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Can Insulin Resistance Serve as a Potential
Biomarker for the Development of Clinically
Significant Macular Oedema in Patients with
Type 2 Diabetes Mellitus?
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A Abstract ) ~

Objective: To study the prevalence of insulin resistance among diabetic patients. To analyze the association
between insulin resistance and clinically significant macular edema (CSME) development.

Material and Methods: Single-centre, cross-sectional comparative study on a hospital-based population of
diabetic patients. Patients were grouped based on the presence of CSME (group A) and the absence of CSME
(group B). Simple logistic regression and multiple logistic regression analyses were performed to evaluate the
association CSME with age, duration of diabetes, HbA1c, insulin resistance, body mass index, and lipid profile.
Results: The study cohort comprised 86 patients with type 2 DM, with a mean age of 6047 years. We included
43 patients in each group A and B respectively. There were 37 patients (86%) in group A, who had diabetes >10
years. In group B, 23 patients (53%) had diabetes >10 years. The mean HbA1c was found to be 8.2+1.3 mmol/
mol in group A and 7.6+0.85 mmol/mol in group B (p=0.01).

Increased insulin resistance was present in 74/86 (86 %) of diabetics. Elevated IR of > 3.8 was found in 32/43
patients (74%) of group A and 17/43 (39%) of group B (p=0.001). None of the patients in group A had normal
insulin resistance. The odds ratio for the development of CSME in patients with increased HOMA-IR was found
to be >4.

Conclusion:We observed positive association between insulin resistance and development of clinically signif-
icant macular edema. The odds for the development of macular edema was greater in uncontrolled diabetics
with elevated insulin resistance.

Keywords: Insulin Resistance, Macular Edema, Type 2 Diabetes, clinically significant macular edema (CSME),

HOMA-Insulin Resistance.
- /
leepartment of Ophthalmology, Era’s Lucknow Medical *Corresponding author: )
College and Hospital, Lucknow, Uttar Pradesh, India. Gaurav M. KOHLI, Era’s Lucknow Medical College and
2Department of Preventive and Social Medicine, Era’s Hospital, Lucknow, Uttar Pradesh, India.
Lucknow Medical College and Hospital, Lucknow, Uttar E-mail: drkohligaurav@gmail.com

Pradesh, India.
3Department of Biochemistry, Era’s Lucknow Medical College
and Hospital, Lucknow, Uttar Pradesh, India.

Modern Medicine | Medicina Moderna 2025, Vol. 32, No. 3 277



Luxmi SINGH et al.

INTRODUCTION

Macular edema is one of the leading causes of irre-
versible vision loss in diabetes mellitus (DM) patients.
Diabetes-related retinopathy and macular edema can
develop in patients having a deficiency of insulin (type
1 DM) or insulin resistance (IR) with subsequent beta
cell dysfunction (type 2 DM).

The prevalence of diabetic macular edema (DME)
depends upon the duration of diabetes, metabolic con-
trol, systolic blood pressure, glycosylated hemoglobin,
presence of proteinuria, and possibly the degree of
insulin resistance.! Insulin resistance can be defined
as an impaired insulin sensitivity secondary to which a
normal or elevated insulin levels produce an attenuated
physiological response at the cellular level.?

The existing body of literature on diabetes-related
angiopathy suggests that insulin resistance (IR) and
compensatory hyperinsulinemia initiate a chain of
occult angiopathic changes even before the manifesta-
tion of overt diabetic retinopathy.*

Insulin resistance with compensatory hyperinsu-
linemia is a pro-inflammatory state.* Studies have
observed an independent association of IR with hyper-
tension and ischemic heart disease.*® Additionally,
multiple prospective and retrospective studies have
observed an increased prevalence of macular edema in
patients under insulin therapy.”

Literature remains limited in comprehensive, quan-
titative, and comparative studies investigating the role
of insulin resistance in the development of sight-threat-
ening macular edema.*®’ Understanding the clinical
association between insulin resistance and sight-threat-
ening maculopathy remains essential to ascertain the
possible effects of insulin on the development and pro-
gression of maculopathy, to tailor treatment/manage-
ment strategies and help identify the patient population
at risk of developing vascular complications.

In this study, we have attempted to evaluate the role
of IR by the homeostasis assessment model (HOMA)
in diabetic patients who presented with and without
clinically significant macular edema (CSME). The
study’s primary aim was to estimate prevalence of IR
amongst diabetic patients with and without macular
edema and analyze the association of IR with develop-
ment of CSME.

MATERIAL AND METHODS

We performed a single-center, cross-sectional com-
parative study on the attending hospital-based pop-
ulation of diabetic patients, who were referred to the
Ophthalmology department between August 2019 and
August 2021. The study was conducted after clearance
by the Institutional Review Board, informed consent
was taken as per the recommendations provided by the
Declaration of Helsinki 1975, as revised in 2000.

Our study population included all consecutive
cases of type 2 diabetes referred to the ophthalmol-
ogy department for retinopathy evaluation. The study
included all patients above 35 years of age, consenting
to enroll in the study, and willing to undergo HOMA
assay for insulin resistance.

We excluded patients taking insulin treatment, those
diagnosed with type 1 DM, those with proliferative dia-
betic retinopathy and those who had received any form
of treatment for diabetic retinopathy/maculopathy in
the past three months. All consecutive patients enrolled
underwent retinal examination. The patients were
divided into two groups based on the presence/absence
of clinically significant macular edema. The enrolment of
patients in the groups was stalled once the desired sam-
ple size of 43 cases in each group was achieved.

The demographic and clinical data were collected
from patients satisfying our inclusion criteria. The
demographic data included: Age, gender, duration of
diabetes. The clinical data included metabolic param-
eters and findings of dilated fundus examination. We
evaluated patients for baseline fasting and postpran-
dial sugar levels, glycosylated hemoglobin, and blood
pressure.

Dilated fundus examination using slit lamp biomi-
croscopy and indirect ophthalmoscopy was performed
for all the eyes. The patient’s perform was filled for
the stage of background retinopathy, and the pres-
ence of clinically significant macular edema (CSME).
Clinically significant macular edema was defined as per
the ETDRS definition.'

Based on the clinical examination, the cases were
grouped as group A (CSME present) and group B (no
CSME). Even if the patient had CSME in one eye, he/
she was labelled under group A.The groups were com-
pared for baseline characteristics, metabolic control and
severity of insulin resistance.

Insulin resistance was estimated using the homeo-
stasis model assessment method for insulin resistance
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index (HOMA-IR) by Mathews et al."!

'The insulin resistance was calculated using the for-
mula: HOMA-IR = (Fasting Plasma Insulin*Fasting
Plasma Glucose)/22.5. The HOMA-IR was estimated
for all patients. The HOMA-IR values were graded as
normal <2.60, borderline high =2.60-3.70, high >3.80.
For the purpose of analysis, the normal and borderline
were considered under one heading of normal/mar-
ginally raised and HOMA-IR of >3.8 was considered
raised.'>"

Statistical analysis

Sample was calculated using the formula: n= {(Za+Zf)
?/ [In (1-e)] *} x {[1-p+1-p2]/p1 p2} where P1 =1/OR
(OR=1.99), P2 =1.0 under null hypothesis. Coeflicient
difference (e) =0.3 was considered to be clinically sig-
nificant. Type 1 error, a =15%, type 2 error, ff =10% for
setting power of study 80%. The sample size was calcu-
lated to be n =43 each group.

All of the data is presented as mean + SD for contin-
uous variables and proportions for categorical variables.
Data analysis was done using STATA 11.2 (College
Station TX USA). Descriptive statistics were expressed
in the form of percentages and frequency. Chi square
test was used to measure the association between the
categorical variables.

For continuous variables: mean, standard deviation
was calculated. The mean values were compared using
Student’s t-test. A p value of <0.05 was considered as
statistically significant. The prevalence ratio and prev-
alence odds ratio were calculated for evaluation of
relationship between predictor and outcome'. Simple

logistic regression analyses were performed to estimate
the magnitude of association CSME with age, duration
of diabetes, HbA1c, insulin resistance, body mass index
and lipid profile. Multiple logistic regression analyses
were performed to estimate the magnitude of the asso-
ciation of CSME and insulin resistance.

RESULTS

The study cohort comprised 86 patients with type 2
DM, with a mean age of 60+7 years. The study popu-
lation comprised 42 males and 44 females. There were
43 patients who had CSME (group A) and 43 patients
who did not have macular edema (group B). The base-
line demographic details and status of metabolic con-
trol are shown in Table 1 in both groups.

'The mean duration of diabetes for the patients in the
study cohort was 18+6 years in group A and 13.6+7.5
in group B (p= 0.008). There were 37 patients (86%) of
patients in the group A population having diabetes >10
years whereas in the group B, 23 (53%) had a duration
of diabetes >10 years. The mean duration of diabetes
was found to be significantly higher in group A com-
pared to Group B.

The mean HbA1c was found to be 8.2+1.3 mmol/
mol in group A and 7.6+0.85 mmol/mol in group B
(p= 0.01). Elevated levels of HbAlc (7.1-8.5) were
found in 33(77%) patients in group A and 24 (56%)
in group B.The prevalence odds ratio for development
of CSME in diabetics with elevated HbAlc (>7) was
estimated to be 2.4. (Table 1)

Table 1- shows the baseline demographic characteristics for the cohort and of groups A and B.

TOTAL
AGE 60.23+7.37
DURATION 16+7
HbA1c LEVELS 7.91+1.10
HDL 43.93+11.27
LIPID PROFILE LDL 141.04+26.63
TRIGLYCERIDES 194.67+64.24
HOMA IR 3.45+0.91
BMI 30.94+4.81

GROUP A GROUP B
61.48+7.97 58.97+6.56 P :j’f;;‘ 6
1846 13.62+7.54 P ;Ofgg ;
8.2+1.3 7.6240.85 P ;Ofif
40.80+11.40 47.07+10.35 p= 0001
136.60+21.40 145.53+30.58 plofszy
211.80+80.70 177.59+35.34 plofslf
3.80+0.80 3.10+0.88 LS
32.10+4.24 29.78+5.11 P ;%92235
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The mean HOMA IR was 3.45+0.98 for the cohort,
the mean HOMA-IR was estimated to be 3.80+0/80
in group A and 3.10+0.88 in group B (p= 0.0002).
(Table 1)

The prevalence of increased insulin resistance was
estimated to be present in 74/86 (86%) of diabetics.
Elevated IR of >3.8 was found in 32/43 patients (74%)
of group A and 17/43 (39%) of group B (p= 0.001).

None of the patients in group A had normal insulin
resistance (For the purpose of statistical analysis bor-
derline and normal insulin resistance were clubbed
under a common head. HbAlc >7 was suggestive of
poor glycemic control, HbAlc <7 was representative
of good glycemic control). The prevalence odds ratio

for development of CSME in patients with increased
HOMA-IR was found to be >4. (Table 2)

Table 2 represents the association between prevalence of CSME with regards to insulin resistance and glycemic control. The
odds of incurring CSME were found to be >4 times in patients with increased insulin resistance. Similarly, the odds for incur-
ring CSME in patients with poor metabolic control (HbAlc >7) were found to be >2.

17

HIGH
(:3.8) 32
PR-2.1
HOMA IR NORMAL / HOLE p=0.0014
BORDERLINE 1 26
(<3.8)
>7.0 33 24
HbA1c ponLen p=0.0427
<70 10 19

PR- Prevalence ratio, POR- Prevalence odds ratio

Multivariate analysis revealed a significant associa-
tion between insulin resistance, BMI and lipid profile,
and development of CSME. Insulin resistance was an

independent predictor for development of CSME. The
odds of developing CSME were found to be four times
in patients showing increased insulin resistance. (Table 3)

Table 3 represents multivariate analysis for the associated risk factors of CSME, using logistic regression to control for con-
founders. Multivariate analysis revealed a significant association between Insulin resistance, BMI, lipid profile and develop-
ment of CSME. Insulin resistance was found to be an independent predictor for CSME.

GROUP A GROUPB
AGE 61.48+7.97 58.97+6.56 p=0.781
DURATION 18+6 13.62+7.54 p=0.155
HbA1c LEVELS 8.2+1.3 7.62+0.85 p=0.092
HDL 40.80+11.40 47.07+10.35 p=0.004
LIPID PROFILE LDL 136.60+21.40 145.53+30.58 p=0.013
TRIGLYCERIDES 211.80+80.70 177.59+35.34 p=0.047
HOMA IR 3.80+0.80 3.10+0.88 p=0.008
BMI 32.10+4.24 29.78+5.11 p=0.029
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When studying the effects of elevated insulin resis-
tance amongst group A and B with respect to metabolic
control, we observed that the prevalence odds ratio for
developing CSME in patients with good glycemic con-
trol, i.e. HbalC <7 was 2.2 (p=0.37), nonetheless the

odds for the development of CSME in patients with
HbAlc >7 (poor glycemic control) were found to be
raised to 5.2 (p= 0.01), when insulin resistance was

raised. (Table 4)

Table 4 shows the association of insulin resistance to prevalence of CSME in patients with poor (HbA1lc>7) and good glycemic
control (HbA1<7). The odds for prevalence of CSME in patients with increased insulin resistance were estimated to be >5
times with poor glycemic control and >2 with good glycemic control.

HOMAIR +(>3.8) 29
HOMA IR - (<3.8) 4

HOMAIR +(>3.8) 3

HOMA IR - (<3.8) 7

DISCUSSION

Studies investigating risk factors for the development of
CSME have confirmed a positive correlation between
macular edema and numerous factors like Hbalc levels,
lipid levels, body mass index (BMI), and elevated sys-
tolic blood pressure.” The aforementioned risk factors
also constitute a part of the spectrum of metabolic syn-
drome. Insulin resistance and hyperinsulinemia surface
to be the common link among the listed risk factors, the
forerunners and key players for both diabetic retinopa-
thy as well as metabolic syndrome.

Insulin resistance and hyperinsulinemia have been
shown to precede the development of vascular patho-
biological changes. While on one hand, the addition of
insulin regulates the glycemia-associated microvascu-
lar changes, nonetheless, it is wise not to overlook the
possibility of indirect effects of insulin on angiopathy,
wherein high insulin levels can foster vasoactive effect
resulting in increased vessel permeability.

In the present study, we attempted to evaluate the
prevalence of insulin resistance and analyze its possible
participatory role in the development of maculopathy.

We observed that more than 50 percent of the
patients diagnosed with diabetes had poor glycemic

14 PR=2.4
0.01
POR=5.2
10
. PR-1.6
037
y POR=2.2

control, with mean HbA1c being significantly higher
for patients presenting with macular edema.

It is interesting to note, that even though the major-
ity of the patients in our study cohort were having poor
glycemic control, not all had developed CSME, despite
the mean duration of diabetes being more than 10
years and mean HbAlc being more than 7.5 across our
patient population. The above observations reflect the
possible role of additional factors beyond a) duration of
diabetes and b) HbA1c levels.

In tandem with the aforementioned factors, we real-
ized that insulin resistance contributed significantly to
the development of CSME. More than two third of the
diabetic patients in our study had elevated insulin resis-
tance levels. The proportion of patients with elevated
insulin resistance was approximately double in patients
presenting with CSME (group A) compared to their
counterparts without CSME (group B). Additionally,
the mean insulin resistance as measured by HOMA-IR
was also found to be significantly greater in patients
with CSME.

In a study similar to ours, Zapata et al evaluated the
association of macular edema with insulin resistance,®
where the authors compared insulin resistance to the
pattern of macular edema. They observed a significantly
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greater prevalence of cystoid patterns of macular edema
in patients with insulin resistance, and the authors
attributed this finding to the pro-inflammatory state,
manifested by hyperinsulinemia secondary to insu-
lin resistance. The authors conceded the relevance of
increased insulin resistance in eyes with macular edema;
however, they fell short to establish with perspicuity the
association between other morphological forms of dia-
betic macular edema and insulin resistance.

To further add, in one of the initial studies on
HOMA IR by CW Rowe et al, the authors identified
a strong correlation between severity of DR and insulin
resistance, where they suggested an association of mac-
ulopathy and retinopathy with insulin resistance."”

It has been argued time and again that insulin resis-
tance is closely associated with endothelial dysfunction.
In our opinion, it is not only cromulent but also prag-
matic to consider insulin resistance as a participatory
factor, for the development and evolution of CSME.
To confidently deduce the effects of insulin resistance
on the development of macular edema, it is important
to take into consideration the following observations
from our study.

Elevated levels of insulin resistance (HOMA-IR)
were found in >90% of patients having CSME in our
cohort. Multivariate analysis to control for the known
confounders of our cohort, expressed HOMA-IR to
be a significant/independent factor for those develop-
ing CSME. None of the patients having CSME had
normal HOMA-IR levels. In patients with elevated
HbA1C levels, the odds of developing CSME were
found to be greater in patients with increased insulin
resistance.

The higher prevalence of CSME in patients with
elevated HOMA-IR in our study can be explained by
the patho-physiological changes that follow insulin
resistance.

Insulin resistance is associated with deranged
expression of nitric oxide synthase (NOS) pathway and
elevated endothelin 1 levels.

Additionally,  compensatory  hyperinsulinemia
promotes the release of vasoconstrictor endothe-
lin, decreases NOS, and promotes the release of Von
Willebrand factor coupled with the increase in pro-co-
agulants.’® The above conundrum can cascade into
vasogenic and rheological bespoke attributing to relative
retinal ischemia and increased vaso-endothelial growth
factors (VEGF) levels-driven vaso-permeability.>**

In our opinion, the interplay of IR-dependent vaso-
active changes, along with endothelial dysfunction,

vascular leakage, and hyperglycemia-related endothelial
pericyte damage, collectively increase the risk of devel-
oping macular edema.

Our study does not intend to find a causal relation-
ship between insulin resistance and maculopathy but
rather explore the possibility of insulin resistance as a
participatory tool in the development of CSME. Our
study attempts to investigate an integral yet neglected
pivotal factor of “insulin resistance”, as it silently high-
lights the role of insulin resistance on maculopathy
and demonstrates IR as a possible occult effector for
the development of maculopathy. Since not all diabetic
develop retinopathy , the patients may remain unaware
of the potential risks.”? With no available biomarker for
prediction of retinopathy, presence of insulin resistance
can assist in predicting patients at risk for developing
sight threatening maculopathy.

Our study remains limited by the sample size,
cross-sectional single-center design and lack of longi-
tudinal follow up. The causal relationship between insu-
lin resistance and CSME could not be assessed due to
cross sectional design. As our study was not an OCT
based study, we could not characterize macular edema
as center involving and non-center involving and could
have possibly overlooked subclinical macular edema
cases.

An unattended dimension in our study was the pos-
sible confounding eftects of oral hypoglycemic treat-
ment on altering insulin resistance and on CSME. We
excluded patients on insulin and did not account for the
oral hypoglycemics which could have acted like insulin
sensitizers. However, this does give us a future venue
for prospective studies to evaluate the effect of insulin
sensitizers in the management of CSME for patients
with altered insulin resistance.

CONCLUSION

Elevated levels of insulin resistance were estimated to be
present in more than three fourths of diabetic patients.
'The findings of our study indicate a positive association
between insulin resistance and development of CSME.
'The odds for development of CSME were found to be
greater in uncontrolled diabetics with elevated insulin
resistance.

Insulin resistance should be estimated for all dia-
betic patients, patients with poor glycemic control
and increased insulin resistance should be considered
for retinal screening for diabetic macular edema at the
earliest.
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