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Glaucoma is one of the leading causes of irreversible blindness
worldwide, and currently lowering of IOP by medical/laser/surgical
therapy is the only option for managing glaucoma patients. In
general, the focus of ophthalmologists is on the eye and the
target IOP in glaucoma patients; however, this approach neglects
approaching the disease as a systemic manifestation impacting the
eye and treating the patient as a whole.

Both aging and stress can have deleterious effects on
glaucomatous optic neuropathy. Stressors are defined as the stimuli
that disrupt or threaten to disrupt homeostasis.? Recently, the
concept of allostasis has gained recognition to redefine stress and
measure it objectively. According to conceptualization by McEwen
and Wingfield, allostasis is the process of maintaining stability
(homeostasis) through change in both environmental stimuli
and physiological mechanisms.> Maintenance of physiological
parametersin aliving organism is homeostasis and the physiological
mechanisms that maintain homeostasis is referred to as allostasis.*
On exposure to repeated stressors, there is wear and tear on the
organism'’s coping mechanisms, and this constitutes what is known
as the “allostatic load”. It also indicates how prepared the individual
is to cope with future stressors. This concept also proposes a
threshold beyond which allostaticload turns into allostatic overload
and leads to disease.

Allostatic load is assessed by markers of physiological
dysregulation.’ These markers represent four biological systems,
such as cardiovascular system, metabolic system, inflammatory
system, and neuroendocrine system, and have also been described
as consisting of primary mediators and secondary outcomes of
stress.%” Allostatic load score (ALS) is one of the most well-known
measures to quantitate this load. The original description of ALS
included 10 parameters: systolic blood pressure, diastolic blood
pressure, total cholesterol (TC), high-density lipoprotein (HDL),
glycosylated hemoglobin (HbA1c), waist-to-hip ratio (WHR),
dehydroepiandrosterone sulfate (DHEA-S), urinary epinephrine,
urinary norepinephrine, and urinary cortisol. Each of which is
converted into a dichotomous variable, with 1 point given if the
biomarker is in the high-risk range (highest or lowest quartile)
and 0 if not.® It has been proposed that neuroendocrine and
immunological parameters should be included in allostatic load
measurements. There have also been variations in terms of defining
the cutoff of each biomarker as well as the way total score is
calculated. The total score is usually treated as a continuous variable,
and higher scores represent greater allostatic load although few
studies have also dichotomized the total score. Currently, there is
no accepted “gold standard” measure.’ Some of the biomarkers that
have been used in various studies are listed in Table 1.

The risk of mortality increases both with increasing age and
an increase in allostatic load. Additionally, the allostatic load also
increases with age and stress.!” Stress can modulate the exosomal
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contents (non-coding RNAs) and accelerate aging, and stress also
activates the hypothalamic-pituitary-adrenal (HPA) axis and leads
to release of glucocorticoid stress hormones, thereby further
increasing the allostatic load."

INTERPLAY BETWEEN CHRONIC SYSTEMIC
Diseases, ALLosTATIC LoAD, AND GLAUCOMA

Studies have shown a positive association between allostatic
load and hypertension. The drivers of allostatic load have been
identified as chronic stressors such as occupational stress,
social isolation, marriage and racial discrimination, etc.'*
Allostatic load also correlates with development of diabetes and
hypercholesterolemia.’ In addition, allostatic load has been shown
to be associated with other chronic diseases such as abdominal
obesity, cardiovascular disease, arthritis, and cancer' (Flowchart 1).

Older age, diabetes, hypertension, heart disease, and sickle cell
anemia are systemic risk factors for glaucoma, and these systemic
diseases have been directly linked to the allostatic load. In a study
by Dave et al., the prevalence of diabetes mellitus and hypertension
was 29.4% and 47.5%, respectively, in patients with glaucoma.”

Table 1: Biomarkers used for allostatic load measurement in published
literature®

Remarks

Primary mediator: Neuroendocrine
Primary mediator: Neuroendocrine
Primary mediator: Neuroendocrine

S.no.  Biomarker

1 Urinary cortisol
Salivary cortisol

3 Dehydroepian-
drosterone sulfate

(DHEA-S)
4 Urinary epinephrine Primary mediator: Neuroendocrine
5 Urinary Primary mediator: Neuroendocrine

norepinephrine
Heart rate variability
7 TNF-a

Primary mediator: Neurophysiological
Primary mediator: Anti-inflammatory
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Flowchart 1: Plausible mechanisms of association between allostatic load and glaucoma
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Other studies report that there is significant association of chronic
systemic diseases such as diabetes, hypertension, coronary artery
disease, obstructive sleep apnea, etc., with primary glaucoma, but
their actual role as a risk factor for glaucoma needs to be further
evaluated.'® One possible explanation is that allostatic load is an
important risk factor both for systemic diseases and for glaucoma,
leading to the observed association between chronic systemic
diseases and glaucoma. There are various possible mechanisms
by way of which allostatic load may cause or worsen glaucoma
(Flowchart 1).

Chronic stress can lead to excess secretion of hormones like
catecholamines and endogenous glucocorticoids like cortisol.
Catecholamines can lead to vasoconstriction and decrease the
blood supply to the optic nerve head and retinal ganglion cells,
while cortisol can lead to an increase in IOP due to changes in the
trabecular meshwork."” Corticosteroids can also induce myocilin
(MYOCQ) in trabecular meshwork, which is linked to glaucoma.'
The association between allostatic load and the changes itinduces
in ocular physiology needs our attention and warrants further
investigation. Recent studies suggest that stress can cause an
increase in intraocular pressure in both open angle and angle
closure glaucoma, and techniques of mindfulness and relaxation
can decrease it.”>22 Hence, stress can be a causal factor for a rise
in intraocular pressure and also be a consequence of it which
constitutes a self-perpetuating vicious cycle. Stress and allostatic
overload could also be cause of worsening of intraocular pressure
in previously controlled patients. Continuous stress with elevated
cortisol levels and catecholamines can cause sympathetic nervous
system overdrive and vascular dysregulation. This can lead to a
decrease inischemia threshold and contribute to optic neuropathy
without rise in IOP (normal pressure glaucoma).?® Thus, stress can
lead to high tension glaucoma by raising intraocular pressure
through autonomic imbalance/endogenous hypercortisolism and
normal tension glaucoma by vascular dysregulation. Stress also
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provokes chronic inflammation, raising levels TNFa and IL6, and
this can be a factor contributing to RGC apoptosis due to neuro-
inflammation of the glial cells.?* In general, glaucoma patients
suffer from an impaired quality of life which may worsen further
with medical/surgical therapy, and this leads to a state of allostatic
overload that increases risk of other systemic diseases and
mortality.?

THERAPIES TO DECREASE THE ALLOSTATIC
LoaD

Interventions that reduce allostatic load may be helpful for patients
with glaucoma. In this regard, lifestyle interventions, including a
healthy diet, regular aerobic exercises, Yoga, and meditation, may
have a significantimpact in reducing this load.?>?® A meta-analysis
by Pascoe et al. proved that practicing yoga asanas reduced the
markers of allostatic load like cortisol, systolic blood pressure,
cholesterol, and fasting blood sugar.?’ Yoga and meditation has
beeninculcated asa complete stress reduction program to increase
the quality of life and well-being to promote healthy aging.??°
Meditation was found to be useful in chronic systemic diseases and
has shown to improve blood sugars and blood lipid levels in type
2 diabetes mellitus patients.>®

Studies have shown that yoga and meditation are helpful in
patients with glaucoma, and this effect may be mediated through a
reduction of the allostatic load. Meditation may prevent glaucoma
progression by reducing IOP through the following mechanisms:
decreasing serum cortisol, increasing nitric oxide, augmenting
blood flow and brain oxygenation, lowering oxidative stress, and
decreasing inflammation.>'

Clinically, the association of allostatic load and glaucoma has
importantimplications. After diagnosing a patient with glaucoma,
ophthalmologists should make effort to evaluate the allostatic
load in conjunction with a physician and suggest dietary/lifestyle
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modifications that reduce allostatic load, along with the prescribing
of glaucoma medications. A team comprising of the glaucoma
specialist, psychologist, dietician/fitness expert, and general
physician may provide ideal holistic therapy for glaucoma patients.
This may prove to be a useful adjunct tool forimproving the quality
of patients suffering from this irreversibly blinding disease and help
us to widen our “target” from lowering IOP to improving the overall
health of glaucoma patients.
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