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Objective: To investigate macular vascular changes and underlying influencing factors
using optical coherence tomography angiography (OCTA) after phacoemulsification in
patients with cataracts.

Methods: Patients diagnosed with cataracts at the First Affiliated Hospital of Anhui Medical
University from March to September 2019 were included. The macular retinal thickness, the
microvascular density in the foveal, parafoveal, and perifoveal area, and the area of the
foveal avascular zone (FAZ) were measured using OCTA at baseline, 1-week, 1-month, and
3-month post-operation.

Results: Forty-seven cataract patients (58 eyes) were eligible for this study. Compared with
baseline thickness, the foveal, parafoveal, and perifoveal thicknesses, particularly in the inner
retina, significantly increased at 1- and 3-month post-operation (P<0.05). There was
a nonsignificant difference in the microvascular density of the foveal and perifoveal areas
at 1-week, 1-month, and 3-month post-operation (P>0.05). At 1-month post-operation, the
deep vessel density at the perifovea significantly increased (P<0.05). The FAZ area signifi-
cantly diminished at 1- and 3-month post-operation compared with the baseline data
(P<0.05).

Conclusion: Phacoemulsification offers a satisfactory efficacy response, with an increased
macular thickness, reduced FAZ area, and nonsignificant changes in the microvascular
density at the perifovea after surgery.

Keywords: cataracts, phacoemulsification, optical coherence tomography, macular
thickness, microvascular density

Introduction

Phacoemulsification with intraocular lens implantation for cataracts is one of the
most common ophthalmic surgeries to improve the visual quality of cataract
patients.' Several studies have reported that changes in macular vascular density
and blood flow areas after phacoemulsification may affect the recovery of visual
acuity.” However, current studies mainly focus on the efficacy of phacoemulsifica-
tion in pulsatile ocular blood flow changes or retinal macrovascular changes. The
reaction of microvascular networks in response to the therapy is unclear, and there
is still controversy about the effects of phacoemulsification on the macular thick-

ness and microvascular changes in cataracts.”
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Though recent studies have not provided sufficient evi-
dence to figure out how the microvascular system changes in
the macula after cataract surgery, most of them have sug-
gested that damages to the blood-retinal barrier (BRB) are
the most important cause of macular edema after surgery.’
Ferrari et al* proposed that phacoemulsification energy might
lead to macular edema after surgery. Fundus angiography
revealed that greater energy from the surgery or longer
operation time would pose a higher risk of BRB dysfunction
in the operated eye, which are two popular indicators to
measure the ultrasonic emulsification energy level at present.
Due to dispersed energy distribution throughout the operative
field and period, observation of the two single measurements
cannot accurately reflect the ultrasonic energy level from the
whole. The cumulative dissipated energy (CDE) is the aver-
age phacoemulsification power multiplied by total phacoe-
mulsification time. This algorithm describes the ultrasonic
energy level more accurately® and aids in the monitoring of
energy delivery to the macula intraoperatively.

Optical coherence tomography angiography (OCTA) is
the latest microvascular imaging method widely used in
retinal microvascular imaging.® OCTA using the frequency
division based decorrelation algorithm can yield retinal
three-dimensional (3D) microvascular images. This non-
invasive, high-resolution technique is superior in exemp-
tion from contrast agent injection, high-speed imaging to
capture blood flow, and 3D imaging of microvascular
structures at different depths, compared with traditional
angiographic techniques. So it has wider applicability.

In this work, we investigated changes in macular ret-
inal thickness and microvascular blood flow using OCTA
after phacoemulsification in cataract patients and modulat-
ing factors, aiming to explore the underlying mechanism
of microvascular changes affecting the visual quality of
patients after phacoemulsification.

Materials and Methods

General Data

A total of 50 patients (61 eyes), including 25 males (29 eyes)
and 25 females (32 eyes), who underwent phacoemulsification
at the First Affiliated Hospital of Anhui Medical University
from March to September 2019 were included. If a patient
required cataract surgery in both eyes, only the operated eye
was included. Patients were eligible for this study if they (1)
had an intraocular pressure < 21 mmHg (1 kPa = 7.5 mmHg)
in the affected eye, (2) showed the absence of severe cataracts
or unstable head fixation affecting OCTA signal acquisition,

and (3) reported no history of other ocular diseases (such as
uveal tract, retina, glaucoma), systemic diseases like diabetes,
and previous intraocular surgery. All patients agreed to parti-
cipate in the study and signed an informed consent form. The
permission of this study was conformed to the principles of the
Declaration of Helsinki. Preoperative eye examinations con-
sisted of an assessment of visual function, slit lamp examina-
tion, ftrifacetoscopy, non-contact intraocular pressure
measurement, as well as axial length and other measurements
from the IOLMaster. The nuclear hardness was graded (grades
1-4) in terms of nuclear color and lens opacity using the
Emery-Little classification system. The phacoemulsification
time and energy of each patient were recorded throughout
the surgery, and macular retinal thickness and microvascular
blood flow were examined using OCTA before surgery and at
1-week, 1-month, and 3-month post-operation. All measure-
ments were performed at 9:00-12:00 am to minimize the
influence of diurnal variation. Fifty patients (61 eyes) com-
pleted the follow-up examination at 1 week, 49 cases (60 eyes)
at 1 month, and 47 cases (58 eyes) at 3 months. Therefore, 47
patients (58 eyes) were eligible for this study. In accordance
with the principles of the Declaration of Helsinki, all subjects
provided informed written consent prior to participation. The
Ethics Committee of Chaohu Hospital of Anhui Medical

University approved this study.

Methods

Surgical Procedures

Phacoemulsification was performed using the Alcon-Infiniti
Vision System (Irish Health, USA). After the topical anesthetic
20 g'L™" lidocaine was instilled into the eye, a 2.2 mm clear
corneal self-sealing incision was made. Once the posterior
capsule tear appeared, pieces of lens nucleus were extracted,
and the residual lens cortex was removed using phacoemulsi-
fication. After lens materials were completely removed,
sodium hyaluronate was injected into the anterior chamber,
and a foldable intraocular lens was implanted in the capsular
bag. Postoperatively, tobramycin dexamethasone and 5 g-L ™"
levofloxacin eye drops were given four times a day for 2
weeks, and pranoprofen eye drops four times a day for 4
weeks.

OCTA Imaging

OCTA was performed using RTvue-XR Avanti OCT (Optovue
RTVue XR Avanti; Optovue, Inc., Fremont, CA, USA) that ran
at a speed of 70,000 A-scans per second. The split-spectrum
amplitude-decorrelation angiography (SSADA) algorithm was
implemented to enhance visualization of the macular
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vasculature and obtain OCTA images (304x304 pixels). The
OCTA system utilized a light source centered on a wavelength
of 840 nm and a bandwidth of 50 nm. Patients with the
repeatability of OCTA parameters > 40 could be included in
our study. OCT scans were performed from the inner limiting
membrane (ILM) to the retinal pigment epithelium (RPE). The
fovea (@ = 1 mm), parafovea (@ = 3 mm), and perifovea (& =
6 mm) were three circular areas.

The macular retinal thickness referred to the average
thickness of the macula, and the entire retinal thickness
(full thickness) was the distance from the ILM to the RPE-
Bruch’s membrane complex. The retina between the ILM
and the outer boundary of the inner plexiform layer (IPL)
was the inner retina, and that between the outer boundary
of the IPL and the RPE-Bruch’s membrane complex the
outer retina. The OCTA system could automatically yield
the three average thicknesses: full, inner retinal layer, and
outer retinal layer thicknesses (FT, IRLT, ORLT).

As for the determination of macular retinal microvascular
density, OCTA images of the deep and superficial retinal
layers were used for analysis in this study. The superficial
retina was defined as 3 um below the internal limiting mem-
brane (ILM) to 15 pm below the inner plexiform layer (IPL),
and the deep retina as 15-70 pm below the IPL. The macular
blood flow and the area of the foveal avascular zone (FAZ)
were analyzed using OCTA images and Image J software.

All scans were performed by one experienced physician
(zhanghui) to ensure the consistency and accuracy of OCTA
data. It has been reported that lens opacities have
a significant influence on retinal blood flow measurements
in OCTAand should be considered in quantitative vessel
analysis.” Thus, in order to avoid the influence of lens
opacity on evaluation of macular structure using OCTA,
the signal values of OCTA of each patient were all above Q5.

And signal values of OCTA of each patient were above Q5.
Patients were allowed to undertake examinations at 9:00—
12:00 am under constant room lighting to eliminate the influ-
ence of diurnal variation and light intensity on macular
thickness.

Statistical Analysis

SPSS 17.0 statistical software was used for statistical analy-
sis. All data were expressed as means + standard deviation
(SD). Baseline and postoperative data were compared using
repeated-measures analysis of variance, followed by Fisher’s
LSD test for pairwise comparison. The Chi-square and #-test
were used for comparisons between different groups.
A p-value < 0.05 was considered statistically significant.

Results

Clinical and Demographic Characteristics
Of the 58 eyes (47 patients, average age: 66.26 = 11.92
years, range: 32—85 years), the preoperative best-corrected
visual acuity (BCVA) was 0.25 = 0.14 (0.02-0.60), the
axial length was 23.79 + 1.40 (21.32-28.42) mm, the mean
nuclear hardness grade was 2.26 + 0.54 (grades 1-4), the
effective phacoemulsification time (EPT) was 0.93 £+ 0.55
(0.14-2.97) s, and the mean phacoemulsification energy
was 22.65%+6.97% (7.50-32.80%). The eyes were strati-
fied into two energy level groups, with the first 29 eyes
into the low-energy group and the last 29 into the high-
energy group. The CDE (phacoemulsification energy x
phacoemulsification time) of the low-energy group was
0.11 + 0.06, significantly lower than that of 0.32 = 0.12
in the high-energy group (P < 0.05). Besides, the intrao-
cular pressure of all patients at 1- and 3-months post-
operation (14.53 £ 3.30 and 13.74 + 2.86 mmHg) signifi-
cantly decreased compared with the baseline level (15.86 +
3.67 mmHg) (both P < 0.05).

Comeparisons of Nuclear Hardness and
Postoperative BCVA Between Low-
versus High-Energy Groups

The number of eyes with grade 3 nuclear hardness in the
high-energy group was significantly higher than that in the
low-energy group (P < 0.05). The postoperative BCVA of
the low-energy group was higher than that of the high-
energy group at 1-week (0.83 £ 0.17 vs 0.70 + 0.16, P <
0.05) and 1-month (0.86 + 0.14 vs 0.77 £ 0.16, P < 0.05)
post-operation. However, there was a nonsignificant dif-
ference in postoperative BCVA between the two groups at
3 months (P > 0.05), as revealed in Table 1.

Changes in Foveal, Parafoveal, and
Perifoveal Retinal Thickness Before and
After Surgery

Compared with preoperative values, the FTs at the fovea,
parafovea, and perifovea significantly increased at 1- and
3-month post-operation (P < 0.05) (Table 2). Representative
images of the macular retinal thickness were shown in
Figure 1. The IRLTs increased more tremendously at the
parafovea and perifovea at 1- and 3-month post-operation (P
< 0.01), and changes in ORLTs were nonsignificant except

for a mild decrease in the perifoveal region.
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Table | Comparisons of Nuclear Hardness and Postoperative BCVA Between Low- and High-Energy Groups
Low-Energy Group High-Energy Group 7t P
(n=29) (n=29)
Lens grade
Grade 2 19 6 11.560 0.003
Grade 3 19
Grade 4 | 2
BCVA
Baseline 0.29+0.13 0.27+0.10 0.638 0.526
|-week post-operation 0.83£0.17 0.70+0.16 2951 0.005
I-month post-operation 0.86+0.14 0.77+0.16 2.226 0.030
3-month post-operation 0.88+0.13 0.81+0.14 1.975 0.053
Table 2 Changes in Foveal, Parafoveal, and Perifoveal Retinal Thickness Before and After Surgery
Macular Thickness/pm P
Baseline I Week I Month 3 Months
Full thickness
Fovea 265.5+£52.5 261.3£28.6 275.3+46.7+* 275.6x31.5%F 0.05
Parafovea 321.4+£26.0 325.8£18.2 334.4£23.0% 335.7£19.9%* <0.01
Perifovea 286.3£23.5 285.3%16.9 292.7+18.2% 294.1£19.8*% 0.001
Outer retinal layer thickness
Fovea 223.4+57.4 204.8+29.4 220.7+£37.0 219.0£22.9 0.073
Parafovea 237.8+40.8 223.6%23.6 225.3%£19.8 226.3+20.2 0.064
Perifovea 196.4+23.6 184.2+13.0%* 186.5£10.0* 189.4+12.2 0.001
Inner retinal layer thickness
Fovea 50.0+£36.4 53.4+14.3 55.5£14.3 60.3+26.6 0.292
Parafovea 84.8+25.2 103.4£17.7%* 109.3+13.2%* 1 14.1£24.9%* <0.01
Perifovea 92.3%£10.2 102.6£12.1%* 107.7£11.2%* 108.9£19.8%* <0.01

Notes: *P<0.05, **P<0.01, versus baseline.

Changes in Macular Retinal Microvascular

Density at the Parafovea and Perifovea

Compared with baseline levels, there were no significant
changes in the superficial microvascular density in the par-
afoveal and perifoveal regions at 1-week, 1-month, and
3-month post-operation (P > 0.05). Representative image of
the superficial microvascular density were shown in Figure 2.
The deep microvascular density in the parafoveal and peri-
foveal regions merely showed a slightly increasing trend, but

the deep microvascular density at the fovea significantly
increased at 1 month (P < 0.05), as shown in Table 3.

Changes in the FAZ Area Before and

After Cataract Surgery

The FAZ area at 1-month post-operation was 0.42 =+
0.23 mm?, significantly smaller than the preoperative value
of 0.73 £ 0.91 mm?* (P < 0.05). The FAZ area at 3 months
(0.34 + 0.17 mm?) also pronouncedly decreased compared
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Figure | Representative images of the macular retinal thickness. (A) Baseline; (B) |-week; (C) I-month; (D) 3-month.

with the baseline level (P < 0.05). Representative images of
the FAZ area were shown in Figure 3.

Comparisons of Foveal Retinal
Thicknesses Between Low- versus
High-Energy Groups

There were no significant differences in foveal retinal
thicknesses in terms of FT, IRLT, and ORLT between
the low- and high-energy groups at baseline (P > 0.05).
Neither were variations between them postoperatively (P
> 0.05), as shown in Table 4.

Comparisons of Microvascular Blood
Flow in the Central Fovea Between Low-
versus High-Energy Groups

There was a nonsignificant difference in the microvascular
blood flow in the central fovea between the low- and high-
energy groups preoperatively (P > 0.05). Neither were

changes between them at the three follow-up time points (P
> (0.05), as shown in Table 5.

Comparison of the FAZ Area Between

Low- versus High-Energy Groups

Also, there were nonsignificant differences in the FAZ area
between the low- and high-energy groups at baseline and
the three follow-up time points (P > 0.05), as shown in
Table 6. However, there were decreases in the FAZ area
after surgery in each group.

Discussion

This study demonstrates changes in macular retinal thickness
and vasculature using OCTA after phacoemulsification.
There were remarkable increases in retinal thicknesses in
the macular area, especially at the inner retina, and the deep
microvascular density in the parafoveal and perifoveal
regions tended to increase nonsignificantly after surgery.
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Figure 2 Representative images of the superficial microvascular density. (A) Baseline; (B) |-week; (C) I-month; (D) 3-month.

Besides, there were decreases in the FAZ area after surgery.

The underlying effect of influencing factor, ultrasound

energy from phacoemulsification, on the macula was

explored by stratifying patients into the low- and high-

energy groups. The postoperative BCVA in the high-energy
group was seemingly not as good as that in the low-energy
group but without a significant difference between the two

groups at 3-month post-operation. No significant differences

Table 3 Changes in the Macular Retinal Microvascular Density at the Parafovea and Perifovea

Macular Retinal Microvascular Density/% P
Baseline I Week I Month 3 Months
Superficial microvascular density
Parafovea 43.3+7.8 41.3+6.2 42.8+5.6 42.2+5.7 0.643
Perifovea 47.248.6 45.3+5.6 46.0+4.8 45.4+4.6 0.565
Deep microvascular density
Parafovea 43.2%13.2 45.5+9.9 48.9+8.2 46.4+9.6 0.130
Perifovea 37.219.9 40.1+9.3 43.94£8.2%* 40.8+8.2 0.012

Notes: **P<0.01, versus baseline.
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Figure 3 Representative images of the FAZ area. (A) Baseline; (B) |-week; (C) I-month; (D) 3-month.

were found in postoperative foveal retinal thicknesses and
microvascular blood flow between the two energy level
groups.

Macular edema is one of the main complications after
phacoemulsification for cataracts considered to have an
impact on the recovery of postoperative visual function in
cataract patients. It is mainly manifested in changes in the
foveal retinal thickness and macular microvasculature after
surgery.® In this study, markedly increased IRLT after pha-
coemulsification may delay the recovery of the visual acuity
in patients. There is no ascertainment on the mechanism
upon which phacoemulsification leads to increased retinal
thicknesses in the macula. Some studies have suggested that
an increase in the macular retinal thickness may result from
BRB damages.’ Vitreous detachment that occurs during
surgery can result in vitreomacular traction, which further

damages the BRB more severely.” Excessive release of
inflammatory factors, on the other hand, is also a potential
cause of BRB disruption. Evidence shows significant
increases in pro-inflammatory proteins such as chemokine
2 and interleukin-1P in the neurosensory retina of mice
following lens extraction, which are believed to cause vaso-
dilatation, contributing to BRB disruption.'® Other studies
reported that increased permeability of capillaries in the
macula and decreased barrier function of retinal pigment
epithelial cells might also lead to macular retinal edema,
featuring increased retinal thickness.!' Therefore, how to
minimize inflammatory responses at the macula intraopera-
tively to avoid vitreomacular traction and mitigate macular
edema are worthy of further study and discussion for
a speedy recovery of visual acuity in cataract patients after

surgery.
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Table 4 Comparison of Foveal Retinal Thickness Between Low- versus High-Energy Groups

Low-Energy Group (n=29) High-Energy Group (n=29) 7t P

Inner retinal layer thickness

Baseline 45.29+14.74 50.52+44.56 0.589 0.558

I-week post-operation 54.04+11.27 52.67+18.13 0.338 0.737

I-month post-operation 53.29+18.67 54.63%15.71 0.288 0.774

3-month post-operation 49.25%12.61 55.78+11.59 1.997 0.051
Outer retinal layer thickness

Baseline 214.21£33.37 226.15+40.20 1.200 0.236

I-week post-operation 217.68+57.94 200.96+39.30 1.248 0.218

I-month post-operation 214.79+58.1 1 223.30+37.00 0.645 0.522

3-month post-operation 220.61+23.16 212.96+25.22 1171 0.247
Full thickness

Baseline 260.57+31.41 268.19+36.72 0.827 0.412

I-week post-operation 261.00+24.07 257.22+35.77 0.461 0.647

I-month post-operation 268.43+72.69 270.15+42.31 0.107 0915

3-month post-operation 270.68+24.98 275.89+34.76 0.640 0.525

Table 5 Comparisons of Microvascular Blood Flow in the Central Fovea Between Low- versus High-Energy Groups

Low-Energy Group (n=29) High-Energy Group (n=29) 7t P

Superficial layers

Baseline 10.01+7.87 9.29+11.29 0.276 0.784

I-week post-operation 15.02+9.03 11.06+6.92 1.823 0.074

I-month post-operation 14.92+9.65 11.62+7.71 1.396 0.168

3-month post-operation 15.99£10.53 12.69£10.26 1.178 0.224
Deep layers

Baseline 21.41£13.92 18.94+14.96 0.632 0.530

I-week post-operation 15.0249.03 11.06£6.92 1.823 0.074

I-month post-operation 14.9249.65 11.62£7.71 1.396 0.168

3-month post-operation 15.99£10.53 12.69£10.26 1.178 0.244

Table 6 Comparison of the FAZ Area Between Low- versus High-Energy Groups

Low-Energy Group (n=29) High-Energy Group (n=29) 7t P
Baseline 0.49+0.57 0.79+0.83 1.557 0.125
I-week post-operation 0.38+0.41 0.45+0.21 0.760 0.450
I-month post-operation 0.36+0.20 0.44+0.21 1.356 0.181
3-month post-operation 0.33£0.16 0.39+0.26 1.171 0.247

Our results merely revealed slightly increasing trends
in the deep microvascular density at the parafovea and
perifovea, as well as enhanced pulsatile ocular blood
flow after phacoemulsification, which might attribute to

the decreased mean intraocular pressure.” Other studies

reported that the fundus pulsation amplitude decreases
with intraocular pressure increases.'? Therefore, our find-
ing that the intraocular pressure at 1- and 3-month post-
operation was significantly lower than the baseline levels

can partly explain the vascular changes in the macular
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area. Hilton et al® reported that increased ocular pulsatile
blood flow after cataract surgery was beneficial; however,
whether this aids in a slower progression of diabetic reti-
nopathy is unclear. Another possible cause of macular
vascular changes is an increase in the amount of light
after cataract surgery, as supported by pieces of evidence
that cataracts may block 18% to 40% of light at different
wavelengths.'® Increased light exposure may also have
some association with the relatively high incidence of
postoperative macular degeneration.'* Whether increased
light can also lead to more activity and more metabolic
demand in the retina, which in turn leads to an increase in
blood flow, is unclear and needs to be demonstrated by
further studies.

This study also reported a decreasing trend in the FAZ
area. The FAZ is an avascular area in the center of the fovea
surrounded by a capillary ring. The FAZ area is crucial to the
central visual function, and once affected, it may result in
varying degrees of visual loss.'> Studies have shown that
a larger FAZ area is associated with the severity of capillary
occlusion and nonperfusion in the macular region of the
retina.'® A recent study reported a negative correlation
between the degree of FAZ enlargement and visual acuity
loss in patients with diabetic retinopathy, and similarly, there
was also a decreasing trend in the FAZ area after surgery.'’
Zhao et al'® reported that the FAZ area decreased by 27%
three months after phacoemulsification, and there might link
to the good recovery of visual acuity. Consistently, our study
found remarkable decreases in the FAZ area at 1 and 3
months after phacoemulsification, which may explain the
improved visual quality of cataract patients. The exact reason
for the decrease in FAZ is not yet clear. Two explanations
should be suggested: (1) Reduction of retinal edema. Retinal
edema can promote angiogenesis to the center and reduce the
area of FAZ. Thus, the reduction of retinal edema may be one
of the reasons for the decrease in FAZ. (2) Change in refrac-
tive power. The myopia of the dense eyes of cataract patients
can shift up to 8 diopters, which may “falsely” increase the
area of FAZ. After phacoemulsification, the eye becomes
emmetropic and the area of FAZ may be decreased. Further
researches are needed to confirm these assumptions.

Besides, the visual acuity of patients in the high-energy
group was not as good as that in the low-energy group at
I-week and

I-month post-operation, notwithstanding

a nonsignificant difference in the visual acuity between the
two groups at 2 months. This may attribute to longer opera-
tion time alongside greater energy from phacoemulsification
in the high-energy group, which may lead to postoperative
corneal edema, incision astigmatism, aqueous flare, and
macular edema and consequently hinder a speedy recovery
postoperatively. In terms of the macular retinal thickness and
blood flow, no significant differences were found between
the low- and high-energy groups at 1-week, 1-month, and
2-month post-operation (P > 0.05). Consistently, Sourdille
et al'” and Cheng et al*® found that more severe retinal injury
was related to stronger ultrasonic energy during phacoemul-
sification. Wang et al’ performed a correlation analysis and
found that higher energy accumulation promoted nuclear
hardness of the lens. However, there was no significant
difference between the two groups in this study. Therefore,
considering that the majority of cataract nucleus hardness in
this study is grade II and III, the phacoemulsification energy
and phacoemulsification time used during the operation are
relatively small. Even in the high cumulative energy group,
The cumulative dissipated energy (CDE) is (0.32 + 0.12),
which showed a nonsignificant difference in macular retinal
blood flow between the low- and high-energy groups. This
finding suggests that during phacoemulsification, the inci-
dence of macular edema can be lowered by minimizing the
operation time and reducing ultrasound energy to diminish
the pruritus and damage of intraocular tissues.

This study had some limitations. First, this study is
a single-center study and only used data from a single
hospital. Thus, a selection bias may have been introduced.
Second, the sample size is relatively small, and the post-
short.
Therefore, larger multi-center studies with larger sample

operative observation period was relatively
sizes are recommended to confirm these results.
Phacoemulsification followed by intraocular lens
implantation offered amelioration, including increased
macular retinal thickness and decreased FAZ area, without
major variations in the microvascular density. Macular
edema induced by intraoperative energy accumulation
from phacoemulsification might hinder the postoperative
recovery of visual acuity within 1 month, and this effect
was nonsignificant at 3 months. The conclusion of our

study needs further validations by large-sample studies.
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