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ABSTRACT

Objectives: Diabetes mellitus (DM) is a long-term metabolic condition marked by decreased synthesis and thereby function of insulin, which can
resultin serious side effects such as nephropathy and diabetic retinopathy. Diabetic nephropathy plays a significant role in end-stage renal disease, and
diabetic retinopathy is one of the main preventable causes of blindness. In patients with type 2 DM, this study intends to investigate the relationship
between diabetic retinopathy and microalbuminuria while considering other risk factors such as age, duration of diabetes, and glycemic management.

Methods: Ninety-seven patients with type 2 DM and diabetic retinopathy participated in this hospital-based cross-sectional study. Based on the
American Academy of Ophthalmology diabetic retinopathy disease severity scale, participants were categorized. Spot urine samples were used to
find out microalbuminuria, and Chi-square and t-tests were used to examine correlations between microalbuminuria, diabetic retinopathy, and other
clinical and demographic variables.

Results: Microalbuminuria was shown to be significantly correlated (p<0.001) with the severity of diabetic retinopathy. In addition, microalbuminuria
was significantly associated with older age (p=0.002) and longer diabetes duration (p<0.001). Nevertheless, no meaningful correlations were
discovered between sex, treatment history, or diabetes in the family history and microalbuminuria.

Conclusion: The findings highlight the importance of strict monitoring of microalbuminuria in patients with diabetic retinopathy, especially in the
elderly and with long-duration diabetes. Early detection and management of diabetes and strict control of glycemic levels will help to prevent further
complications.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic, multisystem condition that
significantly impacts the heart, kidneys, eyes, and nervous system,
affecting individuals, families, and communities worldwide [1]. It is
a metabolic disorder marked by decreased insulin synthesis, release,
and tissue response, leading to widespread health complications [2].
Globally, DM poses a substantial burden, with one in eleven people
affected, contributing to significant mortality rates [3].

Among the most concerning microvascular complications of DM are
diabetic retinopathy and nephropathy, prevalent in both type 1 and
type 2 diabetes [4]. Diabetic retinopathy, which affects approximately
22.7% of the global diabetic population, is anticipated to rise in
prevalence in the coming years, according to a comprehensive global
study involving 59 population cohorts. It is becoming one of the leading
causes of preventable blindness, with profound effects on vision, overall
health, and mental well-being [5,6].

Similarly, diabetic nephropathy is one of the most common cause of
end-stage renal disease, contributing to a significant proportion of
morbidity and mortality among diabetic patients [7]. Clinically, diabetic
nephropathy is characterized by albuminuria, reduced glomerular
filtrationrate,and hypertension [8]. Microalbuminuria, one ofthe earliest
signs of diabetic nephropathy, often progresses to overt albuminuria
and eventually to end-stage renal disease if left untreated [9].

This study explored the correlation between diabetic retinopathy and
the presence of microalbuminuria in patients with type 2 DM while

also considering various other risk factors that may contribute to the
development of retinopathy and nephropathy.

METHODS

Following ethics approval from the Institutional Human Ethics
Committee, a hospital-based study was conducted involving 97 patients
diagnosed with type 2 DM who also presented with diabetic retinopathy.
The subjects were outpatients from the Department of Ophthalmology
at a Tertiary care Medical College Hospital. The American diabetes
association (ADA) criteria, whichincludehemoglobinA1C (HbA1C)levels
of 6.5% or higher, fasting plasma glucose levels of 126 mg/dL or higher,
the presence of classical symptoms of hyperglycemia or hyperglycaemic
crisis with random plasma glucose levels of 200 mg/dL or higher, and
a 2-h plasma glucose level of 200 mg/dL or higher after an oral glucose
tolerance test, were used to diagnose these patients with diabetes [10].

Diabetic retinopathy in the study population was classified according
to the American Academy of Ophthalmology (AAO) disease severity
scale. The classifications include mild nonproliferative diabetic
retinopathy (NPDR), characterized by the presence of microaneurysms
upon dilated ophthalmoscopy; moderate NPDR, which involves
more than just microaneurysms but less than severe NPDR; severe
NPDR, defined by severe intraretinal hemorrhages, microaneurysms
in all four quadrants, venous beading in two or more quadrants, or
prominent intraretinal microvascular abnormalities in one or more
quadrants; and proliferative diabetic retinopathy (PDR), identified by
neovascularization or vitreous/preretinal hemorrhage upon dilated
ophthalmoscopy [11].
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The inclusion criteria for this study required that subjects meet the
ADA criteria for type 2 DM and have diabetic retinopathy as classified
by the AAO severity scale. Exclusion criteria included patients currently
experiencing urinary tract infections (UTIs), those with ocular
inflammation or trauma, patients with hypertension or congestive
heart failure, individuals with diabetic macular edema, glaucoma,
cataracts, or those who had undergone cataract surgery, and patients
with underlying renal diseases or overt diabetic nephropathy [10,11]

Informed written consent was obtained from all participants. The
medical history of each subject was thoroughly documented, including
details on the age of onset and duration of diabetes, medication usage
(whether oral hypoglycaemic agents [OHA] or insulin), treatment
regularity, follow-up history, co-morbid conditions, and demographic
information such as age and sex. Spot urine samples were collected
from all participants to measure microalbuminuria, which was then
statistically analyzed.

The data was entered in Microsoft Excel and analyzed using Statistical
Package for the Social Sciences 27. Frequency/Percentages and
Mean+SD were used to express the descriptive data. Chi-square test
(discrete data) and Student t-test (continuous data) were used to
measure the association between Microalbuminuria and clinical and
demographic parameters.

RESULTS

The study population is predominantly within the age range of 41-
60 years, representing 69.1% of the participants, with a nearly balanced
distribution between males (52.6%) and females (47.4%). In terms of
treatment, a significant portion of the population (38.1%) is on irregular
insulin therapy, highlighting potential adherence issues. Most patients
have had diabetes for 5-10 years (58.8%), indicating mid-stage disease
progression. The family history of diabetes is almost evenly split, with
50.5% having no family history. A majority of the population does not
exhibit microalbuminuria (73.2%), and while diabetic retinopathy is
present, it is mostly mild (77.3%), with fewer cases of moderate, severe,
or PDR (Table 1).

The study found no significant associations between microalbuminuria
and family history of diabetes (p=0.493), treatment history (p=0.163),
or sex (p=0.648). However, significant associations were observed
with age (p=0.002) and duration of diabetes (p<0.001). A significant
association between the severity of diabetic retinopathy and the
presence of microalbuminuria was observed, as evidenced by the Chi-
square value of 23.876 and a highly significant p=0.000. Specifically, the
majority of patients with mild diabetic retinopathy (82.7%) do not have
microalbuminuria, while 100% of those with severe retinopathy or PDR
exhibit microalbuminuria. This suggests that as diabetic retinopathy
progresses in severity, the likelihood of concurrent microalbuminuria
increases, highlighting the importance of monitoring both conditions
closely in patients with diabetes (Table 2).

There was a statistically significant difference in both age and
the duration of diabetes between patients with and without
microalbuminuria. Patients with microalbuminuria tend to be older,
with a mean age of 60.12 years compared to 53.41 years for those
without microalbuminuria, as indicated by the t-value of -3.310 and
a p=0.001. Additionally, the duration of diabetes is longer in patients
with microalbuminuria, averaging 13.69 years compared to 9.11 years
in those without it, and a highly significant p=0.000 (Table 3). The
association between age and duration of diabetes with the presence of
microalbuminuria was also calculated using Chi-square test. Older age
groups (especially 51 yearsand above) and those with more than 10 years
of diabetes are more likely to have microalbuminuria. Specifically,
50% of the youngest and oldest age groups have microalbuminuria,
and 60.61% of patients with diabetes for over 10 years are affected.
These findings imply that older age and longer duration of diabetes are
associated with the presence of microalbuminuria, underscoring the
increased risk of renal complications over time in diabetic patients.
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Table 1: Socio demographics of the study population

Category Parameters Frequency Percentage
Age distribution <40 years 2 2.10
41-50 years 33 34.00
51-60 years 34 35.10
61-70 years 22 22.70
70-80 years 6 6.20
Sex distribution Male 51 52.60
Female 46 47.40
Treatment history Insulin regular 24 24.70
OHA regular 12 12.40
Insulin irregular 37 38.10
OHA irregular 24 24.70
Duration of diabetes <5 years 7 7.20
5-10 years 57 58.80
11-15 years 23 23.70
16-20 years 8 8.20
21-25 years 2 2.10
Family history of Absent 49 50.50
diabetes Present 48 49.50
Microalbuminuria Absent 71 73.20
Present 26 26.80
Diabetic retinopathy  Mild 75 77.30
Moderate 15 15.50
Severe 4 4.10
PDR 3 3.10

PDR: Proliferative diabetic retinopathy, OHA: Oral hypoglycaemic agents

Table 2: Association between microalbuminuria and diabetic
retinopathy

Categorization of Microalbuminuria Csv
diabetic retinopath
Pty Absent

p-value

Present

F % F %

Mild 62 827 13 173 23.876 <0.001
Moderate 9 60.0 6 40.0

Severe 0 0.0 4 100.0

PDR 0 0.0 3 100.0

PDR: Proliferative diabetic retinopathy

Table 3: Association between age, duration of diabetes with
microalbuminuria with t-test

Parameters Microalbuminuria MD t-value p-value

Absent Present

M SD M SD

Age 53.41 8.70 26 60.12 6.707 -3.310 0.001
Durationof 9.11 3.09 26 13.69 4.580 -5.489 <0.001
diabetes

SD: Standard deviation

DISCUSSION

In this study, we examined a total of 97 patients diagnosed with diabetes
according to the ADA criteria [10], all of whom had diabetic retinopathy
graded based on the AAO diabeticretinopathy disease severity scale [11].
We observed that the prevalence of microalbuminuria increased with
the severity of diabetic retinopathy, progressing from mild NPDR to
moderate NPDR, severe NPDR, and PDR. Patients with conditions such
as symptomatic UTI, hypertension, previous cataract surgery, ocular
inflammation, and glaucoma, which are independent risk factors or
known to exacerbate diabetic retinopathy, were excluded from the
study to ensure the accuracy of the microalbuminuria results [12-15].

The primary aim of the study was achieved, as a significant statistical
association was found between microalbuminuria and diabetic
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retinopathy (p=0.00). Our findings align with several previous studies
but differ from a few others [16-23]. Earlier research has identified
the duration of diabetes as a critical risk factor for microalbuminuria,
with longer exposure to hyperglycemia leading to increased levels of
advanced glycation end-products. Consistent with these findings, our
study also revealed a significant association between microalbuminuria
and the duration of diabetes, with a prevalence of 60.61% in patients
who had been diabetic for more than 10 years.

Unlike the study conducted by the Yazd Diabetic Research Center, our
research found a significant association between microalbuminuria
and the age of the study population (p=0.002), which aligns with a
similar cross-sectional study involving 100 diabetic patients. However,
consistent with previous studies, we found no significant association
between microalbuminuria and the sex of the study population [24].

Glycemic control in our study was indirectly assessed based on
whether patients were on oral hypoglycemic agents or insulin and
their adherence to regular or irregular treatment regimens. Contrary
to previous studies, no significant association was found between
irregular treatment and microalbuminuria.

The findings of this study reveal important insights into the prevalence
and factors associated with microalbuminuria and diabetic retinopathy
among a predominantly middle-aged diabetic population. The
study highlights significant associations between the severity of
diabetic retinopathy, age, duration of diabetes, and the presence of
microalbuminuria, which is consistent with findings reported in other
national and international studies.

Comparison with other studies

Nationally, studies conducted in India have shown similar patterns
regarding the prevalence of microalbuminuria and its association with
age, duration of diabetes, and diabetic retinopathy. For instance, a study
by Unnikrishnan et al. (2012) found that microalbuminuria was present
in 26.9% of diabetic patients, with a higher prevalence among those
with longer disease duration and older age. This aligns with the present
study’s findings, where older patients and those with a longer duration
of diabetes showed a higher prevalence of microalbuminuria [25].
Similarly, a study conducted in southern India by Rema et al. (2005)
also reported a significant correlation between microalbuminuria and
the progression of diabetic retinopathy, reinforcing the notion that as
retinopathy worsens, the risk of renal complications increases [26].

Internationally, the UK prospective diabetes study (UKPDS) and the
diabetes control and complications trial in the United States have both
highlighted the strong link between chronic hyperglycemia, the duration
of diabetes, and the development of both microalbuminuria and diabetic
retinopathy. The UKPDS found that nearly 30% of patients developed
microalbuminuria after a decade of diabetes, a figure comparable to
the 60.61% observed in the current study among patients with over
10 years of diabetes [27]. These findings further underscore the global
consistency in the relationship between disease duration, age, and the
risk of microvascular complications in diabetic patients.

Reasons and mechanisms behind the results

The significant associations between age, duration of diabetes, and
the presence of microalbuminuria observed in this study can be
attributed to several pathophysiological mechanisms. As patients age
and the duration of diabetes increases, the cumulative exposure to
hyperglycemia leads to progressive damage to the glomerular basement
membrane. This damage results in increased permeability, allowing
albumin to pass into the urine, a hallmark of microalbuminuria. In
addition, aging itself is associated with a decline in renal function,
which may exacerbate the effects of hyperglycemia and hasten the
onset of microalbuminuria.

The progression of diabetic retinopathy also plays a crucial role. Diabetic
retinopathy and nephropathy share common pathogenic mechanisms,
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including chronic hyperglycemia, hypertension, and the activation of
the renin-angiotensin system. These factors contribute to endothelial
dysfunction and increased vascular permeability, which affect both
the retina and the kidneys. The study’s finding that 100% of patients
with severe or PDR exhibit microalbuminuria is particularly telling. It
suggests that as retinopathy becomes more severe, the microvascular
damage extends beyond the retina to the kidneys, leading to the
concurrent development of microalbuminuria.

Another possible explanation for these findings is the role of oxidative
stress and inflammation, which are known to increase with age
and prolonged diabetes. Both oxidative stress and inflammation
contribute to the endothelial dysfunction that characterizes diabetic
microvascular complications. Moreover, the study’s observation of a
nearly balanced gender distribution but no significant gender difference
in microalbuminuria prevalence aligns with previous research indicating
that while males and females may experience different rates of other
diabetic complications, microalbuminuria’s prevalence is more closely
tied to glycemic control and disease duration rather than gender [28-33].

In conclusion, this study’s results emphasize the importance of
early and continuous monitoring of microalbuminuria and diabetic
retinopathy in diabetic patients, particularly as they age and as the
disease progresses. These findings reinforce the need for stringent
glycemic control and regular screening for microvascular complications
to mitigate the risk of renal and ocular damage in this vulnerable
population. Future research should focus on the early identification
of patients at risk and the implementation of interventions aimed at
preventing the progression of these debilitating complications.

The limitations of our study include a reduced sample size from
100 to 97, the inclusion of only outpatient participants, the absence
of direct glycemic control indicators such as HbAlc, and the lack of
recorded data on personal habits like smoking and alcohol consumption.

CONCLUSION

This study effectively established a substantial correlation between
individuals with type 2 DMs microalbuminuria and the degree of
their diabetic retinopathy. The risk of microalbuminuria rises with
the severity of diabetic retinopathy, highlighting the connection
between these microvascular problems. It was also shown that there
are important risk factors for the development of microalbuminuria,
including older age and longer duration of diabetes. To slow the
evolution of diabetic retinopathy and nephropathy, these findings
highlight the significance of early detection and thorough therapy of
these conditions.

CONFLICT OF INTEREST
Nil.

SOURCE OF FUNDING
ICMT STS.

REFERENCES

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
et al. Global and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from the international
diabetes federation diabetes atlas, 9" edition. Diabetes Res Clin Pract.
2019 Nov 1;157:107843.

2. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A,
Siddiqi H, Uribe KB, ef al. Pathophysiology of type 2 diabetes mellitus.
Int J Mol Sci. 2020 Jan;21(17):6275.

3. Zheng Y, Ley SH, Hu FB. Global aectiology and epidemiology of
type 2 diabetes mellitus and its complications. Nat Rev Endocrinol.
2018 Feb;14(2):88-98.

4. Moriya T, Tanaka S, Kawasaki R, Ohashi Y, AkanumaY, Yamada N,
et al. Diabetic Retinopathy and microalbuminuria can predict
macroalbuminuria and renal function decline in Japanese type 2

212



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Akshara et al.

diabetic patients: Japan diabetes complications study. Diabetes Care.
2013 Sep 1;36(9):2803-9.

Pereira DM, Shah A, D’Souza M, Simon P, George T, D’Souza N, et al.
Quality of life in people with diabetic retinopathy: Indian study. J Clin
Diagn Res. 2017 Apr;11(4):NCO01-6.

Raman R, Ramasamy K, Rajalakshmi R, Sivaprasad S,
Natarajan S. Diabetic retinopathy screening guidelines in India: All
India ophthalmological society diabetic retinopathy task force and
vitreoretinal society of India consensus statement. Indian J Ophthalmol.
2021 Mar;69(3):678-88.

Warren AM, Knudsen ST, Cooper ME. Diabetic nephropathy: An
insight into molecular mechanisms and emerging therapies. Expert
Opin Ther Targets. 2019 Jul 3;23(7):579-91.

Giralt-Lopez A, Molina Van Den Bosch M, Vergara A, Garcia-Carro C,
Seron D, Jacobs-Cacha C, et al. Revisiting experimental models of
diabetic nephropathy. Int J Mol Sci. 2020 Jan;21(10):3587.

Rossing P, Persson F, Frimodt-Mgller M. Prognosis and treatment of
diabetic nephropathy: Recent advances and perspectives. Nephrol Ther.
2018 Apr 1;14:S31-7.

American Diabetes Association. 2. Classification and diagnosis of
diabetes: Standards of medical care in diabetes-2018. Diabetes Care.
2018 Jan 1;41(Suppl 1):S13-27. doi: 10.2337/dc18-S002

Flaxel CJ, Adelman RA, Bailey ST, Fawzi A, Lim JI, Vemulakonda GA,
et al. Diabetic retinopathy preferred practice pattern®. Ophthalmology.
2020 Jan 1;127(1):P66-145.

Carter JL, Tomson CR, Stevens PE, Lamb EJ. Does urinary tract
infection cause proteinuria or microalbuminuria? A systematic review.
Nephrol Dial Transplant. 2006 Nov 1;21(11):3031-7.

Zhang M, Jiang Y, Zhang Q, Chen Y, He Y, Lin Y, et al. Bidirectional
and temporal association between hypertension and microalbuminuria:
A longitudinal study in Chinese adults. J Am Heart Assoc.
2018 Nov 20;7(22):¢010723.

Jeng CJ, Hsieh YT, Yang CM, Yang CH, Lin CL, Wang 1J.
Development of diabetic retinopathy after cataract surgery. PLoS One.
2018 Aug 22;13(8):¢0202347.

Abikoye TM, Oluleye TS, Aribaba OT, Musa KO, Idowu OO,
Onakoya AO. Is primary open-angle glaucoma a risk factor for diabetic
retinopathy? Int Ophthalmol. 2020 Dec;40(12):3233-40.

Pedro RA, Ramon SA, Marc BB, Juan FB, Isabel MM. Prevalence
and relationship between diabetic retinopathy and nephropathy, and
its risk factors in the North-East of Spain, a population-based study.
Ophthalmic Epidemiol. 2010 Aug 1;17(4):251-65.

Ahmed MH, Elwali ES, Awadalla H, Almobarak AO. The relationship
between diabetic retinopathy and nephropathy in Sudanese adult
with diabetes: Population based study. Diabetes Metab Syndr.
2017 Nov 1;11:S333-6.

Zhang J, Wang Y, LiL, Zhang R, Guo R, Li H, et al. Diabetic retinopathy
may predict the renal outcomes of patients with diabetic nephropathy.
Ren Fail. 2018 Oct 15;40(1):243-51.

Hsing SC, Lee CC, Lin C, Chen JT, Chen YH, Fang WH. The severity
of diabetic retinopathy is an independent factor for the progression of
diabetic nephropathy. J Clin Med. 2020 Dec 22;10(1):3.

Park HC, Lee YK, Cho A, Han CH, Noh JW, Shin Y]J, et al. Diabetic
retinopathy is a prognostic factor for progression of chronic kidney

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Asian ] Pharm Clin Res, Vol 18, Issue 5, 2025, 210-213

disease in the patients with type 2 diabetes mellitus. PLoS One.
2019 Jul 29;14(7):0220506.

Naserrudin NA, Jeffree MS, Kaur N, Syed Abdul Rahim SS,
Ibrahim MY. Diabetic retinopathy among type 2 diabetes mellitus
patients in Sabah primary health clinics-addressing the underlying
factors. PLos One. 2022 Jan 28;17(1):¢0261249.

Chawla S, Trehan S, Chawla A, Jaggi S, Chawla R, Kumar V, et al.
Relationship between diabetic retinopathy microalbuminuria and other
modifiable risk factors. Prim Care Diabetes. 2021 Jun 1;15(3):567-70.

Khan NJ, Farid M1, Alam S. Frequency of microalbuminuria in diabetic
patients presenting to diabetic clinic Nishtar hospital, Multan. Pak J
Med Sci. 2017 Jan 1;11(1):298-300.

Afkhami-Ardekani M, Modarresi M, Amirchaghmaghi E. Prevalence
of microalbuminuria and its risk factors in type 2 diabetic patients.
Indian J Nephrol. 2008 Jul;18(3):112-7.

Unnikrishnan RI, Rema M, Pradeepa R, Deepa M, Shanthirani CS,
Deepa R, et al. Prevalence and risk factors of diabetic nephropathy in an
urban South Indian population: The Chennai Urban Rural Epidemiology
Study (CURES 45). Diabetes Care. 2007 Aug;30(8):2019-24. doi:
10.2337/dc06-2554, PMID: 17488949

Rema M, Premkumar S, Anitha B, Deepa R, Pradeepa R, Mohan V.
Prevalence of diabetic retinopathy in urban India: The Chennai urban
rural epidemiology study (CURES) eye study, I. Invest Ophthalmol
Vis Sci. 2005 Jul;46(7):2328-33. doi: 10.1167/i0vs.05-0019, PMID:
15980218

UK Prospective Diabetes Study Group. Tight blood pressure control
and risk of macrovascular and microvascular complications in type
2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group.
BMIJ. 1998 Sep 12;317(7160):703-13. Erratum in: BMJ 1999 Jan
2;318(7175):29. PMID: 9732337, PMCID: PMC28659

Diabetes Control and Complications Trial Research Group, Nathan DM,
Genuth S, Lachin J, Cleary P, Crofford O, ef al. The effect of intensive
treatment of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. N Engl J Med.
1993 Sep 30;329(14):977-86. doi: 10.1056/NEJM199309303291401.
PMID: 8366922

Parving HH, Rossing P, Hommel E, Smidt UM. Angiotensin-converting
enzyme inhibition in diabetic nephropathy: Ten years’ experience. Am J
Kidney Dis. 1995 Jul;26(1):99-107. doi: 10.1016/0272-6386(95)90162-
0, PMID: 7611276

KDOQI. KDOQI clinical practice guidelines and clinical practice
recommendations for diabetes and chronic kidney disease. Am J Kidney
Dis. 2007 Feb;49(2 Suppl 2):S12-154. doi: 10.1053/j.ajkd.2006.12.005,
PMID: 17276798

Brownlee M. Biochemistry and molecular cell biology of diabetic
complications. Nature. 2001 Dec 13;414(6865):813-20. doi:
10.1038/414813a, PMID: 11742414

Klein R, Klein BE, Moss SE. The wisconsin epidemiologic study of
diabetic retinopathy. XVI. The relationship of C-peptide to the incidence
and progression of diabetic retinopathy. Diabetes. 1995 Jul;44(7):796-
801. doi: 10.2337/diab.44.7.796, PMID: 7789648

Giugliano D, Ceriello A, Paolisso G. Oxidative stress and diabetic
vascular complications. Diabetes Care. 1996 Mar;19(3):257-67. doi:
10.2337/diacare.19.3.257, PMID: 8742574

213



