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ARTICLEINFO SUMMARY

Accepted 20 May 2022 Background: To evaluate the effect of oral statins on the rate of Humphrey visual field progression in

patients with open angle glaucoma (OAG).

Keywords: Methods: Patients with primary open angle glaucoma and normal tension glaucoma who had been re-
statins, gularly followed-up in our glaucoma clinic were reviewed for demographic records, statin use history,
glaucoma, comorbid medical conditions, and visual field tests. The rate of visual field progression was compared

between statin users and nonusers using pointwise liner regression. To further analyze visual field change,
we divided Humphrey visual field into twelve subfields and compared the rate of progression accord-
ingly.

Results: Sixty-one OAG statin-users and 65 age matched nonusers were enrolled in the study. The mean
follow-up period was 9.0 years. The average rate of global visual field progression between the two
groups was similar (-0.28 dB/year in statin group and -0.29 dB/year in non-statin group, p = 0.856).
However, in subfield analysis, statin users had slower rate of progression in the superior-nasal area
(zone 3) than in nonusers (-0.07 dB/year vs. -0.28 dB/year, p = 0.019).

Conclusion: The global rate of visual field progression was similar in statin users and nonusers. However,
subfield analysis showed that the superior-nasal visual field declined slower in glaucoma patients who

visual field progression

received oral statins.

Copyright © 2023, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Glaucoma is an optic neuropathy characterized by progressive
loss of neuroretinal tissue, remodeling of optic nerve head and de-
velopment of visual field loss. The prevalence of glaucoma increases
with advancing age.1 For primary open-angle glaucoma (POAG), the
prevalence increased from 0.6% for age 40-49, to 7.3% for people
over 80 years old.2 The visual field defect in glaucoma significantly
affects patient’s functional status and quality of life. 34 Preventing
vision loss in this potentially blinding disease is a topic of increasing
concern.

Statins (hydroxymethylglutaryl coenzyme A reductase inhibi-
tors) are cholesterol-lowering medication commonly prescribed in
patients with dyslipidemia to prevent cerebrovascular and cardio-
vascular disease.>® The mechanisms of statins to reduce the risk of
cerebrovascular and cardiovascular disease are miscellaneous and
may include those independent of their cholesterol-lowering pro-
perties.7'8 The pleiotropic effects of statins had been proposed to
lower intraocular pressure (IOP) and protect retinal ganglion cells
against glaucomatous damage.9’1° There had been increasing inter-
est in the protective effect of statins in glaucoma.

At present, although many studies have found that the con-
sumption of statin may affect the development of glaucoma,ll'15
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only two studies evaluated the relationship between statin con-
sumption and visual field (VF) progression, both using global VF in-
dices as the measurement parameter.lﬁ’17 However, early glaucoma
usually manifests as a localized visual field change, which may be
ignored on global indices. Pointwise linear regression (PLR) is an-
other way to evaluate VF progression. It reveals the regression of
retinal threshold sensitivity over time at each test location and pro-
vides an estimate for the rate of change at each test location in the
visual field. PLR analysis has been used frequently in research set-
tings to detect visual field progression.m_22 The current study eva-
luated the effect of oral statin consumption on VF progression using
PLR.

2. Methods

This study was approved by the Chang Gung Medical Founda-
tion Institutional Review Board (202100686B0) and was conducted
in accordance with the tenets set forth in the Declaration of Helsinki.

Retrospectively we enrolled patients diagnosed as having pri-
mary open angle glaucoma (POAG) and normal tension glaucoma
(NTG) at the Department of Ophthalmology of Chang Gung Memo-
rial Hospital, Linkou, Taiwan from 2002/11/01 to 2018/10/30. The
glaucoma patients who had received at least five reliable visual field
tests were included for further evaluation. All visual field tests were
performed regularly every 6 months using the Humphrey Field An-
alyzer (Carl Zeiss Meditec Inc, Dublin, California, USA) with a 30-2
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test pattern, size Il white stimulus Swedish interactive threshold al-
gorithm (SITA) standard program. The reliability criteria were set as:
false-positive rates < 15%, false-negative rates < 30%, and fixation
losses < 20%. The exclusion criteria were prior ocular surgery or laser
iridotomy, glaucoma suspect, primary angle closure glaucoma or
secondary glaucoma. Results of serum lipid profile and blood pres-
sure were also documented.

The enrolled glaucoma patients were subsequently divided into
two groups according to whether oral statins were used during this
follow-up period. Patients in the statin group had oral statins th-
roughout the time of follow-ups. The rate of VF progression between
the two groups were compared. When evaluating VF progression,
the 74 test locations of the 30-2 Humphrey visual field were divided
into 10 zones according to the glaucoma hemifield test (GHT) sec-
tors, and the remaining temporal-peripheral area were further di-
vided into 2 zones, making a total 12 zones (Figure 1). Zone 1 to 6
were in the upper hemifield and zone 7 to 12 were in the lower
hemifield. The VF sensitivity in each zone was averaged and the rate
of visual field progression (dB/year) were calculated. Data were ex-
pressed as mean * standard deviation (SD) for continuous variables
and percentage for categorical variables. The computational statisti-
cal environment R (http://www.r-project.org) was used to carry out
large-scale pointwise linear regression analyses. Categorical vari-
ables were compared using the X2 test, whereas continuous vari-
ables were compared using an independent t test. p < 0.05 indicated
statistical significance.

3. Results

In total, 126 patients with POAG or NTG were enrolled. There
were 61 patients in the statin group and 65 in the non-statin group.
The demographic data between the two groups was shown in Table 1.
There were no significant difference in age, gender distribution, visual
acuity, intraocular pressure, number of glaucoma medication, base-
line visual field mean deviation, and follow-up period between the
two groups. Physical and laboratory examination showed no signifi-
cant difference in blood pressure, body height, creatinine, serum glu-
cose, high-density lipoprotein (HDL) and uric acid level between the
two groups. However, the statin group had more comorbidity. Com-
pared with non-statin group, the total cholesterol and low-density
lipoprotein (LDL) level were lower (p = 0.004 and 0.028, respec-
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tively), and the mean body weight was higher (p = 0.031) in the statin
group. Atorvastatin and rosuvastatin were the most frequently pre-
scribed statins. The types of statins used was shown in Table 2.

Table 1
Clinical characteristics of patients.
Statin Non-statin
p value
group group
Patient number 61 65
Age at recruitment 51.2 50.0 0.469
Sex (male/female) 4,55 2.10 0.066

Systemic disease

Hypertension 32 (52.4%) 9(13.8%) <0.001*

Diabetes mellitus 20 (32.8%) 0 (0%) <0.001*
Dyslipidemia 50 (90.0%) 5(7.7%) <0.001*
Renal disease 6(9.8%) 2 (3.1%) 0.155
CVA 6 (9.8%) 0 (0%) 0.011*
CAD 11 (18.0%) 2 (3.1%) 0.007*
Physical and laboratory exam.
Systolic blood pressure (mmHg) 129.5 127.2 0.517
Diastolic blood pressure (mmHg) 76.4 78.0 0.514
Body height (cm) 165.2 166.2 0.600
Body weight (kg) 69.0 62.6 0.027*
Creatinine (mg/dL) 1.11 0.83 0.268
ALT (U/L) 24.8 273 0.435
Glucose (mg/dL) 108.2 99.5 0.111
Cholesterol (mg/dL) 176.5 202.0 0.005*
HDL (mg/dL) 50.5 52.3 0.589
LDL (mg/dL) 100.4 124.0 0.007*
TG 1.12 0.83 0.268
Uric acid (mg/dL) 5.91 5.71 0.564
Eye number 107 106
POAG/NTG 45/62 40/66 0.520
VA (logMAR) 0.105 0.160 0.213
Initial IOP 14.64 14.13 0.115
Initial MD -2.47 -1.71 0.081
No. of glaucoma medication 1.74 1.80 0.664
Mean follow-up period (years) 9.0 10.6 0.790
*p<0.05.

ALT = alanine aminotransferase, CAD = coronary artery disease, CVA =
cerebrovascular accident, HDL = high-density lipoprotein, IOP = intraocular
pressure, LDL = low-density lipoprotein, logMAR = logarithm of the
minimum angle of resolution, MD = mean deviation, No. = number, NTG =
normal tension glaucoma,POAG= primary open-angle glaucoma, TG =
triglyceride, VA = visual acuity.
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Figure 1. The twelve zones of visual subfield analysis. The 74 test locations of the 30-2 Humphrey visual field were divided into 10 zones according to the
glaucoma hemifield test (GHT) sectors. The remaining temporal-peripheral area were further divided into 2 zones, making a total 12 zones. The two points of

the blind spot was excluded.



56

Table 2

The types of statin used by the statin group.
Statin N=61 %
Atrovatstatin 28 45.9
Fluvastatin 4 6.6
Lovastatin 1 1.6
Pitavastatin 4 6.6
Rosuvastatin 21 344
Simvastatin 3 4.9

The average rates of global visual field progression between the
two groups were not statistically significant (-0.28 dB/year in statin
users and -0.29 dB/year in non-statin users, p = 0.856) (Table 3).
Subfield analysis revealed that the rate of VF progression was similar
in all zones except for zone 3, where the decline rate was significantly
slower in statin users than in non-statin users (-0.07 dB/yr and -0.28
dB/yr, p = 0.019). Although statistically insignificant, statin users had
faster VF decline in most of the inferior fields and slower VF decline
in the superior fields (Figure 2).

Table 3
Visual field sensitivity change slope in glaucoma patients with and without
statin use.

Zone Statin (N = 107) (dB/yr) No statin (N = 106) (dB/yr) p value
Z1 -0.2560 -0.3025 0.650
2 -0.2738 -0.2986 0.748
Z3 -0.0660 -0.2811 0.019*
4 -0.1521 -0.2515 0.285
Z5 -0.1803 -0.2075 0.756
6 -0.1004 -0.1177 0.797
77 -0.2159 -0.2833 0.431
78 -0.3064 -0.2892 0.853
29 -0.2817 -0.2711 0.912
Z10 -0.1857 -0.2302 0.519
Z11 -0.0625 -0.2209 0.052
712 -0.1205 -0.0765 0.615
ZU -0.1594 -0.2768 0.180
ZL -0.3399 -0.2613 0.390
Zall -0.2793 -0.2954 0.856
*p<0.05.

ZU represents the upper hemifield, which is composed of Z1 to Z6. ZL
represents the lower hemifield, which is composed of Z7 to Z12. Zzall
represents the global visual field.

W.-W. Su et al.

4, Discussion

Previous research had suggested that statins not only prevent
cardiovascular disease, but also lower the risk of POAG.11713.23
Talwar et al. analyzed the Clinformatics Data Mart database and
found that patients who used statin had a 21% reduction in the risk
of open angle glaucoma (OAG) compared to patients who did not
use statin.!! Stein et al. analyzed the national United States managed
care network database and found that patients with hyperlipidemia
can reduce the OAG risk by 8% after using statin for two years.12
Marcus et al. found that the hazard ratio of OAG for statin users was
0.54 in a prospective population-based cohort study.13 The above
studies indicate that long-term use of statin reduced the incidence of
OAG.

Besides, some observational studies demonstrated that oral
statins decelerated VF progression in glaucoma patients. Leung et al.
found that statins use was among 6.6% of patients who had VF pro-
gression and among 17% of patients without VF progression in a co-
hort study consisting of 256 patients over 36 months’ follow-up
period, indicating that statins were associated with VF stabilization.*®
In another observational study including 847 patients with a mean
follow-up period of 1324 days, Whigham et al. found that 35% of
patients using statins developed VF progression, whereas 56% of
patients who did not use statins developed VF progression. The
study indicated that statin users were less likely to develop VF pro-
gression.17 However, the follow-up periods were only 3—4 years in
both aforementioned studies. The long-term effect of oral statins on
VF progression is not clear. The current study followed the patients
with early OAG for near ten years and found that there was no sta-
tistically significant difference in the global rate of VF progression
between statin users and non-statin users.

Some studies argued that statins provided no protective effect
against glaucoma.l“'l‘r"24 A population-based study using the Régie
de I'assurance maladie du Québec database found that there was no
significant difference in the use of prostaglandin analogue between
patients with or without statins use.'> Owen et al. observed over five
years using UK DIN-LINK database and found no correlation between
statins use and the incidence of glaucoma.24 Chen et al. found that
statin use was not associated with a significant higher risk of OAG,
but the risk of developing OAG was 1.24 times higher in those who
used high dosage of statin than the those without statin use.’ The
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Figure 2. The effect of statins on visual field progression. The dark blue area (Z3) represents statistically significant slower visual field progression in the statin
group. The light blue area shows slower progression in the statin group but did not reach a significant difference. The light red area shows faster visual field

progression in the statin group, but also statistically insignificant.
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Taiwan-based study using National Health Insurance Research Data-
base concluded that the patients using high dosage of statin carried
a higher risk of developing OAG, and the protective effect of statin
against glaucoma was not clarified.

We proposed possible explanations why statin did not affect
global VF progression. First, statins were known to be beneficial for
macrovascular diseases, such as cardiovascular disease and cerebro-
vascular disease, its role on microvascular disease was not clear.?®
Since glaucomatous optic neuropathy is a microvascular disease, the
protection of statins against glaucomatous optic neuropathy re-
mained to be verified. Second, statins were known to raise plasma
glucose level and increase the risk of developing diabetes mellitus,
which may offset its protective effects.5~28 Third, statins may cause
cataract by inhibiting HMG-CoA synthase in lens, reducing sterol
synthesis and isoprene-derived anti-inflammatory substances.?>30
Several animal studies had shown that statins accelerated the de-
velopment of cataract.?%3% Other clinical studies also found that
statins were associated with the development of cataract.332 The
development of cataract may interfere visual field testing thus blunt-
ing the protective effect of statin. In the current study, all the in-
cluded glaucoma patients were phakic, thus the development of
cataract associated with statin use may mask its protection effect
against VF progression.

The protective effect of statin on VF progression may be differ-
ent in each subfield. Unlike previous studies which focused on global
rather than regional VF changes, the current study was the first one
to describe the influence of oral statins on the progression of visual
subfields. Our result showed that although the global VF decline rate
was similar, statin users had slower progression in the nasal upper
area (Zone 3) compared to non-statin users. Although the mecha-
nism was unclear, we assumed that there were regional differences
in retina blood perfusion. Zink et al. reported that the inferior tem-
poral part of the optic disc was most vulnerable to changes in retinal
blood flow, which lead to VF progression in the superior-nasal area.
Kim et al. confirmed that the superior-nasal VF defect was most re-
lated to systemic diseases such as essential hypertension and dia-
betes mellitus.3* The pleiotropic effect of statins might increase
endothelial nitric oxide synthase (eNOS), which subsequently in-
creased nitric oxide level and caused vasodilation.3® It was reported
that statin might induce vasodilatation of retinal arterioles and
venules and improved retinal blood flow. 3637 Presumably, statins
improved focal retinal and optic nerve blood flow and produced pro-
tective effects on the corresponding visual subfield.

Studies have shown that statin users often had more comor-
bidities, which may also affect the development of glaucoma. These
comorbidities can result in interference when analyzing the effect of
statin on VF progression.le'38 In the current study, although patients
using statins did have more comorbidities, there were no significant
difference in age, systolic and diastolic blood pressure, and most of
the biochemistry tests except lipid profile between the two groups.
We believe that the results of our analysis had reduced the inter-
ference of these factors.

There were several limitations of the current study. First, the
retrospective nature of the study may have introduced selection or
information bias. Second, the sample size was relatively small. Third,
the current study only evaluated the impact on VF but not on optical
coherence tomography. Whether the use of statins would affect the
structural changes of the optic disc remains to be addressed. Fourth,
although statistically insignificant, the statin group had worse base-
line MD. However, the MD in both groups were within the range of 0
to -6 which was classified as mild glaucoma according to the Glau-
coma Staging System. The difference would not affect the result.3®
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5. Conclusion

The current study was the first analyzing the long-term effect of
oral statin on glaucoma visual field progression. We found that statin
use did not affect the global rates of VF progression. However, in
subfield analysis, the progression in the superonasal VF was signifi-
cantly slower in statin users than in non-statin users. The protective
effect of statins against VF progression might be regional but not to
the entire visual field. Whether statin use slow the progression of
glaucoma still needs further elucidation.
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