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Abstract: Objective: To identify the influencing factors of dry eyes after cataract surgery and construct a predic-
tion model to provide a reference for ophthalmologists in assessing the risk of postoperative dry eyes. Methods: A
retrospective study was conducted from January 2023 to April 2024, involving 219 patients (219 eyes) who under-
went phacoemulsification with intraocular lens implantation at the Department of Ophthalmology, Ninth People’s
Hospital of Suzhou. Patients were divided into two groups based on the presence or absence of dry eyes at 2
weeks postoperatively. Data from both groups were analyzed to determine the influencing factors of dry eyes after
cataract surgery. A nomogram prediction model was constructed using R software. The model’s discrimination was
evaluated using the area under the receiver operating characteristic (ROC) curve (AUC), and model calibration was
assessed using the Hosmer-Lemeshow (H-L) goodness-of-fit test and the Bootstrap method (self-sampling tech-
nique). Decision curve analysis was employed to evaluate the clinical utility of the model. Results: Among the 219
cataract patients, 53 (24.20%) developed dry eyes during the 2-week follow-up period. Multivariate logistic regres-
sion analysis identified smoking (OR = 1.809, P = 0.037), diabetes mellitus (OR = 3.248, P = 0.002), elevated IL-6
(OR = 3.019, P = 0.016), a high Hospital Anxiety and Depression Scale (HADS) score (OR = 2.147, P = 0.029), and
longer surgical incision length (OR = 2.995, P = 0.014) as significant risk factors for postoperative dry eye. The AUC
of the nomogram model was 0.857 (95% Cl: 0.803-0.913), and the H-L goodness-of-fit test showed no statistical
significance (x? = 4.472, P = 0.812), indicating good discrimination and calibration of the model. The average ab-
solute error between predicted and actual probabilities after 2000 Bootstrap iterations was 0.021. Decision curve
analysis demonstrated that the net benefit of the model was higher than the two extreme scenarios. Conclusion:
Postoperative dry eyes in cataract patients is associated with smoking, diabetes, elevated IL-6, high HADS scores,
and longer incision lengths. The nomogram model demonstrates good predictive capability for assessing the risk of
dry eyes after cataract surgery.
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Introduction plasia, corneal epithelial cell apoptosis, reduced
visual quality, and visual deterioration [4], which

Cataracts are characterized by lens opacity and can affect daily life and work.

blurred vision [1]. If not treated effectively and

in a timely manner, cataracts can progress,
eventually leading to blindness as the condition
worsens [2]. Surgery is the most effective treat-
ment for cataracts, with phacoemulsification
combined with artificial lens implantation being
particularly advantageous due to minimal injury
and fast recovery. However, some patients
experience dry eye symptoms postoperatively,
such as foreign body sensation, dryness, swell-
ing, redness, discomfort, and fluctuating vision
[3]. Research indicates that severe dry eye
symptoms can lead to corneal squamous meta-

Identifying the risk factors for dry eyes after
cataract surgery and developing a prediction
model can help stratify patients based on indi-
vidual risk, enabling the implementation of pre-
ventive measures to minimize postoperative
dry eye. However, reliable tools for assessing
the risk of dry eyes following cataract surgery
are lacking. This study aims to analyze the fac-
tors influencing dry eye syndrome after cataract
surgery and to construct a risk prediction model
presented as a nomogram. The model objec-
tively displays each variable, the corresponding
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score for each variable, and the predicted inci-
dence of dry eyes. This tool will provide ophthal-
mologists with a reference for early risk assess-
ment and help guide preventive measures for
postoperative dry eyes.

Materials and methods
Research subjects

A retrospective study was conducted between
January 2023 and April 2024, involving 219
patients (219 eyes) who underwent phaco-
emulsification combined with intraocular lens
implantation at the Department of Ophthal-
mology, Ninth People’s Hospital of Suzhou.
Patients were divided into two groups: the dry
eye group and the non-dry eye group, based on
the presence or absence of dry eyes 2 weeks
postoperatively.

Inclusion criteria: (1) All patients met the clini-
cal diagnostic criteria for cataracts [5]; (2) First
diagnosis and treatment; (3) Complete clinical
information and follow-up data.

Exclusion criteria: (1) History of glaucoma or
conjunctivitis; (2) Preoperative eye infection; (3)
High myopia; (4) Presence of systemic connec-
tive tissue or autoimmune diseases; (5) History
of ocular trauma within 6 months before sur-
gery; (6) History of eye surgery within 6 months
before the current procedure.

This study was approved by the Ethics Com-
mittee of Suzhou Ninth People’s Hospital.

Research methods

Surgical methods: All surgeries were perform-
ed by the same chief surgeon. Thirty minutes
before surgery, compound tropicamide eye
drops were applied to dilate the pupils. After
standard anesthesia, a tunnel-type corneal in-
cision was made, followed by an auxiliary inci-
sion at the corneal margin using anterior cham-
ber puncture. Viscoelastic agent was injected
into the anterior chamber to increase its depth.
If the agent’s expansion was insufficient, an iris
restorer and a crystalline lens positioning hook
were used to pull the pupil through the corneal
incision. In cases of inadequate pupil dilation,
low-concentration adrenaline was injected into
the anterior chamber, or the iris was pushed
peripherally. Circular capsulotomy was perfor-
med, followed by hydrodissection and phaco-
emulsification to remove the crystalline lens.
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After removing the lens cortex, viscoelastic
agent was reintroduced, and an artificial intra-
ocular lens was implanted. The viscoelastic
agent was then removed, ensuring no leakage
at the incision site. Postoperative antibiotics
were administered to prevent infection.

Data collection: To ensure the temporal rela-
tionship between predictor variables and out-
comes, relevant patient data were collected
before the occurrence of dry eye. Data includ-
ed age, gender, education level, place of resi-
dence, body mass index (BMI), smoking status,
underlying conditions (e.g., hypertension, dia-
betes), history of keratoconjunctival diseases,
pterygium, meibomian gland dysfunction, lens
nucleus hardness (grade I-V), preoperative bio-
chemical markers [fibrinogen (FIB), interleu-
kin-6 (IL-6), tumor necrosis factor-a (TNF-a)],
preoperative psychological status, surgical in-
cision length, and presence of postoperative
infections.

Preoperative psychological status was evaluat-
ed using the Hospital Anxiety and Depression
Scale (HADS), which consists of two subscales
for anxiety and depression, with a total of 14
items. The scale is suitable for rapid assess-
ment before outpatient surgery. The total score
ranges from O to 21 points, with higher scores
indicating more severe anxiety and depression
[6].

Diagnosis of dry eye: Diagnostic criteria fol-
lowed relevant guidelines [7]. Dry eye syndrome
was diagnosed if the patient met one of the
following subjective symptoms postoperatively:
dry eyes, fatigue, foreign body sensation, dis-
comfort, burning, redness, or fluctuating vision,
combined with an Ocular Surface Disease In-
dex (OSDI) score > 13 points. Additionally, ob-
jective measures included: (1) Tear film break-
up time (FBUT) < 5 seconds; (2) Schirmer | test
(SIT) £ 5 mm/5 min; (3) Sodium fluorescein
staining score > 5 points. After excluding other
ocular conditions, dry eye syndrome was diag-
nosed if any subjective symptom was present
along with one or more objective criteria.

Statistical analysis

SPSS 27.0 software was used for analysis.
Continuous data were expressed as mean *
standard deviation (SD), and comparisons be-
tween groups were performed using the t-test.
Categorical data were expressed as numbers
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Table 1. General information comparison between the dry eye group and non-dry eye group

General Information Dry eye group (n = 53) No-dry eye group (n = 166) t/x? P value
Age (years) 59.39+7.95 58.11+7.49 1.067 0.287
BMI (kg/m?) 34 (64.15) 131 (78.92) 0.604 0.546
Gender 1.941 0.164
Male 21 (39.62) 84 (50.60)
Female 32(60.38) 82 (49.40)
Degree of education 0.044 0.834
Junior high school and below 18 (33.96) 59 (35.54)
High school and above 35 (66.04) 107 (64.46)
Place of residence 0.059 0.807
Cities and towns 29 (54.72) 94 (56.63)
Rural area 24 (45.28) 72 (43.37)

Note: BMI: body mass index.

and percentages [n (%)], and comparisons we-
re made using the x? test. Multivariate logistic
regression was employed to identify factors
influencing dry eye syndrome after cataract
surgery, with P < 0.05 considered statistically
significant. A nomogram prediction model was
constructed using R 3.4.3 software, and the
area under the receiver operating characteris-
tic (ROC) curve (AUC) was calculated to assess
the model’s discrimination. The Hosmer-Lem-
eshow (H-L) goodness-of-fit test and Bootstrap
method were used for internal validation of
model fit and calibration. Decision curve analy-
sis was used to evaluate the clinical net benefit
of the model.

Results

Analysis of the incidence and general informa-
tion of dry eye syndrome in cataract patients
after surgery

Among the 219 patients (219 eyes) included in
the study, 53 patients developed dry eye syn-
drome during the 2-week follow-up period (Dry
eye group), with an incidence rate of 24.20%
(53/219). The remaining 166 patients did not
develop dry eye syndrome (No-Dry eye group). A
comparison of general information such as age,
BMI, gender, education level, and place of resi-
dence between the two groups showed no sta-
tistically significant differences (P > 0.05), as
presented in Table 1.

Univariate analysis of postoperative dry eye
syndrome in cataract patients

Univariate analysis revealed that smoking, dia-
betes, and meibomian gland dysfunction were
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significantly different between the dry eye and
non-dry eye groups (all P < 0.05), as shown in
Table 2. No significant difference was found in
preoperative fibrinogen (FIB) and tumor necro-
sis factor-a (TNF-¢) levels between the groups
(both P > 0.05). However, the preoperative IL-6
levels in the dry eye group were significantly
higher than in the non-dry eye group (P < 0.05),
as shown in Figure 1. Additionally, the preoper-
ative HADS scores and the length of the surgi-
cal incision were significantly higher in the dry
eye group compared to the non-dry eye group
(P < 0.05), as illustrated in Figure 2.

Multivariate logistic regression analysis on the
occurrence of dry eye syndrome in cataract
patients after surgery

Using the occurrence of postoperative dry eye
syndrome (O = no; 1 = yes) as the dependent
variable, variables with P < 0.05 in the univari-
ate analysis (Table 1) were selected as inde-
pendent variables. The assigned values are
shown in Table 3. Multivariate logistic regres-
sion analysis indicated that smoking, diabet-
es mellitus, elevated IL-6 levels, higher HADS
scores, and longer surgical incisions were sig-
nificant risk factors for developing dry eyes
after cataract surgery (all P < 0.05), as pre-
sented in Table 4.

Construction of nomogram model for risk of
dry eye after cataract surgery

Based on the regression coefficients and con-
stant term from the multivariate analysis, a pre-
diction model was developed using the follow-
ing formula:
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Table 2. Univariate analysis of postoperative dry eye syndrome in cataract patients

Characteristics Dry eye group (n = 53) No-dry eye group (n = 166) X2 P value
Smoking 4.714 0.030
Yes 19 (35.85) 35 (21.08)
No 34 (64.15) 131 (78.92)
Combined hypertension 0.542 0.462
Yes 5(9.43) 22 (13.25)
No 48 (90.57) 144 (86.75)
Combined diabetes 9.096 0.003
Yes 18 (33.96) 25 (15.06)
No 35 (66.04) 141 (84.94)
History of conjunctival diseases 2.065 0.151
Yes 24 (45.28) 57 (34.34)
No 29 (54.72) 109 (65.66)
Pterygium 1.151 0.283
Yes 16 (30.19) 38 (22.89)
No 37 (69.81) 128 (77.11)
Meibomian gland dysfunction 4.409 0.036
Yes 21 (39.62) 41 (24.70)
No 32 (60.38) 125 (75.30)
Hardness of lens nucleus (grade) 2.826 0.093
-l 23 (43.40) 94 (56.63)
n-1v 30 (56.60) 72 (43.37) 6.068 <0.001
Is there any infection after surgery 0.325 0.569
Yes 4 (7.55) 9 (5.42)
No 49 (92.45) 157 (94.58)
A mm Dry eye group B mm Dry eye group c I Dry eye group
B No-Dry eye group B No-Dry eye group . No-Dry eye group
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Figure 1. Comparison of preoperative blood indicators between the dry eye group and non-dry eye group. A: Com-
parison of fibrinogen levels between the dry eye group and non-dry eye group; B: Comparison of interleukin-6 (IL-6)
levels between the dry eye group and non-dry eye group; C: Comparison of tumor necrosis factor - o (TNF-a) levels
between the dry eye group and non-dry eye group. Note: ns indicates P > 0.05; * Indicating P < 0.05.

Z=-10.698 + 0.593 x smoking (0O = no, 1 = yes) + 0.239 x meibomian gland dysfunction (O =
+ 1.178 x combined diabetes (0O = no, 1 = yes) no, 1 = yes) + 1.105 x preoperative IL-6 index
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Figure 2. Comparison of preoperative HADS scores and surgical incision
length between the dry eye group and non-dry eye group. A: Comparison of
preoperative Hospital Anxiety and Depression Scale (HADS) scores between
the dry eye group and non-dry eye group; B: Comparison of surgical incision
length between the dry eye group and non-dry eye group. Note: * Indicating

0.857 (95% Cl: 0.803-0.913),
with a sensitivity of 0.821 and
a specificity of 0.795 (see
Figure 4). The H-L goodness-
of-fit test showed no signifi-
cant difference between the
predicted probabilities and
the actual outcomes (x*> =
4.472, P = 0.812), indicating
that the model does not ex-
hibit overfitting. After 1000
internal sampling verifications
using the Bootstrap method,
the average absolute error
between the predicted proba-
bility and the actual probabi-
lity was 0.021, demonstrat-
ing good consistency between
the model’s predictions and
the actual incidence of post-
operative dry eye syndrome

P < 0.05.

Table 3. Variable assignment description

(see Figure 5). Decision curve
analysis indicated that the net
benefit of using the model to
predict postoperative dry eyes

in cataract patients was hi-

Variable Description of valuation

Smoking 0=No,1=VYes ghfr than the tftr\:vo t(ra]xttretmhe

Combined diabetes 0=No, 1=Yes curves, sugg_es ing . _a e

Mei i | " ) CNo.1-Y model has clinical utility (see
eibomian gland dysfunction 0=No, 1=Yes Figure 6).

Preoperative IL-6 continuous variable

Preoperational HADS score continuous variable Discussion

Surgical incision length

continuous variable

Note: IL-6: interleukin-6; HADS: Hospital Anxiety and Depression Scale.

(actual value) + 0.764 x preoperative HADS
score (actual value) + 1.097 x surgical incision
length (actual value).

This logistic regression model was visualized as
a nomogram using R software. Each factor’s
value was represented by a corresponding
score through graphic line segments. The total
score was calculated by summing the individual
scores, which was then converted into a pre-
dicted probability of developing dry eyes after
cataract surgery, as shown in Figure 3.

Effectiveness analysis of nomogram prediction
model for the risk of dry eyes after cataract
surgery

The ROC curve analysis revealed that the AUC
value of the nomogram model for predicting
the risk of dry eyes after cataract surgery was
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Severe cataracts can lead to
visual impairment and blind-
ness [8, 9]. Phacoemulsi-
fication is the primary clinical treatment for cat-
aracts, significantly improving patients’ symp-
toms. However, dry eye syndrome frequently
occurs after surgery [10]. Dry eyes are charac-
terized by tear film instability and ocular sur-
face damage caused by abnormalities in tear
quality, quantity, or dynamics, which can result
in eye discomfort and reduced quality of life.
Early identification of patients at risk for post-
operative dry eye syndrome is crucial for imple-
menting targeted interventions to reduce or
prevent its harmful effects.

As the eyes are exposed directly to the environ-
ment, smoking was found to be a contributing
factor to postoperative dry eye in cataract
patients, consistent with previous literature
[14]. This may be due to the smoke exposure
causing lipid peroxidation in the outer layer of
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Table 4. Results of multivariate logistic analysis

Variable B SE Wald x2 P OR (95% ClI)

Smoking 0.593 0.284 4.359 0.037 1.809 (1.037-2.319)
Combined diabetes 1.178 0.381 9.560 0.002  3.248(1.539-6.855)
Meibomian gland dysfunction 0.239 0.152 2472 0.115 1.270 (0.943-1.711)
High expression of IL-6 1.105 0.459 5.796 0.016 3.019 (1.229-7.419)
HADS score was high 0.764 0.350 4.765 0.029  2.147 (1.081-4.263)
Long surgical incision length 1.097 0.446 6.049 0.014 2.995 (1.249-7.178)

Note: IL-6: interleukin-6; HADS: Hospital Anxiety and Depression Scale.

Pointe 0 10 20 30 40 50 60 70 80 9 100 glands, leading to meibomian
i PR T R U ar  P R PR .
yes gland dysfunction and exacer-
Smoke —_— H
- yes bating the development of dry
Combined diabetes r eye syndrome.
Fepes b/t 5 1 15 2 5 0 % & & Dysfunction of the tear film is
Preoperative HADS score (points) /™ T F T3 07, | 1 13 widely recognized as the un-
Surgical incision length (mm) P ——r—— 1 — 11— —1 derlying pathological mecha-

Total score 020 40
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nism of dry eyes. Studies have
shown that high blood sugar

Risk of dry ey f
sk of dry eye occurrence 001

Figure 3. Nomogram prediction model of dry eye risk in cataract patients.
Note: IL-6: interleukin-6; HADS: Hospital Anxiety and Depression Scale.
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Figure 4. ROC curve analysis of the postoperative dry
eye prediction model in cataract patients.

the corneal tear film [12], leading to tear film
instability, reduced lipid layer thickness, and
accelerated tear evaporation, all of which con-
tribute to dry eye syndrome. Additionally, smok-
ing can stimulate the release of inflammatory
factors from inflammatory cells [13], causing
an inflammatory response in the meibomian
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not only directly impairs tear
film function but also reduces
tear secretion. It can further
activate inflammatory respon-
ses and oxidative stress, pro-
moting the development of dry eye syndrome
[14]. This study found that diabetes was a sig-
nificant factor influencing the occurrence of
dry eyes after cataract surgery, consistent wi-
th findings in other research [15]. Long-term
hyperglycemia in diabetic patients likely dis-
rupts the proliferation of conjunctival goblet
cells, inhibiting the secretion of collagen and
tears [16]. This results in insufficient tear pro-
duction, rapid evaporation, and tear film ins-
tability, which ultimately leads to dry eye
syndrome.

1
0.99

Cataract surgery is an invasive procedure, and
during the operation, the eye may produce per-
oxidase, which can combine with substances
like oxygen free radicals, inducing an inflamma-
tory response and increasing the secretion of
inflammatory cytokines. High preoperative in-
flammation levels can exacerbate these ef-
fects. Mechanical damage during surgery may
further stimulate inflammatory cytokines to re-
spond to tissue injury. IL-6 is one of the com-
monly detected inflammatory cytokines in clini-
cal practice, promoting lymphocyte prolifera-
tion and neutrophil activation, thereby inducing
inflammatory reactions. Narayanan et al. [17]
found a correlation between IL-6 expression
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Figure 5. Analysis of the calibration curve for the
postoperative dry eye prediction model in cataract
patients.

levels and the occurrence of dry eye, aligning
with the findings of this study. Specifically, pre-
operative high IL-6 levels were a contributing
factor to postoperative dry eye in cataract
patients. Elevated IL.-6 may activate the p38
MAPK signaling pathway, which mediates in-
flammation through IL-6 [18]. This can impair
corneal cell proliferation and tissue repair, pro-
long the exposure of corneal nerve endings,
alter corneal epithelial morphology and density
[19], and ultimately inducing dry eye syndro-
me.

It has been well-established that most cataract
surgery patients experience anxiety and de-
pression before surgery [20]. Research has
shown that anxiety and depression can in-
crease the risk of postoperative dry eyes in cat-
aract patients by stimulating inflammatory re-
sponses [21], which is consistent with the find-
ings of this study. Anxiety and depression may
stimulate the release of large amounts of diu-
retics and adrenocorticotropins in the hippo-
campus, leading to local microcirculatory disor-
ders and ischemia-hypoxia reactions. This al-
ters inflammatory factor levels in the body [22],
impairs cell proliferation and tissue repair, and
increases the risk of dry eyes.

Phacoemulsification cataract extraction is the
most widely used and effective method for
treating cataracts. Common surgical incisions
include scleral tunnel incisions, corneoscleral
margin tunnel incisions, and clear corneal inci-
sions. However, regardless of the incision type,
it impacts the corneal nerve fibers, reduc-
ing corneal sensitivity and blinking frequency,
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Figure 6. Analysis of the decision curve for the pre-
diction model for postoperative dry eye in cataract
patients.

which in turn decreases meibomian gland
secretion and accelerates tear evaporation.
Studies have shown that once corneal nerves
are damaged, the repair process is slow [23].
This study found that longer surgical incisions
are a contributing factor to postoperative dry
eyes. A larger incision may cause greater dam-
age to corneal nerves, slowing their repair. This
not only reduces corneal sensitivity but also
destabilizes the tear film, thereby increasing
the risk of dry eyes.

There are multiple factors influencing the oc-
currence of postoperative dry eyes in cataract
patients, each with distinct mechanisms, and
some factors may interact. Therefore, it is
essential to integrate these factors into a pre-
diction model to assess the potential risk of dry
eyes in patients after surgery. In this study, a
nomogram prediction model was constructed
by selecting five key influencing factors for
dry eyes after cataract surgery. The analysis
revealed an AUC value of 0.857 for the predic-
tion model, indicating its prediction accuracy.
The H-L goodness-of-fit test showed no overfit-
ting, suggesting good consistency between the
predicted risk and the actual incidence of post-
operative dry eyes. Furthermore, decision curve
analysis indicated that the model’s predicted
net benefit was higher than the extreme curves,
confirming its clinical utility.

Medical staff can utilize the nomogram model
to assess the risk of postoperative dry eyes
and implement targeted preventive measures
based on risk stratification. For instance:

Am J Transl Res 2024;16(10):5418-5426
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(O Preoperative health education: Patients
and their families should be informed that
smoking increases the risk of postoperative dry
eyes. Quitting smoking can effectively reduce
this risk. Patients should be encouraged to
quit smoking, and those with difficulty quitting
may benefit from psychological counseling and
behavioral interventions such as mandatory
smoking cessation, potentially in collaboration
with smoking cessation clinics. Family mem-
bers should also support and supervise the
patient to reduce the risk of postoperative dry
eye. (@ Diabetes management: Patients with
diabetes should receive appropriate hypoglyce-
mic therapy to maintain normal blood sugar lev-
els. They should be advised to continue blood
sugar control postoperatively to minimize the
risk of dry eye. @ Inflammation management:
For patients with elevated preoperative inflam-
matory markers, it is important to first address
the inflammation. Postoperative monitoring of
inflammatory factors should be conducted to
observe changes due to surgical stress. Pa-
tients with high levels of postoperative inflam-
mation should be encouraged to consume
fiber-rich foods, including vegetables, beans,
and fruits, which are rich in vitamins and trace
elements that enhance anti-inflammatory prop-
erties, thereby reducing the risk of dry eyes.
@ Psychological counseling: Providing appro-
priate counseling before and after surgery can
help alleviate negative emotions such as anxi-
ety and depression, which are linked to an in-
creased risk of dry eye syndrome. ® Surgical
technique: Smaller surgical incisions should be
used to minimize the risk of postoperative dry
eyes associated with incision size.

In conclusion, the risk of dry eyes after cataract
surgery is associated with smoking, diabetes,
elevated IL-6 levels, high HADS scores, and
long surgical incisions. The nomogram predic-
tion model developed in this study has predic-
tive value and can guide clinical evaluations on
the risk of postoperative dry eyes in cataract
patients, helping to implement preventive mea-
sures. However, uncontrollable factors such as
climate, living environment, and the interaction
of other diseases may also affect the risk of
postoperative dry eye. Additionally, this study
only analyzed patients undergoing cataract sur-
gery at a single center, limiting the generaliz-
ability of the model. Future multicenter, large-
scale studies are needed to provide a more
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reliable risk screening model for medical per-
sonnel.
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