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Ocular examination is an essential diagnostic component of
any physical examination, which can assist in diﬀerential
diagnosis and be crucial in decision regarding the treatment
method.
A signiﬁcant number of diseases are known to present
with ocular involvement, such as vascular diseases, diabetes
mellitus, diseases involving nervous system, or rheumatoid
diseases. Sometimes, ocular involvement is present as
a primary symptom, such as peripheral corneal ulcer in the
case of Wegener granulomatosis or rheumatoid arthritis, or
ocular involvement is secondary to systemic diseases, for
example, retinal angiopathy related to hypertension.
Ocular symptoms connected to systemic diseases involve
both anterior and posterior eye segments and all tissues of
the eye globe. Therefore, there is a wide variety of ocular
symptoms in clinical practice which are crucial in diﬀerential
diagnosis.
Recent advances in diagnostic techniques in ophthalmology, for example, optical coherence tomography angiography (OCTA), give new opportunities to diagnose
microvascular systemic changes.
Authors contributed a range of papers including 2
clinical studies, 6 research articles, and 1 review.
A brief description of these 9 works is as follows:
(1) The clinical study “Choroid and Retinal Nerve Fiber
Layer Thickness in Patients with Chronic Obstructive

Pulmonary Disease Exacerbation” revealed decreased
subfoveal choroid thickness in the COPD patients
both during an exacerbation and in the stable period.
Since the normal choroidal vasculature is essential for
retinal function, thinning of the choroid and loss of
the vascular tissues could lead to photoreceptor
damage and vascular dysfunction in such patients.
(2) The authors of the research article “Age Diﬀerences
in Axial Length, Corneal Curvature, and Corneal
Astigmatism in Marfan Syndrome with Ectopia
Lentis” studied ocular parameters in patients with
Marfan syndrome and ectopia lentis. They observed
that axial length varies with age, corneal curvature
remains stable, and corneal astigmatism is higher in
young patients and tends to shift toward against-therule or oblique astigmatism. Therefore, it is important to consider age when diagnosing MFS with
ocular biometric data.
(3) The paper written by João Beirão and colleagues
assessed the aqueous humor ﬂare in transthyretin
V30M amyloidosis patients (ATTRV30M). The authors revealed that the aqueous humor ﬂare values in
the scalloped iris eyes may be a valid marker for
controlling the stage of the oculopathy in
ATTRV30M patients. What is worth underlining,
the ﬂare values suggest that controlling the stage and
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(4)

(5)

(6)

(7)

(8)

progression of glaucoma might be key in the surveillance scalloped iris eyes in ATTRV30M patients
and may be considered as an evaluation method of
future treatments.
The authors of the research article “HLA-C Alleles
and Cytomegalovirus Retinitis in Brazilian Patients
with AIDS” typed HLA-C locus in patients with
AIDS exhibiting or not cytomegalovirus retinitis
(CR). Based on the 412 patients and controls studied,
they revealed that the HLA-C∗07 allele group conferred protection against the development of CR in
Brazilian AIDS patients, whereas the HLA-C∗05 and
HLA-C∗16 allele groups were associated with AIDS
susceptibility and protection, respectively.
The paper “Clinical and Genetic Features of Tubulointerstitial Nephritis and Uveitis Syndrome with
Long-Term Follow-Up” focuses on the clinical
manifestations, prognosis, and HLA type of tubulointerstitial nephritis and uveitis syndrome (TINU).
TINU is a rare, speciﬁc form of intraocular inﬂammation (uveitis) combined with kidney disease
that aﬀects approximately 1-2% of the uveitis patients. The authors studied 5 cases of TINU with
a mean age of 15.8 years and a mean follow-up of
54.0 months. Since the diﬀerential diagnosis of the
disease is challenging, the authors suggest that the
urinary β2 microglobulin level and HLA typing may
help in the diagnosis process.
Per Kappelgaard and colleagues published a novelty
result based on their clinical study on “Retinal Vessel
Diameter Changes in Relation to Dark Adaptation
and Acute Hyperglycemia.” The diabetes mellitus
and hyperglycemia is an increasing and challenging
general health problem; thus, understanding the
pathogenesis of the diabetic retinopathy seems to be
a very important and urgent issue. The authors
revealed that darkness and fasting were both associated with retinal vasodilation in patients with type
2 diabetes. They also suggest that future studies
should determine whether both of the two stimuli of
vasodilation lead to retinal hyperperfusion, which
would support that they may be involved in the
aggravation of diabetic retinopathy.
The review article “Ocular Manifestations of Alzheimer’s and Other Neurodegenerative Diseases: The
Prospect of the Eye as a Tool for the Early Diagnosis
of Alzheimer’s Disease” presents retinal ﬁndings
speciﬁc for neurodegenerative diseases, such as
β-amyloid plaques in retina tissue (including the
RGC, retinal nerve ﬁbre layer (RNFL), and inner
plexiform layer), which can produce a ﬂuorescence
eﬀect by using curcumin as a contrast.
The authors of the paper “Correlation between
CHA2DS2-VASc Score and Glaucoma Treatment
and Prognosis” used the CHA2DS2-VASc score
which was ﬁrst developed by cardiologists to assess
the need of anticoagulant therapy after the detection

of atrial ﬁbrillation (AF) to assess the risk of glaucoma progression. They revealed that higher
CHA2DS2-VASc scores correlated with the need of
more aggressive treatment chosen from either
monotherapy, dual therapy, laser treatment, or
surgery treatment.
(9) The research article “Vision-Threatening Behçet’s
Disease: Severity of Ocular Involvement Predictors”
addressed the problem of Behçet’s disease visual
acuity prognosis for patients. The authors studied
several general ﬁndings: systemic vasculitis and oral
and genital ulcers whose occurrence and severity
could potentially help ophthalmologists categorize
their patients based on future risk and treatment plan
accordingly.
We would like to extend our gratitude to all the authors
who submitted their work for consideration in our special
issue and to the reviewers for their critical feedback. We
hope that this collection of works provides a new insight into
diagnostic and treatment methods of ocular disorders
connected to systemic diseases.
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Purpose. Assess the aqueous humor ﬂare in transthyretin V30M amyloidosis patients (ATTRV30M). Materials and Methods. This
is a retrospective, cross-sectional, noninterventional comparative study including 28 ATTRV30M patients with a unilateral
scalloped iris. For comparative analysis, the fellow eye, the nonscalloped iris eye, from each patient was used as control. All
patients underwent aqueous humor ﬂare meter and intraocular pressure (IOP) measurements. Results. Mean aqueous humor ﬂare
was signiﬁcantly higher in the eyes with the scalloped iris than the control group with the nonscalloped iris (14.1 ± 2.2 versus 6.5 ±
0.9 pc/ms, respectively). No signiﬁcant diﬀerences in IOP were found in the scalloped iris eyes than those in the nonscalloped iris
control group (17.1 ± 0.8 versus 16.8 ± 0.7 mmHg, respectively). No signiﬁcant correlation was not found between the ﬂare and the
IOP value within groups. Conclusions. In this study, aqueous humor ﬂare values in the scalloped iris eyes may be a valid marker for
controlling the stage of the oculopathy in ATTRV30M patients.

1. Introduction
Hereditary transthyretin V30M amyloidosis (ATTRV30M)
is an autosomal dominant disorder and is a very common
form of hereditary amyloidosis caused by extracellular deposition of variants of transthyretin (TTR) in several tissues,
including the eye [1, 2]. More than 100 amyloidogenic TTR
mutations have been documented [3], but in the Portuguese
type, the variant TTR has a substitution of methionine for
valine at position 30. Despite the worldwide distribution of
the disease, Portugal remains the main geographic focus of
amyloidosis TTR V30M [4]. ATTRV30M patients are
usually classiﬁed as presenting an early onset disease (onset
before 50 years of age) or a late-onset disease (onset after
50 years of age). Early onset is associated with a more aggressive, rapidly progressing disease, especially if symptoms
appear before 40 years of age [5]. Most Portuguese
ATTRV30M patients are early-onset cases, with a worse

prognosis regarding the severity of symptoms and an expected survival of 10 to 15 years without treatment. Liver
transplantation is one of the treatments for ATTRV30M
amyloidosis as it removes circulating mutant TTR and interrupts the progression of the disease and improve survival
and quality of life [6]. Tafamidis, an oral, non-NSAID, highly
speciﬁc TTR stabilizer has emerged as the new standard of
care for ATTRV30M and remains the only medicine approved for the treatment of transthyretin amyloidosis in
adult patients with stage 1 symptomatic polyneuropathy [7].
Nevertheless, the intraocular production of TTR V30M by
the retinal and ciliary pigment epithelium remains unchanged, contributing to the progression of amyloid
deposition-associated ocular manifestations such as abnormal
conjunctival vessels, dry eye, scalloped pupils, deposition of
amyloid on the anterior surface of the lens and on the pupil
border, vitreous amyloidosis, glaucoma, and retinal angiopathy. Moreover, their prevalence increases over time [8].
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Glaucoma is an ocular neurodegenerative disease and one
of the most common causes of blindness worldwide [9]. It is
characterized by retinal ganglion cell degeneration which can
lead to optic atrophy and visual ﬁeld defects [10]. Multiple
factors play a role in the etiology and pathology of the disease,
being intraocular pressure (IOP) the most important risk
factor usually caused by abnormal aqueous humor outﬂow
[11]. Extensive research over the last decade has shown that
no amyloid secondary glaucomatous proteomics and oxidative damage can also lead to unfavourable eﬀects on the
trabecular meshwork and increased resistance to intraocular
aqueous humor drainage [11–19]. Moreover, assessments of
the involvement of ATTRV30M in ocular complications
showed that glaucoma was strongly associated with the
presence of scalloped iris [20]. Still, the nature of the interaction mechanism of iris deformation and aqueous humor
ﬂow was not evaluated and is not fully understood yet [8, 21].
However, the presence of scalloped iris before the onset of
glaucoma was also observed [20]. Laser ﬂare cell meter is an
objective, sensitive, and noninvasive method for evaluating
the aqueous ﬂare and allows a quantitative assessment of
anterior chamber inﬂammation and breakdown of the bloodaqueous barrier [22–24]. Several studies have shown altered
ﬂare values in glaucomatous eyes and speculated the role of
the anterior chamber aqueous ﬂare in predicting the risk of
glaucoma [25–30]. Therefore, the aim of this analysis is to
assess the blood-aqueous barrier (BAB) function with the use
of a laser ﬂare meter in ATTRV30M Portuguese patients with
and without scalloped iris.

2. Materials and Methods
This was a retrospective, cross-sectional, noninterventional
study conducted at the Ophthalmic Department from
Centro Hospitalar do Porto, Porto. Written informed
consent was obtained from all patients. This study was
performed in accordance with the Declaration of Helsinki of
the World Medical Association and was approved by the
Ethics Committee of the Centro Hospitalar do Porto.
2.1. Patients. The study included a retrospective cohort of 28
consecutive patients (60.7% men; mean age: 46.5 (35–61) years)
examined for ocular abnormalities at the Ophthalmology
Service of Centro Hospitalar do Porto. All patients had the
ATTR V30M mutation conﬁrmed by genetic analysis and
presented unilateral scalloped iris. These patients presented in
both eyes no abnormalities in optic nerve and visual ﬁeld nor
ongoing treatment with ocular hypotensive eyedrops and/or
previous glaucoma or ocular surgery. The only ocular treatment was artiﬁcial tears, and all eyes had best corrected visual
acuity of 1.0 (Snellen equivalent). For comparative analysis, the
fellow eye, the nonscalloped iris eye, from each patient was used
as control. Data collection was from patients’ medical records
and included demographic data summarized in Table 1.
2.2. Measurement of Blood-Aqueous Barrier Function. To
clarify the relationship between IOP increase and the bloodaqueous barrier function in both scalloped iris eyes and

Journal of Ophthalmology
Table 1: Demographic and clinical data of ATTRV30M patients.
Characteristics
Age, years
Male/female
Time of ATTRV30M diagnosis, years
Liver transplantation, %
Time from liver transplantation, years
Patients under tafamidis treatment, n

ATTRV30M
patients (n � 28)
46.9 ± 5.6
60.7%/39.3%
14.6 ± 3.9
96.4%
12.3 ± 3.4
1

nonscalloped iris eyes (control), we measured the IOP values
by using Goldmann applanation tonometry and the anterior
chamber ﬂare. Flare values were measured quantitatively by
laser ﬂare meter (LFM) (Kowa FM-700, Berkshire, UK)
without pupil dilatation. On each occasion, 10 readings with
a variation of less than 5% were taken. The highest and
lowest values were discarded, and the remaining eight were
averaged to obtain the ﬂare measurement. Laser ﬂare values
were expressed in photon counts/millisecond (pc/ms) and
standard deviation (SD) was calculated. Calibration of the
laser ﬂare meter was performed according to the manual.
2.3. Statistical Analysis. For continuous variables, such as
IOP and anterior chamber ﬂare, the observed values were
summarized descriptively (mean ± SD). Student’s two-group
paired t-test was used to determine the signiﬁcance of
between-group diﬀerences in IOP and anterior chamber
ﬂare. Association between IOP and ﬂare within each group
was analyzed using Pearson’s correlation coeﬃcient. Statistical signiﬁcance was declared at a type 1 error rate of
0.050. Statistical calculations and analyses were performed
using SAS for PC, version 9.3 (SAS Inc, Cary, NC).

3. Results
Fifty-six eyes of 28 ATTRV30M patients participated in this
analysis. Patients’ characteristics are shown in Figure 1 and
Table 1. In this study, highly statistical signiﬁcant diﬀerences
were found in the disorder in the BAB between the scalloped
iris eyes and the nonscalloped iris eyes (control). The aqueous
humor ﬂare values in the eyes with a scalloped iris were
signiﬁcantly higher than those in the nonscalloped iris control
group (p < 0.001), while there were no signiﬁcant diﬀerences
in IOP between groups (p � 0.163) (Table 2; Figures 2 and 3).
There was no signiﬁcant correlation between the ﬂare and the
IOP values within groups (scalloped iris eyes group, Spearman-rho � −0.06, p � 0.749; nonscalloped iris eyes group
(control), Spearman-rho � 0.28, p � 0.135).

4. Discussion
The present study demonstrated that the aqueous humor
ﬂare values were signiﬁcantly higher in the ATTRV30M
scalloped iris eyes than those in the nonscalloped iris eyes
(control group), and the IOP value was not signiﬁcantly
correlated with the increase in ﬂare in both groups.
We previously reported a strong association between
glaucoma and scalloped iris and advise to increase the
frequency of IOP surveillance and look for glaucoma in these
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(a)

(b)

Figure 1: ATTRV30M scalloped iris eye (a) and the nonscalloped iris eye (control) (b) same patient.
Table 2: IOP and aqueous ﬂare values.
Parameters
Mean ﬂare (pc/ms)
Mean IOP (mmHg)

Scalloped iris
14.1 ± 2.2
17.1 ± 0.8

Nonscalloped iris (control group)
6.5 ± 0.9
16.8 ± 0.7

p value
p < 0.001
p � 0.163

p < 0.001
18

20
p = 0.163

16
Mean change in aqueous flare (pc/ms)

Mean change in IOP (mmHg)

19
18
17
16
15
14

14
12
10
8
6
4
2
0

13
Scalloped iris
Nonscalloped eyes

Scalloped iris
Nonscalloped iris

Figure 2: IOP distribution of ATTRV30M patients with scalloped
iris and nonscalloped iris eyes (control).

Figure 3: Aqueous ﬂare distribution of ATTRVM30 patients with
scalloped iris and nonscalloped iris eyes (control).

eyes [20, 28]. Nevertheless, our study showed no signiﬁcant
increase in IOP and na increased protein concentration in
the aqueous humor in the scalloped iris eyes. These results
may suggest the use of the ﬂare meter method for predicting
the risk of glaucoma in ATTRV30M scalloped iris eyes.
Several studies have addressed the changes to the
aqueous humor proteome in glaucoma using other techniques with collection of aqueous humor samples after
and/or during surgery [11, 13–19]. Inoue et al. reported
higher levels of cytokines and growth factors in the aqueous
humor of open-angle glaucoma eyes using multiplex bead
immunoassay [13]. Imbalanced metabolism, lack of reactive
oxygen species detoxiﬁcation, low-grade, and chronic

inﬂammation in the aqueous humor of open-angle glaucoma eyes were also assessed by several groups by mass
spectrometry [15–21].
The laser ﬂare meter is a precise, objective, and noninvasive method that can reliably measure the function of the
BAB and the level of inﬂammation [25, 31]. The increase in
aqueous ﬂare echoes a disruption of the BAB, which allows
leakage of serum proteins, as well as inﬂammatory molecules
and cells, into the anterior segment by causing a change in
aqueous protein composition and concentration [13, 26].
Evaluation of the anterior aqueous ﬂare in patients with
glaucoma has also been addressed recently [27–29, 32].
Many groups have assessed the anterior chamber aqueous
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ﬂare in glaucomatous eyes after treatment with antiglaucomatous drugs. Interestingly, Kahloun et al. used the
ﬂare meter to evaluate the anterior chamber aqueous ﬂare in
patients with pseudoexfoliation syndrome with or without
glaucoma and found that a high anterior aqueous ﬂare could
be a predictor for the development of glaucoma [27].
In our study, we observed an increased protein concentration in the aqueous humor of ATTRV30M patients
with scalloped iris eyes without IOP increased values. An
increase in protein concentration in the aqueous is the most
straightforward evidence for the breakdown of the BAB [25].
Some authors hypothesize that the breakdown of BAB
initially is due to endothelial injury caused by the mutant TTR
[33, 34], but there must be another complementary mechanism since patients are transplanted and have no TTR mutant
in circulation. The damage should be from outside the vessels
were circulates the mutant TTR (aqueous humor and vitreous). As ATTR V30M patients have a proinﬂammatory state
[35], we hypothesize that in response to this stimulation, the
ciliary pigmented epithelium may release a large variety of
cytokines and ﬁbrin aggregates which may induce the
breakdown of the BAB and outﬂow resistance in the anterior
segment of the eye in ATTRV30M patients. As described
previously, the intraocular production of TTR V30M by the
retinal and ciliary pigment epithelium remains unchanged in
these patients [8]. And the total aqueous humor TTR levels
are almost the same in liver transplanted and nontransplanted
ATTR V30M patients [10]. Thus, we hypothesize that an
increased concentration of the unstable TTR V30M in patients’ eyes could also contribute to the breakdown of the BAB
and increased development of a mechanical barrier to the
outﬂow of the aqueous humor, resulting in IOP elevation and
worsening the prognostic for glaucoma development [30].
Therefore, anterior aqueous ﬂare measurements should
be considered in the staging and evaluation of the risk
progression to glaucoma and be considered as a marker of
ocular disease progression in ATTRV30M patients. The ﬂare
cell meter may help us to objectify the action of a possible
treatment directed to the oculopathy and indirectly targeting
the central nervous system [36, 37]. Further, longitudinal
studies are warranted to assess the predictive value of
aqueous ﬂare for glaucoma development.
This study had some limitations. Further analysis is
needed in order to determine which mediators are associated
with the breakdown of the BAB function in these ATTRV30M
patients. Furthermore, further histological or biochemical
analysis to determine whether the source of increased aqueous
ﬂare values resulted from the breakdown of the BAB itself or
simply from proteins diﬀusing from the posterior segment
caused by the breakdown of the blood-retinal barrier.

5. Conclusions
In this study, we found that the aqueous humor ﬂare value was
signiﬁcantly higher in the scalloped iris eyes than that in the
nonscalloped eyes in ATTRV30M patients without signiﬁcant
diﬀerences in IOP between groups. As a marker for inﬂammation, and breakdown of the BAB, ﬂare values suggest
that controlling the stage and progression of glaucoma might
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be key in the surveillance scalloped iris eyes in ATTRV30M
patients and may be considered as an evaluation method of
future treatments.
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The purpose of this experimental clinical study was to assess the eﬀects of dark adaptation and acute changes in glycemia on retinal
vessel diameters in men. The study included 14 patients (mean age 63 years, range 48–74 years) with type 2 diabetes mellitus and
minimal or no diabetic retinopathy. Retinal vessel diameters were assessed using infrared photography before and after dark
adaptation, ﬁrst while fasting and then at peak hyperglycemia during an oral glucose tolerance test (OGTT). Dark adaptation was
accompanied by retinal vasodilatation, both during fasting (mean glycemia 7.6 ± 1.7 mM) and postprandial hyperglycemia (15.7 ±
4.2 mM). When fasting, the increase in vein diameter during dark adaptation was 2.0% after 20 min (P � 0.018) and 2.9% after
40 min (P � 0.010). When subjects were hyperglycemic, the increase during dark adaptation was 2.8% for retinal vein diameters
(P � 0.027) and 2.0% for retinal artery diameters after 20 min (P � 0.002) and 1.7% for retinal artery diameters after 40 min
(P � 0.022). For identical conditions of light/dark adaptation, retinal vessels were dilated when subjects were fasting compared to
postprandial hyperglycemia. Thus, darkness and fasting were both associated with retinal vasodilation in this short-term experiment in patients with type 2 diabetes. Future studies should determine whether both the stimuli of vasodilation lead to retinal
hyperperfusion, which would support that they may be involved in the aggravation of diabetic retinopathy.

1. Introduction
Development of diabetic retinopathy and progression to
proliferative diabetic retinopathy are accompanied by dilation of the retinal veins [1–3]. It is of interest to identify
risk factors for retinal vasodilation, especially the ones that
are modiﬁable, because the information thus obtained can be
used in the search of targets for intervention. Factors of
speciﬁc interest are the adaptation of the eye to changes in
ambient light and its adaptation and changes in glucose
levels, notably in diabetes.
Dark adaptation is accompanied by decreasing oxygen
tension and increasing lactate production in the retina [4–7]
and an increase in retinal blood ﬂow, part of which might be
mediated by blood vessel dilation [8–10].
Retinal vessel dilation occurs in response to experimental
hypoxia and ﬂicker stimulation [11–13], and lower glycemia
suppresses retinal electroretinographic signaling and dark

adaptation. Hence, there is a reason to suspect that hypoglycemia may dilate retinal vessels [14–17]. While some experiments have found abnormal autoregulation of blood ﬂow in the
retina in diabetes, the relation between light exposure, glycemia,
and blood ﬂow outlined above may also exist in diabetes, and
there is a reason to suspect that it may contribute to the development and progression of retinopathy in diabetes [18–21].
The objective of the present study was to examine the
acute concomitant eﬀects of dark adaptation and changes in
glycemia levels on retinal vessel diameters in patients with
type 2 diabetes.

2. Materials and Methods
This experimental clinical study included 14 patients with
type 2 diabetes mellitus, 9 men and 5 women, aged 48–74
years (mean ± SD 62.6 ± 7.5 years; Table 1). Best-corrected
visual acuity (Snellen) was 0.9 or better in all eyes. The
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Table 1: Clinical characteristics of patients with type 2 diabetes.
Mean ± SD
Age (years)
Sex (male/female)
Duration of diabetes (years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
HbA1c (%)
Visual acuity (Snellen)
PG fasting (mM)
PG 1.5-hour OGTT (mM)

62.6 ± 7.5
9/5
6.4 ± 5.0
131 ± 17
76 ± 9
7.3 ± 1.0
1.0 ± 0.1
7.6 ± 1.7
15.7 ± 4.2

PG, plasma glucose; OGTT, oral glucose tolerance test.

patients had mild (ETDRS level < 35) or no diabetic retinopathy and no study eye had macular edema. Exclusion
criteria were eye diseases other than diabetic retinopathy,
untreated arterial hypertension, and major systemic diseases
other than diabetes. All 14 patients were recruited from the
internal medicine outpatient clinic of Rigshospitalet; 13 were
treated with one or more oral antidiabetic agents, while one
was treated by diet alone. Four patients were treated by
insulin. The study was approved by the Danish National
Committee on Biomedical Research Ethics and conducted
with the participants’ informed consent according to the
Helsinki Declaration II. The study was registered at
Clinicaltrials.gov (NCT01136902).
Infrared scanning laser fundus photography (Spectralis
HRA + OCT, Heidelberg Engineering, Heidelberg, Germany)
was made over a 55-degree angle centered on the optic disc
with a nominal resolution of 768 × 768 pixels. A computerized dark adaptometer (AdapDx, MacuLogix, Inc.,
Middletown, PA, USA) was used in three patients to verify
that full dark adaptation had been obtained at the end of the
examination [22].
Oral glucose tolerance testing (OGTT) was performed by
having the patients ingest 75 g of glucose dissolved in 250 mL
of water. The subsequent hyperglycemia was expected to
reach its peak after 1.5 hours. The experiments were made
between 8 am to 12 pm after an overnight fast and the patients not having taken their antidiabetic agents since the
evening before.
Study procedures included determination of bestcorrected visual acuity (Snellen), transfoveal optical coherence tomography (Cirrus HD-OCT, Carl Zeiss Meditec
AG, Jena, Germany), infrared fundus photography
(Spectralis HRA + OCT, Heidelberg Engineering, Heidelberg, Germany), and venous blood analysis for HbA1c,
sodium, and potassium. Pupil dilation was made with
phenylephrine hydrochloride 10% and tropicamide 1%. The
study eye of each patient was selected randomly except in
one patient where one eye was excluded because of diabetic
macular edema.
Study sessions followed a ﬁxed time schedule (Figure 1),
comprising two dark adaptation cycles beginning each with
infrared fundus photography in normal room light (approximately 200 lux) after 5 minutes of adaptation and
continuing with a second set of images after 20 min of dark
adaptation and ﬁnally a third set of images after 40 min of

™
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dark adaptation. The ﬁrst cycle was made with subjects
fasting, whereas the second cycle was started 65 min after the
ingestion of the OGTT meal and thus made during postprandial hyperglycemia. Capillary blood glucose concentration was measured (Precision Xceed reagent-strip and
reading device, Medisense Products, Abbott Laboratories,
Witney, Oxon, United Kingdom) immediately before and
after the two dark adaptation cycles. The means of the two
pairs of glycemia values were used for data analysis.
Vessel diameters were assessed using a semiautomated
algorithm as previously described [23–25]. Central retinal
artery equivalent (CRAE) and central retinal vein equivalent
(CRVE) diameters were estimated from the individual
peripapillary vessel diameters according to the method of
Knudtson et al. [26], in this case measured on the infrared
fundus photographs.
The same six arteriolar and six venular trunk vessel
segments were analyzed at a distance of one half to one disc
diameter from the optic disc. Vessel segments were measured along their entire length within this interval if no
crossing or branching was present. Trunk segments were
preferred to branches unless the trunk was shorter than
80 µm. The diameters of the central vessel equivalents were
then calculated in the following manner:
 � 0.88 × w2 + w2 1/2 ,
arterioles: W
1
2

(1)

 � 0.95 × w21 + w22 1/2 ,
venules: W

(2)

where w1 is the width of the narrower branch, w2 is the
width of the wider branch, W is the estimate of the width of
the parent trunk arteriole or venule, and the constant is the
branching coeﬃcient. Vessel diameters, as measured or
derived from equations (1) or (2), were paired and used to
calculate trunk vessel width until only one number is left
representing the diameter of an idealized central retinal
artery or vein and named CRAE or CRVE [26].
Values for CRAE and CRVE were calculated from the
three best photographs from each time point and the mean
of the three values used for statistical analysis. The photographs were ranked based on sharpness, disc centration, and
evenness of illumination.
The statistical analysis included two-sample paired ttests of diﬀerences between fasting and hyperglycemic parameters and between light-adapted and dark-adapted parameters. Measurements are expressed as means ± standard
deviations (mean ± SD) and 95% conﬁdence intervals (CI95).
An operational level of statistical signiﬁcance of P ≤ 0.05 is
used in the description of the results without correction for
multiple testing. Additionally, mixed model analysis for
repeated measurements with Tukey-adjusted comparisons
(SAS 9.4, SAS Institute, Carey, NC, USA) was used to model
the relative contributions of glycemia and dark adaptation to
the variations in CRAE and CRVE.

3. Results
Mean plasma glucose concentrations were 7.6 ± 1.7 mM
during the fast and rose to 15.7 ± 4.2 mM during
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Figure 1: Retinal vessel diameter data indexed to baseline (triangles: arteries and squares: veins) in 14 patients with type 2 diabetes who were
fasting (glycemia 7.6 ± 1.7 mM) and adapted to room light at baseline (0 minutes). This was followed by a cycle of dark adaptation and
fundus photography, during which infrared fundus photography, which had also been made at baseline, was repeated twice. Daylight was
reintroduced after 40 minutes and then, 5 min later, participants ingested 75 g of glucose dissolved in water. After 70 more minutes when
glycemia had increased to 15.7 ± 4.2 mM, infrared photographs were recorded in daylight, after which a second round of dark adaptation
and photography was reinitiated. PG, plasma glucose; OGTT, oral glucose tolerance test; IR, infrared. Values greater than 1 indicate vessel
dilation and values lower than 1 indicate vessel contraction. One-sided error bars indicate 1 standard deviation. Asterisk ∗1 indicates
P < 0.05 compared to the nearest predark adaptation baseline, fasting, or hyperglycemic. Asterisk ∗2 indicates P < 0.05 for a given time point
during the second (hyperglycemic) dark adaptation cycle compared to the ﬁrst (fasting) dark adaptation cycle.

postprandial hyperglycemia (P < 0.01). From the fasting
baseline to hyperglycemia, in both cases before dark adaptation was begun, retinal artery diameters decreased
signiﬁcantly from 170.7 ± 14.8 µm to 168.0 ± 13.8 µm
(P � 0.025), whereas only a numerical reduction in vein
diameters was seen, from 227.0 ± 21.0 µm to 224.5 ± 20.8 µm
(P � 0.127; Table 2; Figure 1).
While fasting, there was little change in retinal artery diameters during dark adaptation, but from the more constricted
hyperglycemic baseline, dark adaptation was accompanied by
a 2.0% increase in retinal artery diameter, from 168.0 ± 13.8 µm
to 171.4 ± 14.3 µm at 20 min (P � 0.002) and 170.8 ± 15.0 µm
or 1.7% more than that before dark adaptation at 40 min
(P � 0.022; Table 2).
While fasting, the retinal veins had dilated by 2.0% after 20
minutes, from 227.0 ± 21.0 µm to 231.5 ± 21.0 µm (P � 0.018)

and by 2.9% after 40 min, to 233.6 ± 23.1 µm (P � 0.010;
Table 2; Figure 1). The retinal veins dilated, numerically,
during hyperglycemic dark adaptation, this time by 2.8%,
from a hyperglycemic daylight baseline of 224.5 ± 20.8 µm to
230.7 ± 25.4 µm after 20 minutes (P � 0.026; Table 2) and
229.2 µm or 2.1% after 40 minutes (P � 0.072).
In a mixed model analysis covering the entire data set in
a single model, we found nonsigniﬁcant interactions between glycemic state and dark adaptation, hence implying
independent eﬀects. Dark adaptation had a highly signiﬁcant
eﬀect on both CRAE and CRVE (P � 0.001 and P < 0.0001,
respectively), leading to increases in vessel diameters in both
the fasting condition and during hyperglycemia (Figure 1).
Hyperglycemia was generally characterized by numerically
lower CRAE and CRVE, reﬂected by statistical tendencies in
the mixed model analysis (P � 0.10 and P � 0.08).
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Table 2: Fasting and hyperglycemic retinal vessel diameters in patients with type 2 diabetes.

Patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
MEAN
SD
AVR

Light
0 min
CRAE
CRVE
191.0
257.0
175.0
222.2
181.7
234.3
160.3
220.8
176.5
245.6
169.7
246.0
150.7
189.7
178.5
225.5
142.8
206.7
190.2
250.0
153.7
214.1
185.8
245.6
167.9
192.6
166.6
227.2
170.7
227.0
14.8
21.0
0.75

Fasting
Dark adaptation
20 min
40 min
CRAE
CRVE
CRAE
CRVE
189.4
265.7
189.7
271.3
176.8
231.4
170.9
225.7
182.5
239.7
191.7
253.6
166.2
232.2
162.4
235.8
176.6
245.7
177.4
252.2
173.2
248.3
174.9
264.1
153.1
203.4
153.7
199.0
178.6
225.9
173.5
226.3
145.0
206.4
144.3
205.8
187.8
248.6
184.2
243.3
155.1
217.6
154.3
217.4
181.7
239.4
180.6
240.2
171.0
194.3
170.0
197.3
172.7
242.8
168.6
238.8
172.1
231.5
171.2
233.6
13.2
21.0
13.8
23.1
0.74
0.73

Light
0 min
CRAE
CRVE
181.2
249.8
169.5
219.6
186.8
239.0
154.7
222.1
176.7
248.0
169.2
248.4
147.5
184.4
174.9
220.7
141.0
199.1
184.1
244.4
155.8
216.7
177.4
230.5
165.3
195.1
167.3
225.8
168.0
224.5
13.8
20.8
0.75

Hyperglycemia
Dark adaptation
20 min
40 min
CRAE
CRVE
CRAE
CRVE
189.8
274.6
194.2
269.2
171.6
227.2
168.8
225.0
190.3
256.4
189.2
255.7
163.1
230.4
162.7
227.6
176.6
247.3
180.6
246.0
173.3
264.5
173.5
263.7
154.2
196.8
151.5
195.4
180.6
221.2
178.3
220.8
140.7
194.5
139.7
196.3
182.7
238.5
181.1
234.7
154.9
215.5
157.2
217.6
182.5
237.0
181.7
235.5
168.6
192.2
164.0
192.3
170.0
234.0
168.9
228.7
171.4
230.7
170.8
229.2
14.3
25.4
15.0
24.3
0.74
0.75

All values are in µm. CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent.

4. Discussion
This experimental study of retinal vessel diameter variation
during acute hyperglycemia and dark adaptation in patients
with type 2 diabetes found that both dark adaptation and low
levels of glycemia were associated with wider retinal vessel
diameters. The combined assessment of the two factors was
made possible by infrared digital fundus photography,
which does not disturb dark adaptation.
A tentative explanation is that dark adaptation leads to
vessel dilation because oxygen tension in the retina is lower in
the dark-adapted state than in daylight and that hypoglycemia
leads to vessel dilation because it reduces the energy substrate
supply to the retina. Presumably, but not actually documented
by our experiments, vasodilation compensates for energy
deﬁcits secondary to hypoxia and hypoglycemia by increasing
blood ﬂow and substrate supply to the retina. The underlying
mechanisms may obviously be complicated, if extraocular
responses are elicited by changes in glycemia. Thus, plasma
insulin, which should change during the glucose tolerance
test, was not measured in this study, but given that the patients had type 2 diabetes, they will have varying levels of
residual insulin production and insulin sensitivity. Insulin is
generally considered to have vasodilator eﬀects [27], so if
plasma insulin inﬂuenced the study, it likely acted to limit the
vasoconstrictive eﬀect of hyperglycemia by the endogenous
postprandial rise in insulin secretion [27, 28].
Our assumptions are supported by the demonstration by
Grunwald et al. that retinal vasodilation is associated with
increased retinal blood ﬂow [29] and that dark adaptation
increases retinal volumetric blood ﬂow in healthy subjects by
62–71% [8].
Retinal vasodilation during dark adaptation is consistent
with dark adaptation inducing an increase in metabolic

activity of the retina [7, 30]. Increased metabolism may
hypothetically promote the progression of diabetic retinopathy [31, 32] because accompanying vasodilation and
hyperperfusion lead to increased shear stress on the vascular
endothelium. Relative hypoglycemia, by inducing vasodilation, may have a comparable eﬀect. This may help explain
why improved metabolic control in diabetes can lead to
short-term acceleration of retinopathy progression, despite
its long-term beneﬁts [33, 34]. Finally, our ﬁndings support
the suggestion that nocturnal vasodilation may explain why
diabetic macular edema tends to be more pronounced in the
morning than later in the day [35, 36].
The vasoconstricting eﬀect of hyperglycemia may hypothetically be driven by the ability of the retina to balance
its metabolic needs by increasing glycolysis and lactate
production, while decreasing oxidative phosphorylation and
CO2 production [12]. The present study provides information only about the net result, however, and not about
its constituent components.
Limitations of this study include the lack of inclusion of
a group of healthy subjects. This might determine whether
the characteristics in diabetes are an extension of normal
physiology induced by abnormally high postprandial rises in
blood glucose in diabetes or whether the physiological
characteristics or the retina has been adjusted, rearranged, or
disrupted by elevated and unstable glycemia or other aspects
of diabetes. Additionally, a larger study population might
have enabled analysis of the relation of vessel diameter
changes to age, blood pressure, HbA1c, and other variables of
interest. It should be noted that our results were obtained by
summarizing observations from a group of patients. We
have not shown that neither qualitative nor numerical responses can be used to deﬁne any clinically relevant characteristics of patients with diabetes.
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In summary, this study of patients with type 2 diabetes
found that dark adaptation was accompanied by retinal
vasodilation, both during normoglycemia and hyperglycemia. Furthermore, the retinal vessels were dilated during
normoglycemia compared to postprandial hyperglycemia.
The study supports that the occasional ﬂare-up of diabetic
retinopathy after rapidly introduced and strictly maintained
relative hypoglycemia [33, 34] may be precipitated by retinal
vasodilation and that rod photoreceptor activation may
promote worsening of diabetic retinopathy [32]. Our interpretations can be tested in studies that include assessment
of perfusion rates and oxygenation, preferably with enough
participants and a long enough period of observation to
determine if individual vessel diameter responses can predict
retinopathy progression.
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Purpose. Since cytomegalovirus retinitis (CR) is an important cause of visual impairment among AIDS patients and HLA-C alleles
have been associated with AIDS disease outcome, we typed HLA-C locus in patients with AIDS exhibiting or not CR. Methods.
Three groups of individuals were studied: (i) 49 patients with AIDS and CR (Group I), (ii) 161 patients with AIDS without CR
(Group II), and (iii) 202 healthy HIV-negative individuals (Group III). HLA-C typing was performed using commercial kits.
Results. The HLA-C∗07 allele group was underrepresented in AIDS patients with CR (P � 0.005) when compared to controls or
when compared to AIDS patients without CR (P � 0.006). The HLA-C∗05 allele group was overrepresented in Group II in
comparison to Group III (P � 0.017). The frequency of the HLA-C∗16 allele group was increased in Group III in comparison to
Group II (P � 0.004). Conclusion. The HLA-C∗07 allele group conferred protection against the development of CR in Brazilian
AIDS patients, whereas the HLA-C∗05 and HLA-C∗16 allele groups were associated with AIDS susceptibility or
protection, respectively.

1. Introduction
Cytomegalovirus retinitis (CR) is the most common ocular
opportunistic infection in patients with AIDS, often leading
to blindness [1]; however, among patients who experience
immune recovery after antiretroviral treatment (ART), an

important reduction in the incidence of CR has been reported [2]. Despite recent advances in treatment, CR continues to rise challenging diagnostic and therapeutic
questions since not all patients respond to ART [3].
Progression to AIDS has been strongly associated with
the human leukocyte antigen B (HLA-B) alleles, particularly
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HLA-B∗57 and HLA-B∗27 allele groups (protection), and
HLA-B∗35 (susceptibility), due to the restricted recognition
of HIV epitopes by cytotoxic immune system cells [4]. An
increasing body of evidence has pointed out the role of HLA-C
on HIV-1 disease progression. HLA-C gene diversity has an
impact on HIV infection, particularly a polymorphism located
at the promoter region of the HLA-C gene (-35C/T), for which
the -35C variant has been associated with low viral load and
high HLA-C mRNA [5].
We have previously reported that susceptibility to CR
was associated with HLA alleles associated with rapid
progression to AIDS, especially HLA-B35 [6]. To further
understand the impact of HLA-C polymorphism on CR
development among Brazilian patients with AIDS, we
evaluated the HLA-C allele polymorphism in patients presenting or not CR.

2. Materials and Methods
2.1. Subjects. An observational case-control study was carried out, using DNA samples obtained from patients with
AIDS and from healthy individuals, stored in a DNA Sample
Bank (Banco de Amostras do Núcleo de Pesquisa em
Imunogenética (BANPI)), approved by the local Ethics
Committee #7581/2007). All the 210 patients with AIDS
were regularly registered at the Brazilian Ministry of Health
and were followed up at the University Hospital of the
Ribeirão Preto Medical School, the oﬃcially recognized
hospital to follow-up these patients.
Group I consisted of DNA samples from 49 patients with
AIDS presenting CR (38 men aged 21–77 years, median � 35
years), collected regardless of the evolutionary phase or the
antiviral treatment of retinochorioiditis. CR was diagnosed
by at least two experienced observers, and concordance
between them was considered to be a sine qua non condition
for patient inclusion. Clinical evaluation was performed by
indirect binocular ophthalmoscopy, using a Heine Omega
100 ophthalmoscope (Herrsching, Germany), and a 20 diopter
Nikon lens (Melville, USA) under mydriasis produced by
the local use of 1% tropicamide (Mydriacyl , Alcon,
São Paulo, Brazil). The CD4+ cell count ranged from 1 to
368 cells/mm3 (median � 31), and the viral load ranged
from 400 to 8,500,000 copies/mL (median � 85,000). Only
19 (43.2%) of these patients were on antiretroviral therapy.
The time since the diagnosis of AIDS ranged from 1–105
months (median � 22 months), and the number of systemic opportunistic infections preceding CR ranged from
0–6 (median � 3). The most frequent infections included
candidiasis, neurotoxoplasmosis, pneumocystosis, and
neurocryptococcosis.
Group II consisted of DNA samples obtained from 161
patients with AIDS (102 men aged 21–62 years, median � 37
years), randomly selected after performing the ophthalmologic examination excluding the presence of CR and
exhibiting no changes of the choroid and retina or any other
doubtful retinal diagnosis. The CD4+ cell count ranged from
4 to 1164 cells/mm3 (median � 588), and the viral load
ranged from 80 to 2,000,000 copies/mL (median � 85,000).
Time since the diagnosis of AIDS ranged from 1–108
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months (median � 20 months), and these patients experienced 0–8 systemic previous opportunistic infections
(median � 2), the most frequent being candidiasis, neurotoxoplasmosis, tuberculosis, and neurocryptococcosis.
Group III consisted of DNA samples from 202 healthy
individuals (146 men aged 18–59 years, median � 33 years),
exhibiting negative serology for HIV-1.
2.2. HLA-C Typing. Patient DNA was obtained from peripheral venous blood collected during the patient follow-up
at Unit for the Treatment of Infectious Diseases (UETDI),
and healthy control DNA was obtained from bone marrow
donors.
HLA-C typing was carried at the Laboratory of Molecular Immunology of HCFMRP-USP, using a commercial kit
(Micro SSP DNA Typing Tray, One Lambda, Canoga Park,
CA).
2.3. Statistical Analyses. Intergroup diﬀerences were determined by the two-tailed Fisher exact test, with calculation
of the odds ratio (OR) and 95% conﬁdence interval (95% CI).
The level of signiﬁcance was set at P ≤ 0.05 in all analyses. In
addition, the etiologic fraction (EF) was calculated to determine how much each allele, genotype, or haplotype
contributed to susceptibility to CR. The preventive fraction
(PF), which estimates how much these same three factors
contribute to protection against CR, was also calculated.

3. Results
The HLA-C∗07 allele group was underrepresented in Group
I compared to Group II (OR: 0.4233, 95% CI: 0.2246–0.9782,
P � 0.006), yielding a PF of 0.1531 (Table 1).
When the HLA-C allele frequencies were compared
between Groups I and III, an underrepresentation of the
HLA-C∗07 allele group was also observed for Group I (OR:
0.4192, 95% CI: 0.2246–0.7822, P � 0.005), conferring a PF
of 0.1553 (Table 2).
The HLA-C∗05 allele group was overrepresented in
Group II in comparison to Group III (OR: 2.2045, 95% CI:
1.1665–4.1665, P � 0.017), conferring an EF of 0.0455. The
frequency of the HLA-C∗16 allele group was increased in
Group III in comparison to Group II (OR: 0.3580, 95% CI:
0.1737–0.7380, P � 0.004), exhibiting a PF of 0.0524
(Table 3).

4. Discussion
It has been recognized that CR is a condition leading to
reduced visual acuity and blindness in patients with AIDS
patients; however, with the advent of the more eﬀective
antiretroviral therapy, a reduction in the frequency and in
the severity of CR has been observed. Notwithstanding, in
less favored regions, due to the lack of treatment or incorrect
use of medications, or even in more privileged regions due to
immunosuppression for organ transplantation, CR continues to deserve special attention.
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Table 1: HLA-C allele frequencies compared between Groups I (patients with AIDS and CR) and II (patients with AIDS without CR).
Allele
HLA-C∗01
HLA-C∗02
HLA-C∗03
HLA-C∗04
HLA-C∗05
HLA-C∗06
HLA-C∗07
HLA-C∗08
HLA-C∗10
HLA-C∗12
HLA-C∗13
HLA-C∗14
HLA-C∗15
HLA-C∗16
HLA-C∗17
HLA-C∗18

Group I (%)
5.10
5.10
9.18
18.36
6.12
8.16
13.30
2.04
0
6.12
0
0
5.1
7.14
5.1
0.0

N
5
5
9
18
6
8
13
2
0
6
0
0
5
77
5
0

Group II (%)
1.55
3.10
10.24
16.45
8.07
6.52
22.67
3.10
0.31
5.27
0.31
1.86
3.41
3.10
3.41
1.55

N
5
10
33
53
26
21
73
10
1
17
1
6
11
10
11
5

OR

Preventive fraction

P value

0.4233

0.1531

0.0063

HLA-C � major histocompatibility complex, class I, C; OR � odds ratio.

Table 2: HLA-C allele frequencies compared between Groups I (patients with AIDS and CR) and III (healthy HIV-negative individuals).
Allele
HLA-C∗01
HLA-C∗02
HLA-C∗03
HLA-C∗04
HLA-C∗05
HLA-C∗06
HLA-C∗07
HLA-C∗08
HLA-C∗10
HLA-C∗12
HLA-C∗13
HLA-C∗14
HLA-C∗15
HLA-C∗16
HLA-C∗17
HLA-C∗18

Group I (%)
5.1
5.1
11.2
22.4
7.1
9.2
13.3
2.0
0.0
6.1
0.0
0.0
6.1
7.1
5.1
0.0

Group III (%)
1.73
5.70
6.93
15.33
3.96
9.90
26.73
5.70
0.0
6.43
0.0
2.22
3.48
8.17
2.97
0.74

N
7
23
28
62
16
40
106
23
0
26
0
9
14
33
13
4

OR

Preventive fraction

P value

0.4192

0.1553

0.0054

HLA-C � major histocompatibility complex, class I, C; OR � odds ratio.

Table 3: HLA-C allele frequencies compared between Groups II (patients with AIDS without CR) and III (healthy HIV-negative
individuals).
Allele
HLA-C∗01
HLA-C∗02
HLA-C∗03
HLA-C∗04
HLA-C∗05
HLA-C∗06
HLA-C∗07
HLA-C∗08
HLA-C∗10
HLA-C∗12
HLA-C∗13
HLA-C∗14
HLA-C∗15
HLA-C∗16
HLA-C∗17
HLA-C∗18

Group II (%)
1.5
3.4
10.8
17.6
8.3
7.7
26.5
3.4
0.3
5.9
0.3
1.9
3.7
3.1
4.0
1.5

Group III (%)
1.7
5.7
6.9
15.3
4.0
9.9
26.7
5.7
0.0
6.4
0.0
2.2
3.5
8.2
3.0
0.7

Etiologic fraction

OR

0.0455

2.2045

HLA-C � major histocompatibility complex, class I, C; OR � odds ratio.

0.3580

Preventive fraction

P value

0.0169

0.0524

0.0041

4
In the present study, the HLA-C∗07 allele group was
underrepresented in AIDS patients with CR, when compared to patients with AIDS without CR and when compared to healthy controls, indicating that the allele group is
a protective factor against CR development. Considering
that CD4 cell counts observed for patients with AIDS
exhibiting CR (1 to 368 cells/mm3, median � 31) were very
diﬀerent from patients with AIDS without CR
(4–1164 cells/mm3, median � 588), one may argue that CD4
cell count could be a confounding variable. To circumvent
this problem, we compared patients with CR with those
without CR, stratiﬁed according to the CD4 cell counts,
that is, (i) patients with AIDS without CR (exhibiting
CD4 ≤ 800 cells/mm3; 4 to 778 cells/mm3, median � 215)
versus patients with AIDS and CR (exhibiting
CD4 ≤ 368 cells/mm3; 1 to 368 cells/mm3, median � 31) and
(ii) patients with AIDS without CR (exhibiting CD4 ≤ 100
cells/mm3; 4 to 99 cells/mm3, median � 49) versus patients
with AIDS and CR (exhibiting CD4 ≤ 100 cells/mm3; 1 to
90 cells/mm3, median � 29). The ﬁrst comparison revealed
that the HLA-C∗07 allele group was overrepresented in
patients with AIDS without CR (P � 0.0163), and the second
comparison showed that the HLA-C∗07 allele group was
also overrepresented in patients with AIDS without CR
(P � 0.0298), indicating that the number of CD4 cells counts
did not bias the results, and the HLA-C∗07 allele group did
protect against CR development in patients with AIDS.
HLA-C alleles have been associated with protection
against AIDS development, particularly for patients exhibiting the -35C allele upstream of the HLA-C gene, which has
been reported to be associated with high cellular expression
of HLA-C molecules and protection against HIV [7, 8].
Notably, many alleles of the HLA-C∗07 group have been
associated with the -35Tallele that contributes to low HLA-C
expression and relatively high risk of disease progression [9].
Then, according to the -35CT dimorphism hypothesis, one
should expect that an increased frequency of HLA-C∗07
alleles is associated with the -35T upstream allele, a fact that
was not observed in the present study. Although the -35CT
hypothesis is very attractive to explain AIDS outcome due to
the immune modulatory role of the HLA-C molecule, the
complete structure of the HLA-C gene (regulatory and
coding regions) has not been completely studied. Further
studies encompassing larger groups of patients with AIDS
exhibiting CR as well as the study of the complete HLA-C
gene could unravel the role of the gene in the susceptibility to
CR. Besides the association with CR, the frequency of the
HLA-C∗05 allele group was increased in patients with AIDS,
irrespective of the presence or not of CR, indicating that this
allele group is associated with AIDS susceptibility. On the
contrary, patients with AIDS exhibited a reduced frequency
of the HLA-C∗16 allele group, indicating a protective factor
against the AIDS development.
HLA molecules have a relevant role on the control of
HIV infection. Classic examples are the association of HLAB∗57 and HLA-B∗35 with a slower or faster progression of
the disease, respectively [10]. Regarding the HLA-C molecules, Silva et al. [11] reported that the HLA-B∗04, -B∗57,
and -C∗18 alleles were associated with a low viral load in
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HIV-infected Brazilian patients. The present results expand
the knowledge about the impact of HLA-C alleles on
CR susceptibility; however, the major limitation of this
cross-sectional study is the number of patients with AIDS
exhibiting CR, a condition that has been drastically decreased
due to the availability of ART.

5. Conclusion
The HLA-C∗07 allele conferred protection against the development of CR in Brazilian patients with AIDS, whereas
HLA-C∗05 and HLA-C∗16 allele groups were associated
with susceptibility/protection against AIDS development.
Considering that the etiologic and preventive fractions
conferred by these alleles were low, one may assume that
many other genes are implicated on disease development.
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Dementia, including Alzheimer’s disease (AD), is a major disorder, leading to several ocular manifestations amongst the elderly
population. These visual disorders may be due to retinal nerve degenerative changes, including nerve ﬁbre layer thinning,
degeneration of retinal ganglion cells, and changes to vascular parameters. There is no cure for Alzheimer’s, but medicines can
slow down the development of many of the classic symptoms, such as loss of memory and communication skills, mood swings,
and depression. The disease diagnosis is diﬃcult, and it is only possible through PET scans of the brain, detecting evidence of the
accumulation of amyloid and tau. PET is expensive and invasive, requiring the injection of radioactive tracers, which bind with
these proteins and glow during scanning. Recently, scientists developed promising eye-scan techniques that may detect Alzheimer’s disease at its earliest stage, before major symptoms appear, leading to improved management of the disease symptoms. In
this review, we are discussing the visual abnormalities of Alzheimer’s and other neurodegenerative diseases, focused on ocular
functional-visual-structural biomarkers, retinal pathology, and potential novel diagnostic tools.

1. Introduction
AD is a degenerative disorder of the nervous system,
eventually aﬀecting over 10% of individuals aged 65 or over.
It is the ﬁfth-leading cause of death among people older
than 65 years and a major cause of disability and poor
health [1–4]. According to the World Alzheimer Report of
2016, it is estimated that 47 million people suﬀer from
dementia worldwide, and this number could increase to
more than 131 million by 2050, as populations age [5]. Life
expectancy has increased dramatically over the past century
across the globe and consequently has been detected an
increase in the observed prevalence of chronic diseases
among the elderly people.
While the optical examination sector appears extremely
interesting for the development of a novel noninvasive diagnostic tool [6], genome-wide association studies have
identiﬁed more than 20 AD risk genes [7–10], but the exact

mechanism through which these genes are associated with
AD remains unknown [11–13]. More promising are the
studies on amyloid precursor protein (APP), presenilin 1
(PSEN1), and presenilin 2 (PSEN2) mutations, identifying
them as important factors of autosomal-dominant earlyonset AD and FAD [14].
As of 2018, there is no modifying therapy for AD [15],
and only two families of medications are approved as palliatives for AD symptoms: the cholinesterase inhibitors and
the N-methyl-D-aspartate receptor (NMDAR) antagonists,
while various new drugs are under clinical trials evaluations,
among them the promising new family of secretase inhibitors [16–18].
Even though many preclinical and clinical trials on AD
drugs are underway, it is becoming obvious that the concept
of the simplistic therapy of one compound against one target
is failing, due to the complex pathophysiology of the disease,
and future treatment will be based on drug combinations to
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intensify the results [19]. In any case, the onset of Alzheimer’s disease cannot yet be stopped or reversed but might
be manageable.
Diagnosis of the disease is diﬃcult and frequently is
subjective. There is no single diagnostic test and specialists
are using various methods, including physical examination and brain scans, such as computed tomography (CT),
magnetic resonance imaging (MRI), or positron emission
tomography (PET), to rule out other probable causes for the
symptoms [20]. For the moment, early diagnosis is based on
the early recognition of the various signs and symptoms, as
the most common sign of the disease is memory loss, especially forgetting recently learned information.
Generally, a timely and accurate diagnosis is considered
to be important, as treatment of Alzheimer’s and other
dementia-causing diseases is typically most eﬀective when
started early in the disease process [21, 22]. Additionally,
accurate diagnosis could transform the design and execution
of clinical trials to test new AD treatments [23–27].
Current diagnosis methods mainly rely either on subjective tests or invasive methods with a limited accuracy.
Deﬁnite AD diagnosis is possible only through postmortem
observation of the aberrant accumulation of β-amyloid
peptides (Aβ) extracellular aggregates, β-amyloid plaques,
and protein tau intracellular twisted strands (neuroﬁbrillary
tangles, NFTs) [26–31]. The inaccuracy of the existing diagnostic methods, limits the general applicability for vast
population screening and underlines the need for the
identiﬁcation of easily accessible tools for the identiﬁcation
of high-risk subjects. To better serve the population at risk of
developing AD, new methods of deﬁnitive, noninvasive and
lower cost diagnosis are needed.
AD could be categorized in familial Alzheimer’s disease
(FAD, also known as early-onset Alzheimer’s disease) and
sporadic type (also known as late onset Alzheimer’s disease;
LOAD) [32]. The eye oﬀers a natural window to the brain as
the retina, the light-sensitive layer lining the interior of the
eye is considered part of the central nervous system (CNS)
and the only optically accessible nervous tissue [33]. Neurodegenerative changes in the brain produced by AD are
accompanied by structural and possible functional changes
in the neuroretina and the ocular vasculature.
Numerous recent studies reported the presence of
β-amyloid plaques in the retina of patients, opening the
possibility of detecting AD though simple noninvasive eye
scans [34–38]. In a parallel way, other studies revealed
degenerative changes and retinal neuron damage in the
retina/eye of AD animal models [39–43]. Consequently,
various laboratories are trying to explore this approach,
developing optical retinal imaging platforms capable to
detect β-amyloid plaques in the retina of AD subjects
[38, 44–48]. These novel imaging platforms are expected to
early detect the presence of AD hallmarks and assist in
monitoring the eﬃcacy of probable future therapeutic agents
which target relevant molecular pathways.
Nevertheless, Alzheimer’s disease shares common
features, mode-of-action, and targets with other neurodegenerative diseases such as, Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis, frontotemporal
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dementia, and even glaucoma and macular degeneration
[49–52]. Therefore, in the following text, we will analyse
the relation between AD and some of these neurodegenerative disorders, focusing on their ocular manifestations
on the accessible retina, and the possibility of using these
hallmark signs as structural-functional biomarkers for risk
assessment-monitoring of disease progression, and evaluation for the drug therapeutic eﬃcacy. In any case, the establishment of a link between neurodegenerative diseases
and ocular manifestations is an interesting emerging ﬁeld of
study.

2. Detection and Pathophysiological Processes
Involved in Alzheimer’s Diseases and Other
Neurodegenerative Diseases
Several studies have focused upon the relationship between
neurodegenerative diseases and their possible ocular manifestation. There is compelling evidence to suggest that
speciﬁc ocular biomarkers related to neurodegenerative
disorders play a pivotal role in the development of retinal
impairment or loss of visual function [53, 54].
The abnormal protein aggregation characterizes numerous neurodegenerative diseases, where insoluble proteins are accumulated in the brain such as AD, the Prion
Encephalopathies, Parkinson´s disease, Huntington disease, and other polyglutamine disorders [55]. Protein
misfolding diseases are not exclusive to the CNS, including
disorders implicating amyloidogenic proteins like type 2
diabetes, inherited cataracts, vascular inﬂammation, atherosclerosis, and haemodialysis-related disorders, among
many others [56]. Goldstein et al. reported the detection of
nanoaggregates of β-amyloid in the human AD lens [57],
a non-CNS structure considering another relevant ocular
hallmark in this pathology. Deposits of β-amyloid are
a distinct characteristic found in neurodegenerative diseases AD [58–60], Parkinson’s disease [60–65], as well as
being detected in age-related macular degeneration [66],
and glaucoma [67–70].
In fact, there are numerous recent studies connecting
glaucoma and AD, and some, bearing in mind the multiple
common features to both diseases, including risk factors
and pathophysiological mechanisms, are suggesting that
Alzheimer’s Disease and glaucoma should be considered
age-related neurodegenerative diseases, coexisting in the
elderly population [71–74]. Adding to the connection link
theories between glaucoma and AD is the recent unifying
hypothesis of the “glymphatic system.” This hypothesis is
incorporating various aspects of the vascular, biomechanical, and biochemical theories, based on a few
studies suggesting the existence of a paravascular transport
system in the eye and optic nerve. However, for the moment, there are not suﬃcient available research data to
totally support this idea [75–78].
On the other hand, recent studies are suggesting that AD
and age-related macular degeneration (AMD) share common, pathological signalling defects and disease mechanisms at the molecular genetic level [79, 80]. There is
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growing evidence that β-amyloid, the main component of
senile plaques, the hallmark of AD, is also a vital component
of drusen, the hallmark of AMD [81–83]. While AMD is
a retinal disease, AD is damaging the brain cells as well as the
retina. These two age-related diseases are primarily aﬀecting
distinct parts of the central nervous system but are generally
similar, concerning the abnormal extracellular deposits,
metabolic and oxidative stress, neuroinﬂammation, and
microvascular abnormalities [81, 84].
AD is characterized by visual disturbances at early
stages which are correlated to neuronal damage in the inner
retina, loss of RGCs, and optic nerve degeneration at
postmortem histology, as suggested by several authors
[37, 38, 85–91] and is also correlated to Parkinson’s disease,
as suggested by Bayer et al. [92]. Further studies reported
that these inner retinal alterations were correlated with an
abnormal pattern electroretinography (pERG) response
[93]. From the earliest stages of the disease, amyloid plaque
is deposited in retina tissue (including the RGC, retinal
nerve ﬁbre layer-RNFL, and inner plexiform layer) which
can produce a ﬂuorescence eﬀect by using curcumin as
a contrast [94].
An important characteristic of many systemic processes
related to AD is the contribution of the energy metabolism,
albeit the role of altered metabolic processes implicated in
Alzheimer’s disease pathogenesis is still unclear [95]. Recent
studies discovered that in several CNS disorders, there is
evidence of circulating metabolites signatures, suggesting
that retinal oxygen metabolism in AD is slightly diﬀerent
from the normal, even though the results are not conclusive
(ClinicalTrials.gov Identiﬁer: NCT02253732; ClinicalTrials.
gov Identiﬁer: NCT00001972) [96, 97]. Following this discovery, the University of Iceland, Reykjavı́k, Iceland, is
developing a biomarker for AD albeit further studies are
necessary, using larger groups, to verify the results and
further metabolomic studies and are imperative to demonstrate the correlation between systemic abnormalities and
the brain impairment in AD [60].
The Spanish Hospital Universitari Vall d’Hebron Research Institute is investigating the association between type
2 diabetes (T2D) and Alzheimer’s disease (AD) [98, 99] and
in September 2014, started a clinical trial (ClinicalTrials.gov
Identiﬁer: NCT02360527) to explore whether diabetic patients are at risk of developing AD based on the assessment
of retinal neurodegeneration and if these retina irregularities
are related to the severity of AD. The results suggest that
retinal sensitivity, assessed by microperimetry, is related to
brain neurodegeneration and could be a useful biomarker
for the detection of the disease [100].
In the University Hospital of Bordeaux, scientists are
studying how the reduced thickness of RNFL relates to AD
and other degenerative diseases and if RNFL thickness is
associated with the development of cognitive impairment.
They suggest that this parameter could be used as a biomarker for cerebral axonal degeneration, as RNFL deﬁcits
could be an early sign of AD, even before damages occur in
the hippocampal region (ClinicalTrials.gov Identiﬁer:
NCT01621841- ClinicalTrials.gov Identiﬁer: NCT01555827)
[101–104]. The results conﬁrm that the RNFL thickness is
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associated with changes in patients’ memory and could be
used as an indicator for the future development of AD [104].
In another instance, in the Department of Neurosurgery
and Maxine Dunitz Neurosurgical Research Institute,
Cedars-Sinai Medical Centre, Los Angeles, trials have begun
to administrate intravenous therapy of curcumin, a ﬂuorophore with high aﬃnity to Aβ, to an AD-Tg mice (n � 24)
mouse model and performed ﬂuorescent retinal examination in vivo [34]. After systemic administration of curcumin
using this method, noninvasive optical imaging of retinal
β-amyloid plaques in vivo with high resolution and speciﬁcity was allowed [105]. Curcumin is used as an early diagnostic probe due to its inherited ﬂuorescence and high
binding aﬃnity to amyloid-β, but it could also be the basis of
new drugs for the prevention and treatment of AD [106].
In 2011, Koronyo-Hamaoui and colleagues described the
presence of β-amyloid in human retinal whole mount of AD.
Posterior studies showed the predominant superior hemiretina damage involving mainly the inner retinal layers and
histological analysis provided evidence of increased AβPP in
AD retinas [5, 34, 49, 107]. In addition, speciﬁc retinal
ganglion cells (RGC) and melanopsin retinal ganglion cells
(mRGC) are aﬀected by amyloid pathology in AD in and
around cells [37].
Numerous studies of transgenic rodent models of AD
have identiﬁed retinal Aβ depositions in the inner retina
(inner plexiform layer, RGC layer, and nerve ﬁbre layers)
and the outer nuclear layer. These ﬁndings correlate with the
burden of amyloid plaques in the brain [34, 38, 107–109].
Furthermore, the pathological mechanisms that involve
β-amyloid in neuronal death are similar between RGC loss
and neuronal degeneration in hippocampus in diﬀerent
models of AD [66, 85–90, 110]. RGC apoptosis was accompanied by and localized with Aβ deposits in retinas
from rodent models, and signalling pathways are similar
in retinal and hippocampal neurons death [107, 111]. Based
on the observation on the retina of β-amyloid plaques,
various companies and research centres started the development of speciﬁc biomarkers for the AD early diagnosis.
In December 4, 2017 the Canadian company Optina Diagnostics Inc. started the ClinicalTrials.gov Identiﬁer:
NCT03420807 for the evaluation of a device called metabolic
hyperspectral retinal camera (MHRC) for the detection of
β-amyloid plaques. A hyperspectral mydriatic camera is
used, producing multiple images of the retina, collecting
and processing the light intensity for a large number (225) of
contiguous spectral bands at high speeds allowing the
noninvasive localization of structures and biomolecules in
the retina evaluating their speciﬁc spectral signatures
[112–114]. This method is based on the β-amyloid plaques
hypothesis of AD pathophysiology, even though it generally
remains unproven by clinical interventions [115].
Other studies support the hyperspectral imaging microscopy (HSI) method, to examine Aβ presence without the
need for exogenous ﬂuorophore. More and colleagues
demonstrated the spectral signature of aggregated Aβ in AD
mice model retinas and in vivo detection [116, 117].
While the optical examination sector appears extremely
interesting for the development of a novel noninvasive
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diagnostic tool, for the moment, research has barely surpassed the animal model level, and there is limited proof yet
that it is possible to detect β-amyloid plaques in the retina by
visual means.
In addition to growing reports of retinal Aβ accumulation, other established hallmark of AD is pTau protein
aggregates. Alterations in tau protein and gene expression
were found in a triple transgenic mouse model revealing
neuronal dysfunction that precedes cell death in the AD
retina. In addition, these results were correlated to the
presence of tau accumulation in the RGC soma and dendrites [38, 41, 118, 119]. Hyperphosphorylated tau was
detected in postmortem human retinas and in AD animal
models, which led us to the hypothesis that this could be
observed at a presymptomatic stage of the disease as tau
aggregation was not detected [118, 120, 121].
AD is a progressive brain disorder, with strong genetic
determinants and aggregated protein, responsible for dementia. For many decades, the main environmental factors
that inﬂuence the risk of AD development have been
thoroughly studied. The primary risk factors involve hypertension, diabetes, hyperlipidaemia, metabolic syndrome,
unhealthy diet, smoking, and physical inactivity among
others [1, 122, 123]. It is considered that all these factors may
contribute to the dilapidated physiopathological mechanisms in AD development.
Detection of speciﬁc biomarkers or advanced AD diagnosis approaches in the preclinical stage would be a potential breakthrough in the management of AD. Recent
studies suggest that the retinal alterations occur early,
thereby suggesting the necessity of earlier diagnosis and
subsequent treatment of AD. Retinal imaging could, therefore, serve as an alternative approach to assessing brain
degeneration in AD. Over the last 15 years, a noninvasive
optical imaging technique of the retina and OHN has been
used as a valuable tool to assess the optic nerve pathology in
AD. In vivo detection of amyloid deposits in AD retinas were
reported using OCT, and ﬁndings included perimacular and
perivascular spots in the outer plexiform layer (OPL),
ganglion cell layer (GCL), and the nerve ﬁbre layer (NFL)
thinning in AD [124–127].
In the Commonwealth Scientiﬁc and Industrial Research
Organisation (CSIRO), Perth, WA, Australia, scientists
began a study of AD patients, to discover whether the
vascular analysis of retinal photographs could identify any
retinal vascular parameters (RVPs) and when these retinal
changes occur. The study demonstrated that retinal vascular
biomarker is a potential method for the early detection of
AD [128]. Likewise, researchers in Duke University of
London developed a diagnostic method based on retinal
imaging. In July 2017, a clinical trial with reference
ClinicalTrials.gov Identiﬁer: NCT03233646 was undertaken
to evaluate a noninvasive OCTA-based retinal microvascular biomarker, as an eﬀective screening tool in cognitive
aging. The investigators hypothesize that microvascular
network alterations in the retina mirror and possibly precede
changes in the cerebral microcirculation seen in AD. Using
advanced image analysis, the investigators aim to evaluate
markers of reduced capillary blood ﬂow and nonperfusion in
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the superﬁcial and deep retinal vascular plexuses and choriocapillaris imaging using OCTA that would complement
already established retinal-structural markers and increase
their sensitivity and speciﬁcity in the early detection of AD.
Various studies found that patients with AD have less
density of retinal microvascular networks than the normal,
considering retinal vessel reaction to ﬂicker stimulation as
a promising noninvasive, widely available, and easy-toadminister future biomarker for the diagnosis and monitoring of AD [129, 130]. In another study, the OCTA technique was tested on patients with AD, demonstrating its
eﬃcacy as a biomarker in the early diagnosis of the disease
[131]. Additionally, the Medical University of Vienna is investigating whether more functional changes can be detected
in the retina of AD patients, in conjunction with the already
identiﬁed aberrations. For this purpose, in September 2016,
they began a clinical trial (ClinicalTrials.gov Identiﬁer:
NCT02663531) evaluating the relationship between neural
activity and blood ﬂow, in induced ﬂicker light hyperaemia in
the retina, as a possible biomarker for AD. Furthermore, they
assessed structural parameters such as retinal nerve ﬁbre layer
thickness and function parameters such as ocular blood ﬂow
and retinal oxygenation [132, 133]. According to the results,
neuritic plaques were detected in representative cortical regions, suggesting OCTA as a useful tool for three-dimensional
imaging of retinal Aβ accumulation [134, 135].
In general, advances in the image processing and software have improved the interpreting of anterior segment
OCT images. In any case, the technique must advance towards the reﬁnement of assessing vascular networks for the
anterior segment and improvement of the histology detail, to
become more accurate and to facilitate its use.
Studying the retinal visual changes of patients with
neurodegeneration is an emerging ﬁeld that requires more
investigation. Intraocular and systemic therapeutic
biomarkers/agents and visualizing techniques may be developed, serving the dual purposes of establishing novel
pharmacological targets and new technological sources.
The mentioned areas of research have come a long way
with many and important results, allowing us to have
a better understanding of the disease [47]. More eﬀorts are
still needed, however, to fully understand the aetiology of the
disease, to establish reliable individual predictive models,
and place us closer to the development of a deﬁnitive diagnostic method and a possible personalized treatment.

3. Ophthalmological and Ocular
Clinical Symptoms
The ocular alterations in AD involve diﬀerent structures in
the anterior and posterior pole (Table 1). In the anterior pole,
tear ﬂuid is considered to be a potential biomarker source.
Kallo et al. discovered 100% increase of ﬂow rate and 100%
increase in protein levels in AD patients, with respect to the
age-matched controls. The combination of four tear proteins
lipocalin-1, dermicidin, lysozyme C and lactritin, had 81%
sensitivity and 77% speciﬁcity for AD [136]. Furthermore,
abnormal tear functions and reduced corneal sensibility
were described in previous studies of neurodegenerative
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Table 1: Visual system pathological and functional alterations in Alzheimer’s disease.
Ocular structures and clinical facts

Retina

Retinal and choroidal vasculature
Retinal vascular blood ﬂow
Optic nerve
Lens
Tears
Cornea
Pupil
Choroid
Aqueous humour
Visual ﬁeld
Visual acuity
Sensory perception
Visual processing
Contrast sensitivity
Colour vision
Stereopsis
Circadian rhythm

Pathological changes
Deposition of proteins tau, Aβ, and pTAu [35, 38, 39, 118]; accumulation of phosphorylated
tau protein [138, 139]
Impairment of amyloid β precursor protein (APP) metabolism [140, 141, 142]
Reduction in retinal ganglion cells (RGCs) [85–87,143]
Reduction of retinal thickness [85, 93, 144]
Reduction to the retinal nerve ﬁbre layer (RNFL) thickness [89, 145]
Retrograde degeneration from loss of cortical neurons [146, 147]
Inﬂammation [148, 149, 150]
Retinal and choroidal vascular β-amyloid deposits in transgenic mouse model of AD lead to
retinal degeneration [107]
Reduction of vascularization [151]
Blood ﬂow abnormalities may cause neurodegeneration [152]
Axonal degeneration in the axonal segments [85, 140]
Loss of optic nerve thickness [153, 154]
Papillary paleness due to axonal loss and perfusion alterations [155]
Correlation between AD and supranuclear cataract [156, 157]
Presence of abnormal protein deposits [124, 157]
Changes in the chemical barrier composition of tears [136]
Reduced corneal sensitivity [137]
Pupillary responses possible biomarker [158, 159]
Attenuation of choroidal thickness [160, 161]
Detection of Alzheimer connected, β-amyloid peptides, and chemokines in the aqueous
humour [162, 163]
Dysfunction in diﬀerent tasks of basic vision and visual cognition [164]
Decreased visual acuity [165]
Clinically important symptoms of visuospatial disorientation [166, 167]
Deﬁcits of visual motion perception [168]
Contrast sensitivity disturbances and motion perception [169, 170]
Incomplete achromatopsia [171]
Reduced stereoscopic depth perception [172, 173]
Alterations in the circadian rhythm and β-amyloid deposits inside and surrounding
degenerating mRGCs [174–176]

diseases [137]. In 2017, the French company Amoneta Diagnostics SAS started a clinical trial (ClinicalTrials.gov Identiﬁer: NCT03030586) to validate the performance of
a noninvasive peripheral blood diagnostic kit for AD, collecting
samples from peripheral body ﬂuids, tears being among them.
Pupillary responses are associated with brain impairment in diﬀerent studies where light reﬂex amplitude is
reduced in AD [177]. Granholm et al. suggest that taskevoked pupillary responses may be a psychophysiological
biomarker of early risk for AD [158]. The Massachusetts
General Hospital started a clinical trial (ClinicalTrials.gov
Identiﬁer: NCT03330353) in 2017 to investigate rod, cone,
and melanopsin-driven pupillary light response in individuals, as a possible AD and other neurodegenerative
diseases diagnostic method. Furthermore, the Centre Hospitalier Universitaire de Besancon France recently began
a clinical trial (ClinicalTrials.gov Identiﬁer: NCT01434940)
to validate eye movement recording as an early diﬀerential
diagnostic tool for AD. Tracking eye movements is becoming an interesting diagnostic technique and could be
beneﬁcial in recognizing individuals who will progress to
AD, but for the moment, there remain many critical points
which require additional investigation.

As previously commented, β-amyloid was detected in the
human lens of AD patients, and in a Framingham Oﬀspring Eye
Study cohort, a correlation between cortical cataract and AD
degeneration was observed [124, 156, 178, 179]. These ﬁndings
establish the β-amyloid protein as a key pathogenic biomarker
between lens and AD. In 2017, the American company
Cognoptix, Inc. started a clinical trial to detect β-amyloid in the
lens of the eye in patients with mild cognitive impairment
(MCI), and mild AD after the instillation of Aftobetin Hydrochloride. Aftobetin, also known as ANCA11 and NCE-11, is
an amyloid-binding compound applied topically in the form of
an ophthalmic ointment and may be useful as an aid in the
diagnosis of AD (ClinicalTrials.gov Identiﬁer: NCT02928211).
Finally, in another ocular ﬂuid, the aqueous humour;
higher levels of proteins involved in AD pathology such as
β-amyloid peptides; and a series of chemokines, including
eotaxin, eotaxin 3, and interleukin [IL]-8 (160) were detected in
cataract surgery patients. Additionally, Inoue et al. suggest that
open-angle glaucoma patients presented elevated levels of
various biomarkers of AD in the aqueous humour, including
apolipoprotein (Apo) AI, ApoCIII, ApoE, transthyretin (TTR),
complement factor H, complement C3, and α2-macroglobulin
(α2M) [162].
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In the posterior pole, retinal thickness is correlated to
cortical atrophy and choroid and NFL is thinning in AD
patients [85, 93, 144, 145, 153, 155, 160]. Several reports in
AD patients, showed RGC loss [85, 86, 143]. Additionally,
studies in patients and on AD animal models displayed Aβ
and tau proteins accumulation in inner retinal layers
[138, 143, 180]. Furthermore, Rusu et al. detected APP
metabolism impairment in transgenic drosophila [140] and
Paris et al. detected a reduction of angiogenesis processes in
transgenic mice [151]. In addition, studies on patients and
animal models reveal that activated microglia and proinﬂammatory molecules are contributing to the development
of the pathology, and they are degenerating neurons, decreasing retinal activity [111, 148, 149, 181].
All these morphological and/or biochemical changes are
leading to decreased visual acuity, deﬁcits in visual perception, anomalies of colour vision, visual cognition impairment, and visuospatial disorientation. In summary, all
these ﬁndings are creating the certainty that visual abnormalities of the visual axis, from RGC to visual cortex, are
common ocular characteristic features of AD [164–166, 168].

4. Conclusions
AD diagnosis is based on the interpretation of the signs and
symptoms of the disease in cerebrospinal ﬂuid (CSF) tests
and neuroimaging of the brain. Recent major advances in
brain imaging are providing opportunities for a more accurate diagnosis, but unfortunately, this technique has
limited availability, and its costs are high, making
population-wide screening challenging. Consequently, there
is a global need for novel early diagnostic methods, more
speciﬁc, more economic, and with the added ability to
distinguish AD among the diverse types of neurodegenerative disorders, bearing in mind that AD diagnosis must
identify the disease before the cognitive deﬁcits have reached
the threshold of dementia.
The eye shares many neural and vascular similarities
with the brain, directing many researchers towards the
discovery and development of novel ocular biomarkers,
which could have a profound inﬂuence on early diagnosis
and the discovery of new treatments for the disease.
Numerous recent studies reported the presence of
β-amyloid plaques, the hallmark of the disease, in the retina
of AD mice models and humans, opening the possibility of
detecting AD through a simple noninvasive eye scan.
Various laboratories are exploring this approach with the
development of optical retinal imaging platforms to detect
β-amyloid plaques in the retina of AD subjects. These novel
imaging platforms are expected to help aid the early detection of AD and assist in monitoring the eﬃcacy of
probable future therapeutic agents which target relevant
molecular pathways.
Another imminent change concerning the diagnosis of
the neurodegenerative diseases through the eye would be the
greater role of the primary eye care practitioners in a sector
that previously had little implication.
While a considerable number of clinical trials are currently underway to evaluate novel diagnostic methods,
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through the eye, and the results are promising, for the
moment, the biomarkers for the diagnosis of Alzheimer’s
disease (AD) are not yet validated for use in clinical settings,
and their widespread implementation remains a challenge.
Among the reasons for this, we could underline the lack of
experience of the researchers to interpret the huge data
obtained from these eye images, ethnic variation causing
further complications, the overlap with other diseases, and
the lack of speciﬁcity of these biomarkers. In general, there is
a need for a greater number of validation studies involving
wider cohorts of various ethnicities and origins. Another
question arising in the use of eye biomarkers is that perhaps
they are too late as by the time β-amiloide plaques are
discovered in the retina, the disease has already progressed.
Finally, the cascade of events resulting in retinal cell
death in ocular neurodegenerative pathologies is leading
scientists to a new common descriptive term of diseases of
the retina. Even though the aetiology of AMD, glaucoma,
and AD is still uncertain, studying the common features
between them may provide further knowledge about their
pathogenesis and could lead to accelerated development of
therapies for both diseases. Additionally, studying ADrelated retinal degeneration is a promising way forward in
the investigation of AD pathologies and therapies, which
could eventually beneﬁt the brain and cellular mechanisms
in other retinal degenerations.
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Özkan Kocamış
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Purpose. We aimed at measuring the choroid and retinal nerve ﬁber layer thickness with optic coherence tomography (OCT) in
patients diagnosed with chronic obstructive pulmonary disease (COPD). Methods. A total of 60 patients with COPD and 23 healthy
controls were evaluated in the scope of this prospective, observational study. COPD patients were divided into two groups as those
that were stable and those with an exacerbation based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
classiﬁcation. Subfoveal choroid thickness (SFCT) of the patients and the control group was compared by measuring the choroid
thickness at points 1000 µm nasal and temporal to the fovea and the mean retinal nerve ﬁber layer (RNFL) thickness. Results. The
subfoveal choroid thickness of the COPD patients in both the exacerbation and stable groups was found to be statistically signiﬁcantly
thinner than the control group (p � 0.047 and p � 0.046, resp.). No statistically signiﬁcant diﬀerence was found between the
subfoveal choroid thickness of the patients that were stable and those that had an exacerbation (p � 0.813). No statistically signiﬁcant
diﬀerence was found between the mean RNFL, 1000 µm nasal, or 1000 µm temporal choroid thicknesses of the COPD patients and the
control group (p � 0.263, p � 0.455, and p � 0.611, resp.). Conclusion. Decreased subfoveal choroid thickness was found in the
COPD patients both during an exacerbation and in the stable period, when compared to the control group. The mean RNFL thickness
was similar in the exacerbation and stable period of the stable COPD patients when compared to the control group. This suggests that
ocular ﬁndings might be important in terms of COPD morbidity. This trial is registered with www.chictr.org.cn/enIndex.aspx.

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a common,
preventable, and treatable disease characterized by persistent
airﬂow restriction and respiratory symptoms due to airway
and/or alveolar abnormalities that are usually caused by serious
exposure to harmful particles or gases [1]. COPD is considered
to be a systemic disease that is accompanied by low-grade
systemic inﬂammation causing various systemic eﬀects [2, 3].
The main cause of the inﬂammation in COPD is exposure
to inhaled irritants such as those in cigarettes. These inhaled
irritants trigger the production of inﬂammatory mediators
such as C-reactive protein (CRP), interleukins, and ﬁbrinogen
and initiate inﬂammatory events due to the release of leukocytes and thrombocytes from the bone marrow and

activation of the circulating leukocytes and vascular endothelial cells [4]. The inﬂammatory mediators maintain the
inﬂammatory process and cause tissue damage in addition to
their various systemic eﬀects.
Ocular complications can also be observed in COPD
patient. Ishikawa have found a signiﬁcant relationship between chronic pulmonary disease including COPD, asthma,
lung cancer, and pulmonary ﬁbrosis and preoperative low
corneal endothelial cell density [5]. Soler et al. have similarly
reported lower endothelial function reserve in COPD patients [6]. Another study has found a relationship between
cataracts and COPD exacerbations [7].
The retinal and choroidal microvasculatures are complex
vascular systems that can become involved in many systemic
disorders [8]. A functionally normal choroidal vasculature is
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essential for retinal function; thinning of the choroid and
loss of the vascular tissues often leads to photoreceptor
damage and vascular dysfunction [9].
Hypoxia and systemic inﬂammation are thought to
involve ﬁne ocular structures, such as the choroid, macula,
retinal nerve ﬁber layer (RNFL), and retinal vascular vessels.
These can all be assessed quantitatively and qualitatively
using spectral domain OCT (SD-OCT) [10].
Enhanced depth imaging OCT (EDI-OCT) is a relatively
new technique that uses light with a longer wavelength as it
is more eﬀective for choroidal scanning. It provides valuable
data about the choroidal morphology in both healthy
subjects and in those with various diseases [11–17].
We aimed at evaluating the macular choroid thickness in
COPD patients by using EDI-OCT in this study.

2. Materials and Methods
This prospective and observational study was approved by the
ethics committee of our institution (2017-17/207). A total of 83
patients being followed up at the Ahi Evran University’s
Department of Pulmonary Disease and consisting of 60 patients with COPD and 23 healthy controls of similar age and
gender were evaluated within the scope of the study. The study
protocol was based on the Helsinki Declaration principles.
Pulmonary function tests were performed on the patients with
COPD. Pulse oximetry from the ﬁngertip was used to determine hypoxic conditions. Pulse oximetry measurements
were <97%, and we did not perform blood gas analysis, an
invasive method, as the patients were known to be hypoxemic.
We classiﬁed the COPD patients into two with 30 patients in
the exacerbation period and 30 patients in the stable period.
The deﬁnition of exacerbation in GOLD 2017 is “acute
worsening in addition to the symptoms, resulting in additional
treatment requirement” [1]. The classiﬁcation of exacerbation
severity was based on the treatment options used as mild,
moderate, and severe in the GOLD 2017 report [1, 18]:
(i) Mild: Patient treated only with short-acting bronchodilators (SAB).
(ii) Moderate: Patient treated with antibiotics and/or
oral corticosteroids in addition to SAB.
(iii) Severe: Patient presents to the emergency service or
is admitted to the hospital. Severe exacerbation can
also coexist with acute respiratory failure.
COPD patients during the exacerbation period consisted
of patients with moderate exacerbation severity not requiring
hospitalization. The medication used by the COPD patients
consisted of β2 agonists (salmuterol and formoterol), anticholinergics (tiotropium), oral antibiotics (sefuroxime and
oﬂoxacin), and oral corticosteroids (dexamethasone). A total
of 23 subjects who did not smoke and whose pulse oximetry
measurements were 97% or higher were identiﬁed as the
control group.
The inclusion criteria were a visual acuity of 0.8 or better,
a spherical refractive error less than 3 D and astigmatic
refractive error less than 3 D, intraocular pressure below
21 mmHg, and axial length less than 24 mm.

Figure 1: Choroidal measurements of the patients diagnosed with
COPD.

Patients with diabetes mellitus (DM), hypertension
(HT), cardiac failure, those with a history of ocular surgery,
and patients with age-related macular degeneration or
glaucoma were excluded from the study.
2.1. Ocular Examinations. The left eyes were included in the
study. All subjects underwent standard ophthalmologic examination with a visual acuity test using the Snellen chart,
biomicroscopy, noncontact tonometer intraocular pressure
measurement, axial length measurement, fundus examination,
and SD-OCT (Spectralis, Heidelberg, Germany) measurements. The subfoveal choroidal thickness (SFCT) and the
choroidal thickness 1000 µm nasal and 1000 µm temporal to
the subfoveal were measured with EDI-OCT. Choroid
thickness was measured from the inner surface of the sclera to
the outer portion of the hyperreﬂective line corresponding to
the retinal pigment epithelium (Figure 1). The chorioscleral
interface was clearly displayed for all measurements. Peripapillary retinal nerve ﬁber layer (RNFL) thickness was also
measured by SD-OCT. The global thickness was recorded as
the RNFL thickness.
2.2. Statistical Analysis. Mean, standard deviation, median,
the lowest, the highest, frequency, and ratio values were used
in the descriptive statistics of the data. The distribution of the
variables was measured with the Kolmogorov–Smirnov test.
Independent samples t-test and the Mann–Whitney U test
were used in the analysis of the quantitative independent
data. The SPSS 22.0 program was used for the analyses.

3. Results
The mean age of the COPD patients evaluated within the
scope of the study was 64.1 ± 7.3 years in the exacerbation
group, 64.4 ± 8.6 years in the stable group, and 65.8 ± 7.1 years
in the control group. No statistically signiﬁcant diﬀerence was
present between the FEV1 and FEV1/FVC values of those in
the exacerbation and stable groups (p � 0.054 and p � 0.092,
resp.). The oxygen saturations of the patients in the exacerbation group were statistically signiﬁcantly lower than those
in the stable group (p � 0.009; Table 1). No statistically
signiﬁcant diﬀerence was present between the mean RSLT,
1000 µm nasal, and 1000 µm temporal choroid thicknesses of
the COPD patients and the control group (p � 0.263,
p � 0.455, and p � 0.611, resp.). The subfoveal choroid
thickness of the patients in both the exacerbation and stable
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Table 1: Clinical and demographic characteristics of the COPD and control groups.
Group A (n � 30)
64.1 ± 7.3
63.9 ± 14.8
1.6 ± 0.7
89.3 ± 8.5

Age (y)
FEV1/FVC
FEV1
O2

Group B (n � 30)
64.4 ± 8.6
71.1 ± 13.1
2.0 ± 0.8
94.2 ± 4.4

Control (n � 23)
65.8 ± 7.1
90.2 ± 4.2
2.2 ± 0.5
98 ± 0.9

p
0.073A
0.092m
0.054m
0.009m

Group A: COPD at the exacerbation period; Group B: COPD at the stable period; AANOVA; mMann–Whitney U test; FEV1: forced expiratory volume; FVC:
forced vital capacity; O2: oxygen saturation; y: year.

Table 2: Choroid and RNFL thickness values of the COPD and control groups.
SFCT
N
T
RSLT

Group A (n � 30)
228.3 ± 76.2
207.6 ± 82.1
204.6 ± 66.9
103.0 ± 11.4

Group B (n � 30)
224.3 ± 78.7
208.3 ± 85.3
213.6 ± 67.1
98.3 ± 11.3

Control (n � 23)
269.0 ± 86.7
216.9 ± 64.3
218.9 ± 66.9
100.1 ± 9.4

p
0.016K
0.455K
0.611K
0.263K

p∗
0.813
0.976
0.487
0.113

p∗∗
0.047
0.170
0.389
0.265

p∗∗∗
0.046
0.414
0.596
0.767

Group A: COPD at the exacerbation period; Group B: COPD at the stable period; SFCT: subfoveal choroidal thickness; N: nasal choroid; T: temporal choroid;
RNFL: retinal nerve ﬁber layer; KKruskal–Wallis; ∗ p: between Groups A and B; ∗∗ p: between Group A and controls; ∗∗∗ p: between Group B and controls.

COPD groups was statistically signiﬁcantly lower than in the
control group (p � 0.047 and p � 0.046, resp.). No statistically signiﬁcant diﬀerence was found between the subfoveal
choroid thickness of the exacerbation group and the stable
group (p � 0.813; Table 2).

4. Discussion
The choroid is a complex vascular network that supplies the
retinal pigment epithelium and outer retina layers. It also
provides thermal stability for the ocular tissues, removes
ocular waste, and plays a role in uveoscleral aqueous
drainage and intraocular pressure regulation [19, 20].
We found signiﬁcantly lower subfoveal choroid thickness in COPD patients in the exacerbation and stable groups
compared to the control group in our study. No signiﬁcant
diﬀerence was found in the choroid thickness 1000 µ nasal
and temporal to the fovea in the COPD groups compared to
the control group. No signiﬁcant diﬀerence was found between the mean RNFL thicknesses of the COPD patients in
the exacerbation and stable groups.
Many factors can inﬂuence choroid thickness. The value
decreases with age [21] but increases in acromegaly and
diabetes [22, 23]. The choroid thickness reﬂects the choroid
circulation and can be inﬂuenced by the systemic blood
pressure, intraocular pressure, mean ocular perfusion
pressure, nitric oxide, catecholamines, and vascular autoregulation [24]. The levels of endothelin-1 (ET-1), a potent
vasoconstrictor, have been shown to be increased in the
plasma, sputum, and urine samples of COPD patients
compared with those in controls [25, 26].
A dose-dependent vasoconstrictor eﬀect of ET-1 has
been reported by Polak et al. and mainly aﬀects retinal
microvessels [27]. Increased ET-1 levels in the plasma are
thought to increase resistance to ocular artery blood ﬂow in
COPD patients through vasospasm. Such increased levels
could develop as a result of chronic hypoxia. Nikolaou et al.
have reported increased blood ET-1 levels during nocturnal
oxyhemoglobin desaturation in these patients [28].

Chronic hypoxia and hypercapnia may aﬀect the retinal
and choroidal blood ﬂow in COPD patients. In this regard,
some color Doppler ultrasonography studies have demonstrated impaired retrobulbar hemodynamics, reduced retrobulbar blood ﬂow, and increased resistance to blood ﬂow
in both the retinal and choroidal circulation in COPD patients [29–31].
Ozcimen et al. evaluated the peripapillary choroid
thicknesses in COPD patients and found thinning in all
segments; however, statistically signiﬁcant thinning was only
present in the inferior segment [9]. Ugurlu et al. found no
statistically signiﬁcant diﬀerence between COPD patients
and the control group in terms of subfoveal choroid
thickness [32] (p � 0.84). Gok et al. showed that macular
choroid thicknesses in all COPD stages were lower than in
the control group at all locations, but no statistically signiﬁcant diﬀerence was present [8]. The subfoveal choroid
thickness was statistically signiﬁcantly lower in COPD patients in the exacerbation and stable groups in our study but
no diﬀerence was present in other locations.
The chronic systemic inﬂammation and hypoxia in
COPD can cause oxidative stress substances to appear and
lead to a disturbed oxidant-antioxidant balance [33, 34],
resulting in axonal loss and ganglion cell death [35–37]. The
end result is decreased RNFL thickness.
Ugurlu et al. reported lower RNFL thickness in all segments in COPD patients but a signiﬁcant thinning was only
present in the inferior segment [32]. In contrast to our study,
Ozcimen et al. found the mean RNFL thickness in patients
with COPD to be signiﬁcantly lower [9]. Gok et al. found
signiﬁcantly lower values for both mean and nasal segment
RSLT thickness in patients with COPD [8]. We evaluated the
mean RNFL thickness and did not perform segmentation.

5. Conclusions
Our study has some limitations. First of all, the chorioscleral
border was deﬁned manually, and the accuracy of this
process was not evaluated. Secondly, the number of COPD
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patients and especially of patients in the exacerbation group
was relatively low.
The fact that the COPD patients showed lower choroid
thickness in both the stable and exacerbation groups indicates that it may be possible to use this ﬁnding as an
indicator of COPD morbidity.
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Purpose. To investigate the diﬀerences in axial length, corneal curvature, and corneal astigmatism with age in patients with Marfan
syndrome (MFS) and ectopia lentis. Methods. A retrospective case series study was conducted. MFS patients with ectopia lentis were
divided into groups according to age. Axial length, corneal curvature, and corneal astigmatism were measured. Results. This study
included 114 MFS patients (215 eyes) with a mean age of 19.0 ± 13.9 years. Axial length diﬀered signiﬁcantly across age groups in
MFS patients (P < 0 001), whereas corneal curvature did not (P = 0 767). Corneal astigmatism was statistically signiﬁcant
throughout the MFS cohort (P = 0 009), but no signiﬁcant diﬀerence was found in young MFS patients (P = 0 838). With
increasing age, the orientation of the corneal astigmatism changed from with-the-rule astigmatism to against-the-rule or oblique
astigmatism (P < 0 001). A linear correlation analysis showed weak correlations between age and axial length for both eyes and
with corneal astigmatism for the left eye, but there was no correlation between age and corneal curvature. Conclusions. In MFS,
axial length varies with age, corneal curvature remains stable, and corneal astigmatism is higher in young patients and tends to
shift toward against-the-rule or oblique astigmatism. Therefore, it is important to consider age when diagnosing MFS with
ocular biometric data.

1. Introduction
Marfan syndrome (MFS) is an autosomal dominant
inherited disease associated with systemic connective tissue
disorders, particularly involving the ocular, cardiovascular,
and skeletal systems. It is caused by the mutation of
ﬁbrillin-1 (FBN1) gene encoding ﬁbrillin-1, which plays
important roles in systemic connective tissues and has an
integral role in maintaining ocular health [1, 2]. The estimated morbidity rate of MFS was reported to be 4.60–6.81
per 100,000 people [3–5].
Ectopia lentis (EL) aﬀects 30.2%–87.0% of MFS patients
[6–14]. Although the incidence of EL varies widely in prior
studies, it is the major diagnostic criterion of the 2010
Revised Ghent Nosology [15]. Aside from EL, myopia of
>3.0 diopters (D) is a minor ocular criterion for the diagnosis
of MFS. Myopia, which is the most prevalent ocular disorder

that develops rapidly in early childhood [16, 17], is strongly
associated with increased axial length (AL) and decreased
corneal curvature, which are common features in MFS
patients. A long AL results in myopia; however, a ﬂatter cornea may compensate for increased AL leading to a refractive
error of <3.0 D.
Although the phenotype of MFS is becoming well documented in adults, it is incomplete in children, in whom the
presence of ectopia lentis and aortic root dilatation are the
best and most stable diagnostic features [18]. In young MFS
patients, the incomplete phenotype limits the accurate detection of MFS and the timely interventions required to prevent
severe complications. Many studies have demonstrated that
some ocular biometric characteristics, such as increased
AL, reduced corneal curvature, and high corneal astigmatism, have potential diagnostic values in MFS patients
[8–10, 19–22]. Increased AL (>23.5 mm), reduced corneal
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curvature (<41.5 D), and high corneal astigmatism (>1.0 D)
are common in MFS, but the diﬀerences across age groups
have not been determined. Therefore, we investigated the
diﬀerences in these parameters with age in MFS patients.
Our objective was to evaluate AL, corneal curvature, and
the magnitude and orientation of corneal astigmatism in
MFS patients with EL in diﬀerent age subgroups and to determine the clinical diagnostic signiﬁcance of these parameters
for suspected MFS.

2. Methods
2.1. Ethics. The retrospective case series study was conducted
at the Eye & ENT Hospital of Fudan University, Shanghai,
China, by searching the medical records of patients treated
between March 2012 and November 2017. The study was
approved by the Human Research Ethics Committee of the
Eye & ENT Hospital of Fudan University, and the research
adhered to the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all patients.
2.2. Subjects. We included patients diagnosed with MFS
based on the Ghent-2 criteria [15]. The study group comprised 114 MFS patients (215 eyes) with EL, who came
from 15 provinces of China.70.2% of the patients came
from the peripheral regions of Shanghai, where our hospital was located. Patients with a history of ocular surgery,
corneal disease, uveitis, use of contact lenses within 2
weeks before examinations, or suspected (unconﬁrmed)
MFS were excluded from this study. Both eyes of each
subject were included.
2.3. Eye Examinations. All patients underwent thorough
ophthalmic examinations of both eyes by experienced ophthalmologists. The patients’ family and medical history were
evaluated before the ocular examinations. We then used slitlamp examination to determine the position of the lens in
diﬀerent gaze directions under complete pupillary dilation.
AL, corneal curvature, and corneal astigmatism were
measured using an IOL Master (Carl Zeiss Meditec, Jena,
Germany) or an auto refract keratometer (Nidek ARK700A). The mean keratometry (Km; in D) was calculated as
the mean value of Kmax and Kmin and was taken as the corneal curvature. The corneal astigmatism (AST) was calculated as Kmax–Kmin. The axis orientations of the corneal
astigmatism were classiﬁed as “with the rule” (WTR) (the
steepest corneal meridian was within 90° ± 30°) or “against
the rule” (ATR) (the steepest corneal meridian was within
0°–30° or 150°–180°). If the astigmatism was outside these
parameters, it was classiﬁed as oblique.
2.4. Data Analysis. To analyze the diﬀerences in these ocular
biometric characteristics with age, we divided the MFS
patients into ﬁve groups by age: G1 (≤10 years old), G2
(11–20 years old), G3 (21–30 years old), G4 (31–40 years
old), and G5 (>40 years old). The MFS patients younger than
20 years old were further divided into four subgroups: Y1
(3–5 years old); Y2 (6–10 years old); Y3 (11–15 years old);
and Y4 (16–20 years old).
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Table 1: Demographic characteristics of the Marfan syndrome
patients with ectopia lentis.
Subjects (eyes)
Mean age (range) (years)
Gender (female : male)
Right : left
AL (range) (mm)
Kmin (range) (D)
Kmax (range) (D)
Km (range) (D)
AST (range) (D)

114 (215)
19.0 ± 13.9 (3–54)
56 : 58
108 : 107
26.18 ± 3.11 (20.85–34.46)
39.96 ± 1.70 (34.87–45.42)
41.52 ± 1.86 (35.38–46.75)
40.74 ± 1.72 (35.13–45.70)
1.55 ± 0.93 (0.10–4.61)

AL: axial length; Kmin: minimum keratometry; Kmax: maximum
keratometry; Km: mean keratometry; D: diopters; AST: corneal astigmatism.

Quantitative data passed the normal distribution test and
were presented as the mean ± standard deviation (SD). We
used the one-way analysis of variance, Kruskal–Wallis test,
and chi-square test, as appropriate, to compare ocular biometric values between diﬀerent age groups of MFS patients.
To determine pairwise diﬀerences, a Bonferroni post hoc
analysis was conducted when the groups were of equal sizes.
Correlations between age and continuous variables were
assessed by calculating Pearson’s correlation coeﬃcient (r).
Values of P < 0 05 were considered statistically signiﬁcant.
All statistical analyses were performed using SPSS version
22.0 (IBM Corp., Armonk, NY, USA).

3. Results
The study included 215 eyes of 114 MFS patients with EL.
The mean age of the subjects was 19.0 ± 13.9 years (range,
3–54 years), and 50.9% of them were male. The demographic
characteristics of the MFS patients are listed in Table 1, and
the distributions of elevated parameters are shown in
Figure 1. In terms of the minor criteria, we determined the
proportions of patients in the diﬀerent age groups with
increased AL, ﬂat cornea, and high corneal astigmatism,
which were deﬁned as AL> 23.5 mm, Km < 41.5 D, and
AST > 1.0 D, respectively (Figure 2).
3.1. Axial Length. The mean AL of the patients was 26.18
± 3.11 mm (range, 20.85–34.46 mm) and included 174 eyes
(80.9%) with a long AL (>23.5 mm). There were signiﬁcant
diﬀerences in AL among the age groups of MFS patients (P
< 0 001; Table 2). The mean AL was signiﬁcantly shorter in
the G1 group (≤10 years old, 24.79 ± 2.46 mm) than those
in the G2, G3, G4, and G5 groups (P < 0 05). Table 3 shows
the ocular biometric data for the MFS patients younger than
20 years old. There were signiﬁcant diﬀerences in the mean
AL of the Y1 subgroup (3–5 years old) and those of the other
subgroups (P < 0 05, Table 3). In the young MFS patients, the
mean AL and the proportion of AL values > 23.5 mm
increased signiﬁcantly with increasing age (both P < 0 001,
Table 3, and Figure 2(d)). An abnormally high AL
(>23.5 mm) was observed in 60 eyes (65.9%) in the G1 group,
in 41 eyes (93.2%) in the G2 group, in 32 eyes (91.4%) in
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Figure 1: Distributions of axial length (a), Km (b), Kmin (c), and Kmax (d) for Marfan syndrome patients. AL: axial length; Km: mean
keratometry; Kmin: minimum keratometry; Kmax: maximum keratometry; D: diopters.

the G3 group, in 22 eyes (88.0%) in the G4 group, and in
19 eyes (95.0%) in the G5 group (P < 0 001, Figure 2(a)). A
linear correlation analysis showed a weak correlation
between age and AL in MFS patients for the right eye
(r = 0 408, P < 0 001; Figure 3(a)) and the left eye (r = 0 360,
P < 0 001; Figure 3(a)).
3.2. Corneal Curvature. The mean corneal curvature (Km
value) was 40.74 ± 1.72 D (range, 35.13–45.70 D) in the MFS
patients with EL. Of the 215 eyes tested, 156 eyes (72.6%)
had a ﬂattened cornea, with Km < 41.5 D. The proportions
of Km values < 41.5 D in the diﬀerent age groups are shown
in Figure 2(b) (P = 0 144). The proportion of Km
values < 41.5 D decreased in young MFS patients with age,
and the diﬀerences were statistically signiﬁcant (P = 0 026;
Figure 2(e)). The Km value did not change with age in
MFS patients (P = 0 767, Table 2; P = 0 269, Table 3).
No linear correlation was detected between age and corneal curvature (P = 0 620 for the right eye, P = 0 918 for
the left eye, for the total group, Figure 3(b); P = 0 686

for the right eye, P = 0 620 for the left eye, for the young
patients, Figure 3(e)).
3.3. Corneal Astigmatism. The mean corneal astigmatism in
the MFS patients with EL was 1.55 ± 0.93 D (range, 0.10–
4.61 D), and it was higher in the MFS patients < 20 years
old (1.70 ± 0.97 D) than in the other patients. Corneal
astigmatism diﬀered signiﬁcantly among the age groups
(P = 0 009, Table 2), increasing in both the G1 group
(age ≤ 10 years) and G2 group (11–20 years) and
decreasing with age thereafter in the MFS patients. However, no signiﬁcant diﬀerences were found in the corneal
astigmatism of the young MFS patients (P = 0 838;
Table 3). Figure 3(c) shows the weak correlation between
age and corneal astigmatism in the total MFS patients in
the left eye (r = −0 274, P = 0 004, Figure 3(c)), whereas no
linear correlation was detected between age and corneal
astigmatism in the young MFS patients (Figure 3(f)).
Among the 215 eyes of MFS patients examined, the
type of corneal astigmatism was classiﬁed as WTR, ATR,
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Figure 2: Proportions of increased axial length (a and d), reduced corneal curvature (b and e), and high corneal astigmatism (c and f) in
diﬀerent age groups of Marfan syndrome. AL: axial length; Km: mean keratometry; D: diopters; AST: corneal astigmatism.
Table 2: Demographic characteristics of the Marfan syndrome patients with ectopia lentis among diﬀerent age groups.
Age group (years)
Eyes (N)
Male/female
Right/left
AL (mm)
Km (D)
AST (D)

G1 (≤10)

G2 (11–20)

G3 (21–30)

G4 (31–40)

G5 (>40)

P value∗

91
21/26
45/46
24.79 ± 2.46
40.73 ± 1.84
1.68 ± 1.00

44
12/10
22/22
26.32 ± 2.63
40.90 ± 1.65
1.74 ± 0.90

35
10/9
19/16
27.58 ± 3.34
40.46 ± 1.45
1.44 ± 0.67

25
9/5
12/13
27.75 ± 3.69
40.69 ± 1.77
1.36 ± 1.08

20
6/6
10/10
27.82 ± 2.85
41.01 ± 1.75
1.00 ± 0.55

0.759
0.990
<0.001
0.767
0.009

AL: axial length; Km: mean keratometry; D: diopters; AST: corneal astigmatism; ∗ P values represent general diﬀerences among groups.
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Table 3: Demographic characteristics of the young Marfan syndrome patients with ectopia lentis among diﬀerent age subgroups.
Age groups (years)
Eyes (N)
Male/female
Right/left
AL (mm)
Km (D)
AST (D)

Y1 (3–5)

Y2 (6–10)

Y3 (11–15)

Y4 (16–20)

P value∗

26
6/7
13/13
23.55 ± 2.11
40.59 ± 1.43
1.55 ± 0.93

65
15/19
32/33
25.28 ± 2.43
40.78 ± 1.99
1.73 ± 1.03

30
8/7
15/15
26.31 ± 2.67
40.56 ± 1.49
1.78 ± 0.88

14
4/3
7/7
26.36 ± 2.66
41.63 ± 1.78
1.68 ± 0.96

0.890
1.000
<0.001
0.269
0.838

AL: axial length; Km: mean keratometry; D: diopters; AST: corneal astigmatism; ∗ P values represent general diﬀerences among subgroups.

or oblique in 74.9%, 11.2%, or 13.9% of eyes, respectively.
The corresponding values were 82.9%, 6.7%, or 10.4% for
the eyes of the young MFS patients. Figure 4 shows the
distributions of the orientations of corneal astigmatism in
each age group and subgroup. With increasing age, the
orientation of corneal astigmatism shifted from WTR
astigmatism to ATR or oblique astigmatism (P < 0 001,
Figure 4(a)), whereas the distribution of corneal astigmatism in the young patient subgroups was primarily WTR
astigmatism and did not diﬀer signiﬁcantly between the
subgroups (P = 0 395, Figure 4(b)).

4. Discussion
In 1981, Maumenee [14] ﬁrst reported distinctive ocular
manifestations of MFS, including globe enlargement, corneal
ﬂattening, and lens dislocation. Since then, several studies
have demonstrated these ocular biometric characteristics in
MFS patients with or without EL [6, 8, 9, 19, 20]. Recently,
Kinori et al. [20] reported that the corneas of children with
established MFS were ﬂattened to at least the same degree
as in adults. It seems that the ocular phenotype of MFS
patients displays age-related diﬀerences. In this study, we
recruited MFS patients with EL to investigate these age diﬀerences in AL, corneal curvature, and corneal astigmatism, to
provide a better overview of some ocular biometric characteristics of MFS patients of all ages.
In previous studies, AL was reported to be longer in MFS
patients with or without EL [6, 20, 21], and we found that
80.9% of MFS eyes with EL had AL > 23.5 mm. The average
AL of the patients recruited was 26.18 ± 3.11 mm, which is
relatively longer than that of healthy patients in population
studies [23, 24] and is consistent with previous reports.
Although a longer AL is no longer considered a criterion
for the diagnosis of MFS, MFS should be suspected in
patients with longer AL. Among the diﬀerent age groups,
the mean AL was signiﬁcantly longer in older MFS patients,
and AL was shorter in the Y1 group (3–5 years old) than in
the other MFS patients less than 20 years old. Moreover, a
weak correlation between age and AL indicated that AL
varies with age in MFS patients with EL. Both the values
of AL and the proportions of eyes with AL > 23.5 mm
changed with increasing age. Therefore, we propose that
AL is less important in the diagnosis of MFS in young
patients than in older patients.

Ocular parameters generally have complex and mutual
eﬀects on ocular refraction [23, 25]. The length of the globe
increases signiﬁcantly with increasing age, but the anterior
segment of the eyeball changes negligibly. The corneal curvature did not diﬀer between the diﬀerent age groups of MFS
patients, whereas the average corneal curvature value
(40.74 ± 1.72 D) was low and 156 eyes (72.6%) of our patients
had a ﬂat cornea (Km < 41.5 D). Corneal curvature diﬀered
signiﬁcantly in neither the young nor the old MFS patients,
which is contrary to a previous study that showed ﬂatter corneas in children with MFS [20]. The Km value did not change
with increasing age, and no linear correlation was detected
between age and corneal curvature, so corneal curvature
remained relatively stable in most MFS patients (mean
value < 41.5 D). Therefore, corneal curvature might be useful
in the diagnosis of MFS or could represent a warning sign
when evaluating patients with suspected MFS.
Several recent studies have highlighted the importance of
high corneal astigmatism in the diagnosis of MFS [9, 20].
It has been suggested that any deviation arising from
advanced EL and zonule defects, which are very frequent
in MFS patients, might increase corneal astigmatism [9,
20, 26]. It has also been proposed that defects in the
FBN1 gene might aﬀect the zonule and corneal connective
tissues, resulting in greater corneal astigmatism [9]. When
the MFS patients were divided into ﬁve groups by age,
corneal astigmatism was greater in the young MFS
patients and diﬀered signiﬁcantly between the age groups
of MFS patients. Therefore, it is important to take the
patient’s age into account when assessing corneal astigmatism in MFS patients. Although previous studies have
reported that corneal astigmatism is higher in MFS
patients with EL than in those without EL [9, 20], MFS
patients generally display more corneal astigmatism than
healthy people. Therefore, our results imply that higher
corneal astigmatism can be considered a positive symptom
in the diagnosis of MFS in young patients.
Corneal astigmatism was classiﬁed as WTR in most eyes in
each subgroup of MFS patients younger than 20 years old. The
astigmatic orientation of the cornea in the total cohort of MFS
patients tended to shift from WTR to ATR or oblique astigmatism with advancing age, consistent with previous studies
of healthy eyes [27, 28]. However, the number of patients
in our study was relatively small, which limited our capacity to detect age-related diﬀerences in corneal astigmatism.
The age-related shift in astigmatism orientation is believed
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Figure 3: Scatterplots for correlations between the age and AL (a and d), corneal keratometry (b and e), and corneal astigmatism (c and f) in
diﬀerent age groups of Marfan syndrome. D: diopters.

to involve reduced lid tension, increased intraocular pressure, age-related changes in extraocular muscle tension,
and changes to the corneal structure [29]. Toric intraocular lenses (IOLs) are perhaps not beneﬁcial for patients
with high corneal astigmatism when we consider the shift
from WTR to ATR with increasing age, because toric IOLs
will not correct corneal astigmatism unless they are correctly aligned along the steep meridian [30]. Therefore,

toric IOLs may be unsuitable in MFS patients with high
corneal astigmatism, especially young children with EL.
In the revised Ghent criteria, myopia > 3.0 D is a minor
ocular criterion for the diagnosis of MFS [15]. However,
myopia is the most prevalent ocular disorder in the world,
developing rapidly in early childhood and aﬀecting many
healthy people. We know that AL is strongly associated
with the development of myopia [17]. However, a refractive
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error of <3.0 D in patients with MFS may be accompanied
by corneal ﬂattening. Therefore, myopia > 3.0 D may not
be diagnostically useful in children with MFS, despite
increased AL. Corneal ﬂattening and increased AL are
probably more relevant to the diagnosis of MFS than myopia. Furthermore, advanced EL and zonule defects, which
are very frequent in MFS patients, will result in higher
myopia and astigmatism [9, 20]. Therefore, a suspicion
of MFS should be considered seriously in children with
high corneal astigmatism.
There are two limitations to our study. First, our cohort
of MFS patients all had EL, which prevented us from detecting diﬀerences in patients without EL for early diagnosis. Second, we must acknowledge that not all the patients diagnosed
with MFS underwent genetic testing for conﬁrmation. However, it is necessary to assess the ocular characteristics in MFS
patients in order to better understand the age diﬀerences of
this disease.
In conclusion, AL varies with age and MFS should be suspected in older patients with long AL; high corneal astigmatism appears to have utility in the diagnosis of MFS in young
patients, and reduced corneal curvature may also be a useful
marker in the diagnosis of MFS. With advancing age, the orientation of corneal astigmatism in MFS patients tends to shift
from WTR astigmatism to ATR astigmatism or oblique astigmatism. Therefore, age should be considered in the diagnosis
of patients with suspected MFS. We propose that AL, corneal
curvature, and corneal astigmatism should be measured in
the clinical context for patients in whom MFS is suspected
based on ocular biometric data.

Conflicts of Interest
The authors declare that there is no conﬂict of interest
regarding the publication of this paper.

Acknowledgments
This study was funded by the National Natural Science
United Foundation of China (Grant U1503124) and the
National Natural Science Foundation of China (Grant
81770908).

References
[1] B. Loeys, J. De Backer, P. Van Acker et al., “Comprehensive
molecular screening of the FBN1 gene favors locus homogeneity of classical Marfan syndrome,” Human Mutation, vol. 24,
no. 2, pp. 140–146, 2004.
[2] H. C. Dietz, C. R. Cutting, R. E. Pyeritz et al., “Marfan syndrome caused by a recurrent de novo missense mutation in
the ﬁbrillin gene,” Nature, vol. 352, no. 6333, pp. 337–339,
1991.
[3] J. Fuchs, “Marfan syndrome and other systemic disorders with
congenital ectopia lentis. A Danish national survey,” Acta
Paediatrica, vol. 86, no. 9, pp. 947–952, 1997.
[4] J. R. Gray, A. B. Bridges, M. J. Faed et al., “Ascertainment and
severity of Marfan syndrome in a Scottish population,” Journal
of Medical Genetics, vol. 31, no. 1, pp. 51–54, 1994.
[5] K. A. Groth, H. Hove, K. Kyhl et al., “Prevalence, incidence,
and age at diagnosis in Marfan Syndrome,” Orphanet Journal
of Rare Diseases, vol. 10, no. 1, p. 153, 2015.
[6] L. Drolsum, S. Rand-Hendriksen, B. Paus, O. R. Geiran, and
S. O. Semb, “Ocular ﬁndings in 87 adults with Ghent-1 veriﬁed
Marfan syndrome,” Acta Ophthalmologica, vol. 93, no. 1,
pp. 46–53, 2015.
[7] A. Chandra, V. Ekwalla, A. Child, and D. Charteris, “Prevalence of ectopia lentis and retinal detachment in Marfan syndrome,” Acta Ophthalmologica, vol. 92, no. 1, pp. e82–e83,
2014.
[8] T. R. Konradsen and C. Zetterström, “A descriptive study of
ocular characteristics in Marfan syndrome,” Acta Ophthalmologica, vol. 91, no. 8, pp. 751–755, 2013.

8
[9] T. R. Konradsen, A. Koivula, M. Kugelberg, and C. Zetterström,
“Corneal curvature, pachymetry, and endothelial cell density in
Marfan syndrome,” Acta Ophthalmologica, vol. 90, no. 4,
pp. 375–379, 2012.
[10] M. Heur, B. Costin, S. Crowe et al., “The value of keratometry
and central corneal thickness measurements in the clinical
diagnosis of Marfan syndrome,” American Journal of Ophthalmology, vol. 145, no. 6, pp. 997–1001.e1, 2008.
[11] E. Arbustini, M. Grasso, S. Ansaldi et al., “Identiﬁcation of
sixty-two novel and twelve known FBN1 mutations in
eighty-one unrelated probands with Marfan syndrome and
other ﬁbrillinopathies,” Human Mutation, vol. 26, no. 5,
p. 494, 2005.
[12] G. Sultan, C. Baudouin, O. Auzerie et al., “Cornea in Marfan
disease: Orbscan and in vivo confocal microscopy analysis,”
Investigative Ophthalmology & Visual Science, vol. 43, no. 6,
pp. 1757–1764, 2002.
[13] L. Faivre, G. Collod-Beroud, A. Child et al., “Contribution of
molecular analyses in diagnosing Marfan syndrome and type
I ﬁbrillinopathies: an international study of 1009 probands,”
Journal of Medical Genetics, vol. 45, no. 6, pp. 384–390, 2008.
[14] I. H. Maumenee, “The eye in the Marfan syndrome,” Transactions of the American Ophthalmological Society, vol. 79,
pp. 684–733, 1981.
[15] B. L. Loeys, H. C. Dietz, A. C. Braverman et al., “The revised
Ghent nosology for the Marfan syndrome,” Journal of Medical
Genetics, vol. 47, no. 7, pp. 476–485, 2010.
[16] B. T. Tinkle, H. M. Saal, and the COMMITTEE ON GENETICS, “Health supervision for children with Marfan syndrome,”
Pediatrics, vol. 132, no. 4, pp. e1059–e1072, 2013.
[17] E. A. H. Mallen, Y. Gammoh, M. Al-Bdour, and F. N. Sayegh,
“Refractive error and ocular biometry in Jordanian adults,”
Ophthalmic and Physiological Optics, vol. 25, no. 4, pp. 302–
309, 2005.
[18] C. Stheneur, F. Tubach, M. Jouneaux et al., “Study of phenotype evolution during childhood in Marfan syndrome to
improve clinical recognition,” Genetics in Medicine, vol. 16,
no. 3, pp. 246–250, 2014.
[19] L. C. Beene, E. I. Traboulsi, I. Seven et al., “Corneal deformation response and ocular geometry: a noninvasive diagnostic
strategy in Marfan syndrome,” American Journal of Ophthalmology, vol. 161, pp. 56–64.e1, 2016.
[20] M. Kinori, S. Wehrli, I. S. Kassem, N. F. Azar, I. H. Maumenee,
and M. B. Mets, “Biometry characteristics in adults and children with Marfan syndrome: from the Marfan eye consortium
of Chicago,” American Journal of Ophthalmology, vol. 177,
pp. 144–149, 2017.
[21] P. Gehle, B. Goergen, D. Pilger, P. Ruokonen, P. N. Robinson,
and D. J. Salchow, “Biometric and structural ocular manifestations of Marfan syndrome,” PLoS One, vol. 12, no. 9, article
e0183370, 2017.
[22] J. Luebke, D. Boehringer, P. Eberwein, and T. Reinhard,
“Corneal K-values as a diagnostic screening tool for Marfan
syndrome,” Cornea, vol. 36, no. 6, pp. 700–703, 2017.
[23] T. Olsen, A. Arnarsson, H. Sasaki, K. Sasaki, and F. Jonasson,
“On the ocular refractive components: the Reykjavik Eye
Study,” Acta Ophthalmologica Scandinavica, vol. 85, no. 4,
pp. 361–366, 2007.
[24] C. Shufelt, S. Fraser-Bell, M. Ying-Lai, M. Torres, and
R. Varma, “Refractive error, ocular biometry, and lens opalescence in an adult population: the Los Angeles Latino Eye

Journal of Ophthalmology

[25]

[26]

[27]

[28]

[29]

[30]

Study,” Investigative Ophthalmology & Visual Science, vol. 46,
no. 12, p. 4450, 2005.
D. O. Mutti, G. L. Mitchell, L. A. Jones et al., “Axial growth and
changes in lenticular and corneal power during emmetropization in infants,” Investigative Opthalmology & Visual Science,
vol. 46, no. 9, pp. 3074–3080, 2005.
H. Radhakrishnan and W. N. Charman, “Refractive changes
associated with oblique viewing and reading in myopes and
emmetropes,” Journal of Vision, vol. 7, no. 8, p. 5, 2007.
T. Miyake, K. Shimizu, and K. Kamiya, “Distribution of
posterior corneal astigmatism according to axis orientation
of anterior corneal astigmatism,” PLoS One, vol. 10, no. 1,
article e0117194, 2015.
D. D. Koch, S. F. Ali, M. P. Weikert, M. Shirayama, R. Jenkins,
and L. Wang, “Contribution of posterior corneal astigmatism
to total corneal astigmatism,” Journal of Cataract & Refractive
Surgery, vol. 38, no. 12, pp. 2080–2087, 2012.
J.-D. Ho, S.-W. Liou, R. J.-F. Tsai, and C.-Y. Tsai, “Eﬀects of
aging on anterior and posterior corneal astigmatism,” Cornea,
vol. 29, no. 6, pp. 632–637, 2010.
R. S. Hoﬀman, M. E. Snyder, U. Devgan et al., “Management of
the subluxated crystalline lens,” Journal of Cataract and
Refractive Surgery, vol. 39, no. 12, pp. 1904–1915, 2013.

Hindawi
Journal of Ophthalmology
Volume 2018, Article ID 9518065, 6 pages
https://doi.org/10.1155/2018/9518065

Research Article
Vision-Threatening Behcet’s Disease: Severity of Ocular
Involvement Predictors
Mohammed A. Hussein,1 Iman M. Eissa ,2 and Ahmed A. Dahab2
1
2

Internal Medicine Department, Rheumatology and Clinical Immunology Division, Cairo University, Cairo, Egypt
Ophthalmology Department, Cairo University, Cairo, Egypt

Correspondence should be addressed to Iman M. Eissa; iman_eissa@yahoo.com
Received 14 January 2018; Accepted 21 February 2018; Published 26 April 2018
Academic Editor: Anna Nowinska
Copyright © 2018 Mohammed A. Hussein et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.
Purpose. To examine and spot systemic ﬁndings commonly associated with a serious form of ocular Behcet’s disease. This could
potentially help ophthalmologists categorize their patients based on future risk and plan treatment accordingly. Subjects and
Methods. The data of 249 patients with Behcet’s disease were examined thoroughly. Correlations between systemic and ocular
ﬁndings were recorded. Patients were further subgrouped by the authors as having a vision-threatening form of the disease or
not. Regression analysis was done to spot predictors for a vision-threatening form of the disease. Results. The presence of
systemic vasculitis and oral and genital ulcers in a patient with Behcet’s disease was found to be associated with a milder form of
ocular aﬀection or none at all and vice versa. Certain correlations between ﬁndings were also found. Conclusion. Certain
ﬁndings in Behcet’s disease may act as predictors for the severity of ocular aﬀection. Directing our attention to these factors by
the internist and ophthalmologist can help plan the frequency of follow-up as well as the aggressiveness of treatment in patients
with Behcet’s disease.

1. Introduction
Behcet’s disease (BD) is a chronic, relapsing, inﬂammatory
vascular disease of unknown etiology that commonly aﬀects
the eye with unpredictable exacerbations and remissions.
Various visual complications may occur and are potentially
sight threatening [1]. Male sex and a younger age of disease
onset (younger than 40 years) were found to be associated with
a higher frequency of ocular aﬀection as well as of more severe
form of the disease [1]. To date however, there are no gold
standard criteria for the diagnosis/classiﬁcation of Behcet’s
disease, with more than 15 available sets of criteria used around
the world [2]. Two of the most commonly used classiﬁcation
criteria are the ICBD (International Criteria for Behcet’s Disease) which was used in this study and the ISG (International
Study Group) criteria. Egypt is one of the countries with a high
incidence of Behcet’s disease. A 4-year follow-up study done
on Egyptian patients with Behcet’s disease demonstrated a
higher male-to-female ratio and a higher incidence of neurological (34.9%) and vascular (57.1%) lesions than other

countries. This study also demonstrated a 47.6% ocular aﬀection of varying degrees among its 63 studied patients [3].
Another study done in Cairo University, Egypt, found that
the ICBD criteria perform better on Egyptian patients more
than other available classiﬁcations [4]. Performance of the
ISG, ICBD 2006, revised Japanese criteria, and the revised
ICBD 2010 was evaluated in terms of sensitivity, speciﬁcity,
negative likelihood ratio (NLR), negative predictive value
(NPV), positive predictive value (PPV), positive likelihood
ratio (PLR), diagnostic odds ratio (DOR), and Youden’s
index (YI), and it was found that the ICBD 2010 carried the
highest sensitivity (98.83%), NPV (98.48%), DOR (1645),
and YI (0.94) and the lowest NLR (0.01) [4].
The common ocular manifestations of Behcet’s disease
which potentially threaten vision include anterior and posterior uveitis, vitritis, panuveitis, retinal vasculitis, papillitis,
and chorioretinitis. Complications like retinal detachment,
secondary glaucoma, and optic atrophy often cause irreversible visual loss. It is thus very important for an ophthalmologist to be able to predict which case of Behcet’s disease will
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pursue a vision-threatening course and which case will not.
To date, no enough data exists regarding the presence of
general predictors for vision-threatening disease. If visionthreatening disease has certain predictors (clinical as well as
demographic), detecting these predictors early in the course
of the disease may help alter the course of the disease in these
high-risk patients. A patient with a potentially visionthreatening form of the disease can be given special ophthalmological care, closer follow-up appointments, more
aggressive treatment, and/or earlier intervention.
The authors further pursued this point of research in an
attempt to look for clinical predictors for the potentially
vision-threatening form of Behcet’s disease. In the hope that
this can allow ophthalmologists and internists to take
appropriate measures in a timely fashion, it was for this
purpose that this work was done.

2. Subjects and Methods
The study was done in accordance with the ethical standards
of the national research committee and the 1964 Helsinki
Declaration and its later amendments [5].
This retrospective analytical database study targeted
patients attending the outpatient clinic of Internal Medicine,
Rheumatology and Clinical Immunology Division of Kasr Al
Ainy Medical School, Cairo University. The data of this
historical cohort were collected from the available fully completed and revised ﬁles of 249 Egyptian patients with Behcet’s
disease recorded from the end of 2012 to the end of 2017.
The revised International Criteria for Behcet’s Disease
(ICBD) 2010 [6] was chosen to conﬁrm patients to have the
disease according to a recent work by Hussein et al. [4]. These
criteria include the following:
(i) Recurrent oral ulcers (OU) of at least 3 times/year
(ii) Recurrent genital ulcers (GU)
(iii) Cutaneous manifestations including papulopustular
rash and erythema nodosum
(iv) Ocular manifestations consistent with the disease as
uveitis (anterior, posterior, or panuveitis) and
retinal vasculitis, chorioretinitis, or papillitis
(v) Vascular manifestations including venous thromboembolism, superﬁcial thrombophlebitis, arterial
thrombosis, and aneurysms, especially aortic and
pulmonary aneurysms
(vi) Central nervous system (CNS) lesions consistent
with the disease, namely, parenchymal CNS
involvement and/or venous sinus thrombosis
(vii) Pathergy test as an extra criterion to be used if
conducted and positive
A weighted point value system was given: two points for
oral ulcers (OU), genital ulcers (GU), and ocular manifestations and only one point for the others, and at least four
points are required for diagnosing the patient as having the
disease. Patients who had other autoimmune and/or

autoinﬂammatory diseases were excluded from the study.
All patients had a duration of illness of at least 4 years and
were treated by corticosteroids and methotrexate.
Ophthalmologically, patients’ data was thoroughly examined and the cohort was divided by the authors into two
groups: a group with a “vision-threatening form of Behcet’s
disease” and another group with “non-vision-threatening
Behcet’s disease.” The full ophthalmological examination
done at the ophthalmology department outpatient clinics
included anterior segment examination by slit lamp biomicroscopy, posterior segment examination by 90-diopter lens,
and indirect ophthalmoscopy. Fundus ﬂuorescein angiography was done if needed to conﬁrm posterior segment ﬁndings like retinal vasculitis. Visual acuity was measured as
well as intraocular pressure by applanation tonometry for
each patient. Patients with a best-corrected visual acuity
(BCVA) of 6/60 or less due to an irreversible cause, as well
as those with documented panuveitis, retinal vasculitis,
chorioretinitis, and/or papillitis or a combination of these
ﬁndings, were classiﬁed by the authors as having a visionthreatening form of the disease (VTD), while patients whose
BCVA was 6/36 or better, those who had a reversible cause of
visual loss, or those who were found to have mild-tomoderate anterior uveitis, vitritis (diﬀuse vitreous cells
and/or mild-to-moderate vitreous haze), complicated cataract (which can be surgically removed), episcleritis, and/or a
combination of these were classiﬁed as having a non-visionthreatening form of the disease (NVTD).
Each ocular ﬁnding (like the presence of anterior or posterior uveitis, panuveitis, vitritis, retinal vasculitis, chorioretinitis, papillitis, and ocular complications like cataract,
glaucoma, macular edema, and retinal detachment) was
recorded if present for each included patient. Each systemic
ﬁnding (like the presence of oral ulcers, genital ulcers, cutaneous manifestations, a positive pathergy test, systemic vasculitis, CNS manifestations, arthralgia, arthritis, and/or
gastrointestinal tract (GIT) symptoms) was also recorded if
present for each participating patient. Age, sex, laterality of
ocular disease, and any family history for the disease were
also recorded for each patient.
Data were statistically described in terms of mean ± standard deviation (SD), range, or frequencies (number of cases)
and percentages when appropriate. Comparison between the
study groups was done using the chi-square (χ2 ) test. An
exact test was used instead when the expected frequency
was less than 5. Correlation between various variables was
done using Spearman’s rank correlation equation. Multivariate logistic regression analysis was used to test for the preferential eﬀect of all important variables on the occurrence of
vision-threatening aﬀection. A p value of less than 0.05 was
considered statistically signiﬁcant. All statistical calculations
were done using the computer program IBM SPSS (Statistical
Package for the Social Science; IBM Corp., Armonk, NY,
USA) release 22 for Microsoft Windows.

3. Results
3.1. Descriptive Statistics. The records of 249 patients were
included in our study. The mean age in our study was 32.3
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± 8.47 years (mean ± SD). 85.1% of our patients were males
(212 patients), and 14.9% (37 patients) were female (yielding
a male-to-female ratio of 5.7 : 1). Of these, 38.2% (95 patients)
had bilateral ocular aﬀection. A positive family history was
only found in 3.2% of patients (8 patients).
As for overall ocular aﬀection, a total of 51%
(127 patients) of all patients were found to have some form
of ocular involvement by the disease.
Of these, 59% suﬀered from anterior uveitis, 74.8% from
posterior uveitis, and 33.8% from panuveitis. 54.3% of
these patients had retinitis, 46.4% had vitritis, 66.9% had
chorioretinitis, 31.4% had retinal vasculitis, 7.8% had papillitis, 9.4% had macular edema, and 7.8% had secondary retinal
detachment. Patients frequently suﬀered from more than one
ocular ﬁnding.
According to the authors’ suggested classiﬁcation previously described, 74.01% of these patients (94 patients)
were found to fall within the category of having visionthreatening disease (decreased vision due to an irreversible
cause), while 25.98% (33 patients) fell in the category of
having non-vision-threatening disease.
Systemically, 98.8% of all patients suﬀered from oral
ulceration, 90% had genital ulceration, 36.5% had diﬀerent
skin manifestations of Behcet’s disease, 34.5% suﬀered from
arthralgia, 31.3% had systemic vasculitis, 17.7% manifested
a positive pathergy test, 12% had CNS manifestations, 10%
had arthritis, and 2.8% had diﬀerent GIT manifestations of
Behcet’s disease, with most patients displaying more than
one systemic ﬁnding.
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Table 1: Correlation between individual variables.
Correlation
coeﬃcient (r)

p value

Bilaterality & GU

−0.15

0.018∗

Bilaterality & systemic vasculitis

−0.21

0.001∗

Bilaterality & arthralgia
Anterior uveitis & systemic
vasculitis
Anterior uveitis & CNS
Anterior uveitis & arthralgia
Anterior uveitis & male gender

0.108

0.09

−0.198

0.002∗

−0.109
0.112
−0.119

Posterior uveitis & GU

−0.178

0.08
0.07
0.06
0.005∗

Posterior uveitis & systemic
vasculitis

−0.245

0.001∗

Retinitis & systemic vasculitis

−0.186

0.003∗

Vitritis & GU

−0.191

0.002∗

Vitritis & pathergy

0.113

Vitritis & systemic vasculitis

−0.193

0.07
0.002∗

Vitritis & CNS

−0.14

0.019∗

Chorioretinitis & GU

−0.12

0.047∗

Chorioretinitis & systemic
vasculitis

−0.26

0.001∗

Chorioretinitis & CNS

−0.13

0.031∗

Retinal vasculitis & OU

−0.15

0.016∗

Retinal vasculitis & GU
Retinal vasculitis & pathergy
Retinal vasculitis & systemic
vasculitis
Retinal vasculitis & age

−0.109
0.11

0.08
0.07

−0.13

0.04∗

0.11

Correlated variables

3.1.1. Correlation between Individual Ocular and Systemic
Variables. Upon correlating all variables with each other,
many correlations were found. Some were statistically
signiﬁcant, and some showed only a trend towards being
signiﬁcant. Table 1 displays these correlations and their
correlation coeﬃcient (r) and p value. It was generally noted
that genitourinary ulcers as well as peripheral vasculitis
almost always had a signiﬁcant negative correlation with all
forms of ocular aﬀection whether uveitis, vitritis, chorioretinitis, or retinal vasculitis. Oral ulcers were also inversely
correlated with the presence of retinal vasculitis, as well as
with overall ocular involvement. However, this correlation
was only close to being statistically signiﬁcant (Table 1).
Secondary glaucoma and complicated cataract were both
signiﬁcantly positively correlated with the presence of GIT
symptoms, and secondary retinal detachment was signiﬁcantly positively correlated with the presence of a positive
pathergy test.

∗

3.1.2. Correlation between Diﬀerent Variables and the
Occurrence of Vision-Threatening Disease (VTD). Upon
correlating systemic variables with the development of the
vision-threatening form of ocular aﬀection (as previously
described), it was found that 65.2% of participants with genitourinary ulcerations did not develop vision-threatening
disease, whereas 34.8% with genitourinary symptoms had
vision-threatening disease. 64% of patients with no genitourinary aﬀection developed VTD. This relationship was
statistically highly signiﬁcant (p = 0 008).

Patients with systemic vasculitis largely developed nonvision-threatening disease, as 79.5% of them exhibited a mild
form of ocular aﬀection as opposed to 20.5% of patients with
systemic vasculitis who exhibited VTD. This again was statistically highly signiﬁcant (p = 0 001).
More than 50% of patients with oral ulcers developed non-vision-threatening disease. Meanwhile, 66.7%
of patients without oral ulceration (2 out of 3 patients) developed VTD. The diﬀerence was however statistically nonsigniﬁcant (p = 0 55) and of limited clinical signiﬁcance due to

Panuveitis & systemic vasculitis

−0.19

0.06
0.002∗

Panuveitis & male gender

−0.138

0.03∗

Ocular involvement & OU

−0.1

Ocular involvement & GU

−0.22

0.08
0.001∗

Ocular involvement & systemic
vasculitis

−0.27

0.001∗

Ocular involvement & CNS

−0.13

0.03∗

Glaucoma & GIT

0.227

0.001∗

Cataract & GIT

0.149

0.019∗

Synechia & male gender

−0.13

0.03∗

Retinal detachment & pathergy

0.17

0.006∗

Statistically signiﬁcant.
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the small number of patients having no oral ulcers
(3 patients).
The rest of systemic variables, as well as family history
(p = 0 26), had no signiﬁcant eﬀect on the development of
VTD. It seems that the presence of genital ulcers and systemic vasculitis may have a signiﬁcant protective role
against the development of the vision-threatening form
of the disease.

Table 2: Univariate regression analysis and signiﬁcance of
each variable.

3.1.3. Logistic Regression and Predictive Factors. Upon logistic
regression analysis, taking into consideration each variable
alone (Table 2), the authors found a signiﬁcant predictive
value for both the presence of genital ulcers (p = 0 004) and
that of systemic vasculitis (p = 0 001) on the development
of NVTD.
Upon logistic regression analysis with all variables taken
into consideration (Table 3), the authors found that three
factors have a predictive value on the development of the
non-vision-threatening form of the disease. Namely, these
are the presence of genital ulcers (p = 0 003) and systemic
vasculitis (p = 0 001) which both showed a highly signiﬁcant
predictive value on the development of non-visionthreatening disease. The presence of oral ulcers with a p value
close to being signiﬁcant (p = 0 07) may have a predictive
value as to the development of NVTD, yet still it is statistically nonsigniﬁcant. In other words, absence of these
systemic criteria (GU, systemic vasculitis, and maybe OU as
well) may put the eye at higher risk for the development of
vision-threatening disease (VTD).

4. Discussion
Behcet’s disease (BD) is named after Turkish dermatologist
Hulusi Behçet who reported three cases with recurrent oral
and genital ulceration together with hypopyon anterior uveitis [7]. It is a chronic relapsing multisystem disease of yet
nonconclusive etiology. A complex causality involving infectious agent exposure as well as genetic and environmental
factors may play a role [8]. A previous study done on 63
Egyptian patients with BD studying their demographics
found that a very high male-to-female ratio was exhibited
(30.5 : 1) as well as a mean age of 32.8 ± 8.3 years [3]. The
commonest manifestation of BD in this study was oral ulcers
(100%), followed by genital ulcers (96.8%), vascular lesions
(57.1%), cutaneous manifestations (55.5%), ocular aﬀection
(47.6%), joint aﬀection (36.5%), CNS (34.9%), gastrointestinal manifestations (19%), and lastly cardiac manifestations
(6.3%) [3]. Despite the diﬀerence in sample size (249 versus
63 subjects), the reported percentages were comparable to
ours except for CNS, GIT, and cardiac manifestations. We
also reported a diﬀerent male-to-female ratio (5.7 : 1) which
was lower than the ratio of this study but higher than the
ratio of most studies done in the Mediterranean region.
Another study on the demographics of BD in the North
African Mediterranean region (Tunisia) implementing a
closer sample size to ours (260) showed a male-to-female
ratio of 2.6 : 1, oral ulcers in 100% of patients, genital ulcers
in 83%, ocular involvement in 51% (the same percentage as
ours), arthritis in 38.8%, vasculitic and thrombotic lesions

Variables

Score

df

p value

OU

1.080

1

GU

8.148

1

0.299
0.004∗

Cutaneous
Pathergy

0.516
0.671

1
1

Systemic vasculitis

14.362

1

0.472
0.413
0.001∗

CNS
Arthralgia
Arthritis
GIT
Family history
Age
Male gender

1.783
0.944
0.391
1.153
2.243
0.157
0.000

1
1
1
1
1
1
1

0.182
0.331
0.532
0.283
0.134
0.692
0.991

∗

Statistically signiﬁcant.

Table 3: Multivariate regression analysis with all variables in
the equation.
B

SE

df

p value

OU

−2.29

1.29

1

0.077∗

GU

−1.45

0.48

1

0.003∗

Cutaneous
Pathergy

0.32
0.38

0.30
0.37

1
1

Systemic vasculitis

−1.37

0.35

1

0.294
0.311
0.001∗

CNS
Arthralgia
Arthritis
GIT
Family history
Age
Male gender

−0.46
0.18
−0.28
1.25
−1.40
−0.01
0.23

0.47
0.30
0.50
0.86
1.11
0.01
0.40

1
1
1
1
1
1
1

0.328
0.543
0.574
0.146
0.208
0.452
0.561

Variables

∗

Statistically signiﬁcant.

in 33%, neurological lesions in 24.2%, and GIT symptoms
in 1.5%. These results are almost identical to what we found
in our study. This study also reported a high overall incidence
of DVT and a low incidence of GIT symptoms which were
similar to our results [9].
We found that diﬀerent correlations exist between diﬀerent variables. Genital ulcers were almost always negatively
correlated with all sorts of ocular inﬂammation, and so was
systemic vasculitis. A signiﬁcant negative correlation existed
between these two variables and the development of anterior
or posterior uveitis, vitritis, retinitis, chorioretinitis, panuveitis, and overall ocular involvement. This ﬁnding was similar
to that of the previous study where the authors reported less
frequent occurrence of deep vein thrombosis as well as GU in
patients with ocular involvement [9].
We found a predictive potential for the presence of GU,
systemic vasculitis, and OU on the development of what we
classiﬁed as non-vision-threatening disease, where we
reported a milder form of eye aﬀection in the presence of
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one or more of these three systemic criteria. Interestingly, a
previous study by Hazirolan et al. found that GU were significantly lower among BD patients with ocular (71.4%)
compared to those without ocular aﬀection (p = 0 04), but
the authors did not propose any explanation for this in their
study [10]. To date, no studies have proposed evidence-based
explanation for this phenomenon of what we call “immunological targeting” and why severe inﬂammation of ocular
structures is usually associated with a milder peripheral
inﬂammatory process and vice versa “reverse immunological
targeting.” A lot of research can be started to fully explain this
phenomenon. However, we postulate that retinal pericytes,
which may play a role in intravascular immunity, are derived
from the same embryologic origin as CNS pericytes and thus
may behave diﬀerently from peripheral vascular pericytes
[11]. The eye as an embryologic outgrowth from the brain
may be immunologically protected, so that in the setting of
a ﬂorid form of peripheral vasculitis, orogenital ulcers, and
mucocutaneous manifestations, the eye may still be relatively
protected. It is however still not understood why absence of
these peripheral ﬁndings is usually associated with the
vision-threatening form of ocular inﬂammation. Further
investigation is thus needed to investigate this ﬁnding shedding more light on the possibility of having two immunological variants of Behcet’s disease, one with a central impact
(more severe ocular aﬀection) and the other with a peripheral
one (more severe systemic vasculitis). HLA subtypes of the
disease may also contribute to the type of systemic involvement, a point which needs further study and is somehow a
limitation to our study.
Besides, the immune privilege (IP) manifested by ocular
and brain tissue in particular and described as a suppressed
or extremely extinguished immune response to foreign
antigens, particularly alloantigens, functions normally as a
homeostatic mechanism preserving function in highly
specialized tissues with a limited capacity for renewal such as
those of the brain and eye [12]. However, IP (in the form of
blood-ocular barriers, induction of T regulatory cells, intraocular immune modulators, lack of lymphatics, and other properties) is relatively easily bypassed when facing a suﬃciently
strong immunological response. Under these circumstances,
these privileged tissues (those of the eye and brain) may be at
greater risk of collateral damage because the natural defence
mechanisms of these privileged tissues are more easily breached than those of a fully immunocompetent tissue which
quickly rejects foreign antigens and restores integrity [13].
This acts like a double-edged knife to an organ like the eye.
Under most circumstances, immune privilege (IP) mechanisms maintain tissue integrity; however, when these mechanisms are breached, various degrees of tissue damage occur
from severe tissue destruction in retinal viral infections and
other forms of uveoretinal inﬂammation. Immune privilege
does not appear to oﬀer much protection against the
damaging eﬀects of uveitis possibly because IP serves mainly
to maintain homeostasis, mainly keeping healthy tissue free
of random antigens which may provoke inﬂammation. However, when facing a serious challenge, IP drearily fails to
prevent severe inﬂammation. In uncontrolled visionthreatening uveitis, both infection and the immune response
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to it can cause permanent structural damage. Therapies such
as anti-TNFα are claimed to impair the destructive eﬀects of
inﬂammation while permitting monocytes to traverse tissues
without causing damage [14]. This whole IP mechanism
may partially explain the exaggerated ocular immune
response to Behcet’s disease in certain cases that the authors
postulate. However, it does not fully explain the opposite scenario where in the presence of marked ocular inﬂammation, a
quiet systemic (peripheral) pattern of disease usually coexists.
This is a limitation to our study that needs further research.
In our study, we noted a positive correlation between
bilaterality of ocular aﬀection and the presence of arthralgia,
the presence of vitritis and positive pathergy, anterior uveitis
and arthralgia, retinal vasculitis and positive pathergy, retinal
vasculitis and increasing age, GIT symptoms and the development of glaucoma and cataract (this speciﬁc correlation
may be attributed to complications of prolonged use of
corticosteroids), and ﬁnally retinal detachment and positive
pathergy. All these correlations—except the last three—were
close to being statistically signiﬁcant. Whether immunologic
variants or HLA subtypes of the disease exist that could be
responsible for this “symptom pairing” needs to be further
investigated. HLA subtypes of the disease may also contribute to the type of systemic involvement, a point which needs
further study and is somehow a limitation to our study.
Most vision-threatening conditions were of posterior
segment origin and were largely inversely correlated with
the presence of genital ulcers and systemic vasculitis. This
agrees with what another study reported, in which posterior
segment lesions in Behcet’s disease are of a persistent nature
and lead to signiﬁcant visual loss [15]. However, this study
did not shed any light on the strong negative correlation we
reported between the severity of posterior segment aﬀection
and certain systemic features.
Behcet’s disease remains an immunologic mystery, a clinical and a therapeutic challenge to internists, immunologists,
and ophthalmologists alike. The importance of long-term
follow-up remains crucial in the prognosis of the disease.
Potential beneﬁts of long-term colchicine treatment were
previously discussed and showed some promising results
[16]. With further collaborative research and understanding
of the disease and its patterns of organ aﬀection and/or
avoidance, we may reach new classiﬁcations which will help
us better plan our treatment and follow-up regimens and
even develop prophylactic options. We recommend that
predictors for severity of ocular diseases mentioned in this
study be implemented in the initial assessment for disease
and its diagnostic criteria and eventually be taken into
consideration when designing the treatment plan.
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Purpose. To investigate the clinical manifestations, prognosis, and HLA-type of tubulointerstitial nephritis and uveitis syndrome
(TINU) with long-term follow-up. Methods. Clinical data of ﬁve patients with TINU were retrospectively reviewed. Results. The
mean age was 15.8 years. The mean follow-up periods were 54.0 months. The initial subjective symptoms were bulbar injection
(100%), ocular pain (80%), and blurred vision (60%). The medical department that the patients visited ﬁrst was ophthalmology
in 4 (80%) cases. Urinalysis showed the characteristic increase of the β2 microglobulin in all (100%) patients. Uveitis and
nephritis were diagnosed within 1 week from each other. Although two showed recurrences, the topical and systemic steroid
treatment with mean duration of 14.1 months brought the resolution of nephritis and uveitis in all patients. Recurrence-free
periods ranged from 12 to 71 months. The ﬁnal visual outcome was 20/20 or better in all cases. HLA-DR4 or the allele of DRB1
∗
04 was present in all (100%) patients. Conclusions. TINU should be considered in the diﬀerential diagnosis in young patients
with uveitis of unknown origin and renal dysfunction. Urinary β2 microglobulin level and HLA typing may help in the
diagnosis of TINU. The prognosis for patients with TINU is generally good with steroid treatment.

1. Introduction
The tubulointerstitial nephritis and uveitis syndrome
(TINU) is a speciﬁc form of intraocular inﬂammation (uveitis) combined with kidney disease that was ﬁrst described
in 1975 by Dobrin et al. [1] in two patients. It aﬀects approximately 1-2% of the patients who visit uveitis clinics and,
however, may represent up to a third of bilateral acute anterior uveitis in patients younger than 20 years old [2–6]. In a
prospective multicenter epidemiological study of uveitis in
Japan in 2009, TINU accounted only for 0.4% of the 2556
patients with uveitis [7]. Since TINU is considered relatively
to be a rare disease, it is still unfamiliar to most ophthalmologists, pediatricians, or nephrologists [2, 4].

Generally, renal dysfunction in TINU is mild, and uveitis tends to recur [8, 9]. Patients younger than 20 years of
age are more prone to chronic uveitis than the adult population [8]. Although the uveitis can relapse during and
after therapy, long-term follow-up reports are few and
lacking (The mean follow-up of 17.8 [10], 19.6 [11], 25.4
[5], and 54.8 months [12]).
The pathogenesis of TINU is still unknown. TINU has
been reported to have an association with human leukocyte
antigen (HLA), and HLA alleles have been implicated as susceptibility risk factors [8, 13–16]. However, the distribution
of the HLA haplotypes varies considerably in Japan [3, 17].
We had 5 cases of TINU with a mean age of 15.8 years old
and a mean follow-up of 54.0 months. TINU is a rare disease
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[4]; however, it may be far more common than currently
appreciated, especially in young patients whom mild renal
disease does not become symptomatic and/or if diagnostic
tests regarding renal involvement are not performed at the
time of presentation. Moreover, no guidelines or recommendations for screening have been made to date in patients with
interstitial nephritis [2]. In this report, we described clinical
ﬁndings, long-term treatment outcomes, and the HLA haplotype in TINU cases.

2. Materials and Methods
This was a retrospective study of 5 patients with TINU
who were examined in the Department of Ophthalmology
of Gifu University Graduate School of Medicine or branch
hospital, the Chuno Kosei Hospital between January 2001
and December 2015. The study followed the tenets of the
Declaration of Helsinki and was approved by the aﬃliated
hospitals’ institutional review boards.
The diagnostic criteria for TINU were based on the
reports of Mandeville et al. [8] and Mackensen and Billing
[4]. Two patients with deﬁnite TINU and 3 with probable
TINU were included in the study. Patients with sarcoidosis,
Behçet’s disease, Vogt-Koyanagi-Harada disease, Wegener’s
granulomatosis, and juvenile idiopathic arthritis-associated
uveitis were excluded [2]. The following information was collected from their medical records with special attention given
to the gender, age, initial manifestations, ocular ﬁndings, laboratory ﬁndings, treatment, visual prognosis, follow-up and
treatment periods, and HLA typing.

3. Results
3.1. Basic Demographics (Table 1). There were 2 males (40%)
and 3 females (60%). Patient age at the ﬁrst visit to the hospital ranged from 13 years to 24 years (mean 15.8 years, median
14 years). The ages of four patients (80%) were between 13
and 15 years. One of the patients had diabetes, and the others
did not have any systemic diseases.
3.2. Initial Signs and Symptoms (Table 1). The clinical department that the patients ﬁrst visited for detailed examinations
was ophthalmology in 4 (80%) and pediatrics in 1 (20%)
patient. The median interval between the onset of subjective
symptoms and the day that patients ﬁrst visited the hospital
was 7 days (range 7–90 days). All patients reported sudden
onset of disease and initially had subjective ocular symptoms.
The initial signs and symptoms were eye redness in 5 (100%),
eye pain in 4 (80%), and a decrease in vision in 3 patients
(60%). Both eyes were aﬀected in all patients (100%). None
had general symptoms, for example, fatigue, weight loss,
fever, anorexia, abdominal or ﬂank pain, and arthralgias
at the onset of this disease [4]. However, two patients
(cases 1 and 3) had been incidentally found to have proteinuria without any general symptoms by annual medical
examinations at school or work, before the appearance of
subjective eye symptoms.
3.3. Ocular Findings (Table 1). The initial visual acuity was
better than 20/20 in 7 eyes (70%) and deteriorated to 12/20
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in one eye (10%) of the patients. The initial intraocular pressure (IOP) was lower than 15 mmHg in all eyes. Anterior segment ﬁndings included conjunctival injection, iridocyclitis,
and ﬁne keratic precipitates in all patients (100%), but severe
inﬂammation with more than 3+ cells (by the grading of
inﬂammation described by the SUN working groups) [18]
was not seen. Posterior synechiae were seen in one patient
(20%, case 3). Posterior segment ﬁndings included cells in
the anterior vitreous (40%, cases 3 and 4), peripheral vasculitis (20%, case 4), retinal exudates (40%, cases 3 and 4), and
optic disk swelling (40%, cases 3 and 4).
3.4. Laboratory Findings (Table 1). Blood tests and urinalysis
were administered to investigate the cause of uveitis. The
blood counts and liver function were normal. The blood urea
nitrogen (BUN) level was normal in all patients, and the
serum creatinine level was slightly increased at 1.0 mg/dl
(normal range 0.3 to 0.9 mg/dl) in 2 (40%) patients. Antinuclear antibody and rheumatoid factor were negative in
all patients. The level of angiotensin-converting enzyme
was normal, and hepatitis B and C antibodies were not
detected. The estimated glomerular ﬁltration rate (eGFR)
was outside normal limits in 2 (40%) patients (normal
range 60 ≤ eGFR < 90 mL/mim/1.73m2).
Urinalysis was positive for proteinuria in 3 patients
(60%) and positive for glycosuria in 4 patients (80%). The
urinal β2 microglobulin was increased in all patients
(100%), with values at least 10 times higher than upper normal limits (<230 μg/L). N-Acetylglucosaminidase (normal
range <7.0 U/L) was increased in 3 patients (75%, not measured in one patient). Chest X-rays and computed tomography scans were normal in all cases.
3.5. Renal Biopsy, Classiﬁcation, and Cause (Tables 1 and 2).
All patients have consulted pediatricians or nephrologists
after abnormal urinary test. Two patients (cases 1 and 3)
had a renal biopsy, and the histopathological ﬁndings
showed focal tubulointerstitial inﬂammatory inﬁltrations
containing lymphocytes and nonspeciﬁc histiocytes. From
these results, these 2 patients (cases 1 and 3) were conﬁrmed
to have deﬁnite TINU. The 3 other patients (cases 2, 4, and 5)
were diagnosed with probable TINU. They did not receive a
renal biopsy because pediatricians did not justify this invasive
procedure for renal dysfunction level in each patient. The
uveitis and nephritis were diagnosed within 1 week from each
other in all patients.
TINU may be triggered by infectious disease and numerous medications, but the causes were unknown in all cases.
3.6. Treatment and Outcomes (Table 2). Depending on the
severity of the disease conditions, topical corticosteroids
were used to treat the anterior uveitis and systemic steroids were used for renal indications and/or the posterior
uveitis. Two (40%, cases 2 and 5) of 5 patients without
posterior uveitis were treated with topical or subconjunctival steroids alone, and the remaining 3 (60%, cases 1, 3,
and 4) patients had the topical steroids combined with
systemic corticosteroids prescribed by internists or pediatricians mainly for the tubulointerstitial nephritis. Initial
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dose of corticosteroid determined by internists or pediatrician ranged from 15 to 60 mg (15 mg for case 1, 30 mg for
case 3, and 60 mg for case 4).
After a reduction of the steroid dosage, two patients
(40%, cases 3 and 4) who had developed complicated posterior segment ﬁndings had a recurrence or exacerbation of
the nephritis. Numbers of recurrence or exacerbation were
none in 3 patients (cases 1, 2, and 5), twice in case 3, and once
in case 4, respectively. Dose of systemic steroids was
increased whenever a recurrence or exacerbation was
observed. One patient (case 4) developed ocular hypertension during the topical steroid therapy. Average follow-up
periods were 54.0 months (range 23–86 months). The mean
number of attack per year was 1.6 in the 1st year and 0 thereafter. After the mean steroid treatment duration of 14.1
months (range 11–18 months), no recurrences were
observed. The nephritis and uveitis were resolved in all
patients, and the last recorded visual acuity was at least 20/
20 in both eyes in all patients. Recurrence-free periods
ranged from 12 to 71 months.
3.7. HLA Types (Table 2). The A locus had A24, 26, and 31 in
2 (40%) patients, and the DR locus had DR4 in 1 (20%)
patient. The DRBI allele was DRB1∗ 01 in 2 (40%) patients
and DRB1∗ 04 in 4 (80%) patients. The DQ was not tested
in 3 patients and was DQ A1∗ 01/B1∗ 05 in 1 patient.

4. Discussion
Mandeville et al. [8] were the ﬁrst to provide structured diagnostic criteria for TINU. Deﬁnite TINU syndrome is diagnosed when acute tubulointerstitial nephritis (TIN) is
ﬁrmly established and the patient has bilateral anterior uveitis of sudden onset. Acute TIN is diagnosed either by histologic examination of renal biopsy specimens or by all three
criteria as follows: (1) abnormal renal function (increased
serum creatinine or decreased creatinine clearance); (2)
abnormal urinalysis: increased β2 microglobrin, low-grade
proteinuria, presence of urinary eosinophils, pyuria or hematuria without infection, urinary white cell casts, or normoglycemic glucosuria; and (3) asystemic illness lasting ≥ 2 weeks,
characterized by a combination of the following symptoms
and laboratory ﬁndings: (a) signs and symptoms: fever,
weight loss, anorexia, malaise, fatigue, rash, abdominal or
ﬂank pain, arthralgias, or myalgias; and (b) laboratory ﬁndings such as the evidence of anemia, abnormal liver function,
eosinophilia, or a Westegren erythrocyte sedimentation
rate > 40 mm/h. When two of the 3 criteria are fulﬁlled and
typical uveitis is present, a diagnosis is probable for TINU.
When one of the clinical ﬁndings meets the criteria and typical uveitis coexists, a diagnosis is possible for TINU [4]. We
diagnosed TINU in our ﬁve patients using their criteria [4, 8].
Since the renal function does not change signiﬁcantly
between patients with and without treatment with prednisolone, a renal biopsy as an invasive diagnostic method remains
controversial [12, 19]. According to Goda et al.’s data [3], all
(100%) of the 12 patients with biopsy-proven TINU met criterion 2 for abnormal urinalysis (all patients had increased
urinary β2 microglobulin), but only 3 (25%) met criterion 1
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(increased serum creatinine). Similar to them, all (100%)
patients had increased urinary β2 microglobulin, but 2
(40%) patients had increased serum creatinine in our cases.
Mackensen et al. [20] reported that creatinine levels were
more likely to be elevated in patients older than 40. Average
age of patients in Goda et al.’s [3] and our study were 21.2
and 15.8, respectively. The sensitivity and speciﬁcity of elevated β2 microglobulin were 87.5% and 70%, respectively,
with positive predictive values and negative predictive values
of urinary β2 microglobulin greater than 1000 μg/L being 88
and 97%, respectively [21]. Takemura et al. [22] reported that
the histologic grade of TIN was correlated with urinary β2
microglobulin levels. Urinary β2 microglobulin is a very sensitive marker for tubular damage, and its analysis is helpful in
the diagnosis of TINU syndrome [4, 20, 21], especially when
a renal biopsy is not indicated.
We had only 5 cases in 15 years at our medical institutions that provide medical support to a population of approximately 500,000. The median age of the onset of TINU is 15
years and is dominant in young girls in the Mandeville
et al.’s review [8]. In our cohort, the median age was 14 years,
and 3 (60%) of the 5 were girls. Ocular eﬀects seen with uveitis are limited to the anterior chamber in 80% of cases; both
eyes are aﬀected in 77% of cases in Aguilar et al.’s review [6].
In our cases, anterior uveitis and bilateral uveitis were
observed in 60% and 100%, respectively.Uveitis in TINU syndrome may cause severe complications in approximately
20% of patients, the most common being posterior synechia
in about 70% of patients, optic disc swelling in 25%, cataract
in 20%, and secondary glaucoma in 20% [8]. Complications
including posterior synechiae, optic disk swelling, and secondary glaucoma were observed in two (40%) of ﬁve patients
in our cohorts.
Uveitis may occur before the presentation of acute interstitial nephritis in approximately 20% of cases, but in most
cases (65%), nephritis precedes uveitis, and in 15%, the two
conditions occur simultaneously [8]. In our cohort, two
(40%) patients were incidentally pointed to have proteinuria
by annual medical examinations at school or work. However,
eye redness was the most common subjective symptom
before abnormal results of urea were seen upon precise testing at the hospital. Asystemic illness lasting ≥ 2 weeks was
only observed in 33% in Goda et al.’s biopsy-proven Japanese
TINU cases [3], and none in our cohorts. On the other hand,
nineteen Finnish children with a biopsy-proven TIN had no
ocular symptom in 50%, fatigue in 95%, and loss of appetite
in 84% of patients [5]. Thus, most of the Japanese patients
might initially present with ophthalmic ﬁndings or mild
symptoms of TIN of which they are unaware. In fact, 4 of 5
patients visited an ophthalmologist ﬁrst in our cohort. Thus,
ophthalmologists play an important role in the initial diagnosis of patients with the TINU syndrome. TINU should be
considered in the diﬀerential diagnosis especially in young
patients with anterior uveitis of unknown origin.
In general, TINU responds to steroids. Topical corticosteroids were used to treat the anterior uveitis, and systemic
steroids were used for renal indications and/or the posterior
uveitis [2]. TIN can be resolved spontaneously and dialysis
therapy is not usually required [23]. Steroid therapy (1 mg/
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kg per day for 2-3 weeks with subsequent taper) is often
administered when renal function impairment is severed or
prolonged [22]. Few cases characterized by prolonged or
recurrence of interstitial nephritis are treated with highdose corticosteroids or steroid-sparing immunosuppressives
[24]. Legendre et al. [10] reported that the median number
of attack per patient per year was 1.0 (range 0.1–4.6) for
eye symptoms and 0.8 (range 0.2–2.0) for renal symptoms
in cases with French adult TINU. According to the review
of 133 cases with TINU, 54% of patients developed recurrences, 17% were treated with topical steroids alone, 80%
required systemic steroids, and 9% needed immunosuppressive treatment [8]. In our cases, recurrences or exacerbation
were found in two (40%) cases; however, all cases were
resolved with systemic steroids by the end of the observation
periods. Since the inﬂammation in TINU syndrome can
relapse during and after therapy, a long-term follow-up is
required. The prolonged use of adequate treatment with the
mean treatment duration of 29.5 months (range 13–40
months) improved the recurrence-free periods [12]. On the
other hand, patients were needed on a low-dose topical treatment regime for months but this was hardly ever necessary
for more than a year [4]. After the mean treatment duration
of 14.1 months (range 11–18 months) in our cases, TINU
had not relapsed for more than 12 months (range 12 to 71
months). Further investigations with longer follow-up
periods are needed to clarify the optimum treatment regime.
The pathogenesis of TINU is not clear; however, it is
thought to be the result of an autoimmune process that might
involve cellular and humoral autoimmunity [13, 25]. Autoimmune diseases such as rheumatoid arthritis, thyroidism,
and Sjögren syndrome, infectious and iatrogenic factors have
been reported to accompany TINU cases [2, 8, 20, 21]. We
did not ﬁnd such association in our case.
Several studies have reported that renal tubulointerstitial
inﬁltrations are composed of activated lymphocytes, predominantly helper/inducer T-cell subset [26, 27]. Immunohistochemical kidney analysis in TINU patients
demonstrated that the interstitium is inﬁltrated mainly by
T-cells, together with monocytes/macrophages [22, 28]. Otherwise, ciliary body and renal tubular epithelium share some
similar functions including those pertaining to electrolyte
transporters sensitive to carbonic anhydrase inhibitors [8].
Thus, they might share cross-active autoantigens. In fact,
the high prevalence of serum anti-modiﬁed CRP (mCRP)
autoantibodies were detected in TINU syndrome in active
phase of nephritis [25]. Tan et al. [25] also found that the
staining of mCRP and human IgG was colocalized in renal
and ocular tissues. Although, these ﬁndings are impressive,
we have no data of mCRP in our patients.
Genetic markers for TINU also have been reported to be
related to the risk of development of the syndrome. Loss of Tcell tolerance is suggested by several reports identifying a
strong link between TINU and human leukocyte antigen
(HLA) [15, 16]. In the report of Goda et al. [3], 7 (87.5%)
of 8 patients in Hokkaido, Japan, were HLA-A2, 3 (37.5%)
of 8 patients were HLA-A24, 2 (25%) of 8 patients were
HLA-A31, and 2 (25%) of 8 patients were HLA-DR4. Mandeville et al. [8] reported that HLA-A2 and HLA-A24 were
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important antigens associated with TINU in Japanese individuals. On the other hand, Matsumoto et al. [17] compared
22 Japanese adult cases of previous reported TINU to 50
healthy Japanese adults and concluded that there were no signiﬁcant diﬀerences in HLA-A2 and HLA-A24 between those
with and without the disease. In our cases, the A locus was
A24, 26, and 31 in 2 (40%) patients, and A2 in 1 (20%).
Levinson et al. [15] found that HLA-DQA1∗ 01, HLADQB1∗ 05, and HLA-DQB1∗ 01 were associated with TINU
and concluded that HLA-DQA1∗ 01/HDQB1∗ 05 may be
related to the risk of development of the disease in their population. We found DQ A1∗ 01/B1∗ 05 in one patient with the
deﬁnite type.
The HLA-DR4 serotype, and its corresponding allele
HLA-DRB1∗ 04, has been reported to be a risk factor for
Vogt-Koyanagi-Harada (VKH) disease [29]. In our cohorts,
HLA-DR4 or the allele of DRB1∗04 was present in all
(100%) patients. It was also reported that VKH patients are
sensitized to melanocyte epitopes [30]. HLA-DR is an
MHC class II cell surface receptor which displays peptide
antigens produced from the HLA-DRB1 gene to the immune
system. If the immune system recognizes a peptide induced
by a virus, bacteria, or environmental substances, it triggers
a response to attack these invading factors [24]. A common
antibody may be produced against ocular and renal proteins,
subsequently a crossed autoimmune reaction could induce
the renal and ocular alterations in TINU. HLA-DR4 or the
allele of DRB1∗ 04 may be involved in these reactions. HLA
typing may be helpful in diagnosing TINU; however, further
research on this association is required.
Our study has several limitations. First, its retrospective
nature may have introduced a degree of bias. Second, as mentioned earlier, it might have been underdiagnosed if mild
renal disease does not become symptomatic and/or if diagnostic tests regarding renal involvement are not performed
at the time of presentation. Prospective long-term followup of more subjects is needed as a creation of the guideline
for screening and treatment strategy in patients with TINU.
In conclusion, we reported clinical ﬁndings, treatment
outcomes, and the HLA haplotype in 5 cases of TINU syndrome with a mean follow-up of 54.0 months. Although
recurrences or exacerbation is observed, the prognosis for
patients with TINU is good with steroid treatment. Since
some Japanese patients might initially present with ophthalmic ﬁndings or mild symptoms of TIN of which they are
unaware, TINU should be considered in the diﬀerential diagnosis especially in young patients with anterior uveitis of
unknown origin and renal dysfunction. Examination for urinary β2 microglobulin and HLA typing may be helpful in
diagnosing TINU.
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Purpose. To ﬁnd if CHA2DS2-VASc scale can accurately predict the treatment, prognosis, and outcome for primary open-angle
glaucoma (POAG). Patients and methods. A survey of 250,000 patient years was taken, using the records of the Ophthalmology
Department at Ziv Medical Center. Data was collected regarding the retinal nerve ﬁber layer (RNFL), visual ﬁeld (VF), line
of treatment (LOT) of glaucoma, and all the data needed to accurately calculate CHA2DS2-VASc score for each patient.
Results. Sixty-seven patients were included in the statistical analysis. The mean age was 72.5 years. The mean CHA2DS2VASc score was 3.27 + −1.7. Positive Pearson’s correlation coeﬃcients were found for LOT and CHA2DS2-VASc score, 0.35,
and for RNFL grade and CHA2DS2-VASc score, 0.37. The correlation was negative for RNFL width and CHA2DS2-VASc
score, −0.35. Conclusions. CHA2DS2-VASc score was shown to be correlated with glaucoma. This correlation was manifested
positively by the LOT needed to stop glaucoma progression, with higher CHA2DS2-VASc scores correlated with more
aggressive treatment. Since glaucoma is a disease with a progressing nature, it is important to treat patients aggressively on
one hand, while oﬀering the most benign treatment as possible on the other hand. Modiﬁcation of the CHA2DS2-VASc
score could achieve an even higher correlation.

1. Introduction
Glaucoma is the second cause of blindness in the developed
world [1]. Among the glaucoma subtypes, primary openangle glaucoma (POAG) is the most common and is
estimated to aﬀect 53 million people worldwide by 2020
[2]. There are many risk factors for developing POAG,
including age [3], race [4], hypertension [5], and diabetes
[6]. Those risk factors are the same for the population in
Israel. Uncontrolled POAG is primarily manifested by an
elevated intraocular pressure (IOP) and irreversible loss of
peripheral visual ﬁeld (VF) [7]. Treatment goals in glaucoma
are usually IOP < 25 mmHg and preservation of peripheral
VF [8]. There are 4 main lines of treatment (LOT), as deﬁned

by the National Institute for Health (NIH) [9]. The ﬁrst
LOT is a monotherapy, for example, beta-blockers such
as timolol, prostaglandins, carbonic-anhydrase inhibitors,
alpha agonists, and adrenergic agonists. The second LOT
comprises dual therapy that comprises 2 of the drugs in
the ﬁrst LOT. The third LOT is laser trabeculoplasty and
the fourth LOT is a ﬁltration surgery [9].
The CHA2DS2-VASc score was developed by cardiologists to assess the need of anticoagulant therapy after the
detection of atrial ﬁbrillation (AF). It is a modiﬁcation of
the previous CHADS2 score. The CHA2DS2-VASc score
calculates the age of the patient and diseases such as
chronic heart failure (CHF), hypertension, diabetes mellitus
(DM), vascular diseases, and previous stroke or transient
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ischemic attack (TIA) [10]. The components of CHADS2 and
CHA2DS2-VASc scoring scales are presented in Table 1.
Although initially used to determine optimal anticoagulation
therapy, the CHADS2 score and its modiﬁcations were
found useful in identifying the prognosis of other diseases,
including renal failure [11] and myocardial infarct [12],
and recurrence of AF [13]. Since several components of
the CHADS2 and CHA2DS2-VASc scores are independent
risk factors for glaucoma, our hypothesis is that higher
scores will be manifested by a higher LOT and more
severe prognosis.

2. Patients and Methods
The Ophthalmology Department at Ziv Medical Center is the
sole provider of ophthalmic care in the northeastern region
of Israel, which includes the Galilee and Golan Heights, with
approximately 250,000 people. The department oﬀers all
standard lines of treatments for glaucoma and a dedicated
glaucoma clinic. Data from a computer output comprising
all the patients who attended the glaucoma clinic at Ziv
Medical Center during 12 consecutive months (1 January
2015–31 December 2015) were retrieved, in order to have full
data as possible on disease and treatment. The study inclusion criterion was a documented case of POAG. In order to
ﬁnd the ﬁnal LOT, patients without suﬃcient treatment
for glaucoma were excluded. Thus, exclusion criteria were
IOP > 25 mmHg, retinal detachment, and insuﬃcient data
in the patient chart.
Glaucoma was diagnosed as optic disk (OD) concaving of
more than 0.5 or OD thinning of less than 5% of the average
retinal nerve ﬁber layer (RNFL). POAG was diagnosed by a
direct ophthalmoscope showing an open angle. Treatment
was divided into 5 LOTs. Follow-up and watchful waiting
were considered as LOT 0, monotherapy as LOT 1, dual
therapy as LOT 2, laser trabeculoplasty as LOT 3, and ﬁltration surgery as LOT 4. RNFL was measured with ocular
coherence tomography (OCT), after a satisfying treatment,
and classiﬁed into grades of deterioration. Intact RNFL, and
no less than 5% of normal thickness in all parts of the OD,
was considered as grade 0. RNFL thickness of 1–5% in at
least 1/12 parts of the OD was considered grade 1, and
<1% RNFL thickness in at least 1/12 parts of the OD was
considered grade 2.
Cross-sectional data were extracted regarding glaucoma
treatment, VF at initial diagnosis and after treatment, as
measured by the Humphrey Visual Field Analyser, and
RNFL thickness after treatment as measured with OCT by
OTI, Canada. IOP was measured by Goldman’s applanation tonometer. Data regarding best-corrected visual acuity
(BCVA) was recorded. Parameters relevant to calculate
CHADS2 and CHA2DS2-VASc scores, for example, age,
chronic diseases such as CHF, hypertension, DM, vascular
diseases, and previous CVA or TIA were also retrieved.
Full CHADS2 and CHA2DS2-VASc scoring and algorithm
are in Table 1.
2.1. Statistical Methods. Since there were more than 30
patients, normal distribution was assumed. For categorical
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Table 1: The components of CHADS2 and CHA2DS2-VASc scores.
Criteria
Congestive heart failure
Hypertension
Age > 65 years
Age > 75 years
Diabetes mellitus
Stroke/transient ischemic attack
Thromboembolic event without
stroke
Vascular disease

CHADS2
CHA2DS2-VASc
score points
score points
1
1
1
0
1
2

1
1
1
1
1
2

0

1

0

1

variables, a summary is provided, which relates to sample size
and relative frequencies. For continuous variables, summary
tables are provided, including arithmetic means (M) and
standard deviations (SD). The Kruskal-Wallis nonparametric
tests were applied for examining the eﬀects of clinical status
on the quantitative demographic characteristics. Pearson
correlations were applied for examining correlations between
continuous variables, as were done in other studies where
ordinal variables were aggregated into one score [14]. Statistical adjustment was done for intereye correlation. P value
of 5% or less was considered statistically signiﬁcant. The
data were analyzed using the SPSS version 23 (SPSS Inc.
Chicago, IL, USA).
This study was approved by Ziv Medical Center’s institutional review board.

3. Results
Eighty-eight patients attended the glaucoma clinic during 12
consecutive months. The 13 patients who did not have
glaucoma and the 6 who had a type of glaucoma other than
POAG were excluded from the analysis. One patient had
age-related macular degeneration and one had insuﬃcient
data in his chart regarding his glaucoma. Thus, 67 patients
were included in the statistical analysis, with 130 eyes aﬀected
by glaucoma.
Patients attended the glaucoma clinic either for routine
follow-up or due to the need for treatment or a speciﬁc exam.
Routine follow-up patients (RFP) arrived due to severe glaucoma or to the lack of community clinics in their residential
area. Community follow-up patients (CFP) usually attended
the clinic due to cataract surgery, to undergo an OCT or as
a consulting service to other hospital departments. In our
cohort, 49 were RFP and 19 were CFP.
Thirty of the patients were men (45%) and 37 women.
The mean age was 72.5 years (range: 45–92). The mean ± SD
CHADS2 score was 1.95 + −1.2 (range: 0–5), and the mean ±
SD CHA2DS2-VASc score was 3.27 + −1.7 (range: 0–7).
The treatment of 8 eyes was categorized as LOT 0, 44 as
LOT 1 (40 with prostaglandin analogue and 4 with timolol
malate), 66 as LOT 2, 8 as LOT 4, and 4 as LOT 4. The mean
IOP with a stable and nonprogressive disease under continuous therapy or follow-up was 17.18 mmHg. Fifty-two eyes
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had 0 grade thinning, 24 had ﬁrst grade thinning, and 41
had second grade thinning. The mean RNFL thickness was
86.83 + −15.46 (54–120).
The VF was assessed upon the ﬁrst diagnosis of glaucoma
and throughout follow-up. Comparing the VF at diagnosis
and after treatment, a mean deterioration of 35 degrees
(−10 to 145) was noted.
Mean CHADS2 and CHA2DS2-VASc scores, according
to LOT, are presented in Table 2. Most vascular diseases were
peripheral vascular diseases, that is, peripheral limb ischemia.
None of the vascular disease patients were treated in LOT 0, 4
were treated with LOT 1, twenty were treated with LOT 2,
and 5 were treated with LOT 3.
Pearson correlations of continuous variables with
CHADS2 and CHA2DS2-VASc scores are presented in
Table 3. Positive Pearson’s correlation coeﬃcients were
found for LOT and CHA2DS2-VASc score r = 0 35 and for
RNFL grade and CHA2DS2-VASc score r = 0 37. The correlation was negative for RNFL width and CHA2DS2-VASc
score, r = −0 35. No signiﬁcant correlation was found for
RNFL width, RNFL grade, or LOT with CHADS2 scores;
however, a tendency to an increasing correlation was
observed from CHADS2 to CHA2DS2-VASc scores. No
signiﬁcant correlation was found for BCVA or VF with either
CHADS2 or CHA2DS2-VASc scores.
The correlation of CHA2DS2-VASc scores with LOT
was higher for the CFP than that with the RFP subgroup,
r = 0 61 versus r = 0 25. Mean RNFL thicknesses were 0.53
and 1.08, respectively.

4. Discussion
Glaucoma is a multifactorial disease, with a pathogenesis
closely related to several risk factors. For some patients, all
risk factors are present and for others, some or none at all.
The current guidelines for glaucoma comprise several
possible LOTs, with an empiric treatment given over several
months until IOP < 25 mmHg and deterioration stops, or an
ophthalmologist decides to try another treatment. This
strategy ensures treatment with minimal drug dosage and
combinations; yet it can be costly in time and in damage to
the RNFL. Treatment challenges are further emphasized by
the irreversible nature of the insult made by glaucoma to
the RNFL and to the patients’ VF. Thus, if a physician would
have more direction in determining and tailoring treatment
to patients, both time and RNFL could be saved and better
patient outcomes achieved.
The CHADS2 score and its modiﬁcations were initially
developed for use by cardiologists, but since their ﬁrst
implementation, their prognostic value for other conditions
was realized [11–13]. Since these scores include several risk
factors associated with the pathogenesis of glaucoma, it is
reasonable to consider associations between the scores and
factors relating to glaucoma ﬁndings. All CHADS2 scores
and variations include hypertension, a major risk factor for
glaucoma, and DM, another risk factor. We believe this to
be at the base of the correlations observed herein.
We hypothesized that the greater the number of risk
factors for glaucoma, the greater the potential for severe
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Table 2: Means, standard deviations, and diﬀerences of the CHADS
scores according to the LOT of the study patients.
LOT (treatment)
0 (follow-up only)
1 (monotherapy)
2 (combined therapy)
3 (laser)
4 (surgery)
P

M

CHADS2
SD

1.0b
1.9ab
1.9ab
2.8a
3.3a

0.8
1.2
1.2
1.0
2.1
0.028

CHA2DS2-VASc
M
SD
1.5b
3.0ab
3.5ab
4.6a
4.5a

0.9
1.5
1.7
1.4
1.9
0.002

Note: a–b Diﬀerent letters in each column represent signiﬁcant
diﬀerences between the means (p < 0 05). CHADS2 = congestive heart
failure, hypertension, age > 65, diabetes mellitus, stroke; CHA2DS2-VASc =
CHADS2 + gender (female) + age ≥ 75 + thromboembolic event + vascular
disease; LOT = line of treatment; SD = standard deviation.

Table 3: Pearson correlations of CHADS2 and CHA2DS2-VASc
scores with diﬀerent variables.
CHADS2

CHA2DS2-VASc

RNFL

0.140
−0.247∗

0.055
−0.356∗∗

VA

−0.206

−0.345∗∗

Grade

0.262

∗∗

0.380∗∗∗

Age

0.435∗∗

0.610∗∗∗

VF

LOT

0.350∗

∗
p < 0 05, ∗∗ p < 0 01, ∗∗∗ p < 0 001. VF = visual ﬁeld; RNFL = retinal nerve
ﬁber layer average width; VA = visual acuity; Grade = RNFL grade;
CHADS2 = congestive heart failure, hypertension, age > 65, diabetes
mellitus, stroke; CHA2DS2-VASc = CHADS2 + gender (female) + age ≥ 75 +
thromboembolic event + vascular disease.

disease. Furthermore, the higher the scores on CHADS2
and CHA2DS2-VASc, the more chronically ill the patient,
and the more likely to develop other diseases, which in
turn might be more severe. We found CHA2DS2-VASc
to correlate better than CHADS2 with glaucoma treatment
and prognosis. This is evidently due to two main factors
included in CHA2DS2-VASc and not in CHADS2. First,
age over 75 years adds 2 points in CHA2DS2-VASc. Age
is one of the most crucial risk factors for glaucoma, and
the scoring allocated in CHA2DS2-VASc to this criterion
is probably one of the reasons for the superiority of this scale
in relationship to glaucoma. Second, the CHA2DS2-VASc
score includes vascular disease. A single patient can receive
one point for any vascular disease and 2 points for stroke
or TIA, which may also have a vascular etiology. Thus, up
to 3 points might be accumulated due to a vascular disease.
This compares with the CHADS2 score, in which the same
disease awards 2 points. Though not a major risk factor,
vascular disease is associated with glaucoma [15].
Our ﬁndings of greater correlation of CHA2DS2-VASc
scores with LOT and lower mean RNFL thickness, among
community follow-up than routine follow-up patients
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suggest that patients who were adherent to the therapy
prescribed and attended the community clinic regularly
had a milder disease. Although the number of community
follow-up patients was relatively small in this cohort, we
suspect that the CHA2DS2-VASc score can help in selecting
optimal LOT for these patients.
The VF was relatively intact among the cohort. No
correlation was found between VF and either CHADS2 or
CHA2DS2-VASc scores. We suspect that since glaucoma is
a relatively slowly progressing disease, proper treatment
and close follow-up can halt disease progression, with
minimal damage to the VF.
4.1. Study Limitations. This cohort comprised 67 patients
with 130 aﬀected eyes. Considering that the population
attending Ziv Medical Center is about 250,000, underdiagnosis is probable. There are several reasons for such. Due to the
nature of this study, patients with glaucoma who are treated
other than at the glaucoma clinic would not be included. The
population in northeastern Israel is rural and generally of a
low socioeconomic status. Such populations tend to less frequently attend a hospital [16, 17]. Furthermore, considering
the slow disease progression of glaucoma and low hospital
attendance, a patient may arrive at a clinic when vision is
almost completely lost, and no treatment can be oﬀered, thus
causing underdiagnosis as well. In addition, patients might
choose to attend a clinic located at a further distance, due
to a misconception of the capabilities of the Ophthalmology
Department at Ziv Medical Center, thus constituting yet
another reason for underdiagnosis.
A selection bias may be relevant to our cohort. Usually,
RFP are of a more severe disease than CFP. In our cohort,
CFP presented with better correlation between CHA2DS2VASc score and LOT. Thus, it is our notion that a cohort
that would comprise solely CFP patients would show even
better correlation.

5. Conclusion
CHA2DS2-VASc score was shown to be correlated with
glaucoma. This correlation was manifested positively by
the LOT needed to stop glaucoma progression, with higher
CHA2DS2-VASc scores correlated with more aggressive
treatment. The relationship is further manifested in the correlation between thinning of RNFL and higher CHA2DS2VASc scores. Since glaucoma is a disease with a progressing
nature, it is important to treat patients aggressively on one
hand, while oﬀering the most benign treatment as possible
on the other hand.
It is our notion that the use of the CHA2DS2-VASc score
can help skip one or even two LOTs in glaucoma treatment.
The CHA2DS2-VASc score showed a strong correlation to
LOT with CFP. From this, we expect that in a compliant
patient, this score may be particularly useful for the ophthalmologist. The CHA2DS2-VASc score showed superiority to
the CHADS2 score. We expect that modiﬁcation of the
CHA2DS2-VASc score could achieve an even higher correlation; this is a direction for future study.
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