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Hepatic influence on vision

A meta-analysis uncovering the link between
liver disease and intraocular pressure

OBJECTIVE To assess the association between liver disease and intraocular
pressure (IOP). METHOD From December 2023 to January 2024 we conducted
a meta-analysis (PROSPERO: CRD42024505202). As of December 15, 2023, a
thorough search was carried out to obtain relevant studies from PubMed,
Embase, and Scopus. The Newcastle-Ottawa Scale was employed to assess
the quality of the articles, and the data collection was extracted using pilot
form. The association between liver disease and IOP was determined using
the Z-test with the inverse variance method. RESULTS In our analysis, we me-
ticulously analyzed data from a compilation of five studies, involving 8,856
patients diagnosed with liver disease and 16,280 controls. We found a notable
difference in IOP between patients with liver disease and the control group,
where patients with liver disease exhibited higher IOP compared to those
without liver disease (mean difference [MD]: 0.98; 95% confidence interval
[CI]: 0.64-1.32; p<0.0001). However, we did not include potential confound-
ing factors, such as corticosteroids use, anticholinergic use, blood pressure,
and body mass index which could influence the results. CONCLUSIONS The
findings of our study indicate that liver disease serves as a significant predic-
tor for increased IOP. Our study provides additional information on factors
contributing to the increase of IOP.
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H enmidpaon tou imatog

otnv 6paon: Mia peta-avaiuon
TTOU OTTOKOAUTITEL TN OX€0n HeTall
NG NMATIKAS VOOOU

Kat TN evoopOaAuLag misong

MepiAnyn oto Tédog Tou dpbpou

Elevated intraocular pressure (IOP) poses a significant
risk for glaucoma, subjecting the optic nerve head to me-
chanical stress and potentially causing irreversible damage,
leading to vision loss.” As of 2020, glaucoma emerged as
the second most prevalent cause of blindness and the pri-
mary source of irreversible vision impairment.?The intricate
dynamics of elevated IOP involve complex interactions
with factors such as aqueous flow, uveoscleral outflow,
outflow facility, and episcleral venous pressure (EVP) as
determinants of steady-state IOP. EVP, which influences the
resistance fluid encounters when leaving the eye through
the trabecular outflow pathway, plays a pivotal role.’ Con-
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versely, various multifactorial elements such as body fat
percentage, body mass index (BMI), alcohol, drugs, and
liver disease contribute to elevated IOP** Notably, the role
of liver disease remains a contentious issue, with limited
reports and ongoing discussions about its impact.

Hepatic disorders encompass a spectrum of pathologi-
cal conditions affecting the anatomical and physiological
integrity of the liver, including lipid infiltration leading
to fatty liver, alcoholic liver disease, liver cirrhosis, and
malignancies. Non-alcoholic fatty liver disease (NAFLD),
characterized by the aberrant accumulation of lipids within
hepatic tissues, is frequently concomitant with metabolic



LIVER DISEASE AND INTRAOCULAR PRESSURE

syndrome.® This syndrome, identified as a predisposing
factor for heightened IOP, exhibits a robust correlation with
IOP in empirical investigations.” Additionally, the hepato-
visual interconnection extends to hepatitis C, where the
viral infection demonstrates a significant association with
elevated IOP and presents additional association with
idiopathic retinopathy and varied ocular manifestations.?
However, the intricate mechanisms underlying the impact
of metabolic syndrome and hepatitis C infection on IOP
remain inadequately elucidated. Presently, the evidentiary
landscape regarding the contributory role of liver disease in
elevated IOP remains inconclusive. Studies posited a caus-
ative association between liver disease and increased |IOP”-'°
whereas other failed to provide conclusive substantiation.”’

Therefore, the primary aim of the present study was
to assess the association between IOP and liver disease.
By elucidating the association between liver disease and
IOP, it is possible to discern specific risk factors contribut-
ing to elevated IOP in the context of hepatic disorders.
This comprehension might offer avenues for preventive
interventions, targeting the progression of glaucoma -a
condition intricately linked to heightened IOP- and thereby
mitigating the risk of irreversible blindness.

MATERIAL AND METHOD

Study design

We conducted a meta-analysis study to explore the relationship
between liver disease and IOP (PROSPERO: CRD42024505202).The
study was carried out from December 2023 to January 2024. To
attain our objective, we gathered data from scientific databases
such as PubMed, Scopus, and Embase. Cumulative data were

Table 1. Baseline characteristics of studies included in our analysis.
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analyzed to determine the pooled effect estimate. Our study pro-
tocols adhered to the Preferred Reporting Items for Meta-analysis
(PRISMA) checklist.”?The PRISMA checklist for our present study is
detailed in supplementary files table 1. The study was conducted
in accordance with the Helsinki Declaration principles.

Eligibility criteria

We included studies that met the following criteria: (a) Cross-
sectional studies, (b) case-control and cohort studies, (c) reporting
any form of liver disease, (d) providing IOP measurement data, and
(e) offering data for the evaluation of the Newcastle-Ottawa Scale
(NOS). Excluded were articles with irrelevant studies, insufficient
data, and duplicate records. Additionally, review, commentary,
and letter to the editor articles were excluded. Articles assessed
as low quality by the NOS were also excluded.

Quiality assessments

The quality of included studies was assessed using the NOS.”
The scale comprises three items: Sample selection (4 points), group
comparability (2 points), and the outcome (3 points). Studies with
a total score of <3 are considered poor, 4-6 as moderate, and =7
as high quality. Only studies with moderate and high quality were
included in the analysis. The assessment of studies using a pilot
form was conducted by AZ in consultation with JKF.

Search strategy

The potential studies in three databases (PubMed, Scopus, and
Embase) were searched as of December 15, 2023. The combina-
tion of keywords ([“liver disease” or “liver fibrosis” or “hepatitis”
or “steatohepatitis”] and [“intraocular pressure”]) was used. The
publication language was restricted to English. Additionally, ar-
ticles from the reference lists of related articles were reviewed to

obtain additional data. The article search was conducted by AZ.

Study Country Design Age Sample Sub-type 0P Fibrosis Lipid Quality
(range, size measurement profile  assessment (NOS)
years) method

Changetal®  Taiwan Cross-sectional ~ 38-65 1,044 NAFLD Non-contact NA HDL, LDL, Moderate

tonometry TG

Strobbe etal’ Italy Case control 39-56 40 HCV Applanation ~ METAVIR NA Moderate

infection tonometry

Zeni et al® Brazil Cross-sectional ~ 32-53 149 HCV Applanation  METAVIR NA Moderate

infection tonometry

Kwon et al™® South Korea Cross-sectional ~ 32-59 7,681 NAFLD Applanation NA Total Moderate

tonometry cholesterol,
HDL, TG

Lee etal” South Korea Cross-sectional  34-58 16,240 NAFLD Non-contact NA Total Moderate

tonometry cholesterol

NAFLD: Non-alcoholic fatty liver disease, HCV: Hepatitis C virus, IOP: Intraocular pressure, NA: Not available, NOS: Newcastle-Ottawa Scale, HDL: High-density lipoprotein,

LDL: Low-density lipoprotein, TG: Triglycerides
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Data extraction

During data extraction, the following information was col-
lected from the included studies: (a) First author’s name, (b) year
of publication, (c) country of origin, (d) study design, (e) age range
of the sample, (f) sample size, (g) sub-type of liver disease, (h) IOP
measurement method, (i) fibrosis scoring method, and (j) NOS.
Data extraction was carried out by AZ in consultation with JKF.

Study covariates

The predictor variable in our study was liver disease, encom-
passing various liver conditions such as fatty liver, hepatitis, steato-
hepatitis, cirrhosis, and hepatic malignancy. The outcome variable
was |OP, defined as the fluid pressure within the eye, regulated by
continuous aqueous formation and drainage. There are several
methods to measure IOP, with applanation tonometry being the
most widely used. In applanation tonometry, IOP is determined by
measuring the applanating force and the area of the cornea flat-
tened. Another common method is non-contact tonometry, which
measures the force of air required to indent and flatten the cornea.’

Statistical analysis

Data in our study were presented as meanztstandard deviation
(SD). The association between liver disease and IOP was determined
by the Z test with the inverse variance method. Before establish-
ing the association, we evaluated potential publication bias and
heterogeneity. The statistic for assessing potential publication
bias was Egger’s test with a funnel plot. A p-value less than 0.05 in
Egger’s test indicated the presence of potential publication bias.
Furthermore, to assess data heterogeneity, we used the Q test
and I2. A p-value for heterogeneity less than 0.10 or I?greater than
50% indicated the presence of heterogeneity, leading to the use
of a random-effects model. Otherwise, a fixed-effects model was
employed. The effect size in our study was calculated using mean
difference (MD) with a 95% confidence interval (95% Cl). Statisti-
cal analysis in our study was performed using Review Manager,
version 5.3 (RevMan Cochrane, London, UK).

RESULTS

Article selection

In our search strategy, 8,859 articles were retrieved
from the databases, and 17 articles were assessed from
the reference list of related papers. Subsequently, 8,820
studies were excluded as they were irrelevant, and 22
records were excluded as duplicates. A total of 34 records
were screened and retrieved. After eligibility assessment,
four studies were excluded due to insufficient data, and 25
studies were excluded as they were review articles. The final
screening resulted in five studies, which were included in
our meta-analysis (fig. 1). All articles had moderate quality
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based on the assessment of NOS, with the main source of
bias is the outcomes, as the length of follow up was not
described at any included articles (Supp tab. 2).”* Baseline
characteristics of the articles included in our study are
outlined in table 1, consisting of country of origin, study
design, patients’ age range, sample sizes, subtype of liver
disease, IOP measurement methods, liver fibrosis staging,
lipid profile and quality assessment score.

Association between liver disease
and intraocular pressure

We analyzed five studies, accumulating a total of 8,856
cases of patients with liver disease and 16,280 controls, to
determine the association between liver disease and IOP.
We found a significant association between liver disease
and IOP. Our calculation revealed that IOP was higher in
patients with liver disease compared to controls (MD: 0.98;
95% Cl: 0.64, 1.32; p<0.0001) (fig 2).

Heterogeneity among studies
and potential publication bias

Our analysis detected evidence of heterogeneity in
our study (p heterogeneity <0.0001; 1 90%). Therefore,
we applied a random-effects model to analyze the data.
We used Egger’s test and a Funnel Plot to assess potential
publication bias. Our analysis using Egger’s test found no

[ Identification of studies via databases and regiisters]

)
=
-g Records identified from Pubmed, Records removed before
3 Scopus, and Embase: N screening:
-_'=_ Databases (n = 8,859) Duplicate records (n = 22)
S Additional source (n = 17) Irrelevant studies (n = 8,820)
=]
~
A 4
Records screened A Records excluded
(n=34) 7 (n=0)
E’ v
5 Reports sought for retrieval .| Reports not retrieved
§ (n=234) (n=0)
3 Reports excluded:
Reports assessed for eligibility »| Insufficient data (n = 4)
(n=234) Review (n = 25)
—
— A 4
3
= Studies included in review
S (n=5)

Figure 1. A flowchart of article selection in our study.
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Table 2. Newcastle-Ottawa Scale of studies included in our analysis.
Author Newcastle - Ottawa scale
and year Selection Comparability Outcomes Total
Re-pre- Select Asc Outcomes not Ass Length of Adequacy
exposed non-exposed exposure presentatthe start outcomes followup follow up
cohort cohort of study
Chang et al’ 1 1 1 - 1 1 - 1 6
Strobbe et al’’ 1 - 1 - 1 1 - 1 5
Zeni et al® 1 - 1 - 1 1 - 1 5
Kwon et al® 1 1 1 - 1 1 - 1 6
Lee etal” 1 1 1 - 1 1 - 1 6
liver disease Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Chang etal 2010 148 26 505 141 29 539 235% 0.70(0.37,1.03] 2010 -
Strobbe etal 2013 157 25 12 155 23 10  27% 0.20[-1.81,2.21] 2013
Zenietal 2013 145 23 95 121 15 54 154% 2.40[1.79,3.01] 2013 —_—
Kwon etal 2018 151 29 2458 145 28 5223 28.8% 0.60[0.46,0.74) 2018 -
Lee etal 2022 16.3 29 5786 154 2.9 10454 29.6% 0.90[0.81,0.99] 2022 -
Total (95% CI) 8856 16280 100.0% 0.98 [0.64, 1.32] @
Heterogeneity: Tau®= 0.10; Chi*= 39.17, df= 4 (P < 0.00001); = 90% 52 51 5 15 ,i)

Test for overall effect: Z= 5.59 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 2. A forest plot of the association between liver disease and intraocular pressure (mean difference [MD]: 0.98; 95% confidence interval [CI]:

0.64, 1.32; p<0.0001; p Heterogeneity <0.0001; I-squared: 90%; p Egger:

publication bias (p: Egger: 0.6214), and we observed a
symmetric Funnel Plot (Supp fig 1).”®

DISCUSSION

Our data indicated that individuals with liver disease
exhibited higher IOP levels than healthy individuals. To
our knowledge, there was no published meta-analysis
exploring the association between liver disease and IOP,
therefore preventing us from comparing our findings to
similar studies. Existing meta-analyses have focused solely
on the effects of alcohol consumption,’® antihypertensive
drugs,’” and statins’® on IOP. They revealed that alcohol
consumption is positively associated with IOP, and systemic
beta-blockers were found to be inversely associated with
IOP.’¢'” However, the studies revealed calcium channel
blockers were not associated with IOP and the effect of
statin use on IOP is uncertain.”””’® Our current findings may
contribute to the body of evidence concerning potential
predictors of elevated IOP.

The potential mechanism underlying our findings might
not be fully understood. However, some potential mecha-
nisms could be proposed. First, the mechanism bridging
liver disease and increased IOP may likely involve metabolic

0.6214).

syndrome. In metabolic syndrome, there is a well-known
phenomenon where the accumulation of triglycerides in
the liver, resulting from an imbalance in the uptake, syn-
thesis, export, and oxidation of fatty acids, can lead to fatty
liver.”®?° This condition may contribute to elevated IOP as
metabolic syndrome is strongly associated with it.* Higher
serum triglycerides decrease aqueous humor outflow by ac-
cumulating orbital adipose tissue, increasing orbital and epi-
scleral pressure, thereby elevating IOP2’ Additionally, lower
HDL levels had been shown to induce vascular sclerosing
changes, increase serum osmolality, enhance oxidative stress
due to adiposity, impair the function of trabecular meshwork
and the intracellular system, elevate episcleral pressure, and
consequently lead to increased IOP# Furthermore, studies
have indicated that fatty liver contributes to elevated IOP by
0.879 mmHg.” However, some studies suggested that fatty
liver could be an independent risk factor for elevated IOP,
possibly linked through the sympathetic nervous system.?
An activated sympathetic nervous system plays a role in the
development of NAFLD and in increasing IOP."%?* Moreover,
obesity, a predictor of NAFLD, has been shown to increase
the outflow resistance of episcleral veins by increasing
blood viscosity through anincrease in red blood cell count
and hematocrit, thereby elevating IOP2* Second, another
potential mechanism bridging liver disease and increased
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IOP might involve hepatitis C infection. Chronic hepatitis
C infection is well-known to have ocular manifestations,
primarily alterations in the ocular surface. A study dem-
onstrated that inflammation secondary to chronic hepatitis
C infection affects the expression of glaucoma biomarker
genes related to antioxidant response and inflammation.?®
As a result, this could elevate IOP. The explanations above
potentially bridge the mechanism between liver disease
and increased IOP, as reported in our study.

To the best of our knowledge, our current study rep-
resents the first meta-analysis examining the association
between liver disease and IOP. Our findings underscore
the significance of liver disease as a notable predictor of
elevated IOP, a crucial indicator of glaucoma. Given that
early-stage glaucoma is often asymptomatic and symptoms
may only manifestin advanced stages, the recognition of a
substantial association between liver disease and elevated
IOP prompts the consideration of integrated evaluations.?”
In light of this, patients with liver disease could benefit from
routine eye examinations, with a particular focus on IOP
measurement, to proactively prevent the development of
glaucoma. Furthermore, our present study contributes ad-
ditional insights into the relationship between liver disease
and IOP. Consequently, future studies planning to explore the
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connection between liver disease and IOP can be developed
with a more comprehensive understanding, building upon
the knowledge generated by our current investigation.

This study is subject to several potential limitations. First,
we did not analyze potential confounding factors, such as
corticosteroids use, anticholinergics use, blood pressure,
and BMI which could impact the final findings. Second, the
inclusion of a limited number of studies might weaken the
level of evidence, necessitating further study with a larger
sample size for enhanced statistical robustness. Third, varia-
tions in the method of measuring IOP across studies might
introduce measurement bias. Additionally, the diversity in
the types of liver disease in each study might contribute to
potential bias. Last, it was imperative to consider publica-
tion bias, as this meta-analysis relied on published studies.

In conclusion, our investigation demonstrated a note-
worthy association, indicating that individuals afflicted with
liver disease exhibit a statistically significant elevation in
IOP. The outcome of this study suggests that it might be
necessary to examine the IOP of patients with liver disease
as a step forward to prevent glaucoma development. This
current study offers valuable insights into the relationship
between liver disease and ocular conditions.

MEPIAHYH
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Apxeia EAAnviknG latpikric 2025, 42(3):384—-389

FKOMOZX H aloAdynon tng oxéong HETa&L NTTATIKAG VOoou Kal evéo@BdAuiag mieong (EOM). YAIKO-MEOOAOX
Mpayuatomolrjocape pia HeTa-avaluon amnd tov AsképPplo tou 2023 éw¢ tov lavoudpto tou 2024 (PROSPERO:
CRD42024505202). ATié TG 15 Agkepfpiov 2023 S1e€AxON pia evdelexic avalritnon yia TNV amoKTNon OXETIKWY PE-
Aetwv amo PubMed, Embase kat Scopus. lNa tnv a&loAdynon tng moliotnTag Twv ApOpwv XPNOIHOTIOINONKE N KAipaka
Newcastle-Ottawa kat n cUANoyr SeSoUEVWV €YIVE PE TN XPNON TIIAOTIKOU €VTUTTOU. H GUOXETION PMETAEY TNG NTTATL-
KrG vooou kat tnG EON mpoodiopioTtnke pe TN xprion tng Sokipaociog Z, pe tn péBodo tng avtiotpoeng Stlakvupavong.
AMOTEAEZMATA >tnv avAaAuor pHag, eEETACAUE OXONAOTIKA Ta SeSouéva aTd pia CUANOYH 5 LEAETWYV TTOU APOPOU-
oav o€ 8.856 aoBeveig S1ayvwoOEVTEG e NITATIKA VOoO Kat 16.280 Atopa EAEyXOU. AlATTIOTWOAE Hla a&loonueiwTn
Slapopd otnv EOM peta&l Twv aoOBeVWV UE NTTATIKK VOOO Kal TNG OPASAG EAEYXOU, KATA TNV OTTOia Ol A0OEVEIG e NTTO-
TIKA VOoOo mapouciacav uhnAétepn EONN og cUYKpLon HE EKEIVOUG XWPIG NTTATIKA VOOO (Héon amdkAlon: 0,98, 95% Si-
dotnua epmotoolvng: 0,64-1,32, p<0,0001). QoTtd00, SV CLUPTTEPINABAUE TIIOAVOUG CUYXUTIKOUG TIAPAYOVTEG, OTIWG
N XPrion KOPTIKOOTEPOEIOWY, AVTIXOAVEPYIKWY, N APTNELIAKN TTiEon Kal 0 S€iktng pdlag cwpatog, mou Ba pumopou-
oav va ennpedoouv ta anoteAéopata. EYMIMEPAZMATA Ta evpraTa TNG MAPoVoas HEAETNG KATASEIKVUOULV OTL N
NIATIKN VOOOG XPNOIUEVEL WG OCNUAVTIKOG TIPOYVWOTIKOG TTApdyovTag yia av§nuévn EON. H ev Aoyw PeNETN TTAPEXEL
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TIPOCOETEC TANPOPOPIEG OXETIKA E TOUG TTAPAYOVTEG TTOU CUUBANOUV oTnV avénon tng EOT.

Né&erg evpeTnpiou: EvSo@BaAuia mieon, Hmatikr ivwon, Hratik vooog, Hratitida, Mn aAkooAkA Aimwdng vOoog TOU RITATOq
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