower than cut-off value. Scores comparisons
between groups. NTG: Normal tension glaucoma, CDT: Clock drawing test

Table 6: The estimates of clock drawing test by Rakusa in
normal tension glaucoma and cataract groups

CDT estimate Cataract, n (%) NTG, n (%)
0 0 1(3.3)
1 2(6.7) 9 (30)
2 4(13.3) 6 (20)
3 9 (30) 7 (23.3)
4 15 (50) 7 (23.3)

Numbers in bold format represent scores lower than cut-off value. Scores
comparisons between groups. NTG: Normal tension glaucoma, CDT: Clock
drawing test

According to Rakusa evaluation system, the most common
CDT scores were 1 in NTG and 4 in cataract group. The most
common CDT scores by Freund and Rakusa are presented in
Tables 5 and 6.

Time for CDT completion did not differ statistically
significantly between groups (cataract [96.03 (39.6)] vs.
glaucoma [103.83 (39.2) sec], (P = 0.446)). CDT estimates by
Freund correlated with those by Rakusa [Fig. 1].

Eighteen (60%) NTG patients had completed the CDT by the
specific picture drawing the short hand on 11 and the long hand
between 11 and 12 [Fig. 2]. Such a specific drawing manner
was seen only in 3 (10%) cataract patients. This difference was
statistically significant (P = 0.001).

Discussion

According to the hypothesis that NTG and AD share common
risk factors and pathogenesis,*® we have performed quick
cognitive function assessment with CDT and found lower CDT
scores and higher probable cognitive dysfunction rate in NTG
compared to cataract patients.

Other studies found similar results using different cognitive
function assessment methods.!"”?**! Yochim and colleagues
examined 41 glaucoma patients (aged 70 years) and found
memory impairment in 20% (measured by the California
Verbal Learning Test) and executive functioning impairment
in 22% (verbal fluency subtest of the Delis-Kaplan Executive
Functioning System).'] As 16% of American older adults
have cognitive impairment in general, they have concluded
that cognitive impairment may be common in older patients
with glaucoma.!'”! Jefferis et al. in the systemic meta-analysis
determined that glaucoma patients were more likely to have
lower standardized Mini-Mental State Examination (SMMSE)
scores.” However, a significant relationship was lost
when ordinal logistic regression was performed using the
Mini-Mental State Exam Blind Version (MMblind test) scores.
In MMblind test, items requiring vision are removed to give
the blind version of the sMMSE. While Harabi ef al. included

Estimates by Freund, score

T T T
0 1 2 5 4

Estimates by Rakusa, score

Figure 1: Correlation of estimates by Rakusa and Freund. Spearman’s
correlation coefficient, r = 0.9, P < 0.001. Y = 1.371 + 1.388x,
were y: Estimates by Freung, x: Estimates by Rakusa
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Figure 2: The specific drawing picture. Specific drawing character
statistically significantly correlated with normal tension glaucoma
diagnosis (Spearman’s correlation coefficient 0.524, P = 0.001)

420 patients (aged 65) in their study and assessed that
patients with glaucoma, AMD, Fuch’s corneal dystrophy had
statistically significantly lower cognitive scores than healthy
controls (MMblind test).*”) However, Ong et al. found no
significant associations between cognitive dysfunction and
cataract, AMD, or glaucoma (Abbreviated Mental Test was
applied for 1179 participants aged 60-80 years)."!

We found that NTG patients drew CDT worse and their
estimates were lower than those of the cataract group. Specific
drawing seen in 60% of NTG patients may be associated with
the loss of inhibition of the tendency to be pulled by perceptual
features of the stimulus, or so called “frontal pull” (inhibition
to stop after drawing first hand before starting another one).
Accurate neuropsychological assessment should be suggested
for patients with a suspicion of cognitive function decline.

Several studies showed correlation between cataract and
cognitive impairment.'** In our study, 16.7% of cataract
patients using Freund scoring system and 50% using the more
strict Rakusa system were scored lower than cutoff values and
were recommended for more detailed neurological examination.
Cataract group consisted of various manifestations of cataract:
clinically insignificant cataract in both or in one eye, clinically
significant cataract in one eye with other eye already treated.
A more detailed grouping of these patients could influence
CDT results. However, the subgrouping of cataract group
might not be significant due to small sample size in our study.
Jefferis et al. divided cataract patients into three groups: those
with no recorded diagnosis of cataract, those with a history
of previous cataract surgery, and those with a diagnosis of
cataract but who had not had previous surgery, and compared
these groups to each other in various relations.!”” They found
that patients with cataract (treated and untreated) had higher
sMMSE and MMblind scores compared to the no cataract
group. These results disagree with the suggested theory of
common cataract and cognitive impairment pathogenesis. It

is supposed that better visual acuity after cataract surgery
or corrective glasses does not improve cognition. It might be
that patients with a diagnosis of cataract or those who had
undergone cataract surgery were more likely to be socially
active and seeking better vision.

To the best of our knowledge, we performed the first
study that used CDT for cognitive function evaluation
in NTG patients. An ideal cognitive screening test has
some requirements, and CDT matches them all. Simple
clock drawing is capable of evaluating several cognitive
skills: (a) comprehension, (b) planning, (c) visual memory
and reconstruction, (d) ability to concentrate, (e) motor
programming, execution, (f) numbering, (g) semantic
instruction, (h) inhibition of the tendency to be pulled by
perceptual features of the stimulus, and (i) visuospatial abilities.

There are a lot of different CDT scoring systems.>*%1Some
of them are more precise and evaluate clock drawing in detail.
In our opinion, the most essential feature of CDT is saving the
time, so it is better to choose easier and quicker estimation
systems as this is only a screening and not a diagnostic test.
CDT is quick for subjects to perform, has high sensitivity and
specificity and also correlates with MMSE — the gold standard
for cognitive function screening.®! Some authors suggest
that users be cautious when patients with low education take
the CDT, but giving them a predrawn circle precludes the
influence by education level.?!! The weak part of CDT is that
vision disorders may worsen the results because performance
depends partly on the patient’s vision. On the other hand,
visual deterioration and limiting interaction should be
considered as a distinct factor for cognitive dysfunction. We
included patients with BCVA higher than 0.6 in the better eye.
Mean BCVA of better eye was similar between the groups in
our study (0.84 [0.15] and 0.8 [0.14] in cataract and glaucoma
groups, respectively). Visual-field defects might have impact
on CDT results, but they were not analyzed in our study.

CDT results, as well as results of other neuropsychological
tests, can be influenced by poor patient motivation and
understanding of the instructions arising from tiredness,
self-doubt, physical, or mental disorders.?*!

A remaining, intriguing question is the quality of glaucoma
treatment. It is important to know if patients have enough
knowledge of their disease, whether they take prescribed
medications in a correct way if they have cognitive dysfunction.
Poor adherence to treatment may adversely affect preventable
vision loss. The recommended treatment for glaucoma may be
disrupted not only by cognitive function impairment but also
by mental health complications. Depression was mentioned
as one of the negative factors seen in patients who used lower
doses of medicine than recommended.®!

Performing detailed neuropsychological examination may
help us find patients during preclinical AD stages. According
to our results, cognitive function tests are easy to perform and
reliable in detecting early cognitive impairment in NTG patients.

Conclusions

Normal tension glaucoma patients showed lower cognitive
function scores and performed their test using a specific
drawing style more often than those with cataracts. Further
studies are needed to investigate the benefit of CDT as
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a fast screening test for cognitive function assessment in
normal tension glaucoma patients and evaluating possible
connections between normal tension glaucoma and other
neurodegenerative diseases as AD.
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