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ABSTRACT

Aims The potential association between primary open
angle glaucoma (POAG) and Alzheimer's disease (AD) is
uncertain and has implications for understanding disease
pathogenesis, referral and treatments. The aim was to
determine whether individuals diagnosed with POAG are
at higher risk of subsequently developing AD or vascular
dementia.

Methods A POAG cohort of 87 658 people was
constructed from English National Health Service linked
hospital episode statistics from 1999 to 2011. An AD
cohort (251 703 people), vascular dementia cohort
(217 302 people) and reference cohort (>2.5 million
people) were constructed in similar ways. Risk of
dementia following POAG was determined: rate ratios
were calculated based on standardised rates of dementia
in the POAG cohort.

Results The risk of AD following a diagnosis of POAG
was not elevated: the rate ratio was 1.01 (95% Cl 0.96
to 1.06). The risk of vascular dementia after POAG was
modestly elevated, with rate ratio 1.10 (1.05 to 1.16).
The likelihood of a hospital record of POAG following
AD or vascular dementia was very low, with rate ratios
0.28 (0.24 t0 0.31) and 0.32 (0.28 to 0.37),
respectively.

Conclusions POAG and AD are neurodegenerative
conditions that share some pathological features.
However, considering AD after POAG, their coexistence
at the individual level is no different from that expected
by chance. By contrast, a diagnosis of POAG is modestly
associated with later development of vascular dementia,
presumably owing to shared vascular risk factors. People
with dementia in England are much less likely to be
admitted subsequently with POAG, perhaps through
poor access to hospital eye services and diagnostic
challenges.

INTRODUCTION

Primary open angle glaucoma (POAG) and
Alzheimer’s disease (AD) are neurodegenerative dis-
eases strongly associated with increased age.! 2
POAG and AD exhibit similarities in some histo-
pathological features: retinal ganglion cells are lost
in both conditions,> and hyperphosphorylated 7 is
found in the AD brain and the glaucomatous
retina.* In addition, abnormal retinal deposition of
amyloid-B has been observed in animal models of
glaucoma.” However, differences are observed
between the two conditions in some of their sys-
temic risk factors; for example, cigarette smoking is
thought to increase risk of AD but not of POAG.® 7

at APOE; the 4 allele carries higher risk of AD,?
but in most studies does not influence POAG risk.”

Considerable interest has grown in recent years
over the potential relationship between POAG and
AD.! ? This has important implications for under-
standing disease pathophysiology in the two condi-
tions, and may provide insights into whether
existing drugs against targets in one disease (eg,
antiamyloid-p drugs) may be effective against the
other disease. Ongoing laboratory and clinical trials
in this area have been reviewed recently,' including
strategies based around targeting plaque formation,
inflammation, oxidative stress and neuroprotection.
In addition, considerable interest has grown in the
potential for using retinal changes as a biomarker
for AD.! Finally, a positive association might also
suggest that patients diagnosed with one condition
should be screened for the other.

However, definitive evidence for an epidemio-
logical association has been lacking. Several studies
have observed increased prevalence of glaucoma in
patients with AD,'® ' though methodological
weaknesses and small study sizes may limit their
interpretation. By contrast, other studies have sug-
gested that patients with POAG are not at increased
risk of developing AD.> 13

We have previously examined the potential asso-
ciation between age-related macular degeneration
(AMD) and AD using record linkage.'* Similarly,
the main purpose of the current study was to use
record linkage to determine whether individuals
admitted to hospital with POAG were significantly
more or less likely than others to develop AD in
subsequent years. In addition, the risk of develop-
ing vascular dementia in subsequent years was
examined, given ongoing interest in potential links
between POAG and vascular disease."® '°

METHODS
The National Health Service (NHS) provides the
majority of healthcare in England, including oph-
thalmology and medical day-case and inpatient
care; this is particularly true for the long-term care
of chronic conditions such as dementia and POAG.
As in the previous analysis,'* the complete data
set of linked English national hospital episode sta-
tistics (HES), from 1999 to 2011, was used for this
study. English national HES are data collected by
the NHS Information Centre as a statistical data-
base of demographic, medical and administrative
information about all admissions to NHS hospitals
in England and admissions funded by the NHS for
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record linkage group. Linkage means that data relating to suc-
cessive episodes of care for each person are brought together, so
that data about individuals can be analysed across multiple epi-
sodes of care (eg, for POAG and subsequently for AD).

A POAG cohort was constructed by identifying all people in
the linked HES data set aged 55 years or more who had a
record of an admission or day case care where POAG was
recorded (International Classification of Diseases Revision 10
(ICD10) code H40.1). For each person, the earliest known
record of POAG was the record used in the analysis. A reference
cohort was constructed by identifying individuals without
POAG who were admitted to hospital for various other, mainly
minor medical and surgical, conditions (listed in table 2 foot-
notes). Unlike the POAG diagnosis, which could be recorded in
any diagnostic position on the HES abstract, these conditions
were required to be recorded in the main diagnostic position on
the hospital record for the individual to be admitted to the ref-
erence cohort. People were only included in the POAG or refer-
ence cohort if they did not have an admission for AD or
vascular dementia either before or at the same time as the
admission with POAG or the reference condition.

We then searched the database for subsequent NHS inpatient
or day case care for AD (ICD10 codes F00, G30) or vascular
dementia (ICD10 code FO1) in these cohorts. We considered
that rates of care for dementia in the reference cohort would
approximate those in the general population of the region while
allowing for migration in and out of it (data on migration of
individuals were not available).

The reverse analysis, that is, POAG hospital diagnoses in
people aged 55 years or over with AD or vascular dementia,
was performed using similar methods. In this analysis, people
were excluded if they had a record of POAG before, or at the
same time as, admission for dementia or reference condition.
This ensured that no one was counted twice. The statistical
methods used were the same for each analysis. We describe
these methods as follows, taking AD in people with POAG as
the example.

Rates of people with AD in each cohort were calculated based
on person-days ‘at risk’. Date of cohort entry was the date of
earliest recorded admission for POAG or reference condition,
subject to eligibility as described above; date of cohort exit was
the date of earliest known record of AD, death or the end of
the data collection period (31 December 2011), whichever was
the earliest. We adjusted for age in 5-year bands, sex, calendar
year of admission, region of residence and Index of Multiple

Table 1

Deprivation (IMD) score—a standard English measure of socio-
economic status—stratified into quintiles.

Rate ratios were calculated by taking the standardised rate of
occurrence of dementia in the POAG cohort relative to the ref-
erence cohort. Expected numbers of people with AD in each
cohort were calculated by applying the rates of AD in the com-
bined population of the POAG and reference cohorts to each
individual cohort separately. We did this within each
age-sex-year-region-IMD stratum and then summed the stratum-
specific expected numbers to obtain expected totals for each
cohort. The formula (OPCAS/EPOAG)/(O™Y/E™!), where O and E
are the observed and expected numbers of dementia cases in the
POAG and reference cohorts, respectively, is equivalent to the
rate ratio. The CI for the rate ratio and y? statistics for its signifi-
cance were calculated as described elsewhere.'”

RESULTS

The number of people entering the POAG cohort was 87 658
(54% female); the number of people entering the AD cohort
was 251 703 (65% female), and the number entering the vascu-
lar dementia cohort was 217 302 (57% female). The age distri-
butions of each exposure cohort are shown in table 1. More
than 2.5 million people entered the reference cohort, providing
a plentiful number to populate each age-sex-year-region-IMD
stratum of the reference cohort.

For people with POAG, there was no significant association
with AD: the rate ratio, comparing the POAG cohort with the ref-
erence cohort, was 1.01 (95% CI 0.96 to 1.06). There was a small
but statistically significant increase in the risk of vascular dementia:
the rate ratio was 1.10 (95% CI 1.05 to 1.16) (table 2).

People in the AD cohort and the vascular dementia cohort
were very significantly less likely than those in the reference
cohort to receive a subsequent record of POAG: the rate ratio,
comparing the AD cohort with the reference cohort, was 0.28
(0.24 to 0.31); comparing the vascular dementia cohort with
the reference cohort, the rate ratio was 0.32 (0.28 to 0.37)
(table 3).

DISCUSSION
These data support the hypothesis that individuals with POAG
are not at increased risk of subsequently developing AD.
However, a modest but significant positive association was
found between POAG and vascular dementia.

As mentioned above, previous studies have reported varying
results for a potential association between POAG and AD,

The number (N) and age-sex distribution of the people who entered the primary open angle glaucoma (POAG)* cohort, the

Alzheimer’s disease (AD)t cohort, the vascular dementiat cohort, and the reference cohort

POAG cohort AD cohort Vascular dementia cohort Reference cohort
Age N (% of total) % female N N (% of total) % female (% of total) % female N (% of total) % female
55-59 3116 (3.6) 44.4 2127 1037 (0.5 333 (0.8) 54.2 481856 (19.0) 49.2
60-64 5148 (5.9) 46.6 4444 2839 (1.3) 353 (1.8) 52.7 484001 (19.1) 47.6
65-69 8308 (9.5) 48.5 9224 7682  (3.5) 38.4 (3.7) 54.4 448135  (17.7) 47.7
70-74 13082 (14.9) 50.4 22 325 18698 (8.6) 43.7 (8.9) 56.8 412589 (16.3) 48.8
75-79 19199 (21.9) 52.5 48 295 3978 (18.3) 49.5 (19.2) 60.2 346 924 (13.7) 50.7
80-84 20061 (22.9) 56.2 68 029 58187 (26.8) 56.2 27) 64.6 218801 (8.6) 53.7
85+ 18744 (21.4) 62.3 97259 89073 (41) 66.0 (38.6) 71.0 143166 (5.6) 60.0
Total 87658 (100) 54.1 251703 217302 (100) 56.9 (100) 64.9 2535472 (100) 49.8

*ICD10 code H40.1.

t1CD10 codes FOO, G30.

$ICD10 code FO1.

ICD10, International Classification of Diseases Revision 10.
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Table 2 Observed (0) and expected (E) numbers of people in
the primary open angle glaucoma cohort who received a
subsequent hospital record of Alzheimer’s disease (AD) or vascular
dementia; observed (0™f) and expected (E"*f) numbers of people in
the reference cohort* who received a subsequent hospital record of
AD or vascular dementia; standardised rate ratios (RR) and 95%
95% Cls

Outcome 0 E of Eref

RR (95% ClI)

AD 1701 1686.6 28 997
Vascular dementia 1844 1681.3 27676

29011.4
27 838.7

1.01 (0.96 to 1.06)
1.10 (1.05 to 1.16)

*The reference cohort consisted of people admitted with the following conditions
coded under ICD-10 for diagnoses and Office of Population Censuses and Surveys
Classification of Interventions and Procedures version 4 (OPCS-4) for operations: otitis
externa/media (ICD-10 H60-H67), varicose veins (183), haemorrhoids (184), upper
respiratory tract infections (J00-J06), deflected septum, nasal polyp (J33+J34.2),
impacted tooth and other disorders of teeth (K00-K03), inguinal hernia (K40), gall
bladder disease (K80-K81), ingrowing toenail and other diseases of nail (L60),
sebaceous cyst (L72.1), bunion (M20.1), appendectomy (OPCS-4 H01-HO3), dilation
and curettage (Q10.3-Q10.4), total hip replacement (W37-W39), total knee
replacement (W40-W42).

dementia or cognitive impairment.'®"® '® ¥ In 2002, Bayer
et al'” reported a higher prevalence of glaucoma (26%) in 112
individuals with probable AD living in nursing homes, com-
pared with 5% in a control group. However, the authors
acknowledged that the study was limited by potential selection
bias, case-control design and lack of blinding in the observers.
In addition, it is possible that POAG may be overdiagnosed in
patients with dementia, as accuracy of perimetry and ophthal-
mological examination may be problematic. Tamura et al'! con-
ducted a case-control study in Japan, involving 172 patients
with AD and 176 age-matched controls, and reported a higher
prevalence of open angle glaucoma (OAG) in the AD group
(24% vs 10%). However, this study is limited by its design and
size, and these findings may not be applicable to other ethnic
populations, as normal tension glaucoma (NTG) makes up as
much as 90% of OAG in Japan.°

Our findings are consistent with previous smaller studies sug-
gesting that patients with POAG are not at increased risk of
developing AD.'? 13 Kessing et al'* used a record linkage study
design to analyse the risk of subsequent AD in 11 721 patients
with POAG (including NTG) in Denmark, and reported no
increased risk compared with the general population; the rate
ratio was 0.76, but with relatively wide 95% CI (0.56 to 1.05).
In addition, a large retrospective study of Medicare recipient
data in the USA was conducted by Ou et al."® Consistent with
our study, this analysis reported no increased risk of subsequent
AD in patients with OAG.

One further study performed testing for cognitive impairment
on elderly individuals with and without glaucoma in the UK."

Table 3 Observed (0) and expected (E) numbers of people in the
Alzheimer’s disease (AD) and vascular dementia cohorts who
received a subsequent hospital record of primary open angle
glaucoma (POAG); observed (0™ and expected (E"f) numbers of
people in the reference cohort who received a subsequent hospital
record of POAG; standardised rate ratios (RR) and 95% Cls

Cohort 0 E oref Eref RR (95% Cl)

AD 222 769.7 12230
Vascular dementia 203 6044 12174

11 682.3
11772.6

0.28 (0.24 to 0.31)
0.32 (0.28 to 0.37)

The OR for those with glaucoma having a lower score on the
standardised mini-mental state examination (MMSE) was 1.76
(1.05 to 2.95). However, when using the ‘blind’ version of the
MMSE (which omits several vision-dependent tasks of the
standard MMSE), the OR for a lower score was only 1.17 (0.65
to 2.12). Importantly, this suggests that any apparent relation-
ship between glaucoma and cognitive impairment (based on
standard MMSE tests) may be artefactual. This caveat might
also apply to a study in France, which reported that participants
with OAG had increased risk of dementia (OR 3.9, 1.5 to
10.4)."® While this study had methodological strengths in its
longitudinal design and active screening for OAG and dementia,
it was limited by its small size (only 41 cases of dementia), short
follow-up period (3 years) and inability to analyse according to
type of dementia.

The potential relationship between POAG and vascular
dementia is interesting, and we are unaware of any previous
published reports of this association. Possible explanations for
this weakly positive association may include the presence of sys-
temic risk factors (excluding the ones controlled for in this
study) that are shared between POAG and vascular dementia.
Vascular risk factors are likely to be important in this context.
For example, diabetes mellitus and systemic hypertension are
strong risk factors for vascular dementia,”! ** and may also
increase the risk of POAG.?® In addition, previous research has
demonstrated that patients with OAG have reduced cerebrovas-
cular blood flow and vasoreactivity compared with controls,”*
and that patients with NTG in particular have a high incidence
of macrovascular and microvascular abnormalities.'®

The other main finding in our study was that individuals with
dementia were substantially less likely to have subsequent hos-
pital admissions with recorded POAG. We recently reported a
similar finding for patients with dementia undergoing treatment
for AMD.' As discussed previously for AMD treatment, this
might represent a genuine deficit in ophthalmic care for people
with dementia. This may be particularly true for glaucoma,
since POAG usually presents insidiously without pain or initial
visual symptoms. Interestingly, dementia and cognitive impair-
ment appear not to have been considered in previous analyses
of potential risk factors for late presentation of OAG.**

We have previously considered potential reasons why indivi-
duals with dementia may suffer a deficit in care for ophthalmic
conditions,'* and similar considerations apply to POAG. These
include being less likely to attend regular optometrist appoint-
ments, being less likely to notice or report visual symptoms, and
being reliant on carers to act on reported symptoms. However,
there are few reports in the literature examining these factors,
and we are unaware of recommendations or guidelines pub-
lished by national ophthalmology or neurology bodies that deal
with provision of glaucoma services for patients with dementia.
Further research across a variety of countries is required to
determine whether people with dementia are receiving appro-
priate investigation and treatment for glaucoma, and to identify
and address any potential barriers to care.

Finally, it is also possible that the low rate ratio might reflect a
genuine negative association between dementia and POAG
(occurring in that order). For example, medical control of vas-
cular risk factors following a diagnosis of vascular dementia (or
even AD) could potentially decrease the risk of POAG or slow
its progression. It is also conceivable that medications prescribed
for AD (eg, N-methyl-D-aspartic acid (NMDA) antagonists)
might have had a shared neuroprotective effect in preserving
retinal ganglion cells and decreasing POAG risk. While this
would be of great interest, our study could not distinguish
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between these possibilities, and further research may be
warranted.

The strengths of this study include the very large size of the
data set, the completeness of the routinely collected data, and
the long period of follow-up. These factors provide substantial
improvements on some previous studies. We have also used this
data set in previous studies of ophthalmic disease associations.'*
Through record linkage we were able to carry out several
cohort analyses to examine the rates of dementia in people with
POAG, as well as the rates of POAG in people with dementia,
and conducted separate analyses for AD and vascular dementia.

However, the data set has limitations. The data are based on
hospital admissions and day case specialist care for the particu-
lar conditions, and are therefore likely to represent the more
severe end of the spectrum of disease. However, for POAG,
individuals undergoing day case or inpatient care for any reason
were included in the POAG cohort, if POAG was documented
on the admission record. In addition, all patients undergoing
laser treatment or surgery for POAG were included, as in the
English NHS, these procedures generate an admission record.
Nevertheless, this methodology will not capture all patients
with POAG in England, particularly those treated over a long
period exclusively with medical therapy, and who are not admit-
ted over the study period for other ophthalmic (eg, cataract
surgery) or medical/surgical conditions.

Other limitations with this data set have been described previ-
ously, for example, reliability of HES coding for AD versus
other dementia; cohorts based on prevalent cases; unmeasured
migration; and possible confounding factors such as cigarette
smoking or other cardiovascular risk factors.'* In addition, we
were not able to discriminate in this study between NTG and
POAG, as the ICD-10 code H40.1 does not make this
distinction.

In conclusion, these data provide evidence that there is no
positive association between POAG and AD. However, a weakly
positive association was found between POAG and vascular
dementia. Vascular risk factors may be responsible for this rela-
tionship, particularly in the context of NTG. People with
dementia in England are substantially less likely to receive a sub-
sequent hospital diagnosis of POAG. Any potential deficit in
glaucoma care for these vulnerable individuals needs to be
examined and addressed in the near future.
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