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Context: Insulin users have been reported to have a higher incidence of diabetic retinopathy (DR). Aim: The 
aim was to elucidate the factors associated with DR among insulin users, especially association between 
duration, prior to initiating insulin for Type 2 diabetes mellitus (DM) and developing DR. Materials and 
Methods: Retrospective cross‑sectional observational study included 1414 subjects having Type 2 DM. 
Insulin users were defined as subjects using insulin for glycemic control, and insulin nonusers as those 
either not using any antidiabetic treatment or using diet control or oral medications. The duration before 
initiating insulin after diagnosis was calculated by subtracting the duration of insulin usage from the 
duration of DM. DR was clinically graded using Klein’s classification. SPSS (version 9.0) was used for 
statistical analysis. Results: Insulin users had more incidence of DR (52.9% vs. 16.3%, P < 0.0001) and sight 
threatening DR (19.1% vs. 2.4%, P < 0.0001) in comparison to insulin nonusers. Among insulin users, longer 
duration of DM (odds ratio [OR] 1.12, 95% confidence interval [CI] 1.00–1.25, P = 0.044) and abdominal 
obesity (OR 1.15, 95% CI 1.02–1.29, P = 0.021) was associated with DR. The presence of DR was significantly 
associated with longer duration (≥5 years) prior to initiating insulin therapy, overall (38.0% vs. 62.0%, 
P = 0.013), and in subjects with suboptimal glycemic control (32.5% vs. 67.5%, P = 0.022). Conclusions: The 
presence of DR is significantly associated with longer duration of diabetes (>5 years) and sub‑optimal 
glycemic control (glycosylated hemoglobin <7.0%). Among insulin users, abdominal obesity was found to 
be a significant predictor of DR; DR is associated with longer duration prior to initiating insulin therapy in 
Type 2 DM subjects with suboptimal glycemic control.
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Insulin therapy is often initiated in subjects with Type 2 diabetes 
mellitus (DM) who fail to achieve an optimum glycemic 
control with oral hypoglycemic agents. Besides the influence 
on carbohydrate, lipid, and protein metabolism, insulin 
also influences hemostasis, vascular tone, and angiogenesis, 
and there is evidence that the development of vascular 
complications can occur independent of the metabolic effects 
of insulin.[1,2] Multiple clinical trials, including the Diabetes 
Control and Complications Trial in Type 1 diabetes and many 
smaller studies have shown that immediately following the 
initiation of intensive insulin therapy, diabetic retinopathy (DR) 
can transiently worsen (termed “early worsening” or 
normoglycemic re‑entry phenomenon).[3‑6] Moreover, the usage 
of insulin has been shown to be associated with the presence 
of DR and proliferative DR (PDR) in some studies.[7‑9]

However, despite reported proangiogenic effects of insulin 
and transient worsening of DR, intensive glycemic control 

with insulin has been associated with lower occurrence of 
DR.[10] The purpose of this study was to elucidate the factors 
associated with DR in insulin users, especially the association 
between duration prior to initiating insulin therapy and DR in 
a population‑based sample of subjects with Type 2 diabetes. 
We also observed the prevalence of DR and sight threatening 
DR (STDR) among insulin users and insulin nonusers.

Materials and Methods
This is a population‑based cross‑sectional study. The study 
population was recruited from Chennai, the fourth largest 
city in India. In our study, the computed sample size is 5830. 
This estimation is based on the following assumptions: The 
prevalence of DR in the general population is assumed to be 1.3%, 
with a relative precision of 25%, a drop‑out rate of 20%, and a 
design effect of 2. The sample size for the prevalence survey was 
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calculated by using the formula 4PQ/d2 where P is the expected 
prevalence; Q = 1 − P and d is the precision. Chennai city was 
divided into ten corporation zones of 155 divisions. The sampling 
was based on the multistage systematic random sampling. 
Sampling was done in two stages: Selection of divisions and 
selection of study subjects. Selection of divisions is done using 
computer generated random numbers; of 155 divisions, ten are 
selected ensuring that one division per one corporate zone is 
represented in the sample. Eligible study subjects were randomly 
selected from each division. To meet the target, 600 individuals 
are enumerated for each division (a total of 6000 in 10 zones). 
This sample is thus truly representative of urban Chennai, 
Tamil Nadu, India. The sampling was done to ensure that data 
are collected from all socioeconomic groups. Family members 
living on the same premises and sharing a common kitchen were 
defined as being the members of one household. A door‑to‑door 
survey of all the households on the right side of the street 
was conducted in the selected division until a number of 600 
subjects were reached. Institutional Review Board approval was 
obtained, and a written informed consent was obtained from the 
subjects as per the Declaration of Helsinki.[11] Inclusion criteria 
included individuals aged ≥40 years and residing for a minimum 
of 6 months at the same residence. The study population was 
selected by multistage systematic random sampling. Of 5830 
subjects enumerated, 1414 with diabetes (both known and newly 
diagnosed) were analyzed for the study. The epidemiology team 
was provided with intensive training on a one‑to‑one basis 
that on doing a household survey, enumeration, and filling 
out the study data sheet and usage of the blood pressure (BP) 
apparatus and glucometer. The training lasted for 7 days with 
8 h a day. The main objective was to avoid bias or errors in 
any of the procedures employed. Each trainee was evaluated 
individually and allowed to participate in the study only after 
he/she displayed minimum error rates for the tasks involved 
in the study. In order to ensure accurate and reliable data, a 
comprehensive instruction manual was prepared that included 
instructions on calibrating glucometer every day. The glucometer 
was calibrated every day and its reproducibility was assessed by 
measuring the blood glucose for the same patient six times and 
also with two machines. A similar procedure was undertaken 
for the sphygmomanometer. The scale for measuring the weight 
was calibrated with a known weight once a week. The collected 
data was scrutinized manually before its entry into the computer. 
Subjects with diabetes were identified based on the American 
Diabetes Association criteria.[12] All subjects underwent a 
detailed examination at the base hospital. Glycosylated 
hemoglobin (HbA1c) fractions were estimated by using Merck 
Micro Lab 120 semi‑automated analyzer (Bio‑Rad DiaSTAT 
HbA1c Reagent Kit).[12] Total serum cholesterol, high density 
lipoproteins (HDLs), and serum triglycerides (cholesterol 
oxidase‑peroxidase) were estimated. Low serum HDL 
cholesterol levels were defined as <1.03 mmol/L (<40 mg/dl) 
for men and <1.29 mmol/L (<50 mg/dl) for women. High serum 
triglycerides levels were defined as ≥1.7 mmol/L (≥150 mg/L). 
Microalbuminuria estimation was done by a semi‑quantitative 
procedure (Bayer Clinitek 50 Urine Chemistry Analyzer). 
Subjects were considered to have microalbuminuria, if the 
urinary albumin excretion was between 30 and 300 mg/24 h, 
and macroalbuminuria at more than 300 mg/24 h. The presence 
of diabetic neuropathy was considered if vibration perception 
threshold (VPT) value was >20V. VPT was measured using 
sensitometer by a single observer by placing a biothesiometer 

probe perpendicular to the distal plantar surface of the great toe 
of both legs. The VPT was done by a single trained technician. 
Anthropometric measurements, including weight, height, 
waist, and hip were obtained using standardized techniques. 
Abdominal obesity was defined as waist circumference (WC) 
≥90 cm for men and ≥80 cm for women. Hypertension was 
defined as BP ≥130/85 mmHg. The clinical parameters were 
collected by trained nurses, whereas the interviews were held 
by trained personnel.

Out of 1414 subjects with Type 2 diabetes, 248 (17.5%) were 
newly diagnosed and the remaining had known diabetes. 
Persons with newly diagnosed diabetes were defined as those 
who had their fasting blood glucose level ≥110 mg/dl on two 
separate days. Persons with known diabetes were those who 
were using either oral antiglycemic drugs or insulin or both. 
Out of 1414, 68 subjects were taking injection insulin. Insulin 
users were defined as subjects using insulin for glycemic 
control and insulin nonusers were defined as those either not 
using any antidiabetic treatment or using diet control or oral 
hypoglycemic medications. The duration of insulin usage was 
calculated as the number of years since the patient is using 
insulin treatment to achieve glycemic control. The duration 
prior to initiating insulin therapy was calculated by subtracting 
the duration of insulin usage from the duration of diabetes 
in years. Optimal control of HbA1c was described based on 
the World Health Organization and the American Diabetes 
Association guidelines (optimal HbA1c, <7%; suboptimal 
HbA1c, ≥7%).[13]

DR was clinically graded using Klein’s classification (modified 
early treatment DR study [ETDRS] scales).[14] Digital 
photographs were assessed and graded by two independent 
observers (experienced retinal specialists) in a masked 
fashion. The photographs were graded against the standard 
photographs of the ETDRS grading system for the severity 
of retinopathy. The grading agreement was high (κ = 0.83). 
STDR was defined as “referable retinopathy” including severe 
non‑PDR, PDR, or clinically significant macular edema.

Statistical analysis
A computerized database was created for all the records. 
A Statistical Package for the Social Sciences‑SPSS (version 9.0, 
SPSS Inc., Chicago, IL, USA) was used for statistical analysis. 
The data were examined for normality of distribution. All 
normally distributed data were compared using a Student’s 
t‑test, while those that did not follow normal distribution were 
examined using nonparametric tests. A Chi‑square test was 
used for comparing proportions. All the data were expressed 
as mean ± standard deviation or as percentage. The statistical 
significance was assumed at P ≤ 0.05. We examined the data 
for collinearity. The data were not linear. For that reason, we 
utilized univariate and multivariate logistic regression analyses 
to elucidate the association between insulin usage and DR. 
The odds ratio (OR), with 95% confidence intervals (CIs), 
was calculated for the studied variables. Using a logistic 
regression procedure, we calculated the area under receiver 
operating characteristic (ROC) curve (AUC) for DR in insulin 
users and nonusers. Predictive accuracy for logistic regression 
model was assessed by comparing the observed and the 
expected retinopathy by using the Hosmer–Lemeshow (HL) 
goodness‑of‑fit test. The Chi‑square test was carried out 
to determine if the observed and expected frequencies are 
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significantly different. A P > 0.05 for the HL test was considered 
suggestive of a calibrated model.

Results
Table 1 represents the baseline characteristics of insulin 
nonusers versus insulin users. Subjects using insulin had longer 
duration of diabetes (11.6 vs. 5.2 years, P < 0.0001), lesser age of 
onset of diabetes (45.9 vs. 50.7 years, P < 0.0001), lower diastolic 
BP (DBP) (78.1 mmHg vs. 82.2 mmHg., P = 0.005), lower total 
serum cholesterol (175.6 mg/dl vs. 187.1 mg/dl, P = 0.023), 
lower serum triglycerides (127.9 mg/dl vs. 155.0 mg/dl, 
P = 0.030), higher HbA1c (9.0% vs. 8.2%, P = 0.001), higher 
microalbuminuria (27.9 mg% vs. 15.4 mg%, P = 0.006), higher 
macroalbuminuria (7.4% vs. 2.5%, P = 0.015), and more 
neuropathy (29.4% vs. 18.3%, P = 0.002) in comparison to 
subjects not using insulin.

Fig. 1 shows the presence of DR and STDR in insulin 
nonusers and insulin users. Subjects using insulin were more 
likely to have DR (52.9% vs. 16.3%, P < 0.0001) and STDR (19.1% 
vs. 2.4%, P < 0.0001) in comparison to subjects not using insulin.

Table 2 shows the multivariate analysis for the factors 
associated with the development of DR in insulin users and 
insulin nonusers. In insulin nonusers, older age (OR 0.97, 95% 
CI 0.95–0.99, P = 0.001), longer duration of diabetes (OR 1.09, 
95% CI 1.07–1.12, P < 0.0001), lesser age of onset of diabetes (OR 
0.95, 95% CI 0.93–0.97, P < 0.0001), higher systolic BP (OR 1.01, 
95% CI 1.00–1.02, P = 0.027), higher HbA1c (OR 1.23, 95% CI 
1.15–1.32, P < 0.0001), presence of microalbuminuria (OR 2.12, 
95% CI 1.43–3.13, P < 0.0001), presence of macroalbuminuria (OR 
5.03, 95% CI 2.29–11.02, P < 0.0001), and presence of anemia (OR 
1.90, 95% CI 1.22–2.97, P = 0.005) were associated with the 
development of DR. In insulin users, longer duration of 
diabetes (OR 1.12, 95% CI 1.00–1.25, P = 0.044) and abdominal 
obesity defined by higher WC (OR 1.15, 95% CI 1.02–1.29, 
P = 0.021) were associated with DR.

The ROC curves for DR in insulin nonusers and insulin 
users are shown in Fig. 2. The AUC values and HL – P values 
for DR for the insulin nonusers were 0.77 (95% CI 0.74–0.81) 
and 0.67, respectively, and for insulin users were 0.86 (95% CI 
0.77–0.95) and 0.54, respectively.

Table 3 shows the association of DR with duration of 
insulin usage and duration prior to initiating insulin therapy, 
in relation to glycemic control of the subject. There was no 
statistically significant association between the presence of 
DR and duration of insulin usage. The presence of DR was 
significantly associated with longer duration (≥5 years) prior 
to initiating insulin therapy overall (38.0 vs. 62.0%, P = 0.013) 
and in subjects with suboptimal glycemic control (32.5 vs. 
67.5%, P = 0.022).

Discussion
We found that subjects with Type 2 diabetes with suboptimal 
glycemic control, when insulin is started late in the course 
of the disease (longer insulin free duration), the deleterious 
effects of long‑term hyperglycemia due to neglected treatment 
is probably responsible for the development of DR. It is also 
evident that poor glycemic control is the immediate cause for 
DR complication. Over time, most patients with Type 2 diabetes 
require insulin therapy, either alone or in combination with oral 
hypoglycemic agents, for satisfactory glycemic control.[15] Since 
insulin therapy in Type 2 diabetes is often initiated at a stage 
where glycemic control is suboptimal for the subject, insulin 
users have been reported to have a higher incidence of DR. 
Moreover, recently, insulin has been independently implicated 
in the causation of DR and PDR.[9,16,17]

In the present study, we aimed to elucidate the relationship 
between insulin usage and DR. For this, we divided the study 
population into two groups of insulin users and insulin 
nonusers. On studying the demographic profile of both groups, 
we observed statistically significant differences. As expected, 
insulin users had longer duration of diabetes, higher HbA1c, 
and lesser age of onset of diabetes [Table 1]. The insulin users 
also had a better lipid profile and lower DBP, when compared 
with insulin nonusers. Similar presence of more favorable 
lipid profile in subjects with Type 2 diabetes using insulin in 

Figure 1: Association of diabetic retinopathy and sight threatening 
diabetic retinopathy in insulin nonusers and insulin users

Table 1: Baseline characteristics of subjects not using insulin 
(insulin nonusers) and subjects using insulin (insulin users)

Insulin 
nonusers 
(n=1346)

Insulin 
users 
(n=68)

P

Age (years) 56.3±10.1 57.5±8.0 0.339

Female gender 629 (46.7) 35 (51.5) 0.445

Duration of DM (years) 5.2±6.0 11.6±7.2 <0.0001

Age of onset of DM (years) 50.7±9.8 45.9±9.7 <0.0001

WC (cm) 91.4±9.8 89.9±10.7 0.243

Systolic BP (mmHg) 139.0±20.8 140.9±19.9 0.462

Diastolic BP (mmHg) 82.2±11.4 78.1±9.7 0.005

Total serum cholesterol (mg/dl) 187.1±40.5 175.6±45.1 0.023

Serum HDL‑cholesterol (mg/dl) 39.2±9.9 40.4±14.1 0.329

Serum triglycerides (mg/dl) 155.0±101.7 127.9±60.1 0.030

HbA1c 8.2±2.2 9.0±2.4 0.001

Microalbuminuria 207 (15.4) 19 (27.9) 0.006

Macroalbuminuria 33 (2.5) 5 (7.4) 0.015

Presence of neuropathy 244 (18.3) 20 (29.4) 0.002
Anemia 161 (12.0) 13 (19.1) 0.080

DM: Diabetes mellitus, WC: Waist circumference, BP: Blood pressure, 
HDL: High density lipoprotein, HbA1c: Glycosylated hemoglobin
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Table 2: Multivariate analysis for the factors associated with development of diabetic retinopathy in insulin nonusers and 
insulin users

DR

OR (95% of CI) P OR (95% of CI) P

Age (years) 0.97 (0.95‑0.99) 0.001 0.99 (0.90‑1.09) 0.874

Female gender 0.67 (0.43‑1.03) 0.066 2.42 (0.35‑16.63) 0.369

Duration of DM (years) 1.09 (1.07‑1.12) <0.0001 1.12 (1.00‑1.25) 0.044

Age of onset of DM (years) 0.95 (0.93‑0.97) <0.0001 0.95 (0.88‑1.02) 0.155

Abdominal obesity 0.99 (0.97‑1.03) 0.879 1.15 (1.02‑1.29) 0.021

Systolic BP (mmHg) 1.01 (1.00‑1.02) 0.027 1.02 (0.98‑1.07) 0.344

Diastolic BP (mmHg) 0.99 (0.98‑1.02) 0.676 0.95 (0.87‑1.04) 0.314

Total serum cholesterol (mg/dl) 1.00 (0.99‑1.00) 0.773 1.00 (0.99‑1.02) 0.693

Serum HDL‑cholesterol (mg/dl) 1.00 (0.98‑1.02) 0.770 1.06 (0.97‑1.14) 0.190

Serum triglycerides (mg/dl) 0.99 (0.99‑1.00) 0.457 0.99 (0.97‑1.00) 0.141

HbA1c 1.23 (1.15‑1.32) <0.0001 1.08 (0.77‑1.50) 0.655

Microalbuminuria 2.12 (1.43‑3.13) <0.0001 3.13 (0.63‑15.53) 0.163

Macroalbuminuria 5.03 (2.29‑11.02) <0.0001 ‑ ‑

Presence of neuropathy 1.23 (0.81‑1.85) 0.329 0.21 (0.04‑1.17) 0.075
Anemia 1.90 (1.22‑2.97) 0.005 4.07 (0.56‑29.72) 0.166

OR: Odds ratio, DM: Diabetes mellitus, BP: Blood pressure, HDL: High density lipoprotein, HbA1c: Glycosylated hemoglobin, DR: Diabetic retinopathy, CI: Confidence 
interval

Table 3: Association of diabetic retinopathy with duration of insulin usage and duration of insulin free period, in relation to 
glycemic control

Overall Suboptimal glycemic control Optimal glycemic control

No DR DR P No DR DR P No DR DR P

Duration of insulin usage

<5 years 29 (49.2) 30 (50.8) 0.484 20 (43.5) 26 (56.5) 0.720 9 (69.2) 4 (30.8) 0.754

>5 years 3 (33.3) 6 (66.7) 3 (33.3) 6 (66.7) 0 (0.0) 0 (0.0)

Duration before initiating insulin

<5 years 13 (72.2) 5 (27.8) 0.013 10 (66.7) 5 (33.3) 0.022 3 (100) 0 (.0) 0.497

>5 years 19 (38.0) 31 (62.0) 13 (32.5) 27 (67.5) 6 (60.0) 4 (40.0)

DR: Diabetic retinopathy

Figure 2: Receiver operating characteristic curve for presence of diabetic retinopathy in insulin nonusers (a) and insulin users (b)

ba
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comparison to those using oral hypoglycemic agents has been 
reported earlier also.[18] The diastolic hypertension is known 
to be more prevalent among younger subjects and that in 
our study, the differences in age between insulin nonusers 
insulin users were not statistically significant.[19] However, 
the regulation of BP in humans is a complex interplay 
between several exogenous and endogenous factors such as 
renin‑angiotensin system and the presence of lower DBP among 
insulin users in the present study is difficult to explain without 
taking into consideration all these factors. Concerning the 
microvascular diabetic complications, insulin users had higher 
albuminuria (micro‑ and macro‑) and neuropathy. Likewise, 
insulin users also were more likely to have DR and STDR in 
comparison to insulin nonusers [Fig. 1].

In the present study, we also evaluated the factors associated 
with DR in insulin users and nonusers separately. Because of 
the small sample size, however, the same could not be studied 
in regard to STDR. The factors associated with DR differed 
among insulin users and insulin nonusers. In insulin users, 
duration of diabetes and abdominal obesity in terms of WC 
were associated with DR, whereas HbA1c, age of onset of 
diabetes, presence of microalbuminuria, macroalbuminuria, 
and anemia did not have a statistically significant association 
with DR as was noted in insulin nonusers. In contrast, in 
insulin nonusers, we did not find an association between 
abdominal obesity and presence of DR. This suggests that in 
insulin users, abdominal obesity is a more significant predictor 
of DR than it is for insulin nonusers. In our previous study,[20] 
we examined the influence of insulin use as an independent 
variable in association with the prevalence of DR. We observed 
that insulin users were at 3.5 times the risk of DR than those 
who were not using insulin. Physical exercise, which has long 
been recognized as an effective interventional strategy in 
the treatment of Type 2 diabetes, may especially prove very 
useful in insulin users to prevent retinopathy. The usefulness 
of physical exercise has already been reported in patients with 
long‑standing, insulin‑treated Type 2 diabetes with diabetic 
polyneuropathy.[21]

On considering both the discrimination (AUC) and 
calibration (HL goodness‑of‑fit) power of the multivariate 
analysis model, our study showed that it was appropriate for 
predicting the association of DR with various factors in both 
insulin nonusers and insulin users.

Another finding of this study was lack of association between 
DR and the duration of insulin usage. Rather, association was 
noted between DR and longer duration before starting insulin, 
particularly in subjects with suboptimal glycemic control. 
This finding suggests that insulin is simply a marker of 
glycemic control/disease severity rather than an independent 
risk factor for DR. This suggests that in subjects with Type 2 
diabetes with suboptimal glycemic control, when insulin is 
started late in the course of the disease (longer insulin free 
duration), the deleterious effects of long‑term hyperglycemia 
due to neglected treatment is probably responsible for the 
development of DR. Outcome Reduction with Initial Glargine 
Intervention (ORIGIN) trial recommended early insulin 
initiation in Type 2 diabetic patients with an HbA1c >9% at 
diagnosis, patients with a fast increase of HbA1c after diagnosis 
and new onset symptoms, patients with multiple infections 
and patients with an HbA1c >7% despite maximal metformin 

treatment and diabetes‑related complications.[22] ORIGIN 
also demonstrated reduced microangiopathy in patients 
with an HbA1c value of ≥6.4% with basal insulin glargine.[22] 
Patients with Type 2 diabetes are initiated on additional blood 
glucose‑lowering treatment only when the mean baseline 
HbA1c reaches a value of 9.0%.[23] Patients started on insulin 
have even higher mean HbA1c of 9.6% and tend to have 
more severe baseline complications and co morbidities than 
those started on oral antidiabetic therapy. In addition, the 
higher the starting A1c when therapy is initiated or changed, 
the less likely the patient can achieve adequate glycemic 
control.[23] Chronic hyperglycemia increases production of 
reactive oxygen species, and subsequent oxidative stress affects 
insulin promoter activity (PDX‑1 and MafA binding) resulting 
in diminished insulin gene expression in glucotoxic β‑cells.[24] 
Patients presenting with significant hyperglycemia may benefit 
from timely initiation of insulin therapy that can effectively 
and rapidly correct their metabolic imbalance and reverse the 
deleterious effects of excessive glucose (glucotoxicity) and 
lipid (lipotoxicity) exposure on β‑cell function and insulin 
action.[25] Glucotoxic effects are reversible with reinstitution of 
euglycemic conditions and causes greatest recovery of β‑cell 
function with shorter duration of exposure to hyperglycemia.[26]

Hence, in subjects with Type 2 diabetes having suboptimal 
glycemic control, starting insulin early may be more beneficial 
in preventing the development of DR in the longer course of 
the disease. Prospective studies will be required to evaluate 
the association of duration before starting insulin therapy with 
future development of DR.

One of the principal shortcomings of the study is its small 
sample size. Of the 1414 subjects analyzed, only 68 were 
using insulin. Another major shortcoming is that because of 
its cross‑sectional design, the cause‑effect relationship cannot 
be established between insulin usage and DR. Moreover, 
there was a lack of information regarding the type of insulin 
preparation used by the patient. Although we have performed 
additional analysis pertaining to the effect of duration of 
insulin usage versus insulin‑free period, the numbers are 
too small, hence making it difficult to generalize from it. 
The strengths of the study are that it was a well‑conducted 
population‑based prevalence study in Type 2 DM, and 
retinopathy diagnosis was based on the gold standard fundus 
photography and comprehensive clinical and biochemical 
evaluation.

Conclusions
That insulin usage in Type 2 diabetes was associated with the 
presence of DR, STDR, neuropathy, and albuminuria. This 
finding suggests that insulin is simply a marker of glycemic 
control/disease severity rather than an independent risk factor 
for DR. This suggests that in subjects with Type 2 diabetes 
with suboptimal glycemic control, when insulin is started late 
in the course of the disease (longer insulin free duration), the 
deleterious effects of long‑term hyperglycemia due to neglected 
treatment is probably responsible for the development of DR. 
In insulin users, abdominal obesity was found to be a more 
significant predictor of DR than it is for insulin nonusers. We 
also observed an association of DR with the longer duration 
before initiating insulin therapy, particularly in subjects with 
suboptimal glycemic control.
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