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Purpose: To evaluate visual-related quality of life (VR-QoL) and its association with optic nerve head microvasculature in
individuals with nonarteritic anterior ischemic optic neuropathy (NAION) evaluated at the acute stage.
Methods: In this retrospective case-control study, 23 NAION eyes at the acute stage and 25 age and gender matched healthy eyes were
included, respectively. All included eyes underwent a complete ophthalmic examination including optical coherence tomography (OCT) and
OCT angiography (OCTA). The Chinese version of the National Eye Institute Visual Function Questionnaire-25 (CHI-NEI-VFQ-25) was
applied to assess VR-QoL in individuals consecutively visited at an ophthalmic center. Descriptive and analytic statistics were employed.
Results: There were no significant differences on age, gender, socioeconomic and education level (P > 0.05), but best-corrected visual
acuity (BCVA) differences were reported between cases and controls (P < 0.05). Each peripapillary retinal nerve fiber layer (RNFL)
thickness was higher but peripapillary vessel density (VD) and VR-QoL scores for all subscales were significantly lower in cases when
compared with controls, respectively (P < 0.05). Particularly, pearson’s partial correlation analysis restricted to eyes with NAION
revealed stronger correlations between peripapillary RNFL measurements, VD and VR-QoL.
Conclusion: NAION at the acute stage affects VR-QoL in Chinese individuals. Some peripapillary RNFL measurements and VD
correlated with VR-QoL. Retinal anatomic and blood flow examinations and inventions in patients with NAION are necessary to
facilitate VR-QoL and disease control.
Keywords: nonarteritic anterior ischemic optic neuropathy, CHI-NEI-VFQ-25, OCTA, OCT, quality of life

Introduction
Nonarteritic anterior ischemic optic neuropathy (NAION) is mainly caused by posterior ciliary artery circulation
disorder, the most common non-glaucoma optic neuropathy in middle-aged and elderly patients, and the second most
common optic neuropathy after glaucoma.1,2 The insufficient blood supply to the optic nerve head leads to acute edema,
ischemia and other pathophysiology of the optic nerve head.3 Clinically, in the acute phase, it is mostly manifested as
painless loss of vision occurring over hours to days or optic disc edema, and visual field defects, which have a serious
impact on the life and work of the patient.4

Previous studies demonstrated that there were significant differences in peripapillary retinal nerve fiber layer (RNFL)
thickness and peripapillary vessel density (VD) between eyes with NAION and healthy controls.5–8 However, the
comprehensive quadrants of RNFL thickness and VD are less studied.
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The National Eye Institute Visual Functioning Questionnaire - 25 (NEI-VFQ-25) has been developed to identify
quality of life among individuals with ocular diseases.9 The NEI-VFQ-25 form consists of three dimension sections
including general health and vision, difficulty with activities and responses to vision problem. The Chinese version of the
NEI-VFQ-25 (CHI-NEI-VFQ-25) has been further developed with well reliability and validity in assessing vision-
specific quality of life among Chinese patients with myopia and cataract.10–12 To the best of our knowledge, little is
presently known about the impact of visual impairments on the quality of life of Chinese patients with NAION. The aim
of the current study is to evaluate vision-related quality of life (VR-QoL) among patients with NAION in China, using
the CHI-NEI-VFQ-25. Measurements of the patients in eight quadrants for peripapillary RNFL and VD, together with
analyses of their associations with VR-QoL will be investigated.

Methodology
A hospital-based case-control study was conducted from 1 September 2020 to 30 June 2021 at the Baotou Chaoju Eye
Hospital, Baotou, China.

Included cases were selected during the routine visit in ophthalmology clinic of an adult patient (≥ 18 years) who
meets the diagnostic criteria defined by acute (< 3 weeks) painless visual loss, a positive relative afferent pupillary defect
(RAPD), color vision impairment, visual field defect typical of RNFL bundle damage, documented optic disc edema at
the acute stage in the involved eye and crowded optic disc in the fellow eye.13 The NAION eye with swollen disc was
included from each participant. If patient exhibited bilateral NAION, the severe eye was included. Exclusion criteria
included: (1) perioperative anterior ischemic optic neuropathy; (2) traumatic optic neuropathy; (3) suspected arteritic
anterior ischemic optic neuropathy; (4) other ophthalmologic pathology such as dense cataract, severe macular disease, or
visually significant retinopathy.

Right eyes of healthy control participants were included and identical to the cases in characteristics such as age, and
gender of the cases, but were free from NAION.

This study complied with the criteria of the Declaration of Helsinki for Medical Research involving Human Subjects
and was approved by the Institutional Review Board (IRB) of the Baotou Chaoju Eye Hospital (No. 20190101). Written
informed consent was provided by all participants.

Demographic data (age, gender, education level and monthly income) and medical history (hypertension, diabetes
or other systematic diseases) were recorded. All included participants received comprehensive ophthalmological
examination, including best-corrected visual acuity (BCVA) measurement (5 m Standard Logarithm Visual Acuity
chart in decimal notations), slit-lamp microscopy, intraocular pressure (IOP), dilated fundus examination, automated
visual field examination (24-2 Swedish Interactive Threshold Algorithm; Humphrey Field Analyser II; Carl Zeiss
Meditec, Inc., Dublin, CA, USA), flash visual evoked potential (FVEP) test (UTAS-E3000LKC, Multifocal Visual
Diagnostic Test System, IKC Technologies, Gaithersburg, MD, USA), fundus fluorescein angiography (FFA,
Heidelberg Engineering, Heidelberg, Germany), optical coherence tomography (OCT) and OCT angiography
(Optovue Inc., Fremont, CA, USA). 4.5 mm × 4.5 mm centered on the optic nerve head (ONH) scans were performed.
The instrument has an A-scan rate of 70,000 per second, using a light source centered on 840 nm. Only high-quality
images-defined by scans with scan quality >7/10 (and without artifacts) were included. Structural OCT images with
quantitative measures in all regions of peripapillary retinal nerve fiber layer (pRNFL) thickness (peripapillary temporal
upper, pTU; peripapillary superior temporal, pST; peripapillary superior nasal, pSN; peripapillary nasal upper, pNU;
peripapillary nasal lower, pNL; peripapillary inferior nasal, pIN; peripapillary inferior temporal, pIT; peripapillary
temporal lower, pTL) were scored. The peripapillary area of VD was divided into 8 peripapillary sectors automatically
according to the GarwayHeath method: nasal superior (NS), nasal inferior (NI), inferior nasal (IN), inferior temporal
(IT), temporal inferior (TI), temporal superior (TS), superior temporal (ST), and superior nasal (SN). Two experienced
ophthalmologists, who independently interpreted the optic changes, were blinded to the findings of conventional
ophthalmoscopy.

The CHI-NEI-VFQ-25 was used to assess the quality of life of patients with NAION. Both cases and controls were
evaluated in an interview, using the CHI-NEI-VFQ-25. The CHI-NEI-VFQ-25 consisted of 25 questions divided into 12
subscales, which include one subscale related to general health and 11 vision-related subscales including general vision,
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ocular pain, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving,
color vision, and peripheral vision. The original answer from participant to each question was converted to 0–100 points,
of which, 100 indicated the best possible health status, while 0 indicated the worst health status. The subscale scores were
the average of one or more questions.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (IBM Corporation, Armonk, NY, USA). Mean and standard deviation
(SD) or median and interquartile range [IQR] were described for numerical variables and proportion (%) for categorical
variables. For comparisons between eyes with NAION and healthy controls, the Mann-Whitney Wilcoxon test for
continuous variables and chi-squared test for categorical variables were performed. The associations of VR-QoL and
OCT as well as OCTA parameters with NAION were evaluated, and partial correlation coefficient was calculated after
adjusting for age, gender, BCVA, education level and monthly income. Statistical significance was set at P < 0.05.

Results
Twenty-three NAION eyes as cases and 25 age and gender matched health eyes as controls were included. Table 1 shows
the demographic, lifestyle and medical history characteristics of the subjects. There were no significant differences on
age, gender, medical history, education level, monthly income and spherical equivalent (SE) (all P > 0.05). Eyes with
NAION appeared to have a worse BCVA compared with to controls (P = 0.002).

There were significant differences in mean measurements of all the peripapillary RNFL and VD parameters between
the two groups (Table 2, P < 0.05). Additionally, visual field parameters (visual field index, mean deviation, and pattern
standard deviation), and P100 amplitude were significantly worse in eyes with NAION than those in healthy eyes
(Table 2, P < 0.05).

The CHI-NEI-VFQ-25 sub-scales scores of eyes with NAION are shown in Table 3. The sub-scales, that exhibited the
lowest scores, were driving (32.61 ± 42.04), general health (54.35 ± 17.92), role difficulties (60.87 ± 28.28), social
functioning (61.59 ± 7.42), and general vision (66.96 ± 15.50). In contrast, mental health, ocular pain, and dependency
were moderately affected, while the remaining sub-scales (near activities, distance activities, color vision, and peripheral

Table 1 General Situation of the NAION and Control Groups

Parameters NAION (n=23) Health Control (n=25) P

Age (years) 57.39±7.88 [45, 77] 56.84±7.13 [45, 69] 0.800
Gender, female (n, %) 11 (47.82) 13 (52.00) 0.773

Medical history

With diabetes, n (%) 4 (17.39) 6 (24.00) 0.836
With hypertension, n (%) 5 (21.74) 8 (32.00) 0.424

With hypercholesterolemia, n (%) 6 (26.09) 7 (28.00) 0.882

With atherosclerotic carotid artery plaque, n (%) 4 (17.39) 5 (20.00) 0.889
BCVA 0.73±0.32 [0.05, 1] 0.97±0.07 [0.7, 1] 0.002
SE −0.54±1.85 [−4.63, 2.5] −0.56±1.74 [−4.38, 2.88] 0.974

Education level (n, %) 0.300
Illiteracy 2 (8.70) 0 (0)

Primary school 5 (21.74) 4 (16.00)

Middle school 10 (43.48) 8 (32.00)
High school 4 (17.39) 8 (32.00)

College and above 2 (8.70) 5 (20.00)

Monthly income (yuan) 0.316
< 3000 14 (60.87) 11 (44.00)

3000–5000 8 (34.78) 10 (40.00)

> 5000 1 (4.35) 4 (16.00)

Note: Bold figure indicates statistical significance (P < 0.05).
Abbreviations: BCVA, best-corrected visual acuity; SE, spherical equivalent; NAION, non-arteritic anterior ischemic optic neuropathy.
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Table 2 OCT and OCTA Parameters of the NAION and Control Groups

Parameters NAION (n=23) Health Control (n=25) P

RNFL
pST 181.35±57.49 [72, 270] 142.4±14.77 [121, 176] 0.004
pSN 155.17±48.74 [59, 246] 118.16±17.988 [94, 162] 0.002
pNU 135.43±50.35 [37, 223] 86.92±13.25 [65, 118] <0.001
pNL 145.65±54.35 [35, 207] 74.76±14.91 [53, 122] <0.001
pIN 179.61±63.65 [51, 250] 116.84±23.76 [72, 174] <0.001
pIT 176.87±49.15 [70, 232] 142.4±17.21 [94, 169] 0.004
pTL 117.83±47.22 [42, 221] 73.96±9.90 [59, 96] <0.001
pTU 142.65±54.20 [38, 227] 86.84±11.56 [67, 109] <0.001

Vessel density

ST 40.48±9.82 [18, 65] 58.12±4.00 [50, 64] <0.001
SN 42.17±8.84 [20, 56] 53.22±4.13 [43, 60] <0.001
NS 42.52±8.61 [25, 59] 50.24±4.46 [41, 58] <0.001
NI 43.22±12.20 [13, 65] 48.6±5.37 [33, 56] 0.049
IN 42.7±8.683 [23, 60] 54.28±5.01 [41, 62] <0.001
IT 44.96±10.50 [21, 60] 59.2±4.61 [49, 66] <0.001
TI 46±10.38 [22, 59] 54.92±3.97 [47, 65] 0.001
TS 43.17±11.31 [19, 60] 59.44±3.00 [55, 65] <0.001

VF

VFI% 55.22±21.43 [5, 91] 97.4±1.98 [94, 100] <0.001
MD (dB) −17.61±6.46 [−30.5, −5.46] −2.36±1.61 [−6.66, 0.17] <0.001
PSD (dB) 10.843±3.41 [2.67, 16.77] 2.69±1.55 [1.32, 7.14] <0.001

FVEP

P100 latency 108.57±10.31 [84.5, 127] 102.92±13.22 [47.5, 126.5] 0.108
P100 amplitude 11.863±4.99 [1.19, 24.82] 17.09±6.01 [8, 30.19] 0.002

Note: Bold figure indicates statistical significance (P < 0.05).
Abbreviations: OCTA, optical coherence tomography angiography; OCT, optical coherence tomography; FVEP, Flash visual evoked potentials; RNFL, retinal nerve fiber
layer; VF, visual field; VFI, visual field index; MD, mean deviation; PSD, pattern standard deviation; NAION, non-arteritic anterior ischemic optic neuropathy; pTU,
peripapillary temporal upper; pST, peripapillary superior temporal; pSN, peripapillary superior nasal; pNU, peripapillary nasal upper; pNL, peripapillary nasal lower; pIN,
peripapillary inferior nasal; pIT, peripapillary inferior temporal; pTL, peripapillary temporal lower; NS, nasal superior; NI, nasal inferior; IN, inferior nasal; IT, inferior
temporal; TI, temporal inferior; TS, temporal superior; ST, superior temporal; SN, superior nasal.

Table 3 Mann–Whitney Test Results for the CHI-NEI-VFQ-25 Subscale and Composite Scores

Items NAION (n=23) Health Control (n=25) P

Mean ± SD Median [Range] Mean ± SD Median [Range]

General Health 54.35 ± 17.92 50 [25–100] 53 ± 13.15 50 [25–75] 0.862

General Vision 66.96 ± 15.50 60 [40–100] 75.2 ± 8.72 80 [60–80] 0.028
Ocular Pain 73.91 ± 16.82 75 [37.5–100] 98 ± 4.68 100 [87.5–100] <0.001
Near Activities 86.59 ± 15.02 83.33 [41.67–100] 97.33 ± 3.97 100 [91.67–100] 0.003
Distance Activities 88.76 ± 12.46 100 [66.67–100] 100 ± 0 100 [100–100] <0.001
Social Functioning 61.59 ± 7.42 66.67 [50–66.67] 66.67 ± 0 66.67 [66.67–66.67] 0.001
Mental Health 69.83 ± 19.27 75 [31.25–100] 94.25 ± 9.53 100 [62.5–100] <0.001
Role Difficulties 60.87 ± 28.28 62.5 [0–100] 95.5 ± 11.90 100 [50–100] <0.001
Dependency 74.27 ± 29.29 83.33 [0–100] 97.67 ± 6.59 100 [75–100] <0.001
Driving 32.61 ± 42.04 0 [0–100] 68 ± 47.61 100 [0–100] 0.001
Color Vision 89.13 ± 22.394 100 [0–100] 100 ± 0 100 [100–100] 0.003
Peripheral Vision 86.96 ± 14.83 100 [50–100] 100 ± 0 100 [100–100] <0.001
Composite score 77.57 ± 11.85 80.19 [52.61–93.91] 95.01 ± 3.49 96.96 [85.22–98.27] <0.001

Note: Bold figure indicates statistical significance (P < 0.05).
Abbreviation: NAION, non-arteritic anterior ischemic optic neuropathy.
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vision) were only slightly affected. The composite score for eyes with NAION was equal to 77.57 ± 11.85. Patients with
NAION exhibited significantly lower scores in comparison with healthy controls, regarding general vision, ocular pain,
near activities, distance activities, social functioning, mental health, role difficulties, dependency driving, color vision,
peripheral vision, and composite score of CHI-NEI-VFQ-25 (P < 0.05).

Table S1 depicts potential associations between RNFL, VD, visual field, and FVEP parameters and VR-QoL among
eyes with NAION. The partial correlation coefficient showed that VD in ST was associated with decreased general health
scores (ρ = −0.533, P = 0.023); RNFL in pIN (ρ = 0.474, P = 0.047) and VD in TS (ρ = 0.502, P = 0.034) were associated
with ocular pain. Near activities were associated with RNFL in pTL (ρ = - 0.484, P = 0.042). Furthermore, VD in NI (ρ =
0.552, P = 0.018) and IN (ρ = 0.596, P = 0.009) were both associated with mental health scores, respectively.

Discussion
To the best of our knowledge, this is the first report on the structure-function characteristics and VR-QoL in patients with
NAION. Main findings of the present case-control study suggest that there were significant differences in VR-QoL in
patients with NAION compared with healthy control. Furthermore, these differences appeared to be correlated with some
parameters of RNFL and VD domains. It is also noteworthy that the parameters of RNFL, VD, visual field and FVEP
were significantly affected by NAION.

NAION comprises a major proportion of optic neuropathy in individuals older than 50 years of age,14,15 but few
researches of VR-QoL have performed on these patients. Paolilo et al found that neuromyelitis optica spectrum disorder
(NMOSD), as a severe optic neuropathy, is associated with low quality-of-life (QoL) in adults.16 Moreover, another case-
control study among thyroid eye disease (TED) patients with or without dysthyroid optic neuropathy (DON) showed that
VR-QoL was more severely impaired in TED patients with DON by CHI-NEI-VFQ-25 scores.17 Ashraf et al conducted
a cross-sectional analysis, which indicated participants with immunodeficiency virus-related neuroretinal disorder had
lower values for the composite score and the following subscales: near vision, distance vision, social functioning, mental
health, dependency, driving, color vision, and peripheral vision. However, general vision, ocular pain, and role limitations
were not affected by the disease.18 Many previous findings were not considered for potential confounders. Factors, such
as education level, income, and comorbid illness may impact VR-QoL significantly,19–21 thus, a case-control study design
matching these factors should be considered. In our matched case-control study, NAION significantly decreased VR-QoL
in most of the measured parameters, except general health. Notably, all of cases had not received any treatment before
inclusion, but the lack of information about the disease course may have biased results. Despite this issue, our findings
reflect the reality of the VR-QoL in patients with NAION.

In current study, we observed that NAION patients had significant visual decline, and a decrease in peripapillary VD
compared with healthy controls but experienced an increase in peripapillary RNFL, which implied that functional and
anatomic changes, existed in NAION patients. Findings were consistent with recent prospective observational study by
Aghsaei et al, which indicated that radial peripapillary VD was significantly decreased at acute NAION stage.5 Further,
in their study, they also observed the vascular changes from acute NAION to chronic NAION stage. Similarly, radial
peripapillary VD was significantly lower in eyes with chronic NAION than healthy eyes although recovered from active
disc edema. In contrast, Wang et al retrospective case-control study revealed the NAION group exhibited significantly
lower RNFL thicknesses.22 The reason for this discrepancy was due to the reduction of RNFL thickness as the disease
progressed toward optic atrophy (late stage). Taken together, the anatomic changes of NAION should be considered as
stages of the disease.

This study had several notable advantages. First, we used matched case-control study, which could minimize the bias
without the impact of confounders. Second, CHI-NEI-VFQ-25 was used to evaluate VR-QoL, which could more closely
mirror the actual practice of visual function. Third, we first investigated the impact of NAION on QoL and analyzed its
correlation with functional and anatomic parameters. However, current study has some limitations beyond the inherent flaws
of a retrospective case-control study. First, the sample size was relatively small, which may have limited the statistical power.
Although we have discussed this difference in RNLF parameters - VRQoL and correlation with retinal parameters can
change in atrophic stage of the disease. Future larger scale, longitudinal, cohorts’ studies should be performed to evaluate the
QoL in NAION patients. Second, this study was performed in a city hospital and all of the patients in current study were
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urban inhabitants, thus, our findings may not be generalizable to all the current condition of NAION patients. Third, a self-
reported questionnaire to assess the information about socio-demographic characteristics and chronic diseases was used.

Conclusion
In conclusion, patients with NAION may have worse impacts on most domains of CHI-NEI-VFQ-25, except for similar
general health in NAION patients compared to healthy control. There was significant changes in functional and anatomic
parameters among eyes with NAION, and some of them correlated with VR-QoL. These findings on elder adults make
NAION prevention to be more of a solution to a problem, and also provide important information to better understand the
VR-QoL of NAION.
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