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ABSTRACT

Purpose: The purpose of this study is to evaluate the relationship between retinal nerve fiber layer (RNFL) thickness and the
onset as well as progression of chronic obstructive pulmonary disease (COPD).

Methods: Database searches were conducted in PubMed, Embase, Cochrane Library, Web of Science, CNKI, WanFang Data,
VIP Database, and CBM, covering the period from each database's inception to March 2024.

Results: This meta-analysis included 15 studies from 2016 to 2023, comprising a total of 1455 participants (801 in the COPD
group and 654 in the health group). The results showed a significant reduction in RNFL thickness across all quadrants (average,
inferior, nasal, superior, and temporal) in the COPD group compared to the health group (MD: —4.46; 95%CI: —7.77 to —1.14;
p=0.008; MD: —8.17; 95%CI: —11.36 to —4.99; p<0.00001; MD: —4.69; 95%CI: —7.22 to —2.16; p=0.0003; MD: —4.83; 95%CI:
—8.45t0 —1.21; p=0.009; MD: —2.89; 95%CI: —5.35 to —0.43; p=0.02). In the mild/moderate COPD group, only the inferior RNFL
(MD: —2.32; 95%CI: —4.40 to —0.24; p=0.03) showed a significant reduction. However, in the severe COPD group, all quadrants
were significantly reduced (MD: —5.89; 95%CI: —7.40 to —4.38; p<0.0001; MD: —6.74; 95%CI: —10.71 to —2.77; p=0.0009; MD:
—4.29;95%CI: —5.95 to —2.64; p < 0.0001; MD: —2.34; 95%CI: —4.30 to —0.37; p=0.02; MD: —4.84; 95%CI: —8.82 to —0.86; p =0.02).
Conclusion: Based on current evidence, the average RNFL thickness and the thicknesses of various RNFL regions in COPD
patients are significantly lower than those in healthy subjects, and these reductions are closely associated with disease severity.
The inferior RNFL may be the first to show changes with the onset and progression of COPD.

1 | Introduction damage to the small airways, destruction of lung parenchyma,

and varying degrees of chronic inflammation [1]. Chronic hy-
Chronic obstructive pulmonary disease (COPD) is one of the poxia and hypoxia-related mediators can lead to complications
most prevalent respiratory diseases, resulting from long-term in COPD patients, including weight loss, musculoskeletal dys-
active or passive inhalation of toxic particles or gasses, leading to function, cardiovascular diseases, diabetes, and sleep apnea
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[2-4]. Chronic hypoxia, along with systemic inflammation,
endothelial dysfunction, and increased sympathetic nervous
activity, is believed to be associated with changes in ocular
structures, including retinal blood vessels and the optic nerve
[5-7]. Therefore, ocular biomarkers associated with COPD have
become an emerging research focus in recent years. Changes in
ocular hemodynamics associated with COPD may impair blood
perfusion to the optic nerve head, reducing the oxygen and nu-
trients available to the RNFL. This insufficiency results in gan-
glion cell loss, which subsequently causes RNFL cell damage or
death, reduced RNFL thickness, and an increased risk of ocular
complications such as glaucoma [8-10].

The measurement of RNFL thickness is an important reference
for the early detection of glaucoma [11]. Glaucoma, according
to the World Health Organization, is the second leading cause
of blindness worldwide, with an unclear etiology that results in
irreversible vision loss. As ganglion cell axons progress, vision
impairment gradually becomes apparent [12]. Early measure-
ment of RNFL thickness is critical for diagnosing and prevent-
ing eye complications such as glaucoma and optic nerve atrophy
[12, 13]. Small-sample studies have found that as the severity of
COPD increases, RNFL thickness decreases. Other studies have
reported that, compared to healthy control groups, the average
RNFL thickness during exacerbations and stable periods of
COPD patients is similar [14, 15]. Currently, no evidence-based
research exists on the link between COPD occurrence, its sever-
ity, and changes in RNFL. Therefore, this study employs meta-
analysis to assess the connection between RNFL and COPD
incidence and severity, exploring the potential association be-
tween COPD and optic nerve pathology.

2 | Material and Methods

The study adheres to PRISMA guidelines and is based on a pro-
tocol registered in the PROSPERO systematic review database
(#CRD42024516479).

2.1 | Search Strategy

Searches were conducted in multiple databases including
PubMed, Embase, Cochrane Library, Web of Science, CNKI,
WanFang Data, VIP, and CBM, covering the period from each
database's inception to March 2024. Both MeSH and free-text
terms were used. Detailed search terms and strategies for this
meta-analysis are provided in the Supporting Information.

2.2 | Eligibility Criteria

The included studies must involve COPD patients diagnosed
according to the standards set by the American Thoracic
Society or the Global Initiative for Chronic Obstructive Lung
Disease (GOLD). Based on GOLD standards, patients are cat-
egorized into four groups according to airflow limitation, ex-
ercise capacity (modified Medical Research Council [nMRC]
score), and COPD Assessment Test (CAT) score: Group A
(mild) includes patients with 50% < Forced Expiratory Volume
in 1s (FEV,)<80%, CAT < 10, mMRC=0-1, and one or no

hospitalizations due to acute exacerbation; Group B (moderate)
with 50% <FEV, <80%, CAT > 10, nMRC > 2, and one or no
hospitalizations due to acute exacerbation; Group C (severe)
with FEV, <50%, CAT < 10, mMRC =0-1, and a history of two
acute exacerbations or one hospitalization; and Group D (very
severe) with FEV, <50%, CAT > 10, mMRC > 2, and a history
of two acute exacerbations or one hospitalization. We divide
COPD patients into two subgroups according to this classifi-
cation standard: mild/moderate COPD (including Groups A
and B) and severe COPD (including Groups C and D); describe
the relationship between RNFL and COPD; and report on the
RNFL thickness (in um) levels of COPD patients and healthy
control groups; included patients have undergone ophthalmic
system examination, without glaucoma, hypertensive retinop-
athy, diabetic retinopathy, ocular trauma, history of eye sur-
gery, and so on.

2.3 | Exclusion Criteria

Studies to be excluded must meet the following criteria: reviews,
conference papers, letters, and studies published repetitively;
studies without a control group; studies that do not report the
outcome indicators required for this research; and studies and
animal experiments that involve conditions other than COPD
diagnosis.

2.4 | Selection and Data Extraction

Two researchers independently screened the literature, ex-
tracted data, and cross-checked the results, with any disagree-
ments resolved through discussion or third-party arbitration.
Titles and abstracts were initially screened, followed by full-text
assessments to determine the final inclusion of studies. The ex-
tracted data included the first author, year of publication, sample
size, study design, average age, body mass index (BMI), intra-
ocular pressure (IOP), axial length of the eye, FEV, (%), FEV,
(L), forced expiratory volume in 1s to forced vital capacity ratio
(FEV,/FVC) (%), disease duration, RNFL thickness for each
group, and risk of bias assessment criteria.

2.5 | Quality Assessment

All studies were assessed using a specialized tool by the
National Institutes of Health (NIH), where each study was
rated as poor, fair, or good [16]. This approach ensures a com-
prehensive and objective assessment of the studies included in
the meta-analysis.

2.6 | Statistical Analysis

Meta-analyses were conducted using RevMan 5.4 and Stata
15.1 software. The studies included continuous variables, with
mean difference (MD) and 95% confidence intervals (CI) serv-
ing as the effect measures. Heterogeneity was assessed using
the Q test and I? values. A fixed-effect model was applied when
p>0.1 or I><50%, indicating no significant heterogeneity; oth-
erwise, a random-effects model was applied. For outcomes with
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substantial heterogeneity, subgroup or sensitivity analyses were
conducted to identify its sources. When more than 10 studies
were included for an outcome, Egger's test was used to assess
publication bias [17].

3 | Results

In the preliminary search, a total of 67 articles were identi-
fied, including 13 Chinese and 54 English articles. After de-
duplication, 36 articles remained. Titles and abstracts were
screened to exclude irrelevant articles, and 18 full texts were
obtained for further review. After full-text review, three ar-
ticles were excluded: two for not reporting relevant outcome
indicators and one for including participants with other dis-
eases. Ultimately, 15 articles [8, 14, 15, 18-29] were included
in the study, comprising 1 Chinese and 14 English articles,
published between 2016 and 2023. The total sample size was
1455, with 801 participants in the COPD group and 654 in the
health group. The literature screening process is illustrated
in (Figure 1). The overall quality of the included studies was
considered high. The characteristics of the included studies
are shown in Table S1. The results of the bias risk assessment
for observational cohort studies and cross-sectional studies in-
cluded in the literature are shown in Table S2. The results of
the bias risk assessment for case—control studies included in
the literature are shown in Table S3.

Records identified through
database searching
(n=67)

3.1 | Average RNFL in COPD Versus Health

Thirteen studies [14, 15, 18-22, 24-29] assessed the average
RNFL thickness in COPD patients compared to healthy indi-
viduals. Due to significant heterogeneity among the studies
(I’=89%, p<0.00001), a random-effects model was used. The
meta-analysis (MD: —4.46; 95% CI: —7.77 to —1.14; p=0.008;
Figure 2) shows that COPD patients have a significantly lower
average RNFL thickness than the healthy control group, with
statistically significant results.

3.2 | Inferior RNFL in COPD Versus Health

Thirteen studies [8, 14, 18-28] investigated the inferior RNFL
thickness in COPD patients compared to healthy individuals.
Given the heterogeneity among the studies (I?="77%, p<0.00001),
a random-effects model was applied. The meta-analysis (MD:
—8.17; 95% CI: —11.36 to —4.99; p<0.00001; Figure 3) shows a sig-
nificantly lower inferior RNFL thickness in COPD patients than in
healthy controls, with statistically significant results.

3.3 | Nasal RNFL in COPD Versus Health

Thirteen studies [8, 14, 18-28] assessed nasal RNFL thick-
ness in COPD patients compared to healthy individuals. Due

Records of duplication

Records screened
(n = 36)

(n = 31)

Records excluded based on
» titles/abstracts screening

\ 4

Full-text articles
assessed for eligibility
(n=18)

[: Eligibility jj [i Screening j] {i Identification jj

(n=18)

Full-text articles excluded, with
reasons (n = 3)

Studies included in
quantitative synthesis
( meta—analysis )

(n = 15)

Included

FIGURE1 | Flow chart of literature screening.

— Lack of reported relevant outcome
measures (n = 2)
Comorbidity with other diseases(n = 1)
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to the heterogeneity among the studies (I?=77%, p <0.00001),
a random-effects model was used. The meta-analysis (MD:
—4.69; 95% CI: —7.22 to —2.16; p=0.0003; Figure 4) shows that
nasal RNFL thickness is significantly reduced in COPD pa-
tients compared to healthy controls, with statistically signif-
icant findings.

3.4 | Superior RNFL in COPD Versus Health

Thirteen studies [8, 14, 18-28] evaluated superior RNFL thick-
ness in COPD patients versus healthy controls. Given the het-
erogeneity (I>=86%, p<0.00001), a random-effects model was
applied. The meta-analysis (MD: —4.83; 95% CI: —8.45 to —1.21;

COPD HEALTH Mean Difference Mean Difference

tudy or Subgrou Mean D Total Mean D Total Weight IV, Random IV, Random, 95% ClI
Ahmed NO 2021° 79.16 10.49 50 96.3 4.66 50 8.4% -17.14[-20.32, -13.96] -
Alim S 2019% 90.52 108 26 9262 929 26 7.3% -2.10[-7.58, 3.38] T
Ghee YT 201778 93.27 17.41 71 110.73 8.47 71 7.8% -17.46 [-21.96, -12.96] -
Gok M 20187 92 9.46 79 9579 10.73 71 8.3% -3.79 [-7.04, -0.54] -
Kocamig O 20181 10065 115 60 1001 94 23 7.6% 0.55 [-4.27, 5.37] T
Kurtul BE 202222 108.75 15.13 40 11161 117 30 6.8% -2.86 [-9.15, 3.43] -
Kurumoglu Incekalan T 2023?"  96.74 13.51 66 97.11 10.67 54 7.8% -0.37 [-4.70, 3.96] 1
Lee JS 2023%° 89.7 176 30 90.1 12 40 6.3% -0.40[-7.71,6.91] -1
LiLv 201828 104.9 11.68 30 106 8.69 30 7.4% -1.10[-6.31, 4.11] T
Ogan N 2020% 94.2 6.5 48 947 148 40 7.5% -0.50 [-5.44, 4.44] -1
Ozcimen M 20162° 98.47 13.77 73 103.25 7.26 50 8.1% -4.78 [-8.53, -1.03] -
Ozer PA 20200 9453 7.07 55 954 13.81 48 7.8% -0.87 [-5.20, 3.46] /T
Wagh V 2022 103.76 5.42 80 108.51 4.39 40 8.8% -4.75 [-6.56, -2.94] -
Total (95% Cl) 708 573 100.0%  -4.46 [7.77, -1.14] <

Heterogeneity: Tau? = 31.58; Chi? = 106.85, df = 12 (P < 0.00001); I> = 89%

40 0 10 20

Test for overall effect: Z = 2.64 (P = 0.008) -20 COPD HEALTH
FIGURE2 | Forest plot of the average RNFL level between COPD and health patients.
COPD HEALTH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random. 95% CI IV, Random, 95% Cl
Ahmed NO 2021'° 96.96 15.48 50 117.58 12.22 50 8.5% -20.62[-26.09, -15.15] -
Alim S 2019% 119.62 18.16 26 124.92 14.03 26 6.1% -5.30 [-14.12, 3.52] B
Alkan AA 20212 1349 21.99 70 1415 13.94 70 8.0% -6.60 [-12.70, -0.50] -
Ghee YT 201718 121.76 33.05 71 144.66 15.81 71 6.3% -22.90[-31.42, -14.38] -
Gok M 201827 119.47 1429 79 121.87 1763 71 8.7% -2.40 [-7.57, 2.77] B
Kurtul BE 202222 13752 2271 40 1399 182 30 56%  -2.38[-11.97,7.21] B E—
Kurumoglu incekalan T 20232' 1236 202 66 1235 1661 54  7.6% 0.10 [-6.49, 6.69] S
Lee JS 202320 110.7 204 30 1171 216 40 5.4% -6.40 [-16.30, 3.50] B
Li Lv 20182 12137 202 30 13063 1295 30 62%  -9.26[-17.85, -0.67]
Ogan N 2020% 103.98 536 48 1089 46 40 10.8% -4.92[-7.00, -2.84]
Ozer PA 2020 102.13 13.78 55 108.63 4.49 48 97%  -6.50[-10.36, -2.64] -
Ugurlu E 20188 127.7 183 43 1407 144 31 7.0% -13.00 [-20.46, -5.54] -
Wagh V 2022 121.44 9.97 80 129.48 9.26 40 9.9% -8.04 [-11.65, -4.43] -
Total (95% ClI) 688 601 100.0%  -8.17 [-11.36, -4.99] ‘
Heterogeneity: Tau? = 23.28; Chiz = 52.75, df = 12 (P < 0.00001); I2 = 77% t f ‘ ‘
20 -10 0 10 20
Test for overall effect: Z=5.03 (P < 0.00001) COPD HEALTH
FIGURE 3 | Forest plot of the inferior RNFL level between COPD and health patients.
COPD HEALTH Mean Difference Mean Difference
_StudyorSubgroup =~ Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV, Random. 95% CI
Ahmed NO 2021'° 64.3 11.14 50 781 8.72 50 9.0% -13.80[-17.72, -9.88] -
Alim S 2019% 69.81 13.79 26 71.88 7.06 26 7.0% -2.07 [-8.02, 3.88] _
Alkan AA 202123 102.1 13.86 70 109.4 17.67 70  7.7% -7.30[-12.56, -2.04] -
Ghee YT 201718 68.21 16.8 71 80.03 13.12 71 8.0% -11.82[-16.78, -6.86] -
Gok M 2018%" 71.94 10.34 79 76.28 13.47 71 9.0%  -4.34[-8.22,-0.46] -
Kurtul BE 202222 98.29 17.29 40 103.7 183 30 5.0% -5.41[-13.87,3.05] B
Kurumoglu incekalan T 2023?" 89.95 17.1 66 90.5 14.31 54 7.3% -0.55[-6.17, 5.07] - 1T
Lee JS 2023%° 743 261 30 699 99 40  4.2% 4.40 [-5.43, 14.23] ]
Li Lv 20182 78.7 13.46 30 805 17.23 30 55% -1.80[-9.62, 6.02] - 1
Ogan N 2020% 84.11 6.27 48 85 5.8 40 10.3% -0.89[-3.42, 1.64] -
Ozer PA 2020"° 84.67 6.1 55 86.08 6.14 48  10.4% -1.41[-3.78, 0.96] -
Ugurlu E 20188 749 158 43 81 139 31 6.3% -6.10[-12.90, 0.70] - 1
Wagh V 2022 84.74 5.76 80 90.18 6.49 40 10.4% -5.44 [-7.81, -3.07] -
Total (95% CI) 688 601 100.0%  -4.69 [-7.22, -2.16] <&
[ 2 — . Chi2 = - .12 = 779 t t t t
Heterogeneity: Tau? = 14.50; Chi? = 52.20, df = 12 (P < 0.00001); I? =77% 20 10 0 10 20

Test for overall effect: Z = 3.64 (P = 0.0003)

FIGURE4 |

Forest plot of the nasal RNFL level between COPD and health patients.

COPD HEALTH
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p=0.009; Figure 5) shows that superior RNFL thickness is sig-
nificantly reduced in COPD patients compared to healthy con-
trols, with statistically significant outcomes.

3.5 | Temporal RNFL in COPD Versus Health

Thirteen studies [8, 14, 18-28] assessed temporal RNFL thick-
ness in COPD patients versus healthy controls. Due to hetero-
geneity (I?=81%, p<0.00001), a random-effects model was
applied. The meta-analysis (MD: —2.89; 95% CI: —5.35 to —0.43;
p=0.02; Figure 6) shows that temporal RNFL thickness is sig-
nificantly reduced in COPD patients compared to healthy con-
trols, with statistically significant results.

3.6 | RNFL in Mild/Moderate COPD Versus Health

Six studies [14, 15, 21, 22, 25, 27] examined average RNFL thick-
ness in mild/moderate COPD patients versus healthy controls.
With minimal heterogeneity (I?=8%, p=0.37), a fixed-effect

model was used. The meta-analysis (MD: —0.91; 95% CI: —2.39
to 0.57; p=0.23; Table 1) found no statistically significant differ-
ence between the two groups.

Five studies [14, 21, 22, 25, 27] compared RNFL thickness in
different quadrants between mild/moderate COPD patients
and healthy controls. For the inferior RNFL, no heteroge-
neity was observed (I?=0%, p=0.51), so a fixed-effect model
was applied. The analysis (MD: —2.32; 95% CI: —4.40 to 0.24;
p=0.03; Table 1) showed a significantly lower inferior RNFL
thickness in mild/moderate COPD patients. The nasal RNFL
showed heterogeneity (I =64%, p=0.03), requiring a random-
effects model, but the results (MD: —1.89; 95% CI: —5.34 to 1.56;
p=0.28; Table 1) showed no significant difference. For the su-
perior RNFL, minimal heterogeneity (I = 13%, p = 0.33) permit-
ted the use of a fixed-effect model, with the results (MD: 1.77;
95% CI: —0.26 to 3.81; p=0.09; Table 1) showing no significant
difference. Significant heterogeneity in the temporal RNFL
(I’=67%, p=0.02) led to the use of a random-effects model, and
the analysis (MD: —0.16; 95% CI: —3.06 to 2.75; p=0.92; Table 1)

also showed no significant difference between the groups.

COPD HEALTH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% CI
Ahmed NO 2021"° 93.46 19.18 50 113.3 6.74 50 8.1% -19.84 [-25.48, -14.20] -
Alim S 2019% 109.67 16.75 26 111.58 15.23 26 6.4% -1.91 [-10.61, 6.79] _
Alkan AA 20212 132.45 17.69 70 134 17.18 70 8.1% -1.55[-7.33, 4.23] 1
Ghee YT 20178 108.56 24.17 71 133.17 15.27 71 7.6% -24.61[-31.26, -17.96] -
Gok M 2018%" 114.34 15.33 79 118.28 14.85 al 8.6% -3.94 [-8.77, 0.89] )
Kurtul BE 202222 130.18 20.29 40 1316 178 30 6.3% -1.42[-10.37, 7.53] - 1
Kurumoglu Incekalan T 20232 111.76 16.35 66 111.63 16.14 54 8.0% 0.13[-5.71, 5.97] I
Lee JS 2023%° 104.2 259 30 1082 222 40 5.0% -4.00 [-15.54, 7.54] —
LiLv 201828 129.2 20.25 30 131.8 16.27 30 6.1% -2.60 [-11.90, 6.70] - 1
Ogan N 2020% 9164 5.79 48 92.5 4.9 40 9.8% -0.86 [-3.09, 1.37] -
Ozer PA 2020° 9153 5.76 55 93.17 4.97 48 9.8% -1.64 [-3.71, 0.43] ™
Ugurlu E 20188 1242 183 43 1274 137 31 7.2% -3.20 [-10.49, 4.09] - 1
Wagh V 20224 127.93 10.82 80 1264 8.94 40 9.2% 1.53[-2.12, 5.18] T
Total (95% CI) 688 601 100.0% -4.83 [-8.45, -1.21] L 2

Heterogeneity: Tau? = 33.73; Chi? = 87.50, df = 12 (P < 0.00001); I> = 86%
Test for overall effect: Z=2.61 (P = 0.009)

FIGURES5 |

Forest plot of the superior RNFL level between COPD and health patients.

-20

-10 0 10 20
COPD HEALTH

COPD HEALTH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Ahmed NO 2021'° 61.3 14.06 50 75.82 8.71 50 78% -14.52[-19.10,-9.94] — =
Alim S 2019% 62.71 12.28 26 62.35 13.81 26 5.6% 0.36 [-6.74, 7.46] |
Alkan AA 20212 754 10.09 70 759 8.87 70 9.0% -0.50 [-3.65, 2.65] T
Ghee YT 20178 71.82 18.47 71 8525 15.95 71 6.8% -13.43[-19.11,-7.75 — -~
Gok M 201877 62.27 10.82 79 6442 933 71 9.0% -2.15[-5.38, 1.08] -/
Kurtul BE 202222 71.17 14.06 40 712 7.2 30 7.3% -0.03 [-5.09, 5.03] -1
Kurumoglu Incekalan T 20232" 63.12 10.78 66 64.46 10.25 54 8.5% -1.34 [-5.11, 2.43] -
Lee JS 2023%° 69.5 16.2 30 684 125 40 5.7% 1.10 [-5.87, 8.07] - 1
Li Lv 201828 86.3 20.69 30 78.07 16.63 30 4.1% 8.23 [-1.27,17.73] B
Ogan N 2020% 76.47 5.3 48 771 4.6 40 9.9% -0.63 [-2.70, 1.44] -
Ozer PA 2020° 76.98 524 55 78.27 5.21 48 9.9% -1.29[-3.31, 0.73] T
Ugurlu E 20188 741 151 43 752 8.1 31 71% -1.10 [-6.44, 4.24] - 1
Wagh V 2022 80.92 8.31 80 87.98 7.12 40 9.3% -7.06 [-9.92, -4.20] -
Total (95% CI) 688 601 100.0%  -2.89 [-5.35, -0.43] S
Heterogeneity: Tau? = 14.85; Chi? = 64.61, df = 12 (P < 0.00001); I> = 81% _1’0 0 1=0 2=0

Test for overall effect: Z=2.30 (P = 0.02)

FIGUREG6 |

Forest plot of the temporal RNFL level between COPD and health patients.

COPD HEALTH
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TABLE1 | Comparison of RNFL thickness in different quadrants between COPD patients with different severity levels and healthy controls.
Heterogeneity
test results Meta-analysis results
Number Pvalue Pooled effect size
Outcomes of studies p value (%) Effects model MD (95% CI) p value
Mild/moderate
COPD vs. health
Average RNFL 6 0.37 8 Fixed-effect —0.91 (-2.39, 0.57) 0.23
model
Inferior RNFL 5 0.51 0 Fixed-effect —2.32(—4.40, —0.24) 0.03
model
Nasal RNFL 5 0.03 64 Random- —1.89 (—5.34, 1.56) 0.28
effects model
Superior RNFL 5 0.33 13 Fixed-effect 1.77 (-0.26, 3.81) 0.09
model
Temporal RNFL 5 0.02 67 Random- —0.16 (—3.06, 2.75) 0.92
effects model
Severe COPD vs.
health
Average RNFL 6 0.08 49 Fixed-effect —5.89 (—7.40, —4.38) p<0.00001
model
Inferior RNFL 5 0.03 64 Random- —6.74 (-10.71, —2.77) 0.0009
effects model
Nasal RNFL 5 0.27 23 Fixed-effect —4.29 (-5.95, —2.64) p<0.00001
model
Superior RNFL 5 0.74 0 Fixed-effect —2.34(—4.30, —0.37) 0.02
model
Temporal RNFL 5 0.0001 83 Random- —4.84 (—8.82, —0.86) 0.02

effects model

Thus, the inferior RNFL thickness in mild/moderate COPD pa-
tients was significantly thinner than in healthy controls, with
statistical significance. No statistically significant differences
were found in other quadrants.

3.7 | RNFL in Severe COPD Versus Health

Six studies [14, 15, 21, 22, 25, 27] evaluated average RNFL thick-
ness in severe COPD patients versus healthy individuals. Given
moderate heterogeneity (I>?=49%, p=0.08), a fixed-effect model
was used. The meta-analysis (MD: —5.89; 95% CI: —7.40 to —4.38;
p<0.00001; Table 1) shows a significantly lower average RNFL
thickness in severe COPD patients compared to healthy controls.

Five studies [14, 21, 22, 25, 27] examined RNFL thickness
in different quadrants between severe COPD patients and
healthy individuals. For the inferior RNFL, heterogeneity
(I>=64%, p=0.03) required a random-effects model, reveal-
ing (MD: —6.74; 95% CI: —10.71 to —2.77; p=0.0009; Table 1)
significantly lower thickness in severe COPD patients. The
nasal RNFL had minimal heterogeneity (I>=23%, p=0.27),
allowing a fixed-effect model, with results (MD: —4.29; 95%

CI: —5.95 to —2.64; p<0.00001; Table 1) indicating signifi-
cantly lower thickness in severe COPD patients. The supe-
rior RNFL showed no heterogeneity (I>=0%, p=0.74), and
the fixed-effect model revealed (MD: —2.34; 95% CI: —4.30 to
—0.37; p=0.02; Table 1) significantly reduced thickness in se-
vere COPD patients. Significant heterogeneity in the tempo-
ral RNFL (I2=83%, p=0.0001) necessitated a random-effects
model, showing (MD: —4.84; 95% CI: —8.82 to —0.86; p=0.02;
Table 1) significantly lower thickness in severe COPD patients
compared to healthy controls.

Thus, in severe COPD patients, the RNFL thickness in different
quadrants is markedly reduced compared to healthy controls,
with statistically significant findings.

3.8 | RNFL in Mild/Moderate COPD Versus
Severe COPD

Six studies [14, 15, 21, 22, 25, 27] compared average RNFL
thickness between mild/moderate and severe COPD patients.
With no heterogeneity (I>?=0%, p=0.65), a fixed-effect model
was applied. The meta-analysis (MD: 5.06; 95% CI: 3.58-6.55;
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TABLE 2 | Comparison of RNFL thickness in different quadrants between Mild/Moderate COPD and severe COPD patients.

Heterogeneity test results

Meta-analysis results

Number Pooled effect size
Outcomes of studies p value P value (%) Effects model MD (95% CI) p value
Average RNFL 6 0.65 0 Fixed-effect model 5.06 (3.58, 6.55) p<0.00001
Inferior RNFL 5 0.13 44 Fixed-effect model 4.84(2.63,7.04) p<0.0001
Nasal RNFL 5 0.53 0 Fixed-effect model 2.08 (0.26, 3.90) 0.02
Superior RNFL 5 0.47 0 Fixed-effect model 4.13(1.83, 6.43) 0.0004
Temporal RNFL 5 0.04 59 Random-effects model 4.94(2.02, 7.87) 0.0009

p<0.00001; Table 2) shows significantly lower average RNFL
thickness in severe COPD patients compared to those with mild/
moderate COPD.

Five studies [14, 21, 22, 25, 27] evaluated RNFL thickness in
different quadrants between these groups. For the inferior
RNFL, minimal heterogeneity (I>=44%, p=0.13) allowed a
fixed-effect model, revealing (MD: 4.84; 95% CI: 2.63-7.04;
p<0.0001; Table 2) significantly lower thickness in severe
COPD patients. The nasal RNFL showed no heterogeneity
(I>’=0%, p=0.53), so a fixed-effect model was used, with re-
sults (MD: 2.08; 95% CI: 0.26-3.90; p=0.02; Table 2) indicat-
ing significantly lower thickness in severe COPD patients.
For the superior RNFL, the absence of heterogeneity (I>=0%,
p=0.47) led to a fixed-effect model, showing (MD: 4.13; 95%
CI: 1.83-6.43; p=0.0004; Table 2) significantly lower thick-
ness in severe COPD patients. The temporal RNFL displayed
significant heterogeneity (I?=59%, p=0.04), requiring a
random-effects model, and the analysis (MD: 4.94; 95% CI:
2.02-7.87; p=0.0009; Table 2) confirmed significantly lower
thickness in severe COPD patients.

Thus, the RNFL thickness in different quadrants is significantly
lower in severe COPD patients compared to those with mild/
moderate COPD, with statistically significant findings.

3.9 | Sensitivity Analysis

Sensitivity analyses were conducted for outcome indicators
with high heterogeneity by sequentially excluding each study.
It was found that in the “RNFL in mild/moderate COPD ver-
sus health” for the nasal RNFL outcome, excluding the study
by Wagh et al. [14] changed I? from 64% to 21%. A reanaly-
sis of the meta-analysis showed MD: 0.13; 95% CI: —2.31 to
2.57; p=0.92, indicating no significant change in the results.
For the temporal RNFL outcome in the same comparison, ex-
cluding the study by Wagh et al. [14] changed I? from 67% to
47%. The reanalysis showed MD: 1.58; 95% CI: —0.07 to 3.24;
p=0.06, indicating no significant change in the results. In the
“RNFL in severe COPD versus health” for the inferior RNFL
outcome, excluding the study by Wagh et al. [14] changed I?
from 64% to 0%. The reanalysis showed MD: —5.40; 95% CI:
—7.46 to —3.34; p<0.00001, indicating no significant change
in the results. For the temporal RNFL outcome in the same
comparison, excluding the study by Wagh et al. [14] changed

I? from 83% to 0%. The reanalysis showed (MD: —2.69; 95% CI:
—4.44 to —0.95; p=0.002), indicating no significant change in
the results. In the “RNFL in mild/moderate COPD versus se-
vere COPD” for the temporal RNFL outcome, excluding the
study by Wagh et al. [14] changed I? from 59% to 46%. The
reanalysis showed MD: 4.21; 95% CI: 2.30 to 6.11; p <0.00001,
indicating no significant change in the results.

In summary, the study by Wagh et al. [14]. might be a source
of heterogeneity in this meta-analysis. However, excluding this
study found the results to remain stable, suggesting that the het-
erogeneity observed is acceptable.

3.10 | Publication Bias Analysis

Because the number of studies included in the outcome indi-
cators for RNFL thickness comparison between COPD and
HEALTH exceeds 10, Egger's test was conducted using Stata
15.1 software. The p values for average RNFL, inferior RNFL,
nasal RNFL, superior RNFL, and temporal RNFL were 0.957,
0.318, 0.598, 0.953, and 0.348, respectively. Therefore, no publi-
cation bias was detected in any of these outcomes. Egger's publi-
cation bias plot is shown in Figures S16-S20.

4 | Discussion

This meta-analysis investigates the potential association be-
tween RNFL thickness and the occurrence and progression of
COPD. A total of 15 studies [8, 14, 15, 18-29] were included.
The results showed that COPD patients had significantly lower
average RNFL thickness compared to healthy controls, consis-
tently observed across the inferior, nasal, superior, and tempo-
ral quadrants. Subsequently, COPD patients were stratified into
mild/moderate and severe groups according to disease severity.
It was found that, compared to healthy individuals, only the
RNFL thickness in the inferior quadrant was significantly lower
in mild/moderate COPD patients, with no similar findings in
other quadrants. In contrast, when severe COPD patients were
compared to healthy individuals, the RNFL thickness was sig-
nificantly reduced in the severe COPD group, both on average
and across different quadrants. Lastly, a comparison between
mild/moderate and severe COPD patients revealed that the av-
erage RNFL and the RNFL thickness in each quadrant were
significantly lower in the severe COPD group. These findings
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suggest that RNFL thickness progressively decreases as COPD
advances, with the inferior RNFL quadrant being the first to
show significant changes.

RNFL thickness is a key indicator in the quantitative assess-
ment of optic nerve damage [30]. Studies involving 8941 sub-
jects have found that suffering from COPD increases the risk
of concurrent glaucoma in women, with the risk being more
pronounced in nonsmoking women [31]. Inhaled corticoste-
roids are a standard treatment for COPD, significantly reduc-
ing mortality, improving lung function, and decreasing the
frequency of acute exacerbations, especially in patients with
eosinophilic COPD [32, 33]. Although the incidence of adverse
events with inhaled corticosteroids is much lower than with
systemic corticosteroids, Gartlehner et al. [32] conducted a
meta-analysis of 13 RCT studies and found that inhaled corti-
costeroids in treating COPD patients are still associated with
cataracts and open-angle glaucoma. However, the mechanism
through which COPD may lead to eye diseases as the disease
progresses is still unclear. Research has confirmed that most
glaucoma patients exhibit anatomical abnormalities before
eye symptoms appear, and by the time significant eye symp-
toms occur, RNFL damage has already reached 20%-40%
[11]. Therefore, COPD patients may have a higher likelihood
of experiencing visual field defects compared to the general
population. Consequently, early detection of RNFL thickness
in COPD patients may be clinically significant for preventing
ocular complications.

In COPD patients, the significant reduction in RNFL thick-
ness may be associated with decreased retinal microvascular
density. The central retinal and posterior ciliary arteries are
essential for supplying blood to the peripapillary capillary
plexus in a radial pattern around the optic disk. Studies em-
ploying color Doppler ultrasound have found that in COPD
patients, increased resistance in the central retinal and pos-
terior ciliary arteries reduces blood flow to the peripapillary
capillary plexus [9, 10]. This results in the RNFL being in a
state of long-term hypoxia and nutrient deficiency, leading
to direct neuronal damage [9, 10]. Chronic hypoxia, inflam-
matory factors, oxidative stress, and smoking are considered
causes of endothelial dysfunction in COPD patients [34, 35].
In healthy individuals, the balance between vasoconstrictors
like endothelin-1 (ET-1) and vasodilators like nitric oxide (NO)
dynamically regulates the tension of ocular microvessels,
which primarily determines ocular blood flow pressure and
distribution [36, 37]. In COPD patients, elevated ET-1 levels in
sputum, plasma, and urine may disrupt the regulation of ocu-
lar microvessels, leading to abnormal blood flow distribution
and changes in RNFL thickness [38, 39].

Existing meta-analyses have found that patients with obstruc-
tive sleep apnea (OSA) have significantly reduced average
RNFL thickness throughout the week compared to the nor-
mal population [40]. This thinning becomes more pronounced
with the severity of the disease, likely due to the repeated
apnea or hypoventilation during sleep in OSA patients. COPD
patients, on the other hand, exhibit an adaptive protective
mechanism in which cerebral blood flow increases compen-
satorily when arterial oxygen saturation decreases, ensuring
adequate oxygen supply to the brain [41]. However, half of

the COPD patients lose this mechanism during nonrapid eye
movement (NREM) sleep, leading to uncompensated hypox-
emia during these periods, which results in cerebral hypoxia
and potential neural damage, thus affecting the RNFL [41].
Smoking is a major risk factor for COPD and a leading cause
of endothelial dysfunction and microvascular abnormalities.
Nicotine activates the sympathetic nervous system, causing
vasoconstriction [42]. Studies have shown that compared to
nonsmokers, individuals who smoke more than 20 cigarettes
a day exhibit a significant increase in retinal vein diameter,
which can be reversed after more than 10years of smoking
cessation [43]. Research by Kocer et al. [44] found that retinal
superficial and deep capillary densities in the smoking group
(n=30) were lower than in the healthy control group (n=31),
but no significant difference in RNFL thickness was observed
between the two groups. Therefore, further investigation is
needed to elucidate the relationship between smoking and
RNFL thickness.

This study found that RNFL thickness in various regions of
COPD patients was significantly thinner than in healthy con-
trols and correlated with disease severity. Furthermore, it was
observed that in patients with mild/moderate COPD, the infe-
rior RNFL was the first to be affected. Research has shown that
compared to the superior temporal region, the inferior tempo-
ral quadrant exhibits a weaker response to vasodilation and a
stronger response to vasoconstriction. This difference leads to
varying susceptibilities to vascular dysfunction across differ-
ent regions. Overall, the findings support our hypothesis that
changes in the RNFL of COPD patients may be attributed to re-
duced retinal vascular density.

This study includes research from multiple countries and
regions, resulting in findings that have a certain degree of
generalizability. However, most of the included studies are ob-
servational, which limits the comparability between groups.
Additionally, differences in ethnicity across countries and
slight variations in ophthalmologic examination parameters
might contribute to the heterogeneity observed. Subgroup
analysis by the severity of COPD significantly reduced het-
erogeneity. Sensitivity analysis identified the study by Wagh
et al. [14] as a potential source of heterogeneity in this paper,
but no significant clinical heterogeneity was found upon full-
text review. Excluding this study and reconducting the meta-
analysis showed that the results remained stable, indicating
that the observed heterogeneity is acceptable. Publication bias
tests for outcome indicators with more than 10 studies in-
cluded did not reveal any bias. Kazantzis et al. [45] found that
nasal RNFL thickness decreases in the early stages of COPD
but is not related to disease progression. However, this con-
clusion differs from our study, which may be attributed to our
updated search period, more comprehensive and standardized
search strategy, and more precise statistical methods. This
study also has the following limitations: (1) Despite system-
atic searches, some gray literature may have been omitted; (2)
although COPD patients were strictly diagnosed according to
GOLD standards, clinical heterogeneity among patients re-
mains uncontrollable; (3) due to limitations in the included
studies, subgroup analysis by smoking status was not possible;
and (4) some outcome indicators had too few studies to assess
publication bias.
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5 | Conclusion

Existing evidence suggests that COPD patients have signifi-
cantly lower average RNFL thickness and RNFL thickness in
each quadrant compared to healthy individuals, with these
changes being associated with disease severity. As COPD de-
velops and progresses, changes in RNFL thickness may initially
manifest in the inferior RNFL. Although this mechanism may
be related to the dysfunction of retinal microvascular regulation
in COPD patients, there is currently limited research in this
area, and further prospective, high-quality studies are needed to
verify these findings. This study highlights the potential value
of regular RNFL thickness assessments in the comprehensive
management of COPD. A reduction in inferior RNFL thickness
may provide clues for early detection of COPD, whereas changes
in RNFL thickness across different quadrants may help assess
disease progression in COPD patients. In recent years, with
growing attention to the retinal and optic nerve structures in
COPD patients, novel biomarkers such as RNFL are expected
to play a significant role in the prevention and long-term man-
agement of COPD complications, offering new insights into the
systemic impact of COPD.
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