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Abstract

e AIM: To evaluate the atherogenic indices and the
relationship with visual acuity and bilateral sequential
involvement in patients with non-arteritic ischemic optic
neuropathy (NAION).

e METHODS: A total of 65 patients with NAION and 48
age-sex matched healthy individuals were included in this
retrospective study. The demographic characteristics and
laboratory findings of the patients and control subjects
were obtained from the electronic medical records.
The atherogenic indices were calculated using the lipid
parameters. The association between visual acuity, bilateral
sequential involvement, and atherogenic indices was
investigated.

e RESULTS: The mean age was 63.8+12.5y in the
NAION group and 64.7+10.1y in control group (P=0.707).
Although there were no significant differences in terms of
total cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-c) between two groups (P=0.089, 0.091), all the non-
traditional serum lipid ratios were significantly higher in
NAION group (P<0.05). In the NAION subgroup analysis, with
visual acuity<20/200 had higher TC/high-density lipoprotein
cholesterol (HDL-c), LDL-c/HDL-c, and non-HDL-c/HDL-c
values than the patients in the NAION group with visual
acuity >20/200 (P=0.032, 0.025, 0.032, respectively).
The values for the atherogenic indices were higher in NAION
patients with bilateral sequential involvement in comparison
to those with unilateral involvement (P=0.271, 0.127, 0.197,
0.128, 0.127, respectively).

o CONCLUSION: The study reveals a relationship between
NAION and the non-traditional lipid ratios. Atherogenic
indices may predict the visual loss severity and second eye
involvement in patients with NAION.

o KEYWORDS: atherosclerosis; atherogenic index; lipid
profile; non-arteritic ischemic optic neuropathy; second eye
involvement
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INTRODUCTION

on-arteritic ischemic optic neuropathy (NAION),
N which is characterized by mono or binocular visual
impairment with a sudden and painless onset, is the most
common cause of optic neuropathy among the elderly" .
Although the incidence of NAION is relatively high, the exact
pathological mechanism has not been clearly explained yet.
The generally agreed pathogenesis of NAION depends on the
acute ischemia due to insufficient circulation of the optic nerve
head”. Many systemic conditions, including arteriosclerosis,
hypertension (HT), diabetes mellitus (DM), hyperlipidemia,
hyperhomocysteinemia, relative nocturnal hypotension, and
crowded optic disc (“disk at risk™), have been suggested for
NAION etiopathogenesis" ™.
The ischemic disorders affecting all the tissues in the body,
including the eye and optic nerve, are commonly due to
atherosclerosis. Most cases of NAION develop spontaneously
in the presence of one or more underlying atherosclerotic
risk factors, such as dyslipidemia, smoking, DM, and arterial
HT, which are also the risk factors for cardiovascular and
cerebral ischemic events. In one series, hypercholesterolemia
was present in no less than 40% of the NAION patients,
while the incidences of HT, DM, and ischemic heart diseases
were significantly higher in those patients than in the general
population'”. It was also shown that the risk of ischemic stroke
increased in NAION patients compared to those without
NAION™. The study results suggest that NAION can be
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associated with systemic vascular diseases. The relationships
between serum lipid parameters and NAION have been
evaluated previously, and increased lipid levels were more
often observed in patients with NAION""'Y, Recently,
the use of atherogenic indices as markers that have been
assessed in various conditions has been suggested to be more
discriminative than a single conventional serum lipid panel for
predicting the risk of atherosclerotic events'”"*'. Considering
that 24% to 48% of the NAION patients exhibit second eye
involvement within 5-11y of disease onset, it is very important
to protect the vision of the eye not affected initially'". It has
been shown that diabetics and patients who suffered significant
vision loss during the first event are at increased risk for
bilateral sequential involvement*.

We hypothesized that higher atherogenic indices could predict
the involvement of the second eye and the severity of the
visual loss. As far as we know, our study is the first to evaluate
the atherogenic indices in NAION patients.

SUBJECTS AND METHODS

Ethical Approval This retrospective and cross-sectional
study was conducted at the Department of Ophthalmology
in Ondokuz Mayis University, Samsun, Turkey. The study
protocol was approved by the Institutional Ethics Committee
of the Ondokuz May1s University and adhered to the tenets
of the Declaration of Helsinki. The informed consent was
obtained from the subjects.

Sixty-five consecutive NAION patients diagnosed between
2017 and 2020 and 48 healthy volunteers who were matched in
age and gender to the patients and had similar vulnerability for
common chronic and systemic disorders like DM and HT were
enrolled in the study. The control group subjects were recruited
among the patients presented to the outpatient clinics of the
Department of Ophthalmology for routine ophthalmological
examination and volunteered to participate in the study. The
demographics (age and gender) and clinical data (ocular
findings, systemic diseases, blood parameters, and drug use
history) were retrieved from the electronic medical files. A
thorough ophthalmological examination that consisted of
refraction assessment (KR8900, Topcon, Japan), visual acuity
(Snellen chart), slit-lamp biomicroscopy, Goldman applanation
tonometry, and dilated fundus examination were performed in
all patients and controls. The NAION patients were classified
into two groups according to the degree of visual acuity
impairment: equal to or better than 20/200 or worse than
20/200 (legal blindness). The criteria for NAION diagnosis
included unilateral and sudden loss of vision without pain,
the swelling of the optic disc, a relative afferent defect of the
pupillae, a defect of the visual field consistent with NAION,
and the lack of clinical signs suggesting any other diseases.
Unilateral NAION involvement and bilateral sequential
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involvement were also noted. Blood samples were obtained
from the unilateral involvement group during the first attack
and from the bilateral sequential involvement group during the
second attack.

Blood samples after 12-hour fasting were obtained from
the patients and controls. The levels of total cholesterol
(TC), triglyceride (TQG), high-density lipoprotein cholesterol
(HDL-c), and low-density lipoprotein cholesterol (LDL-c)
were assessed via a chemical analyzer system (Roche/Hitachi
Cobas C 701 system, Mannheim, Germany). Furthermore,
the ratios of TC/HDL-¢c, TG/HDL-¢c, LDL-¢/HDL-c, non-
HDL-c¢/HDL-c, and the values of non-HDL-c were calculated.
The formula used to calculate the non-HDL-c was TC minus
HDL-c. The TC/HDL-c ratio was considered to be the index of
insulin resistance, and the TG/HDL-¢ ratio, LDL-¢/HDL-c ratio,
non-HDL-¢/HDL-c ratio, and non-HDL-c were considered to

511 The exclusion criteria consisted

be the atherogenic indices
of acute systemic infection, inflammatory and autoimmune
disorders, history of malignancy, renal and hepatic failure,
alcohol abuse, retinal disease, any surgery within the three
months prior to the study, and use of medical therapies which
might affect blood parameters, i.e., corticosteroid, anti-
hyperlipidemics, efc.

Statistical Analysis Statistical Package for the Social
Sciences (SPSS) software (V21.0 for Windows; SPSS Inc.,
Chicago, IL, USA) was used for the statistical analyses. All
quantitative variables are expressed as the mean+tstandard
deviation. The normality of distribution was assessed using
the Kolmogorov-Smirnov test. The qualitative data with and
without normal distribution were compared using the Student’s
t and Mann-Whitney U tests, respectively. To determine the
cut-off value and to quantify the parameter accuracy, a receiver
operating characteristic curve (ROC) analysis was performed.
A statistical significance was considered with a P-value less
than 0.05.

RESULTS

The study was completed with 113 participants, and 65
(58%) of the subjects were female. The mean age of the
NAION patients and controls were 63.8+£12.5y (range 40-
86y) and 64.7+10.1y (range 41-90y), respectively (P=0.707).
No statistical differences in the distribution of gender and
systemic disorders were present between the groups (P>0.05).
Forty (62%) patients in the NAION group had unilateral
involvement, and 25 (38%) of them had bilateral sequential
involvement. The demographics and clinical features of the
participants are shown in Table 1.

The median values of TG and non-HDL-c in the NAION
group were significantly higher, while the HDL-c values were
significantly lower compared to those of the controls (P<0.05).
Although not statistically significant, the median values of TC
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Table 1 Demographic characteristics and systemic disorders within the groups

Parameters NAION group (n=65)  Control group (n=48) P

Age mean£SD (y) 63.8+12.5 64.7+10.1 0.707
Male/female ratio 38/27 27/21 0.814
Hypertension (7) 12 8 0.462
Diabetes mellitus (1) 14 11 0.581
Cardiovascular disease 12 11 0.798
Unilateral/bilateral sequential involvement () 40/25 - -

NAION: Non arteritic ischemic optic neuropathy.

Table 2 Serum lipid profiles and lipid ratios of the participants

mean (range)

Parameters NAION group Control group P

TC (mg/dL) 196.5 (124.5-338.9) 184.7 (114.2-259.3) 0.089
TG (mg/dL) 171.6 (58.0-466.0) 120.5 (55.2-241.8) <0.001
LDL-c (mg/dL) 116.6 (49.1-212.1) 106.7 (55.0-152.3) 0.091
HDL-c (mg/dL) 45.5(26.3-91.0) 54.3 (27.8-95.8) 0.001
Non-HDL-c (mg/dL) 151.0 (86.9-280.1) 130.3 (85.1-186.0) 0.002
TC/HDL-c 4.4 (2.1-7.1) 3.6(2.1-6.2) <0.001
TG/HDL-c 4.1 (0.9-9.2) 2.5 (0.6-6.0) <0.001
LDL-c/HDL-c 2.6 (0.9-5.3) 2.1(0.9-4.2) <0.001
Non-HDL-¢/HDL-c 3.4 (1.1-6.1) 2.6(1.1-5.2) <0.001

NAION: Non arteritic ischemic optic neuropathy; TC: Total cholesterol; TG: Triglyceride; LDL-c: Low density

lipoprotein; HDL-c: High density lipoprotein.

Table 3 Serum lipid profiles and lipid ratios of the NAION group according to the visual acuity

mean (range)

Visual acuity <20/200 >20/200 P

TC (mg/dL) 199.9 (125.8-338.9) 192.4 (124.5-280.3) 0.521
TG (mg/dL) 173.2 (69.8-339.6) 166.6 (58.0-466.0) 0.287
LDL-c (mg/dL) 121.6 (59.3-212.1) 109.7 (49.1-190.0) 0.215
HDL-c (mg/dL) 43.5 (28.0-66.3) 49.4 (26.3-91.0) 0.199
Non-HDL-c (mg/dL) 156.3 (86.9-280.1) 142.9 (90.7-240.9) 0.177
TC/HDL-c 4.6 (2.7-7.0) 4.1 (2.1-7.1) 0.032
TG/HDL-c 4.0 (1.3-8.0) 4.1 (0.9-9.2) 0.102
LDL-¢/HDL-c 2.8 (1.4-5.3) 2.3 (0.9-4.1) 0.025
Non-HDL-¢/HDL-¢ 3.6 (1.7-6.0) 3.1(1.1-6.1) 0.032

NAION: Non arteritic ischemic optic neuropathy; TC: Total cholesterol; TG: Triglyceride; LDL-c: Low density

lipoprotein; HDL-c: High density lipoprotein.

and LDL-c in the NAION patients tended to be higher than
the controls (P=0.089 and P=0.091, respectively). The non-
conventional serum lipid ratios, including TC/HDL-c, TG/
HDL-c, LDL-¢/HDL-c, and non-HDL-c¢/HDL-c in the NAION
patients, were significantly higher than the controls as shown
in Table 2. In the subgroup analysis, the NAION patients with
visual acuity <20/200 had higher TC/HDL-c, LDL-c/HDL-c,
and non-HDL-c/HDL-c values than the NAION patients with
visual acuity >20/200 (P=0.032, 0.025, 0.032, respectively,
Table 3). No such significant differences in conventional serum
lipids were found between the two subgroups (P>0.05). ROC
curve analysis was performed to assess the diagnostic values
of the atherogenic indices for differentiating the NAION group

from the control group and to predict the visual acuity in the
NAION patients. The optimal cut-off values of the atherogenic
indices in the NAION subgroups are shown in Tables 4 and 5,
and the areas under the ROC curve are displayed in Figures 1
and 2.

The NAION patients with bilateral sequential involvement had
higher non-HDL-c, TC/HDL-c, TG/HDL-c, LDL-¢/HDL-c,
and non-HDL-c/HDL-c values than those with the unilateral
involvement, but the differences were not statistically
significant (P=0.271, 0.127, 0.197, 0.128, 0.127, respectively).
DISCUSSION

NAION, which is the most common ischemic optic neuropathy
type, can be due to a variety of risk factors. Some of the risk
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Table 4 ROC analyse of each aterogenic indices to differentiate NAION from the control group

Parameters Cut-off value Sensitivity (%) Specificity (%) AUC
Non-HDL-c (mg/dL) 132.2 71 52 0.66
TC/HDL-c 3.67 79 60 0.74
TG/HDL-c 2.54 74 60 0.71
LDL-c/HDL-c 1.99 77 54 0.69
Non-HDL-¢/HDL-c 2.67 79 60 0.74

NAION: Non arteritic ischemic optic neuropathy; TC: Total cholesterol; TG: Triglyceride; LDL-c: Low density

lipoprotein; HDL-c: High density lipoprotein.

Table 5 ROC analyses of aterogenic indices according to visual acuity subgroups in NAION patients

Parameters Cut-off value Sensitivity (%) Specificity (%) AUC
TC/HDL-c 3.77 85 50 0.67
LDL-c/HDL-c 2.35 75 58 0.68
Non-HDL-c¢/HDL-c 2.98 71 63 0.67

NAION: Non arteritic ischemic optic neuropathy; TC: Total cholesterol; TG: Triglyceride; LDL-c: Low density

lipoprotein; HDL-c: High density lipoprotein.
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Figure 1 The ROC curve analysis for the diagnostic values of
atherogenic indices to differentiate the NAION group from the

control group.

factors are more accepted and well documented, while others
are anecdotal case reports. Numerous studies have shown
that arterial HT, DM, and atherosclerosis are established risk
factors for NAION occurrence™. Since the risk factors for
systemic vascular diseases are also risk factors for NAION,
the question as to whether NAION indicates the presence
of a systemic vascular disease arises. The investigation of
the relationships between NAION and systemic vascular
disorders might provide some clues for clarifying this
disease. Previous research results were inconsistent for the
relative risk of cerebral and cardiovascular events after the
occurrence of NAION. The NAION patients were found to
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Figure 2 The ROC curve analysis for the prediction of visual

acuity in NAION patients.

be at increased risk for ischemic heart disease and ischemic
stroke compared to patients without NAION®®. On the
other hand, Hasanreisoglu et al”'"! concluded that the risks of
cardiovascular and cerebrovascular events in patients with
NAION were not different than those in the general population.
Furthermore, a prospective study with 406 NAION patients
did not reveal any increased risks for cerebrovascular events or
cardiac diseases'”.

The impact of dyslipidemia on the vascular system is well
known, and atherosclerosis constitutes a common point in the
pathogenesis of both systemic vascular diseases and NAION.
Dyslipidemia shows its effect by decreasing antioxidant

defense and causing endothelial dysfunction, likely via
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interference with nitric oxide, which is a potent vasodilator
and has antiatherogenic effects. The serum TC, TG, and LDL-c
levels were elevated, while the HDL-c levels were low in
the process of vascular calcification””. Circulating LDL-c is
the major source of lipids that accumulate in atherosclerotic
plaques, and HDL-c plays a protective role in atherosclerosis
and arterial stiffness®!. The formula of TC minus HDL-c,
which is used to calculate the non-HDL-c, is considered as
a measurement of the cholesterol in the LDL-c and very-
low-density lipoprotein (VLDL-c) particles. The non-
HDL-c compared to LDL-c was mentioned to be a better

determinant of arterial stiffness™?

! In recent years, there has
been a consensus that non-conventional serum lipid ratios
compared to single conventional lipid parameters are better
in discriminating the atherogenic events. The TC/HDL-c
and LDL-c/HDL-c ratios were reported as powerful markers
that indicate the presence of cardiovascular diseases and
atherosclerosis”””. Moreover, in clinical practice, the ratio of
non-HDL-c/HDL-c compared to LDL-c, HDL-c, and non-
HDL-c is a better, convenient, and economic marker that
indicates the risks of coronary artery disease, arterial stiffness,
and insulin resistance™”. Furthermore, TG/HDL-c is a more
effective marker in comparison to the remaining single lipid
parameters for predicting cardiovascular disorders and the
resistance to insulin***”,

Several research studies have investigated the relationship
between serum lipid parameters and NAION. In most of those,

the parameters were found to be high!"”""; however, other

B3 In the present study,

studies did not confirm those results
we found significantly higher TG and lower HDL-c levels in
NAION patients, while no such differences in TC and LDL-c
levels were found between the study groups. In contrast, all
the non-conventional lipid ratios were found to be significantly
higher in the NAION patients in comparison to the controls.
Our results support the hypothesis that these markers,
compared to single conventional lipid profiles, are better in
discriminating the atherosclerotic events. In another ongoing
study conducted by our research group, we found increased
arterial stiffness in NAION patients in comparison to the
control group, a result that has not been published previously.
The increased non-HDL-c values and non-HDL-c/HDL-c ratio
in the NAION group also support the results regarding the
arterial stiffness in the former study. In the subgroup analysis,
although no significant differences were found in conventional
serum lipids, the NAION patients with visual acuity <20/200
compared to those with >20/200 had higher values of TC/
HDL-c, LDL-¢/HDL-c, and non-HDL-c/HDL-c, which
were more powerful markers of atherosclerosis and arterial
stiffness. This could be explained by the increased severity of
atherosclerosis and its effect on the microvascular system that

supplies the optic nerve.
It is also possible that reduced levels of serum lipids could
be protective on the remaining eye. The incidence of the
involvement of the second eye varies widely in the literature,
i.e., ranging between 19% and 38% in Sy after the onset of
NAION, between 24% and 48% within 5-11y of the onset"**”.,
In our series, 38% of the patients had bilateral NAION.
Patients with bilateral sequential involvement had higher non-
HDL-c, TC/HDL-c, TG/HDL-c, LDL-¢/HDL-c, and non-
HDL-c/HDL-c values compared to those with unilateral
involvement; however, the differences were not statistically
significant. The relatively small sample size of NAION patients
with bilateral involvement may have prevented the detection
of statistically significant differences in those parameters in
comparison to the patients with unilateral involvement. As
far as we know, the current study is the first that investigated
the relationship between atherogenic indices and NAION.
However, the retrospective and the single-center design of the
study with a relatively small sample size could be considered
as the limitations.
In conclusion, the values of the atherogenic indices in the
NAION patients compared to controls were significantly
higher. We also found significantly higher values in some of the
atherogenic indices in NAION patients with severe vision loss.
It is of utmost importance to minimize the risk factors in order
to decrease the risk of NAION occurrence in the remaining
eye or the progression of loss of vision in the already affected
eye. Regulation of lipid metabolism, in which the atherogenic
indices are taken into consideration, may provide additional
benefits to NAION patients. Further larger studies are needed
to identify the effectiveness of using atherogenic indices to
predict visual outcome and second eye involvement.
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