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Glaucoma is an eye disease characterized by damage 1o the opfic nerve
head and related visual field defects, offen accompaniad by elevated
intraocular pressure.! Glaucoma is an important cause of klindness, particularly
in the elderly?2. One may divide glaucoma in primary gloucoma without known
precsding cause, and secundary glaucoma. Primary glaucoma may be
genetically determined. The term secundary glaucoma refers o glaucoma
caused by some known antecedent or concomitant ocular disease.
Furthermore, primary glaucoma can be classified on anatomic basis into four
major divisions: open-angle glaucoma, angie closure glaucoma, mixed
glaucoma and congenital glaucorma.? Primary open-angle is the most frequent
fype of glaucoma, but its pathogenassis is not well understood.4

In former fimes. the presence of an elevated infraccular pressure was
considered necessary and sufficient to make a diagnosis of glaucoma.
Nowadays solitary elevated infraocular pressure is called ocular hypertension
and for the dicgnosis primary open-angle glaucoma the emphasis lies on
glaucomatous visua! field defects even without elevated intraocular pressures,s6?
It is unknown whether the sensitivity of the eye for a certain level of infraocular
pressure is decisive for the development of glaucomatous visual field defects,
and whether glaucoma with normai intraccular pressures is a different disease
enfity from glaucoma with elevated infraocular pressures. Studies on risk factors
for primary open-angle glaucoma, with and without elevated intraoccular
pressures, have been inconclusive 48

This thesis focuses on epidemioclogic shudies on primary open-angle
glaucoma. The main part is devoted fo the relation of putative risk factors with
primary open-angle glaucoma and infraocular pressure whereby a distinction
was made between glaucoma with elevated and normal infraocular pressures,
respectively.

In chapter 2 the current epidemiologic knowledge on primary opsn-angle
glaucoma has been reviewed. The following four chapters are based on the
Rofterdam Study, a population-based study of subjects aged 55 vears and over.
Chapter 3 deals with the distribution of primary open-angle glaucoma and
relating characteristics in the Rotterdam Study. In chapter 4,5 and 6 putative risk
factors, including diabetes mellitus and systemic blood pressure, are discussed in
relation to primary open-angle glaucoma, intraccular pressure and oplic disc
parameters. Chapter 7 deals with a reproducibility study of intraocular pressure
measurement, In chapter 8, some methodological considerations are given in
relation to the previous sfudies, with a review of the resulis of these studies and
some suggestions for further research.
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Prirmary open-angle glaucoma (POAG) is an important cause of blindness,
parficuiarly in the elderly. It has been estimated that glaucoma was the second
cause of ireversiple blindness among whites, after age-related macular
degenercation]. Of all tlindness, 11,1 percent might be due to glaucoma.?
PCAG is by far the most frequent type of glaucoma but nevertheless little is
known about its pathogenesis.? _

The present study updates an earlier review of epidemiclogic data on
POAG2. We will successively discuss diagnosis, prevalence, incidence and risk
factors of POAG.

DiagNosis

The diagnosis of POAG is classically based on a tiad of giaucomatous
defects of the visuai field, cupping of the optic disc and slevated infraocular
pressure (I0OP). The diagnosis of POAG is made affer exclusion of other types of
glaucoma, like congenifal, developmental and secondary glaucoma, if the
diagnostic triad is incomplete, there is no gensaral agreement regarding
diagnosis. There is, however, a lack of standardized ciiteria for elevated 1OPR,
optic disc cupping and glaucomatous visual field defect. These points make
comparaphity among different studies difficult. For the purpose of this review,
POAG is defined by the presence of o glaucomatous visuat field defect and
optic disc cupping. independent of the level of IOP. Because it was suggested
by several authorsd4 that POAG with IOP within normat limits could be a disecse
different from POAG with elevated ICP, the following definitions were added:
In case POAG is present without random 1OP > 21 rmHg, it is defined as normal-
tension glaucoma. In contrast, when POAG occurs with random IOP = 21 mmHg,
this is defined as high-tension glaucoma. Nerve fiber layer defects are thought to
be an important sign of glecucoma, but untll now this has not been used as o
diagnostic criterium in population-based studies.

Prevalence

The relevance of prevalence studies of POAG lies primarily in providing
data for health services planning. Furthermore, comparison of prevalence figures
from differant populations or af different fimes may yield efiologic clues to the
disecse. it is evident that variation in prevalence estimates across studias could
possitly be due to differences in methodology .2 The most valid prevalence
studies are those that examine every parlicipant by perimetry, tonometry and
ophthalmoscopy. Those community-based studies that not have based their
prevatence figures on examinations of the popuiations involveds? are excluded,
since studies have shown that ¢ considerable proportion of POAG cases in



population studies had previously not been diagnosed. 1013 Population studies
with screening by Schiotz tonometry, using only history faking', or with an unclear
sample selections16, which might influence thelr prevalence figures? were alsc
excluded from this review.

Studies that prasented age-specific prevalence figures for POAG arse
shown in Takles 2.1, 2.2 and 2.3. There were the following marked differences
between these studies. In Ferndale?®, Friedrman perimetry was performed on
avery third person and, in addition, on persons with an IOP greater than 20
mmHg and ‘enlarged’ optic cups. In Framingham’, Geldmann perimeiry was
performed on persons with a positive history of glaucoma, an IOP greater than
21 mmHg and/or a cup/disc ratio greater than 0.4 on funduscopy. In Dalby!?,
Baitimore??, Beaver Damis, Rotterdam’e and Barbados'?, every participant was
screened with perimetry, fonometry and ophthalimoscopy. In Dalby!, Baltimore12
and Refterdamig visual field defects detected with automatic perimetry had fo
be confirmed with Goldmann perimetry.

There were differences in definiffion of POAG (Table 2.2). In Ferndalel?,
Framingham??, Dalloy!, Rotterdami? and Barbadost?, ail persons with the
diagnosis POAG had fo have glaucomatous visual field defects, in
Baltimore'2, 88 percent of those with the diagnosis POAG had a
glaucomatous visual field defect. Other criteria used in this study'? were
asymmetry of optic nerve head cupping of 0.4 or more, or significant and
compatible disc- and nerve fibre layer abnormalities.2¢ In Beaver Damis,

80 percent of those with the diagnosis POAG had glaucomatous visual field
defects. Additionat criteria used in this study were cup/disc ratio of 0.8 or
more or asymmetry of cup/disc ratio of 0.2 or more in combination with an
IOP of 22 mmHg or more in the involved eve.

Despite differences in methodology and definition, ags-specific
prevalence figures of POAG of the studies in Ferndale, Framingham. Dalby and
Baltimore (whife persons)y are very similar, In Rotterdam, the prevalence of POAG
in the age-group of 55-65 years was slightly lower than the other studies.

In Beaver Dam, higher prevalencs figures are given than cll other studies,
especially in the age-group of 75 years and older. Even when their definifion of
PCAG is restricted to persons with a glaucomatous visual field defect, they stili
have higher prevalences of POAG in all age-groups. This could have been due
to differences in perimetry procedures and disc grading. Prevalence figures of
POAG in studies on black persons in Ballimoere and Barbados are much higher,
in addition, various studiesto 11237 have shown that 40 to 50 percent of
the previously undetected cases with POAG218 present with a normal 10P af

screening.



Incidence

Comparison of incidence rates is of eticlogic inierest since these are
theoretically not affected by differences in survival rates. The incidence of PCAG
in a defined population has not been adequately measured. Several studies
have involved selected groups of persons.21.2223 Other studies did not find
sufficient numbers of new cases?0.23, or had substantial loss To follow-up.22.24.25

The best available follow-up study was performed by Benglsson2s, who
re-examined 58 percent (N=591 persons, ages > 60 yrs) of the cohort study in
Dalby, affer akout 10 years of follow-up, Of these persons. 2 percent (12 cases)
had developed glaucomatous visual field defects,

Incidence estimates were theoretically derived from age-specific
prevalence figures from the studies in Ferndalet and Framingham.?? This resulted
in ¢ five-year incidence of 0.2 percent at age &5 years that increased to about
1 percent at age 75 vears. These incidence estimates should be inferpreted as
approximations of the frue incidence rates.

Risk factors

The most important putative risk factors of POAG that will be discussed
below cre classified as demographic, genetic, systemic and ocuiar factors
(Table 2.4),

Demographic factors

AGe

The popuiation-based studies with age-specific prevalence figures of
POAG have all shown a varying but strong relation betweean the prevalence of
POAG and advancing age (Table 2.3). if has been sugested that the risk of
having POAG increased with 1.74 (1.45-2.09, 95% confidence interval) for each
10-vear increment in age. 13

Sex

In most studies no significant sex differences in glaucoma prevalence have
been found.2101327 By confrast, the studies in Framingham? and Rotterdame
have shown a three fimes higher POAG prevalence in males.

Race

It has been suggested that POAG may be more common in populafions of
African descent.2 Age-adjusted prevalence rates for POAG were four to seven
fimes higher in blacks as compared with whites. 1219



Generic factors

A paositive family history of glaucema is known to increase the risk of
disease.? The exact mode of transmission has not been determined. POAG is
astimated to be hereditary in approximately one-fourth 1o one-fifth of the cases,
with percentages ranging from & fo 50 percent. The risk for siblings ranges from
4 to 40 percent.?

Systemic faciors

Diaberes mellitus

Few studies have suggested that diabetes mellitus is associcted with
POAG 03¢ T is possible that diabetes melitus increaseas the susceptibility of the
optic nerve fo field defects, either because of common genetic factors or
because of the effect of diabetes melitus on the small vessels of the eye.?
Ancther possible mechanism is that elevated blocd glucose may induce an
osmatic gradient and altract fluid into the infraocular space. which may result in
an elevated IOP3 A decraase in trabecular oufflow has dlso been suggested.32

Blood pressure

Various studies have suggested that o decrease in blood pressure relative
to IOF, affer blood loss, hypolensive crises or antinypertansive therapy, increases
the risk of having POAG? or normail-tension glaucoma.37.28 1t is also possible that
hypertension may predispose to gloucomatous visual field loss, efther directly,
through small vessel disease, or indirectly, by increasing the 1OP.38 Small vessel
diseqase can decrease blood flow 1o the optic nerve® and this could increase the
risk of field loss. Associations between high-fension glaucoma and high blood
pressure have been suggested by few studies. 442 However, no associations
between POAG and systemic blocd pressure have been found by others,36.43-45
Evidence for an Indirect mechanism comes from many other studies, reporting
an association between bleod pressure and KOP.31.46-82 This association could be
due to the effect of blood pressure on the filtration of agueous fluid in the ciliary
body; an increase in the passive production of agqueous humour would occur
with increasing blood pressure. 2

Ocular factors

IntrRaoCUlAR pRESSURE

Because of the variabliity of IO, it is difficult to defing what is mecnt by
‘abnormal’ values. Using a cut-off lave! of 21, which is over fwo standard
deviations above the mean, based on occasional measurements per person,
may be inappropriate. However, high IOP's are usually defined in these terms
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and this is the appreach followed here,

It has been suggested that the risk of having field defects in persons with
IOP over 21 mmHg is approximately five to six times higher than in persons with a
lower {OP.2 On the other hand, about 3-8 percent of the popuiation older than
40 years has IOP’s aibove 21 mmHg21228 and most of these persons never
develop POAG.2Besides, about half of all giaucomatous eyes have screening
IOP’s below 21 mmHg.21611.1217 Afthough the relative risk of high IOP for visual
fleld defects is high, IOP explains only 5C percent of the field defects developing
in a population.

High myopia

High myopia has also been considered 1o increase the risk of having
POAG.2 However, the diagnosis of POAG presents some difficultiss in persons with
high myopia, because the appearance of the optic disc can be misleading.
In addition, myopic fundus changes can give rise to field defects that resemble

those found in glaucoma.?

Conclusions

In recent epidemiclogic studies, the diagnosis of POAG has been
principally based on the presence of glaucomatous defects of the visual field
and optic disc cupping. independent of the level of IOP. The most valid
pravadlence studies are those that examine every participant by perimetry,
fonometry and ophthalimoscopy on both eyes. The prevalence estimates for
POAG rise with age. Typical estimates are about 0.9 percent in subjects aged
65 years, 2,0 percent in subjects aged 75 years, and 3.C percent in subjects aged
85 years, About 4G percent of the POAG cases have normal tension glaucoma,
Cespite differences in methodology and definition, relatfively similar prevaience
figures of POAG are present across populations. Higher prevalence figures are
given in the Beaver Dam Eye Study’® which could have been due to differences
in diggnostic procedures.?s

incidence estimates of POAG, based on a limited amount of evidence,
suggest a five-year incidence of 0.2 percent at age 55 years, that increases to
1 percent at age 75 years.

Risk factors for POAG have been investigated in o number of
epidemiologic sfudies. Except for age, a positive family history of POAG, and
elevated IOP. no definite risk factors for POAG have yet! been established.

There is, however, evidence to suggest that diabetes mellitus and blood prassure
may be associated with POAG.
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Table 2.1

Summary of population-based studies of glaucoma

Study focation - Age (years) No. of pariicipants Screening Perimetry
R ’ (% of population) methods®
Ferndalgto 40-74 4,321 (52) HLC.VF(1/3) Friedman
Framingham?? 52-85 2,433 (84) HTO Goldmann
Dalbyh 55-70 1511 (78) HTONMF Competer/
Goldmann
Balfimore, white pefsons!22s >40 2913 (/6 HITPVF Humphrey/
Goldmann
Baltimore, black personsi2.2e >40 2,395 (84) HIPVF Humphiey/
Goldrmann
Beaver Dam'3 >42 4,926 (83) H.TEVF Henson
Rotterdam!8 >54 3,062 (80y= TO.VF Humphrey/
Goldmann
Borbadost? 40-85 4,709 (84) H 1P VE Humphrey

o H,history, T, applanation tonometry; O,ophthaimoscopy: Foptic disc photography: VEvisudl field testing

b VD, visual fleld defect; Gldisc, glaucomatous disc; IOPintraccular pressure; NFLA nerve fiber loyer abnormality, See
Table 2.2 and text for specific definitions.

< median 0P

9 only unireated cases were considerad



Diagnostic criteriab Mean 10P No. of POAG cases No. of POAG cases

{mimHg) (% prevalence) presenting with normal IR
(proportion of alf cases)

VFD.GLdisc 16 20 (0.A7) 7 (0.35)

VD in glaucoma suspects 17 256 (1.43) 1553

VFD,Gl.disc 7 13 (0.86} 8 (0.62)

VFD, Gldisc,NFLA 17 32 (1.10) 9 ¢0.55)

VFD,Gl.disc, NFLA 17 100 (4.20) 55 {0.55)4

VFD.GlLdisc,}OP 15e 184 (2.1) 33 (0.3

VFD,Gl.disc 15 34 0.0 7 (0.39)d

VFD,Gl.disc 18 309 (6.7) ?
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Table 2.2
Specific definitions of glaucomarous visual field defecr
and glaucomarous disc in epidemiological studies

Study location glaucomatous visual field defect glaucomatous disc

Ferndale't sefdel or Bjerrurn scotoma, Reenne’s nascil step,  excessive excavaiion
tubular visual field

Framingham?? arcucte or paracentral scotoma, nasal step, CDR=20.5 or difference
advanced field loss between eyes =02

Daitoyt? o repaatable visudt field defect consistent glaucomatous cupping
with glaucoma of the optic disc

Baltimore12.26 paracentral or arcuate scotoma of at least CDR20.7 or width narowest rim
0.4 log-unit depth, nasal step, of <0.15

central and temporal istand

Beaver Darnts visual fleld defect compatible with the CDR=0.8 or difference
diagnosis of glaucoma between eyes 20.2

Rotterdam!é paracentral or arcucte scotoma of at leost CDR=0.5 or difference
0.4 fog-unit depth, nasal step, central between eyes 20.2

and fernporal island.

Bartadost® one or more absolute defects in the central 307 at least fwo signs were present:
or posttive results of hemimeridional analyses CDR=0.7, width narrowest rim 0.1,
using the ICEPACK program. notching, difference befweaen

eyes =0.2, disc hemorrhages.

COR = cup/disc ratio



Table 2.%

Age-specific
Open Angle

G

evalences of Primary
l[aucoma in epidemiological studies.

age-groups Ferndale Framingham - Dalby - ‘Balfimore - BeaverDam - Rolterdarmn - Barbados
(yeurs) (1966) (1977 {1981) {1991) - (1992) {1993) {1994)
e n=4,230 n=2433 - n=1,511 - whites blacks . n=4,926 - n=d, 062 n=4709
n=2,913 n=2,395

40-45

0.92—123 14—
45-49 1.0
50-54 0.3

0.41 —4.05 41—
55-59 0.9 ] 0.5 l 0.4 % 0.2

1.3 02

60-64 0508 07|08  08]09 0.2 0.4

0.68 —5.51 o6/ ——
0569 1] 05 15] 5.9

2.7 1.3

70-74 1.3 1.7 1.8

2.89—815 14.8—
75-79 2.0 1.6
80-84 4.4 6.3 31 2.1

216—11.26 3.1 23.2—
85-89 3.3
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Table 2.4

Risk facrors for Primary open-angle glaucoma

Risk factor Studies Risk 5% Confidence
references interval
Age 10-13,17.18 OR 1.74 per 10 years!? 1.45,2.09
Gender 17.18 CR 3.6 for men'8 1.7.7.1
Family history of glaucoma 2 RR 4-16 for first degree reiafives
Diagbetes meliitus 29-36 OR 2.80 for HTG28 1.01.72.77
OR 3.11 for HTGRe 1.12.8.66
Hypotension 37,38 ? for NTG
Hypertension 39.41,42 OR 2,33 for HIGA2 0.92.5.47
Infraccular pressure » 21 mmHg 2,12 RR = 562
RR > 1212

OR, odds ratio
RR. relative risk
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Chaprer

The prevalence of glaucoma
iN A population-based study

in The Netherlands:
The Rorrerdam Study
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Abstracr

PURpOSE

The cbjective of this sfudy is 1o assess the prevalence of primary open-
angle glaucoma (POAG) in g defined population in Rotterdam, The Netherands.

Merhods

The Roiterdam Study is a single-center prospective cohort study of o total
population of over 10,000 people, aged 55 years or more. For the present
analysis the first 3,062 consecutive, unselected, non-institutionalized particioants
were examined according to standard protocols, including perimetry. The
diagnosis of POAG was based on the presence of a gloucomatous visual field
defect in combination with either a vertical cup/disc ratio of 0.5 or over or a
cup/disc ratio asymmetry of 0.2 or over, or an infraccular pressure (IOP) ovar
21 mmHg. with epen and normal anterior chamber angles,

Resulrs

The overall prevalence of POAG in the present study was 1.10% (5% CI
1.09,1.11). Age-specific prevaience figures increased from 0.2% (95% C1 0,16,0.24)
in the age-group of 58-89 years, to 3.3% (5% Cl 2.57,4.04) in the age-group of
85-89 years. Men had a more than thrae fimes higher risk of having POAG than
women (odds rafio 3.6). POAG had not been praviously dicgnosed in 52.9% of
the cases, and of them 38.9% had IOF's < 21 mmHg. A visual aculty of 0.1 or less
due to glaucoma was present in 8.8% the POAG cases.

Conclusion

The overall prevalence of POAG in the present study was 1.1%. The
prevalence of POAG was higher in men than in wornen, Cf the untreated cases
38.9% had 10P's < 21 mmHg.



Introducrtion

Glaucoma is a disease of the optic nerve, which is often, but not always,
dccompanied by an elevated infraccular pressure (OP). Characteristic of the
disease are the generation of typical, progressive visual field defects,
The most commonly occurring type of glaucoma is primary open-angle
glaucoma (POAG). Overali prevaience figures of POAG in white populations
range from 0.4% to 4.1%, depending on the screening procedure and
definitions used.! According tc the Model Reporting Area for Biindness Statistics
of the U.S., glaucoma was responsible for 11.7% of all cases of blindness in
the registration.!

The aim of the present study is to describe the prevalence of glaucoma in
a defined population in Rotterdam, The Netherlands.

Subjects and Merhods

Population

The prasent study was perfoermed as part of the Rotfterdam Study. The
Rotterdam Study is a single-center prospeciive cohortf study of over 10,000
residents, aged 55 years or more, of the suburb of Ommoord of Rofterdam,
The Netherlands. Tne objective of the Rotterdam Study is fo investigate the
determinants of chronic, disabling cardiovascular, neurogeriatric, locomotor, and
ophthalmologic diseasss. The study has been approved by the Medical Ethics
Committee of the Erasmus University, and wiitten informed consent was obtained
from all participants. Al parficipants were ot random selected from the Registry
office but the invitations fo parficioate were sent according to their postal code.

After informed consent was obtained, home interviews were taken by
specidlly trained interviewers, in which information was collected about former
and present medical status and family medical history. A medical investigation
was caried ouf in a specially equiped examination centfer in the center of the
suburb.,

The overall paricipation rate was 80 percent of the eligible persons In the
total Rotterdam Study, which is highest in the age-group of b5-65 years {84
percent) and declined with age (70 percent in the age-group of 85 years and
older). In the present analysis, of the 4,318 eligible persons who were invited
randomly to participate in the study from May 1991 untit January 1993,
3,338 persons (77 percent) were inferviewed at home. Of these, 3,062
{71 percent) consecutive, unselected, non-institutionalized persons had
an ophthalmological Investigation atf the research center.
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MEASURFMENTS

The glaucoma screening was performed in Three phases by two
ophthalmologicdl residents and three perimefrists. In the first phase of the
glaucoma study, after autorefraction (Topcon RMA 2000), the best-corrected
visual aeuity wos determined with the Lighthouse Distance Visual Acuity Chaort
{(2nd edifion). If this acuity improved with a pin-hole. the pin-hoie acuity was
nofted down. Slitlamp examination was focused on abnormadiities of the anterior
chamber angle, corneq, s and tens. The meathod of von Herlck? was used to
determine the width of the chamber angle. The infraocutar pressure was
measured with the Goldmann applanation tonometer (Haag-Streit, Barn,
Switzeriand) and the median of three consecutive measurements was taken,?
Within the frame of the fight examination schedule subjects were given twenty
minutes prior to the IOP measurement 200mi of a 75 gram glucose solution in
order 1o perform a giucose folerance test. The 76-point suprathrashold screening
fest of the Humphrey perimeter (Humphrey Visual Field Analyzer, Zeiss) was used
to detect visuai field defects in the central 30 degrees. A near refractive
carrection, appropricte for age, was used. The perimetry screening wds
performed on both eyes. Three or more contiguously missed points on the
screening test were faken as evidence for a visudl fisld defect. The blind spot
and outer test points were not counted as missed points, The reliakility of a test
result was given by the perimeter, but the judgement of the technician about
patient’s responses and fixation was decisive. After perimetry, one drop of
Tropleamide 0.5% and one drop of Phenylephrinehydrochloride 5% were
administered in both eyes. After 40 minutes, photographs weare taken from the
macular area and the oplic disc. Direct end indirect ophthalimoscopy was
performed to assess the verlical cup/disc ratio (VCDR), in relation to the confour
of the cup. Thase subjective assessments were used in the analyses. Any cther
abnormality of the opfic discs and macuiar area was noted., Finally, one drop of
Thymoxamine 5% was administerad in both eyes. IOP was measured again in
mydriasis in subjects with narrow angles, a history of possible acute glaucoma
and in subjects with eye compilaints developing during mydriasis. Subjects who
showsd a rse in IOP of over 7 mmHg were referred o the ophthalimologic
department of the Erasmus University Rofterdam.

In the second phase of the glaucoma study, which was planned two
weeks affer the first phase, visual fields were retested with the same 76-point
screening test in subjects with a visual field defect or unreliable visual field test in
the first phase.

In the third phase of the glaucoma sfudy, a few weeks later, subjects with
a visual field defect or unreliable visual field test in the second phase of the



study, were recalled for perimetry on both ayes with the Goldmann parimeter,
made by a skilled perimetrist, following standard criteriad and without knowledge
of former visual field defects, Infraocular pressure was remedasured with the
previously described

technigue. Gonioscopy was performed when a glaucomatous visua! figld
defect was present; a Goldmann 3-mirror contactiens was used to judge if the
anterior chamber angie was open following the Shaffer grading system, to
determine the degree of pigmentation and the presence of other abnormalities.

A random sample of 44 subjects with a normail 76-point supra-thrashold
Humphrey test also had a visual field examination in the second and third phase.

The subjective determination of the vertical cup/disc rafio of 25 randomly
selected opfic discs were compared, in a masked way, with the resuits of the
analyses of photographs of the same optic discs with an autematic system,

Classificarion of glavcomarous visual fields

Glaucomatous visual field defects on the Goldmann perimeter included
the following types of fleld defects that could not be explained by other ccular
or heurologicat abnormalifies: a paracentral or full arcuate scotoma of at least
0.4 log units In depth; nasal step of at least 10 degrees in width present to at least

two isopters; central and/or temporal islands.4

Criteria for POAG

The diaghosis of POAG was based on the presence of a glaucomatous
visual field defect on Goldmann perimeiry in combination with either ¢ VCDR
of 0.5 or more or a difference in VCDR of 0.2 or more or an IGP greater than
21 mmHg. with open and normal anterior chamber angies.

Dara analysis

Mean IOP of both eyes was calculated by & years age-categories for men
and women separately. The association between IOP. age and gender was
evaluated with linear regression analysis. The prevalence of POAG was
calculated by 10 years age-categories for men and women separately, and by
5 years age categories for men and women together, The association between
POAG, cge and gender was further evaluated with logistic regression analysis.
The association of narrow anterior chamicer angles with age and gender was
also evaluated with logistic regression anclysis. The odds ratio, obtained from
iogistic regression analysis, served for the indication of the reiative risk.
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Resuls

Avergge IOP was 14.6 mmHg and median [OP was 14.0 mmHg for both
eveas. The relation between average I0OP and sex is shown in Figure 3.1, Average
IOP did not significantly change with age (coefficient of linear regression -0.004
mmHg/yr, 96% C1 0.016, 0.024) and was 0.3 mmHg lower in women than in men
(95% CI1-0.5, 0.3). The percentage of eyes with an |OP over 21 mmHg was 2.2%
(?5% Cl 2.2, 2.2). A difference of over 2 mmHg between both eyes was observed
in 7% {95% Cl 6.8, 7.2} of the subjects. ‘

The median VCDR was 0.3 for both eyes and both sexes. The vertical
cup/disc ratio increased noft significantly with age (cosfficient 0.001 disc
diameter/yr, 5% C10.000, 0.002} and no significant differences between both
genders exisfed (coefficient -0.015 VCDR for women, 95% Cl -0.028, 0.002).

A VCDR = 0.5 was found in af least one eye in 19.2% of the study populaiion;
thus a VCDR = 0.8 was present in 2.2%. A difference of 0.2 disc diameter or mcre
between both eyes occurred in 5.0% of the subjects. Optic disc hemorrhages
were nofed in 0.2% of the subjects. No sighificant difference existed between the
supjective and automatic defermination of the 25 randomly selected optic discs
(Paired t-test, P < 0.05).

Narrow angles, determined with the method of von Herick, were present in
2.4% of the subjects; 2.7% in women and 1.8% in men. The prevalence of narrow
angles was not significantly associated with age (logistic regression, Odds Ratio
1.03, 95% C1 1.00. 1.05). Wormen had a two fimes higher chance of having narrow
angles than men (ogistic regression, Odds Ratio 2,17, 6% CI 1.27-3.70). No
person with a narrow angie had glaucomatous visual field defects.

A visual field defect or unreliable test was present in 563 (18.4%) of the
3,062 subjects and 530 (24.2%) out of this 563 subjects underwent a repetition of
the screening test in the second phase, In 239 subjects (7.8%) an abnormal visugl
fleld test was present in the second phase and of them 2056 subjects (85.8%)
underwent Goldmann perimetry in the third phase. This resuifed in g
glaucomatous visual field defect in 45 eyes of 34 (1.1%) subjects. Gther kinds of
visual field defects were left out of consideration. None of the 44 subjects with ¢
normal visual field in phase 1 had glaucomatous visual field loss in phase 2 or 3.

In the present study 1.1% (956% CI 1.09,1.11) (34 cases) had POAG on at
least one eve (Table 3.1). in 53% the diagnosis of POAG was new. Of the new
PCAG cases 39% had IOP's < 21 mmHg. No other fypes of glaucoma were
prasent, nor were there subjects with o glaucomatous field defect who did not
met the other diagnostic criferia for POAG, The prevalence of POAG in men was
three times higher than in women (OR = 3.6). The prevalence of POAG increased
from 0.2% (95% C1 0.16,0.24) in the age-group of 55-59 years 1o 3.3% (95% ClI



2.57,4.04) in the age-group of 85-89 vears (Table 3.2).

Visual aeuity of 0.1 or lower due to POAG existed in three persons (cli men)
in four eyes.

In three piiot studies in different populations age 28 to 74, the median IOP
was lowerad by 1.6 mmHg after infake of 200 mi of 75 gram glucose solution.

In three cases an acufe glaucoma occured affer application of the
rmydriatics that was cured without sequelae by Nd-Yag laser iridotomy.

Discussion

In this study we observed an overdll prevatence of POAG of 1.1%. The
prevalence of POAG was related with age and was higher in men than in
women, The diagnosis giaucoma was made for the first fime in 53% of the POAG
cases and of them 39% had I0OP's < 21 mmHg.

The distribution of the IOP coresponds well with other studies.>? In the study
from Davide the median IOP was 14 mmHg, as in the present study. in other
sfudiess”.&? the mean or median IOP was 1-2 mmHg higher compared with our
study, which could have resulted from the influence of the glucose solution that
was given prior to the IOP measurement. As a consequence, the percentage of
eyes with an IOP over 21 mmHg in the present study was approximately half the
percentage of eyes with elevated IOP in the other studies. The prevalence of IOP
differences of over 2 mmHg between both eves comresponded well with the
estimate of 7.7% obtained in the Framingham Eye Study.7 In contrast to our study,
several studiess? have found a relation between age and IOP. A possible
explanation for this difference in relation between age and 10OP is that this
relafion has been found in study popuiations that included younger age-groups.
No sex differences in IOP were found in d few studies.5¢7 Other studiess? have
found @ slightly higher IOP in women than in men. in our sfudy, women had
slightly lower IOP than men, but differences were small.

The median VCDR cbserved in our study corresponds weli with other
studies.57 In a study of Klein et als, a grading system for fundus photegraphs of
the optic disc was used, which may result in more accurate outcomes. In the

Framingham Eye Study’ a subjective interpretation of the cup/disc ratio
was made by several investigators, which has probably resuited in a higher
varability. The percentage of syeas with VCDR over 0.4 was 27.8% in the study
from Klein, 10.9% in the Framingham Eve Study, and 19.4% in the present study.
A difference of VCDR of 0.2 or more between both eyes occurred in 6.8% of the
subjects in the Framingham Eye Study, and in 5% of the subjects in our study. An
association between cup/disc rafio and age was reported in the Framingham
Eve Study. Klein et alé reported a prevalence of optic disc hemorrhage of 0.9%,
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which was only slightly higher than the G.2% in the present study and within the
confidence limifs of our estimate.

The visual field screening procedure resulted in the selection of 1.1% of
subjects with glaucomatous visual fleld defects on one or both eves.

This resuft is in agreement with the outcome of a study of Benglsson, 10

Studies from which age-specific prevalence dafa for POAG are known are
tabuiated in fable 2157917 From this table we can conclude that below age
6b years, the present study shows haif the prevalence of POAG compared to
other studies. The studies in Ferndale. Framingham and Datby showed a
prevalence of 0.8%, 0.8% and 0.9%, respectively, in the age-group of 55-62 vears,
whereas in Rotterdam the prevalence of POAG in the same age-group was 0.4%.
Of course, due to the limited sample size, there is some overlap in this dge-group
between the confidence intervals of the point estimates. In the age-group of 80
yedrs and over, the prevalences of POAG in Rotferdam were lower than the
prevalences of Framingham, but higher than the prevalences of the Balfimore
Eve Survey for white Americans. The prevalence of POAG in the age-group
80-84 years was 4.4% in Framingham and 3.1% in Rotterdam, whersas the
prevalence of POAG in the age-group 80-89 vears was 2.16% in Ballimore and
3.1% in Retterdam. The study in Beaver Dam showed the highest prevalences of
POAG in all age-categories. A partial explanation for this difference in
prevalence is that in Beaver Dam a visual field defect was not necessary for the
diagnosis of POAG in contrast to the present study. But even when we use their
definition of POAG in the Rofterdam study. it would only increase the overal
prevalence from 1,1% fo 1.5%, which is still beneath the 2.1% overall prevalence
of POAG in Beaver Dam. in addition, differences in visual field fesfing procedure
may have resulfed in differences in prevaience; in Dalby't, Baltimore!! and
Rotterdaom visual field defects defected with automatic perimetry had to be
confirmed with Goldmann permetry, In Beaver Dam only automatic perimetry
was performed. In the present study, £63% of the cases with POAG were newly
discovered. This figurs is similar as in @ study of Hollows.? In a study of Bengtsson!o
however, none of the glaucoma cases were previcusly treated.

Of the 63% newly found POAG cases, 39% had IOP's < 21 mmHg. This
percentage would remain the same when corrected for the possible influence of
the glucose drink as the IOP’s were < 18 mmHg. The percentage of subjacts with
normai [OP's in unfreated POAG cases is only slightly lower than the 50%? and the
61%10 observed in other studies,

There s conflicting evidence regarding the association of POAG with
gender, In the Framingham Eye Study? a higher prevalence of glaucoma among
males was observed, like in our study. Benglsson1o has found a higher prevalence



of POAG ameng females. In other studiess® 1! no sex difference in glaucoma
prevalence was observed. The small number of POAG cases could have resuited
in the relation between POAG and gendsr as found in the present study.

An argument in favor of a real difference is that differences in gender were
consistently present in all age-categories. Furtharmore, it may be that this sex-
difference in prevalence of POAG is more pronounced in clder age-groups.
Combining prevalence resulfs with younger age-groups may equalize the
sex-difference. If there exists a real difference in prevalence of POAG in men
and women, some unknown factors related with gender predispose or protect

for POAG at the age of 55 yvears and over.

In conclusion, the overgll prevalence of POAG was 1.1% in this study, which
Is similar o prevalence figures of glaucoma In other sfudies on white persons.
Men had a three times higher risk of having POAG than women. Age-adjusted
rates showed a lower frequency of POAG iill the age of 65 years in comparison
with other studies, which suggests that POAG starts at an older age in Rottercdam.
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Table 7.1
Prevalence of Primary Open Angle Glaucoma
(n=%,062) according 10 THe Rotrerdam criteria

o Men Women Totat
age-groups total cases total cases total cases
{years) nurmber number number
55-64 451 1 (0.2%) 657 1(0.2%) s 2 (0.2%)
65-74 515 12 (2.3%) 730 5(0.7%) 1245 17 (1.4%)
75+ 250 10 (4.0%) 442 5(1.1%) 639 15 (2.2%)
Total 1226 23 (1.9%) 1836 11 (0.6%) 3062 34 (1.19)

Table 7.2
Age-specific prevalences of Primary
Open Angle Glaucoma in epidemiological studies

age-groups  Ferndale Framingham  Dalby Baltimore . . Beaver Dam RoHerdam
(years) (1966)° 977y’ (e aeen” (1992)° (1993)
40-45
0.92
45-49 1.0
50-54 0.3
0.41
55-59 09 ) 0.5 0.4 02 |
1.3 02
60-64 05 } 08 07 ]o‘s 08l 0.9 ) 0.0 ]o‘a
0.8
6569 11 ] 09 ) 15 091 |
2.7 1.3
70-74 13 1.7 1.8
2.89
75-79 2.0 1.6
80-84 4.4 6.3 al 2.1
216 3.1
85-89 3.3
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Glaucomatous visuadl fleld defect with Goldman perimetry




Primary open-aANGle glaucoma,
INTRAOCUIAR pRESSURE
and diabetes melllitus

in The general elderly population:
The Rormrerdam Study
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Abstract

Purpose

The purpose of this study is to investigate the presence of primary open-
angle glaucoma and intraocular pressure associated with newly diagnosed

diabetes meilitus.

Metliods

Subjects parficipating in The Rotterdam Sfudy (n=4.178, ages 55 years and
over) were examined according To standard protocols, including a medical
history inferview, perimetry, applanation fonometry, funduscopy and o non-
fasting glucose tolerance test. Glaucoma was defined by the presence of a
glaucomatous visual field defect. A distinction was made between high-tension
glaucoma and normai-tension glaucoma. The relation of glaucoma and
infraccular pressure with newly diagnosed diabetes mellitus and blood glucose

was analyzed using regression analysis.

Resulrs

The presence of digbetes mellitus was assoclated with an overall rise of
mean intraocular pressure of both eves of 0.31 mmHg (95% confidence interval
0.12, 0.50), and with a three-foid increased presence of high-tension glaucoma
(odds ratio 3.11, 95% confidence interval 1.12, 8.66). Normal-tension glaucomad
was not associated with dicbetes mellitus. A 10 mmol/l higher random serum
giucose level was asseciated with a mean infraccular pressure that was on
average 0.41 mmHg {(95% confidence interval -0.02, 0.84) higher and with an

odds ratio of 2.82 (95% confidence interval 0.92, 8.58) for high-tension glaucoma.

A rise of 10 mmol/I of serum glucose on a glucose tolerance test was associated
with an overall rise of mean intraocular pressure of 0.59 mmHg (95% confidence
inferval 0,26, 0.92) and with an odds rafio of 1.88 {95% confidence interval

0.81, 4.32) for high-tension glaucoma.

Conclusion
Newly diagnosed diabetes mellitus and high leveis of blood glucose are
associated with elevated infraocular pressure and high-tension glaucoma.
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Introduction

One of the puiative risk factors of primary open-angle giaucoma is
diabetes mellitus. Various epidemiclogical studies have suggested that diabetes
mellitus is associated with primary open-angle glaucomal4 and with infraocular
pressure,1.23.7-11 No relation!? or a negafive relations between diabetes and
intfraocular pressure have been cbserved. In the Framingham Eye Study and
the Beaver Dam Eye Study these relations have been investigated in the
community. o011 The present study focuses on the relation belween primary
open-angle glaucoma and infraccular pressure, and diabetes mellitus and serum
glucose levels in a population-based study in Retterdam, The Netherlands, 4

Marerial and methods

Popularion

The present study was performed as part of The Rotterdam Study. The
Rofterdam Study is ¢ single-center prospective follow-up sludy of a cohort of 11,854
peopie, aged 55 years or more, living In a subwb of Rotterdam, The Netherlands. The
design of the study has been described previously.14 The study has been approved
by the Medical Ethics Committee of the Erasmus University, Written informed consent
was obtained from dil participants. The objective of the study is to clarify the
determinants of occcurrence of chronic, disabling cardiovascular neurogeriatiic,
locomaotor, and ophthalmologic diseases. The study comprises an extensive home
interview, followed by two visits al the examination center for a clinical examination.

From June 1990 untll January 1993 7,120 residents had been invited and 5,673
subjects had actually parficipated. The overall parficipation rate was 80%. Because
visual field examination often was impossible in the institutionalized perscons, we
confined the analyses presented here to the non-institutionclized individuals aged
55 10 95 vears (4,266 subjects). In 4,178 persons (98%) data on infraocular pressure,
diabetes meliitus and blood glucose were available. All persons buf those who used
antidiabetic medication had a glucose tolerance test, Because the infraccular
pressure was measured affer the oral glucose load, which could have influenced
the Infraocular pressure meadsurements, people using antidiabetic medication were
excluded frem the study. So 4,012 persons (94%) were included in the praesent

analyses,

MeasuremENTs

The glaucoma screening was performed in three phases.1s In the first
phase, the infraocular pressure was measured three fimes on each eye with the
Goldmann applonation fonometer (Haag-Streit, Bern, Switzerland)'e and the

median value was used in the anaiysis.



In the same phase the 76-point suprathreshold screening fest of the
Humphrey perimeter (Humphrey Visuai Field Analyzer, Zeiss, Oberkochen,
Germany) was used to detect visual field defects in the central 30 degrees.
Three or more configuously missed points on The screening test were taken as
indication for a visudl field defect. The reliabllity of a fest result was stated by
the perimeter and ullimately defermined by the technician. In mydriasis direct
ophthalmoscepy was performed to assess the verfical cup/dise ratio, in relation
to the contour of the cup. In the second phase of the study, which was
performed two weeks affer the first phase, visual fields were retested with the
same 76-point screening test in subjects with an abnormal or unreliable visual
field test in the first phase. In the third phase, carrled out within a few weeks after
the second phase, subjects with an abnormal or unreliable visuai field test in the
second phase of the study, were recalled for perimetry with the Goldmaonn
parimeter. Perimetry was performed according to a standard protocol? and
without knowledge of former visual field defects. Remeasurement of the
infraocuiar pressure and gonioscopy was performed when a glaucomatous
visual field defect was present, which couid not be explained by other ocular
abnormalities.

The definition of primary open-angle giaucoma was based on the
presence of a glaucomatous visual fleld defect on Goldmann perimetry!? in
combination with either a vertical cup/disc ratio of 0.5 or greatfer or a difference
in cup/disc rafio of 0.2 or more between the right and left eve, or an intraccular
pressure greater than 21 mmHg, with a normal and open anterior chamber
angle, without any other abnormality that could have caused the visual field
defsct. High-tension glaucoma was defined as primary open-angle glaucoma
with an infraocular pressure of more than 21 mmHg in at least one of the two
measurement sessions in phase one and phase three, in the same eye as the
visual field defect, or any freatment for glaucoma. Normai-tension glaucoma
was defined as primary open-angle glaucoma with infraocular pressure of
21 mmHg or less and no reatment for glaucoma,

Newly diagnosed diagbetes mellitus was considered present If the random
serum glucose level or the serum glucose level two hours affer a non-fasting
glucose load (75 grams) was higher than 11.0 rmol/l. Subjects using anfidiabetic
medication {ablets or insulin) were excluded from the analyses.

Helght and weight were measured in indoor clothing and without shoes. Body
mass index was calculated os weight divided by the square of height (kg/m?2),

47



48

Analysis

The relation baetween mean intraocular pressure of both eyes and diabeteas
mellitus was studied by comparison of average infraoccular pressure and linear
regression. HOP was taken as a continuous variable and diabetes as a
dichotomous variable (present, absent) in the linear model. The association with
diabetes was expressed in terms of inear regression coefficients with 95%
confidence limifs.

The reiation between mean infraocuiar pressure of both eyes and random
serum glucose level was also studied with linear regression analysis. Infraocular
pressure and serum glucose level were enfered as continuous variables in the
iinear model. Regrassion coefficients were expressed per 16 mmol/l glucose,

The relation between high-tension glaucoma and random serum glucose
was studied using logistic regression analysis. Serum glucose values were enfered
as confinuous variakles, and primary open-angle glaucoma was entered as a
dichotomous variable (present, absent) in the regression model. The associations
with primary open-angle glaucoma were exprassed as odds ratio’s per 10 mmaol/l
glucose, which is an approximation of the relafive risk. The association of
diabeies mellitus with high-tension glaucorna was studied in the same way.

All analyses were adjusted for age, sex and body mass index, and when

appropriate for systolic blood pressure.

Results

Mean values of intraocular pressure are shown for subjects without
diabetes and with untreated diabetes, for men and women separately, in age-
groups below 70 years and 70 ysars or older (Table 4.1). Newly diagnosed
diabetes was associated with a slightly. but consistently higher mean infraocular
pressure than absence of diabetes. No significant effect for age or sex was
obssrved. With linear regression the presence of newly diagnosed diabetes was
associated with @ significant overall rise in mean intraccular pressure of
0.31 mmHg (95% confidence Interval 0.12, 0.50).

A rise of 10 mmol/l of random serum glucose level was associated with a
borderline significant overdll rise In mean intraocular pressure of 0.41 mmHg (95%
confidence Interval -0.02, D.84). For the post-load glucose levels this asscciation
was 0.69 mmHg (95% confidence interval 0,26, (.92). No significant difference
axisted between women and men. Addifional adjustment for systolic blood
pressure did noft significantly change the association between mean intraccular
pressure and blood glucoss.

A 10 mmol/l higher random serum gluceose level was associated with a 2.82
(95% confidence interval 0.92, 8.58) higher risk of having high-tension glaucoma,



For the post-load glucose leveis this association was 1.88 (95% confidence
inferval 0.81, 4.32). Additional adjustment for systolic blood pressure did not
significantly change the association between serum glucose and high-fension
giaucoma.

Newly diagnosed diabetes melitus was related with an odds ratio of 3.11
(95% confidence inferval 1.12, 8.66) for high-tension glaucoma, affer adjustment
for age, sex and body mass index. In persons with normai-tension glaucoma no
case of newly diagnosed diabetes mellitus was present, as a conseguence odds
ratio’s could not be caicuiated.

Discussion

Qur findings in this cress-seclional study in o population aged 55 years and
over suggest that newly diagnosed diabetes meilitus and elevated serum
glucose levels are associated with a higher mean infraccular pressure and
high-tension glaucoma.

The relation between diabetes and infraccular pressure found in this study
was similar fo what was found in case-control studies!23.7.89 and in popuiation-
based studies? 1t The same was the case with the relafion betweaen serum
giucose and intraccular pressure, which was also found in case-control
sfudies?s¢ and in a smaller population-based study.

In the present study. the associaticns between diabetes, blood glucose
and infraoccular pressure were the same in women and men. This was also found
in other studies.812 In two studies? 18 on diabetic persons slightly higher infraccular
pressure was found in women, Scme studies!- 18 did not analyse the difference in
associdfions between women and men.

Few epidemiclogical studies have suggested that diabetes mallitus is
associated with primary open-angle glaucoma36 o, like in our study, with high-
fension glaucoma.ds Most of thess studies2345 have considered diabetic persons
as those receiving medication for thelr disease. In the Beaver Dam Eye Study the
presence of dicbetes mellitus was defined as either a history of freatment of
diabetes or a glycosylated hemoglobin level greater than two standard
deviations above the mean and a casual blood sugar level of greater than 11.1.
They have found that diabetes mellitus was related with an odds ratio of 1.84
(95% confidence interval 1.09, 3.11) for primary open-angle giaucoma, which
was lower than that was found in the present study for high-fension glaucoma. A
possible explanation is that persons with normal-tension glaucoma were included
in the anailyses of the Beavear Dam Eye Study, which could have led fo a lower
odds rafio. [ the Framingham Eye Studyi1®1, where the presence of dicbetes
mellitus was based on the presence of diabetic refinopathy, whether or not they
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were known to be diabstic, no association could be observed between
diabetes and primary open-angle giaucoma. Because the glucose test couid
have influenced the leve! of intfraoccular pressure and people who were treafed
for their diabetes mellitus were excluded from having a glucose load, in the
present study, only untreated persons af baseline unknown with diabetes mellitus
were considered. This exclusion could have led to an undersstimation of the
association that was found between diabetes mellitus and primary open-angle
glaucoma, because the diabetas mellitus could have had longer and more
serious pathologic influence on persons that were aiready treated for their
diabetes mellifus.

In the present study, associafions between diabetes and nermal-tension
glaucoma could not be assessed, because of the small number of persons with
normal-tension glaucoma.

An association between blood glucose and both intraccular pressure as
well as high-tension glaucoma was observed in this study. In additfional anaiyses
it appeared that these associations were not significantly influenced by systolic
blocd pressure, therefore the relations between blood giucose, infraccular
pressure, and high-tension glaucoma are not confounded by systolic blood
pressure.

The mechanism of the association between blood giucose and intrcocular
pressure is not clear. Possibly the elevated blood glucose may induce an osmotic
gradient and affract fluld into the infraocular space. which may result in an
elevated infraccuiar pressure.” In another study® a slight decrease in the
coefficient of outflow with increasing severity of diabetic refinopathy has been
found, apart from the advanced proliferative form. Armaly et al'? suggested that
more than one effect may exist and effects may act in opposite directions.
Furthermore, it is possitle that diabetes mellitus increases the susceptibility of the
optic nerve fibers, leading to visual field defects, either because of common
genglic factors, because of The effect of diabetes meliitus on the smail vessels
of the eye,! or due 1o diabetic neuropathy.

In conclusion, the present population-based cross-sectional study confirms
earlier mainly case-contrel studies that diabetes mellitus and blood glucose are
associated with a higher infraocular pressure and with high-tension glaucoma.
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Table 4.1

InTRAOCULAR pressure (IOP) of subjects without
diaberes mellitus and with Nnewly diagnosed
diaberes mellitus*

LS Women T S Men T Tokal
- 65-69yrs . 70-94yrs - total 55-69 yrs 70-94 yrs total 55-94 yrs

Without diabetes meilitust:

number n=1303 n=065 n=2268 n=912 n=576 n=1488 n=3756
mean [OP 14.46 14.37 14.42 14.72 14.65 14.69 14.62
sD 295 3.08 3.01 3.06 3.30 3.16 3.08

Newly diagnosed dicbetest:

number n=65 n=85 n=150 n=52 n=54 n=106 n=256
meaan IOP 14.95 14.65 14.78 15.29 14.69 14.98 14,86
sD 247 2.85 2,69 3.38 3.04 3.21 2.91

" Vialues are means with standard deviations in parentheses.
T Glucose levels < 11.0 mmol/t.

t Glucose levels = 11.0 mmoi/l,
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Abstract

Purpose

The purpose of this study was fo investigate The association betweean
primary open-angle glaucoma, infraocular pressure and systemic blood pressure.

Merhiods

Subjects parficipating in the Rotterdam Study (n=4,187, age 5% yrs and
over) were examined according fo standard protecols, inciuding o medical
history interview, infraccular pressure ((OP) measurement, perimetry, funduscopy
and blood pressure measurement. Primary open-angle glaucoma (POAG) was
defined by the prasence of a glaucomatous visudl field defect. Additionally, the
distinction was made between high-tension glaucoma, dsfined as POAG with an
ICGP of over 21 mmHg. and normal-tension glaucoma, defined as POAG with an
IOP of 21 mmHg or less. The relation between blood pressure and hypertension
with OB, POAG, high-tension glaucoma and normai-tension glaucoma was

studied by means of regression ancilysis,

Resulrs

A systolic blood pressure or diastolic blood pressure that was 10 mmHg
higher was associated with an IOP that was on average 0.23 mmHg
(95% confidence interval (CI) 0.19 - 0.27) or 0.24 mmHg (0.16 - 0.32) higher,
respectively. The presence of hypertension was associated with a 0.66 mmHg
higher mean IOP (6.39 - 0.93). A 10 mmHg higher systolic blood pressure was
associated with an odds ratio {OR) of 1.22 (1.03-1.46 95% confidence interval)
for high-fension glaucoma and (.90 {0.72-1.12) for nermal-tension glaucoma.
Hyperfension was associated with an OR of 2.33 (0.99-5.47) for high-fension
glaucema, and G.77 (0.22-2.72} for normal-tension glaucoma.

Conclusion
Systemic blood pressure and hypertension are associated with ICP and
high-tension glaucoma. No association was found between blood pressure of

hypertension and normal-tension glaucoma.
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InTROduCHiON

Vascular condifions have received considerable attention in studies of
primaty open-angle glaucoma (POAG), buf results concerning their association
with POAG are ambiguous or confradictory. 8 No significant relation between
systemic blood pressure and glaucoma has been observed in several studies.’4
Two studiess¢ have found an association between systofic blood pressure and
normal-tension glaucoma. In other studies an association between systemic
blood pressure and high-tension glaucema was observed.?.8 Elevated intraocular
pressure (JOP) is the maost important known risk factor of glaucoma.® Few studlies
have investigated the relation between IOP and cardiovascular characteristics
in the community, 121112 |n these studies, the cardiovascular variable that had the
strongest correlation with 1OP was sysfolic blood pressure. The objective of the
present study was 1o assess the relation between PCAG, IOP and systemic blood
pressure in a population-based study.

Marerial and merhods

Population

The prasent study was performed as part of the Rotterdam Study.

The Rotterdam Study is @ singls-centre prospective follow-up study of a cohort of
over 10,000 residents, aged 55 years or more, of Ommoord, o suburb of the city
of Rofterdam, The Netheflands, The design of the study has been described in
detall previously.'? The study has been approved by the Medical Ethics
Committee of the Erasmus University, and written informed consent was obtained
from all participants. The objective of the Rotterdam Study is to clarify the
determinants of occurence of chronic, disabling cardiovascular, neurogeriatric,
locomotar, and ophthalmologic diseases. The study comprises an extensive
home inferview, followed by two or three visits at the examination centre for a
clinical examinafion,

From June 199G unfil January 1993 7,120 residents of Ommoord had been
invited and 5,673 subjects had actually participated. The overall parficipation
rate was 80%. We confined our sample for this analysis to the non-institutionalized
individuais aged 55 to 95 years, bacause visual field data from persons in nursing
nomes were found in a pilot study 1o be often unreliable or impossible o make,
which left 4,266 subjects. Of these, for 4,187 parsons (98%) data on glaucoma
and klood pressure were available and these persons were included in the

present analyses,



Procedures

The protocol for glaucoma screening has been described previously. 14
The glaucoma screening was performed in three phases.

In the first phase, the infraocular pressure was measured three fimes on
aach eye with the Goldmann gpplanation toncmeter (Haag-Streit, Bern,
Switzerland). The median value of the three measurerments was taken. s
The 76-point suprathrashold screening fest of the Humphrey perimeter (Hurmphrey
Visual Field Analyzer, Zeiss, Oberkochen, Germany) was used fo detect visual
field defects in the central 30 degrees. In the second phase of the study, which
was performed two weeks after the first phase, visual fields were retested with
the same 746-point screening test in subjects with an abnormal or unreliable visual
field test in the first phase. in the third phase, caried out within a few weeks afier
the second phase, subjects with an abnormal or unrelioble visual fieid test in the
second phase of the study, were recalied for perimetry with the Goldmann
perimeter., Perimetry was performed according to a standard protocolis and
without knowledge of former visudl field defects. Remeaasurement of the IOP and
gonloscopy were performed when a glaucomatous visual fleld defect was
present, which could not be explained by other ocular abnormaiities.

Blood pressure was measured in the sitting position af the right upper arm
with a random-zero sphygmormanometer. The average of two measurerments,
separated by a count of the pulse rate, was used In the analysis.!? Hypertension
was defined as a systolic blood pressure of 160 mmHg or over and/or a diastolic
blood pressure of 25 mmHg or over. Isolated systolic hyperiension was defined as
a systolic blood pressure of 160 mmHg or over in combination with a diastolic
blood prassure of 90 mmHg or less. The use of medication was asked during the
home interview and was checked at the examination center by the examining
physician, Codes of the Anatomical Therapeutic Chemical (ATC) classification
index were used 1o classify the antihyperfensive medication. The categores used
in this study were beta-blocking agents, diuretics, vasodilators, angictensin
converfing enzyme inhibitors and calcium channel blockers.

Height and weight were measured in standing position without shoes. Body
mass Index was calculated as weight in kilograms divided by height in squared
meters.

Definitions of POAG (Table 7.4)

The diagnosis of POAG in the Rotferdam study has been described
earlier’s, and was made according fo two definitions, In the first definition,
according fo the Rofrerdam criteria PCAG was based on the presence of a
consistent glaucomatous visual field defect in combination with either a vertical
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cup/disc ratio of 0.5 or greater or a difference in cup/disc rafio of 0.2 or more
between the right and left eye, or an IOP greater thar 21 mmhg, with a normal
and open anterior chamber angle, without any other abnormality that could
have caused the visudl field defect. High-tension giaucorna was defined as
POAG with an IOP of more than 21 mmiHg in at least one of the two
meaasurement sessions in phase one and phase three, in the same eye as the
visudl flield defect, or freatment for glaucoma. Normal-tension glaucoma was
defined as POAG with an IOP of 21 mmHg ar less and no treatment for
glaucoma. A second definifion of POAG used in this study had similar criteria as
those used in the Beaver Dam Eye Study (BDES).'8 This includies the presence of
at least two of the three foliowing features: visual field defect compatible with
the diagnosis of glaucoma, cup/disc ratio of 0.8 or greater or difference in
cup/disc ratio of 0.2 or more in involved eye, and IOP of 22 mmHg or more in the

involved eye.

Analysis

The relation between systolic blood pressure, diastolic blood pressure and
mean IOP of both eyes was studied using finear regression analysis. IOP and blood
pressure values were enfered as confinuous variables in the regression model. The
associations with blood pressure were expressed in coefficients of linear regression
per 10 mmHg.

The associatfion of hypertension with the mean IOP of both eyes was also
studied with linear regression. Hypertension was entered as a dichotomous varable
(present, absen!) and the mean IOP as o continuous varidible in the linear model.

The relation between the use of antihypertensive medication and mean IOP
of both eyes was studied with linear regression, The use of one or more
antihypertensive drugs was enterad as a dichotomous variable and mean [OP of
both eyes as a continuous variable in the linear model.

The relafion between the use of a certain kind of antihypertensive
medication and meaan IOP of both eyes was studied by means of Inear regression,
The use of an antihypertensive drug was entared as a dichotomous variable and
mean aye IOP of both eves as a continuous variable in the linear model,

The relation between systolic blood pressure, diastolic bleod pressure and
POAG was studied using logistic regression analysis. Bicod pressure vclueé were
entfered as continucus variables, and glaucoma was entered as a dichotomous
variable (present, absent) in the regression model. The assecictions with blood
pressure were expressed in prevalence odds ratio’s per 10 mmHg. The association
of hypertension with POAG was also studied with logistic regression analysis.
Hypertension and glaucoma were entered as dichotomous vasiables in the logistic



model, All analyses were adjusted for age and sex, and when appropriate for
body mass index, anfigiaucoma and antihypertensive medication.

Results

Mean vaiues of IOP, biood pressure and body mass index are shown for
men and women separctely, in age-groups betow 70 years and 70 years or older
(Table 5.1). IOP did not vary by age and gender. Systolic blood pressure and
puise pressure increased with age, especially in women, Diastolic blood pressure
decreased slightly with age, and was the same in men and women. Body mass
index was the same in both age-groups but women had a slightly higher mean
body mass index than men.,

Relations of systolic blood pressure and diastolic blood pressure with mean
IOP of both eyes are shown in table 2. A systolic blood pressure or diastelic blood
pressure that was 10 mmHg higher was associated with an 10P that was on
average 0.23 mmHg (0.19-0.27 95% CI) or 0.24 mmHg (0.16-0.32) higher,
respeb’rively.

In general, refations between blocd pressure and mean IOP were stronger
in the age-group of 55-69 years comparad with the age-group of 70 years or
older. Women in the youngeast age-group had a stronger association betwesn
systolic blood pressure and IOP than men in the same age-group. In the oldest
age-group men showed stronger associations than women.

Associafions between the presence of hypertension and mean [OP of bhoth
eyes dre shown in Table 3. Hypertension was related to a 0.66 mmHg higher
mean IOP. However, hypertension, including the use of anfihyperfensive drugs
was not associated with IOP. isolated systemic hypertension was associated with
a 0.65 mmHg higher IOP. Analysis according o different classes of
antinypertensive medication revealed that only the use of beta-blocking agents
was associated with a significantly lower mean IOP (-0.67 mmHg, SE 0.14).

The prevalence of POAG, defined in different ways, Is shown in Table 4.
The prevalence of POAG according to the Rotterdam criteria was 1.00% (N=42),
following the BDES criteria 1.31% (N=55).

The prevaience of PCAG by quartiles of sysfolic blood pressure is shown in
Figure 1. Subjects treated with anlihypertensive medication were included in the
highest blood pressure category. The prevalence of POAG was higher in a higher
blood prassure category.

The associations of sysfolic blood pressure and diastolic blood pressure with
POAG are shown in Table 5. A rise of 10 mmHg of systolic blood pressure or
diastolic blood pressure was associated with a 1.08 or 1.00 (means no) higher
proicability of having POAG, respectively, when POAG was definsd according 1o
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the Roffterdam criteria. POAG defined according to the BDES!E showed higher
odds ratio’s, namely 1,15 or 1.10, respectively, with significant results for sysiolic
blood pressure. The strongest relation was found for high-tension glaucoma,
with an odds ratio of 1.22 for systolic pressure. Cdds ratio’s for normal-tension
glaucoma were not significantly different frem 1. Adding IOP or cardiovascular
risk factors such as diabetes meliifus, serum cholaestercl, cigarette smoking and
angina pectors, for adjustment for possible confounding of the association
between POAG, high-tension glaucoma or normal-tension glaucoma and
systolic blood pressure, did nof change the odds ratio’s.

Reiations between systemic hypertension and POAG are shown in Table 4.
Hypertension, hyperfension including anti-hypertensive freatment, and solated
sysfolic hypertension were related with odds ratio’s of 1.55, 1.94 or 1.49,
respectively, for POAG according to the Rotterdam criteric, The results for PCAG
defined according 1o the BDES® were very similar. Again the strongest relation
was found for high-tension glaucoma, with an odds ratic of 2.33. Normal-tension
glaucoma did not show any association with hypertension.

Discussion

Associarions witli IOP

In this study, we found that an increase of systolic blood pressure and
diastolic blood prassure was related to a higher mean IOP of both eyes, and that
the use of beta-blocking agents was related with a significantly lower mean ICP.
Furthermore, high-tension glaucoema was related with high systofic blood pressure
and presence of hypertension, Some methodological comments have o be
made. The design of this study was cross-sectional. The inference of the observed
associations in causal terms has therefore 1o be made with caution and restraint.
In addition, although this was a large population sample, the number of POAG
cases was limited. This is also a reason for caufion in the interpretation of our
findings.

The relation of systolic blood pressure and IOP found in this study is similar o
what was found in other studies. 101112192621 A faw studies did also find  relation
between [OP and diastolic blood pressure!’19.20, but we did not.

In a study of David et al2? hypertension was defined as the use of
anfihypertensive medication. No associafion was found in that study between
the use of antihypertensive medication and I0P. In our study. hypertension
defined as systolic blood pressure of 160 mmHg or over and/or diastolic blood
pressure of 25 mmHg or over, was related to higher IOF, but inclusion of the use
of antihypertensive medication resulted in o disqppecrance of the association
between IOP and hypertension. The relation between blood pressure and 1OP



rmay result from a common physiclogic factor such as the effect of generalized
sympathetic tone or serum corticosteroids. 2

Associarions with POAG

A positive relation between high-tension giaucoma and systolic or diastolic
blood pressure has been observed before.”.8 One study® has shown a relafion
between normal-tension glaucoma and treaitment for hypertension, which is not
confirmed by the present study. Some studies?? have not found a significant
relation between high-tension glaucoma and systolic biood pressure, diastolic
blood pressure of freatment for hypertension. In ofher studiest4 no significant
differences were found between high-tension and normal-tensicn glaucoma in
relation to cardiovascular factors, including blood prassured, or arferial pressure
expressed as ankle-to-brachial ratio’s!, as an indicafor for peripheral
atherosclerosis,

The present study showed a relation between systolic blood pressure and
hypertension with high-tension glaucoma. No relation was observed between
blood pressure and normal-fension giaucoma. In additional analyses it appeared
that these relations were not confounded by IOP. Since there is a clear relation
bhetween blood pressure and IOP1611.12, and (OP is the strongest risk factor
presently known for POAG?, it may be concluded that systemic blood prassure,
in particular systolic plood pressure is a risk factor for high-tfension glaucoma.

In conciusion, the present study suggests that systolic klood pressure and
diastolic blood pressure are positively associated with infraocular pressure. Of the
antihypertensive medications, beta-blocking agents are associated with a lower

infraocular pressure. High-tension glaucoma is associated with systolic
blood pressure and hypertension, whereas normal-tension glaucoma is not
associated with blood pressure or hypertension.

&3



64

20.

21.

22,

23.

References

Carter CJ, Brooks DE, Doyle DL, Drance SM. Investigations into a vascular
efiology for low-tension glaucoma. Ophthalmology 1990,97:49-55,

Kalz J, Sommer A. Risk factors for primary cpen angle glaucoma, Am J Prev
Med 1988,4:110-14,

Morgon RW, Drance SM, Chronic open-angle glaucoma and ocufor
hypertension. An epidemiological sfudy. Br J Ophthalimol 1975:59:211-15,
Schulzer M. Drance SM, Carfer CJ, Brooks DE. Douglas GR. et . Biostafistical
evidence for fwo distinct chronic open angle glaucoma populaiions, Br
Ophthaimol 1990;74;196-200.,

Drance SM, Sweeney VR Morgan RW, Feldman F Studies of factors involved in
the production of low fension glaucoma. Arch Ophthalmoi 1973,89:457-65.
Goldberg | Hollows FC. Kass MA, Becker B. Systemic factors in palients with low-
fension gloucoma. Br J Ophthalmol 1981,65:56-62.

Lefghton DA, Phillips CI. Systemic blood pressure in open-angle glaucoma, low
tension glaucoma, and the normal eve. Br J Ophthalmol 1972:56.447-53,
Rouhiginen HJ, Terdsvirfa ME. Hemodynamic variables in progressive and non-
progressive low tension glaucoma. Acta Ophthalmol 1990,68:34-6.

Tielsch UM, Kaiz J, Singh K, et ai. A population-based evaluation of glaucoma
screening: the Baffimore Eye Survey. Am J Epidermiol 1991,:134:1102-10,
Bengtsson B. Some factors affecting the distribufion of intraocufar pressures in a
population. Acta Ophthalimol 1972:50:33-46.

Kahn HA, Leibowitz HM, Ganley JB et al. The Framingharm Eye Study.dl
Association of ophthaimic pathology with single variables previously measured
in the Framingham Heart Study. Am J Epidemiol 1977, 106:33-41.

Klein BEK, Klein R. intraccular prassure and cardiovascular risk variables, Arch
Ophthalmol 1981,99:837-39.

Hofman A, Grobbee DE, de Jong PTVM, van den Cuweland FA. Deferminants
of disease and disability in the elderly: the Rotterdam Eiderly Study. Eur J
Epidemici 1991, 7.403-22,

Dielernains |, Vingerling JR. Hofman A, Grobbee DE, Jong de PTVM. The
prevalence of glaucoma in a population-based study in the Netheriands; The
Rotfterdam Study. (Ophthaimology, in press).

Diefernans I, Vingerling JR, Hofman A, Grobbee DE, Jong de PTVM, Reliabiity of
infraocular pressure measurement with the Goldmann applanation fonometer
in epidemiological studies. Graefes Arch Ciin Exp Ophthalmol 1994:232:141-4,
Sommer A, Quigley HA, Robin AL, et al. Evaluation of nerve fiber layer
assessment. Arch Ophthalmol 1984:102:1766-71.

The 1988 report of the Joint National Commiiffee on Detection, Evaluation, and
Treatment of High Blood Pressure, Arch infern Med 1988,148:1023-38.

Klein BEK, Kieln R, Sponsei WE, et al. Prevalence of glaucoma. The Beaver Dam
Eye Study. Ophthalmology 1992,99:1499-504,

Bulpift CJ, Hodes C, Everllt MG. Infraocular pressure and systemic blood
pressure in the eiderly. Br J Ophthalmol 1975:59:717-20.

Leske MC, Podgor MJ. infraoccular pressure, cardiovascular risk variables, and
visual fleld defects. Am J Epidemiol 1963:118:280-87.

Rouhicinen H, Terdsvirta M, Correlafion of some ocular and hematologic factors
and infraccular pressure in an aged populafion. Acta Ophihalmal 1991,69:76-8.
David R Zangwill £, Stone D, Yassur Y. Epidemiology of infraocufar pressure in o
population screened for glaucorma. Br J Ophthalmol 1987,71:766-71.

Mcleod 8D, West 5K, Quigiey HA. Fozard JL. A longitudinal study of the
refationship between infraocular and blood pressures. invest Ophthalmof Vis Sci
1990:31:2361-66.



Table 5.1
Baseline characreristics
of THe parricipants in The study®

Women Men CoL T Total

55-69 yrs  70-94yrs  Tofal 55-69 yrs 70-94 yrs Total

Nurmber of subjects

1407 1124 2625 997 645 1662 4187
Body mass index (kg/m2)

26.7 271 26.9 258 257 25.8 26.4

(G (4.2) 4.2) 2.9 (3.2) 3.0 3.8
IOP right eye (mmHg)

14.6 14.6 14.6 14.9 14.8 14.8 4.7

3.0 3.2y @1 3.3) 3.4 3.3 3.9
IOP left eye (mmHg)

14.5 14.5 14.5 147 4.7 14.7 145

(3.0) 3.3 (3.2) 3.2 3.6 33 32
ICP both eyes (mimHg)

14.5 14,5 14.5 14.8 14.7 14.8 14.6

30 @& GO 3.1 3.3 3.2y @Eh
Systolic biood pressure (mmHg)

133.4 1467 1383 134.9 142.5 1379 138.7

(20.8) (21.6) 22.1) (20.0) (22.5) 21.3) (21.8)
Biastolic blood pressure (mmHg)

73.3 72.6 73.6 74.8 722 73.7 73.3

(10.6) [4RNS)] (1.4 ann ave (1.4 1.2

*Valuas are means with standard deviations in parentheses.
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Table 5.2

Associations berween systemic blood pressure

And inTRAOCUIAR pRESSURE®

Wemen - ) - B Men Total

E5-60 yIs o 70-94 yrs 55-09 yIs 70-94 yrs 55-94 yrs
Systolic bloed pressure

0.32 015 .25 0.19 0.23

0.04) [(age7)] 0.0 (0.06) (0.02)
Diastolic blood prassure

0.32 0.14 0.21 0.32 0.24

(8.08) 0.08) (0.09) 0.11) (0.04)

*Results are coefficients of inear regression with standard errors In parentheses, The unit of Increase of blood pressure was
taken as 10 mmHg. Overall coefficlents were adjusted for age. sex, body mass index, freatment for glaucoma and
freatment for systemic hypertension. Coefticients for wornen and men separately had the same adiustments except for sex.

Table 9.3

Associations berween ypertension
and intraocular pressure (MmHG)

IOP Adjusted ICP3 Difference in
adjustaed IOP (SE)
Normotension (n=2381) 14.57 13.70
Hyperfension! (n=678) 15,23 14.36 +0.66 (0.14)
Hypertension of normotension with
antinypertensive medication (n=1747) 14.69 13.74 +3.04 (010
Isolated systolic hypertension? (n=499) 15.21 14.35 +0.65 (0.16)

tHypertension = Systolic blood pressure = 160 mmBg and/or diastolic blood pressure = 95 mmHg.
Asotated systolic hypertension = Systolic blood pressure > 160 mmHg and diastolic blood pressure < 90

mmHg.
3Adusted for age, sex and body mass index.



Table 7.4
Prevalence of POAG in the Rorrerdam Srtud
according 1o different definitions (N = 4,1 g?)

Definifibn Criteria Prevaience Number
(93% CI)
1. POAG os defined Glaucematous visual field 1.00% 42
in the Roterdam Study: defect and cup/disc ratio (0.70-1.30)

» 0.5 disc diaometer or difference
in cup/disc ratio = 0.2 disc

diameter or IOP = 21 mmHg.

2. POAG as defined Al least two of the following three 1.31% 55
in the Beaver Dam Eye Study: criteria must be present: (0.96-1.65)
« glaucomatous visuct fleld defect,
= cup/disc rafio = 0.8 disc diamefey,
+ diffsrence in cup/disc diameter

= 0.2 disc diameter {OP > 21 mmHg.

3. High-tension giaucoma: As 1, inciuding IOP > 2} mmHg 0.57% 24
or treatrment for POAG, (0.34-G.80)
4, Normal-tension glaucoma As 1, Including 1OP < 21 rimiHg 0.43% 18

without frectment for POAG. (0.23-0.63)
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Table 7.7

Odds rario’s (97% confidence i;\nER\/Als;Ej

of sysiolic blood pressure and diastolic blood
pressure in Relarion 10 POAG according 10
different criteria®

POAG (RS)! POAG (BDES)2 HTG (RS) NTG (RS)
OR ORr ORrR OR
(95% C) (95% Ch {95% Cb (95%ChH
Systelic blood pressure 1.08 1.15 1.22 .90
tper 10 mmHg) 0.94-1.24) (1.02-1.30) (1.03-1.46) (0.72-1.13)
Dlastolic blood pressure 1.00 1.10 1.03 0.95
(per 10 mmHg) 0.76-1.30) (0.88-1.3%) (0.73-1.47) (Q.62-1.44)

“The unit of increase of blood pressure was taken as 10 mmHg.
Adjustrents were made for age, sex and body mass index.
IRS = Rofferdam Study

2BDES = Beaver Dam Eye Study

Table 7.6
QOdds ratio’s and 9%9% conbidence inrervals
of hypertension in relation 10 different

definitions of POAG*

POAG (RS POAG (BDES)? HIG (RS) NTG (RS)

OR OR OR OR

(95% Ch (35% Ch) (%5% C) (25%Cl)
Hypertension: 1.55 1.73 2.33 0.77
Systolic blood pressure = 160 mmHg (0.78-3.10) 095317 0.99-547y (022272
and/or diastolic blood pressure = 95 mmHg
Hypenension or 1.94 1.84 2.1 1.73
antihypertensive medication (1.03-3.66) (1.06-3.20) (0.91-4.80) (066451
isolated systolic hypertension: 1.49 1.32 1.78 1.1
sysfolic blood pressure = 160 mmHg (0.69-3.21) {0.65-2.69) (0.68-4.64)  (0.31-3.98)

and diastalic blood pressure < 90 mmig

*Adjustments were mode for age, sex and body mass indsx,
RS = Rofterdarn Study
2BDES = Beaver Dom Bye Sfudy



FiGURE 7.1 »

Prevalence of POAG

by quariiles of systolic blood pressure.
*POAG as defined in the Rotterdam Sfudy.,

Prevalence
POAG (%)

3.0
25

20—

0.5

<123 123-136 137-152 >152

Systolic blood presure (mmHg)
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AbstracT

To investigate the association between optic disc parameters such
as disc, cup and rim ared, cup volume, and horizontal and vertical cup
disc ratio, and age, gender, intfraocular pressure, systemic blood pressure
and sefum glucose in married couples.

Merhods

A random sample of 250 non-institutiongiized couples, aged
52 yaars and over, was selected out of subjects participafing in a cross-
sectional, population-based study. Optic disc and rim areq, cup volume
and cup/disc ratio’s were analyzed with Imagenet on stereo slides of the
opfic nerve, infraoculor pressure was meadsured with the Goldmann
applanation tonometer, blood pressure with o randorm-zaro
sphygmomanometer, and random serum glucose was assessed by the
glucose hexokinase method,

Resulrs

In men, ¢ 10 year higher age was associated with a larger disc
area of 0.13 mmZ (0.05, 0.21). In women, but not in men, a 10 mmHg
higher infraocular pressure was associated with a rim area and disc ared
that was 0.27 mm?2 (0.09, 0.45) and 0.23 mm?2 (0.00, 0.46) smaller,
respectively. Systolic blood pressure, diastolic blood pressure and serum
glucose were not significantly asseciated with disc parameters.

Conclusion

In men, oider age is associated with larger disc ared’s. In women
a higher infraccular pressure is accompanied by smaller disc and rim
ared’s. Systemic blood pressure and serum glucose are not associated
with disc parameters. No correlation exists between disc parameters
within married couples.
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inTRoducrion

It is generally accepted that characteristics of the optic disc like cup/disc
ratio or neurdl rim area are associated with glaucoma. in only few studies the
relation has been investigated between disc parameters, such as disc-, cup- and
rim areq, vertical and herizontal cup/disc ratic ond cup volume, and other
ocular or general variables®-s, resulling in conflicting data concerning the relation
with age and gender. A relation between disc parameters, like cup/disc ratiods,
rim area/disc areas and area of the im of the opfic discé, and age has been
observed in some studiests, but not in others.’-3¢ A difference in disc parameters
between women and men has been shown in population based studiss.4?

In severdl studies computerized determinations of disc parameters have been
employed.58 In The Rofterdam Study, the impression had arisen that
ophthamoscopically determined cup/disc ratio’s within marital couples showead
more similarity than could be explained by chance. Such o correlation could
thecoretically have besn explained by environmental factors. To our knowledge
no data from other studies on this possibility are presently available.

The aim of the present study was To assess the reiation between the disc
parameters determined with an image analyzer and age, gender, infraocular
pressure, systermnic blood pressurs and serum glucose. In addifion, the correlation
of disc parameters within marital couples was investigated.

Marterial and methods

Population

The prasent study was performed as part of The Rotterdam Study, a singie-
center prospective follow-up study of a cohort of over 10,000 people, aged
55 years or maere, living in a suburb of the city of Rotterdam, The Nethetlonds,?i1¢
The study has been approved by the Madical Ethics Commitiee of the Erasmus
University.

From Jung 1990 uniil January 1993 7,120 residents had besn invited and
5,673 subjects had actually participated. The overdll participation rate was 80%.
For the present study a random sample of 250 couples of non-institutionalized
individuals was selected. Of 460 persons readable stereo fransparencies of the
optic nerve head (Topcon simulfaneous stereoscopic fundus camera, TRC-SS,
Topcon Instrument Corporation, Tokye, Japan) were available of at least one
eye. Measurements were corrected for the magnification produced by the
optical system of the eye!t and thus subjects with myopia of more than
8.0 dioptres, nuclear cataract, aphakia or pseudophakia were exciuded (n=54),
in ordler to obfain as much as possible absolute sizes of disc parameters.8
Subjects who used antidiabetic medication (n=18) or who had a glaucomatous



visudl field defect (n=4), were also excluded. This resulted in data from a total
of 384 persons to be used in the present andlysis,

Measurements

The measurements of disc paramsters were performed using a digital
image analyzer (Imagenet, PAR 15 2000, Tepcon Instrument Corporation, Tokyo.,
Japan). The analysis of the simultaneous sterec photographs of the optic dise
with this system was described in detail previously 48 In summary, the two
images from one stereo slide image were digitally stored. The investigator
indicated four coincident points on the fop, leff, botfom and right margins of
the opﬂc disc on both images. The program then fitted the best ellipse around
the optic disc using these four points to define the disc margin,
A transformation algorithm was used fo allign the right and left images to
generate a stereo pair. To determine the margin of the optic cup, an imaginary
plane, the cup brim plane, was projected paralie! to the points located at the
disc margin and arbitrariy 150um below it. The infersection of this plane with
the cup of the oplic disc indicated the margin of the cup. Thereafter, the
program calcuiated the disc-, im- and cup areaq, vertical and horizontal
cup/disc ratio and cup volume. For the magnification correction following
Littrann® refraction and kerctometry values were used. The intraocular
pressure was measured with the Goldmann applanation tonometer folowing
a standard protocol, 12 Blood pressure was measured in the sitting position at the
right upper arm with a random-zero sphygmomanometer, The average of two
measurements was used in the analysis.’? Random serum glucose was assessed

by the giucose hexokinase method.

Analysis

To measure the infra- and interobserver reproducibility, slides of 50
randomly sefected eyes of 50 different subjects were analyzed twice by one
observer and cnce by another chserver in a masked way. Correlation
coefficients of the optic disc parameters were calculated within and between
observers,

The relation between these disc parameters of the right eye, age and
gender was studied using linear regression analysis. Disc parameters and age
were enfered as continuous variables and gender as a dichotomous variable
in alinear medel. Coefficients were expressed per 10 years of age.

The relation between the disc paraometers of the right eye and infraocular
pressure, systolic blocod pressure, diastolic blood pressure and random serum
glucosse was also studied using linear regression andalysis. Al varables were
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enfered as confinuous variables in the Iinear model, Coefficients were expressed
per 10 mmHg or 10 mmol/ for pressure and glucose varnables respectively.
The correlation of thase disc parameters within marital couples was studied in
a pairwise correlation matrix.

All analyses were adjusted for differences in age and sex, and, concerning
the relgtion between age and Yim areq, also for disc area. Adding body mass
index for adjustment did not change the coefficients significantly.

Resulrs

Correlation coefficients of opfic disc parameters within and between
observers varied befween 0.61 and 0.93 (Table 6.1). The optic disc parameter
which corelated worst was the horizontal cup/disc ratic, with correlation
coefficients of 0.61.

Ne significant differences existed betwsen disc parameters of the right and
left eye. Mean values of disc parameters of the right eye for woemen and men
separately, in age-groups below 70 years and 70 years and older. are shown in
Table 6.2. In the age-group of 70 years and older, men had significantly (P<0.05)
larger disc and rim ared’s (2.47 mm?2 and 1.81 mm2, respectively) than women
(2.28 mm?2 and 1.67 mm?, respectively).

The relafions between disc parameters of the right eve and age,
infraccuiar pressure, systolic blood pressure, diastolic blood pressure and serum
giucose are shown in Tabie 6.3 for women and men separately. in women no
significant relation between these disc parameters and age was found. In men,
a 10 years increase in age was associafed with o significant larger disc area of
0,13 mm? (0.05, 0.21), A 10 mmHg higher infraccular pressure in women was
associated with a significant decrease in rim and disc area of 0.27 mm?

(0.09, -0.45) and 0.23 mmz2 (0,00, 0.46), respactively. In men no significant relation
was found between disc parameters and infraocular pressure. A higher sysfolic
blood pressure, diastolic blood pressure or serum glucose was not associated
with a significant change in disc parameters.

A pairwise corelation matrix was made (not shown) of each disc
parameter of both discs for each couple. The correlation coefficients of the disc
parameters between both persons of a couple were all smailer than 0.08,
Correlgtfion coefficients of disc parameters between the right and the eft eye
within one person were relatively high, variating from 0.82 for disc areqa to G.80
for horizontal cup/disc ratio, with a mean of 0.66.



Discussion

The mean values of disc areq, rim areq, cup/disc rafio and cup
volume in the present study were similar 1o values that have been
reported by Varma et gl who have used Imagenet. Also in studies, in
which planimetfry was used, disc areq, rim areq, cup area and cup/disc
ratio had similar values. Two other studies with the Rodenstock Optic Disc
AnaiyzerSo showed on average 40% smaller values, It has been shown
that the rim area is correlated with the disc areal27.16 but there is also
one raport concluding that the average rim width was independent of
the disc diameter.1”

It was known that men had larger optic discs than women, 166 and
one study? showed also larger cup/disc ratio’s in men; this finding is not
supported by the present study. Larger eyeball axial lengths have been
reported in mend but with the use of a computerized systemn the disc
parameters were found to be similar in men and women.® A possible
explanation for larger discs in men could be that men have larger globe
sizes and that globe size might affect the scleral canal sized, which in turn
determines the boundary of the disc size.

With increasing age a decrease in rim area and globe size was
found in men and women.5 In other studies, however, no association
between disc parameters and age could be found.2.¢ The present
study has shown a relation hetween age and disc area only in men.
Why o relation between cge and disc area should be present in men
only, as has been found in the present study, is difficult fo explain.

In general the axial length of the eye becomes smaller with age inmen
and women®, whereas in the present study larger disc area’s in men
compared to women were mainly found at clder age. So the smaller
globe size with increasing age does not seem to provide a safisfactory
explanation. Another explanation for the larger disc ared’s in older men
compared to women couid be the higher mortality rate in men with
smaller discs. A hint in this direction is the association between systolic
blood pressure and disc size, but this relation reached only nedrly
significance in wormen (coefficient -0.03, SE 0.02). In o study among
diabetic subjects by Klein et ald, an increase in rim and disc area and o
concomitant decrease in cup area was described with Increasing age.
In the non-dicbetic control group no relation existed between age and
rim areq. Again this might point to a higher mortality rate in persons with
diabetes mellitus and smaller discs.
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Infraocular pressure, as the most important known risk factor for
primary open-angle glaucoma, was associated with rim and disc ared
in women only. In a study on diabetic subjectsd without the use of a
computerized system, a higher intfraocular pressure was associated with
a smalier rim area in men and women. It is inferesting to note that in the
present study the decreqse of rim area was caused mainly by a
decrease in disc area and less by an increase in cup area. The disc area
is not a stakle characteristic.3:5 Non-selected, population based
fongitudinal data are necessary 1o confirm these findings.

We found no association between random serum glucose or blood
pressure and disc parameters. In contfrast, in one case-control study? a
larger rim area was found with lenger duration of diabetes meliitus,
progressive diabetic retinopathy and a higher glycosylated
haemoglobin, Nor did we or othersd find a significant association
between high blood pressure and disc parameters.

Our impression, that disc parameters within married couples were
more offen similar than could be explaind by chance, could not be
demonstrated. This makes environmental influences on disc parameters
like eatfing habits, smoking or drinking fess likely.

In conciuston, the present study suggests that in men, older age is
associated with larger disc ared’s. in women, a higher infraocular
prassure is accompanied by smaller disc and rim ared’s. Environmental
factors do not seem to play a major role on the magnitude of disc
variables.
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Table 6.1 . o
INTRA Observer and inter observeRr variation for

vARioUs opTic disc paramerers with THe Image ner

SYSTEM
disc area cup arsa cup/disc rafio cup/disc ratio cup volume
verticat horkzontal
Within observers 0.93 Q.87 .86 (.61 0.90
Between cbservers 0.91 0.89 079 0.64 0,92

One of the research rooms




Table 6.2
Means and standard deviations (SD) of disc
pARAMETERS of The RighTt eye for men and women

SEPARATELY.
Wornen Men Total
52-69 yis  70-84 yrs  total 52-6%9 yrs  70-B4 s total 52-84 vrs
mean mean mean mean mean mean mean
(SDy [€1D)] (SD) (SB) (SD) (SD) [G3)]
number of eyes 162 42 204 137 43 180 384
disc area {mm2) 2.35 2,28 2.34 2.40 2.47 2.41 2.37
(0,48} {0.63) (0.51) (0.55} 0.4 (0.52) €0.52)
cup creq (mm?2) 0.02 0.61 0.62 0.68 0.66 0.8 0.65
(0.32) (0.39) (0.33) (0.39) (0.33) (0.37) (0.35)
rim area (mm?2) 1.73 1.67 1.71 1.17 1.81 1.73 1.72
(0.40) (0.38) (0.40) (0.36) 0.32) (0.35) 0.37)
verticadl cup/disc ratio 0.53 0.54 0.53 0.54 0.54 0.54 0.53
.14 (0.15) 0.14) 0.14) (0.15) ©.14) ©.14)
horizontal cup/disc ratio 0.39 0.35 0.38 041 0.38 0.40 .39
0. 14) 0.14) 014 {0.18) (O8] ©0.16) 015
cup volume (mmd) a.20 0.17 0.20 0.24 022 G.23 0.22
(AN (0.15) ©.17) 0.22) (0.18) ©.21H) 0.19)
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Table 6.7

Regression coefficients and standard errors (SE)
of age, intraocular pressure, systemic blood
pressure, Random blood glucose on disc
pARAMETERS Of RighT EyES.*

disc areq fim ared cup area  cup/disc ratic  cup/disc ratio cup
velume
(mm32) (mm?) {mm?2) verfical horizontal (rmim3)
coefficient coefficient coefflciernt  coefficient coefficient  coefficient
(SE) (SE) (5E) [CD)] (SE) (SE)
Women
age -0.05 -0.04 0.00 [oXa] -0.01 -0.02
(0.06) ©.04) (0.043 (0.02) 0.02) (0.02)
intraocular pressure . -0.23 -0.27 0.04 0.03 006 .03
@12} (0.09) (0.07) (0.03) (0.03) (0.04)
systolic blood pressure -0.03 -0.02 -0.01 0.00 0.00 -0.01
©Lon (0.02) 00N {0.01) 0.0 0.01)
diastolic blood pressure0.01 -0.01 0.00 6.00 0.00 -0.01
(0.04) {0.03) (0.02) (.00 0.00 0.01)
serurm giucose 0.02 0.00 0.01 .00 0.02 0.00
0.0%) (0.04) (0.03) 0.oN {0.01) (0.00)
Men
age 0.13 g10 0,04 0.02 0.01 0.0t
(0.07) ©.04) (0.05} (0.02) (0.02) {0.03)
intraocular pressure -0.01 -0.04 0.02 0.01 -0.01 0.03
13 (0.09) (0.09) (0.04) (0.04) (0.05)
systolic blood pressure 0.00 0.00 0.00 0.00 0.00 0.00
G.02) Q.on 0.0 {0.01) (0.00) 00D
diastolic blood pressure(.04 0.00 0.4 0.01 0.01 0.02
(0.03) {0.02) 0.02) (0.0 .01 0.0
serurn ghicose -0.20 0.1 -0.09 -0.01 0.04 -0.04
0.21) (0.14) (0.15) (C.06) {0.06) (0.09)

*Coefficients were adjusted for age when appropriate. The unif of increcse of age, infraocular pressure,
blood pressure and blood glucose was taken as 10 years, 10 mmHg and 10 mmol/l respectively.
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Reliability

of iNTRAOCUIAR PRESSURE MEASUREMENT
with the Goldwann applanartion
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Abstract

The reproducibility of infraocular pressure (IOP) measurement with the
Goldmann applanation fonometer was investigated as part of o population-
based epidemiclogical study. A random sample of 62 subjects was examined in
a first measurement session. The IOP was measured three times consecufively on
both eyes according to a fixed protocol. The mean standard deviation (D) of
these measurements was 0.8 mmHg. After 10 minutes IOP was measured again.
The mean infra-observer variation for the first measurement was 1.64 (SD 2.07)
mmHg. For the median of the three measurements the infra-observer variction
was 1.50 (3D 1.96) mmHg. The mean inter-observer values were 1.79 (8D 2.41)
mrmHg for the first measurerment, and 1.60 (SD 2,15) mmHg for the median
measurement, The correlation coefficient between the medicn values of the
three measurements of both observers was 0.81. No systermatic differences were
found between both observers. Using the median value of three consecutive
measurements improved the inter-observer variation by 11% (P=0.58) and the
infra-observer variation by 9% (P=0.74) compared with a single measurement.

Introducrion

The Goldmann tonometer for measurement of intraocular pressure (OP)
has been in use from 1957 onwards?, it is the accepted standard in
ophthalmologys1421. In comparison with other measurement techniques, the
Goidmann results are thought to be more accurate in a wider range of IOP
valuesd 10192t |n practice, however, there is intra- and inter-observer
variation3 1218161824 {OP in epidemiological studies has been defined in many
different ways as seen in Table 7.1. In most studies no validation for these
technigues has been given. In order to chack the reliabliity of IOP
measuremeants in an epidemiclogical study we compared the reproducibility of
the median of three consecutive measurements with a single measurement of
IOP with the Goidmann applanation fonomster.

Subjecis and methods

Subjecrs

Sixty-two persens were randomly selected out of the first 1,000 participants
of the Retterdam Study?. This is @ popuiation-based follow-up study of 11,854
people aged 55 years or over, concantrating on chronic disabling diseases in the
elderly, including glaucorna and age-related macular degeneration. The study
protocol had been approved by the medical ethical committee of the Erasmus
University. The validation study of ICP measurement consisted of two parts.

In the inter-cbserver variation study, 17 men and 23 women, consecutive
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parficipants of the Rotterdam Study, were included. Their maan age was
69.6 years (8D 7.7 years) and they had no corneal abnormaiities, The 1OP of first
the right and then the leff eve of each subject was taken three fimes by one
observer. After 10 minutes a second series of three measurements were taken of
both eyes in the same way by a second observer. Ten minuies was chosen as an
arbitrary pericd betweaen the two measurements saries in ordar to keep the
respondents not walting foo long. Both observers were weli-fralined and had
taken applanation IOP’'s in over four thousand subjects. The sequence betweaen
the observers was chosen af random,

in the intra-observer study, an additional 22 consecutive participants of the

Rotterdam Study, in the same age group as in the first part of the study
{mean age 69.6 years, SD 6.6 yearsy and aiso without comeal abnormalifies,
were examined, using the same protocol. The only difference was that [OP
measurements of each case were faken affer 10 minutes by the same observer.

Study prorocol

Al readings were obldined with the same Goldmann tonometer (Haag-
Streit, Bern, Switzerland), mounted on a Haag Streit 00 BM slit larmp with a
standard blue filter. The catibration of the tfonometer had been checked just
before the study.

The protocol for IOP measurement was as follows. One drop of
oxybuprocaine 0.4% was instilled info each eye of the subject. Both inferior
conjunctival sacs were fouched with a dry fluorascein strip (Haag-Streit,
Switzerland). Before each meaasurement the scaie of the tonometer was set at
10 mmHg. If necessary, the upper eyelid was lifted by rotating a cotton-tip stick
against the orbital rim, with great care to aveid

compression of the globe. The tip of the tonometer was illuminated with ¢
wide-cpen slit ab an angle of 45 degrees. The applanating prism, with its axis on
0 degrees, was slightly pressed against the center of the cormea. In case of
marked corneal astigmatism, the cotact area is eliiptical rather than circular, The
prism must be rotated so that the dividing line lies af about 45 degreas o the
major axis of the ellipses. The tonometer was raised or lowered in such a position
that both semicircles were of equal size. Care was taken that the meniscl were of
equal circumferance and of appropriate width, namely, approximately 0.05th
part of the outer diameter of the semicircle. Stictly without locking at the dial,
the rotating knob of the fonometer was set at a level in such a way that tha
inner aspect of both mires just touched. if the [OP fluctuated during the cardiac
pulse cycie, the measurernant was taken at mid-cycle, If the bar on the rotating
dial fouched a fixed bar of the tonometer that pressure was noted. if the



movable bar was free of the fiked bars, the infermediate prassure was taken,
Subseqguently, the dial of the tonometer was set again at 10, In this way, three
consecutive measurements were performead on each eye and each value was
recorded immediately affer the measurement. The right eve was always

measured first.

Dara-analysis

The data were analysed by means of determination of standard deviations
and coefficients of variation of three consecutive IOP measurements and of
differences between median values of both observers, The coefficient of
variation was defined as the standard deviation divided by the mean value of
the three consecutive IOP measurements. Correlation coefficients were
determined of median values of the two observers. The paired standard
deviations of the three measurements of individual cases were compared
between both observers using the Wilcoxon’s tast. Median values of the three
consecutive measurements were compared between and within both observers
using paired t-festse, All P-values given are two-sided, with G.05 taken as the level

of significance.

Resulrs

In the inter-observer study, 40 right and 39 left eyes {one subject wore Q
prosthesis) were examined. The differenceas between three consecutive 10OP
measurements faken by one observer varied between 0 and 5 mmHg. The
standard deviations (SD) of these three measurements at the right eye were
0.7 mmHg for both observers (coefficient of variafion (CV): 5%). At the left eye
the SD was 0.8 mmHg (CV: 6%) for observer A and 0.9 mmHg (CV; 7%) for
observer B. The mean of these four standard deviations was 0.8 mmHBg. The level
and variability of the 10P readings were independent of age and gender of the
subjects.

The correlation coefficient of the median values for the two observers was
0.75 for the right eyve and 0.87 for the left eye. Taking the mean of the values of
both eyes the correlation coefficient was 0.81. The difference between the
rmedian values of the two observers had a mean of 1.60 mmi-g, with a SD of
2.15 mmHg. The difference between the first measurements of the two observers
had a mean of 1.79 mmHg. with a SD of 2.41 mmHg (able 2).

When comparing median values of the three consecutive 10P readings
batweean the two observers, the second observer measured after 10 minufes
lower values than the first. The average decrease was 0.7 mmHg (standard
error=0.4 mmHg, P=0.07) for the right and 0.5 mmHg (standard error=0.2 mmHg,

8%



20

P=0.04) for the left eye. Figure 1 shows the measured 10P at both occasions for
both eyes.

In the infra-observer study both eyes of an additional 22 subjects were
examinad. The mean difference between the median values was 1.50 mmHg,
with a SD of 1.96 mmHg. The mean difference between the first measurements of
the series of three was 1.64 mmHg, with a SD of 2.07 mmHg (table 2).

The average decrease of the median values at the second measurement session
was 0.9 mmHg for both eyes (P<0.01).

Discussion

The findings indicate that a protocol using the median of three readings
of IOP measurement with the Goldmann tonometer gives a better reproducibility
of the IOP than single ICP measurements. In comparison to the first single IOP
measurement the inter-olserver variation improved by 11% (P=0.58) and the
infra-observer variation by 9% (P=0.74). For iOP measurements in a glaucoma
clinic this may seem to be a small improvement given the fact that nowadays
more emphasis is puf on visual fleld and optic nerve head evaluation than on
absolute values of IOP. However, in epidemiclogical studias whers differences in
IOP of 1 1o 3 mmHg may point to a risk factor for glaucorma there Is a need for
reproducible and precise measuremeant techniques.

Because one IOP measurement is subject to variation9, it was decided o
perform each time three congecutive measurements to obtain a better estimate of
the actual iIOP. The standard deviaiion of the three consecutive IOP measurements
at one occasion by one observer on ong eye was G.8 mimHg In this study. This figure
is similar fo the value for theSD from a study by Thorburn (0.9 mmHg) in which two
consecutive measurements were made by the same observer?d, However, in other
studies this SD amounted to 3 mmHg'e and 4.07 mmHg2,

A fixed number of consecutive measuremeants was chosen, because each
subsequent measurement lowers the ICP by 0.1 to 0.4 mmHg'e?, These values fit
within the 0.5 to 0.7 mmHg difference that were found in this study affer 10
minutes. Medians were used in stead of mean values in order fo reduce the
influence of inordinate values. The corelation coefficient of the median values
between both obxservers was quite high {0.81} in this study. In a study with o
variable number of medasurementsts, the correlation coefficient was 0.71.

The standard deviation of the infer-observer differences in the present study
was 2.156 mmHg. This figure was similar o the figure given in the study of Phelps
and Phelps's, who gave a value of 2.5 mmHg. The 3D of the intra-obsarver
differences was 1.96 mmHg in this study, which is similar 1o the value of 1.4 mmHg

as found by Moses and Liute,



In this study a fixed protocol of IOP measurement was used fo standardize
effects of factors known o influence the rasult, such as the use of fiuorascein,
Applanation tonometry without the use of fluorescein resulted in a 562 mmHg
lower mean 0P value in comparison to applanation fonometry with fluorescein
use20, A dry fluorescein strip was used and not a mixture of fluorescein with a
local anaesthetic drop, as the former was used in the original calibration
technique of the Goldmann fonometers and resulted in a 3.94 mmHg lower
rmeaan IOP value in comparison to the latter2s, The menisci were of egudl

circumference and of appropricte width when the measurernent was made and

the measurement was taken in mid-cycle51418.20,

Conclusions

Goldmann applanation tonometry readings can vary with 6% when
individual valuss are taken. The present study suggests that the reliability of IOP
measurement with the Goldmann tonometer is improved by Taking the median
of three consecutive measurements compared with one [OP measurement,
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Table 7.1

Methods of defining inTraocular pRressure in
validarion studies and EpidENiiO[O&in-\l studies by
applanation tonomerry with The Goldmann ToNOMETER

Method ' o e " Reference

First single measurement valtle 13,11,12.15,19
Taking as many measurements untit three succeassive readings were

within 1 mmHbg of each other 16,18

Mean of three consecutlve readings 9

Mean of fwo consecufive readings 24

Median of three consecuilve readings 23, this paper
No description 2,8,13,22




Table 7.2

Difference berween first and median 1OP
meAsurReMENTs (MmHG) berween and wirthin

ObSERVERS
First Median of Difference
measusement three measurements
(A) (B} {A-B)
Difference between observers
mean 1.79 1.60 0.19(11%)
5D 2.41 2.15 0.26 (11%)
n=79 eyes of 40 subjects
Differance within cbservers
medan 1.64 1.50 0.14 (9%)
3D 2.07 1.96 0.11 (5%)

n=44 eyes of 22 subjects

Q5



Figure 7.1
JIOP ar first ANd sEcONd MEASUREMENT SESSION.
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The drawn line denotes the fine of identlty. Each IOP represents the median
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in whom the first measurement was done by the first or second observer,
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I this thesis several studies, based on subgroups of one popuiation,
are described. The overall aim was to enhance epidemiclogicd knowledge
on primary open-angle glaucoma. This chapter will concentrate first on some
of the methodological issues that were raised by these studies and that also
apply to further studies on the topic. Next, the evidence from the various studies
will be reviewed. Finally, suggesticns will bbe given as to along which lines
epidemiological research in this field could be continued,

Methodological issues

Srudy design

The studies In this thesis were cross-sectional. Two Issues shouid be
considered. the suppaosed time-relaticnship between the determinant and the
outcome. and the natural course among subjects with different levels of the
outcome.

One may wonder o which extent the actual serum glucose and blood
pressure levels taken during the survey reflect levels in the period in which they
could have exerted their influence on the optic disc. Since the presence of
dicgbetes mellitus or hypertension are relatively stable determinants, and have
< cumuiative effect over fime, we feel confident to conclude thai diabetes
melitus and hypertension are relafed fo high-tension glaucoma,

If case fatality differs in persons with or without high-tension glaucoma, the
relation between diabetes mellitus or hypertension with high-tensicn glaucoma

mecy reflect determinants of survival,

ACCURACY

Selection bias cccuwrs if the relation between the determinant and the
outcome is different for those who participate and those who are eligible but do
nct participate in a study. This might be the case when part of the non-responss
was selective and related to poor vision and poor physical health. We think,
however, that the amount of possible bias was limited, because the overall
response was high (80 percent).

Information bias of the determinant and outcome will lead 1o their
misclassificafion, which can result in under- and/or overestimation of their frue
relation. In the Rotterdam Study, the examinations were standardized
measurements and measured maskad as to ophthalmological status. Therefore,
the relations mentioned in these studies were only subject to random error, which
may bear upon precision but does not effect validity,

Confounding can occur when an exfraneous factor is associated with the
determinant under study as well as with the outcome variable. The most
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important putative confounders in these studies were age. sex and body mass
index. The large numibers of subjects, and stratification or adjustment of the
rasulis for these confounders, enabled adequate control of their potential
confounding influence in the analyses,

Precision corresponds to the amount of random error in a study, and is
directly related to the statistical power of a study to detect existing relationships.
Basically, there are two ways to increase precision: one is o reduce
measurement error, and the other is to enlarge the size of the study. In the
Rotterdam Study, the reproducibility of the assessment of several determinants
was enhanced by taking duai measurements, e.g. blocd pressure
measurernents, or could have been enhanced by further standardization of the
measurement procedures, e.g. only fasting levels of giucose. The random
variation in the assessment of the IOP was reduced by taking the median value
of three consecutive measurements {(chapter 7). Random variation in estimation
of cup/disc ratio’s of the optic nerve could have been reduced by using a more
stondardized and objective measurement tachnique, e.g. Imagenat (chapter 6.
The random variction in the assessment of POAG was reduced by using highly
standardized procedures of visual field testing {chapter 3). In the studies based
on associations with I0P or POAG, the number of people that were included

(over 4,000) had adequate power.

At cne fime, the presence of an IOP over 21 mmHg was considered
necessary and sufficient fo diagnose glaucoma. This concept is no longer valid,
but in clinical practise elevated 10P is stilt an important sign for initioting
giaucoma therapy. From an epldemiociogic viewpoint, however, the diagnosis of
POAG is principally based on the presence of a glaucomatous visual field defect
and optic disc cupping, independent of the level of IOP.

Tradificnally, studies in relation 1o POAG dichotomize the study population
in presence or absence of POAG. If the outcome of inferest is continuousty
distributed in the population, like IOP, categorizaticn of the population would
diminish the amount of information in the study.

Another question is whether and how to subtype POAG. One distinction
among POAG Is the one between high-tension glaucoma and normal-fension
glaucoma. This classification is based on presumed different eticlogies. Using a
cut-off level of 21 mmHg may be ingppropriate because of the variability of the
IOP and the fact that ifs assessment is based on a occasional meastrements.
Howeaver, high IOP’s are usually defined in these terms and this is the approach
followed here.



Data-analysis

In the studies on associations, the principal outcome measures were |OF,
optic disc characteristics and POAG. For analyzing the strength of these relations,
we choose to use linear and logistic regression fechniques. with corresponding
standard errors and confidence intervals,

Observations in The Rorrerdam Study
The basic research guestions in the studies that are described in this thesis,
referred fo the distribution of i{CP. characteristics of the optic disc, and the
presence of POAG in an elderly population, according to demographic
variatles (age, gender) and to systemic factors (diabstes mellitus, hypertension).
The evidence from the various studies in this thesis can be summarized as follows:
. Age is assoclated with POAG.
. Men have a three fimes higher risk of having POAG than wormen.
. Age and gender were not signiflcantly associated with 10P.
. In the age-group of 70 years and clder, men have larger disc and rim
area’s of the optic disc than women.
. Dicbetes mellitus and serum glucose levels are associated with IOP and
high-tension glaucoma,
° Diabetes mellitus and serum glucose levels are not associated with normal-
tension-glaucoma.
. Systolic blood pressure, diastolic blood pressure and hypertension are
associared with [OP.
. Systolic blood pressure and hypertension are assocliated with high-tension

glaucoma.
° Systemic blood pressure Is not associated with normal-tension glaucoma.
. Systernic blood pressure and serum glucose levels are noft significantty
associated with optic disc characteristics,
o IOP is inversely associated with im- and disc area in women,
AGe

That POAG is more prevalent with advancing age is well recognized,
The major challenge for prospective studies on POAG is To identify factors that
underlle the relation between age and POAG. Age is not significantly associated
with 1OP in an elderly popuiation, but will be associated with IOP in a study
population which inciudes diso younger age-groups.!- The association between
age and disc- or rim area in men s not understood, Cther studies on this subject

are necessary fo confirm this finding.
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Gender

In prevalence studies of POAG in general, no sex-difference has been
found. 56 Only in the Framingham Eye Studys, as in our study, men have been
found fo have @ higher prevalence of POAG than women. It may well be that
this sex-difference in prevalence of POAG is more pronounced in older age-
groups. Combining prevalence resulis with younger age-groups possibly would
aqualize the sex-difference. A follow-up study is necessary to defermine if the
age-specific incident rate is different for men and women.

Diaberes mellitus

Associations between diabetes mellifus or serum glucose and 10OP, Tke in
our study, have been found in several other studies. 13 A possible mechanism is
that elevated blood glucose may induce an osmotic gradient and attract fluid
info the intraccular space, which may result in an elevated IOR.10 Ancthar
possicle mechanism is the decraase in outflow coefficient of cgueous humour
with increasing severity of diabefic retinopathy.? Few studies have suggested that
diabetes mellifus is associated with POAGH.12 o, Ike in our study, with high-
tension glaucoma. 314 A follow-up study could find an answer on the guestion if
an association exists between diabetes mellitus and normal-fension glaucoma,

Blood pressure

The relation between blood pressure and POAG is ambiguous.
Hypertension may predispose to POAG or high-tension glaucomasis, either
directly through small vessel diseqse, compromizing the optic nerve circulation,
or indirectly by increasing the ICOP. On the other hand, it has been suggested that
a decrease in blood pressure relative to IOP increases the risk of having POAG
or normai-tension glaucoma.!?.181? We found evidence for the relation between
hyperfension and high-tension glaucoma, and ne evidence was found for the
relation of hypotension with POAG or normal-tension glaucoma. Our finding
could be explained by two mechanisms. First, it could be that high-tension
glaucoma is a different disease entity with different etiologic facters compared
with normal-tension glaucoma. High-tension glaucoma was differentiated from
normal-tension glaucoma by means of the ICR but the association between
hypertension and high-tension glaucoma was at least in part independent of
IOP. Furthermore, hypertension may predispose to high-tension glaucoma
through small vesse!l disease, which can decrease blood flow o the optic nerve,
and that couid increase the sk of field 1oss.2¢ Secondly, hypertension may
indirectly predispose to high-tension glaucoma by elevation of the IOP, The
degres to which the optic disc is able to tolerate a certain level of IOP is ¢
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possibie decisive factor in the optic nerve damage. The association between
blood pressure and 10P, as has been found in our study, has been reported in
several other studies as well.7.11.21-25 High blood pressure could increase the
passive production of agueous fluid in the ciliary body, with as @ result an
increase in IOP10, and IOR is an imporfant risk factoer for POAG,

10P

Aninverse association betwesen IOP with rim- and disc area has alse been
found in cne other study, in persons with diabeaetes mellitus and needs to be
confirmed by other studies.2¢ Elevated IOP and decreasing rim area are well
known factors associated with POAG. The relation between rim- and disc area

is alsc not new.27-22

Clinical relevance

of the findings of the Rotrerdam Study

In these studies of the relafions between blood pressure or diabeies mellitus
with IOP, the mean difference in IOP was usuatlly less than 1 and 2 mmHg for the
reiations with dialbetes mellitus and blocd pressure, respectively. This ralses the
guastion whether this is clinicailly relevant. The answer to this is not to be found
on the individual level, but rather on the population level. IOP is known as an
important risk factor for POAG, Even a slight decrease in IOP on pepulation level
would result in a decrease in prevalence of POAG in the population, and this
would be a major health benefit. Although the average gain per individual
would be small, the population gain might e substantial 30

Furthermore, subjects with hypertension had ¢ 2.3 times higher risk of
having high-tension glouccema than subjects without hypertension. It is clear that
this is of clinical relevance, especially in the oldest age-group where prevalence
of POAG had increosed to over 3 percent.

These consideralions provide a strong argument 1o investigate whether
intervention on risk factors for diabetes mellitus and hypertension can prevent

POAG on a population level,

Suggestions for future research

The major part of this thesis was devoted 1o cross-seclional associations
with IOP and POAG. An underlying assumption in the conduct of these stuclies
was that 1OP was an imporfant risk factor for POAG.

Prospective follow-up studies would also provide a powerful way to
investigate risk factors for IOP and POAG. Of particular interest in etficlogic
research in IOP or POAG are:
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. The relation between blood pressure, normal-tension and high-tension
glaucoma, Of parficular interast is the role of smali vessel disease in this
regard, since this may be infermediafe in the relation of blood prassure and
POAG.

. The relation between diabetes meliitus with normal-tension glaucoma and
high-tensicn glaucoma,

. Another possible contribution is the study on genetics of POAG,

Research on POAG is fundamentally motivated by the pursuit of ways
to prevent blindness. Even though the precise pathophysiclogic mechanisms
through which the various risk factors, like age, gender, diabetes meliitus, serum
glucose and systemic blood pressure, contribute to POAG remain 1o be
elucidated, thare is ample evidence that they contribute to POAG, The
widespread prevalence of these conditions in the population justifles an atfermnpt
to prevent POAG on a population level by intervention on risk factors.

A quantitative cufcome measure that can be objectively assessed is to be
preferred. Optic disc parameters, measured in ¢ highly standardized and
objective way, with an image analyzer like imagenel, reflect primarily optic disc
damage due to POAG. Changes in their dimensions seem particularly apt as an
important cutcome measure in an infervention study on risk factors of POAG.
Such research would in addition offer the opportunity to further investigate the
relaticn baetween optic disc parameters [OP and POAG.
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Gloucoma is an imporfant cause of blindness, parficularly in the slderly.
Primary open-angle glaucoma (POAG) is the most prevalent and the least
understood type of glaucoma. This thesis focusas on the epidemiology of POAG,
in particular prevalence and determinants of this disease.

A review of the main epidemiclogic findings of POAG concerning ifs
frequency and risk factors is presented in chapter 2. This review describes
community-based studies of POAG in populations in Western Furcpe and Norfh
America. The most valid prevalence studies are those that examine every
parficipant by perimetry, fonometry and ophthalmoscopy. The prevalence of
PCAG rises with age. Typical estimates in white persons are about 0.2 percent in
subjects aged 65 years, 2.0 percent in subjects aged 75 years and 3.0 percent in
subjects aged 85 yvears. About 50 percent of the cases with POAG have normai
infraccuiar pressures (IOP). Despite differences in methodology and definition,
relatively similar prevalence figures of POAG are present Geross white
populations. The prevalence of POAG in black populations is four to seven fimes
higher. Incidence estimates of POAG in white populiations suggest a five-year
incidence of 0.2 percent at age 55 years, that increases to 1.0 percent af age
75 years. Except for age, a positive family history of POAG and elevated IOP,
inferesting svidence suggest that diabetes mellitus and blecod pressure may be
associated with POAG,

The prevalence of POAG in a defined popuiation in Rotterdam, The
Netherlands, is presenfed in chapter 3. For this study, o tofal of 3,062 unselected,
non-instifutionalized participants, ages 55 and over, were examined according to
standard protocols, including perimetry, tonometry and ophthaimoscopy. The
diagnosis of POAG was based on the presence of a glaucomatous visual field
defect in combination with either a verlical cup/disc rafio of 0.5 or over cra
cup/disc ratio asymmetry of 0.2 or over or an KOP of over 21 mmHg. The overall
prevaience of POAG in this study was 1.1 percent (5% confidence inftervai 1,09,
1.11). Age-cdiusted prevalence rafes increased from 0.2 percent (0.16, 0.24) in
the age-group of 55-59 years, fo 3.3 percent (2.57, 4.04) in the age-group of 85-
89 years. Cverall, men had a more than three fimes higher risk of having POAG
than women {odds ratio 3.6 (1.7, 7.1). POAG had not been previously diagnosed
in 52.9 percent of the cases, and of them 38.9 percent had IOP’s of less than
22 mmHg. A visual acuity of 0.1 or less due o POAG was present in 8.8 percent of
the POAG cases, actudlly in three persons on four eyes.

The following three chapters are studies concerning determinants of
primary cpen-angle glaucoma, that have been performed in the Roltterdam
Study (n=4,187, participation rate 80 percent). A distinction was made between
high-tensicn glaucoma and normal-tension giaucoma.
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The relation of POAG and IOP with diabetes mellifus and serum giucose Is
discussed in chapter 4. The presence of diabetes meliitus was associated with an
overdll rse of mean infraocular pressure of both eyes of 0.31 mmBg (95% CI .12,
0.60), and with a three-fold increased presence of high-tension glaucoma (odds
ratio 3.11, with a 95% confidence inferval of 1,12, 8.66). Normal-tension glaucoma
was not associated with diabetes mellitus, A rise of 10 mmol/l of serum glucose
was associated with an overall rse of mean infraocular pressure of 0.41 mmHg
(-0.02, 0.84), with an odds ratio of 2.82 (0.92, 8.58) for high-tension glaucoma. It
was concluded that diabetes mellitus and high levels of serum glucose are
associated with a high intradocular pressure and high-tension glaucoma,

Chapter 5 deals with the association between POAG, |IOP and systemic
blood pressure. A systolic blood pressure or diastolic blood pressure that was
10 mmHg higher was associated with an HOP that was on average 0.23 mmHg
(95% confidence interval (CI) 0,19, 0.27), 0.24 mmHg (0.16, 0.32) higher,
raespectively. The presence of hypertension was associated with a 0.66 mmHg
higher mean 10P (0.39, 0.93). A 10 mmHg higher systolic blood pressure was
associated with an odds ratio of 1.22 (1.03, 1.46) for high-tension glaucoma,
Hypertension was associated with an odds ratfio of 2.33 (0.99. 5.47) for high-
tension gloucoma. The conclusion of these results was that systemic blood
pressure is associated with IOP and high-fension glaucoma. No association was
found between systemic blood pressure and normal-tension glaucoma.

A study on the associatfion between opftic disc parometers and some
general, ocular and systemic factors iIn men and women is described in chapter
6. For this study, a random sampie of 250 couples was selected out of the
subjects parlicipating in the Rotterdam Study. All subjects were examined
according to the normat standard protecols. In addition, the stereo slides of the
optic nerve, of cne random aye, were analyzed with imagenet, a digital image
analyzer of the optic disc. in men, a 10 year higher age was associated with a
larger disc area of 0.13 mm?2 (0,08, 0.46). In wormen, a 10 mmHg higher
intfraccular pressure was associated with o rim and disc area of 0.37 mm?2
(0.09, 0.45) and 0.23 mm?2 (0.00, 0.46) smaller, respectively. A change in systolic
blood pressure, diastolic bicod pressure or blood glucose was not significantly
associated with a change in disc parameters. i was concluded that in men,
older age was associated with larger disc ared’s, In women, a higher infraccuiar
pressure was associated with smaller disc and rim area’s. Systemic blood pressure
and blood giucose were not associated with disc parameters. No correlation
existed between disc parameters within marital couples.

Another part of the Rotterdam Study was the determination of the reliability
of IOP measurements (chapter 7). by comparing the repreducibility of the



median of three consecutive [OP medsurements with a single measurement

of the IOP with the Goldmann applanation tonometer. A random sample of

62 subjects was examined in & first measurement session. The IOP was measured
three fimes consecutively on bath eyes according fo a fixed protocol. The mean
standard deviation (SD) of these

measurements was 0.8 mmHg. After 10 minufes IOP was measured again.
The mean infra-observer variation for the first measurement was 1.64 (SD 2.07)
mmHg. For the median of the three measurermnents the intra-observer variation
was 1.50 (8D 1.96) mmHg. The mean infer-clbserver values were 1.79 (3D 2.41)
mmHg for the first measurement, and 1.60 (8D 2.15) mmHg for the median
measurement. The correlation coefficient between the median values of the
three measurements of both observers was 0.81. No systematic differences were
found betweasn both observers. Using the median value of three conseculive
measurements improved the inter-observer variation by 11.% (P=0.58) and the
infra-observer variation by 9% (P=0.74) compared with a single measurement.

In chapter 8, some of the methodological issues involved in the studies
based on the Rotterdam Study are discussed, and the findings of these studies
are reviewed. Imporfant results are that diabetes meliitus and systermic blocd
pressure are assecicted with high-tension glaucoma and 1OP.
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Glaucoom is een belangiijke oorzoak van blincheid, mef name bij mensen
van hogere leeffijd. Primair open-kamerhoek glaucoom is de meest frequents en
de minst begrepen vorm van glaucoom. Dit proefschiift richt zich voornamelijk
op de prevalentie van primair open-kamerhoek glaucoom en op factoren die
hiermee zijn gereiateerd.

Een cverzicht van de belangrijkste bevolkingsondearzoeken met betrekking
tot glaucocm is gegeven in hoofdstuk 2. Deze studies heblben belrekking op
blanke populatlies in Weast Furepa en Neoord Amerika, Ondanks verschillen in
onderzoeksmethodes en definitie van glaucoom, worden ongeveer dezelfde
Ziskie frequenties gegeven in de verschillende blanke populaties.

Glaucoor komt vaker voor o hogere leeftijd; van de 65 jarigen heeft ongeveer
0.9 procent glaucoom, bij 75 jarigen is dit 2,0 procent en bij 85 jarigen

3.0 procent. In de negreide bevolking komt glaucoom vier Tot zeven maal zo
vack voor, Ongeveer 50 procent van de mensen met glaucoom heeft normale
oogdrukken. Verder wordt er geschat dat de incidentie van glaucoom in een
pericde van vif jaar ki 55 jarigen 0.2 procent bedraagt, en bij 75 jarigen

1.0 procent. Leeftiid, het voorkomen van glaucoom in de familie en verhoogde
oogdruk zijn bekende risiko factoren voor glaucoom. Daarnaast bestaat de
indruk dat suikerziekte en verhoogde bloeddruk gerelateerd ziin acn glaucoom.

Hoe vaak glaucoom voorkomt in Ommoord is enderzocht binnen het
Erasmus Rofierdam en Ouderen (ERGO) onderzoek (hoofdstuk 3). Voor deze
studie zijn 3,062 ongeselecteerde, zelfstandig wonende mensen onderzocht van
55 jaar en ouder, Het onderzoek werd verricht volgens standaard protocolien,
inclusief gezichtsveld onderzoek, cogdruk meting en cogspiegelen. De diagnose
glaucoom werd gebaseerd op de aanwezigheid van een glaucomateus
gezichisveld onderzoek in combinatie mef een glaucomateus afwikende
oogzenuw en/of een verhoogde ocogdruk. Gemiddeld kwam glaucoom bij
1.1 procent van de mensen voor; onder b5 jarigen was dit 0,2 procent en dit
nam foe tot 3.3 procent onder 85 jarigan. Over het geheel gencmen kwam bij
mannen meer dan drie keer zo vaak glaucoom voor dan bij viouwen. In 52,9%
van de glaucoom gevallen was het onbekend dat zij aan deze ziekie leden, en
van deze mensen had 38,9 procent een normale oogdruk. Van alle mensen met
glaucoom was 8,8 procent blind aan één of beide ogen ten gevoige van
glaucoom.

De volgende drie hoofdstukken betreffen studies naar factoren die
gerelateerd zijn aan het vodrkomen van glaucoom, en die verricht zijn binnen
het ERGO onderzoek. Met uitzondering van hoofdstuk 6 zijn hiervoor 4.187
mensen onderzocht, gemiddeld 80 procent van het aantal mensen wat mee
had kunnen deen met dit onderzoek. Fr werd onderscheid gemaakt tussen hoge
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druk glaucoom en normale druk glaucocm, De relatie van glaucoom én
oogdruk met suikerziekfe en bloed glucoselis besproken in hoofdstuk 4, De
aanwezigheid van suikerziskte was gerelateard aan een 0,31 mmHg hogere
cogdruk en met een drie maal zo frequent voorkomen van hoge druk
glaucoom. Normale druk glaucoom was niet gerelateerd can suikerziekte. Een
10 mmol/l hoger bloed glucose was gerelateerd met een 0,41 mmHg hogere
oogdruk en een 1,82 maal zo grote kans op hoge duk glaucoom. Er werd geen
relatie gevonden tussen normale druk glaucoom en bloed glucose.

Hoofdstuk 5 gaat over de relatie tussen glaucoom, oogdruk en bloeddruk.
Een 10 mmHg hogere bloeddruk kwam samen voor met een 0,24 mmHg hogere
oogdruk. Wanneer iemand lead aan hoge bloeddruk, was de oogdruk
0,66 mmHg hoger. Een 10 mmHg hogere bloeddruk ging samen met een 1,22
grotere kans op het hebben van hoge druk glaucoom. De canwezigheid van
hoge bloeddruk was gerelatesrd aan een 2,33 maal grotere kans op het
hebben van hoge druk glaucocom. Geen relaties zijn gevonden tussen bloeddruk
en normaie druk glaucoom.

Een studie naar relaties fussen kwantitatieve kenmerken van de ocogzenuw
en enkele dlgemene, cogheelkundige en systeem factoren is beschreven in
hoofdstuk é. Voor deze studie is een willekeurige selectie gemaakt van 250
mannen en viouwen van deelnemers it het ERGO ondeizoek. Al deze mensen
zlin onderzocht volgens het standaard protocol. Daarnaast zijn de stereo dia’s
van het gedeelte van de cogzenuw wat te zien is in het cog, de papil
genoemd. van een willekeurig 0og per perscon gedndlyseerd met Imagenet.
Imagenet is een gecomputeriseerd beeldanalyse apparaat voor de cogzenuw,
Bij mannen werd gevonden dat foenemende leeffijd samen ging met een
grotere opperviakie van de papil. Bij wvouwen was sen hogere oogdruk
gerelateerd met een kleinere cpperviakte van de rand en van de fotale
opperviakie van de papil. Geean relaties werden gevonden tussen kenmerken
van de papil en bloeddruk of bload giucose,

In hoofdstuk 7 Is de betrouwbaarheid van de ocogdruk meting besproken
zodals deze verricht wordt binnen het ERGO onderzoek. Vergeleken werd de
reproducesrbaarheid van de mediaan van drie opeenvelgende cogdruk
mefingen met een enkeie meting, bij 62 willekeurige ERGO deeslnemers.
Gebleken is dat het nemen van de medican van drle opeenvelgendes oogdruk
mefingen ongeveer 10 procent minder variafie geeft vergeleken met een enkele
ocgdruk meting.

Hoofdstuk 8 is een discussie van een gantal onderzoeksmethodes met
betrakking ot de glaucoom studies binnen ERGO, Daarnaast ziin de belangrijkste
resultaten van deze studies weergegeven. Gebleken is dat suikerziekle en



verhoogde bloeddruk in belangiike mate relateren aan hoge druk glaucoom en
verhoogde oogdruk. Eris echfer een grote noodzack voor het verrichten van
vervolgonderzoeken naar risiko factoren voor normale druk giaucoom.
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Nawoord

Het resulfaat van ruim drie jaar oogheelkundig onderzoek van ERGO
deelnemers in Ommoord, en ¢ maanden analyseren van de onderzoaks-
gegevens op de afdeling Epidemioiogie en Biostatistiek, Is weergegeven in dit
proefschrift. Velen hebben tot de tofstandkeming hiervan bijgedragen.

Paulus de Jong, inffiafor en promotor van het glaucoom onderzosk binnen
ERGO, heeft voor mij de belangrijkste rol gespeeld. Hij heeft altid gestreefd naar
aan zo groot mogelike duideliikheid binnan het onderzoek; wetenschappeliji
verantwoord, maar met beide benan op de grond. Ik ben hem erg dankbaar
voor de mogslikheden en vrifheid die hij mij geboden heeft,

Bert Hofman, inffiator van het ERGO onderzoek en tweede promaotor van
het glaucoom onderzoek, bezit het vermogen om, met een enorme wilskracht,
mensen dingen te laten doen die ze noolf voor mogelik hadden gehouden,
lk wit hem erg bedanken voor de tijd en energie die hij geinvesteerd heeoft
in dit onderzosk.

Cit proefschrift is gelaseerd op studies binnen het ERGO onderzoek, De
onderzoeksleiders Rick Grobbee, Bert Hofman, Paulus de Jong, Huite Pols en Frank
van den Quweland, wil ik bedanken veor het in geeds banen leiden van het
ERGO onderzoek en voor hun kiitische commentaar op dit onderzoek.

Hans Vingerling is degene geweest meat wie ik in Ommoord het
ocogonderzoek heb verricht, Als twee fofaal verschilende mensen werkten we
met elkaar samen, Ik wil hem heel erg bedanken voor alle steun dis hij mij
gegeven heefi.

Met Maxime Look, van de automatisering, bicloge van achiergrond, zijn
de allerserste data verwerkt en Is een begin gemaakt met de analyses. Avonden
zaten we achter de compute, toen ik nog niefs van het computerprogramma
BMDP begreep. Ik wil haar heel erg bedanken voor de goede en aangename
samenwerking.

Douwe Algra, van de autormatiserng, landbouwkundig ingenieur van
origine, heeft enorm gehclicen bi het verwerken en analyseren van het grootste
deel van dit onderzoek. Verder Is geblaken dat hij in het bezit s van grote
didactische vaardigheden vocor het gebruik van computer programmd’s,

Ik ben hemn bizonder dankbaar voor de prettige samenwerking.

De mensen die betrokken waren/ziin bii de praktische ultvoering van het
oogonderzoek in Ommoord, zoals Els Baars en Add Hooghart, wil ik bedanken
voor hun inzet en samenwerking. In het biizonder wil ik Anneke Korving
bedanken, waar we als dat nodig was alfjd op terug konden vallen; Els van den
Oever, die zelfs bij de meest problematische gevalien nog een Goldmann
perimetrie kon verichten; en heel in het bizonder Diana Bakker, die ais alfround
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oogheelkundig assistente een enorme betrokkenheid toonde bij het onderzoek.

De afdeling Cogheslkunde van het Dijkzigt ziekenhuis, onder supervisie van
Paulus de Jong, wil ik heel erg bedanken voor de praklische ondersfeuning van
het cogonderzoek in Ormoord. Lous Ruempol, secretaresse van Paulus de Jong,
wi ik bedanken voor het regeien van afspraken voor al die vergaderingen, en
voor de persconlijke ondersteuning.

Sylvia Schotman wil ik bedanken voor haar ijver waarmee ze dia’s
geanalyseerd heeft met Imagenet.

Allen die hebben meegewerk! aan ERGO, zodls inferviewsters,
medewerksters op het gezondheidscentrum, collega arfsen, mensen op de
hoogbouw voor de administratie en data verwerking, voor opslag en
laboratorium bepdiingen, secretariaat en beheer, wil ik bedanken voor de
pretfige samenwerking.

Alle medewerkers op de afdeling Epicemioiogie en Biostatistiek wil ik
bedanken voor hun gastvrijheid, de ondersteunende gasprekken en de
gerzellige sfeer.

Douwe Algra, Huil Burger en Paul van Daele wil ik in het bijzonder danken
voor hun grote gastvrijheid: zii maakten een plaatsje vrij op hun kamer waar ik de
laatste maanden heel prettig heb gewerkt, Zij waren alfijd bereid om fe
discussieren over inhoudelijke problematiek, waar ik veel aan heb gehad.

De paranimfen Maxime L.ook en Hans Vingeriing bedank ik voor hun
bereidheid mjj bij te staan bi deze bizondere gebeurtenis.

Van mijn ouders heb ik geleerd dat je af moet maken waar jg aan
begint. De panneties soep die op de frap stonden in drukke fliden waren
hartverwarmend.

Ik stel het bizonder o prijs dat miin broer Marius, grafisch vormgevet, heeft
zorggedragen voor de Uiteindelijke vormgeving van het proefschiift,

Kasper heeft mij op een onbeschrijfelike manler gesteund, en me de
ruimte gegeven om deze onfwikkeling door te maken, Ik wil hem daar met harf

en ziel voor bedanken.
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