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Abstract. Lifestyle-related disorders, particularly diabetes, pose a significant global health challenge. Diabetic macular 
oedema, a microvascular complication, highlights the importance of managing insulin resistance and hyperlipidaemia 
for optimal clinical outcomes. Understanding the interplay between these factors is crucial for optimising therapeutic 
strategies and improving patient care. This cross-sectional study aimed to compare insulin resistance and lipid profiles 
between patients with clinically significant macular oedema and those with non-clinically significant macular oedema, 
both diagnosed with type 2 diabetes mellitus. This research can aid in the earlier identification and classification 
of macular oedema, enabling more timely and specific interventions. In general, 86 patients with type 2 diabetes 
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including clinically significant macular oedema (CSMO), 
was confirmed. With the exception of high triglyceride lev-
els, elevated levels of total cholesterol, LDL, and triglycer-
ides (TG), as well as decreased HDL levels, were found to 
increase the risk and severity of DR and CSMO. The find-
ings highlight the complex relationship between metabolic 
factors, such as dyslipidaemia and insulin resistance, and 
the onset and progression of diabetic ocular complications. 
This underscores the potential for targeted interventions 
and risk-reduction strategies.

Understanding the interplay between insulin resist-
ance, lipid profile, and macular oedema in patients with 
type 2 diabetes is of significant clinical importance. CSMO 
is a severe complication of diabetic retinopathy, leading to 
visual impairment and blindness  [10]. However, distin-
guishing between clinically significant and non-clinically 
significant macular oedema (non-CSMO) is crucial for 
treatment decisions and prognosis. Investigating the differ-
ences in insulin resistance and lipid profiles between these 
two subgroups can provide valuable insights into the un-
derlying pathophysiology and potentially guide personal-
ised therapeutic approaches. Therefore, this study aimed to 
investigate the association of CSMO among patients with 
type 2 diabetes mellitus with insulin resistance and dyslipi-
daemia at a tertiary care centre in north India.

Materials and Methods
This cross-sectional study was conducted in the Depart-
ment of Ophthalmology at Era’s Lucknow Medical College, 
Lucknow, over two years (Aug 2021-Aug 2023). A total of 
86 patients with macular oedema due to type 2 diabetes 
mellitus, aged over 18 years, and attending the Ophthal-
mology OPD at Era’s Lucknow Medical College and Hos-
pital were included in the study following ethical clearance 
and informed consent, following the Helsinki Declara-
tion [11]. Exclusion criteria included patients undergoing 
insulin treatment and those taking lipid-regulating drugs 
(such as statins and fibrates), as well as patients receiving 
treatment for diabetic macular oedema, individuals who 
had undergone intraocular surgery or laser treatment or re-
ceived intravitreal injections within the past three months. 
Additionally, patients with a history of using drugs affecting 
macular thickness (such as corticosteroids or nephrotoxic 

Introduction
Diabetes, a leading lifestyle disorder, poses a significant 
global health challenge. Diabetes, a widespread chronic 
ailment caused by insufficient production or utilisation of 
insulin, impacts an estimated global adult population of 
approximately 537  million individuals. This figure is an-
ticipated to increase to 643 million by 2030, and further 
to 783  million by 2045  [1, 2]. In South-East Asia (SEA), 
specifically, the prevalence of diabetes has exceeded all pre-
vious projections. Diabetic macular oedema (DMO) exac-
erbates the complications associated with diabetes mellitus 
(DM) by inducing visual impairment, frequently occurring 
in conjunction with diabetic retinopathy (DR) [3]. DMO, 
which impacts around 10% of diabetic patients, is identi-
fied as the predominant cause of vision-threatening DR in 
primary care settings. Furthermore, those who have diabe-
tes are at an increased risk of developing cataracts during 
their youth, which further compromises the vision of indi-
viduals with diabetes mellitus [4].

Lipids and insulin are both pivotal factors in the patho-
genesis and advancement of DMO and DR. An increased 
risk is correlated with elevated levels of total cholester-
ol and triglycerides, specifically low-density lipoprotein 
(LDL) cholesterol [5]. Conversely, high-density lipoprotein 
(HDL) cholesterol demonstrates a protective effect. Insulin 
resistance, a defining feature of type 2 diabetes, contributes 
to neurodegeneration and retinal vascular abnormalities by 
impeding glucose absorption and increasing inflammation 
and oxidative stress. The importance of dyslipidaemia and 
insulin resistance in the pathophysiology of DR and DMO 
is underscored by their interaction, which highlights po-
tential therapeutic targets that could alleviate vision loss in 
diabetic patients [6].

Y.X. Xu et al. [7] recently conducted a cross-sectional 
study to investigate the relationship between diabetic retin-
opathy (DR) and various measures of insulin resistance (IR) 
in a cohort of 2,211 patients with type 2 diabetes. The study 
demonstrated a significant association between the esti-
mated glucose disposal rate (eGDR) and both the presence 
and severity of diabetic retinopathy among the indicators 
analysed. The results suggest that eGDR may be a reliable 
indicator of DR, potentially surpassing other IR indices [8].

In a study by R. Behera et al.  [9], the correlation be-
tween lipid profile and the occurrence and severity of DR, 

mellitus and macular oedema were divided into two groups: clinically significant macular oedema and non-clinically 
significant macular oedema. Comprehensive demographic data, medical histories, and current medication regimens 
were recorded. Glycaemic control and lipid profiles were assessed, while ophthalmological evaluations included 
visual acuity measurements and intraocular pressure assessments. Significant differences were observed between the 
two groups, particularly in diabetes duration, body mass index, blood glucose levels, and lipid profiles. Patients with 
clinically significant macular oedema had a longer duration of diabetes, a higher body mass index, and elevated blood 
glucose levels. Triglyceride levels were significantly higher, while high density lipoprotein levels were lower in the 
clinically significant macular oedema group. Multivariate analysis revealed significant associations between the odds 
of developing clinically significant macular oedema and diabetes duration, visual acuity, and high-density lipoprotein 
levels, suggesting their potential as risk factors for this condition

Keywords: diabetic macular oedema; dyslipidaemia; retinal diseases; diabetic neuropathies; retinal vein occlusion
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The CSMO group demonstrated higher mean diabetes 
duration and BMI than the non-CSMO group. Although 

IOP was higher in the CSMO group, this difference was not 
statistically significant (Table 1).

drugs) within the past three months were excluded. Those 
with significant media haziness, which would prevent 
proper fundus visualisation, were also excluded. Patients 
diagnosed with diabetic macular oedema were categorised 
into two groups: Group CSMO and Group non-CSMO, 
each consisting of 43 patients. Following enrolment, par-
ticipants’ demographic details, including age and gender, 
were recorded. A comprehensive systemic examination 
was undertaken to collect medical histories of chronic 
conditions such as hypertension, ischaemic heart disease, 
nephropathy, and neuropathy. Concurrently, information 
on current medications was recorded. Patients observed an 
overnight fast before providing a 2 mL blood sample to as-
sess glycaemic control and lipid levels. Parameters such as 
glycated haemoglobin (HbA1c), fasting blood sugar (FBS), 
postprandial blood sugar (PPBS), and homeostatic model 
assessment of insulin resistance (HOMA-IR) were meticu-
lously recorded alongside serum lipid levels. A subsequent 
blood sample was obtained post-meal to evaluate postpran-
dial blood glucose levels. An ophthalmological assessment 
was then conducted, including measurements of bestcor-
rected visual acuity using Snellen’s chart and intraocular 
pressure (IOP) via Goldmann’s Applanation Tonometer.

General examinations included height, weight, body 
mass index (BMI), and blood pressure measurements. 
Ocular assessments comprised evaluations of uncorrect-
ed visual acuity (UCVA) and best-corrected visual acuity 
(BCVA), torchlight examination, distant direct ophthalmo-
scopy, slitlamp examination, and applanation tonometry. 
Fundus examination involved indirect ophthalmoscopy 
for a comprehensive view of the fundus, allowing for the 

exclusion of pathologies and retinal detachments. Using 
a +90D lens and a binocular slit-lamp microscope, a real 
inverted image was produced with a magnification of 0.75 
times. Macular thickness was assessed using Cirrus HD 
Spectral Domain Optical Coherence Tomography (SD-
OCT) from ZEISS, employing an optic disc cube generated 
from a three-dimensional dataset centred on the optic disc. 
Measurements were taken in various segments, including 
central, superior, inferior, temporal, nasal, inner superior, 
inner inferior, inner temporal, and inner nasal segments. 
Scans with a signal strength below six were excluded to en-
sure data reliability and accuracy.

Statistical analysis: The data was analysed using IBM 
SPSS Inc.’s Statistical Package for Social Sciences, version 
21.0, based in Chicago, IL, USA. Data is presented in nu-
merical form, including percentages and the mean value 
along with its standard deviation (SD). Comparisons were 
made using the chi-square test, independent samples – us-
ing t-test, with a p-value below 0.05 considered statistically 
significant. Additionally, odds ratios were calculated for 
various categorical evaluations.

Results
The study compared patient characteristics between those 
with CSMO and those with nonCSMO. A significant age 
difference was observed, with a majority of CSMO pa-
tients aged >60-70 years (51.2%), whereas the non-CSMO 
group had a higher proportion aged >50-60 years (62.8%, 
p = 0.003) (Fig.  1). Gender distribution also varied, with 
more males in the CSMO group (53.5%) and more females 
in the non-CSMO group (55.9%) (Fig. 2).

Figure 1. Distribution of patients with CSMO and non-CSMO across different age groups
Source: compiled by the authors

Figure 2. Comparison of gender distribution between patients with CSMO and non-CSMO
Source: compiled by the authors
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Baseline characteristics CSMO (n = 43) non-CSMO (n = 43) p-value

Age (years)

40-50 5 (11.6%) 3 (7.0%)
X2 = 13.81
p = 0.003*

>50-60 10 (23.3%) 27 (62.8%)
>60-70 22 (51.2%) 10 (23.3%)

>70 6 (14.0%) 3 (7.0%)

Gender Males 23 (53.5%) 19 (44.2%) X2 = 0.745
p = 0.388Females 20 (46.5%) 24 (55.9%)

Duration (years)

Mean ± SD

17.28 ± 5.61 10.74 ± 1.85 <0.001*
BMI (males) 27.53 ± 1.52 26.59 ± 2.18 0.0228*

BMI (females) 27.86 ± 3.57 25.41 ± 1.99 0.0001*
IOP 15.97 ± 3.86 15.54 ± 3.81 0.606

Table 1. Baseline characteristics of CSMO and non-CSMO patients in both groups

Notes: * – significant; X2 – Chi-Square test; mean values compared using t-test
Source: compiled by the authors

Analysis of diabetes duration revealed that the ma-
jority in the CSMO group had diabetes for over 20 years 
(51.2%), while most in the non-CSMO group had a 
duration of less than 20 years (74.4%). Odds ratios in-
dicated an increasing likelihood of CSMO with longer 
diabetes durations. This finding suggests that patients 
with CSMO tend to be older compared to those with-
out CSMO. Furthermore, the observed age difference 
implies that advancing age might be a risk factor for de-
veloping CSMO. This observation aligns with the cur-
rent understanding that the prevalence of diabetic com-
plications, including CSMO, increases with age due to  

prolonged exposure to hyperglycaemia and its detrimen-
tal effects on retinal vasculature. Regarding BMI, the 
odds of CSMO were higher in females with increased 
BMI, while in males, the odds of CSMO occurrence were 
below one across all BMI categories. Blood glucose lev-
els, HbA1c, and insulin resistance were also found to af-
fect the likelihood of CSMO (Fig. 3). Conversely, neither 
gender nor IOP demonstrated significant associations 
with CSMO. This finding suggests that both males and 
females have similar risks of developing CSMO and that 
IOP alone does not significantly impact CSMO develop-
ment in diabetic patients (Fig. 4).

Figure 3. Comparison of blood sugar levels (FBS, PPBS, HbA1c)  
and HOMA-IR index between patients with CSMO and non-CSMO

Notes: * – significant
Source: compiled by the authors

Figure 4. Comparison of mean duration of diabetes (years), BMI (males and females),  
and IOP between patients with CSMO and non-CSMO group

Notes: * – significant
Source: compiled by the authors
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The prolonged duration of diabetes leads to cumulative 
microvascular damage in the retina, contributing to the 
pathogenesis of CSMO. This finding highlights the impor-
tance of early and sustained glycaemic control to prevent 
long-term complications, such as CSMO. Significant differ-
ences in BMI were observed between the two groups for 
both males and females, indicating an association between 
higher BMI and the presence of CSMO in both genders. 
Elevated BMI is often linked to poor glycaemic control 
and increased inflammatory markers, both of which can 
exacerbate retinal vascular permeability and lead to mac-
ular oedema. These results underscore the need for weight 
management as part of comprehensive diabetic care to re-
duce the risk of CSMO. Patients with CSMO exhibit sig-
nificantly higher FBS, PPBS, and HbA1c levels, indicating 
poor glycaemic control. Elevated HOMA-IR values further 

suggest increased insulin resistance in these patients. These 
findings underscore the critical role of maintaining strict 
glycaemic control to prevent the onset of CSMO.

Assessment of glycaemic control revealed significantly 
higher values in the CSMO group; however, no significant 
differences were observed in total cholesterol (TC) and 
LDL levels. Table 2 indicates that patients with CSMO ex-
hibit poorer glycaemic control, as evidenced by higher lev-
els of FBS, PPBS, HbA1c, and HOMA-IR compared to non-
CSMO patients. Additionally, CSMO patients have poorer 
lipid profiles, characterised by higher triglyceride levels and 
lower HDL cholesterol levels, although there were no sig-
nificant differences in TC and LDL levels between the two 
groups. These findings suggest that poor glycaemic control 
and dyslipidaemia are associated with the presence of clini-
cally significant macular oedema in diabetic patients (Fig. 5).

Variables CSMO non-CSMO p-value

Blood sugar

FBS 230.39 ± 47.28 195.43 ± 49.06 0.001*

PPBS 325.63 ± 60.48 282.08 ± 59.43 0.001*

HbA1c 9.00 ± 1.44 7.73 ± 1.30 <0.001*

HOMA-IR 4.60 ± 0.94 3.90 ± 0.98 0.001*

Lipid profile

TC 260.11 ± 46.89 257.37 ± 41.47 0.774

TG 175.97 ± 39.33 155.85 ± 31.48 0.010*

HDL 41.95 ± 5.63 50.30 ± 7.85 <0.001*

LDL 182.97 ± 46.07 175.90 ± 40.29 0.451

Notes: * – significant; mean values compared using t-test
Source: compiled by the authors

Table 2. Glycaemic control and Lipid profile assessment of CSMO and non-CSMO patients in both groups
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Figure 5. Comparison of lipid levels
Notes: * – significant
Source: compiled by the authors

Measurements of macular thickness in various re-
gions indicated that central macular thickness was sig-
nificantly higher in the CSMO group (269.79 ± 219.0 vs. 
268.91 ± 1.0, p < 0.001), suggesting a potential association 
between central macular thickness and CSMO. The data 
indicate a significant increase in central macular thick-
ness in CSMO patients compared to non-CSMO patients. 

This finding aligns with the characteristic central retinal 
swelling observed in CSMO. However, no significant dif-
ferences were found in macular thickness measurements 
across the other regions (superior, inferior, temporal, na-
sal, and their inner counterparts), suggesting that mac-
ular oedema primarily affects the central region in these 
patients (Table 3).
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In the present study, individuals with total choles-
terol levels exceeding 240  mg/dL (26 cases) exhibited 
significantly higher odds of CSMO, with an odds ratio of 
9.39. Furthermore, a progressive increase in the odds of 
CSMO was noted with rising triglyceride levels. Surpris-
ingly, abnormal LDL levels were associated with lower 
CSMO odds, while elevated HDL levels showed a con-
trasting trend, indicating higher odds of CSMO in the 

present study population. These findings underscore the 
complex relationship between lipid profiles and CSMO 
risk. Furthermore, the CSMO group had higher odds 
of developing a BCVA of <3/60 PL positive (Table 4). A 
multivariate model identified the duration of diabetes, 
BCVA, and HDL as significantly associated with CSMO, 
highlighting their potential as independent predictors 
(Table 5).

Table 3. Macular thickness measurements of CSMO and non-CSMO patients in both groups
Macular thickness CSMO non-CSMO p-value

Central 269.79 ± 219.0 268.91 ± 1.0 <0.001*
Superior 297.73 ± 246.0 298.51 ± 270.0 0.916
Inferior 298.17 ± 245.0 294.84 ± 265.0 0.587

Temporal 274.50 ± 236.0 283.40 ± 252.0 0.199
Nasal 302.30 ± 268.0 309.25 ± 290.0 0.141

Inner superior 324.74 ± 276.0 323.09 ± 310.0 0.881
Inner inferior 322.09 ± 300.0 321.67 ± 308.0 0.954

Inner temporal 306.91 ± 279.0 308.84 ± 295.0 0.813
Inner nasal 318.86 ± 290.0 322.50 ± 312.8 0.610

Notes: * – significant; mean values compared using t-test
Source: compiled by the authors

Variables CSMO non-CSMO Odds ratio

Macular thickness

<250 μ (normal) 0 0 -
>250-260 μ (mild) 9 (20.93%) 22 (51.16%) Ref.

>261-270 μ (moderate) 19 (44.18%) 16 (37.20%) 2.90
>271 μ (severe) 15 (34.88%) 5 (11.62%) 9.17

Best-corrected visual 
acuity

6/6 to 6/9 0 0 -
<6/9 to 6/18 10 (11.6%) 29 (45.3%) Ref.

<6/18 to 6/60 20 (23.3%) 49 (56.97%) 1.49
<3/60 to PL+ 56 (65.1%) 8 (9.3%) 20.30
PL negative 0 0 -

Table 4. Macular thickness and best-corrected visual acuity odds ratio  
in CSMO and non-CSMO patients in both groups

Table 5. Multivariate analysis of independent predictors for progression of CSMO from non-CSMO groups

Source: compiled by the authors

Factors Variable Type β ± SE p-value OR
(95% CI)

BMI Linear 0.513 ± 0.382 0.153 1.86 (0.84-3.56)

Duration of diabetes Linear 0.942 ± 0.338 0.005* 2.57 (1.33-4.95)

BCVA Ordinal -2.327 ± 1.181 0.049 0.10 (0.01-0.99)

PPBS Linear 0.015 ± 0.012 0.213 1.02 (0.99-1.04)

HbA1c Linear 0.666 ± 0.40 0.091 1.95 (0.89-4.28)

Insulin resistance # Linear 0.616 ± 0.579 0.287 1.85 (0.60-5.76)

Triglyceride Linear 0.044 ± 0.024 0.065 1.05 (1.00-1.10)

HDL Linear -0.327 ± 0.129 0.011* 0.72 (0.56-0.93)

Constant Fixed value -22.857 ± 11.876 0.052 1.67 (0.84-3.33)

Notes: * – significant; # – binary logistic regression after replacing fasting blood sugar and fasting insulin with insulin 
resistance; β ± SE – estimated coefficients (β) with standard errors (SE)
Source: compiled by the authors
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Proximity to BCVA and duration of diabetes (β = 0.942, 
p = 0.005, OR = 2.57, 95% CI: 1.33-4.95) were identified 
as statistically significant predictors of CSMO progres-
sion among the factors analysed (β  =  -2.327, p  =  0.049, 
OR = 0.10, 95% CI: 0.01-0.99). More specifically, the like-
lihood of developing CSMO increased 2.57-fold with the 
length of time a patient had the condition, whereas the 
likelihood decreased ten-fold with suboptimal BCVA. A 
protective effect was also indicated by the inverse associ-
ation between elevated levels of HDL cholesterol and the 
progression of CSMO (β  =  -0.327, p  =  0.011, OR  =  0.72, 
95% CI: 0.56-0.93). Statistically, CSMO progression could 
not be predicted by additional variables, including triglyc-
eride levels, BMI, PPBS, HbA1c, or insulin resistance, as 
determined by this analysis. To identify diabetic patients 
at greater risk for the progression of CSMO and to enable 
the implementation of targeted interventions to preserve 
vision, it is critical to monitor their HDL cholesterol levels, 
duration of diabetes, and BCVA.

Discussion
Macular oedema, commonly linked to diabetes, reflects 
chronic damage to retinal neurovascular structures, pro-
gressing from peripheral to clinically significant central in-
volvement. Previous studies have highlighted the role of 
insulin resistance and dyslipidaemia in macular oedema 
[12, 13]. This cross-sectional study explored the role of li-
pid levels and insulin resistance in 86 patients with T2DM 
presenting with macular oedema (43 CSMO, 43 non-
CSMO). The majority of patients in the CSMO group were 
aged over 60 years (65.2%), whereas the majority of non-
CSMO patients were aged under 60 years (69.8%). A signif-
icant difference was observed in the ages of patients in the 
two groups  [14, 15]. Concerning gender, the majority of 
CSMO patients in the present study were male (53.5%), 
while the majority of non-CSMO patients were female 
(55.9%); however, this difference was not statistically sig-
nificant. Both L. Feng et al. [15] and the present study on 
T2DM patients with macular oedema highlight the signifi-
cant impact of age and gender on lipid levels and disease 
outcomes. L. Feng et al. [15] demonstrated age-related var-
iations in lipid profiles with gender-specific trends, while 
the present study suggests that older age might be associat-
ed with more severe macular complications in diabetes. 
These findings emphasise the need for age and gender-spe-
cific approaches in managing lipid levels to prevent or 
manage diabetes-related complications effectively. In com-
parison to the present study, R. Raman et al. [14] reported 
that most CSMO and non-CSMO patients were male and 
did not find a significant difference between the two groups. 
K. Kamoi et al. [16] also did not find a significant difference 
in the age or gender of patients with CSMO and nonCSMO. 
Most other studies evaluating the relationship between 
macular oedema and lipid levels and/or insulin resistance 
have generally compared a diabetic population with macu-
lar oedema to a diabetic population without macular oede-
ma [12, 17], or compared patients with DMO and diabetic 

retinopathy DR  [13], typically in cross-sectional studies, 
which the present study similarly envisaged. In a study, 
P. Romero-Aroca et al. [18] reported that in the type 1 dia-
betic population, the mean age of patients with no diabetic 
retinopathy or macular oedema, those with diabetic retin-
opathy, and those with macular oedema showed an incre-
mental trend, specifically 31.84, 43.54, and 50.05 years, re-
spectively. In their study, most patients without diabetic 
retinopathy or macular oedema and those with diabetic 
retinopathy were male, whereas the majority of patients 
with macular oedema were female. G.S.  Prakash & 
M. Kothari [19] reported the mean age of diabetic patients 
with and without CSMO as 57.02 and 56.42 years, respec-
tively, and found no significant difference between the two 
groups. In both groups, males predominated. The inability 
to match the age profile of the patients was attributed to the 
COVID-19 pandemic, which resulted in a limited number 
of cases with a matched age and sex profile, as OPD servic-
es were affected and patient footfall remained low during 
this study period. Although the mean BMI of both male 
and female CSMO patients was higher than that of non-
CSMO patients, the present study revealed that the odds of 
CSMO exhibited an incremental trend with increasing 
BMI. However, among males, the odds of CSMO were low-
er in those with higher BMI compared to those with lower 
BMI. The findings of the present study, at least for male pa-
tients, replicate the observations of E.  Martín-Merino  et 
al. [17], who also reported that obesity was associated with 
a lower risk of macular oedema in diabetic patients. How-
ever, regarding the association of higher BMI with CSMO 
compared to non-CSMO, R. Raman et al. [14] did not eval-
uate the BMI of patients in the two groups. P. Romero-Aro-
ca et al. [18] also did not assess BMI or any other marker of 
obesity. Similarly, G.S. Prakash & M. Kothari [19] did not 
evaluate BMI or any other marker of obesity. Although 
K. Kamoi et al. [16] evaluated the role of BMI as a discrim-
inatory factor between CSMO and non-CSMO, they failed 
to determine a significant difference between the two 
groups. In the present study, the duration of diabetes was 
significantly higher in patients with CSMO compared to 
those with non-CSMO. Upon stratified evaluation, the 
present study found that compared to individuals with a 
duration of diabetes of less than 10 years, those with a 
longer duration had higher odds of CSMO. These findings 
agree with the observations of R. Raman et al. [14], which 
similarly found a significant association of CSMO with the 
duration of diabetes. However, K. Kamoi et al. [16] report-
ed that the duration of diabetes was longer in the non-
CSMO group than in the CSMO group; still, they did not 
find this difference to be statistically significant. In their 
study, P. RomeroAroca et al. [18] found a longer duration 
of diabetes to be significantly associated with DR and 
DMO. G.S.  Prakash & M.  Kothari  [19], like the present 
study, found a significant association between a longer du-
ration of diabetes and CSMO. Regarding the relationship 
with IOP levels, the present study found that IOP was high-
er in patients with CSMO; however, this was not  
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statistically significant. R. Raman et al. [14] did not evalu-
ate the role of IOP in their study. Limited data suggests its 
pathogenic role in the causation and progression of DMO. 
In the present study, fasting blood sugar, post-prandial 
blood sugar, HbA1c, and HOMA-IR were higher in pa-
tients with CSMO than in those with non-CSMO. With in-
creasing levels of all these markers of glycaemic control and 
insulin resistance, the odds of CSMO exhibited an incre-
mental trend. Consistent with the findings of the present 
study, R. Raman et al. [14] also found a significant associa-
tion between poor glycaemic control and CSMO in both 
univariate and multivariate assessments. However, K. Ka-
moi et al. [16] did not find this association to be significant 
when evaluating HbA1c. P.  Romero-Aroca  et al.  [18] re-
ported that high HbA1c was a significant risk factor for 
both DR and DMO. G.S. Prakash & M. Kothari [19] found 
mean HbA1c levels to be significantly higher in patients 
with CSMO compared to the control group, with no signif-
icant association between fasting and post-prandial blood 
glucose levels and CSMO. In the present study, although 
mean TC, TG, and LDL levels were higher and mean HDL 
was lower in patients with CSMO compared to those with 
non-CSMO, the difference was statistically significant for 
TG and HDL levels only. Increasing total cholesterol and 
triglyceride levels were associated with an increase in the 
odds of CSMO. However, for LDL levels, the odds of devel-
oping CSMO were lower at higher LDL levels than those at 
optimal LDL levels. When HDL was considered, the pres-
ent study found increased odds of developing CSMO. This 
finding could be attributed to the small sample size, indi-
cating a need for further research. Regarding lipid levels, 
R.  Raman  et al.  [14] discovered a significant association 
between high total serum cholesterol, high serum LDL 
cholesterol, and high serum non-HDL cholesterol with 
CSMO during univariate assessment. In the multivariate 
analysis, high serum LDL cholesterol, high serum non-
HDL cholesterol, and a high cholesterol ratio were found to 
be related to CSMO. It is worth noting that E. Martín-Me-
rino et al.  [17] found a strong correlation between DMO 
and elevated levels of total cholesterol and LDL. However, 
they discovered that elevated triglyceride levels were 
strongly linked to a reduced risk of DMO. In the present 
study, higher LDL levels were associated with a lower risk 
of DMO. On the other hand, K. Kamoi et al. [16] did not 
find a significant discriminant role of lipid levels in distin-
guishing CSMO from non-CSMO. P.  Romero-Aroca  et 
al. [18] found no significant association of these lipids with 
DMO in their study. G.S.  Prakash & M.  Kothari  [19] re-
ported that lipid levels (higher TC, TG, LDL, VLDL and 
lower HDL were significantly associated with CSMO. In 
multivariate analysis, after adjusting for BMI, PPBS, 
HbA1c, insulin resistance, and triglyceride levels, BCVA 
and HDL emerged as independent predictors of CSMO 
only during diabetes. In their study, R. Raman et al.  [14] 
found high serum LDL cholesterol, high serum non-HDL 
cholesterol, and high cholesterol ratio related to non-
CSMO, poor glycaemic control, and high serum total  

cholesterol related to CSMO. Both the present study and 
the research by I. Vivsiana & M. Marushchak [20] explore 
the complexities of lipid profiles in patients with T2DM, 
emphasising the influence of additional comorbidities on 
lipid levels. Findings indicate significant differences in TG 
and HDL levels between T2DM patients with and without 
CSMO, linking higher TG and lower HDL levels to an in-
creased likelihood of CSMO. Interestingly, higher LDL lev-
els correlated with lower odds of CSMO, suggesting a more 
nuanced role of LDL in diabetic retinopathy. I. Vivsiana & 
M.  Marushchak’s  [20] study reinforces the impact of co-
morbid conditions such as obesity and hypertension on 
worsening lipid profiles in T2DM patients, showing signif-
icantly higher levels of total cholesterol and TG among 
those with additional comorbidities. Together, these stud-
ies highlight the critical role of managing lipid levels in 
T2DM patients, particularly those with additional risk fac-
tors, to mitigate complications such as macular oedema 
and underscore the importance of targeted therapeutic 
strategies addressing dyslipidaemia in the presence of co-
morbid conditions. Similar to the present study, a signifi-
cant reduction in the number of independent predictors for 
the prediction of CSMO was observed in both models. The 
present study also found poor BCVA to be associated with 
CSMO; however, this relationship does not require further 
explanation owing to its temporal nature. The present 
study’s findings endorse the role of lipid dysregulation and 
insulin resistance in the progression of CSMO when com-
pared with non-CSMO.

Conclusions
In this cross-sectional study, the analysis of baseline char-
acteristics, glycaemic control, and lipid profiles between 
CSMO and non-CSMO groups provided critical insights. 
Key findings include a significant association between old-
er age and longer duration of diabetes with the presence 
of CSMO, indicating that prolonged hyperglycaemia and 
ageing contribute to the development of this complication. 
Higher BMI, particularly in females, and poor glycaemic 
control, as reflected by elevated FBS, PPBS, HbA1c, and 
HOMA-IR levels, were significant risk factors for CSMO. 
These findings emphasise the importance of maintaining 
strict glycaemic control and managing weight to reduce 
the risk of CSMO. Lipid profile analysis revealed that high-
er triglyceride levels and lower HDL levels are associated 
with CSMO, highlighting dyslipidaemia as a contributing 
factor. The study also demonstrated that central macular 
thickness was significantly higher in CSMO patients, con-
sistent with the characteristic retinal swelling observed in 
this condition. However, no significant differences were 
found in macular thickness across other regions, indicating 
that CSMO primarily affects the central retina. Multivari-
ate analysis identified the duration of diabetes, BCVA, and 
HDL levels as independent predictors of CSMO progres-
sion. Specifically, a longer duration of diabetes and poorer 
BCVA increased the risk, while higher HDL levels had a 
protective effect.
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These findings underscore the need for comprehen-
sive diabetes management, focusing on early detection and 
sustained glycaemic control, weight management, and tar-
geted lipid management to prevent the onset and progres-
sion of CSMO. Regular monitoring of these parameters in 
diabetic patients can help identify those at higher risk for 
CSMO, allowing for timely interventions to preserve vision 
and improve the quality of life for these individuals. The 
study highlights the multifactorial nature of CSMO, neces-
sitating a holistic approach to diabetes care to mitigate this 
vision-threatening complication. The prospects for further 
research lie in conducting long-term longitudinal studies 

with larger sample sizes and focusing on personalised ap-
proaches to managing patients with T2DM to prevent or 
mitigate vision-threatening conditions such as CSMO.
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між клінічно значущим макулярним набряком і клінічно незначущим макулярним набряком у пацієнтів з 
цукровим діабетом типу 2. Дослідження може призвести до раннього виявлення та класифікації макулярного 
набряку, що дозволяє здійснювати більш своєчасні та специфічні втручання. Загалом, 86 пацієнтів з діабетом 
типу 2 з макулярним набряком були поділені на дві групи: клінічно значущий макулярний набряк та клінічно 
незначущий макулярний набряк. Було зафіксовано комплексні демографічні дані, медичні історії та поточні 
режими медикаментозного лікування. Оцінювалися рівень глікемічного контролю та ліпідні профілі, а 
офтальмологічні оцінки включали вимірювання гостроти зору та оцінки внутрішньоочного тиску. Була 
виявлена значна різниця між групами клінічно значущого макулярного набряку і клінічно незначущого 
макулярного набряку, особливо у тривалості діабету, індексі маси тіла, рівнях глюкози в крові та ліпідних 
профілях. Пацієнти з клінічно значущим макулярним набряком демонстрували більшу тривалість діабету, 
вищий індекс маси тіла та підвищені рівні глюкози в крові. Рівні тригліцеридів були значно вищими, тоді як 
рівні ліпопротеїнів високої щільності були нижчими у пацієнтів з клінічно значущим макулярним набряком. 
Мультиваріантний аналіз виявив значні асоціації між ймовірністю клінічно значущого макулярного набряку 
та тривалістю діабету, гостротою зору та рівнями ліпопротеїнів високої щільності, що вказує на їх потенційні 
ризики для розвитку клінічно значущого макулярного набряку. Дослідження підкреслює важливість управління 
інсуліновою резистентністю та дисліпідемією у пацієнтів з цукровим діабетом типу 2 для зменшення ризику 
клінічно значущого макулярного набряку
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