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Abstract

Background: This research was conducted with the aim to determine the effect of diabetes mellitus on corneal
endothelial cells.

Methods: The terms: (“diabetes mellitus” or “diabetes” or “diabetic”) and (“corneal endothelium” or “cornea” or
“Corneas”) searched in Pubmed, Embase, Cochrane, and Web of science until August 2019. The included types of
studies contained observational studies. The standard mean difference (SMD) which was deemed as main size
effects for continuous data was calculated by means and standard deviations. The data on corneal endothelial cell
density (ECD), mean cell area (MCA), cell area variation coefficient (CV) and percentage of hexagonal cells (HEX)
included in the study were collected and analyzed using stata15.1.

Results: The final 16 cross-sectional studies and 2 case-control studies were included for the meta-analysis. Meta-
analysis revealed that diabetes mellitus could reduce ECD (SMD = − 0.352, 95% CI -0.538, − 0.166) and the HEX
(SMD = − 0.145, 95% CI -0.217, − 0.074), in addition to increasing CV (SMD = 0.195, 95% CI 0.123, 0.268). Nevertheless,
there was no statistically significant differences observed when combining MCA (SMD = 0.078, 95% CI -0.022, 0.178).
In subgroup analysis, Type 2 diabetes patients owned less corneal ECD (P < 0.05). Moreover the same results also
found during the subgroup form Asia, Europe and American. The meta-regression revealed the type of diabetes
mellitus might be contributing to heterogeneity. (P = 0.008). The results indicated a significant publication bias for
studies, with combined CV (Begg’s test, P = 0.006; Egger’s test, P = 0.005) and merged combined HEX (Begg’s test,
P = 0.113; Egger’s test, P = 0.024).

Conclusions: As indicated by meta-analysis, diabetes mellitus could cause a detrimental effect on corneal
endothelium health. Diabetes mellitus contributed to the instability of corneal endothelium during the analysis.
Therefore, further research is considered necessary to confirm our research results.

Trial registration: CED 42019145858.
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Background
Corneal endothelium refers to a layer of hexagonal cells
located on the posterior surface of the cornea and is re-
sponsible for maintaining corneal transparency through
barrier and pump functions [1–3]. After birth, the number
of corneal endothelial cells will decline [4], and age is
known as a significant cause of endothelial cell loss, the
rate of which could reach 0.6% annually [5]. In addition,
trauma [6, 7], contact lens [8], infection [9], ultraviolet
light [10], smoking [11], intraocular surgery [12, 13] can
also lead to endothelial cell loss. Kudva’s study found that
diabetes patients lost an average of 27.5% endothelial cells
at 3 months after surgery, but not diabetes patients lost
18.3% [14]. Moreover, Diabetes may become a risk factors
the failure of donor tissue for DMEK [15]. The good
health of corneal endothelium is regarded as a guarantee
for postoperative recovery. However, the diabetic cornea
presents a high level of risk. Intraocular surgery results in
the extension of corneal edema and incision healing time,
and in some cases, can even cause corneal endothelium to
be decompensated [16]. As the corneal endothelium lacks
the capability of regeneration, the loss of corneal endothe-
lium will be compensated for by the expansion and migra-
tion of neighboring cells. The damage caused to
endothelial cells can lead to corneal stromal hydration and
vision loss, which can only be reversed by corneal trans-
plantation [17]. However, this could impose a heavy bur-
den on patients both financially and psychologically.
Diabetes is a universal health problem with a prevalence

ranging from 15.2 to 42.4% [18] and is estimated to be
among the seven leading causes of death by 2030 [19].
The detrimental effects of diabetes on the eyes include
diabetic retinopathy [20], cataract [21], glaucoma [22, 23],
and corneal diseases [24]. As for the cornea, the negative
effects include corneal epithelial lesions [25], increased
corneal thickness [26], while the extent of impact on the
corneal endothelium differs among previous studies. In
order to attract the attention of doctor, the corneal endo-
thelium is protected during the operation. Therefore, the
meta-analysis was conducted to investigate the density of
corneal endothelial cells (ECD), mean cell area (MCA),
cell area variation coefficient (CV), and the percentage of
hexagonal cells (HEX) in diabetes. In the meantime,
healthy people were also involved in assessing the effects
of diabetes on the corneal endothelium.

Method
This meta-analysis was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement checklist [27].

Search strategies and research options
The original documentations were retrieved from Med-
line, Cochrane, EMBASE, and Web of Science databases

as of August 1, 2019. Use terms: (“diabetes mellitus” or
“diabetes” or “diabetic”) and (“corneal endothelium” or
“cornea” or “Corneas”) for topic or mesh search. Two in-
vestigators (Zhang KK and Zhao LL) were deployed to
complete the preliminary screening of abstracts and ti-
tles independently. Then, each potential full-text study
was screened in line with the prescribed inclusion cri-
teria, and the references for included literature were
manually retrieved to find the literature with potential
relevance. Any disagreement was resolved by discussion
and consultation with a third author (Zhu C).
For the study, the inclusion criteria were set as follows:

1. Corneal endothelial studies in diabetes and healthy
people; 2.Observational studies published as original lit-
erature; 3. English literature published as of August 1,
2019; 4. Exclusion Intraocular surgery, eye diseases, in-
complete literature data, wearing contact lenses, in vitro
tests, trauma, case report, meeting, letter, and review.

Data extraction and evaluation of the quality
In order to minimize publication bias, two independent
authors (Zhang KK and Zhao LL) were deployed to ex-
tract the data based on a standardized collection. The col-
lected information includes the first author’s name, the
date of publication, race, country, age, gender, study de-
sign, measurement tool, type of diabetes mellitus, sample
size, corneal endothelial cell density (ECD), mean cell area
(MCA), cell area variation coefficient (CV). Mean value
and standard deviation were applied to calculate the
Standard Mean Difference (SMD). To evaluate the quality
of the induced study, The Newcastle-Ottawa scale (NOS)
was employed to assess the quality of the selected studies
[28]. Any disputes were resolved by discussion to reach a
consensus with a third author (Zhu C).

Statistical analysis
Stata15.1 software was applied to perform all of the stat-
istical analyses. Means and standard deviations of con-
tinuous outcomes were used to perform the calculation
of the Standard Mean Difference. A fixed-effects model
was applied in case of no apparent heterogeneity(I2<
50%)for the minimum deviation [29]. Otherwise, a
Table.1 random-effects model was applied. Subgroup
analyses and Meta-regression were conducted to identify
the source of heterogeneity. Moreover, a sensitivity ana-
lysis was carried out to determine whether some original
studies could be contributory to heterogeneity. Egger’s
test and Begg’s test were conducted to evaluate the po-
tential publication bias [45, 46]. The P < 0.05 was treated
as statistically significant.

Results
The entire process of study screening is illustrated in
Fig. 1. A total of 435 articles were identified using the
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four academic databases, of which 189 articles were
assessed after all duplicate ones were removed. Besides,
194 articles were excluded due to titles and abstracts.
The remaining 52 full-text articles were then assessed
for their eligibility. Finally, 16 articles [11, 30–44] includ-
ing 16 cross-sectional studies and 2 case-control studies
that could meet the inclusion criteria were included in
our meta-analysis through a review of the full text, of
which 36 were excluded as well because 2 articles were
not written in English, 10 articles were of incomplete
text, 4 articles contained the data that could not be ex-
tracted, and 20 articles were related to animal experi-
ments. Therefore, the existing 4470 samples included in
our meta-analysis involving 2887 cases and 1583 con-
trols. The range of sample size ranged from 28 to 1311.
There were 16 articles published in English between

1992 and 2018. Among the induced studies, 8 were from
Asia, 6 from Europe, and 2 from American. Table 1
summarized the details characteristics and NOS score of
the selected studies. (See Additional file 1).

Statistical analysis
Endothelial cell density
A meta-analysis of corneal endothelial cell density in-
cluded 18 studies involving 2887 cases and 1583 con-
trols. Heterogeneity was detected in the study (I2 =
85.7%) so that a random-effects model was applied. Ac-
cording to the analytical results, the density of corneal
endothelial cells in patients with diabetes was lower than
in the healthy population, which was of statistical differ-
ence. (SMD = − 0.352, 95% CI -0.538, − 0.166, P = 0.000).
(Fig. 2) The I2 value exceeded 50%, which evidences the

Table 1 summaries the characteristics and NOS score of the selected studies

Authors Year Race Country Sample size Gender(M/F) Age Study
design

Diabetes
mellitus
type

Measure tool NOS

Cases Controls Cases Controls Cases Controls

Keoliean
[30]

1992 Caucasians America 14 14 Nm Nm 33 ± 12 33 ± 10 CS Type 1 Widefieldspecular
microscope

6

Larsson [31] 1996 Caucasians America 49 20 Nm Nm 36 ± 12 36 ± 12 CS Type 1 Broomall Pa 6

60 20 Nm Nm 60 ± 10 59 ± 12 CS Type 2 Broomall Pa 6

Siribunkum
[32]

2001 Asians Thailand 60 60 20/10 20/10 60.0 ±
9.1

60.4 ±
11.7

CC Type 1
and 2

EM-1020 5

Inoue [33] 2002 Asians Japan 99 97 53/46 52/45 65.5 ±
7.5

67.6 ±
7.3

CS Type 2 NONCON ROBO CA 6

Cho o[34] 2010 Asians Malaysia 100 100 Nm Nm Nm Nm CC Type 2 SP-3000P 7

Jr [35] 2010 Caucasians Hungary 41 40 12/9 13/9 40.97 ±
15.46

40.45 ±
15.16

CS Type 1 EM-1000 7

59 60 10/20 15/15 64.36 ±
10.47

62.69 ±
13.38

CS Type 2 EM-1000 7

Sudhir [36] 2012 Asians India 1191 120 637/
554

58/62 54.8 ±
9.5

51.9 ±
8.7

CS Type 2 SP-8000 6

Paulsen
[37]

2013 Caucasians Denmark 107 128 51/56 49/79 72.1 ±
11.0

75.6 ±
8.9

CS Type 2 SP-2000P 6

Urban [38] 2013 Caucasians Poland 123 124 60/63 66/58 15.34 ±
3.06

14.58 ±
2.01

CS Type 1 SP-2000P 6

Arici [39] 2014 Caucasians Turkey 60 109 12/18 18/33 54.8 ±
9.6

53.3 ±
8.2

CS Type 2 SP-3000P 6

Wichi [40] 2015 Asians Thailand 171 156 41/49 34/56 58.49 ±
9.78

58.98 ±
13.12

CS Type 1
and 2

CS 4 4

Galgauskas
[41]

2015 Caucasians Lithuania 123 120 31/31 32/33 45.5 ±
13.4

45.4 ±
19.5.

CS Type 2 SP-9000 7

Wichai [42] 2016 Asians Thailand 271 82 63/85 16/30 61.04 ±
9.51

57.93 ±
11.30

CS Type 1
and 2

CS 4 5

Islam [43] 2017 Asians Pakistan 149 149 89/60 77/72 54.13 ±
9.97

52.01 ±
12.10

CS Type 1
and 2

SP-3000P 7

Amira [44] 2017 Caucasians Saudi 57 45 27/30 22/23 57.08 ±
8.37

50.80 ±
8.39

CS Type 2 EM-3000 5

Veysel [11] 2018 Caucasians Turkey 153 146 76/77 71/75 54.9 ±
6.6

53.9 ±
7.3

CS Type 2 SP-3000P 7

CS Cross-sectional, CC Case-control, NM Not Mention
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heterogeneity among these studies. Subgroup analyses
and meta-regression were conducted via the type of dia-
betes mellitus, study design, area, sample size, and the
year of publication, while measurement tool was applied
to identify the source of heterogeneity. It was found out
that it is in type 2 diabetes (SMD = − 0.341, 95% CI
-0.517, − 0.165) but not type 1 diabetes (SMD = − 0.685;
95% CI -1.390, 0.019), while type 1 and 2 diabetes

(SMD = − 0.101; 95% CI -0.386, 0.185) exhibited a sig-
nificant decline in ECD. When the measurement
tools were identified, the significant change was
observed in the non-contact specular microscope
group (SMD = − 0.423; 95% CI − 0.642, − 0.203) but
not in the contact specular microscope group
(SMD = − 0.158; 95% CI − 0.465, 0.149). Consider-
ing the year of publication, the studies published
after 2010 existed a significant difference (SMD = -
0.450, 95% CI -0.710, − 0.191) but not before
2010(SMD = -0.191, 95% CI -0.401, 0.019). At study
design subgroup, the significant result was ob-
tained in cross-sectional studies rather than case-
control studies. Besides, a subgroup analysis was
conducted by study design and sample size. Never-
theless, the groups, including (Europe, Asian,
American) and (size<200, size>200) were found to
produce a significant result. The details about the
subgroup analysis effect of diabetes mellitus on the
ECD is presented. As indicated by the results of
meta-regression, the type of diabetes mellitus
might be contributing to heterogeneity. (P = 0.008)
All results of the subgroup and meta-regression
analyses for ECD are shown in Table 2.

Mean cell area
The meta-analysis included a total of 9 studies involving
759 cases and 791 controls. No heterogeneity was de-
tected in the study (I2 = 46.6%) so that a fixed effect
model was applied. According to the analytical results,
the Mean cell area of the patients with diabetes was not
statistically different from that of the healthy population
(SMD = 0.078, 95% CI -0.022, 0.178, P = 0.126) (Fig. 3).

Fig. 1 The PRISMA diagram for systematic search and
screening process

Fig. 2 Forest plot of the effect of diabetes mellitus on ECD
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Cell area variation coefficient
The meta-analysis included a total of 16 studies involving 2641
cases and 1339 controls. No heterogeneity was detected in the
study (I2=44.6%), as a result of which a fixed effect model was
applied. The analytical results showed that the coefficient of vari-
ation of corneal endothelial cells in patients with diabetes was

higher than in the healthy population, with statistical differences
observed (SMD=0.195, 95% CI 0.123, 0.268, P=0.000) (Fig. 4).

Hexagonal cell percentage
Meta-analysis included a total of 16 studies involving
2664 cases and 1359 controls. There was no

Table 2 Subgroup analysis and meta-regression

Subgroup No.of
studies

Fixed-effects model Meta-regression Heterogeneity

SMD (95%) p-value P value I2 (%) P-value

All 18 −0.352(− 0.538, − 0.166) 0.000* 85.7% 0.000*

Diabetes mellitus type 0.008*

Type1 4 −0.685(−1.390,0.019) 0.057 89.3% 0.000*

Type2 10 −0.341(− 0.517,-0.165) 0.000* 73.2% 0.000*

Type 1 and 2 4 −0.101(− 0.368,0.185) 0.491 79.9% 0.002*

area 0.823

Europe 7 −0.501(−0.910,-0.092) 0.016* 92.6% 0.000*

Asia 8 −0.214(− 0.366,-0.061) 0.006* 63.0% 0.008*

American 3 −0.382(− 0.711,-0.053) 0.023* 0.0% 0.724

Study design 0.717

Cross-sectional study 16 −0.391(−0.579,-0.203) 0.000* 84.9% 0.000*

Case-control study 2 −0.027(− 0.946,0.892) 0.95 91.5% 0.001*

Sample size 0.285

< 200 10 −0.202(−0.379,-0.025) 0.026* 51.6% 0.029*

> 200 8 −0.494(− 0.793,-0.195) 0.001* 92.2% 0.000*

Publication year 0.842

< 2010 8 −0.191(−0.401, 0.019) 0.075* 54.4% 0.032*

> 2010 10 −0.450(− 0.710,-0.191) 0.001* 90.6% 0.000*

Measurement tool 0.438

Contact 12 −0.423(−0.642,-0.203) 0.000* 88.7% 0.000*

noncontact 6 −0.158(− 0.465,0.149) 0.312 61.5% 0.024*

* mean statistical difference

Fig. 3 Forest plot of the impact of diabetes mellitus on MCA
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heterogeneity detected in the study (I2 = 21.9%) so
that a fixed effect model was applied. The summary
analysis revealed that the percentage of corneal endo-
thelial hexagonal cells in patients with diabetes was
lower than in the healthy population, which exhibited
statistical differences. (SMD = − 0.145, 95% CI -0.217,
− 0.074, P = 0.000) (Fig. 5).

Sensitivity analysis
Sensitivity analysis, conducted by putting off one study
at a time, indicated that none of the studies led to a sig-
nificant change in the primary results, suggesting the
stability and reliance of the findings. (See
Additional file 2).

Publication bias
Both Egger’ and Begg’s tests were conducted to evaluate the
publication bias for four ECD, MCA, CV, and HEX. The re-
sults indicated a significant publication bias for studies, with
combined CV (Begg’s test, P = 0.006; Egger’s test, P = 0.005)
and merged combined HEX (Begg’s test, P = 0.113; Egger’s
test, P = 0.024). Nevertheless, there was no apparent publi-
cation bias for combining ECD (Begg’s test, P = 0.363;
Egger’s test, P = 0.669) and combining MCA (Begg’s test,
P = 0.754; Egger’s test, P = 0.648) (Table 3).

Discussion
Diabetes is known as a chronic disease associated with
multiple systems, and any part of the eye is susceptible

Fig. 4 Forest plot of the impact of diabetes mellitus on CV

Fig. 5 Forest plot of the impact of diabetes mellitus on HEX
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to its damage [47]. With the increasing number of intra-
ocular surgery, diabetic corneal health has attracted in-
creasing attention from ophthalmologists as it has the
potential to influence postoperative recovery. Though
there have been plenty of studies suggesting that dia-
betes damages corneal endothelium cell health, the
quantitative evidence to prove this influence still is lack-
ing. Therefore, a review was conducted of the published
studies, and a meta-analysis was conducted in this study
to make a more accurate estimate. According to the ana-
lysis, our results found that diabetes could damage cor-
neal endothelium cell health. Cataract surgery led to
more endothelium cells loss than healthy patients. So
doctor should protect corneal endothelium cells during
surgery.
The meta-analysis conducted by us combined 2 case-

control studies and 16 cross-sectional studies, involving
2887 cases and 1583 controls. It was revealed that dia-
betes mellitus could reduce endothelial cell density
(SMD = − 0.352, 95% CI -0.538, − 0.166). The I2 was
found to be relatively high in the analysis of endothelial
cell density, indicating obvious heterogeneity among
these analyses. Therefore, a random effect model was
chosen to minimize heterogeneity. In the subgroup ana-
lysis, the country-based subgroup analysis indicated a
high level of heterogeneity in Asia and Europe. By con-
trast, the level of heterogeneity was zero in the American
subgroup, suggesting that race might be a potential con-
tributing factor for heterogeneity. According to meta-
regression, the type of diabetes mellitus might be con-
tributory to heterogeneity, which is speculated to have
an association with the age of the patients involved in
the study. Despite the presence of heterogeneity, our
research revealed that diabetes could cause damage to
the corneal endothelium. According to our observa-
tions, a previous meta-analysis could confirm our infer-
ence, but the results of this meta-analysis were
inconsistent with our study. In the previous research,
the focus was placed on the perioperative corneal endo-
thelial research of diabetes and healthy patients with
cataracts. The included literature was biased, and the
data were insufficient. Therefore, this study was con-
ducted as a supplement to it [48]. As revealed by stud-
ies, diabetes mellitus causes the AGEs to accumulate
and excessive sorbitol accumulation in corneal endo-
thelium, thus resulting in cell loss [49].

In addition, our results also revealed that diabetes mel-
litus could reduce the percentage of hexagonal cells
(SMD = − 0.145, 95% CI -0.217, − 0.074), thus increasing
the coefficient of variation of cell area (SMD = 0.195,
95% CI 0.123, 0.268). However, a similar incidence was
shown when the mean cell area was analyzed (SMD =
0.078, 95% CI -0.022, 0.178). The I2 was found to be
relatively low in the analysis of percentage of hexagonal
cells, coefficient of variation of cell area and mean cell
area. Therefore, a fixed-effect model was chosen. With
corneal endothelium cells decreasing, the remaining cor-
neal endothelium cells would be filled by the expansion
and migration of neighboring cells. During the process,
the shape of corneal endothelium cells loses regularity,
thus causing an increase of CV and a decline of HEX.
Meanwhile, diabetes inhibits the activity of Na+/K+-
ATPase of the corneal endothelium, which plays a crit-
ical role in the maintenance of its structure [50].
Undeniably, the study is subject to some limitations.

Firstly, our scope of the search was limited to the pub-
lished articles, as a result of which those articles not
published yet or grey literature with a possibility of
meeting our inclusion criteria could have been dis-
counted. Secondly, our study was heterogeneous. Be-
sides, though subgroup analysis and meta-regression
were conducted, its effect remained limited. The in-
cluded articles were of low quality, and the number of
included articles was insufficient. Otherwise, bias could
have been detected by Begg’s test or Egger’s test. The
language of included articles was restricted to English so
that there might be another publication bias. Therefore,
large samples, multiple centers, and high-quality re-
search are deemed necessary for further research.

Conclusion
In summary, it was found out that diabetes could reduce
corneal endothelial cell density and the percentage of
hexagonal cells but increase CV, indicating that diabetes
causes the corneal endothelial cell to be unstable, which
has detrimental effects on corneal endothelial cells.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12886-020-01785-3.

Additional file 1. Quality assessment.

Additional file 2. Sensitivity analysis.

Abbreviations
ECD: Endothelial cell density; MCA: Mean cell area; CV: Cell area variation
coefficient; HEX: Percentage of hexagonal cells; Nm: Not mention; CS: Cross-
sectional; CC: Case-control; SMD: Standard Mean Difference

Acknowledgements
Not applicable.

Table 3 The result of publication bias estimation

Egger’s test Begg’s test

ECD 0.889 0.363

MCA 0.648 0.754

CV 0.005 0.006

HEX 0.024 0.113

Zhang et al. BMC Ophthalmology           (2021) 21:78 Page 7 of 9

https://doi.org/10.1186/s12886-020-01785-3
https://doi.org/10.1186/s12886-020-01785-3


Authors’ contributions
MZ, LZ, KZ, WN, XD and YD jointly worked out the design for the study. KZ
and LZ conducted literature search, literature screen, data extraction, quality
assessment, and statistical analysis. CZ conducted oversight on the process
and was responsible for resolving the disputes. KZ completed the
manuscript as revised by MZ, CZ, and YD. All of the authors have read and
approved the finalized manuscript.

Funding
The research was supported by Department of Science and Technology of
Jilin Province (No.20080163). The funder helped us design the study, analyze
data, write and revise the essay.

Availability of data and materials
The datasets used and/or analyzed during the current study are contributed
to by the corresponding author upon reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Received: 19 March 2020 Accepted: 21 December 2020

References
1. Bourne WM. Corneal endothelium–past, present, and future. Eye Contact

Lens. 2010;36:310–4.
2. Bonanno JA. Identity and regulation of ion transport mechanisms in the

corneal endothelium. Prog Retin Eye Res. 2003;22(1):69–94.
3. Bonanno JA. Molecular mechanisms underlying the corneal endothelial

pump. Exp Eye Res. 2012;95(1):2–7.
4. Li HC. Relation of the density and morphology of corneal endothelial cells

to age in the normal human eye. Zhonghua Yan Ke Za Zhi. 1985;21(3):152–
5.

5. Bourne WM, Nelson LR, Hodge DO. Central corneal endothelial cell changes
over a ten-year period. Invest Ophthalmol Vis Sci. 1997;38(3):779–82.

6. Kletzky DL, Parver LM, Mathers WD. Correlation of full-thickness corneal
wound length with endothelial cell loss. Ophthalmic Surg. 1992;23(5):342–6.

7. Fukami H, Laing RA, Tsubota K, Chiba K, Oak SS. Corneal endothelial
changes following minor trauma. Invest Ophthalmol Vis Sci. 1988;29(11):
1677–82.

8. Esgin H, Erda N. Endothelial cell density of the cornea during rigid gas
permeable contact lens wear. CLAO J. 2000;26(3):146–50.

9. Macdonald JM, Geroski DH, Edelhauser HF. Effect of inflammation on the
corneal endothelial pump and barrier. Curr Eye Res. 1987;6(9):1125–32.

10. Liu C, Vojnovic D, Kochevar IE, Jurkunas UV. UV-A irradiation activates Nrf2-
regulated antioxidant defense and induces p53/Caspase3-dependent
apoptosis in corneal endothelial cells. Invest Ophthalmol Vis Sci. 2016;57(4):
2319–27.

11. Cankurtaran V, Tekin K. Cumulative effects of smoking and diabetes mellitus
on corneal endothelial cell parameters. Cornea. 2019;38(1):78–83.

12. Bourne WM, Kaufman HE. Endothelial damage associated with intraocular
lenses. Am J Ophthalmol. 1976;81(4):482–5.

13. Bourne WM, Brubaker RF, O'Fallon WM. Use of air to decrease endothelial
cell loss during intraocular lens implantation. Arch Ophthalmol. 1979;97(8):
1473–5.

14. Kudva AA, Lasrado AS, Hegde S, Kadri R, Devika P, Shetty A. Corneal
endothelial cell changes in diabetics versus age group matched
nondiabetics after manual small incision cataract surgery. Indian J
Ophthalmol. 2020;68(1):72–6.

15. Greiner MA, Rixen JJ, Wagoner MD, et al. Diabetes mellitus increases risk of
unsuccessful graft preparation in Descemet membrane endothelial
keratoplasty: a multicenter study. Cornea. 2014;33(11):1129–33.

16. Goebbels M, Spitznas M. Endothelial barrier function after
phacoemulsification: a comparison between diabetic and non-diabetic
patients. Graefes Arch Clin Exp Ophthalmol. 1991;229(3):254–7.

17. Navaratnam J, Utheim TP, Rajasekhar VK, Shahdadfar A. Substrates for
expansion of corneal endothelial cells towards bioengineering of human
corneal endothelium. J Funct Biomater. 2015;6(3):917–45.

18. Zhao C, Wang W, Xu D, Li H, Li M, Wang F. Insulin and risk of diabetic
retinopathy in patients with type 2 diabetes mellitus: data from a meta-
analysis of seven cohort studies. Diagn Pathol. 2014;9:130.

19. Bikbova G, Oshitari T, Tawada A, Yamamoto S. Corneal changes in diabetes
mellitus. Curr Diabetes Rev. 2012;8(4):294–302.

20. Mizutani M, Kern TS, Lorenzi M. Accelerated death of retinal microvascular cells in
human and experimental diabetic retinopathy. J Clin Invest. 1996;97(12):2883–90.

21. Li L, Wan XH, Zhao GH. Meta-analysis of the risk of cataract in type 2
diabetes. BMC Ophthalmol. 2014;14:94.

22. Zhao D, Cho J, Kim MH, Friedman DS, Guallar E. Diabetes, fasting glucose,
and the risk of glaucoma: a meta-analysis. Ophthalmology. 2015;122(1):72–8.

23. Zhou M, Wang W, Huang W, Zhang X. Diabetes mellitus as a risk factor for
open-angle glaucoma: a systematic review and meta-analysis. PLoS One.
2014;9(8):e102972.

24. Han SB, Yang HK, Hyon JY. Influence of diabetes mellitus on anterior
segment of the eye. Clin Interv Aging. 2019;14:53–63.

25. Alves Mde C, Carvalheira JB, Módulo CM, Rocha EM. Tear film and ocular surface
changes in diabetes mellitus. Arq Bras Oftalmol. 2008;71(6 Suppl):96–103.

26. Busted N, Olsen T, Schmitz O. Clinical observations on the corneal thickness
and the corneal endothelium in diabetes mellitus. Br J Ophthalmol. 1981;
65(10):687–90.

27. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. Int J Surg. 2010;8(5):336–41.

28. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603–5.

29. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177–88.

30. Keoleian GM, Pach JM, Hodge DO, Trocme SD, Bourne WM. Structural and
functional studies of the corneal endothelium in diabetes mellitus. Am J
Ophthalmol. 1992;113(1):64–70.

31. Larsson LI, Bourne WM, Pach JM, Brubaker RF. Structure and function of the
corneal endothelium in diabetes mellitus type I and type II. Arch
Ophthalmol. 1996;114(1):9–14.

32. Siribunkum J, Kosrirukvongs P, Singalavanija A. Corneal abnormalities in
diabetes. J Med Assoc Thail. 2001;84(8):1075–83.

33. Inoue K, Kato S, Inoue Y, Amano S, Oshika T. The corneal endothelium and
thickness in type II diabetes mellitus. Jpn J Ophthalmol. 2002;46(1):65–9.

34. Choo M, Prakash K, Samsudin A, Soong T, Ramli N, Kadir A. Corneal changes
in type II diabetes mellitus in Malaysia. Int J Ophthalmol. 2010;3(3):234–6.

35. Módis L Jr, Szalai E, Kertész K, Kemény-Beke A, Kettesy B, Berta A. Evaluation
of the corneal endothelium in patients with diabetes mellitus type I and II.
Histol Histopathol. 2010;25(12):1531–7.

36. Sudhir RR, Raman R, Sharma T. Changes in the corneal endothelial cell density
and morphology in patients with type 2 diabetes mellitus: a population-based
study, Sankara Nethralaya diabetic retinopathy and molecular genetics study
(SN-DREAMS, report 23). Cornea. 2012;31(10):1119–22.

37. Storr-Paulsen A, Singh A, Jeppesen H, Norregaard JC, Thulesen J. Corneal
endothelial morphology and central thickness in patients with type II
diabetes mellitus. Acta Ophthalmol. 2014;92(2):158–60.

38. Urban B, Raczyńska D, Bakunowicz-Łazarczyk A, Raczyńska K, Krętowska M.
Evaluation of corneal endothelium in children and adolescents with type 1
diabetes mellitus. Mediat Inflamm. 2013;2013:913754.

39. Arici C, et al. The corneal endothelial morphology, density and central thickness
in type 2 diabetes mellitus. Turkiye Klinikleri J Med Sci. 2014;34(2):210–4.

40. Leelawongtawun W, Suphachearaphan W, Kampitak K, Leelawongtawun R.
A comparative study of corneal endothelial structure between diabetes and
non-diabetes. J Med Assoc Thail. 2015;98(5):484–8.

41. Galgauskas S, Laurinavičiūtė G, Norvydaitė D, Stech S, Ašoklis R. Changes in
choroidal thickness and corneal parameters in diabetic eyes. Eur J
Ophthalmol. 2016;26(2):163–7.

42. Leelawongtawun W, Surakiatchanukul B, Kampitak K, Leelawongtawun R.
Study of corneal endothelial cells related to duration in diabetes. J Med
Assoc Thail. 2016;99(Suppl 4):S182–8.

43. Islam QU, Mehboob MA, Amin ZA. Comparison of corneal morphological
characteristics between diabetic and non diabetic population. Pak J Med
Sci. 2017;33(6):1307–11.

Zhang et al. BMC Ophthalmology           (2021) 21:78 Page 8 of 9



44. El-Agamy A, Alsubaie S. Corneal endothelium and central corneal thickness
changes in type 2 diabetes mellitus. Clin Ophthalmol. 2017;11:481–6.

45. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

46. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50(4):1088–101.

47. Khan A, Petropoulos IN, Ponirakis G, Malik RA. Visual complications in
diabetes mellitus: beyond retinopathy. Diabet Med. 2017;34(4):478–84.

48. Tang Y, Chen X, Zhang X, Tang Q, Liu S, Yao K. Clinical evaluation of corneal
changes after phacoemulsification in diabetic and non-diabetic cataract
patients, a systematic review and meta-analysis. Sci Rep. 2017;7(1):14128.

49. Oriowo O. Profile of central corneal thickness in diabetics with and without
dry eye in a Saudi population optometry. Optom Vol. 2009;80:442–6.

50. Herse PR. Corneal hydration control in normal and alloxan-induced diabetic
rabbits. Invest Ophthalmol Vis Sci. 1990;31:2205–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhang et al. BMC Ophthalmology           (2021) 21:78 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Method
	Search strategies and research options
	Data extraction and evaluation of the quality
	Statistical analysis


	Results
	Statistical analysis
	Endothelial cell density
	Mean cell area
	Cell area variation coefficient
	Hexagonal cell percentage

	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

