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Purpose. To describe corneal endothelial characteristics, central corneal thickness, and intraocular pressure in a population
of Chinese age-related cataract patients and to determine the effects of age, gender, hypertension, and body mass index
(BMI). Methods. 1551 eyes were examined preoperatively. The parameters measured were endothelial cell density (CD),
average cell area (CA), coefficient of variation (CV), cell hexagonality (HEX), central corneal thickness (CCT), intraocular
pressure (IOP), and axial length (AL). Results. There were significant differences in CV and BMI between genders. There
was a significant decrease in CD, CCT, and IOP and, conversely, an increase in CA and BMI with increasing age. The
patients who suffered from hypertension had bigger CA, less CD, and lower HEX than the patients who did not suffer
from hypertension. CD has a negative correlation with age and CV and a positive correlation with CCT, CCT has a
positive association with CD and IOP, and IOP had a negative relationship with age and a positive relationship with
CCT, CA, and HEX. Conclusions. Normative data for the corneal endothelium, central corneal thickness, and intraocular
pressure in the normal age-related cataract patients are reported which will serve as a baseline for comparative studies
about cataract.

1. Introduction

Age-related cataract remains the most common cause of
blindness throughout the world [1, 2]. At present, cataract
extraction is the only treatment option available which is
the most frequently performed in the world. It is well estab-
lished that cataract extraction decreases the number of
corneal endothelial cells, which can lead to corneal edema,
even bullous keratopathy when endothelial cell density
significantly decreases. The degree to which the endothelial
cell is affected depends on many factors, such as surgical
technique, phacoemulsification energy, use of ophthalmic

viscoelastic devices [3–5], and preexisting corneal endothelial
cell characteristics. Because the human corneal endothelium
is a single layer of predominantly six-sided cells with a
limited regenerative capacity in vivo [6–8] which can stop
aqueous humor into the extracellular space and it is crucial
for maintaining corneal clarity, it is significant to know the
corneal endothelial cell status of cataract patients before
surgery. In this study, we described the preoperative central
corneal endothelium cells as a baseline study for a clinical
trial on age-related cataract surgery.

Many factors have been documented to affect the
morphologic features of corneal endothelial cells such as
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age [9–11], gender [12–15], different ethnic groups [12–16],
central corneal thickness [17], axial length [18–22], diabetes
mellitus [23–25], ocular trauma [26], intraocular surgery,
and various diseases.

This prospective study reported corneal endothelial
characteristics, intraocular pressure, and central corneal
thickness in normal age-related cataract patients and defined
the impacts of gender, age, hypertension, and BMI on these
parameters.

2. Materials and Methods

This study was a cross-sectional study that was conducted
between January 2016 and December 2016. 1551 eyes of
1269 age-related cataract patients between 40 and 96 years
of age were examined preoperatively with noncontact specu-
lar microscopy at The Second People’s Hospital of Jinan in
Shandong province, China. The 1269 patients were of the
same Chinese ethnic origin, the Han Nationality, and were
the inhabitants of the Shandong region.

2.1. Selection Criteria. The patients were normal age-related
cataract patients who were in good general health and had
a negative history of intraocular surgery, corneal surgery,
ocular trauma, increased intraocular pressure, pseudoexfolia-
tion syndrome, glaucoma, uveitis, keratopathy, myopia,
diabetes mellitus, contact lens wear, and other diseases that
may have caused cataract. Because the opacity of the lens
could affect the results of eye refraction, we selected patients
by reference to the axial length of the eye. The patients whose
axial length of the eye was greater than 25mm were excluded
from the study. Hypertension patients were included in the
study whose blood pressure was controlled and stable. Our
study was performed in accordance with the tenets of the
Declaration of Helsinki and informed consent was obtained
from all patients.

2.2. Examinations. Routine examinations included height,
weight, slit-lamp examination, intraocular pressure, and axial
length. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured with a mercury sphygmoma-
nometer on the left arm between 9:00 am and 11:00 am.
Height and weight were measured by using a height and
weight scale, and body mass index (BMI) was calculated as
weight/height2. Axial length was measured with A-scan
biometry. IOP was measured three times with a noncontact
tonometer (Canon TX-F, Canon, Tokyo, Japan) between
9:00 am and 11:00 am, and the mean value was used for
analysis. All the patients underwent an examination with a
noncontact specular microscope (Topcon, SP3000P, Tokyo,
Japan) to evaluate the endothelial cell density (CD), average
cell area (CA), coefficient of variation (CV) in cell area, cell
hexagonality (HEX), and central corneal thickness (CCT).
These parameters provided an index of the functional status
of corneal endothelial layer.

The SP3000P is a noncontact optical instrument and
one of the most popular instruments used in clinical prac-
tice—simultaneously providing pachymetric measurements
and specular microscopy. In this study, the measurements

were obtained in the semiautomatic mode of the instru-
ment and three examiners who were trained by the same
instructor performed all measurements. The patient’s head
was positioned on the chin rest, and the patient was asked
to look straight ahead into the built-in fixation target.
Three images from the central cornea were taken, and
the best image was saved for analysis. The examiner
hand-digitized the center of each cell in a contiguous
group of 50 cells at least. CD, CA, CV, HEX, and CCT
were automatically evaluated and calculated by a computer
program incorporated into the instrument.

2.3. Data Handling and Statistical Analysis. Linear regression
analysis was used to determine the changes in endothelial cell
parameters, CCT, and IOP with age, and an unpaired t-test
was used to compare all these parameters between sexes.
Multivariate linear regression was performed to explore the
association between CD, IOP, CCT (dependent factor), and
other parameters (independent factors), respectively. All
statistical analyses were performed using SPSS 18.0 statistical
analysis software, and P values less than 0.05 were considered
as statistically significant.

3. Results

A total of 1551 eyes of 1269 patients were enrolled in the
study. Mean values for the parameters measured are shown
by gender in Table 1. The mean age, mean CCT, mean
IOP, and mean AL were 69.6± 11 years (range 40–96 years),
515.1± 33μm (range 467–611μm), 14.5± 3mmHg (range
6.5–21mmHg), and 23.2± 1.7mm (range 19.9–25mm),
respectively. The mean CD, mean CA, mean CV, and mean
HEX were 2454± 473.2 cells/mm2 (range 899–4016 cells/
mm2), 427.5± 107.4μm2 (range 371–666μm2), 36.3± 13.4%
(range 20–59%), and 52± 26% (range 18–100%), respec-
tively. The mean BMI, mean SBP, and mean DBP were
23± 2.8 kg/m2 (range 20–24 kg/m2), 127.2± 16.2mmHg
(range 90–155mmHg), and 81.2± 10.1mmHg (range 60–
100mmHg), respectively. There were no statistically sig-
nificant differences in age, CD, CA, HEX, CCT, IOP,
SBP, DBP, and AL between genders (all P values> 0.05).
However, there were significant differences in CV and
BMI between genders (both P values< 0.05). Men had a
CV and a BMI that were higher than those of women
(CV: female 35.3± 12.5%; male 36.9± 15%) (BMI: female
22.8± 2.7 kg/m2; male 23.2± 2.9 kg/m2). There were 6 eyes
(0.39%) with CD below 1000 cells/mm2, 26 eyes (1.68%) with
CD below 1500 cells/mm2, 182 eyes (11.73%) with CD below
2000 cells/mm2, and 196 eyes (12.64%) with CD above 3000
cells/mm2. For most of the eyes (75.63% of the 1551 eyes), the
CD was between 2000 and 3000 cells/mm2.

The endothelial cell parameters, CCT, IOP, and AL, in
different age groups are shown in Table 2. Regression analy-
sis showed that with the increase in age there was a statisti-
cally significant decrease in CD (R = −0 173, P < 0 0001),
CCT (R = −0 086, P < 0 001), and IOP (R = −0 127,
P < 0 0001) and conversely an increase in CA (R = 0 147,
P < 0 0001) and BMI (R = 0 137, P < 0 001). There was a
gradual increase in the rate of cell loss with advancing age,
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except for the seventh and eighth decades of life. The highest
rate of cell loss was noted in the last decade of life (≥90 years
old) in the studied population (1.69%). In addition, the
change in AL, CV, and HEX were not found to be dependent
on age (all P values> 0.05).

In Table 3, the subjects were classified into two groups
according to whether or not they have suffered from hyper-
tension. There were statistical differences in age, CD, CA,
HEX, and BMI between two groups (all P values< 0.05).
The patients who suffered from hypertension were much
older, had bigger CA and BMI, less CD, and lower HEX than
the patients not suffering from hypertension. There were no
statistical differences in CCT, IOP, CV, and AL between
two groups (all P values> 0.05).

The relationship among age, sexes, HBP, AL, CCT,
CD, CA, CV, HEX, and BMI was studied using multiple-
factor regression which was performed using CD, CCT,
and IOP as dependent factor, respectively, and other
parameters as independent factors. The results revealed
that CD has a negative correlation with age (P = 0 001),
CA (P < 0 001), and CV (P = 0 003); a positive correlation
with CCT (P = 0 044); and no correlation with other param-
eters (P > 0 05) (Table 4). IOP had a negative relationship
with age (P < 0 001) and AL (P = 0 011) and a positive rela-
tionship with CCT, CA, CV, and HEX (P < 0 05) (Table 5).
CCT has a positive association with CD (P = 0 044) and
IOP (P < 0 001) (Table 6).

4. Discussion

Many studies have been published to describe the rela-
tionship of endothelial cell density and morphology to age
[9–15], gender [12–15], and ethnicity [12–16] in different
populations. In this study, the subjects were normal age-
related cataract patients who all were Han Nationality inhab-
itants of the Shandong region. Because corneal endothelial
cell status could be affected by systemic and ocular conditions
[18–20, 23–25], our subjects were in good general health and

had a negative history of intraocular surgery, corneal surgery,
ocular trauma, increased intraocular pressure, pseudoexfolia-
tion syndrome, glaucoma, uveitis, keratopathy, high myopia,
diabetes mellitus, contact lens wear, and other diseases that
might cause cataract. The aim was to have a better under-
standing of corneal endothelial morphologic features in
normal age-related cataract patients. Based on our sample
size, we were confident that the analysis of cell data reflected
real features in the population of the Shandong region.

It is well known that the density of the corneal endothe-
lial cells was a pivotal factor in maintaining long-term
corneal transparency. A normal cell density was crucial for
maintaining normal function [6]. When the number of
corneal endothelium fell below a critical number, it would
cause bullous keratopathy. Some studies have described
“at-risk” endothelial cell densities as being less than 2000
cells/mm2 [26, 27]. Some studies have showed the endo-
thelial cell density of 1000 cells/mm2 as the threshold for
acceptable risk [28]. In this study population, the mean
CD was 2454± 473.2 cells/mm2. Most patients (75.63%)
had normal CD values (2000~3000 cells/mm2), few patients
(11.73%) had low CD values (<2000 cells/mm2), and very
few patients (0.39%) had “threshold” CD values (<1000
cells/mm2) who might not tolerate cataract surgery because
of the risk of corneal endothelial decompensation. In addi-
tion to the endothelial cell density, polymegethism (CV),
and polygonality (HEX) were also important parameters of
the corneal endothelium which had been used as the index
of the extent of variation in cell area and in cell shape. A high
HEX and low CV were also seen as an indicator of a healthy
corneal endothelium. In this study, the mean CV and mean
HEX were 36.3± 13.4% and 52± 26% which were consistent
with other research [14, 29–31].

Previous studies have found that there was a continuous
cell loss of 0.3%–0.5% per year roughly [32–34] and an
increase in CA and CV [12, 13, 15] with increasing age. In
this study, there was a statistically significant decrease in
CD and an increase in CA with increasing age. CD had a

Table 1: Characteristics of the subjects.

Male
(n = 718)

Female
(n = 833) P

Total
(n = 1551)

Mean± SD Mean± SD Mean± SD
Age (yr) 69.2± 12.1 70.0± 9.9 0.15 69.6± 11
AL (mm) 23.22± 1.9 23.18± 1.5 0.19 23.2± 1.7
IOP (mmHg) 14.6± 2.9 14.5± 3 0.74 14.5± 3
CCT (μm) 514.2± 30.9 516± 34.7 0.29 515.1± 33
CA (μm2) 432.3± 118.2 423.4± 97 0.10 427.5± 107.4
CD (cells/mm2) 2458.2± 510.3 2450.5± 438.9 0.75 2454± 473.2
CV (%) 36.9± 15 35.3± 12.5 0.02 36.3± 13.4
HEX (%) 50.7± 26.2 53.2± 25.7 0.06 52± 26
SBP (mmHg) 127.8± 16.9 126.6± 15.6 0.15 127.2± 16.2
DBP (mmHg) 81.6± 10.5 80.9± 9.6 0.17 81.2± 10.1
BMI (kg/m2) 23.2± 2.9 22.8± 2.7 0.005 23± 2.8
AL: axial length; IOP: intraocular pressure; CCT: central corneal thickness; CA: average cell area; CD: endothelial cell density; CV: coefficient of variation in cell
area; HEX: cell hexagonality; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index.
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negative correlation with age, CA, and CV. The rate of cell
loss was 0.58% per year which was a little bit higher than that
described in other studies. There was a higher loss of cells in
the sixth and ninth decade of life, and the highest rate of loss
was in the ninth decade. The variation in the cell loss rate in
different age groups in our studies was not exactly the same
to the results in other studies [12–16]. The reason for the
difference may be related to our different studied populations
and different age groupings. In this study, the subjects were
aged from 40 to 96 years who were divided into six age
groups and the '70s decade, '80s decade, and '90s decade were
divided separately into three age groups. When those three
groups were merged into one group, the rate of cell loss
would de decreased, similar to that described in other studies.
In addition, the change in AL, CV, HEX, SBP, and DBP were
not found to be dependent on age in our studied population.
The above results indicated that most normal age-related
cataract patients had the number of corneal endothelial cells
which was sufficient for cataract surgery. However, due to
some unclear reasons, there were still a small number of
normal patients whose corneal endothelial cells were reduced
in different degrees. These demonstrated that the routine
endothelial cell density examination preoperatively was very
necessary for age-related cataract patients, especially for the
patients over the age of 90 who had less endothelial cell
density and harder crystal nucleus relatively.

The relationship between genders and endothelial cell
characteristics was different in different studies. Some inves-
tigators reported differences between sexes [12–15], but
others did not find any statistically significant differences
between them [35–37]. In this study, 1551 subjects
included 718 eyes from male and 833 eyes from female.
There were no statistically significant differences in age,
CD, CA, HEX, CCT, IOP, SBP, DBP, and AL between
genders (all P values> 0.05), except for CV and BMI.
Men had a CV and a BMI that were higher than those
of women (Table 1).

There are many hypertensive patients in people with
senile cataract. Our study included some hypertensive
patients whose blood pressure was controlled and stable.

Previous studies on the effect of blood pressure on corneal
endothelium were few, and these studies showed that there
were differences between the corneal endothelium in patients
with hypertension and those without hypertension [38–40].
In this study, 890 eyes were from hypertensive patients and
661 eyes were from the patients without hypertension
(Table 3). We compared these two groups and found that
the hypertensive patients were much older, had bigger CA
and BMI, less CD, and lower HEX than the patients without
hypertension. Our results were consistent with the previous
results. These results suggested that we should pay special
attention to the protection of endothelial cells in cataract
surgery for hypertensive patients.

Central corneal thickness and intraocular pressure are
very important parameters for the eyes. Previous studies
have examined the relationship between CCT, IOP, and
age in different normal populations. The results showed
a positive association between CCT and IOP [41–44],
but found the distributions of CCT and IOP with age con-
flicting. Some results suggested that CCT is independent of
the age [45–47], some results indicated that CCT decreases
with age [48–50], some studies reported a positive correla-
tion between increasing age and IOP [51–54], and some
studies reported an inverse relationship of age and IOP
[55, 56]. In this study, there was also a positive correlation
between CCT and IOP (Tables 5 and 6). The regression
analysis showed that with increase in age there was a
significant decrease in both CCT and IOP (Table 2), while
the multiple-factor regression analysis showed that IOP
had a negative association with age but CCT had no
correlation with age. Therefore, we could determine that
the influence of age, CCT, and IOP is complex and cannot
be examined in isolation.

Previous articles have confirmed that high intraocular
pressure could lower the endothelial cell density [55–57],
and when the amount of corneal endothelium was reduced
to a certain extent, it could lead to corneal edema, increased
corneal thickness, and even corneal decompensation. Many
studies have been conducted to investigate a possible cor-
relation between central corneal thickness and endothelial
cells in various diseases [58–60], but little was known
about the relationship between central corneal thickness,
intraocular pressure, and endothelial cells in normal cata-
ract eyes. In this study, multivariate regression analysis
showed that CCT and CD were positively correlated
(Tables 4 and 6) and IOP and CD were not significantly
correlated (Tables 4 and 5). The results suggested that
we should pay attention to the CCT value if the CD value
was abnormal in the preoperative examination.

In conclusion, our values derived from a relatively large
studied population established a normative database for
endothelial parameters, CCT and IOP, in age-related cataract
patients of Shandong province. For normal age-related
cataract patients, age and CCT were both the main determi-
nant in CD, while IOP, AL, BMI, and HBP seemed to have no
effect on it. But IOP and HBP had effects on other corneal
endothelial characteristics, such as CA, CV, and HEX. The
results will aid clinical research in cataract surgery. Further
clinical research of the same population should be

Table 3: Comparison between the mean values of age, AL, IOP,
CCT, CA, CD, CV, HEX, and BMI in the patients with
hypertension (group 1) and the patients without hypertension
(group 2).

Group 1 (n = 890) Group 2 (n = 661) P
Mean± SD Mean± SD

Age (yr) 72.74± 9.37 67.34± 11.52 0.000

AL (mm) 23.23± 0.94 23.16± 0.86 0.133

IOP (mmHg) 14.39± 3.11 14.64± 2.76 0.101

CCT (μm) 515.92± 34.95 514.07± 30.17 0.276

CA (μm2) 434.99± 118.39 417.46± 89.67 0.001

CD (cells/mm2) 2423.82± 494.32 2494.71± 440.25 0.003

CV (%) 36.56± 20.98 35.14± 17.13 0.154

HEX (%) 50.59± 26.25 54.03± 25.42 0.010

BMI (kg/m2) 23.27± 2.93 22.79± 2.74 0.001
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undertaken to give the preoperative and postoperative
changes of these parameters. Further research of other dif-
ferent populations with diseases such as glaucoma, uveitis,
high myopia, and diabetes mellitus should be undertaken
to give different results.
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