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Reduction of intraocular pressure is currently considered as the main strategy to stop or slow down the progression of glaucomatous optic
neuropathy. However, this goal is achieved in only 1 in 7 patients with primary open-angle glaucoma (POAG). Therefore, it is important to
determine further risk factors that can be therapeutically influenced. One example of such risk factors is lipid metabolism disorders. Material
and methods. Literature search in PubMed using the queries “primary open-angle glaucoma ” and “dyslipidemia ” limiting oneselfto the period
Sfrom 2000 to 2021. Results. POAG is currently considered to be a systemic neurodegeneration with neuroinflammation at the forefront.
Oxidized low density lipoprotein (oxLDL) acts as a free radical (so-called bioactive lipid) with pro-inflammatory properties and promotes
glaucomatous neuroinflammation. Conclusion. In addition to a personalized targeted pressure-oriented intraocular pressure reduction,
LDL-associated lipid metabolic disorders should be corrected in every POAG patient. LDL cholesterol below 100 mg/dl (2.6 mmol/l) in
the blood is the critical threshold level.
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CHuxcenue enympuenasnoeo dasaenus (BIJl) 6 nacmosiyee apems cuumaemcs 0CHOBHOU cmpamezueil 0CMaHOBKU UAU MOPMOJICEHUS
npoepeccupo8aHus eAayKomMHoll Helponamuu 3pumenvHoeo Hepsa. Oonako ama yeav docmueaemcs auib 'y 1 uz 7 6016HbIX NePEUHHOU
omkpvimoyeonvholi eraykomoit (IIOYT). B cesnzu c samum axcro onpedeaums 00NOAHUMENbHbIE PAKMOPbL PUCKA, HA KOMOPbLE MOICHO
6030elicmeosams mepanesmuyecku. OOHUM U3 MAKUX YaKmopos pUcka moxicem Obims Hapyuienue AUunUoHo20 oomera. Mamepuaa u memoob..
Tlouck aumepamypot 6 PubMed no 3anpocam «nepsuuHas OMKpbImMoy20AbHAS 2AAYKOMA», «Oucaunudemust» 8 nepuod ¢ 2000 no 2021 e.
Pezyavmameot. [10YT 6 nacmosiujee epems cuumaemcs CUCMEMHOLL Helipode2eHepauyell ¢ HellposoCnaieHuemM KaK KAueabiM YaKmopom.
Oxucaennblii aunonpomeur Huskoi naomuocmu (JIILHII) deiicmeyem kak c600600HbLi padukan (mak HA3bl6aeMblil OUOAKMUBHBLI AUNUO)
€ NPOBOCHANUMENbHBIMU CBOUICIMBAMU, KOMOPbLI CNOCOOCMEYem 2AAYKOMAmMO3HOMY Helipoeocnanenuio. 3akaiouenue. [lomumo yenesoeo
nepconugpuyuposartoo cuuxcenus BIJl, y kaxcdoeo nayuenma ¢ I10YT caedyem ckoppekmuposams HapyuieHus AUNUOHO20 0OMeHa,
ceszannvle ¢ JIITHII. TTopocoswim opuenmupom caedyem cuumams yposers xonecmepura JIITHII 6 kposu nuxce 100 me/0n (2,6 mmons/n).
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In the treatment of glaucoma, the emphasis in daily practice
is on achieving the target pressure, the individually targeted eye
pressure level at which glaucomatous progression should stop
as best it can, or progress only slightly. This therapy concept
has been implemented for more than 100 years, but this therapy
strategy shows only a very limited success. For example, 7 patients
have to be treated with POAG to stop the progression in one
patient (number needed to treat = NNT = 7) [1]. This is even
more evident in patients with ocular hypertension (OHT). Here,
the NNT =16—20[1, 2]. This means that 16—20 patients with OHT
have to be treated to prevent conversion to POAG in 1 patient (!).
In addition, the Early Manifest Glaucoma Trial showed that after
8 years of therapy with a mean achieved pressure of 15.5 mm Hg
in newly detected glaucoma patients, progression was still 59%
and differed only by 17% from the comparison group of glaucoma
patients who received no therapy (79%) [3].

These results are quite sobering and demonstrate that
the mere reduction of intraocular pressure alone is not sufficient
to treat patients with POAG effectively. Therefore, it is
absolutely time to reconsider the current therapy concept from
both the clinical and the scientific point of view. This is not to
question ocular pressure reduction per se as a reasonable way
in a complex treatment strategy, but ocular pressure reduction
must not remain the only treatment strategy. Our knowledge of
POAG has improved considerably over the last 20 years, and yet
this knowledge is rarely applied in practical glaucoma treatment.
It is undisputed that POAG is a neuroinflammatory disease
leading to cerebral neurodegeneration [4, 5]. The driving forces
for this are primary mitochondrial dysfunction, primary vascular
dysfunction, and immunologic dysregulation with the presence
of various autoantibodies [6], which act both on the eye itself but,
more importantly, systemically. These complex pathophysiological
processes cannot be compensated by a local reduction of
intraocular pressure. Therefore, we need a personalized holistic
therapy strategy for each individual POAG patient in order to offer
ameaningful therapy strategy according to his personal risk profile.

The main unifying therapeutic goal is to reduce the increased
oxidative stress and with it the neuroinflammation. It is often
overlooked that even the smallest step in this direction is an
important component in the overall therapy concept. Even
though randomized, prospective multicenter studies would
certainly be useful to substantiate these approaches, we will still
have to wait decades for this. However, the current knowledge
already allows taking care of the containment of the increased
oxidative stress now.

A complementary basis for a systemic view of POAG is
the presence of systemic underlying diseases in addition to its
own specific neuroinflammation. Arterial hypertension is present
in about 50% and diabetes mellitus and dyslipidemia in 20—30%
[7, 8]. However, these three systemic diseases themselves lead to
an increased oxidative stress [9—11], whereby they additionally
burden the glaucomatous neuroinflammation, in which they are
also associated with a neuroinflammation [12]. Thus, it is part of
the overall therapeutic concept of a POAG to also take care of
the optimal adjustment of these underlying diseases [13].

The example of dyslipidemia will be used to illustrate this.
During fat intake (triglycerides, cholesterol), fats are metabolized
by the liver, released as very low density lipoprotein (VLDL) and

later converted into LDL (low density lipoprotein). LDL thus
transports cholesterol formed by the body itself from the liver
to the tissues. It circulates in the blood for about five days and
has a lipid content of about 80%. Under conditions of increased
oxidative stress, LDL undergoes oxidation and becomes oxidated
LDL (oxLDL) [14], which itself acts as a free radical as a so-
called bioactive lipid with proinflammatory properties. The
outer shell of oxLDL is altered in such a way that it no longer
enters the cell via the LDL receptors and remains in the blood.
It is highly immunogenic, leading to upregulation of scavenger
receptors and toll-like receptors, activating adhesion molecules in
endothelial cells [15], and promoting the conversion of monocytes
to macrophages, which, however, cannot degrade oxLLDL, leading
to the formation of the characteristic foam cells in atherosclerotic
lesions [14, 15]. Highly elevated oxLLDL levels also result in
increased free radical release in mitochondria [16], creating a self-
sustaining cycle with chronic increase in oxidative stress.

In the context of primary mitochondriopathy in POAG,
there is a generally increased cellular oxidative stress, so that
this already sets the stage for oxidation of LDL to oxLDL.
In human trabecular cells, the corresponding LDL receptors
have been detected [17], the activation of which can lead to
oxidative trabecular remodeling processes. OxLLDL can stimulate
the transcription factor NF-kB [18] and thereby release growth
factors, such as TGF-f [19], which itself has an unfavorable
effect on trabecular meshwork [20]. All together, oxLDL may
unfavorably influence outflow resistance and increase intraocular
pressure and/or limit the efficacy of local therapy.

In a recently published meta-analysis, increased triglyceride
levels were detected in POAG patients [21] and in another meta-
analysis a positive correlation between triglycerides and increased
intraocular pressure was found [22].

What are the therapeutic consequences?

The most important basis is a differentiated blood lipid
determination to detect dyslipidemia with elevated LDL levels.
This should generally be done in case of a newly detected POAG
and in the context of glaucomatous progression. Because patients
with POAG can be classified as having moderate vascular risk,
the target LDL level for this patient group is less than 100 mg/dl
(2.6 mmol/L) according to the recommendations of the European
Society of Cardiology [23]. For higher LDL levels, lifestyle changes
are a good first therapeutic step, such as abstaining from nicotine,
limiting the amount of coffee, eating a balanced diet, exercising,
and avoiding pronounced stress situations for a longer period of
time. However, these measures are only implemented by patients to
avery limited extent [24]. Statins [25], which interrupt intracellular
cholesterol formation, are therefore considered the therapy of
choice. This results in increased expression of LDL receptors at
the cell surface and increased reabsorption of LDL from the blood.
Overall, the therapy is considered safe and effective, with myalgias
and rarely glucose intolerance occurring in 0.1% as side effects, and
the discussed risk of diabetes is considered low [26]. In patients with
hyperlipidemia, after 2 years of statin therapy, the relative risk of
POAG decreased by 8% and progression in glaucoma patients by
9% compared with those without statin therapy [27]. Supportively,
data from the Erlanger Glaukom Register showed that progression
of POAG as well as conversion of OHT to POAG is significantly
reduced under statins [28].
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In particular, the pleiotropic effects of statins have
been shown to play an important role. Pleiotropic effects are
therapeutic effects that are not related to the original main effect.
For statins, mainly anti-inflammatory, immunomodulatory,
and vascular endothelium-protective effects [25, 29], as well as
neuroprotective effects [30—32] have been demonstrated, which
can also meaningfully intervene in the disease process in POAG.
Experimentally, neuroprotective effects have been demonstrated
in an OHT animal model [33].

In addition, in the presence of dyslipidemia, local eye
pressure-lowering therapy with p-blockers should be avoided
because they, especially timolol, can increase triglycerides [34]
and lower HDL cholesterol [34, 35].

In conclusion, dyslipidemia, specifically high plasma
LDL, may intensify the neuroinflammatory events in POAG
patients in which it negatively affects neurodegeneration such as
in Alzheimer's disease [36, 37]. Therefore, in newly discovered
POAG patients as well as in glaucomatous progression, blood lipids
and especially LDL cholesterol should be determined in order to
reduce them to below 100 mg/dl (2.6 mmol/1). In local therapy,
[-blockers should be avoided.
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