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Abstract

Purpose: to investigate if or whether there is a connection between serum lipid levels and
primary angle-closure glaucoma. Patients and methods: This study is prospective and non-
randomized. There were 400 participants total, and they were split into two groups. The first
group included 200 patients of PACG, and the Second group included 200 patients of a healthy
control group of the same age and sex. For measuring serum lipids for all cases, 12hrs fasting-
blood samples were collected, and the enzymatic method (autoanalyzer) was used to assess it.
The lipid profile includes all of the total cholesterol, triglycerides (TGL), high-density lipoproteins
(HDL), and low-density lipoproteins (LDL). According to the guidelines of National Cholesterol
Education Program: Adult Treatment Panel IIl (NCEP: ATP llI), the reference values for lipids
were taken. Hence, according to which Hypercholesterolemia is defined as total cholesterol
greater than 200 mg/dl, Hypertriglyceridemia, when triglycerides greater than 150 mg/dl, LDL
greater than> 130 mg/dl were considered high, and HDL less than 40 mg/dl will be considered
low. Results: there was a statistical significance at (p-value < 0.01) for triglyceride. On the other
hand, the control group had higher levels of HDL, LDL, and cholesterol than the PACG group.
Statistically, there was a significant difference for both HDL and LDL levels at p-value <0.01. In
addition, the serum CHOL, HDL, and triglyceride levels were positively correlated with the 10P
levels in the study group, while the serum LDL was negatively correlated. In the control group,
all parameters showed a positive correlation with the IOP level. The correlation was statistically
significant only for LDL in the study group and HDL in the control group. Conclusion: The
serum triglycerides of PACG patients are noticeably greater than those of the control group.
Increased serum HDL, triglyceride, and cholesterol levels are significantly linked with PACG.
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1. Introduction

Glaucoma represents a progressive glauc- ma’s pathogenesis [1]. The protocol for
omatous optic neuropathy leading to visual PACG diagnosis includes the frequent
field defect. Many factors cause this path- examination of patients over 60 years at
ology, but metabolic conditions, including least once a year. But, further examinations
diabetes mellitus, hypercholesterolemia, and must be provided for patients with risk
hypertriglyceridemia, can increase glauco- factors [2]. The disorders of lipid metab-
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olism can result from the deficient income
of lipids food, improper lipid digestion,
or cell lipid metabolism disorders [3].
Atherosclerosis genesis is mostly caused
by triglycerides and cholesterol. Moreover,
the values of serum lipids relate to the
age of the patients. They reach the high
pick in the thirties, with an end up to the
fifth decade for men, but later for females
[3]. Total lipids involve phospholipids,
triglycerides, and cholesterol. Lipoprotein

2. Patients and Methods

The Ethics Committee of Sohag Univ-
ersity approved this study carried out
following the Declaration of Helsinki. In
addition, all participants in the current
study provided an informed consent. Cases
with PACG were collected from the
Ophthalmology Clinic, Sohag University
2.1. Examination

All participants were examined at Sohag
University Hospital, including an ECG,
X-ray, and an evaluation of hepatic and
renal functions, heart rateas well as blood
pressure. Each PACG patient was also
examined ophthalmologically. Measuring
IOP was performed by the Goldmann
applanation tonometer, fundus test was done
using an indirect ophthalmoscope, visual
field assessment was done using Hump-
hery perimetry (Zeiss, United states), and

2.2. Diagnostic and inclusion criteria

2.2.1. PACG cases

The diagnosis of PACG, according to the
criteria, includes narrow anterior chamber
angles, glaucomatous optic neuropathy, as
well as the VF defect. A cluster of three
or more non-edge contiguous points was
used to determine the VF defect on the
pattern of the deviation plot that did not
cross the horizontal meridian. Also, the
PACG was diagnosed in eyes with narrow
angles, elevated 10P (IOP > 21 mmHg),
with 180° of the closed angle at least. The

2.2.2. Control subjects

Collecting the normal subjects was from
the Ophthalmology Clinic at Sohag Univ.
Hospital. Each normal control participant
was examined ophthalmologically, including
gonioscopy, slit-lamp biomicroscopic, and
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is transported lipid in the blood categorized
into high-density lipoprotein (HDL), very
low-density lipoprotein (VLDL), as well
as low-density lipoprotein (LDL) [4]. HDLs
are cholesterol cleaners, so they are identi-
fied as a protective factor in atherosclerosis
genesis [5-7]. The present paper aims to
detect the correlation between the values
of serum lipid, on the one hand, and the
incidence, severity, and control of primary
angle closure glaucoma, on the other.

Hospital, from Abril 2021 to October 2022.
Control subjects were collected from indi-
viduals attending the Ophthalmology Clinic
at Sohag University Hospital during the
study period. The study included the
medical history for data collection, e.g.,
body weight, hypertension, and diabetes.

gonioscopy was done using three mirror
Goldmann contact lenses. Laboratory tests
were done in the Department of Clinical
Pathology, Sohag University Hospital. Blood
was sampled in the morning after twelve-
hour fasting. For 10 minutes and at 3,000
r/min., the tubes were centrifuged. Enzy-
matic colorimetry (Riele Photometer 5010,
Berlin, Germany) was utilized to measure
the serum of HDL, LDL, triglyceride as
well as cholesterol levels.

inclusion criteria were the absence of
systemic disease in patients above 40
years with a lack of secondary glaucoma
or other eye diseases that might impact
VF or visual acuity without intraocular
surgeries. A total of 240 participants were
collected. We excluded 40: neovascular
glaucoma {10}, cataract {30} with a
final sample of 200 cases: (recently dia-
gnosed PACG cases {70}, and referral
PACG cases {130}.

refractive status. The normal participants’
inclusion criteria included individuals above
40 years in the absence of systemic dis-
eases with a lack of any glaucoma or eye
diseases that might influence VF or visual



acuity and the lack of any intraocular
surgeries. A total of 250 control particip-
ants were collected. Later, we excluded
2.3. Statistical analysis

STATA v. 14.2 (STATA Statistical Soft-
ware: Release of 14.2 College Station, TX:
StataCorp LP.) was utilized to analyze
the data. The Kolmogorov—Smirnoff test
helped assess normality. The representta-
tions of quantitative data included the range,
median, standard deviation, and mean.
Moreover, the student t-test was done to
analyze the data to make comparisons
between the means of two groups in the
case of the normal distribution of the
data. In the case of the lack of data’s

3. Results

This study aims to investigate if or whe-
ther there is a connection between serum
lipid levels and primary angle-closure
glaucoma. 200 patients with ACG were
included in this study. There were 125
females (62.5%) and 75 males (37.5%).
the mean age + SD was 55.15 + 5. 200
patients with ACG were included in this
study. There were 125 females (62.5%)
and 75 males (37.5%). the mean age = SD
was 55.15 * 5. Table (1) reveals that control
participants had considerably greater HDL
and LDL levels than the ACG group, while
triglycerides were considerably greater in
the ACG group than in the control group.
Regarding the cholesterol level, it was
higher among the control group, but with
a non-significant difference. The intraocular
pressure was significantly higher among
the ACG group than the control subjects
(being 26.72 + mmHg among ACG com-
pared to only 13.55 £2.61 mmHg among
the controls). According to the data shown
in this tab. (2), the percentage of patients
in the ACG group who had abnormal
HDL and triglyceride levels was noticeably
greater than that of the control subjects.
On the other hand, although the vast
majority of ACG and control subjects had
abnormal LDL and cholesterol, the diffe-
rences were non-significant. Table (3)
shows that there was a negative, weak,
and highly significant correlation between
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50 (cataract {40}, missed {10} with a
final sample of 200 control subjects.

normal distribution, the Mann-Whitney
test was utilized. Comparisons were made
between categorical data using the chi-
square test. The Spearman’s correlation
coefficient was employed to report corre-
lations between lipid levels and IOP. The
analyses of linear regression were adopted
to determine the correlation between the
levels of lipid and IOP. To determine the
risk factors of ACG, logistic regression
analyses were carried out. The P-value
<0.05 was significant.

IOP and LDL in the ACG group patients.
The association between 10P and trigly-
ceride level, on the other hand, was modest,
positive, and significant. The HDL and cho-
lesterol showed non-significant correlations
to the IOP. Table (4) shows that there
were positive, weak, and significant corr-
elations between IOP and each of the
HDL and cholesterol levels in the control
group. On the other side, the LDL and
triglyceride showed non-significant correl-
ations to the IOP. Table (5) shows that
the LDL showed a highly significant and
negative linear relation to the IOP in the
ACG group, depending on both unadjus-
ted (univariate) and adjusted (multivariate)
linear regression analysis. The HDL showed
positive linear relation only in the adjus-
ted regression coefficient. Other variables
(triglycerides and cholesterol) showed
non-significant linear relation to the 10P.
Table (6) shows that the HDL showed
significant and positive linear relation to
the IOP in the control group, depending on
both unadjusted (univariate) and adjusted
(multivariate) linear regression analysis.
Other variables (triglycerides, LDL, and
cholesterol) showed non-significant linear
relation to the IOP. Table (7) shows that
the LDL showed a highly significant
inverse relation to the 10P, depending on
both unadjusted (univariate) and adjusted
(multivariate) logistic regression analysis.



The HDL showed significant inverse rel- and cholesterol) showed non-significant
ation only in the non-adjusted regression logistic relation to the IOP.
coefficient. Other variables (triglycerides

Table 1: Serum lipids levels and 10P of the ACG and the control groups.

Variable ACG (N=200) Control (N=200)
HDL (mg/dL)
= Mean (SD) 36.55+23.75 43.2+22.21 0.0004
= Median (range) 28 (8:100) 40 (10:98)
LDL (mg/dL)
= Mean (SD) 166.64+73.81 218.74+117.21 0.0001
= Median (range) 150 (65:400) 211 (44:533)
Triglyceride (mg/dL)
= Mean (SD) 216.68+82.13 212.47+80.02 0.0001
= Median (range) 211 (99:600) 190 (52:512)
Cholesterol (mg/dL)
= Mean (SD) 258.02+107.94 270.31+114.06 0.15
= Median (range) 255 (100:600) 283.5 (100:522)
I0OP (mm Hg)
= Mean (SD) 26.72+3.02 13.55+2.61 <0.0001
= Median (range) 27 (18:39) 13 (8:19)
Table 2: Serum lipids levels of the ACG and the control groups.
Variable ACG (N=200) Control (N=200)
HDL (mg/dL)
= Normal 84 (42.00%) 108 (54.00%) 0.02
= Abnormal 116 (58.00%) 92 (46.00%)
LDL (mg/dL)
» Normal 48 (24.00%) 54 (27.00%) 0.49
= Abnormal 152 (76.00%) 146 (73.00%)
Triglyceride (mg/dL)
= Normal 88 (44.00%) 110 (55.00%) 0.03
= Abnormal 112 (56.00%) 90 (45.00%)
Cholesterol (mg/dL)
= Normal 72 (36.00%) 80 (40.00%) 0.41
= Abnormal 128 (64.00%) 120 (60.00%)
Table 3: Correlation between 10P and Serum lipids levels in the ACG group
Serum lipids \ Correlation coefficient ® P value
HDL 0.10 0.16
LDL -0.32 <0.0001
Triglyceride 0.15 0.03
Cholesterol 0.07 0.30
Table 4: Correlation between 10P and serum lipids levels in the control group
Serum lipids Correlation coefficient (r)
HDL 0.28 <0.0001
LDL 0.11 0.11
Triglyceride 0.08 0.23
Cholesterol 0.17 0.02
Table 5: Univariate and multivariate linear regression analysis of IOP-serum lipid levels correlation in ACG
' Serum lipids =~ Unadjusted-regression ~ P-value ~ Adjusted-regression ~ P-value
coefficient (95% confidence coefficient (95% confidence
interval) interval)*
HDL 0.01 (-0.007:0.03) 0.23 0.03 (0.01:0.04) 0.001
LDL -0.02 (-0.02:-0.01) <0.0001 -0.02 (-0.03:-0.02) <0.0001
Triglyceride 0.003 (-0.002:0.008) 0.24 -0.004 (-0.008:0.0008) 0.11
Cholesterol 0.001 (-0.002:0.005) 0.51 0.0003 (-0.003:0.004) 0.85

* adjusted to other serum lipid levels (B) beta from regression
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Table 6: Univariate and multivariate linear regression analysis of 10P-serum lipid levels correlation in
the control group.
Serum lipids

P-
value

Unadjusted-regression P-value
coefficient (95% confidence

interval)

Adjusted-regression coefficient
(95% confidence interval)*

HDL 0.03 (0.01:0.04) 0.001 0.03 (0.01:0.05) 0.001
LDL 0.001 (-0.002:0.004) 0.71 -0.002 (-0.006:0.001) 0.21
Triglyceride 0.002 (-0.002:0.007) 0.30 0.003 (-0.002:0.007) 0.26
Cholesterol 0.003 (-0.007:0.006) 0.12 0.001 (-0.003:0.004) 0.60

* adjusted to other serum lipid levels (B) beta from regression

Table 7: Univariate and multivariate logistic regression analysis for the correlation of the serum lipid

levels-AGG
Unadjusted OR (95%

Serum lipids

1 (0)
Adjusted OR (95% .

confidence interval)

confidence interval)*

HDL 0.987 (0.978:0.996) 0.004 0.991 (0.981:1.001) 0.07
LDL 0.994 (0.992:0.997) <0.0001 0.995 (0.992:0.997) <0.0001
Triglyceride 1.001 (0.998:1.003) 0.60 0.999 (0.997:1.002) 0.69
Cholesterol 0.999 (0.997:1.001) 0.27 1.001 (0.998:1.002) 0.63

* adjusted to other serum lipid levels. (OR) is odds ratio

4. Discussion

The purpose of this research is to inv-
estigate whether or not there is a link that
is can be correlated between the presence
of PACG and the levels of serum lipids.
After the investigation of the key demog-
raphic, medical, and lifestyle co-variables,
we found that only the serum triglyceride
was higher in PACG cases than in the
case of the control group. There was a
statistical significance at (p-value < 0.01)
for triglyceride. On the other hand, the
control group had higher levels of HDL,
LDL, and cholesterol than the PACG
group. A statistically significant difference
was found for both HDL and LDL levels
at p-value <0.01. In addition, the serum
CHOL, HDL, and triglyceride levels related
with the IOP levels positively, while the
serum LDL negatively correlated. In the
control group, all parameters of LDL
positively correlated with the 10P level.
The correlation was statistically significant
only for LDL in the study group, and for
HDL in the control group. The findings
of our research highlighted that higher
serum HDL, cholesterol, and triglyceride
are accompanied by a significantly higher
risk of PACG. The results agree with
previous studies [8,9]. PACG pathogene-
sis is complicated, containing anatomical
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and physiological indices [10.11]. More-
over, the dissociation of lipid metabolism
is a valuable risk factor for cardiovascular
injuries, and is contributed to several eye
affections [12]. Prior work indicated that
the deterioration of lipid metabolism or
dyslipidemia is connected with various
cases of adult glaucoma [13]. Edwards et
al. [14] stated that endogenous lipid might
be included in regulating IOP homeostasis.
Moreover, Tang et al. [15] found that
triglycerides appeared with high values,
denoting one of the independent risk fac-
tors of POAG. Furthermore, the literature
documented glaucoma-LDL-C correlation
[16,17]. Yilmaz et al. [16] indicated the
enhancement of triglycerides and choles-
terol indices in low-tension glaucoma.
Lee et al. [18] showed the correlation of
dyslipidemia with POAG’s presence and
development. Other papers [19-21] also
noted substantial differences in the trab-
ecular mesh, aqueous humor types, and
lipid concentrations in glaucoma patients
and animal models compared to the control
group, indicating a relationship between
glaucoma and lipid levels. These results
agree with the findings of this paper that
dyslipidemia correlated with PAGG’s Sev-
erity and occurrence. Until now, the process




by which dyslipidemia enhances the risk
of glaucoma onset and progression has
not been defined well. Ishikawa et al. [22]
reported that the increase in blood viscosity
and peripheral venous pressure were ass-
ociated with high serum lipid levels and
declined aqueous outflow. Recently, Wang
et al. [12] documented that the lipid
metabolic deterioration might alter hem-
odynamics as well as destruct the aqueous
humor outflow, causing the elevation of
IOP. Other studies documented that hyp-
erlipidemia might elevate blood viscosity,
impairing the aqueous humor circulation
pathway and inducing an increase in the
intraocular pressure that can produce
glaucoma [23,24]. Furthermore, the elev-
ation of serum lipid indices could produce
degenerative alterations in ocular blood
vessels, inducing an elevation in producing
reactive oxygen species and oxidative stress
that initiates glaucoma [21]. Kim et al.
[25] declared that the enhancement of
LDL-C concentrations might elevate blood
viscosity, thus impacting the eye’s micr-
ocirculation and encouraging producing
glaucoma. Many authors did not point to
the major confounders connected between

5. Conclusion

the levels of lipids and 10P, e.g., BMI, di-
abetes, or relevant medications, including
statins that strongly relate to IOP. In this
study, the univariate and multivariate reg-
ression analysis illustrated a statistically
significant relation between LDL and VLDL
levels with 10P in patients with PACG.
HDL levels indicated a strong connection
with 10P in the controls. Additionally,
LDL and VLDL concentrations significantly
correlated with the risk of PACG occur-
rence. This study had some limitations and
constraints. Firstly, this research was carried
out in the form of a cross-sectional and
case-control study. In addition, the capacity
to pinpoint the precise mechanism behind
the relationship between PACG and serum
lipid levels is severely lacking. Thus, we
could not accurately infer the causal relation
between the PAGG and the serum lipid
levels. Secondly, the participants were
Egyptians only, limiting the findings” uni-
versality. Thirdly, we neglected the lipid-
lowering drugs treatment and the way
they could impact the findings of the
test. Thus, further multicenter prospect-
ive studies with larger samples should be
conducted.

According to the results of our research, the serum triglyceride levels of the PACG were
noticeably greater than those of patients who had been assigned to the control group. Higher
serum HDL and cholesterol were significantly correlated with PACG.
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