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Purpose: To assess the potential influence of serum biochemical factors, specifically lipid profile parameters, on visual outcomes in
patients with non-arteritic anterior ischemic optic neuropathy (NAION).

Patients and Methods: All patients diagnosed with NAION at Rajavithi Hospital between 1 January 2011 and 31 December 2020
were retrospectively reviewed. The primary outcome was defined as visual recovery, measured by an improvement of at least 0.2
logarithm of the minimal angle of resolution (IogMAR) in their best-corrected visual acuity (BCVA) at the 12-weeks follow-up visit
compared to the initial visit and determine whether those lipid profiles parameters are predictive of 12 weeks-visual outcomes. Factors
of an initial poor VA were evaluated using logistic regression analysis.

Results: In this study, 84 patients with NAION were included to assess the impact of lipid parameters on visual outcomes. Majority of
participants were male. The group with initial VA worse than 20/200 had significantly higher mean age of 58.3+7.6 years and levels of
total cholesterol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL) (all p < 0.05 respectively). Throughout
12 weeks, a significant difference in change of BCVA between the two groups of initial VA was observed (p<0.001). Regarding lipid
parameters on visual prognosis, lipid profile between the two groups of VA improvement of 0.2 logMAR was comparable different.
The probability of VA improvement showed a weak association with TC levels. A gradual increase in probability slightly related to
LDL parameter, while TG showed an inverse relationship. At elevated lipid levels, there was a greater degree of uncertainty in
predicting visual outcomes.

Conclusion: While older age and elevated lipid levels, specifically TC, TGs, and LDL, were correlated with poorer initial visual
acuity in NAION patients, no significant associations were identified between lipid parameters and long-term visual recovery. Early
detection for individuals with dyslipidemia (DLP) and advanced age merit attention.

Keywords: non-arteritic anterior ischemic optic neuropathy, NAION, visual acuity, total cholesterol, triglycerides, LDL, TC, low-
density lipoprotein, TG

Introduction
Non-Arteritic Ischemic Optic Neuropathy (NAION) is one of the most common optic neuropathies in patients with older
than 50 years. An estimated annual incidence is 10.3 for all ages and 2.3 to 10.2 per every 100,000 persons for older
age."? Vision of affecting eyes has ranged from nearly normal to devastating vision.> Visual recovery of the disease is
approximately 40%, yet some patients may suffer from poor improvement resulting a devastating visual outcome.”
Presently, there is no effective treatment or promising improvement vision.” Pathology of NAION is mostly believed due
to vascular insufficiency of short posterior ciliary artery resulting in individual presented with painless visual loss, color
vision impairment, and a disc swelling appearance.®

Several systemic vascular risk factors of NAION development have been investigated including diabetic mellitus,
dyslipidemia (DLP), and hypertension in previous literatures.”* DLP has been established the atherogenesis development,
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vascular compromise, and vascular endothelial dysfunction from high level of total cholesterol (TC), triglyceride (TG), and
low-density lipoprotein cholesterol (LDL), resulting in a decrease of vascular blood supply at optic nerve.”

The associations between systemic vascular diseases and visual outcomes of NAION have differed among previous
studies.>'!" Hayreh et al observed no correlation among those systemic vascular diseases and visual status (VA, visual
field) at 1 year-period.” Similar to an Indian population, Patil et al also evaluated no association of those systemic
vascular risks and the VA of 20/200.'> While Kogak et al proposed that atherogenic indices (ratio of TC, LDL to HDL)
was notably higher in patients who failed to achieve VA of 20/200 in western populations; however, no investigations of
trends in VA recovery based on lipid parameters, and these findings may have limited generalizability to other
populations.? Investigating the influence of DLP on the clinical course of NAION, particularly in mitigating initial
visual loss, may offer a promising therapeutic approach in the future. With regard to Southeast Asia populations, no study
has investigated the association of DLP, lipid parameters and visual prognosis or improvement of patients with NAION.

The purpose of the present study was to examine the association of lipid parameters, DLP on the visual outcome of
patients with NAION at Rajavithi Hospital, Thailand.

Patients and Methods
Method and Data Collection

In this retrospective cohort study, the electronic medical records of 189 patients diagnosed with NAION between
1 January 2011 and 31 December 2020 were retrospectively reviewed.

The inclusion criteria were NAION patients diagnosed during the study period by ophthalmologists in our hospital
which employed diagnostic criteria based on Sharma et al as follows: acute painless visual loss with the evidence of optic
neuropathy including presence of relative afferent pupillary defect (RAPD); presenting a swelling disc morphology
within one month; impaired color vision test; or nerve fiber layer defect pattern on visual field test.''

The exclusion criteria were patients with the following: 1) no data of serum lipid level after an initial diagnosis of
NAION; 2) other optic neuropathy such as optic neuritis, compressive optic neuropathy; 3) other retinal diseases, for
example proliferative diabetic retinopathy, macular edema; 4) other eye diseases affecting visual acuity or visual field
assessments; 5) follow-up time of less than 3 months; 6) having an onset duration greater than 30 days; and 7) optic
neuropathy with a history of previous intraocular surgery within 1 month.

Demographic and patient characteristics after diagnosed NAION were retrospectively reviewed including age and
gender. Ophthalmic characteristic included best-corrected visual acuity (BCVA) which was converted to logarithm of the
minimal angle of resolution (logMAR) as the follows; no light perception (NLP), light perception (LP), hand motion
(HM), and counting finger (CF) to 3.4, 3.1, 2.9, and 2.6 respectively,'* color vision tested by Ishihara color plate,
pupillary defect, fundus and optic disc examination. Visual field was tested with Humphrey Field Analyzer HFA II 750
(Carl Zeiss Meditec Inc, Dublin, CA) using a 24-2 threshold program with the Swedish Interactive Threshold Algorithm
(SITA) Fast strategy. Biochemistry data of lipid profiles including serum of TC, TG, and LDL were retrospectively
reviewed after diagnosed NAION.

In our study, the primary outcome was defined as visual recovery, measured by an improvement of at least 0.2
logMAR in BCVA at the 12-weeks follow-up visit compared to the initial visit. A change of BCVA in each visit of initial,
1-week, 4-weeks and 12-weeks period was also retrospectively reviewed.

Ethics Approval

The study was approved by Rajavithi Hospital Research Ethics Committee (EC number 123/2567), Chulalongkorn
University (COA number of 0227/2024) and followed the tenet of the declaration of Helsinki. All the patients provided
written informed consent before participating the study.

Statistical Analysis
All affected eyes which met the inclusion criteria were recruited in the present study. Categorical data were expressed as
percentage. Continuous data were expressed as mean, and standard deviation (SD) for normal distributed data or
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expressed as median, interquartile range (IQR) for non-normal distributed data. The comparison of categorical data was
employed Fisher exact, or Chi-square test. The difference of continuous data was employed student T test or Mann—
Whitney U-test. Repeated measures analysis of variant (Repeated ANOVA) was employed for comparing the differences
in baseline visual acuity and each visit of 1, 4, and 12 weeks-visit. Factors predictive of an initial poor VA were evaluated
using logistic regression analysis. Statistical significance was considered when p-value<0.05.

Results

Clinical Characteristics of Patients with NAION

One hundred eighty-nine patients with NAION (189 eyes) were enrolled in our study (Figure 1). One hundred and five
patients were excluded due to not fulfilling our inclusion criteria as follows: Twenty-one had a follow-up time less than 3
months; 26 had other optic neuropathy diseases; eighteen had a duration of onset greater than 30 days; 40 had no data of
serum lipid profile after diagnosis. In case of sequential, concurrent or recurrence NAION, only the first affected eye was
included in our analysis. None were presented with sequential, concurrent or recurrent NAION in the present study.

Baseline Characteristics Between the Two Groups of Initial VA of 20/200

A total of 84 patients with NAION (84 eyes) were recruited in the present study. At Table 1, their mean age of the group of
initial VA worse than 20/200 was 58.3£7.6 years with significantly older than that of the better VA group (p = 0.042). In both
groups, the majority of participants were male. Notably, proportion of DLP as well as higher level of TC, TG, and LDL were
significantly observed in the group with worse initial VA (all p<0.05 respectively). A comparable difference was seen between
the two groups with respect to gender, presence of disc at risk, and systolic and diastolic blood pressure.

Baseline Characteristics Between the Two Groups of VA Improvement of 0.2 logMAR
Table 2 depicted baseline characteristics between the two groups of VA improvement of 0.2 logMAR at 12 weeks. No
significant differences regarding of baseline demographic, characteristics or serum lipid parameters between the two

groups were seen.
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Figure | STROBE study participant’s flow chart.
Note: Improvement defined as improved 0.2 logMAR in BCVA from an initial visit to the 12-weeks period.
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Table | Baseline Characteristics of NAION Patients of the Two Groups of Initial VA of 20/200

Initial VA Initial VA p value
<20/200 (n = 40) 220/200 (n = 42)
Age (yrs), mean * SD 549 £75 58376 0.042f
Gender, n (%) 0.825
Male 24 (57.1) 25 (59.5)
Female 18 (42.9) 17 (40.5)
Disc at risk, n (%) 6 (14.3) Il (26.2) 0.175
CDR, (median, IQR) 0.3 (0.3-0.4) 0.3 (0.27-0.4) 0.275
DLP, n (%) 20 (47.6) 39 (92.9) <0.001%
TC (mg/dl), median (IQR) (mg/dl) 173 (151.75-210.75) 240 (221.25-255.75) <0.001%
LDL (mg/dl), mean + SD (mg/dl) 1054 + 33.2 149.2 + 35.4 <0.001%
TG (mg/dl), median (IQR) (mg/dl) (mmHg) 167 (153.75-202) 200.5 (169.25-255.25) 0.004%
SBP (mmHg) 133.5 (122-163) 130 (121-149) 0.444
DBP (mmHg), mean + SD (mmHg) 843 % |5.7 807119 0.236
HbAlc (mg%), median (IQR) (mg%) 6.3 (5.6-7.0) 6.4 (5.7-7.6) 0.289
FBS (mg/dl), median (IQR) (mg/dl) 116 (100-160) 127.5 (93.3-229.3) 0.934

Note: TThe statistical significance with p value <0.05.
Abbreviations: NAION, Non Arteritic Ischemic Optic Neuropathy; SD, standard deviation; CDR, cup to disc ratio; IQR,
interquartile range; DLP, dyslipidemia; TC, total cholesterol; LDL, low density lipoprotein cholesterol; TG, triglyceride; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemoglobin AlC; FBS, fasting blood sugar.

Table 2 Baseline Characteristics Based on the Two Groups of VA Improvement

Improvement (57) Non-Improvement (27) p value
Age (yrs), mean * SD 565 %79 56.6 £ 7.1 0.962
Gender, n (%) 0.722
Male 34 (59.6) 15 (55.6)
Female 23 (40.4) 12 (44.4)
Disc at risk, n (%) 13 (22.8) 4 (14.8) 0.395
CDR, median (IQR) 0.3 (0.3-0.4) 0.3 (0.3-0.4) 0.914%
DLP n (%) 40 (70.2) 19 (70.4) 0.985
TC (mg/dl), median (IQR) 222 (171.5-24¢6) 205 (157-240) 0.386"
LDL (mg/dl), mean + SD 128.1 +39.9 125.7 + 42.8 0.805
TG (mg/dl), (median, IQR) (mg/dl) 183 (160-226) 178 (153-232) 0.254%
SBP (mmHg), median (IQR) 131 (123-157.5) 129 (121-140) 0.407*
DBP (mmHg), mean * SD 83.1 £ 13.1 812+ 158 0.566
HbAIc (mg%), median (IQR) 6.1 (5.6-7.0) 7.0 (5.5-7.5) 0.368"
FBS (mg/dl), median (IQR) 127 (96-203.5) 125.5 (99.8-171) 0.707*

Note: TThe p value was obtained from the Mann-Whitney test.

Abbreviations: SD, standard deviation; CDR, cup to disc ratio; IQR, interquartile range; DLP, dyslipidemia; TC, total cholesterol; LDL, low-
density lipoprotein cholesterol; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; FBS,
fasting blood sugar.

Determinates on Initial Visual Acuity

Table 3 depicted predictors of poor initial VA. In the multivariable model, higher age with an Odds ratio (OR) =1.118, (p
=0.014), and TC (OR: 1.034, p = 0.016) independently associated with worse initial VA. TG was significant only in the
univariable analysis (p = 0.010).

Long Term Visual Outcomes Between the Two Groups of Initial VA of 20/200
Supplementary Table 1 and Figure 2 illustrated the changes in VA over the 12-weeks period for both groups. Those with
good initial VA had a mean BCVA of 0.57+0.2 logMAR, improving to 0.49+0.44 logMAR at 12 weeks. While, the group
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Table 3 Risk Factors for Initial Poor Visual Acuity

Univariable Model Multivariable Model

OR 95% CI p value | OR 95% CI p-value
Age — years 1.060 | 1.001-1.130 0.042 1.118 | 1.023-1.221 0.014F
Gender — female | 0.907 | 0.381-2.159 0.825 No include
Cholesterol 1.041 | 1.024-1.059 0.001 1.034 | 1.006-1.062 | 0.0l6t
Triglyceride .01l | 1.003-1.020 0.010 1.005 | 0.995-1.015 0.353
LDL cholesterol 1.037 | 1.019-1.053 0.001 1.013 | 0.987-1.040 0.313
HbAIC 1.340 | 0.859-2.090 0.207 No include
SBP 0.99 | 0.971-1.008 0.290 No include
DBP 0.981 | 0.95-1.012 0.235 No include

Note: TThe statistical significance with p value <0.05.

with poor initial VA had a mean BCVA of 1.8+0.79 logMAR, which slightly worsened to 1.86+0.93 logMAR at
12 weeks. A statistically significant difference in mean BCVA between the two groups was observed throughout the 12-

weeks follow-up period (p<0.001).

Long Term Visual Outcomes Between the Two Groups of VA Improvement of 0.2
logMAR

Supplementary Table 2 and Figure 3 illustrated the trend of VA change between the groups with and without a 0.2
logMAR improvement. Overall, at the 12-weeks period, a statistically significant difference in mean BCVA was observed

between the groups (p = 0.017).

Figure 4 demonstrated the overall probability of VA improvement based on serum lipid parameters. The probability of
VA improvement 0.2 logMAR initially decreased slightly, stabilized, and then inclined sharply beyond 300 mg/dL, with
greater uncertainty observed at extreme levels of TC. Similarly, an inverse relationship was noted between TG levels and
predicted visual outcomes. LDL demonstrated a gradual increase in probability of visual acuity improvement was

observed over the three months period, especially exceedingly closely 400 mg/dL. However, wider 95% confidence
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Figure 2 Changes in visual acuity of the two groups of an initial VA 20/200 during the follow-up period.
Clinical Ophthalmology 2024:18 htps: 3795

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=500368.docx
https://www.dovepress.com
https://www.dovepress.com

Kemchoknatee et al Dove

Adjusted predictions of week#improvement with 95% Cls

1.5

Mean of VA (logMAR)
1
1

week

——— Improvement +———— Non-improvement

Figure 3 Changes in visual acuity of the two groups of improvement during the follow-up period.

intervals (CI) at higher lipid levels suggest increased variability in the estimates, indicating greater uncertainty in
prediction visual improvement based on those three lipid parameters.

Discussion
This study demonstrated that while DLP and elevated lipid profiles were significantly associated with worse initial visual
status in patients with N AION, they do not appear to influence long-term visual recovery.

While pathophysiology of the disease is poorly understood, mostly believed due to hypo-perfusion of short posterior
ciliary artery.® DLP has influenced systemic vascular diseases by lowering anti-oxidant process, enhancing calcification
or vascular endothelial dysfunction from high level of TC, |TG, LDL or low HDL level resulting in a decrease of vascular
blood supply at optic nerve.’

Although DLP is a well-accepted risk factor of NAION development in several studies.”® The association of DLP
and visual prognosis, or recovery has differed among studies. In western populations, Hayreh et al and The Ischemic
Optic Neuropathy Decompression Trial group (The IONDT study) found no associations between DLP and either short-
term or long-term VA.*'® While some previous researchers reported their association. Dattilo et al revealed that several
systemic vascular risk factors including DLP were seen in those presenting with poor VA of HM.'® Similarly, Eagling
et al also reported a trend of attaining VA of 20/40 or better than in those without systemic vascular risks.'® Serum lipid
parameters have been investigated in various eye diseases including retinal vein occlusion, diabetes retinopathy, and
NAION.'"'® On the other hand, a ratio of TC/HDL and LDL/HDL had no benefit in predicting diabetic retinopathy
development after adjustment all covariate factors in a study of Zhang et al.'” In a primate model, the worse ischemic
process notably correlated with a poor visual status.?® A potential influence of non-perfusion area of blood flow at optic
disc, capillary density and visual outcomes has been investigated in several recent studies.>'** In western population,
Kogak et al also reported that a high ratio of TC/HDL-c, LDL-c/HDL-c, and non-HDL-c/HDL were notably observed in
the group of VA worse than 20/200 and higher probability of sequential NAION occurrence.'® Unfortunately, none of our
NAION cases had concurrence or recurrence or sequential NAION, leading to no ability of evaluations of the association.
A further study with large numbers of sequential NAION patients should be conducted for answering the hypothesis.

In the current study, we found a statistically significant association between poor presenting VA and high levels of
TC, TG, and LDL. The findings may be explained as follows: first, lipid dysregulation or elevated cholesterol levels may
lead to vascular constriction or narrowing, contributing to the development of non-perfused areas in the optic nerve.
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Figure 4 Probability of VA improvement based on serum lipid parameters during the follow-up period.

Notes: Y axis in each figure (A-F) represents the linear prediction of probability of VA improvement at least 0.2 logMAR from an initial to the 12-weeks period; good initial
VA, initial BCVA greater than VA of 20/200, poor initial VA, initial BCVA worse than or equal VA of 20/200. (A) Trend of VA improvement based on total cholesterol. (B)
Trend of VA improvement based on triglyceride. (C) Trend of VA improvement based on low-density lipoprotein cholesterol. Comparison of VA improvement between the
two groups of initial VA of 20/200. (D) Trend of BCVA change between the two groups based on total cholesterol. (E) Trend of BCVA change between the two groups based
on triglyceride. (F) Trend of BCVA change between the two groups based on low-density lipoprotein cholesterol. Error bars represent 95% confidence intervals.

Second, it has been hypothesized that atherosclerosis may impair the vascularization of small blood vessels around the
optic nerve, including the anastomoses of pial blood vessels, which could otherwise help preserve or protect against
ischemic processes. Although serum lipid levels measured post-NAION diagnosis may not fully capture the 12-weeks

visual status or prognosis in this study, it is notable that estimates of lipid parameters, particularly at higher or extreme
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values, demonstrated wider confidence intervals. This increased variability implies a degree of uncertainty regarding their
prognostic significance for long-term visual outcomes. Consequently, these findings should be interpreted with caution
when considering their potential role in predicting visual prognosis. Moreover, serum lipid levels were not consistently
assessed at every follow-up visit, which limits the ability to draw definitive conclusions regarding the correlation between
lipid levels and VA in each visit. A prospective study with regular lipid level assessments and visual status evaluations at
each follow-up time would provide more robust insights into their potential association, enhancing our understanding of
this relationship.

Aging has influenced optic nerve diseases in several aspects. First, there is a high neuroplasticity in young age compared to
elderly leading to the preservation of retinal ganglion cells loss (RGC loss) or nerve axons after the optic neuropathy
development.” Second, the influences of microcirculation blood flow of retinal or optic nerve head and aging have differed in
each study. Although Groh et al proposed that there was no significant correlation of optic nerve blood flow to patient age.>*
Kobayashi et al proposed a notably lower blood flow at retinal or optic nerve in the older compared to the young age group.®
Similarly, Liu et al revealed that there is a stiffness or decreased ocular blood flow in the elderly Japanese populations. Third,
age-related structural or mechanical change of optic nerve which might compensate RGC loss or enhance neurodegeneration.”

In our present study, while old age was notably observed in the poor initial VA of worse than 20/200. There was no influence on
long-term visual recovery. The impact of patient age on visual outcome remains inconclusive in prior studies.>!! Probably, due to
systemic vascular diseases or ophthalmic factors; for example, a higher prevalence of multiple vascular diseases in the old age'> or
a better initial VA in the young age.?” We found no correlation with age and the visual change at 12 weeks compared to the initial
presentation. Initially, older age presented with worse VA. While, there was no association of this determinant at the 12-weeks
period. Indeed, the natural disease of NAION has not been well understood yet. Although visual recovery was seen in
approximately 40% of the western populations.” It seems to be difficult for comparing our visual prognosis with other studies.
Since we particularly aim at evaluating the association of lipid parameters on the visual prognosis, not for studying in all NAION
cases.

Some limitations of our research should be addressed. First, A retrospective design posed inherent limitations,
including sample size, potential incomplete or inconsistent data collection for example we could not evaluate the
associations between serum lipid parameters and outcomes of visual field/ retinal thickness parameters or the impact of
serum lipid profiles on visual status at each follow-up visit could not be assessed in this study and a reliance on smaller
sample sizes, which may limit the generalizability of findings. Second, there is a potential for selection bias towards
more severe cases, given the nature of the study being conducted at a referral hospital. Third, Although the therapeutic
effect on visual outcomes in NAION cannot be entirely ruled out, there is currently no consensus on the proven
efficacy of any specific therapies. In this study, the included NAION cases received supportive care, primarily focused
on managing systemic vascular conditions, without any specific targeted treatments for NAION. With a follow up time
of 12 weeks, that is enough to be a representative of a stability of visual change based on the previous literature.?®
While, we believed that a trend of visual stabilization between an initial and the 12-weeks period has been investigated
in the present study may provide an informative visual prognosis or its natural history in this specific population,
Long-term follow-up studies are warranted to provide more comprehensive insights into the management and out-
comes of NAION. Although lipid-lowering therapies, such as statins, have shown efficacy in reducing cardiovascular
and cerebrovascular risks, their effect on NAION outcomes remains unclear. Future research should investigate
whether DLP management influences the clinical course of NAION, particularly in preventing recurrence or mitigating
initial visual loss.

To our knowledge, this is the first study in Southeast Asia population evaluating the association of initial visual status
and long-term recovery among serum levels of TC, TG, and LDL.

Conclusions

While older age and elevated lipid levels, specifically TC, TGs, and LDL, were correlated with poorer initial visual
acuity in NAION patients, no significant associations were identified between lipid parameters and long-term visual
recovery. Early detection for individuals with DLP and advanced age merit attention.
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