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Abstract

Background Currently, there is still controversy about the differential changes in corneal endothelium function and
morphology after phacoemulsification between Diabetes Mellitus (DM) and non-Diabetes Mellitus (non-DM) patients.
In this study, we aimed to evaluate the influence of phacoemulsification on the corneal endothelium in DM and non-
DM patients.

Methods Databases of PubMed, Embase, Web of Science, and the Cochrane Library were searched for studies pub-
lished between January 1, 2011 and December 25, 2021. The weighted mean difference and 95% confidence interval
were used to estimate the outcomes of statistical analyses performed.

Results Thirteen studies involving 1744 eyes were included in this meta-analysis. No significant difference was
observed in the central corneal thickness (CCT), endothelial cell density (ECD), coefficients of variation (CV), or hex-
agonal cell percentage (HCP) between the DM and non-DM groups (CCT: P=0.91; ECD: P=0.07; CV: P=0.06; HCP:
P=0.09) preoperatively. The CCT was significantly thicker in the DM group at 1 month (P=0.003) and 3 months (P =
0.0009) postoperatively, and there was no significant difference at 6 months postoperatively (P = 0.26) than non-DM
group. The CV was significantly higher and HCP was significantly lower in the DM group at 1 month (CV:P < 0.0001,
HCP: P = 0.002), with no significant difference at 3 months (CV: P = 0.09, HCP: P = 0.36) and 6 months (CV: P = 0.32,
HCP: P = 0.36) postoperatively than non-DM group. DM patients had lower ECD than non-DM patients at all postop-
erative time points (1 month, 3 months: P<0.00001, 6 months: P<0.0001).

Conclusions The influence of phacoemulsification on corneal endothelial damage is greater in diabetic patients.
Moreover, the recovery of corneal endothelial function and morphology is delayed in these patients. Clinicians should
be more attentive to the corneal health of DM patients when considering phacoemulsification.
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Background

The global prevalence of diabetes mellitus (DM) is
;COFL?SPO”de”C@ increasing and predicted to rise to 10.2% by 2030 and
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most common surgical method being phacoemulsifi-
cation combined with intraocular lens implantation.
Although phacoemulsification is a well-established
method with few complications, there is still a risk of
damage to the corneal endothelium during the pro-
cedure. DM, in turn, is considered a risk factor for
increased corneal endothelial damage after cataract
surgery [4]. Corneal endothelial cells (CECs) of regular
size and hexagonal shape form neatly arranged mon-
olayers [5]. CECs rely on tight junctions and adherens
junctions, Nat/K*-ATPase pump activity for paracel-
lular fluid and ion transportation, and form an integral
barrier function that plays a key role in regulating cor-
neal hydration and maintaining corneal transparency
[6, 7].

Clinically, the following four parameters are mainly
used to evaluate the health status of the corneal endothe-
lium: central corneal thickness (CCT), endothelial cell
density (ECD), coefficients of variation (CV), and hexag-
onal cell percentage (HCP). The CCT is used as an index
to measure corneal endothelial function. The extent of
corneal swelling can be estimated by measuring its thick-
ness, and this parameter can be an indicator of the degree
of corneal damage that can even cause stromal edema [8].
In humans, where CECs have no regenerative ability, the
ECD decreases with age and then tends to be stable. Any
damage to CECs is mainly compensated by the expansion
and movement of adjacent cells [9]. The CV is an index
that reflects the size variability of the endothelial cell
area. The HCP refers to the change in the shape of hex-
agonal cells. The CV and HCP can reflect the repair and
healing process occurring upon endothelial cell damage;
whenever CECs are damaged, the remaining cells expand
and slide, showing an increase in cell size together with a
decrease of hexagonal-shaped cells [10].

The health status of the cornea will affect the postop-
erative recovery of cataract surgery. DM can affect the
health of the corneal endothelium [11]. It was suggested
that the cornea of diabetic patients is more likely to be
damaged after phacoemulsification [4]. In a previous
study, researchers systematically analyzed corneal prop-
erties early after phacoemulsification (within 3 months)
in diabetic and non-diabetic patients [12], although they
did not conduct subsequent follow-up studies. Currently,
there is still controversy about the long-term differen-
tial changes in corneal function and morphology after
phacoemulsification between diabetic and non-diabetic
patients. In this study, we aimed to evaluate the influence
and potential risks of phacoemulsification on the cornea
of diabetic and non-diabetic patients by reporting any
changes in the CCT, ECD, CV, and HCP within 6 months
after phacoemulsification. It is hoped to find the cause of
corneal endothelium related complications in diabetic
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patients after phacoemulsification, which is helpful for
clinical treatment.

Methods

Inclusion and exclusion criteria

The study included prospective studies. We included
patients (1) with and without diabetes who underwent
phacoemulsification and intraocular lens implantation,
(2) whose outcomes included at least one data index
of corneal properties (CCT, ECD, CV, and HCP), (3)
with no other systemic diseases except DM, (4) whose
blood glucose levels were stable, and (5) with no seri-
ous surgery-related complications. Patients with severe
ocular and systemic complications caused by DM were
excluded, such as those with proliferative diabetic retin-
opathy (PDR) and diabetic nephropathy. Those with
mature cataracts (brown/white), cataract grade V, or
other eye diseases were also excluded.

Search strategy and quality assessment

We selected relevant studies published between Janu-
ary 1, 2011 and December 25, 2021, by searching the
databases PubMed, Embase, Web of Science, and the
Cochrane Library (Trials Central). No language restric-
tions were applied. We used the following MeSH terms
and Text Words: The complete search used for Pub-
Med was: (((“Cataract”’[Mesh]) OR (Cataracts [Title/
Abstract])) OR (Lens Opacity* [Title/Abstract])) OR
(Opaciti*, Lens [Title/ Abstract])) OR (Cataract*, Mem-
branous [Title/Abstract])) OR (Membranous Cata-
ract* [Title/Abstract])) OR (Pseudoaphakia [Title/
Abstract])) OR (Phacoemulsification* [Title/Abstract])))
AND ((“Diabetes Mellitus’[Mesh]) OR (diabete* [Title
/Abstract]) OR (diabetic* [Title/ Abstract])) AND
((“Cornea”’[Mesh]) OR (Cornea* [Title/ Abstract])). Fil-
ters: from 2011/1/1 to 2021/12/25. Manual search was
conducted on the reference lists of published key articles
in English.

The quality of the selected studies was assessed using
the Newcastle—Ottawa Scale (NOS) CASE CONTROL
STUDIES, which includes three sections: selection (four
items, four points), comparability (one item, two points),
and exposure (three items, three points); a total of nine
points is achievable, with scores > 6 indicating good qual-
ity. Detailed items for the NOS are provided in Addi-
tional file 1.

Data extraction

Two independent investigators extracted the following
information: first author and country, publication year,
type of study, follow-up duration, patient age, number
of eyes, ascertainment criteria for DM and cataracts,
DM status (duration or fasting blood sugar or glycated
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hemoglobin [HbA1c]), presence of diabetic retinopathy,
and literature quality assessment scores.

Statistical analysis

A forest plot was constructed and statistical and sensi-
tivity analyses were performed using Review Manager
5.4.1. Sensitivity analysis was performed using the one-
by-one exclusion method. The weighted mean difference
(WMD) and 95% confidence interval (CI) were calculated
based on selected outcomes. P<0.05 was considered a
statistically significant difference. I? test and Cochran’s
Q test were used to evaluate heterogeneity. No heteroge-
neity was indicated by I*<50% and P> 0.1, and the fixed-
effect model was used to calculate pooled effect. If there
was significant heterogeneity, a random effect model was
used.

Publication bias estimate

Stata 14.0 was used for subgroup analysis and the publi-
cation bias test. The Egger’s test was used to estimate the
publication bias. P<0.05 was considered a statistically
significant publication bias. The trim-and-fill method
was used to evaluate the influence of publication bias on
the interpretation of the results.

1042 records identified in database searching:
PubMed (n=132), EMbase (n=417), Web of
Science (n=489), Cochrane Library (n=4)

Articles after duplicates removed (n=801)
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Results

Study selection

The literature selection process is shown in Fig. 1. In
total, 1042 relevant studies (PubMed 132, EMbase 417,
Web of Science 489, and Cochrane Library 4) were
retrieved. Next, they were screened based on redun-
dancy (801 studies remained), screening of topics (43
studies remained), and abstract information (22 studies
remained). Nine studies were excluded after reading the
full text: one with unknown glycemic control, one with
an incomplete outcome index, two in which patients had
serious DM complications (PDR surgery history, kidney
disease dialysis history), two in which the basic infor-
mation was not comprehensive, and three retrospective
studies. Finally, 13 studies [13-25], including 1744 eyes
(788 eyes in the DM group and 956 eyes in the non-DM
group), were selected for this meta-analysis.

Quality assessment of the included literature

According to the NOS, eight studies scored 7, and five
studies scored 8. All studies scored more than 6 points,
indicating that the quality of the included studies was
high. The characteristics of the included studies are pro-
vided in Table 1.

Articles after abstract reviewed(n=43)

"] obvious irrelevance (n=758).

Articles excluded based on title:

Articles full-text assessment (n=22)

Articles excluded (n=21): 3 Meta-analysis

and reviews, 2 conference abstracts, 5 were
inconsistent with the research purpose, 3 were
inconsistent with the follow-up time, 8 were
inconsistent with the surgical method.

Articles included for Meta-analysis (n=13)

Fig. 1 Workflow diagram of literature selection process

Excluded (n=9): 1 was with unknown glycemic
control, 1 outcome was incomplete, 2 were
severe complications of diabetes, 2 in which
basic information were not comprehensive, 3
were retrospective studies.
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DM Group Non-DM Group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI

Beato 2021 559 38 45 559 29 43 3.0% 0.00[-14.09, 14.09]

Budiman 2020 514 26.8 67 5119 315 86 6.9%  2.10[-7.15, 11.35] -

Chen (1) 2018 532.15 33.54 44 524.68 28.02 48  3.6%  7.47[-5.22,20.16] -

Chen (2) 2018 511.58 13.59 60 513.36 16.16 60 20.6% -1.78 [-7.12, 3.56] ™

Fernandez-Mufoz 2019 5716 483 21 559.7 411 21 0.8% 11.90 [-15.22, 39.02] -

Ganesan 2019 572 483 80 575 402 80 3.1% -3.00[-16.77,10.77] - 1

Hugod 2011 549 438 30 530 31.8 30 1.6% 19.00 [-0.37, 38.37] -

Khokhar 2019 522.85 18.32 54 52413 18.86 194 19.0% -1.28 [-6.84, 4.28] ™

Maadane 2019 507.64 16.5 47 506.73 18.82 47  11.5% 0.91[-6.25, 8.07] -1

Wang 2013 538 11.38 62 540 16.97 82 27.3% -2.00 [-6.64, 2.64] =

Zhao 2013 549.38 35.69 56 542.62 43.11 60 28% 6.76[-7.61,21.13] -1

Total (95% CI) 566 751 100.0%  -0.14 [-2.56, 2.28] g

Heterogeneity: Chi? = 8.39, df = 10 (P = 0.59); I = 0% -5:0 25 5 2’5 5’0

Test for overall effect: Z=0.12 (P = 0.91)

Favours [DM Group] Favours [Non-DM Group]

DM Group Non-DM Group Mean Difference Mean Difference
_Study or Subgroup ~~ Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Beato 2021 562 35 45 560 29 43 9.6% 2.00[-11.41,15.41] -
Budiman 2020 521.4 3141 67 5172 346 86 10.4% 4.20 [-6.24, 14.64] 1T
Chen (1) 2018 541.89 21.49 44 533.01 23.48 48 10.7% 8.88[-0.31, 18.07] —
Chen (2) 2018 540.27 20.79 60 506.49 9.05 60 11.5% 33.78[28.04, 39.52] -
Fernandez-Mufioz 2019 557.8 48 21 5433 41 21 5.8% 14.50[-12.50, 41.50] -1
Ganesan 2019 567 38.5 80 5528 442 80 9.7% 14.20 [1.36, 27.04] -
Khokhar 2019 533.28 12.72 54 531.49 1247 194 11.8% 1.79[-2.03, 5.61] ™
Maadane 2019 516.37 157 47 515.52 17.61 47  11.3% 0.85[-5.89, 7.59] T
Wang 2013 575.43 7.98 62 5527 9.62 82 11.9% 22.73[19.85, 25.61] -
Zhao 2013 588 63 56 544 54 60 7.2% 44.00[22.58, 65.42] -
Total (95% Cl) 536 721 100.0%  13.89 [4.79, 22.99] -
ity 2 = - Chiz = - Sz = + + + +
Heterogeneity: Tau? = 178.93; Chi> = 148.08, df = 9 (P < 0.00001); I* = 94% 50 25 0 25 50

Test for overall effect: Z = 2.99 (P = 0.003)

DM Group

Non-DM Group

Mean Difference

_StudyorSubgroup _Mean _ SD Total Mean SD Total Weight IV, Random,95% Cl

Favours [DM Group] Favours [Non-DM Group]

Mean Difference

IV, Random, 95% CI

Chen (2) 2018 5119 1571 60 50646 853 60 21.5% 5.44[0.92, 9.96) —

Femandez-Mufioz 2019 5652 47.2 21 5561 403 21  3.0% 9.10 [-17.44, 35.64]

Ganesan 2019 567 385 80 5528 442 80 9.3%  14.20[1.36,27.04] e

Hugod 2011 548 442 30 529 343 30 4.8% 19.00[-1.02, 39.02] T

Maadane 2019 516.37 157 47 51552 17.61 47 17.5% 0.85 [-5.89, 7.59] B

Sahu 2017 51557 17.84 60 51452 2756 60 14.9% 1.05 [-7.26, 9.36] I

Wang 2013 556.86 13.03 62 5447 98 82 226% 12.16[8.28, 16.04] -

Zhao 2013 566.32 4556 56 543.76 4464 60 6.6%  22.56[6.13, 38.99] EE—

Total (95% Cl) 416 440 100.0%  8.20 [3.34, 13.06] -

Heterogeneity: Tau? = 23.31; Chi? = 17.74, df = 7 (P = 0.01); 2= 61% _5’0 25 p 2’5 5’0

Test for overall effect: Z = 3.31 (P = 0.0009) Favours [DM Group] Favours [Non-DM Group]
DM Group Non-DM Group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% Cl 1V, Random, 95% ClI

Beato 2021 554 32 45 566 31 43 19.8% -12.00[-25.16, 1.16] S —

Chen (2) 2018 51344 161 60 502 428 60 39.3% 11.44[7.22, 15.66] &

Wang 2013 54957 9.69 62 5437 1151 82 40.8% 5.87 [2.40, 9.34] -

Total (95% Cl) 167 185 100.0%  4.51 [-3.38, 12.41] ’

Heterogeneity: Tau? = 36.58; Chi? = 12.62, df = 2 (P = 0.002); |2 = 84% ’_50 25 0 2’5 50‘

Test for overall effect: Z = 1.12 (P = 0.26)

Fig. 2 Forest plot of CCT in DM group and non-DM group

Meta-analysis outcomes
ccrt

In total, 11, 10, 8, and 3 studies were included preopera-
tively and 1 month, 3 months, and 6 months postopera-
tively, respectively. No significant difference was observed
in CCT between the groups preoperatively and 6 months

Favours [DM Group] Favours [Non-DM Group]

postoperatively (Fig. 2; preoperative: WMD =-0.14, 95%
CL -2.51-2.28, Z=0.12, P=0.91; 6 months postop-

eratively: WMD =4.51, 95% CI: -3.38-12.41, Z=1.12,
P=0.26). However, the CCT in the DM group was sig-
nificantly thicker than that in the non-DM group at
1 month and 3 months postoperatively (Fig. 2; 1 month
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IV, Fixed. 95% CI
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Mean Difference

DM Group Non-DM Group
_StudyorSubgroup ~~ Mean  SD Total Mean SD Total Weight
Beato 2021 2,408 362 45 2421 304 43 2.9%
Budiman 2020 2,5625.7 338.2 67 24817 3417 86 4.8%
Chen (1) 2018 2,783.57 2471 44 2,916.23 395.89 48 3.1%
Chen (2) 2018 2,743.56 109.23 60 2,742.14 10754 60 37.3%
Fernandez-Mufioz 2019 2,249 4087 21 2,173 4359 21 0.9%
Ganesan 2019 2,408.1 3453 80 23374 3636 80 4.7%
Hugod 2011 2,651 411 30 2,623 335 30 1.6%
Khokhar 2019 2,173.63 290.67 54 2,207.51 25323 194 7.7%
Li 2016 2,804.53 281.39 224 2,867.53 27751 227 21.1%
Maadane 2019 2,542 271 47 2593 249 47 51%
Sahu 2017 2,628.52 281.09 60 2,672.7 259.84 60 6.0%
Wang 2013 2,587.14 129.75 62 27265 157.3 82
Zhao 2013 2,835.35 267.67 56 2,896.47 317.07 60 4.9%
Total (95% CI) 788 956 100.0%

Heterogeneity: Chi? = 12.55, df = 11 (P = 0.32); I?= 12%
Test for overall effect: Z = 1.79 (P = 0.07)

-13.00 [-152.44, 126.44]
44.00 [-64.51, 152.51]
-132.66 [-266.35, 1.03]

1.42 [-37.37, 40.21]

76.00 [-179.56, 331.56]
70.70 [-39.18, 180.58]
28.00 [-161.74, 217.74]
-33.88 [-119.20, 51.44]

-63.00 [-114.59, -11.41]
-51.00 [-156.21, 54.21]
-44.18 [-141.04, 52.68]

Not estimable
-61.12[-167.66, 45.42]

-21.69 [-45.39, 2.00]

IV. Fixed. 95% CI

A,

Mean Difference
IV. Random, 95% CI

200 100 0

Favours [DM Group]

Mean Di

100 200
Favours [Non-DM Group]

fference

IV, Random. 95% CI

DM Group Non-DM Group
Study or Subgroup Mean SD_Total Mean SD Total Weight
Beato 2021 2,057 529 45 1,919 507 43 59%
Budiman 2020 1,667.3 553.8 67 1,773.3 5422 86 7.7%
Chen (1) 2018 2,334.85 356 44 2,611 393 48  8.9%
Chen (2) 2018 2,524.49 132.23 60 2,736.85 108.89 60 16.9%
Fernandez-Mufioz 2019 1,760 414.6 21 1,895 468.1 21 4.3%
Khokhar 2019 1,935 329.22 54 2,026.68 2982 194 12.9%
Li 2016 2,468.24 254.37 224 2,607.823 278.63 227 16.5%
Wang 2013 2,274.14 205.19 62  2,568.6 83.99 82 16.2%
Zhao 2013 2,479 373.53 56 2,645 319.37 60 10.6%

Total (95% CI) 633 821 100.0%
Heterogeneity: Tau? = 5765.73; Chi? = 34.30, df = 8 (P < 0.0001); I>=77%

Test for overall effect: Z=5.12 (P < 0.00001)

DM Group Non-DM Group

138.00 [-78.45, 354.45)
-106.00 [-281.26, 69.26]
-276.15 [-429.20, -123.10]
-212.36 [-255.70, -169.02]
-135.00 [-402.44, 132.44]
-91.68 [-189.00, 5.64]
-139.58 [-188.81, -90.35]
-294.46 [-348.67, -240.25]
-166.00 [-292.89, -39.11]

-166.69 [-230.45, -102.93]
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Fig. 3 Forest plot of ECD in DM group and non-DM group

postoperatively: WMD=13.89, 95% CI. 4.79-22.99,
Z=2.99, P=0.003; 3 months postoperatively: WMD =
8.20, 95% CI: 3.34—13.06, Z = 3.31, P = 0.0009).

ECD
In total, 13, 9, 9, and 3 studies were included pre-
operatively and 1 month, 3 months, and 6 months

—-—
——
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Favours [DM Group]
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100 200
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postoperatively, respectively. There was no significant
difference in the ECD between the DM group and non-
DM group preoperatively (Fig. 3; WMD =-21.69, 95% CI:
-45.39-2.00, Z=1.79, P=0.07). However, patients with
DM had a significantly lower ECD than non-DM patients
at all postoperative time points (Fig. 3; 1 month post-
operatively: WMD =-166.69, 95% CI: -230.45—-102.93,
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DM Group Non-DM Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
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Fig. 4 Forest plot of CVin DM group and non-DM group

Z=5.12,

P <0.00001;
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months

postoperatively:

Mean Difference
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Favours [Non-DM Group]

Mean Difference

v

Favours [DM Group]
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WMD=-164.10, 95% CI:-233.27—-94.93, Z=4.65,
P<0.00001; 6 months postoperatively: WMD =-200.86,
95% CI: -294.84—-106.88, Z=4.19, P<0.0001).

In total, 11, 7, 7, and 2 studies were included preopera-
tively and 1 month, 3 months, and 6 months postopera-
tively, respectively. DM patients had a significantly higher
CV at 1 month postoperatively than non-DM patients
(Fig. 45 WMD=6.59, 95% CIL 3.58-9.61, Z=4.29,
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Non-DM Group

Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI

Beato 2021 56.2 9.5 45 56.4 105 43 1.8%
Budiman 2020 51.9 9 67 521 10.6 86  3.3%
Chen (1) 2018 53.21 9.93 44 59.33 8.36 48  2.3%
Chen (2) 2018 43.29 1.85 60 43.52 2 60 67.3%
Ganesan 2019 379 89 80 39.1 5.9 80 5.8%
Hugod 2011 57 1.7 30 58 7.3 30 2.2%
Maadane 2019 564 54 47 557 6.03 47  6.0%
Sahu 2017 52.7 5.55 60 53.08 7.07 60 6.2%
Zhao 2013 53.68 6.28 56 55.88 7.37 60 5.2%
Total (95% CI) 489 514 100.0%

Heterogeneity: Chi = 12.44, df = 8 (P = 0.13); I> = 36%

Test for overall effect: Z = 1.70 (P = 0.09)
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Fig. 5 Forest plot of HCP in DM group and non-DM group
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P<0.0001). No significant difference was found preop-
eratively and 3 and 6 months postoperatively (Fig. 4; pre-
operative: WMD =1.36, 95% CI. -0.06-2.77, Z=1.88,
P=0.06; 3 months postoperatively: WMD = 2.80, 95% CI:
-0.46-6.07, Z=1.68, P=0.09; 6 months postoperatively:
WMD =2.64, 95% CI: -2.58-7.87, Z=0.99, P=0.32).

HCP

In total, 9, 5, 7, and 2 studies were included preopera-
tively and 1 month, 3 months, and 6 months postop-
eratively, respectively. The HCP of the DM group was

significantly lower than that of the non-DM group at
1 month and postoperatively (Fig. 5; 1 month postop-
eratively: WMD =-6.68, 95% CI: -10.96—-2.4, Z=3.06,
P=0.002). No significant differences were observed in
the HCP between the groups preoperatively and at 3,
6 months postoperatively (Fig. 5; preoperative: WMD =
-0.49, 95% CI: -1.06—-0.08, Z = 1.70, P = 0.09; 3 months
postoperatively: WMD = -2.34, 95% CI:-7.40-2.71, Z =
0.91, P = 0.36; 6 months postoperatively: WMD =-3.53,
95% CI: -11.06-4.01, Z=0.92, P=0.36).
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Sensitivity

Sensitivity analysis publication bias analysis showed that
the data of Li [13] were extremely unstable regarding the
CV 3 months postoperatively and HCP preoperatively
and 1 month and 3 months postoperatively; thus, these
data were excluded from this analysis. Although partial
results showed relatively large heterogeneity, the data
were stable and reliable after sensitivity analysis. Sensi-
tivity analysis was not performed at 6 months postopera-
tively owing to the small number of included studies.

Publication bias

The Egger’s test was used to estimate publication bias.
Because of the low number of included studies for CV
and HCP at 6 months postoperatively, no publication
bias analysis was performed at this stage. There was no
publication bias in the included studies, except for preop-
erative CCT (Table 2).

The influence of preoperative CCT publication bias on
the interpretation of the results was evaluated using the
trim-and-fill method. The pooled effect sizes calculated
by the fixed-effect model (pooled effect size: standard
error of effect size) were 0.041 and 0.009, and the 95%
CI was -0.071 to 0.152 and -0.099 to 0.116 before and
after using the trim-and-fill method, respectively. No sig-
nificant difference was found before and after using the
trim-and-fill method (P=0.478, P=0.874, respectively).
There was no asymmetry in the funnel plot after supple-
menting two studies (Supplemental studies are shown as
“square” in Fig. 6). This showed that publication bias had
little effect on the results, and the results were relatively
stable (Fig. 6).

Discussion

CECs are reportedly lost at a rate of 2.5% per year within
10 years after cataract extraction [26], which is four
times the normal physiological loss rate [11]. Patients of
advanced age, with a long DM duration and poor blood
sugar control, are at greater risk of CECs damage [27].
The mechanism of CEC-enhanced damage caused by DM
is still unclear and may be related to the accumulation of
advanced glycation end products in the CECs, leading to
oxidative stress [28].

Oxidative stress decreases antioxidant levels and
increases lipid peroxidation, resulting in CEC damage
[29]. Corneal ultrastructural changes, mitochondrial
swelling, and impaired function in patients with DM can
lead to a decrease in ATP production and pump function
in CECs [30]. Importantly, DM also reduces the activity
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of Nat/K*-ATP enzymes in endothelial cells [31], which
is vital for maintaining endothelial cell function.

The ECD and HCP have been reported to be signifi-
cantly lower, and the CV and CCT significantly higher
in DM patients than in healthy controls [11, 27]. This
was even more evident in patients with poor DM sta-
tus, such as longer diabetes duration (>10 years) and
higher HbAlc levels (>7%) [27]. In the present study,
there were no significant differences in CCT, ECD, CV,
and HCP preoperatively. These findings could be due to
the age-specific cataract patients included in our study
(50—-80 years of age); non-cataract populations of other
age groups were not included. Furthermore, we did not
perform subgroup analysis on diabetes status (such as
disease course and HbAlc level).

Decreased innervation, exposure to vitreous humor
[32], increased hardness of lens nucleus [14], surgical
trauma [33], intraoperative inflammatory response [15],
and postoperative corneal edema [34] are important
risk factors for CECs damage after phacoemulsification.
However, the risk of CECs injury caused by the above
factors increases in diabetic patients. The aim of modern
cataract surgery is not only to improve vision but also to
minimize the damage to CECs, especially in patients with
cataracts and DM.

CCT

The hydration balance is regulated by the CEC pump
in normal conditions. When the CEC pump is dysfunc-
tional, the corneal stroma accumulates water, and swell-
ing occurs, which is manifested by an increase in corneal
thickness. However, persistent corneal edema and dys-
function do not occur unless the CEC number declines
to <500-1000 cells/mm [35].

The CCT of patients with DM has been found to be
significantly higher than that of healthy individuals, and
HbAlc is found to be positively correlated with CCT
and CV and negatively correlated with ECD in patients
with DM [35, 36]. The duration of DM has a significant
impact on these parameters: the longer the DM dura-
tion, the higher the CCT and the lower the ECD [37]. In
the present study, we found that CCT in the DM group
was significantly higher than that in the non-DM group
at the early postoperative period (3 months), suggesting
that the impairment degree of corneal endothelial barrier
function in the DM group was significantly higher than
that in the non-DM group. From 3 to 6 months postop-
eratively, the difference in CCT between the two groups
gradually decreased, indicating gradual recovery of the
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Table 2 Publication bias

Time CcCT ECD cv HCP
preoperative 0.012 0.656 0468 0.662
postoperative 1 month 0.231 0.603 0.392 0.106
postoperative 3 months 0.719 0577 0.342 0.069
postoperative 6 months 0.579 0.826 NA NA

NA Not Available

corneal endothelial function. Thus, the corneal endothe-
lial barrier function was impaired at the early postopera-
tive period and then gradually stabilized until 6 months
postoperatively. This may be related to postoperative oxi-
dative stress and inflammation response. DM itself [38]
and surgical trauma [39] increase the oxidative stress
level of CECs. Oxidative stress not only directly dam-
ages CECs [29] but also induces inflammation through
multiple activation pathways [40]. Corneal edema allevi-
ates with a decrease in inflammation, resulting in a lower
CCT during the recovery process after phacoemulsifica-
tion [15].

ECD

The percentage of endothelial cell loss (ECL%) in patients
with DM was reported to be significantly higher than
that in the control group after phacoemulsification [41,
42], and the damage was not restored to the preopera-
tive state at 6 months postoperatively [14]. Joo et al. [43]
found that the ECL in patients with DM was higher than
that in non-DM patients 1 year after phacoemulsification,
although not statistically significant. Furthermore, the
duration of DM may affect postoperative ECD loss, with
more ECD loss occurring when the duration is > 10 years.
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Choi et al. [34] found that ECL% was about 2.06 & 1.36%
per year 10 years after phacoemulsification, and this per-
sistent ECL may be related to corneal endothelial remod-
eling. Ganesan et al. [15] considered inflammation to be
a risk factor for ECL in DM patients, whereas age and
effective phacoemulsification time were the risk factors
in non-DM patients after phacoemulsification.

Our results showed that there was no significant differ-
ence in ECD between the DM group and non-DM group
preoperatively. However, the ECD in the DM group was
significantly lower than that in the non-DM group and
the ECL increased progressively compared with that in
the non-DM group at 1-6 months postoperatively. This
indicated that ECL was accelerated, which was unstable
at 6 months postoperatively, and postoperative corneal
recovery was delayed in patients with DM. Although the
ECL% in patients with DM was higher than that in the
control group after phacoemulsification, the intraopera-
tive cumulative dissipated energy (CDE), fluid consump-
tion, and operative time were not statistically significant
[41]. The higher ECL postoperatively may be related to
the advanced age of patients, increased cataract den-
sity, increased endothelial cell vulnerability in diabetic
patients, increased trauma during cataract surgery, and
grade of cataract [14, 16, 41].

CV and HCP

CV and HCP reflect the dynamic repair and healing pro-
cess of CEC morphology after injury; the increase in CV
indicates a large variability in cell size, and the decrease
in HCP indicates an increase in pleomorphism. The
remaining cells expand and slide after endothelial cell
injury, which shows an increase in CV and a decrease
in HCP. The morphology of CECs in patients with DM

Filled funnel plot with pseudo 95% confdence limits
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was unstable at 4 weeks after phacoemulsification [17].
The HCP of patients with DM decreased significantly
3 months postoperatively, whereas the CV showed no sig-
nificant difference [18]. However, some studies reported
that the CV of patients with DM was significantly higher
than that of those without DM at 3 months postopera-
tively, although this difference did not affect the corneal
function [19]. The HCP returned to its preoperative state
6 months postoperatively [14]. No significant change was
found in the CV and HCP in either group at 1 year post-
operatively [43].

Our results showed that the degree of morphologi-
cal variation of CECs in diabetic patients was largest at
1 month postoperatively, which was significantly higher
than that in non-diabetic patients, and subsequently, the
degree of morphological variation of CECs gradually
decreased. The corneal morphology of diabetic patients
was more unstable in the early postoperative stage, indi-
cating that the endothelial cells of diabetic patients have
a weaker repair ability upon damage, and the repair pro-
cess takes longer [20].

Despite the fact that there was no significant difference
in the visual acuity between DM and non-DM patients
after phacoemulsification was performed in controlled
blood glucose levels [18], the impact of diabetes on cor-
neal health cannot be ignored, as good control of blood
glucose is frequently lost in DM. Compared with healthy
individuals, the CECs of patients with DM have a lower
tolerance to phacoemulsification, are more likely to be
damaged, and take longer time to recover, which requires
the surgeon to carefully protect the cornea in order to
minimize corneal endothelial damage intraoperatively.
Femtosecond laser-assisted cataract surgery (FLACS) is
reported to cause less damage to the corneal endothelium
in patients with DM and can reduce the ECL. This may
be because the corneal endothelial injury caused by the
small energy during FLACS is insufficient to cause sig-
nificant damage [44]. Therefore, FLACS may be a better
option for patients with DM than conventional phacoe-
mulsification. Furthermore, it should not be ignored that
age and DM status are important factors affecting cor-
neal ECD. For DM patients who require cataract surgery,
timely surgery is also important when blood glucose is
well controlled.

Our study has some limitations. First, intraoperative
CDE, fluid consumption, and operative time were not
assessed, although most of the included studies showed
no statistical differences between the two groups. Second,
a randomized controlled trial could not be performed
because of DM presence. Third, the cataract grade and
expertise of operating surgeon cannot be standardized
across all studies, which may be a confounding factor in
this study. Finally, longer studies after 6 months, as well
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as subgroup analyses of DM status (such as DM dura-
tion and HbAlc level), were not performed because few
studies were eligible for inclusion. In the future, we will
continue to focus on the long-term dynamic changes in
corneal properties after cataract surgery in patients with
DM.

Conclusion

We conducted a longer dynamic and comprehensive
analysis of the changes in corneal function and morphol-
ogy in DM and non-DM patients after phacoemulsifica-
tion and evaluated the repair process of corneal injury.
Our study showed that the CCT and corneal endothelial
morphology were greatly damaged in diabetes patients
in the early period after phacoemulsification, but they
gradually stabilized during the repair process from 1 to
6 months postoperatively. However, ECD was unstable
at 6 months postoperatively in DM patients because the
ECL in diabetic patients was still significantly higher than
that in non-DM patients. This suggests that more than
6 months are required to recover corneal endothelial
function and morphology in DM patients after phaco-
emulsification. This indicated that DM patients have a
higher endothelial loss rate, delayed recovery time, and
require a longer follow-up duration after phacoemulsi-
fication. Therefore, clinicians should be more attentive
to the corneal health of DM patients when considering
phacoemulsification.
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