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Summary
Purpose The aim of the present study was to inves-
tigate the perimetric progression rate and associated
risk factors in open-angle glaucoma in clinical prac-
tice.
Methods This was a retrospective study based on clin-
ical chart reviews of patients with primary open-angle
glaucoma (POAG) followed up for more than 5 years
with ≥5 SITA standard visual fields. Demographics, vi-
sual acuity (VA), central corneal thickness (CCT), in-
traocular pressure values (IOP), treatment (number of
medications), visual fields (VFs), and associated sys-
temic pathologies were recorded. Patients were fol-
lowed up every 3–6 months and identical tests were
performed. The VF progression rate was calculated
as slope of mean deviation (MD) over time using the
Glaucoma Progression Analysis software.
Results In all, 69 eyes from 69 patients with POAGwere
included in the study and followed up for a mean pe-
riod of 72.9 months (SD ± 31.7). The mean MD at
the start was –4.4 dB (SD ± 6.0), with a mean num-
ber of VF tests of 8.3 (SD ± 2.9). The progression rate
reached –0.18 ± 0.1 db/year. The mean IOP at all visits
decreased over time from 18.2 mm Hg to 16.5 mm Hg
(p < 0.05). A step-wise one-way ANOVA regression
analysis concluded that for the MD slope the signif-
icant predictors were final MD level (R2 = 0.126, p =
0.003) and a combination between baseline and final
MD level (R2 = 0.656, p = 0.000). Systemic factors such
as sex, positive history of cardiovascular diseases, and
hypertension reached no statistical relevance in terms
of increased risk or significant association with glau-
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coma progression. Diabetes had a borderline signifi-
cance (p = 0.07) as a “protective factor” against pro-
gression, as more “stable” cases were associated with
diabetes than “progressing” ones.
Conclusion The rate of VF changes in POAG corre-
lated with and dependent on the baseline/final MD
level; additional risk factors reached no statistical sig-
nificance in our clinical care glaucoma study.

Keywords Glaucoma progression · Risk factors · Glau-
coma Progression Analysis · Clinical care

Langzeitprogression und Risikofaktoren beim
primären Offenwinkelglaukom in der klinischen
Versorgung

Zusammenfassung
Ziel Ziel war die Untersuchung der perimetrischen
Progressionsrate und assoziierter Risikofaktoren bei
primärem Offenwinkelglaukom (POWG) in der klini-
schen Versorgung.
Methoden Es handelt sich um eine retrospektive Stu-
die, basierend auf Krankengeschichten von Patienten
mit POWG, die einen Beobachtungszeitraum >5 Jahre
mit ≥5 SITA-Standard-Gesichtsfelduntersuchungen
aufwiesen. Demographische Daten, Sehschärfe, zen-
trale Hornhautdicke (CCT), Intraokulardruck (IOD),
Therapie (Zahl der Medikamente), Gesichtsfelder und
assoziierte Systemerkrankungen wurden dokumen-
tiert. Die Patienten wurden alle 3–6 Monate unter-
sucht, der Ablauf dieser Visiten war standardisiert.
Die Progression des Gesichtsfeldschadens wurde als
die Steigung der mittleren Abweichung („mean devia-
tion“, MD) über die Zeit mittels Glaucoma Progression
Analysis Software bestimmt.
Ergebnisse In die Studie wurden 69 Augen von 69 Pa-
tienten mit POWG eingeschlossen. Die mittlere Be-
obachtungsdauer betrug 72,9 ± 31,7 Monate. Die
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MD zu Beginn war –4,4 ± 6,0 dB, im Mittel wurden
8,3 ± 2,9 Gesichtsfelduntersuchungen durchgeführt.
Die Progressionsrate in der Studienpopulation wurde
mit –0,18 ± 0,1 db/Jahr ermittelt. Der mittlere IOD
aus allen Visiten reduzierte sich über die Zeit von
18,2 mmHg auf 16,5 mmHg (p < 0,05). Eine schritt-
weise durchgeführte Regressionsanalyse mittels ein-
faktorieller ANOVA zeigte, dass für die MD-Steigung
der finale MD-Wert (R2 = 0,126; p = 0,003) und eine
Kombination aus MD-Wert zu Beginn und am Ende
der Beobachtungsdauer (R2 = 0,656, p = 0,000) prä-
diktiv waren. Sowohl der IOD als auch systemische
Faktoren wie Geschlecht, Anamnese kardiovaskulärer
Erkrankungen und Bluthochdruck waren nicht mit
der Rate der Glaukomprogression verknüpft. Es war
eine Tendenz zu beobachten, dass Diabetes mit einer
geringeren Progressionsrate assoziiert ist, aber dieser
protektive Faktor war grenzwertig nicht signifikant
(p = 0,07).
Schlussfolgerung Die Rate der Gesichtsfeldverlusts bei
POWG war in dieser Studie assoziiert mit der MD am
Ende des Beobachtungszeitraums. Weitere Risikofak-
toren waren in der vorliegenden Studie zur klinischen
Versorgung nicht mit der Progression des Gesichts-
feldschadens assoziiert.

Schlüsselwörter Glaukomprogression · Risikofak-
toren · Glaukomprogressionsanalyse · Klinische Ver-
sorgung

Introduction

Glaucoma is an optic neuropathy that can lead to ir-
reversible damage of the optic nerve and blindness.
Among all glaucoma types, primary open-angle glau-
coma (POAG) is the most common form and a leading
cause of visual loss worldwide [1].

Treatment might stop or slow down progression in
glaucoma, but the individual evolution is variable [2].
Consequently, visual field changes and progression
rates differ greatly among patients [3].

Many randomized control trials investigated dif-
ferent risk factors in glaucoma progression [2–7].
These trials reported that older age, decreased cen-
tral corneal thickness (CCT), pseudoexfoliation, lower
ocular perfusion pressure, disk hemorrhage, base-
line visual field (VF) status, and optic nerve anatomy
were variables associated with glaucoma progression.
Most reports had a very specific study protocol, with
strict research requirements, and there are scarce re-
cent data in the literature about glaucoma patients
followed in clinical care context [2, 3]. Although ret-
rospective, these types of studies collected relevant
information for clinical practice [2–5]. Thus, the aim
of our study was to assess progression rate and risk
factors in POAG in the context of clinical care of
South-Eastern Romania.

Materials and methods

The study was a retrospective review of patient charts.
We studied the records of patients with a diagnosis
of POAG followed up in our Glaucoma Unit at “Sf.
Spiridon” University Hospital, Iasi, Romania, between
January 2003 and September 2010. Our study was
performed in accordance with the Declaration of
Helsinki. The Ethical Review Board of “Gr. T. Popa”
University of Medicine and Pharmacy approved the
study and informed consent was signed by each pa-
tient.

Records were selected only for the patients followed
up more than 5 years during the study period. POAG
was defined in the presence of open anterior chamber
angle on goniscopy, glaucomatous optic disc damage
on clinical examination (focal or diffuse neuroretinal
rim thinning, localized notching or nerve fiber layer
defect), and corresponding visual field (VF) defects.
Glaucoma severity was graded according to the Ho-
dapp criteria [8].

Using standard automated perimetry (24–2 SITA
Standard SAP, Humphrey Field Analyzer II, Carl Zeiss
Meditec Inc., Dublin, Calif.) VF changes for glaucoma
were defined if at least two of the three Anderson cri-
teria were fulfilled (three or more non-edged points
in a cluster depressed to p < 5% and one of which
depressed to p < 1%, glaucoma hemifield test results
outside normal limits and pattern standard deviation
depressed to p < 5%). The reliability of the tests was
assessed. Tests with fixation losses and with false-
positive or false-negative rates of >20% were con-
sidered unreliable and excluded from the analysis.
A minimum number of 5 VF tests were required for
each patient in our study.

All VF tests were analyzed for progression using the
Glaucoma Progression Analysis (GPA) software, which
provided both an event-based and a trend-based pro-
gression analysis. Both analyses took the first two re-
liable VF tests as baseline landmark.

In the event-based progression analysis, GPA used
statistical criteria designed for the Early Manifest
Glaucoma Trial to identify progression of VF defects
[9]. When significant (p < 0.05) deterioration was ev-
ident on the pattern standard deviation (PSD) maps
at the same three or more points on two consecutive
follow-up tests, the GPA warned of “possible progres-
sion”; if significant deterioration was seen at the same
three or more points in three consecutive follow-up
tests, GPA warned of “likely progression.” When both
of these criteria were not met, the software flagged
“no progression detected.” When the VF was severely
depressed (MD ⇐20 dB), GPA could not determine
progression. For the purpose of this study, progres-
sion was quantitatively assessed by linear regression
(trend) analysis of the mean deviation (MD) changes
over time; slopes of progression (decibels/year) based
on threshold maps and its level of significance (p
values) were calculated.
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During the study patients were followed up every
3–6 months and identical tests were performed. We
excluded subjects with significant lens opacities, ocu-
lar comorbidities and refractive errors of >5D spheri-
cal and >3D cylinder.

If both eyes were eligible for the study, only one
was chosen based on the worse MD level at baseline.
At baseline, clinical parameters were collected from
the charts and included in our study: age, gender,
best corrected visual acuity (BCVA) by ETDRS chart,
intraocular pressure (IOP) by Goldmann tonome-
ter, central corneal thickness (CCT) by ultrasonic
pachymetrer (DGH-550, DGH Technology Inc., Exton,
Pa.) C/D ratio (Volk 78D lens), number of topical
medications, and VF test parameters. Furthermore,
systemic pathologies were assessed and noted with
“yes” or “no” in the charts if present (diabetes, arterial
hypertension, cardiovascular diseases); at each follow-
up visit, VA, IOP, and VF tests were repeated. The ma-
jority of the patients required topical therapy, but no
surgical intervention (laser or incisional procedures –
trabeculectomy) was performed during the follow-up
period. During monitoring, treatment was modified
if the IOP was not efficiently controlled; the IOP level
was individually set, according to glaucoma severity,
risk factors and life span. The intermediary IOP was
calculated by averaging all the IOPs taken during the
follow-up interval. OCT evaluation was possible late
during the study, therefore very few patients could
be evaluated through this method. Because of this,
the authors decided not to include any results in the
statistical analysis and interpretation due to the small
sample size and lack of adequate time for progression
evaluation using OCT. Moreover, both Stratus (Carl
Zeiss Meditec) and Cirrus OCT (Carl Zeiss Meditec)
machines were used for our glaucoma patients and
at the time this study was ongoing our conversion
equation was not fully validated for comparing and
translating data.

Statistical analysis

SPSS 18.0 statistical software (SPSS Inc., Chicago, Ill.)
was used to process the data. Descriptive analysis was
used on demographics, follow-up time MD, PSD and
IOP. We also calculated the mean number of VFs per
patient. Progression rate (MD slope) was calculated
by linear regression analysis of MD values over time
and expressed in dB/year.

Independent sample t tests were used for compar-
isons of continuous variables between groups. When
paired groups were compared (baseline and final pa-
rameters) we used the Wilcoxon test. An association
between various risk factors and glaucoma progres-
sion was tested using Pearson’s chi-square test. Odds
ratios (ORs) were also calculated. Spearman’s correla-
tion coefficients (r) were calculated to assess the rela-
tionship between age, BCVA, MD, PSD, IOP and MD
slope. Statistical significance was defined at the p <

0.05 level. We used a logistic regression to evaluate the
effect of each parameter on the progression outcome.
Each parameter was tested independently in an uni-
variate model and then retested after age adjustment.
A multivariate model was analyzed for all parameters
that achieved a level of p < 0.2 in univariate analysis.
Analysis of variance (one-way ANOVA) was used for
comparisons of continuous variables.

Results

We studied 69 eyes from 69 patients (53 females and
16males) with POAG for a period of 72.8 months (SD ±
31.7). Mean age at the start was 62.3 years (SD ± 10.4).
At baseline, subjects had a (decimal) visual acuity of
0.9 (SD ± 0.1) with limits 0.5–1.2. The mean calculated
spherical equivalent showed a slight hyperopic ten-
dency of +0.7 D (SD ±1.03), limits between ±4 D. IOP
range was wide from 11 to 28 mm Hg, but the mean
baseline IOP was 18.2 mm Hg (SD ± 3.6). In total,
14 eyes from 14 patients had a positive history for
glaucoma surgery (trabeculectomy/trabeculoplasty)
before the study started. After the surgical interven-
tions, of these 14 patients, only four patients (5.8%)
required no further treatment, as the IOP was well
controlled postoperatively for the entire study period.
The remaining 65 patients needed a mean number of
1.8 (SD ± 0.9) topical substances to control the IOP:
22 patients (31.9%) were treated with one substance,
23 patients (33.3%) were treated with two substances
and 20 patients (29%) were treated with three sub-
stances. Mean central corneal thickness (CCT) was
537 µm (SD ± 40 µm), range = 428–608 µm.

Taking into account the Hodapp criteria [5], visual
field analysis revealed early defects in 54 patients
(78.3%), moderate defects in seven patients (10.1%),
and severe defects in eight patients (11.6%). The
mean MD level at baseline was –4.4 dB (SD ± 6.0 dB),
range between –25.2 dB and 1.55 dB and median
around –2.6 dB (see Fig. 1).

The calculated mean PSD at baseline was 4 dB
(SD ± 3.0), limits 1.0–12.3 dB and median PSD of
2.7 dB. By averaging all the IOPs measured at each
follow-up visit, we calculated the intermediary IOP:
16.6 mmHg (SD ± 2.8). A mean number of 8.3 VFs/eye
(SD ± 2.9) were recorded in our study (range = 5–19
tests/eye).

Systemic comorbidities, according to the patient’s
personal history in the medical charts, were arterial
hypertension in 56.5% patients, diabetes in 15.9% pa-
tients, and cardiovascular diseases in 23.2% patients.

Final analysis showed a significant decline in BCVA
over time and also in the IOP level (see Table 1). The
IOP changes in time are shown in Fig. 2.

Final VF parameters changed significantly only in
terms of MD (see Fig. 3; Table 1), but not in terms of
PSD values (see Table 1).

We used the Wilcoxon test to compared the base-
line with the final parameters for our study; statistical
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Fig. 1 Meandeviation(MD)
distribution in all 69patients
withprimaryopen-angle
glaucoma

Fig. 2 Intraocular pressure
(IOP) dynamics (baseline vs.
intermediary vs. final level,
measured inmmHg)

significance was attributed to values of p < 0.05 (see
Table 1).

Overall, the mean rate of VF change in our study
was –0.18 dB/year (SD ± 0.78). The progression rate
histogram is shown in Fig. 4, with a negatively skewed
distribution; 98% of the MD slope values are within
one standard deviation range, with 59.7% negative
slopes, but no statistical significance could be at-
tributed to this aspect (p = 0.142) in binomial tests.

Six patients (8.70%) progressed at a rate higher than
–0.5 dB/year, while four patients (5.80%) progressed
at rates higher than –1 dB/year; we recorded a pro-
gression rate higher than –2 dB/year in only one
patient (1.44%).

As expected, based on Spearman’s correlation co-
efficient, there was a strong negative correlation
between VF parameters at baseline (MD/PSD): r =
–0.740, p = 0.000, but the MD slope was only weakly
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Fig. 3 Meandeviation(MD)
levels at baseline vs. final
measurement (indB)

Table 1 Baseline vs. final
levels in themain studypa-
rameters

Parameter Baseline level (mean) Final level (mean) Wilcoxon test (p < 0.05)

BCVA (ETDRS) 0.9 ± 0.1 0.85 ± 0.2 p = 0.01

IOP (mm Hg) 18.2 ± 3.5 16.4 ± 2.8 p = 0.000

MD (dB) –4.4 ± 6.0 –5.6 ± 6.9 p = 0.008

PSD (dB) 4.0 ± 3.0 4.4 ± 3.5 p = 0.418

BCVA best corrected visual acuity, IOP intraocular pressure, MD mean deviation, PSD pattern standard deviation

correlated with baseline MD level (r = –0.245, p =
0.046). The same type of correlation was found be-
tween MD slope and the number of topical med-
ications (r = –0.248, p = 0.043), but when age was
controlled for, the correlation was no longer signifi-
cant (p > 0.05).

We found no other statistically significant correla-
tion between the VF decay rate (dB/year) and other
baseline parameters (VA, IOP, CCT, PSD level). In our
study we found that at enrollment, age was inversely
correlated with the number of topical medications (r =
–0.306, p = 0.01), an indirect sign of a more aggressive
treatment in cases where younger patients were to be
treated and followed up. We also observed that the
higher the VA was at baseline, the better the MD level
at the end of our study (r = 0.237, p = 0.05).

A step-wise one-way ANOVA regression analysis
could include only a few predictors for the MD slope:
mean final MD (r2 = 0.126, p = 0.003) and a combina-
tion between baseline and final MD level (R2 = 0.656,
p = 0.000; see Table 2).

For a better understanding of which variables might
have influenced glaucoma progression in our study
and to have an exact estimate of the progression risk
associated with each parameter in our population, we
used logistic regression in a univariable model. Both
systemic and local risk factors were tested for this as-

sociation. Using predefined cut-off values, based on
the calculated means of different variables, we evalu-
ated whether patients older than 62 years with base-
line IOP > 18 mm Hg, CCT < 537 µm, baseline MD
<–4 dB, and a history of diabetes, arterial hyperten-
sion, or cardiovascular events exhibited a higher risk
for glaucoma progression. Associations between the
same parameters and glaucoma progression were as-
sessed by Pearson’s chi-square test. The results are
summarized in Table 3.

In our study we observed that local parameters
such as baseline IOP higher than the calculated aver-
age, baseline MD lower than –4 dB, or thinner than
average corneas exhibited a pattern of increased risk
for glaucoma progression, but owing to the small sam-
ple size, no statistical significance could be attributed
to these findings.

Regarding systemic factors, male sex had no rele-
vance as a risk factor in glaucoma progression, and
progression rate between sexes showed no statistical
significance in the Wilcoxon test (p = 0.28).

A positive history of cardiovascular diseases and hy-
pertension reached no statistical relevance in terms
of increased risk or significant association with glau-
coma progression. Interestingly we found a border-
line significance (p = 0.07) for diabetes as a “protec-
tive factor” against progression, since more “stable”
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Fig. 4 Meandeviation
(MD) slopedistribution in the
study (db/year). Calculation
waspossible in 67outof
69eyes

Table 2 Meandeviation (MD) slopemodel summarya

Change statistics

Model R R2 Adjusted R2 SE of the esti-
mate

R2 change F change df1 df2 Sig. F change

1 0.355b 0.126 0.113 0.74283 0.126 9,385 1 65 0.003

2 0.810c 0.656 0.645 0.46956 0.530 98,671 1 64 0.000

aDependent variable: MD slope
bPredictors: (constant), final MD
cPredictors: (constant), final MD, baseline MD

cases were associated with diabetes than “progress-
ing” ones. Further, all parameters with a p < 0.2 in the
univariate model were introduced in a multivariate
model, but this analysis could not validate any addi-
tional information as statistically significant for our
study (p > 0.05).

Discussion

Progression rate and risk factors are among the most
important aspects in glaucoma care because of their
impact on visual decay. Although several guidelines
for glaucoma management recommended the assess-
ment of progression rate in routine care [8], infor-
mation has been scarce to date. According to these
studies, older age, baseline IOP, decreased CCT, pseu-
doexfoliation, baseline VF status, and systemic dis-
eases (hypertension, diabetes, cardiovascular events)
were risk factors associated with VF progression.

Our study aimed to prove that on clinical care
grounds, progression in POAG and its risk factors
might be different than in standard clinical trials pos-

sibly due to standardized inclusion/exclusion criteria,
strict treatment plans, and clear follow-up schedules.

During a 6-year period we followed up 69 eyes from
69 patients with POAG in clinical care. Overall in our
study, VF decreased at a rate of –0.18 dB/year. This
is much lower than other reported results, regardless
of whether randomized control trials or clinical care
studies were evaluated [2, 10–16]. Still, the mean age
of our patients was younger than in all other studies
and, because of this, we decided to treat the patients
more aggressively from the start, assuming a longer
life span.

In our study there was no standard IOP-lower-
ing strategy, meaning each doctor involved in the
study decided how/when to adjust the IOP accord-
ing to their own experience until the desired level
was reached. No additional surgical procedure was
recorded in any patient during the follow-up period,
but only changes in topical treatment. Treatment
intensity was correlated with VF progression rate up
to the point where age was controlled for (p < 0.05);
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Table 3 Riskof glaucoma
progressionassociatedwith
different variables inunivari-
ablemodel

Parameter Progression OR (95%
CI)

Significance
(p < 0.05)

Association with progression
Pearson’s chi-square test (p < 0.05)

Sex, male 0.5 (0.17–1.46) 0.2 0.51

Age >62 years 0.89 (0.45–1.74) 0.74 0.73

Baseline IOP >18 mm Hg 1.66 (0.78–3.5) 0.18 0.16

Baseline MD <–4 dB 1.47 (0.76–2.85) 0.25 0.27

CCT <537 µm 1.17 (0.65–2.1) 0.61 0.73

Diabetes 0.54 (0.27–1.05) 0.07 0.1

Cardiovascular diseases 1.43 (0.57–33.6) 0.74 0.42

Arterial hypertension 0.84 (0.42–1.66) 0.63 0.6

OR odds ratio, IOP intraocular pressure, MD mean deviation, CCT central corneal thickness

after this correction, Spearman’s correlation was no
longer significant (p > 0.05).

Our study analyzed progression in glaucoma based
on trend analysis. Although MD itself could not dis-
criminate central from peripheral VF loss, its varia-
tions still evaluated the overall visual disability [17].

Our results showed that progression rate in glau-
coma (MD slope) was only correlated and influenced
by the initial (p = 0.04) and final (p = 0.001) MD level.
In this respect, our results were similar to the OHTS
[18, 19] or EMGT [20]. study, where the initial MD
level predicted progression rate in hypertensive glau-
coma forms. Also for any patient with a baseline MD
level lower than –4 dB, we observed an OR > 1, but no
statistical significance could be attributed (p > 0.05).

EMGT results showed that, by reducing the IOP by
25%, progression occurred later than in nontreated
patients. This could also be the reason for our patients
progressing at such a low rate compared with other
studies, since medication was constantly changed/
added to lower the IOP according to the concept of
“target pressure.” When a cut-off value was estab-
lished (baseline IOP > 18 mm Hg), we found OR >
1, but again statistics could not validate this result
as significant or reliable (p > 0.05). Age as a risk
factor for glaucoma progression has been confirmed
by many clinical trials [19–24], but disregarded by
others [25, 26]. Our study revealed that MD slope
was not correlated with age in univariate analysis for
the entire study group; also when a cut-off value was
established (62 years old), no difference in glaucoma
progression (MD slope) was found in older patients
(Wilcoxon test, p > 0.05), and no increased risk for this
parameter could be validated (OR = 0.88, p > 0.05).

Most randomized control trials failed to show any
association between sex [20] and glaucoma progres-
sion. In the OHTS trial [27] men were more likely
to convert to glaucoma than women were, whereas
CNGTS [26] reported that the risk of glaucomatous
progression on women was 1.85 times higher relative
to that in men; in our study we found no differences
in the progression rates by Wilcoxon test (p > 0.05);
also we could not prove if male sex was a risk factor
in glaucoma progression owing to no statistical signif-
icance (p > 0.05).

Regarding CCT, De Moraes [6] calculated an OR of
1.38 per 40mmHg thinner CCT. In our study we found
no significant correlation between MD slope and CCT
(p > 0.05). The OR calculation for the chosen cut-off
value, although >1, could not be taken into account
owing to a lack of statistical support (p > 0.05).

A recent meta-analysis presented data on systemic
hypertension [28], cardiovascular diseases [28], and
diabetes [29] as risk factors in glaucoma. For OAG
progression, older studies (AGIS [30] and CIGTS [22])
reported a positive association with diabetes while
others (CNGTS [26] and EMGT [22]) reported no in-
fluence. A systolic pressure lower than 125 mm Hg
was a risk factor for progression in the EMGT study
[19], whereas there was no association between sys-
temic hypertension and OAG progression as reported
by Kang [31], AGIS [30] or CNGTS [26]. Recently, Choi
and Kook [28] (2015) offered a more balanced opin-
ion, stating that systemic hypertension had different
effects on the development/progression in glaucoma
in different age groups.

In our study, although we found an increased
incidence of these clinical factors in glaucoma pa-
tients, we could not prove any significant association
(Pearson chi-square test, p > 0.05) or an increased
risk of progression (OR, p > 0.05). Interestingly, and
with borderline statistical significance (p = 0.07), we
noted diabetes as a “protective” factor in our study
group. However, large-scale epidemiological stud-
ies reported an association between diabetes and
glaucoma [32–34], while others reported this finding
as inconclusive and contradictory [35]. Having in
mind the “vascular theory” and the complex interac-
tion between blood pressure/IOP or blood pressure/
glaucoma [36, 37], we could have calculated the ocular
perfusion pressure for our patients, but no blood pres-
sure values were available from the patients’ charts.
As such, no information could be established in our
study whether glaucoma incidence or progression
were related in any aspect to the perfusion parame-
ters. Other limitations are the retrospective nature of
our study, small number of patients and the clinical
care approach; thus our results cannot be generalized
or applied to other clinical settings.
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Due to logistic limitations (no VFI), we used trend
analysis to define and measure progression rates (db/
year) in the same manner as Nouri-Mahdavi [38] eval-
uated some of the patients in AGIS. We acknowledge
that the progression rate might not have been linear
in glaucoma patients, especially those followed up in
the long term, but this approach allowed the clinician
to evaluate the patient’s behavior when certain treat-
ment was applied. Moreover, it is true that the preci-
sion of determining the MD slope is related to several
factors, including the length of the follow-up period
and the number of examinations. Yet in our study
both the follow-up period and the number of VF were
comparable to other studies and thus the calculated
MD slope could be considered reliable.

Conclusion

Our study aimed to assess whether the risk factors in
glaucoma progression based on normal clinical care
were the same as those described in other major clini-
cal trials. What we concluded was that the progression
rate (db/year) depended on the baseline/final MD lev-
els. Additional risk factors for glaucoma progression
reached no statistical significance in our study, there-
fore larger studies are needed to examine this aspect.
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declare that they have no competing interests.

References

1. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng
C-Y. Global prevalence of glaucoma and projections of
glaucoma burden through 2040. A systematic review and
meta-analysis. Ophthalmology. 2014;121(11):2081–90.

2. Heijl A, Buchholz P, Norrgren G, Bengtsson B. Rates of
visual field progression in clinical glaucoma care. Acta
Ophthalmol(Copenh). 2012;91(5):406–12.

3. Aptel F, Aryal-CharlesN,Giraud JM, el ChehebH,Delbarre
M, Chiquet C, Romanet JP, Renard JP. Progressionof visual
field inpatientswithprimaryopenangleglaucoma–ProgF
study1. ActaOphthalmol. 2015;93(8):e615–e620.

4. de Moraes CG, Liebmann J, Liebmann CA, Susanna R
Jr, Tello C, Ritch R. Visual field progression oucomes in
glaucomasubtypes. ActaOphthalmol. 2013;91:288–93.

5. Forchheimer I, de Moraes CG, Teng CC, Folgar F, Tello C,
Ritch R, Liebmann JM. Baselinemean deviation and rates
of visual field change in treated glaucoma patients. Eye.
2011;25:626–32.

6. de Moraes CG, Juthani VJ, Liebmann JM, Teng CC,
Tello C, Susanna R, Ritch R. Risk factors for visual

field progression in treated glaucoma patients. Arch
Ophthalmol. 2011;129:562–8.

7. Chauhan BC, Malik R, Shuba LM, Rafuse PE, Nicolela MT,
Artes PH. Rates of glaucomatous visual field change in
a large clinical population. Invest Ophthalmol Vis Sci.
2014;55(7):4135–43.

8. EuropeanGlaucoma Society. Terminology and guidelines
for glaucoma, 3rd ed. Savona: Dogma; 2008, pp 138–41.
ISBN788887434286.

9. Leske MC, Heijl A, Hyman L, Bengsston B. Early manifest
glaucoma trial: design andbaselinedata. Ophthalmology.
1999;106(11):2144–53.

10. Rossetti L, Goni F, Denis P, Bengtsson B, Martinez A, Heijl
A. Focusing on glaucoma progression and the clinical
importanceofprogressionratemeasurement: areview. Eye
(Lond). 2010;24(Suppl1):1–7.

11. Folgar FA, deMoraesCG,PrataTS, et al. Glaucomasurgery
decreases the rates of localized and global visual field
progression. AmJOphthalmol. 2010;149(2):258–64.

12. de Moraes CG, Ritch R, Liebmann JM. Bridging the major
prospective national eye institute-sponsored glaucoma
clinicaltrialsandclinicalpractice. JGlaucoma. 2010;20:1–2.

13. PrataTS,deMoraesCG,TengCC,TelloC,RitchR,Liebmann
JM.Factorsaffectingratesofvisualfieldprogressioninglau-
comapatientswithopticdischemorhage. Ophthalmology.
2010;117:24–9.

14. BertrandV,FieuwsS,StalmansI,ZeyenT.Ratesofvisualfield
loss before and after trabeculectomy. Acta Ophthalmol.
2014;92:116–20.

15. Choi YJ, Kim M, Park KH, Kim DM, Kim SH. The risk of
newly developed visual impairment in treated normal
tension glaucoma – a 10 year followup. Acta Ophthalmol.
2014;92:e644–e649.

16. Rossetti L,DigiuniM,MontesanoG,CentofantiM,FeaAM,
Iester M, et al. Blindness and glaucoma: a multicenter
data review from 7 academic eye clinics. PLOS ONE.
2015;10(8):e0136632–24.

17. Artes PH, O’Leary N, NicolelaMT, Chauhan BC, Crabb DP.
Visualfieldprogression inglaucoma:what is thespecificity
of the guided progression analysis? Ophthalmology.
2014;121(10):2023–7.

18. CioffiGA, Liebmann JM. Translating theOHTS results into
clinicalpractice. JGlaucoma. 2002;11(5):375–7.

19. Leske MC, Heijl A, Hyman L, Bengtsson B, Dong L, Yang
Z, EMGT Group. Predictors of long-term progression
in the early manifest glaucoma trial. Ophthalmology.
2007;114(11):1965–72.

20. Lee JM, Caprioli J, Nouri-Mahdavi K, Afifi A, Morales E,
Ramanathan M, Yu F, Coleman AL. Baseline prognostic
factorspredict rapidvisualfielddeterioration inglaucoma.
InvestOphthalmolVisSci. 2014;55(4):2228–36.

21. Lee JM, Caprioli J, Nouri-Mahdavi K, Afifi A, Morales E,
Ramanathan M, Yu F, Coleman A. Baseline prognostic
factorspredict rapidvisualfielddeterioration inglaucoma.
InvestOphthalmolVisSci. 2014Apr7;55(4):2228–36.

22. Lichter PR, Musch DC, Gillespie BW. Interim clinical
outcomes in the collaborative initial glaucoma study
comparing initial treatment randomized tomedicationsor
surgery. Ophthalmology. 2001;108:1943–53.

23. DeMoraesCG,LiebmannJM,GreenfieldDS, etal. Risk fac-
torsforvisualfieldprogressioninthelowpressureglaucoma
treatmentstudy. AmJOphtalmol. 2012;131:669–708.

24. Ernest PJ, Schouten JS, Beckers HJ. An evidence-based
review of prognostic factors for glaucomatous visual field
progression.Ophthalmology. 2013;120:512–9.

25. Gordon MO, Beiser JA, Brandt JD, et al. The ocular
hypertension treatment study: baseline factors that

188 Long-term progression and risk factors in primary open-angle glaucoma in clinical care K



original article

predict the onset of primary open-angle glaucoma. Arch
Ophthalmol. 2002;120(6):714–20,829–830.

26. Drance S, Anderson DR, Schulzer M. Risk factors for
progressionof visual fieldabnormalities innormal tension
glaucoma. AmJOphthalmol. 2001;131:699–708.

27. Kass MA, Heuer DK, Higginbotham EJ. The ocular hyper-
tension treatment study: a randomized trial determines
that topical ocular hypotensivemedication delays or pre-
vents the onset of primary open angle glaucoma. Arch
Ophthalmol. 2002;120(6):701–30.

28. ChoiJ,KookM.Systemicandocularriskfactorsinglaucoma.
NewYork: Hindawi, BiomedResearch International; 2015,
pp1–9.

29. Wong VH, Bui BV, Vingrys AJ. Clinical and experimental
links between diabetes and glaucoma. Clin Exp Optom.
2011;94(1):4–23, Clinical and experimental links between
diabetesandglaucoma.

30. AGIS Investigators. TheAdvancedGlaucoma Intervention
Study (AGIS): 7, the relationship between control of
intraocular pressure and visual field deterioration. Am J
Ophthalmol. 2000;130:429–40.

31. Kang JH, Loomis SJ, Rosner BA, Wiggs JL, Pasquale LR.
Comparison of risk factor profiles for primary open-angle
glaucoma subtypes defined by pattern of visual field
loss: a prospective study. Invest Ophthalmol Vis Sci.
2015;56(4):2439–48.

32. ZhouM,WangW,HuangW, Zhang X. Diabetes mellitus as
a risk factor for open-angle glaucoma: a systematic review
andmeta-analysis. PLOSONE.2014;9(8):e102972.

33. Gerber AL, Harris A, Siesky B, Lee E, Schaab TJ, Huck A,
Amireskandari A. Vascular dysfunction in diabetes and
glaucoma: a complex relationship reviewed. J Glaucoma.
2015;24(6):474–9.

34. Shim SH, Kim CY, Kim JM, da Kim Y, Kim YJ, Bae JH,
Sung KC. The role of systemic arterial stiffness in open-
angle glaucoma with diabetes mellitus. Biomed Res Int.
2015;2015:425835.

35. LeskeMC,WuSY,HennisA,HonkanenR,NemesureB.Risk
factors for incidentopenangleglaucoma: theBarbadosEye
Studies. Ophthalmology. 2008;115:85–93.

36. Abegão Pinto L, Willekens K, van Keer K, Shibesh A,
Molenberghs G, Vandewalle E, Stalmans I. Ocular blood
flowinglaucoma–theLeuvenEyeStudy. ActaOphthalmol.
2016;94doi:10.1111/aos.12962.

37. Costa VP, Harris A, AndersonD, Stodtmeister R, Cremasco
F, KergoatH, Lovasik J, Stalmans I, Zeitz O, Lanzl I, Gugleta
K, Schmetterer L. Ocular perfusion pressure in glaucoma.
ActaOphthalmol. 2014;92(4):e252–e266.

38. Nouri-Mahdavi K, Hoffman D, Coleman AL, et al. Ad-
vanced Glaucoma Intervention of long-term progression
in the Early Manifest Glaucoma Trial. Ophthalmology.
2007;114(11):1965–72.

K Long-term progression and risk factors in primary open-angle glaucoma in clinical care 189

http://dx.doi.org/10.1111/aos.12962

	Long-term progression and risk factors in primary open-angle glaucoma in clinical care
	Summary
	Zusammenfassung
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


