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Intraocular pressure (IOP) is a pressure to keep an
approximately spherical shape of the eyeball and it plays a
pivotal role in the maintenance of normal visual function
and ocular homeostasis. The level of IOP is physiologically
controlled by a dynamics of aqueous humor circulation
consisting of (1) production by the ciliary body, (2) spread
into the anterior chamber and (3) drainage through the
trabecular meshwork. However, an imbalance between the
production and drainage of aqueous humor can cause a
dysregulation of IOP. Abnormally elevated IOP is one of
the major causes of glaucoma, which can lead to serious
visual impairment. The establishment of effective approa-
ches for controlling IOP has been an important research
topic.

It has recently been reported that the risk for the devel-
opment of glaucoma independent of levels of IOP was
significantly higher in patients with hypertension who were
taking calcium channel blockers than in those taking other
antihypertensive agents [1], suggesting that therapeutic
strategies for hypertension can affect eye diseases including
glaucoma. Furthermore, in addition to the evidence that
chronic elevation of IOP is associated with the development
of glaucoma, there have been some studies showing a
relationship between IOP and blood pressure. Recent cross-
sectional studies showed that patients with hypertension
often have a high level of IOP [2] and a high incidence of

P4 Masato Furuhashi
furuhasi @sapmed.ac.jp

Department of Cardiovascular, Renal and Metabolic Medicine,
Sapporo Medical University School of Medicine, Sapporo, Japan

Department of Cellular Physiology and Signal Transduction,
Sapporo Medical University School of Medicine, Sapporo, Japan

Department of Ophthalmology, Medical University School of
Medicine, Sapporo, Japan

SPRINGER NATURE

glaucoma [3]. However, there had been few longitudinal
studies on the incidence rate of hypertension based on levels
of IOP. Moreover, it remains unclear whether a high level
of IOP, even within the normal range, is a risk factor for the
development of hypertension. Therefore, we recently
investigated the chronological relationship between IOP and
new onset of hypertension during a 10-year follow-up
period in 7487 Japanese people who underwent medical
health checkups [4]. Cox proportional hazards analysis
adjusted for confounding factors including age, sex, systolic
blood pressure, obesity, habits of current smoking and
alcohol drinking, family history of hypertension, estimated
glomerular filtration rate, and diagnosis of diabetes and
dyslipidemia at baseline showed that the hazard ratio (HR)
for newly developed hypertension was significantly higher
in subjects with the 3" tertile of IOP (214 mmHg) than in
those with the 1st tertile of IOP (<11 mmHg) (HR [95%
confidence interval]: 1.14 [1.01-1.29]) [4]. Furthermore,
analysis using a restricted cubic spline curve showed that a
gradual but robust increase in HR for new onset of hyper-
tension was accompanied by an increase in IOP at baseline
[4]. Our findings suggest that a high level of IOP, even
within the normal range, is an independent risk factor for
the development of hypertension over a 10-year period.
Based on the results, we propose that the presence of high
IOP levels should be considered not only as an indicator for
diagnosis and management of glaucoma but also as a risk
factor for the development of hypertension. Cardiovascular
physicians and ophthalmologists should closely collaborate
to prevent the development of hypertension by detecting the
presence of high IOP levels.

The mechanisms underlying the link between elevated
IOP, glaucoma, and hypertension are presumably multi-
factorial. It has been shown that the production of aqueous
humor in the ciliary body is regulated by the sympathetic
and parasympathetic nervous systems and humoral factors
such as the renin-angiotensin-aldosterone system [5]. Those
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factors may be at least major determinants in the relation-
ship of elevated IOP and glaucoma with hypertension.
Indeed, a recent study showed that a high IOP level, even
within the normal range, was a risk factor for the devel-
opment of glaucoma regardless of blood pressure in patients
with primary aldosteronism [6]. Several factors including
autonomic dysfunction, humoral factors, redox imbalance,
and insulin resistance have been shown to be involved in
various intraocular physiological dysfunctions including
glaucoma [5].

It has been reported that fatty acid-binding protein 5
(FABPS) expressed in adipocytes and macrophages plays
significant roles in several aspects of metabolic syndrome,
including hypertension and atherosclerosis [7, 8]. We
recently demonstrated that FABPS is abundantly expressed
in human non-pigmented ciliary epithelial cells among
several ocular cell lines and that FABPS5 regulates the
expression of aquaporin 1 as an essential regulator in

aqueous humor dynamics in human non-pigmented ciliary
epithelial cells [9], possibly regulating levels of IOP. Taken
together with the results of our previous study showing that
FABPS level in human vitreous tissue was increased in
patients with retinal vein occlusion [10], which is induced
by atherosclerosis as a mutual relationship between IOP and
hypertension, dysregulation of lipid metabolism may be a
novel important clue in the relationship between increased
levels of IOP and systemic diseases including hypertension.
Future studies focusing on the role of lipid metabolism
abnormalities linking hypertension and eye diseases are
warranted.

In summary, there is a silent but distinct interplay
between elevated IOP, glaucoma and hypertension.
Possible mechanisms of the interaction are shown in
Fig. 1. It should be noted that we need to be more inter-
ested in the relationship between hypertension and eye
diseases.
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Fig. 1 Schema of the possible
link between elevated IOP,
glaucoma, and hypertension.
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