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Abstract: Objective: To explore the effects of short-term intensive glycemic control on macular microvascular pa-
rameters in patients with type 2 diabetes mellitus (T2DM) without diabetic retinopathy (DR), and to develop a risk
predictive model for poor glycemic control. Methods: Clinical data of 320 T2DM patients without DR (Mar 2021-Sep
2024) were retrospectively collected. The cohort was randomly allocated in a 7:3 ratio into a training set (n=224)
and a validation set (n=96). Within each dataset, patients were further divided into an intensive glycemic control
group and a conventional control group. Macular microvascular parameters were assessed at baseline and 14 days
after treatment, with a 3-month follow-up for glycemic control status. Multivariate logistic regression was used to
identify independent risk factors for poor glycemic control and to establish a predictive model, which was verified
by receiver operating characteristic (ROC) curve analysis. Results: After 14 days of treatment, the intensive group
exhibited significantly reduced foveal avascular zone (FAZ) and retinal thickness (RT), as well as increased macular
capillary density (MCD), compared with the control group (all P<0.001). The incidence of poor glycemic control was
significantly lower in the intensive group than the control group (9.7% vs. 37.0%; P<0.001). FAZ, MCD, RT and HbAlc
were identified as independent risk factors for poor glycemic control. The combined predictive model achieved an
area under ROC curve (AUC) of 0.905 in the training set and 0.960 in the validation set, outperforming individual
parameters. Conclusion: Short-term intensive glycemic control improves macular microvascular perfusion in T2DM
patients without DR. The combined predictive model demonstrates stable and high diagnostic performance for
identifying patients at risk of poor glycemic control.

Keywords: Short-term blood glucose control, diabetic retinopathy, macular microvascular parameters, foveal
avascular zone, capillary density

Introduction

Type 2 difabetes mellitus (T2DM), accounting
for over 90% of global diabetes cases, is a
chronic metabolic disorder characterized by
persistent hyperglycemia secondary to insulin
secretory dysfunction, insulin resistance, and
aberrant lipid and protein metabolism, posing a
substantial threat to patients’ long-term sur-
vival and quality of life [1, 2]. Diabetic retinopa-
thy (DR), the most prevalent microvascular
complication of T2DM, remains a leading cause
of irreversible vision impairment and blindness
worldwide, primarily driven by progressive reti-
nal microcirculatory dysfunction [3]. As the ana-
tomical and functional center of human central
vision, the structural integrity of the macular
microvascular network plays a pivotal role in

maintaining visual acuity and visual function in
diabetic patients [4]. Accumulating clinical evi-
dence has demonstrated that subclinical micro-
vascular impairment may be present in diabetic
patients even before the onset of clinically evi-
dent DR, and these early microvascular altera-
tions are closely associated with long-term gly-
cemic control status [5]. Therefore, timely and
optimized glycemic control at the pre-DR stage
is critical for preventing or delaying the progres-
sion of subclinical macular microvascular dam-
age and subsequent vision loss in patients with
T2DM.

In the clinical management of T2DM, long-term
oral hypoglycemic therapy remains the corner-
stone of treatment [6]. Although this strategy is
effective in maintaining glycemic targets and
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reducing the risk of chronic complications, its
clinical utility is limited by adverse events such
as hypoglycemia, weight gain, and gastrointes-
tinal intolerance, which may compromise treat-
ment adherence and long-term outcomes [7].
Short-term intensive insulin pump therapy,
including continuous subcutaneous insulin
infusion (CSlI), has been widely adopted in clini-
cal practice as an optimized glycemic control
strategy due to its ability to reduce glycemic
variability and lower the risk of hypoglycemic
events [8]. However, existing studies have pre-
dominantly focused on the effects of hypogly-
cemic control strategies on fundus lesion pro-
gression in patients with confirmed DR. Limited
evidence is available regarding the dynamic
effects of different short-term glycemic control
regimens on macular microvascular parame-
ters in T2DM patients without DR, and the
association between macular microvascular
alterations and subsequent glycemic control
outcomes remains insufficiently elucidated.

In this context, this retrospective study aimed
to investigate the dynamic effects of short-term
intensive glycemic control on macular micro-
vascular parameters in T2DM patients without
DR, to clarify the correlation between macular
microvascular indicators and the risk of poor
glycemic control, and to develop and validate a
risk predictive model for poor glycemic control
based on these noninvasive microvascular
parameters. Our findings are expected to pro-
vide an objective and quantitative basis for the
early identification of T2DM patients at high
risk of poor glycemic control, optimization of
individualized hypoglycemic management strat-
egies, and a shift toward earlier prevention of
DR in clinical practice.

Materials and methods
Patients’ selection

Clinical data of 368 T2DM patients treated
in the Departments of Endocrinology and
Ophthalmology of Xi'an People’s Hospital
between March 2021 and September 2024
were retrospectively collected. Inclusion crite-
ria: (1) diagnosis of T2DM according to estab-
lished clinical criteria; (2) absence of diabetic
retinopathy (DR, ETDRS grade 0), confirmed by
fundus photography and optical coherence
tomography angiography (OCTA); (3) age be-
tween 18 and 80 years; (4) completion of at
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least 14 days of standardized hypoglycemic
treatment and 3 months of regular follow-up;
(5) availability of high-quality OCTA images of
the macular region suitable for accurate mea-
surement of foveal avascular zone (FAZ), macu-
lar capillary density (MCD), retinal thickness
(RT), and other microvascular parameters; (6)
complete clinical data, including baseline char-
acteristics, glycemic indices, imaging data, and
follow-up records. Exclusion criteria: (1) pres-
ence of any degree of diabetic retinopathy (mild
non-proliferative DR or above); (2) coexisting
retinal diseases, including age-related macular
degeneration, retinal vein occlusion, uveitis,
glaucoma, or high myopia retinopathy; (3) his-
tory of ocular surgery, ocular trauma, or severe
refractive media opacity affecting image quali-
ty; (4) severe systemic diseases, including car-
diac, hepatic, or renal insufficiency, malignant
tumors, hematological diseases, or autoim-
mune diseases; (5) pregnancy or lactation; (6)
poor adherence to insulin treatment, loss to
follow-up, or missing key data; and (7) other
factors potentially affecting glycemic control or
macular microvascular status.

The flowchart of participant selection is illus-
trated in Figure 1. A total of 320 eligible
patients were included and randomly allocated
into a training set (n=224) and a validation set
(n=96) at a ratio of 7:3. Within each dataset,
patients were further divided into a control
group (conventional subcutaneous insulin ther-
apy) and an observation group (short-term
intensive glycemic control) according to their
glycemic management strategy. Specifically,
the training set comprised 100 patients in the
control group and 124 in the observation group,
while the validation set included 46 and 50
patients, respectively. This study was approved
by the Ethics Committee of Xi'an People’s
Hospital (Xi'an Fourth Hospital). All procedures
were conducted in accordance with the De-
claration of Helsinki.

Data extraction

Both groups received standardized diabetes
education, including dietary guidance, exercise
recommendations, and training in self-monitor-
ing of blood glucose. Patients in both groups
received treatment for 14 consecutive days.

Patients in the control group received conven-
tional subcutaneous insulin therapy. Insulin
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Screening
Patients screened (Mar 2021-Sep 2024): 368

Excluded: 48
Presence of any degree of diabetic retinopathy: 16

Complicated with other retinal disease: 12
History of ocular surgery/ocular trauma: 8

Severe cardiac/hepatic or renal dysfunction/malignant

tumors/hematological diseases: 7
Pregnancy or lactation: 2
Poor compliance/loss to follow-up/missing key data: 3

Enrolled: 320
Type 2 diabetic patients without DR

Randomized allocation: 320

7:3 stratified randomization

Training set:
224

Validation
set: 96

insulin pump; the other portion
was equally subdivided and
injected as bolus doses before
breakfast, lunch, and dinner,
respectively.

Data collection

Primary indicators

Incidence of poor glycemic
control events: The occurrence
of poor glycemic control events
was recorded during the 3-
month follow-up period, and
the incidence was calculated.
Poor glycemic control was de-
fined as the presence of any of
the following conditions: per-
sistent fasting blood glucose

Control group group
(Conventional insulin): 100

Intensive group
(CSII therapy):50

Intensive group
(CSII therapy):124

Control group group
(Conventional insulin):46

(FBG) >7.0 mmol/L or 2-hour

Follow-up: 3 months

All patients completed 14-day standardized

hypoglycemic therapy and 3-month regular follow-up;
no loss to follow-up: 320

postprandial blood glucose
(2hPBG) >10.0 mmol/L; glycat-
ed hemoglobin (HbAlc) >7.5%;
occurrence of hypoglycemia

Data analysis: 320
Training set: 224 (Intensive:124 / Control:100);
Validation set: 96 (Intensive:50 / Control:46)

Figure 1. Flowchart for patient selection.

aspartinjection (approval number: 520153001,
3 mL: 300 U) was administered subcutaneo-
usly before each of the three daily meals
at an initial dose of 0.1 U/(kg-d). In addition,
insulin glargine injection (approval number:
$20201000, 3 mL: 300 U) was injected subcu-
taneously once daily before bedtime at an ini-
tial dose of 0.2 U/(kg-d). Blood glucose levels
were closely monitored throughout treatment,
and insulin dosages were adjusted individually
according to glycemic response.

Patients in the observation group received
short-term intensive glycemic control using
continuous subcutaneous insulin infusion
(CSIl) with insulin aspart injection (approval
number: S20200008, 3 mL: 300 U). A subcu-
taneous indwelling catheter was inserted into
the abdominal wall as the infusion site. The ini-
tial total daily insulin dose was 0.3 U/kg, equal-
ly divided into two portions. One portion was
delivered as a continuous basal infusion via the
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(blood glucose <3.9 mmol/L)
on two or more occasions;
requirement for adjustment of
the treatment regimen due to
marked glycemic fluctuations.

Adverse reactions: The occur-

rence of adverse reactions in

both groups was counted,
including constipation, gastrointestinal reac-
tions, urinary tract infections, and hypogly-
cemia.

Secondary indicators

Baseline data: The collected data included sex,
age, disease duration, body mass index (BMI),
history of hypertension, FBG, 2hBG, and HbAlc.

Macular microvascular parameters: Parame-
ters, including FAZ area, MCD, and RT, were col-
lected from both groups at baseline and 14
days after treatment.

Statistical analysis

Statistical analyses were performed using
SPSS 26.0 and R 4.2.0 software. Continuous
variables were expressed as mean + standard
deviation (SD). Between-group comparisons
were performed using the independent-sam-
ples t-test, while within-group comparisons
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Table 1. Baseline data of the training and validation sets [n (%),

X +sd]
Trainin Validation
set (n=2§4) set(n=06) /X P
Age (yr) 55.57+2.53 55.61+2.53 0.130 0.897
Gender 0.010 0.922
Male 118 (52.7) 50 (52.1)
Female 106 (47.3) 46 (47.9)
Disease duration (yr) 5.18+0.65 5.20+0.66 0.251 0.802
BMI (kg/m?) 22.81+1.61 22.76+1.54 0.258 0.797
Hypertension 1.200 0.273
Yes 130 (58.0) 62 (64.6)
No 94 (42.0) 34 (35.4)
Smoking history 0.053 0.818
Yes 144 (64.3) 63 (65.6)
No 80 (35.7) 33 (34.4)
Drinking history 0.101 0.751
Yes 121 (54.0) 50 (52.1)
No 103 (46.0) 46 (47.9)
FBG (mmol/L) 10.60+1.62 10.62+1.63  0.101 0.920
2hBG (mmol/L) 17.58+1.50 17.55+1.45 0.166 0.867
HbA1c (%) 7.99+0.58 7.96+0.56 0.204 0.839

Notes: BMI: body mass index; FBG: fasting blood glucose; 2hBG: 2-hour postpran-

dial blood glucose; HbA1c: glycated hemoglobin.

Table 2. Baseline data of the observation and control group in the

training set [n (%), X+sd]

Observation Control 2 p
group (n=124) group (n=100)
Age (yr) 55.60+2.76 55.54+2.22 0.176 0.860
Gender 0.799 0.371
Male 62 (50.0) 56 (56.0)
Female 62 (50.0) 44 (44.0)
Disease duration (yr) 5.17+0.72 5.20+0.56 0.342 0.733
BMI (kg/m?) 22.58+2.49 22.55+2.52 0.113 0.910
Hypertension 0.412 0.521
Yes 70 (55.8) 60 (60.0)
No 54 (44.2) 40 (40.0)
Smoking history 0.040 0.841
Yes 79 (63.7) 65 (65.0)
No 45 (36.3) 35 (35.0)
Drinking history 0.647 0.421
Yes 64 (51.6) 57 (57.0)
No 60 (49.4) 43 (43.0)
FBG (mmol/L) 10.59+1.79 10.62+1.40 0.137 0.891
2hBG (mmol/L) 17.57+1.65 17.58+1.29 0.055 0.956
HbA1c (%) 7.95+0.54 8.04+0.62 1.418 0.158

Notes: BMI: body mass index; FBG: fasting blood glucose; 2hBG: 2-hour postpran-

dial blood glucose; HbA1c: glycated hemoglobin.
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before and after treatment
were analyzed using paired-
samples t-test. Categorical
variables were expressed as
rates (%) and compared using
the chi-square (x?) test.

Variables with P<0.1 in univari-
ate analysis were entered into
multivariate logistic regression
to identify independent risk
factors for poor glycemic con-
trol. Optimal cutoff values for
continuous variables were de-
termined using the maximum
Youden index from receiver
operating characteristic (ROC)
curve analysis, and variables
were subsequently dichoto-
mized for model construction.
The predictive performance of
the model was evaluated using
ROC curve analysis, and the
area under the curve (AUC),
sensitivity, and specificity were
calculated. A two-sided P value
of <0.05 was considered sta-
tistically significant.

Results

Baseline characteristics of the
training and validation sets

There were no significant dif-
ferences in baseline character-
istics, including sex, age, dis-
ease duration, BMI, hyperten-
sion history, FBG, 2hBG, and
HbAlc, between the training
set and the validation set (all
P>0.05, Table 1).

Baseline characteristics of
the control and observation
groups in the training cohort

No significant differences were
observed in baseline charac-
teristics, including sex, age,
disease duration, BMI, hyper-
tension history, FBG, 2hBG, or
HbAlc between the observa-
tion and control groups (all
P>0.05, Table 2).
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Table 3. Comparison of macular microvascular parameters between the observation and control groups before and after treatment (X +sd)

FAZ (mm?2) MCD (mm/mm?) RT (um)
Groups n Before 14 d after t P Before 14 d after t P Before 14 d after t P
treatment treatment treatment  treatment treatment treatment
Observation group 124  0.37+0.05 0.28+0.02" 18.610 <0.001 22.43+1.55 26.13+1.19" 21.084 <0.001 265.78+16.03 228.79+14.10" 19.294 <0.001
Control group 100 0.38+0.03 0.30+0.03° 18.856 <0.001 22.41+1.52 24.93+1.24" 13.054 <0.001 264.63+15.21 239.19+14.24" 12.210 <0.001
t 1.760 5.962 0.097 7.363 0.546 5.464
P 0.080 <0.001 0.923 <0.001 0.585 <0.001

Notes: FAZ: foveal avascular zone; MCD: macular capillary density; RT: and retinal thickness. *within-group comparison before and after treatment, P<0.001.

Table 4. Comparison of the incidence of adverse reactions and poor glycemic control events between the two groups after treatment [n (%)]

Occurrence of poorly controlled
blood glucose events

Adverse reactions

Groups n - - - :
o Gastrointestinal Urinary tract . Incidence of adverse
Constipation . . . Hypoglycemia ; Yes No
reactions infections reactions

Observation group 124 3(2.4) 2 (1.6) 0 (0.00) 4(3.2) 9 (7.3) 12 (9.7) 112 (90.3)
Control group 100 5 (5.0) 2(2.0) 2(2.0) 1(1.0) 10 (10.0) 37 (37.0) 63 (63.00)
X2 1.497 24.181
P 0.221 <0.001
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Table 5. Comparison of the baseline data and macular microvascular parameters between patients

with different glycemic control outcomes [n (%), X +sd]

Poorly controlled blood

Well-controlled blood

glucose group (n=49) glucose group (n=175) vx P

Age (yr) 55.37+2.64 55.63+2.50 0.636 0.526
Gender 0.501 0.479

Male 28 (57.1) 90 (51.4)

Female 21 (42.9) 85 (48.6)
Disease duration (yr) 5.23+0.67 5.17+0.65 0.567 0.571
BMI (kg/m?) 22.86+1.68 22.74+1.54 0.551 0.582
Hypertension 0.262 0.609

Yes 30 (61.2) 100 (57.1)

No 19 (38.8) 75 (42.9)
Smoking history 0.123 0.940

Yes 32 (65.3) 112 (64.0)

No 17 (34.7) 63 (36.0)
Drinking history 0.227 0.634

Yes 25 (51.0) 96 (54.9)

No 24 (49.0) 79 (46.1)
FBG (mmol/L) 10.64+1.66 10.59+1.62 0.190 0.850
2hBG (mmol/L) 17.56+1.54 17.58+1.49 0.082 0.934
HbAlc (%) 8.52+0.59 7.84+0.48 8.318 <0.001
FAZ (mm?) 0.31+0.03 0.28+0.02 8.234 <0.001
MCD (mm/mm?) 24.41+1.13 25.93+1.21 7.882 <0.001
RT (um) 247.17+13.81 229.59+13.03 8.239 <0.001

Notes: BMI: body mass index; FBG: fasting blood glucose; 2hBG: 2-hour postprandial blood glucose; HbAlc: glycated hemoglo-
bin; FAZ: foveal avascular zone; MCD: macular capillary density; RT: and retinal thickness.

Comparison of macular microvascular param-
eters between the observation and control
groups before and after treatment (training
set)

As shown in Table 3, no significant differences
in FAZ, MCD, or RT were observed between the
two groups at baseline (P>0.05). After treat-
ment, FAZ and RT were significantly decreased,
while MCD was significantly increased in both
groups. Compared with the control group, the
observation group exhibited a more significant
reduction in FAZ and RT, as well as a greater
increase in MCD (all P<0.001).

Comparison of adverse events and incidence
of poor glycemic control between the observa-
tion and control groups (training set)

As shown in Table 4, the incidence of adver-
se reactions was 7.3% (9/124) in the observa-
tion group and 10.0% (10/100) in the control
group, with no significant difference between
the groups (P>0.05). The incidence of poor gly-
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cemic control was significantly lower in the
observation group than that in the control
group (9.7% [12/124] vs. 37.0% [37/100];
P<0.001).

Comparison of baseline characteristics and
macular microvascular parameters between
patients with different glycemic control out-
comes

As shown in Table 5, there were no significant
differences in age, sex, disease duration, BMI,
hypertension, smoking history, drinking history,
FBG, or 2hBG between the poor glycemic con-
trol group and the well-controlled group.
However, FAZ, RT, and HbA1c were significantly
higher in the poor control group (all P<0.05).

Univariate and multivariate analyses of factors
affecting the glycemic control

Variables showing significant differences in

Table 5 were dichotomized according to the
optimal cut-off values derived from the maxi-
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Table 6. Assignment of influencing factors

Influencing factors Assignment
FAZ 0: <0.305 mm?
1:20.305 mm?
MCD 0: 225.185 mm/mm?
1: <25.185 mm/mm?
RT 0: <241.825 um
1: >241.825 ym
HbAlc 0: <8.26%
1: >8.26%

Notes: FAZ: foveal avascular zone; MCD: macular capillary
density; RT: and retinal thickness; HbAlc: glycated hemo-
globin.

mum Youden index in ROC curve analysis, with
the assignment details presented in Table 6.
Univariate and multivariate logistic regres-
sion analyses (Tables 7 and 8) identified FAZ
>0.305 mm?, MCD <25.185 mm/mm?, RT
>241.825 ym, and HbA1c >8.26% as indepen-
dent risk factors for poor glycemic control.

Nomogram construction and validation

In the training set, the nomogram demonstrat-
ed that MCD contributed the greatest weight to
the prediction of glycemic control outcomes,
followed by FAZ, whereas RT and HbA1c show-
ed relatively smaller contributions (Figure 2A).
In the validation set, MCD remained the stron-
gest predictor, followed by FAZ and HbAlc,
while RT exerted a relatively weak effect (Figure
2B).

Calibration curves confirmed favorable predic-
tive performance of the combined model incor-
porating FAZ, MCD, RT, and HbA1c in both the
training set (x>=1.344, P=0.719, Figure 2C)
and the validation set (x?>=3.631, P=0.304,
Figure 2D).

ROC curve analysis of predictive performance

As shown in Table 9 and Figure 3, ROC curve
analysis in the training set demonstrated that
FAZ, MCD, RT, and HbA1c had acceptable indi-
vidual predictive values for poor glycemic con-
trol. The combined model achieved significantly
superior predictive performance compared
with any single indicator (Figure 3A). Consist-
ent findings were observed in the validation
set, where the combined model similarly out-
performed individual parameters (Figure 3B).
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Discussion

DR is the most prevalent microvascular compli-
cation in patients with T2DM. The underlying
pathogenesis is primarily attributed to retinal
microvascular damage and neurodegenerative
alterations induced by persistent hyperglyce-
mia [9, 10]. Therefore, early and optimal glyce-
mic intervention prior to the onset of clinically
evident DR may help delay or prevent the pro-
gression of subclinical retinal microvascular
impairment [11, 12]. In clinical practice, con-
tinuous subcutaneous insulin infusion (CSlII)-
based short-term intensive therapy has been
widely adopted as an effective strategy to
achieve stable and near-target glycemic control
[13]. In the present study, we demonstrated
that short-term intensive glycemic manage-
ment significantly improved macular microvas-
cular perfusion in T2DM patients without DR,
and the constructed combined predictive
model exhibited favorable and stable predictive
performance.

The macula is the anatomical center of central
vision, and its microvascular integrity plays a
critical role in maintaining visual function
[14, 15]. In the present study, 14 days of CSII
therapy significantly reduced FAZ area and RT,
while markedly increasing MCD compared with
conventional insulin treatment. These findings
are consistent with previous studies [16, 17]
demonstrating that metabolic and pharmaco-
logic interventions may improve retinal micro-
circulation in diabetic patients. The potential
mechanism underlying these effects may be
multifactorial. Chronic hyperglycemia promotes
excessive production of reactive oxygen spe-
cies and accumulation of advanced glycation
end-products, which synergistically contribute
to endothelial dysfunction, increased vascular
permeability, and impaired microcirculatory
homeostasis [18, 19]. In addition, CSIl may
attenuate these pathological processes by
rapidly stabilizing blood glucose levels and
reducing glucose variability, thereby alleviating
oxidative stress-mediated endothelial injury.
Furthermore, improved insulin sensitivity may
help normalize vascular endothelial growth
factor expression, thus supporting capillary
regeneration and perfusion [20]. Compared
with conventional insulin injection, CSIl also
mitigates endothelial injury caused by exces-
sive glycemic fluctuations, facilitating macular
microvascular recovery [21].
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Table 7. Univariate logistic regression analysis of factors influencing glycemic control outcomes

95% ClI
Factors B StdError Wald x? P OR
Lower Upper
FAZ >0.305 mm? 2.894 0.409 49,985 <0.001 18.069 8.100 40.308
MCD <25.185 mm/mm? 2.452 0.395 38.539 <0.001 11.611 5.354 25.182
RT >241.825 uym 2.378 0.368 41.825 <0.001 10.787 5.247 22.179
HbA1c >8.26% 2.260 0.363 36.684 <0.001 9.581 4.700 19.528

Notes: FAZ: foveal avascular zone; MCD: macular capillary density; RT: and retinal thickness; HbAlc: glycated hemoglobin.

Table 8. Multivariate logistic regression analysis of factors influencing glycemic control outcomes

95% Cl
Factors B StdError Wald x2 P OR
Lower Upper
FAZ >0.305 mm? 1.788 0.545 10.775 0.001 5.980 2.056 17.395
MCD <25.185 mm/mm? 2.300 0.487 22.297 <0.001 9.970 3.838 25.895
RT >241.825 um 1.141 0.503 5.144 0.023 3.131 1.168 8.394
HbA1c >8.26% 1.197 0.514 5.424 0.020 3.310 1.209 9.063

Notes: FAZ: foveal avascular zone; MCD: macular capillary density; RT: and retinal thickness; HbA1c: glycated hemoglobin.
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Figure 2. Construction and predictive performance evaluation of the Nomogram model. A. Nomogram in the train-
ing set; B. Nomogram in the validation set; C. Calibration curve for the Nomogram in the training set; D. Calibration
curve for the Nomogram in the validation set.

9596 Am J Transl Res 2026;18(10):9589-9599



Glycemic control improves macular microvascular parameters

Table 9. ROC curve analysis of risk factors for glycemic control outcomes

Group Factor AIC P 95%Cl  Sensitivity Specificity Y;L:jdei” Cut-off value

Training set  FAZ 0.815 <0.001 0.741-0.889 0592 0926  0.518 0.305 mm?
MCD 0.829 <0.001 0.766-0.892 0.749  0.796  0.545 25.185 mm/mm?
RT 0.832 <0.001 0.7680.896 0.653  0.851 0504  241.825um
HbAlc  0.826 <0.001 0.758-0.894 0.673  0.823  0.496 8.26%
Combine 0.905 <0.001 0.853-0.957 0796  0.897  0.693 -

Validation set FAZ 0.805 <0.001 0.652-0.958  0.722 0897  0.619 0.295 mm?
MCD 0.830 <0.001 0.717-0.943 0795  0.833  0.628 25.205 mm/mm?
RT 0.821 <0.001 0.707-0.934 0778  0.821 0599  240.665 um
HbAlc  0.834 <0.001 0.7160.952 0.778  0.846  0.624 8.26%
Combine 0.960 <0.001 0.921-0.998 0.889  0.885  0.774

Notes: FAZ: foveal avascular zone; MCD: macular capillary density; RT: and retinal thickness; HbAlc: glycated hemoglobin.
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Figure 3. ROC curves of risk factors in predicting glycemic control outcomes. A. Training set; B. Validation set.

Univariate and multivariate logistic regression
analyses revealed that FAZ >0.305 mm?, MCD
<25.185 mm/mm?, RT >241.825 pm, and
HbA1lc >8.26% were independent risk factors
for poor glycemic control. These results are
consistent with the findings of Ath et al. [5],
supporting a close link between systemic
metabolic abnormalities in diabetes and retin-
al microcirculatory disturbance. As the most
metabolically active zone of the retina, the
macula is extremely vulnerable to metabolic
dysfunction. An enlarged FAZ indicates capil-
lary dropout or hypoperfusion in the fovea,
whereas reduced MCD reflects decreased
microvascular density. Both defects impair oxy-
gen and nutrient delivery in retinal tissue and
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further disrupt glucose metabolism [22, 23].
Increased RT is associated with elevated micro-
vascular permeability and intraretinal edema,
representing a key biomarker for early micro-
vascular impairment [24]. HbA1c reflects the
mean blood glucose level over the preceding
2-3 months and indicates the severity of long-
term metabolic dysregulation in diabetes [25,
26].

ROC curve analyses from both the training and
validation sets demonstrated that the com-
bined predictive model achieved significantly
better predictive performance than any single
indicator alone. HbAlc enables the assess-
ment of short-term glycemic control trends but
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cannot reflect real-time changes in the retinal
microvasculature [27]. In contrast, macular
microvascular parameters derived from OCTA
are noninvasive, quantitative, and sensitive in
detecting subclinical microvascular damage.
However, these parameters alone cannot
directly illustrate the impact of glycemic fluctu-
ations on microvascular integrity [28, 29].
Taken together, our findings indicate that in
clinical practice, the integrated model can be
used to rapidly estimate the risk of poor glyce-
mic control by inputting individual patient
parameters, thus providing a straightforward
and objective tool to support clinical de-
cision-making.

This study has several limitations. First, as a
single-center study with a relatively modest
sample size, potential selection bias may exist,
and the generalizability of our model needs to
be further validated in large-scale, multicenter
cohorts. Second, the follow-up duration was
limited to 3 months; thus, the long-term im-
pacts of short-term intensive glycemic control
on macular microvascular parameters and DR
incidence could not be evaluated. Future pro-
spective, multicenter, and long-term follow-up
studies are warranted to clarify the associa-
tion between changes in macular microvascu-
lar parameters and DR risk, as well as to verify
the long-term predictive value of the model.

Conclusion

Short-term intensive glycemic control using
CSII effectively improves macular microvascu-
lar perfusion and reduces the risk of poor gly-
cemic control in patients with T2DM but with-
out DR. The combined predictive model incor-
porating FAZ, MCD, RT, and HbAlc exhibits
favorable predictive efficacy and stability,
which may provide a novel clinical strategy for
reducing the incidence of DR and improving
visual outcomes in this population.
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