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Abstract: Objective: To evaluate the long-term effects of phacoemulsification with monofocal (SIOL) versus multi-
focal intraocular lens (MIOL) implantation on visual quality in patients with non-proliferative diabetic retinopathy 
(NPDR). Methods: A retrospective analysis was performed on 138 NPDR patients who underwent cataract surgery 
at the First People’s Hospital of Xianyang between August 2021 and August 2023. Patients were assigned to either 
the SIOL group (n=62) or the MIOL group (n=76). Two years postoperatively, visual outcomes were assessed, in-
cluding uncorrected and corrected visual acuity (LogMAR), spherical equivalent (SE), defocus curves, visual quality 
indicators (NEI VFQ-25 scores, higher-order aberrations [HOAs], contrast sensitivity), and complication rates. Mul-
tivariate logistic regression was performed to identify independent predictors of visual quality. Results: The MIOL 
group showed significantly better uncorrected near and intermediate visual acuity than the SIOL group (both P < 
0.05), with no significant differences in uncorrected or corrected distance visual acuity or SE between groups (both 
P > 0.05). The MIOL defocus curve revealed a broad functional range from 0.0 D to -3.0 D, whereas the SIOL curve 
declined sharply after 0.0 D. MIOL recipients also had significantly lower HOAs and higher visual quality scores (P < 
0.05). Contrast sensitivity and complication rates were comparable between groups (both P > 0.05). Logistic regres-
sion identified diabetes duration, total HOAs, IOL type, and complications as independent predictors of postopera-
tive visual quality. Conclusion: MIOL implantation offers superior near and intermediate vision and overall visual 
quality compared to SIOLs in patients with NPDR. However, increased higher-order aberrations in some cases may 
affect visual function. Key determinants of visual outcomes include the duration of diabetes, IOL type, and postop-
erative complications.
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Introduction

Non-proliferative diabetic retinopathy (NPDR), 
the early stage of diabetic retinopathy (DR), is 
characterized by microvascular abnormalities 
in the retinal capillaries that can impair visual 
function to varying degrees [1, 2]. With the ris-
ing prevalence of diabetes, the incidence of 
NPDR accompanied by posterior subcapsular 
cataracts has also increased significantly [2]. In 
such cases, cataract surgery not only restores 
visual acuity but also enhances overall quality 
of life. However, diabetes-associated retinal 
pathology can limit postoperative visual recov-

ery, underscoring the need to optimize surgical 
techniques and intraocular lens (IOL) selection.

Phacoemulsification with IOL implantation is 
the standard procedure in modern cataract sur-
gery and has been adapted for diabetic patients. 
Nonetheless, due to specific ocular changes in 
these individuals - such as a higher rate of pos-
terior capsular opacification and an increased 
risk of retinal complications - postoperative out-
comes are often variable [3, 4]. The choice of 
IOL plays a crucial role in determining postop-
erative visual function. Monofocal IOLs (SIOLs) 
provide stable image quality and are suitable 
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for most patients; however, they are limited to a 
single focal point and do not address intermedi-
ate or near vision needs [5]. In contrast, multi-
focal IOLs (MIOLs) offer multiple focal zones, 
improving vision at various distances - particu-
larly intermediate and near - but may lead to 
photic phenomena such as glare and halos  
[6, 7]. Therefore, selecting an appropriate IOL  
type in NPDR patients remains a key clinical 
challenge.

Optimizing postoperative visual quality in NPDR 
patients is of both scientific and clinical signifi-
cance. These patients often expect more than 
restored distance vision - they seek long-term 
visual stability and functional improvement in 
daily life. Yet, due to the more complex retinal 
status in NPDR, visual recovery is typically less 
predictable than in the general cataract popu-
lation [8, 9]. Comparing long-term visual out-
comes between monofocal and multifocal IOLs 
in NPDR patients may provide evidence-based 
guidance for personalized surgical planning 
and postoperative rehabilitation. This study 
aims to evaluate and compare long-term visual 
performance and quality in NPDR patients 
receiving either monofocal or multifocal IOLs, 
with a focus on delineating the differences in 
postoperative outcomes between the two lens 
types.

Materials and methods

Study subjects

A total of 138 NPDR patients who underwent 
cataract surgery at the First People’s Hospital 
of Xianyang between August 2021 and August 
2023 were retrospectively included. The study 
was approved by the hospital’s ethics commit-
tee. Patient demographics, medical history, 
clinical data, and surgical records were re- 
trieved from the Hospital Information System 
(HIS) and Electronic Medical Record (EMR) sys-
tem. Based on the type of IOLs implanted, pa- 
tients were allocated to either the MIOL group 
(n=76, 103 eyes) or the SIOL group (n=62, 82 
eyes).

Inclusion and exclusion criteria

Inclusion criteria: (1) Diagnosed with NPDR 
combined with posterior subcapsular cataract 
and underwent bilateral phacoemulsification. 
(2) Age ≥ 50 years. (3) No severe preoperative 

ocular comorbidities (e.g., ocular infection, ad- 
vanced glaucoma, retinal detachment, or se- 
vere fundus disease). (4) No systemic disorders 
associated with ocular complications (e.g., se- 
vere cardiovascular, hepatic, or renal disease); 
diabetes was well-controlled (HbA1c < 9%). (5) 
Minimum of 2 years postoperative follow-up 
with complete and reliable medical records.

Exclusion criteria: (1) Presence of other severe 
ocular or extraocular complications (e.g., ocular 
trauma, keratitis, or glaucoma. (2) Preexisting 
advanced retinal conditions requiring retinal 
treatment (e.g., proliferative DR or retinal vas-
cular occlusion). (3) Pregnant or lactating wo- 
men, or patients with poorly controlled diabe-
tes. (4) Known allergy to medications or proce-
dures used in this study.

Surgical procedures

All patients underwent phacoemulsification for 
posterior subcapsular cataract, followed by IOL 
implantation.

Preoperative preparation: Comprehensive oph-
thalmologic assessments, including slit-lamp 
biomicroscopy, fundus examination, intraocu- 
lar pressure measurement, autorefractometry, 
and A/B scans, were conducted. Patients fast-
ed for 12 hours and received prophylactic anti-
biotic eye drops.

Surgical technique: Under peribulbar anesthe-
sia, a corneal limbal incision (2.2 mm or 3.2 
mm) was made based on preoperative assess-
ment. Phacoemulsification was used to emul-
sify and aspirate the cataract while preserving 
intraocular structures. MIOLs were implanted 
in the MIOL group, and standard monofocal 
IOLs in the SIOL group.

Postoperative management: Antibiotic eye dr- 
ops were continued postoperatively, and intra-
ocular pressure was routinely monitored. All 
surgeries and follow-ups were performed by the 
same surgical team, with scheduled follow-ups 
extending over 2 years.

Postoperative visual function assessment

Uncorrected Visual Acuity (LogMAR): Distance, 
intermediate, and near uncorrected visual acu-
ities were measured using standardized visual 
charts. Corrected distance visual acuity was 
assessed after refraction with an autorefrac- 
tor.
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Spherical Equivalent (SE): Refractive stability 
was evaluated via SE measurements using an 
autorefractor.

Defocus curve: Visual acuity under varying de- 
focus levels (±0.50 D to ±4.00 D) was recorded 
using trial lenses to generate defocus curves, 
reflecting performance across distance, inter-
mediate, and near vision.

Visual quality assessment

Visual function questionnaire (VFQ-25): The 
Chinese version of the National Eye Institute 
Visual Function Questionnaire (NEI VFQ-25) 
[10] was used to assess the subjective impact 
of vision on quality of life. Higher scores indi-
cate better perceived visual function.

Contrast sensitivity: Measured with the CSV-
1000E under photopic (85 cd/m2) and mesopic 
(3 cd/m2) conditions at spatial frequencies of 3, 
6, 12, and 18 cycles/degree.

Higher-order aberrations (HOAs): Assessed us- 
ing the OPD-Scan III visual quality analyzer with 
a 5 mm pupil diameter. Total HOAs, spherical 
aberration, and coma were recorded.

Statistical analysis

Data were analyzed using SPSS version 26.0. 
Continuous variables were expressed as mean 
± standard deviation (mean ± SD) and com-
pared using independent samples t-tests. Ca- 
tegorical data were presented as counts and 
percentages (n, %) and analyzed using chi-squ- 
are or Fisher’s exact test. Multivariate logistic 
regression was performed to identify indepen-
dent predictors of postoperative visual quality. 

A two-sided P-value < 0.05 was considered  
statistically significant.

Results

Comparison of preoperative baseline charac-
teristics 

Bilateral surgeries were performed in 27 cases 
in the MIOL group and 20 cases in the SIOL 
group, while unilateral surgeries were per-
formed in 49 and 42 cases, respectively. The- 
re were no significant differences in baseline 
characteristics between the two groups (all P > 
0.05), as shown in Table 1.

Comparison of visual function at two years 
postoperatively

At the two-year follow-up, the MIOL group ex- 
hibited significantly better uncorrected inter-
mediate and near visual acuity compared to  
the SIOL group (both P < 0.05). However, no sig-
nificant differences were observed in uncorre- 
cted distance visual acuity, corrected distance 
visual acuity, or SE between the two groups (all 
P > 0.05), as presented in Table 2.

Comparison of defocus curve at two years 
postoperatively

At two years post-surgery, the defocus curve of 
the MIOL group showed peak visual acuity at 
0.0 D and -3.0 D, with a broad plateau between 
these points, indicating a relatively smooth de- 
cline. In contrast, the SIOL group displayed a 
single peak at 0.0 D followed by a steep decline. 
The MIOL group demonstrated significantly bet-
ter uncorrected visual acuity at 0.0 D and -3.0 

Table 1. Comparison of preoperative baseline characteristics between MIOL and SIOL groups

Feature MIOL group 
(n=76, 152 eyes)

SIOL group 
(n=62, 124 eyes) χ2/t P

Age (years) 65.29±6.98 66.13±5.57 -0.792 0.430
Gender [Male/Female, example (%)] 40/36 31/31 0.095 0.758
Diabetes duration (years) 12.03±2.18 11.94±2.63 0.226 0.821
Preoperative uncorrected visual acuity (LogMAR) (LogMAR) 0.92±0.11 0.92±0.11 -0.055 0.956
Eye length (mm) 24.62±1.15 24.81±1.27 -0.952 0.343
Intraocular pressure (mmHg) 16.21±2.27 16.04±2.22 0.432 0.667
Corneal astigmatism (D) 0.86±0.24 0.89±0.27 -0.629 0.530
Reserve diopter (D) 0.75±0.53 0.62±0.45 1.616 0.108
Note: MIOL: Multifocal Intraocular Lens, SIOL: Single-focus Intraocular Lens, LogMAR: Logarithm of the Minimum Angle of 
Resolution, D: Diopters.
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D (P < 0.05), with differences at several other 
defocus points, as illustrated in Figure 1.

Comparison of visual quality at two years 
postoperatively

The MIOL group had a significantly higher total 
NEI VFQ-25 score than the SIOL group (P < 
0.05), as shown in Figure 2. At a 5 mm pupil 
diameter, total HOAs, coma, and spherical 
aberrations were significantly lower in the MIOL 
group (all P < 0.05). However, the Strehl ratio 
was also significantly lower in the MIOL group 
(P < 0.05), as shown in Table 3. No significant 
differences in contrast sensitivity were obser- 
ved under photopic (85 cd/m2) or scotopic (3 
cd/m2) conditions across spatial frequencies of 
3, 6, 12, and 18 cycles/degree (all P > 0.05), as 
presented in Tables 4 and 5.

Comparison of postoperative complications

Postoperative complication rates were low in 
both groups, with no statistically significant dif-

ference between the MIOL and SIOL groups (P 
> 0.05), as shown in Table 6.

Multivariate logistic regression analysis of fac-
tors influencing visual quality

Based on NEI VFQ-25 scores, 174 eyes were 
classified as having high visual quality and 102 
eyes as having low visual quality. Visual quality 
was used as the dependent variable, with dia-
betes duration, total HOAs, lens type, and post-
operative complications as independent vari-
ables (Table 7).

Univariate logistic regression revealed that ea- 
ch of these factors significantly affected visual 
quality at two years postoperatively (P < 0.05; 
Table 8). Multivariate analysis further identified 
diabetes duration ≥ 3 years, total HOAs ≥ 0.18, 
lens type (SIOL vs. MIOL), and the occurrence of 
complications as independent risk factors (P < 
0.05), as shown in Table 9 and Figure 3.

Receiver operating characteristic (ROC) curve 
analysis yielded an area under the curve (AUC) 

Table 2. Comparison of visual function at 2 years postoperatively between MIOL and SIOL groups

Group MIOL group 
(n=152 eyes)

SIOL group 
(n=124 eyes) t P

Uncorrected distance visual acuity (LogMAR) 0.21±0.08 0.22±0.09 -0.758 0.449
Uncorrected visual acuity (LogMAR) 0.34±0.11 0.38±0.12 -2.884 0.004
Uncorrected near visual acuity (LogMAR) 0.51±0.12 0.54±0.14 -2.188 0.03
Corrected distance vision (LogMAR) 0.11±0.06 0.12±0.07 -1.123 0.263
SE (D) 0.70±0.51 0.72±0.51 -0.471 0.638
Note: MIOL: Multifocal Intraocular Lens, SIOL: Single-focus Intraocular Lens, LogMAR: Logarithm of the Minimum Angle of 
Resolution, SE: Spherical Equivalent, D: Diopters.

Figure 1. Comparison of defocus curve changes 
at 2 years postoperatively between MIOL and SIOL 
groups. Note: MIOL: Multifocal Intraocular Lens, 
SIOL: Single-focus Intraocular Lens. Compared with 
SIOL group, nsP > 0.05, *P < 0.05, **P < 0.01, 
***P < 0.001.

Figure 2. Comparison of visual quality scores be-
tween the two groups. Note: MIOL: Multifocal Intra-
ocular Lens, SIOL: Single-focus Intraocular Lens; 
****P < 0.0001.
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of 0.723 (95% CI: 0.638-0.809), indicating 
good predictive accuracy of the model (P < 
0.05), as shown in Figure 4. The regression mo- 
del was constructed based on the following 
variables: diabetes duration ≥ 3 years, lens 
type (monofocal vs. multifocal IOL), and postop-
erative complications.

The regression equation is as follows:

Logit(P) = -0.099 (Diabetes duration ≥ 3 years) 
- 0.800 (lens type: SIOL) + 1.021 (Complication) 

This model suggests that longer diabetes dura-
tion, use of monofocal IOLs, and the presence 
of complications are significant predictors of 

present greater challenges for visual recovery 
after surgery.

SIOLs are widely used due to their simple op- 
tical design and stable visual performance. 
However, they are limited in their ability to 
improve near vision. In contrast, MIOLs utilize 
specialized optical structures to provide en- 
hanced vision at intermediate and near dis-
tances [13]. Despite these advantages, MIOLs 
may introduce drawbacks such as HOAs, glare, 
and reduced contrast sensitivity. Visual recov-
ery in diabetic patients is influenced not only by 
lens selection but also by factors such as dis-
ease duration, postoperative complications, 
and ocular optical quality. Therefore, evaluating 

Table 3. Comparison of higher-order aberrations and Strehl ratio at 2 years postoperatively between 
MIOL and SIOL groups

Group MIOL group  
(n=152 eyes)

SIOL group 
(n=124 eyes) t P

Total HOAs (5 mm, µm) 0.54±0.16 0.29±0.11 15.682 < 0.001
Coma (5 mm, µm) 0.25±0.07 0.15±0.05 13.789 < 0.001
Spherical aberration (5 mm, µm) 0.21±0.07 0.11±0.04 13.567 < 0.001
Strehl Ratio 0.12±0.02 0.18±0.03 -18.626 < 0.001
Note: MIOL: Multifocal Intraocular Lens, SIOL: Single-focus Intraocular Lens, HOAs: Higher-Order Aberrations.

Table 4. Comparison of contrast sensitivity under photopic vision 
(85 cd/m2) at different spatial frequencies between MIOL and 
SIOL groups
Group MIOL group (n=152 eyes) SIOL group (n=124 eyes)
Glare state No glare Glare No glare Glare
3 c/d 1.85±0.11 1.65±0.13 1.82±0.10* 1.62±0.12*
6 c/d 1.70±0.12 1.50±0.14 1.66±0.11* 1.47±0.13*
12 c/d 1.55±0.13 1.35±0.15 1.51±0.12* 1.32±0.14*
18 c/d 1.40±0.14 1.20±0.16 1.36±0.13* 1.16±0.15*
Note: Compared with the MIOL group, *P > 0.05. MIOL: Multifocal Intraocular Lens, 
SIOL: Single-focus Intraocular Lens.

Table 5. Comparison of contrast sensitivity under scotopic vision 
(3 cd/m2) at different spatial frequencies between MIOL and SIOL 
groups
Group MIOL group (n=152 eyes) SIOL group (n=124 eyes)
Glare state No glare Glare No glare Glare
3 c/d 1.25±0.10 1.10±0.12 1.22±0.09* 1.07±0.11*
6 c/d 1.15±0.11 1.00±0.13 1.12±0.10* 0.95±0.12*
12 c/d 1.05±0.12 0.90±0.14 1.01±0.11* 0.86±0.13*
18 c/d 0.95±0.13 0.80±0.15 0.92±0.12* 0.78±0.14*
Note: Compared with the MIOL group, *P > 0.05. MIOL: Multifocal Intraocular Lens, 
SIOL: Single-focus Intraocular Lens.

reduced postoperative visual 
quality in NPDR patients two 
years after surgery.

Discussion

NPDR represents the early 
stage of diabetic retinopathy 
and is characterized by retinal 
microvascular abnormalities. 
These vascular changes, com-
bined with systemic metabo- 
lic dysregulation, often impair 
lens metabolism, contributing 
to the development of cata-
racts [11, 12]. Posterior sub-
capsular cataract is particu-
larly common in diabetic pa- 
tients and is associated with 
significant visual impairment 
and reduced quality of life. 
Phacoemulsification with IOL 
implantation remains the st- 
andard treatment for catara- 
cts. However, the unique path-
ological and anatomical char-
acteristics in diabetic eyes 
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the long-term impact of different IOL types on 
visual outcomes in NPDR patients is essential 
for informed surgical planning and postopera-
tive care.

In this study, patients in the MIOL group dem-
onstrated significantly better uncorrected inter-
mediate and near visual acuity two years post-
operatively compared to the SIOL group, while 
no significant difference was found in distance 
visual acuity. These findings highlight the ben-
efit of MIOLs’ multifocal design in enhancing 
visual function at varying distances. Conven- 
tional SIOLs are primarily designed to correct 
distance vision and offer limited support for 
near tasks. Diabetic patients - due to retinal 
microvascular damage and photoreceptor dys-
function - often have more severe deficits in 
near vision [14-16], making MIOLs particularly 
advantageous in this population. The diffrac-
tive or segmented optical design of MIOLs re- 
distributes light across multiple focal points, 
enabling clearer vision across a range of dis-
tances [17, 18]. In NPDR patients, this design 
partially compensates for vision loss due to 
retinal pathology, improving functional vision in 
daily life. However, this design may also cause 
light loss and photic disturbances, especially 
under low-light conditions [19].

The defocus curve is a key tool for assessing 
the optical performance of IOLs [20]. In this 
study, the MIOL group exhibited a bimodal defo-
cus curve with peaks at 0.0 D and -3.0 D and a 
stable plateau between them, reflecting supe-
rior visual acuity across a wide range of defo-

cus values. Conversely, the SIOL group showed 
a single peak at 0.0 D followed by a steep 
decline, indicating limited depth of focus. These 
findings suggest that MIOLs provide better con-
tinuous vision across multiple distances due to 
their multifocal design [21].

Two years postoperatively, patients in the MI- 
OL group also achieved higher NEI VFQ-25 
scores compared to those in the SIOL group, 
indicating better self-reported visual function 
and quality of life. The NEI VFQ-25 is widely 
used to assess the functional impact of vision 
in daily life [22]. The ability of MIOLs to meet 
patients’ needs for intermediate and near 
vision improves daily task performance, partic-
ularly in activities that require frequent focal 
transitions, such as reading or driving [23]. 
Diabetic patients often experience reductions 
in visual function due to impaired retinal micro-
circulation. By enhancing vision at multiple dis-
tances, MIOLs help mitigate these deficits and 
significantly improve quality of life [24].

Despite these advantages, MIOLs were associ-
ated with significantly higher levels of total 
HOAs, coma, and spherical aberrations com-
pared to SIOLs. This is consistent with previous 
findings showing that the division and redistri-
bution of light by multifocal optics may increase 
optical aberrations, particularly under mesopic 
or low-contrast conditions [25]. The MIOL group 
also showed a lower Strehl ratio, which sug-
gests a compromise in retinal image quality.

No significant differences in contrast sensiti- 
vity were observed between the two groups 
under either photopic or scotopic conditions, 
suggesting comparable performance in varied 
lighting environments. However, patients par-
ticularly sensitive to glare or photic effects may 
still require additional interventions to alleviate 
visual discomfort caused by increased HOAs.

Postoperative complication rates were low and 
similar in both groups, indicating that MIOL im- 
plantation does not significantly increase surgi-

Table 6. Comparison of postoperative complications between MIOL and SIOL groups
Index MIOL group (n=152 eyes) SIOL group (n=124 eyes) P
Increased intraocular pressure after surgery 6 5 > 0.999
Post-onset cataract 9 11 0.61
Retinal detachment 1 1 > 0.999
Note: Using the Fisher’s exact test, MIOL: Multifocal Intraocular Lens, SIOL: Single-focus Intraocular Lens.

Table 7. Assignment
Index Assignment
Diabetes course 0= < 3 years; 1= ≥ 3 years
Total HOAs 0= < 0.18 µm; 1= ≥ 0.18 µm
Crystal type 0= MIOL; 1= SIOL
Complication 0= did not occur; 1= occurred
Note: MIOL: Multifocal Intraocular Lens, SIOL: Single-
focus Intraocular Lens, HOAs: Higher-Order Aberrations.



Multifocal lenses and diabetic retinopathy

5051	 Am J Transl Res 2025;17(7):5045-5053

cal risk when performed with proper intraoper-
ative and postoperative care. Nonetheless, 
complications such as intraocular pressure 
elevation, posterior capsule opacification, and 
retinal detachment should be closely moni-
tored [26].

Multivariate logistic regression identified diabe-
tes duration ≥ 3 years, total HOAs ≥ 0.18, lens 
type, and postoperative complications as inde-
pendent risk factors affecting visual quality 
scores at two years postoperatively. ROC curve 
analysis showed good model performance. A 
longer duration of diabetes was associated 
with worse visual outcomes, likely due to chron-
ic microvascular changes and structural retinal 
damage. Total HOAs were also critical, particu-
larly in MIOL recipients, as elevated HOAs are 

associated with visual distortions and reduced 
clarity. Interestingly, the correlation between 
higher HOAs and improved near vision in MIOL 
users suggests a dual effect - enhancing some 
aspects of vision while impairing others. Thus, 
while MIOLs may be more appropriate for pa- 
tients needing multifocal functionality, clinici- 
ans must carefully consider the potential tra- 
de-offs in optical quality. Furthermore, postop-
erative complications were found to negatively 
influence long-term visual stability, reinforcing 
the importance of long-term follow-up.

Table 8. Univariate logistic regression analysis of influencing factors affecting the visual quality score 
of NPDR patients two years after surgery
Index B S.E. Wald P OR 95% CI for Exp (B)
Diabetes course ≥ 3 years -0.103 0.035 8.533 0.003 0.902 0.842-0.967
Total HOAs ≥ 0.18 µm -0.726 0.326 4.952 0.026 0.484 0.255-0.917
Crystal type -0.800 0.327 5.972 0.015 0.449 0.236-0.853
Complication 1.099 0.471 5.437 0.020 3.000 1.191-7.554
Note: HOAs: Higher-Order Aberrations.

Table 9. Multivariate logistic regression analysis of factors influencing visual quality scores at 2 years 
postoperatively
Index B S.E. Wald P OR 95% CI for Exp (B)
Diabetes course ≥ 3 years -0.099 0.036 7.489 0.006 0.905 0.845-1.976
Total HOAs ≥ 0.18 µm -0.595 0.347 2.94 0.086 0.551 0.000-0.357
Crystal type -0.800 0.349 5.249 0.022 0.449 0.225-0.884
Complication 1.021 0.494 4.277 0.039 2.777 1.123-7.960
Note: HOAs: Higher-Order Aberrations.

Figure 3. Forest Plot of logistic regression analysis 
of key factors. Note: HOAs: Higher-Order Aberrations.

Figure 4. ROC curve analysis of multi-factor regres-
sion model.
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This study has several limitations. First, its ret-
rospective design may introduce selection bias 
and limit causal inference. Second, the study 
population was limited to a specific region, 
which may affect the generalizability of the find-
ings. Third, although a two-year follow-up was 
conducted, the long-term progression of dia-
betic ocular complications warrants extend- 
ed observation. Future studies should adopt  
a prospective, multicenter design with larger 
sample sizes to validate the comparative eff- 
ectiveness of different IOL types in NPDR 
patients. The emergence of new IOL technolo-
gies, such as accommodative or extended-de- 
pth-of-focus lenses, also merits exploration in 
this population. In addition, integrated manage-
ment strategies - combining ophthalmic treat-
ment with systemic diabetes care - may further 
optimize postoperative visual outcomes and 
enhance patients’ quality of life.

In conclusion, MIOLs significantly improve inter-
mediate and near vision, as well as overall visu-
al quality, in patients with NPDR. However, their 
association with higher-order aberrations ne- 
cessitates careful patient selection and post-
operative management. Personalized surgical 
planning that considers disease duration, visu-
al demands, and ocular optical properties is 
essential for optimizing visual outcomes and 
enhancing quality of life in this population.
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