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Abstract

Purpose. This study aimed to investigate the relationship
between body mass index (BMI) and intraocular pressure
(IOP) and to assess whether hypertension status modifies the
BMI-IOP association among adults aged >40 years.

Methods. This analytical observational cross-sectional
study was conducted at the eye outpatient clinic of PKU
Muhammadiyah Hospital Gamping from December 2023
to April 2024. Participants were recruited using purposive
sampling. Inclusion criteria were healthy men and women
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aged >40 years with no known ocular disease who provided
informed consent. Exclusion criteria included glaucoma/
glaucoma suspicion, ocular trauma, chronic ocular surface
inflammation/red eye disease, prior ocular surgery, moderate
— high myopia (spherical equivalent <—3.00 D), and topical/
systemic corticosteroid use for >1 month. BMI was calculated
from standardized weight and height measurements. IOP was
measured in both eyes (right eye/OD, left eye/OS) using a
non-contact tonometer under standardized seated conditions.
Between-group comparisons used Mann—Whitney U tests,
and BMI-IOP associations were assessed using Spearman
correlation (p < 0.05).

Results. Ninety-six participants were included: 48 hyper-
tensive (19 men, 29 women) and 48 non-hypertensive (15
men, 33 women). The hypertensive group was older than the
non-hypertensive group (p < 0.05), and systolic/diastolic
blood pressures were higher (p < 0.05). No significant dif-
ferences were found for BMI, IOP OD, or IOP OS between
groups (p > 0.05). BMI was not significantly correlated with
1OP OD or IOP OS in either group (p > 0.05).

Conclusion. BMI was not associated with IOP in either
eye among healthy adults aged >40 years, suggesting BMI
alone may not reflect glaucoma risk through an 10P pathway
in this population.

Keywords: Body Mass Index, Glaucoma, Intraocular
pressure.
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Peslome

Mema. [locnioumu 36130k Mmixc IHOeKcomM macu mina
(IMT) ma enympiwnvoounum mucxkom (BOT) ma oyinumu,
yu enausae cinepmensis Ha 38’130k IMT-BOT y dopocnux 6i-
xom >40 pocxis.

Mamepianu ma memoou. Lle ananimuune obcepsayitine
nepexpecre 00CaiONCeHHs: OYII0 NPOBEOEHO 8 OPMAIbMONO-
2iyniti amoynamopii aikapui PKU Muhammadiyah Hospital
Gamping 3 epyounst 2023 poxy no keimernv 2024 poky. Yuac-
HUKI@ Habupanu 3a 00NoMo2010 YiNecnpsamMosanoi eubipxu.
Kpumepii exniouenHss KIOUAIU 300pOSUX HONOGIKIE Mda
JHciHoK 8ikom =40 pokie Oe3 OuHUX 3aX680PHO6AHb, AKI HAOANU
iHghopmosany 3200y. Kpumepii suxnouenns sxmouanu nay-
KOMY/nioo3py Ha 2nayKkomy, mpagmy OKd, XpOHIuHe 3ananeH-
Hsl NOBEPXHI OKA/NOYEPBOHIKHS Ouell, nonepedHi onepayii Ha
ouax, Mioniio cepedHbo20 Ma 8UCOKO20 CIYNeHs (cepuuru
exsiganenm < —3,00 D) ma micyese/cucmemme 3acmocysan-
Hs Kopmukocmepoioie npomszom >1 micays. IMT pospaxo-
8Y8AIU HA OCHOGI CMAHOAPMUZ0E8AHUX BUMIPIOGANb 8a2U MA
spocmy. BOT eumiprosanu 6 006ox ouax 3a 00nomozow oes-
KOHMAKMHO20 moHomempa. [s Midcepynogoco nopiHaHHs

Introduction

Body mass index (BMI) is the most common way to
measure obesity. It is worked out by taking body weight in
kilograms divided by height in meters squared (kg/m?) [1].
Being obese is now a big public health problem around
the world, even in Indonesia. About one out of every three
Indonesian adults is obese, according to national health
figures. From 2018 to 2019, the percentage of people over
18 years old who were obese rose from 14.8% to 21.8%.
Women had higher rates than men [2]. As obesity becomes
more common, people tend to follow their own eating hab-
its, which may have a greater impact on health [3].

Being obese raises your chances of having many other
illnesses, such as type 2 diabetes (T2DM), heart disease,
stomach problems, and breathing issues. Eating poorly
can make these conditions worse [4,5]. Being overweight
has been linked to many eye problems, like cataracts, dia-
betic retinopathy, age-related macular degeneration, and
glaucoma [6], in addition to diseases that affect the whole
body. Among these, glaucoma stands out as a major public
health problem that causes people to go blind and stay that
way [7]. A lot of people know that high intraocular pres-
sure (IOP) is the most important changeable risk factor
that can cause glaucoma and make it worse [8].

Earlier research has shown that there may be a link be-
tween BMI and IOP, with higher IOP readings reported
for people with higher BMI [9]. Epidemiological studies
have shown that BMI and IOP are positively linked to
each other [10-13]. Some ideas about how this association
works are: more fat in the eye sockets squishes the epi-
scleral veins; thicker blood makes it harder for the aqueous
humor to flow; obesity messes up the body's blood vessels,
which changes the way blood flows to the eyes; and high
leptitin levels can cause oxidative stress, which is linked to
trabecular meshwork dysfunction [10].

suxopucmosysanucs U-mecmu Manna-Bimui, a 38'a30x mione
IMT ma enympiwiHb004HUM MUCKOM OYIHIOBABCA 3A OONOMO-
2oro kopenayii Cnipmena (p < 0,05).

Pesynomamu. byno exioueno 0es'sHocmo wicms y4acHu-
Kie: 48 3 einepmensicto (19 uonosixis, 29 sucinox) ma 48 6e3
einepmensii (15 uonosikis, 33 sicinku). I'pyna 3 cinepmensziero
6yna cmapwioro 3a epyny be3 einepmensii (p < 0,05), a cuc-
MOATYHUL/OIACMONIYHUTL APMEPIATbHUTL MUCK OYIU SUUUMU
(p < 0,05). He 6yno suaeneno cymmesux 8ioMiHHoCmel Osl
IMT, enympiwnvoounozo mucky OD abo OS midxc epynamu
(p>0,05). IMT ne mas cymmesoi kopensyii 3 6HympiuHb004-
Hum muckom OD abo OS 6 scoonitl 3 epyn (p > 0,05).

Bucnogxu. IMT ne 6yé nog'sizanuii 3 6HympiuiHo004HUM
MUCKOM 8 HCOOHOMY 3 OUell ¥ 300p0sUX d0pocaux sikom >40
poxis, wjo ceiouums npo me, wjo IMT cam no cobi modice ne
8i000padicamu pusux 2iayKomu uepe3 wiisax 6HympiHb004-
HO20 MUCKY 8 Yill NONYIAYIL.

Kniouogi cnosa: Inoexc macu mina, enaykoma, 6HympiutHbo-
OYHUIL MUCK

IOP is also affected by age; IOP levels rise with both
getting older and having a higher BMI. Since high IOP is
a big risk factor for glaucoma, people over 40 years old
and people who are overweight or fat should have their
IOP checked regularly. Also, systemic conditions like
high blood pressure can make glaucoma even more likely,
which shows how important it is for older people to get
both eye and full body evaluations [14,15].

Purpose. This study aimed to investigate the relation-
ship between BMI and IOP and to assess whether hyper-
tension status modifies the BMI-IOP association among
adults aged >40 years.

Methods

This analytical observational study used a cross-sec-
tional design and was conducted at the eye outpatient
clinic of PKU Muhammadiyah Hospital Gamping from
December 2023 to April 2024. Participants were recruited
using purposive sampling from clinic attendees who met
eligibility criteria.

Inclusion criteria were: (1) men or women aged >40
years; (2) in good general condition and able to complete
examinations; (3) no known ocular disease based on his-
tory and routine clinical screening at recruitment; and (4)
provided written informed consent. Exclusion criteria
were applied to minimize confounding factors that could
influence 1OP. Participants were excluded if they had: a
history of glaucoma or glaucoma suspicion, prior ocular
trauma, chronic ocular surface inflammation or chronic red
eye disease, previous ocular surgery (including cataract or
refractive surgery), moderate to high myopia (spherical
equivalent < —3.00 D), or topical/systemic corticosteroid
use for >1 month.
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Table 1. Hypertension severity

Table 3. BMI categories

Hypertension severity n % . Non-

) BMI category Hyperﬁensmn hypertension
Mild 25 52.1 (n=48) (n=48)
Moderate 14 29.2 Underweight (extremely 5(10.4) 4(8.4)
Severs 9 185 thin + thin), n (%) <18.5

N [, n (%

Total 8 | 100 | |\omrenn (%) 30(625) | 32(667)
Notes: Mild: 140-159/90-99 mmHg; Moderate: 160- | Overweight, n (%) 8(16.7 5(10.4
179/100-109 mmHg; Severe: 2180/2110 mmHg. 25.0-29.9 (16.7) (104)

0,
Table 2. Subject characteristics by sex S3b0ege, n (%) 5(10.4) 7 (14.6)

Sex Hypertension Non-hypertension Total 48 (100) 48 (100)

(n=48) (n=48)

Male, n (%) 19 (39.6) 15(31.2) Table 4. Clinical characteristics including right and left eye IOP

Female, n (%) 29 (60.4) 33 (68.8) Non

Total 48 (100) 48 (100) Parameter F:nynzzrr:e: ;lg)n hypertension |p-value

B (Mean % SD)
. . . . Age (years) 63.02+8.4 56.58 + 10.0 <0.05

Participants were categorized into hypertensive and -

non-hypertensive groups based on blood pressure status; | Weight (kg) 54.01+£11.6 57.40 £13.8 >0.05

hypertension severity (mild/moderate/severe) followed the | Height (m) 1.53 + 0.10 1.56 + 0.10 >0.05

criteria presented in Table 1. Body weight and height were .

measured using the ZT-120 GEA Series device (or equiva- BMI (kg/m?) 22.78436 2319443 >0.05

lent) with light clothing and no shoes, and BMI was cal- | Systolic BP 16167+217 | 122384103 | <0.05

culated as kg/m?. IOP was measured in both eyes right eye | (mmHg) o S '

(OD) and left eye (OS) using a SNT-700 soft non-contact | Diastolic BP

tonometer under standardized seated conditions. (mmHg) 90.25+14.3 7.29+7.2 <0.05
Data were analyzed using SPSS. Between-group ||0p OD

comparisons used the Mann—Whitney U test for continu- | (mmHg) 16.66 + 4.1 14.77£3.5 >0.05

ous variables as reported, and categorical variables were  [|0p 0g

summarized as counts and percentages. The association | (mmHg) 16.53+4.8 152237 >0.05

between BMI and IOP (OD and OS) within each group
was evaluated using Spearman rank correlation. A p-value
< 0.05 was considered statistically significant. This study
was approved by the Ethics Committee of RS PKU Mu-
hammadiyah Gamping, Yogyakarta, Indonesia (Approval
No. 191/KEP-PKU/X11/2023; 11 December 2023). Writ-
ten informed consent was obtained from all participants
prior to data collection.

A total of 96 participants were included: 48 hyperten-
sive and 48 non-hypertensives. Women predominated in
both groups (Table 2). Most participants in both groups
had normal BMI, with fewer participants categorized as
overweight or obese.

Results

A total of 96 participants were included in this study,
consisting of 48 participants with hypertension and 48
participants without hypertension. Among participants
with hypertension, most were classified as having mild hy-
pertension, followed by moderate and severe hypertension
(Table 1).

The distribution of participants by sex is presented in
Table 2. Women predominated in both groups, with 29

women (60.4%) in the hypertensive group and 33 women
(68.8%) in the non-hypertensive group.

Most participants in both groups had normal BMI,
while underweight, overweight, and obese categories were
also represented (Table 3). In the hypertensive group,
30 participants (62.5%) had normal BMI, 8 participants
(16.7%) were overweight, and 5 participants (10.4%)
were obese. In the non-hypertensive group, 32 participants
(66.7%) had normal BMI, 5 participants (10.4%) were
overweight, and 7 participants (14.6%) were obese.

Clinical characteristics, including age, weight, height,
BMI, blood pressure, and intraocular pressure, are present-
ed in Table 4. The hypertensive group was significantly
older than the non-hypertensive group (63.02 + 8.4 years
vs. 56.58 + 10.0 years, p < 0.05). As expected, systolic
and diastolic blood pressures were significantly higher in
the hypertensive group than in the non-hypertensive group
(p < 0.05). However, there were no significant between-
group differences in weight, height, BMI, IOP OD, or IOP
OS (p > 0.05). The mean BMI was 22.78 + 3.6 kg/m? in
the hypertensive group and 23.19 + 4.3 kg/m? in the non-
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hypertensive group. The mean IOP OD was 16.66 + 4.1
mmHg in the hypertensive group and 14.77 £ 3.5 mmHg in
the non-hypertensive group, while the mean IOP OS was
16.53 + 4.8 mmHg and 15.22 + 3.7 mmHg, respectively.

Spearman correlation analysis showed no significant
association between BMI and IOP OD or IOP OS in either
the hypertensive or non-hypertensive group (p > 0.05).
These findings indicate that BMI was not significantly
related to intraocular pressure in either eye, regardless of
hypertension status.

Discussion

This study found no significant correlation between
body mass index and intraocular pressure in either hy-
pertensive or non-hypertensive adults aged over 40 years.
These findings suggest that BMI alone may not be a de-
termining factor for elevated intraocular pressure in this
population. The results are consistent with the findings
who also reported no significant association between BMI
and IOP. While Albuquerque’s study involved a younger
population, the present study extends these observations to
an older age group, which is more clinically relevant given
the increasing risk of glaucoma with advancing age.

It is in line with a reported study about the association
between BMI and IOP may vary according to body posi-
tion, with significant correlations observed in the supine
position but not in the seated position [16]. Since intraocu-
lar pressure measurements in the present study were per-
formed in a seated position, postural influences may partly
explain the absence of a significant association. Further-
more, the present results support the findings of Asaoka
who reported no direct relationship between BMI, blood
pressure, and intraocular pressure, emphasizing the com-
plex and multifactorial regulation of IOP [17].

In contrast, several previous studies have reported a
positive correlation between BMI and intraocular pressure,
suggesting that higher BMI is associated with increased
IOP [9-11,18-21]. Coster et al. demonstrated a statisti-
cally significant positive correlation between BMI and IOP
in both eyes, while Ernawati et al. reported similar findings
in an Indonesian population. These associations have been
attributed to mechanisms such as increased fat deposition
around the neck and orbit, which may reduce venous re-
turn, elevate episcleral venous pressure, and impair aque-
ous humor outflow, thereby increasing intraocular pressure
[10,11].

The lack of a significant association observed in this
study may be explained by several factors. First, intraocular
pressure is influenced by multiple variables beyond BMI,
including age, sex, blood pressure control, ocular health
status, circadian variation, and measurement conditions.
Second, more than 60% of participants in both hyperten-
sive and non-hypertensive groups had normal BMI, result-
ing in limited representation of obese individuals, who are
more likely to demonstrate obesity-related elevations in
IOP. Previous studies have indicated that increases in IOP
are more pronounced in individuals with obesity compared

to those with normal or mildly elevated BMI [9,19]. Ad-
ditionally, although the hypertensive group in this study
exhibited slightly higher mean IOP values (approximately
2 mmHg) compared with the non-hypertensive group, this
difference did not reach statistical significance. This find-
ing may suggest that blood pressure among hypertensive
participants was adequately controlled, thereby preventing
substantial increases in ciliary artery pressure and aque-
ous humor production. The present study did not evaluate
other metabolic parameters, such as lipid profiles or insulin
resistance, which may also influence intraocular pressure
and should be considered in future research. This limita-
tion highlights the need for more comprehensive studies
to better elucidate the complex relationship between BMI,
systemic health factors, and intraocular pressure.

Conclusion

In this study, we examined whether body mass index
(BMI) was related to intraocular pressure (IOP) in adults
aged >40 years, comparing 48 participants with hyperten-
sion and 48 without hypertension. The two groups had
broadly similar BMI profiles, with most participants fall-
ing in the normal BMI range. As expected, the hyperten-
sive group was older and had higher systolic and diastolic
blood pressure, but BMI and mean IOP in both eyes did
not differ significantly between groups. Spearman corre-
lation analysis showed no significant association between
BMI and IOP OD or IOP OS in either hypertensive or non-
hypertensive participants. Taken together, these findings
suggest that, in this glaucoma-free population and within
the BMI range represented in the sample, BMI alone does
not meaningfully explain variation in IOP. Clinically, this
implies that body size should not be relied upon as a sur-
rogate marker for elevated IOP; instead, IOP assessment
should remain part of a broader risk-based eye evaluation.
Future studies with larger samples, wider adiposity rang-
es, repeated IOP measurements, and inclusion of central
adiposity and glaucoma-related outcomes are needed to
clarify whether adiposity influences glaucoma risk through
IOP-dependent or IOP-independent mechanisms.
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