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Abstract
Background & Objectives: Type 2 Diabetes Mellitus (T2DM) is often characterized by an asymptomatic phase of around
4-7 years between the onset of diabetes and its clinical diagnosis. Diabetic retinopathy is the one to be observed as an early
sign of microvascular complications. The objective of the present study was investigate the time lag between the onset of
hyperglycemia and clinical diagnosis of T2DM.
Methods: The present cross-sectional study was done at an outpatient setting of an endocrinology clinic. According to
inclusion criteria, consecutive patients subjects of either sex with T2DM either newly diagnosed at the time of first encounter with study investigator or previously diagnosed with any duration of T2DM were eligible to be recruited in the present
study. A weighted linear regression analysis was performed to estimate the prevalence of retinopathy at each time point.
The period at which the prevalence of retinopathy was zero is back extrapolated from the graph to get onset of diagnosis.
Results and Interpretations: A total of 1407 patients with T2DM are included in present analysis. 52% (n = 725) were
females and mean (SD) age was 54.3 (10.1) years. The prevalence of diabetic retinopathy was found to be 13.7% (n = 194)
at the time of clinical diagnoses. Prevalence of retinopathy increased linearly with duration of T2DM. Estimated the actual
onset of time of diabetes was found to be 11.4 (95% CI, 9.5-15) years before the patients were clinically diagnosed with
T2DM.
Conclusions: High diagnostic lag was observed in present study. It indicates that there is a need for continues education,
counseling of high risk population on diabetes mellitus and its complications to increase awareness of diabetes and reduction of diagnostic lag.

Keywords: Type 2 Diabetes Mellitus; Diagnostic Lag; Diabetic Retinopathy; Prevalence; Weight Least Square Regression.

Introduction
International diabetic federation 2016 reported that 415 million
people are diagnosed with diabetes mellitus (DM) globally
having prevalence of 8.8% with nearly half of them remaining
undiagnosed at any point of time [1, 2]. Majority of undiagnosed
subjects belong to type 2 diabetes mellitus (T2DM). According to
Diabetes Atlas 2015, India is having 69.18 million subjects with
DM accounting for 14.8 % of global burden [1].

T2DM is a chronic condition characterized by hyperglycemia
resulting from a progressive insulin secretary defect in the
background of insulin resistance [3]. It is also associated with a
prolonged asymptomatic phase of 4-8 years between the onset of
diabetic hyperglycemia and clinical diagnosis [4-6]. Delayed clinical
diagnoses lead to the development of various micro and macro
vascular complications. Diabetic retinopathy (DR) is the most
commonly observed earliest sign of microvascular complications
[7-10]. Development of DR is a leading cause of blindness in DM
subjects. World health organization has attributed 4.8% cases of
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blindness to DR [11].The prevalence of DR in India is reported
to be in the range of 4.8-53.3% [12-16]. Our research group
has reported high prevalence of microvascular complications
in newly as well as established T2DM patients in north India [9,
10]. Evidence has also correlated the rising incidence of DR with
increasing duration of DM [17].
Progression of DR is directly related to the duration and degree
of hyperglycemia [15]. Within a decade of clinical diagnosis,
about 80% patients develop DR. This prevalence rises to 90%
after 15-20 years of diagnosis and reaches to almost 100% after
20 years of diagnosis [16].
Researchers have also tried to investigate the actual onset of DR
before the clinical diagnosis is made. Assuming the correlation
between DR and DM duration to be linear, researchers have
back extrapolated the regression line of time of clinical diagnosis
of DM and prevalence of DR and estimated that the onset of
retinopathy could have occurred between 4-9 years prior to clinical
diagnosis of DM [5, 18]. The present analysis is performed to
investigate the time lag between the onset of hyperglycemia and
clinical diagnosis of T2DM in Indian patients. To investigate this,
we observed the prevalence of DR with increasing duration of
DM (as it is considered to be first micro vascular complication to
arise) in a study cohort of patients with T2DM from north Indian
population.

Study Design and Setting
Data presented in this manuscript is part of a large prospective
study where patients were screened to assess the prevalence and
predictors of cancer in patients with T2DM. The cross-sectional
study was carried out in an outpatient endocrinology clinic of a
public tertiary care hospital, Post Graduate Institute of Medical
Education and Research (PGIMER) in north India. The study was
initiated after approval by the Institute Ethical Review Committee,
PGIMER Chandigarh, India. STROBE (Strengthening the
Reporting of Observational studies in Epidemiology) guidelines
were followed while reporting the study.
Eligibility Criteria
Sample selection: Consecutive eligible patients meeting the
inclusion criteria were recruited during July 2011 and June 2013.
According to inclusion criteria, adult subjects of either sex with
T2DM either newly (<6 months) diagnosed as per American
Diabetes Association (ADA) guidelines (random blood sugar
(RBS) >200 mg/dL or fasting blood sugar (FBS) >126 mg/
dL or HbA1c ≥ 6.5) at the time of first encounter with study
investigator or previously diagnosed with any duration of T2DM
were recruited in the original study. The subjects included in the
present analysis were further classified according to the duration
of their disease. Patients having type 1 diabetes, gestational
diabetes and having diabetes for more than 20 years were excluded
from the study.
Variables and Data Sources
measurements

Information about lifestyle characteristics like smoking and
alcohol consumption were obtained through patient interview at
the time of recruitment. Clinical systolic blood pressure (SBP) and
diastolic blood pressure (DBP) levels, serum lipids, blood glucose
and glycated hemoglobin (HbA1c), and hepatic and renal function
levels were extracted from the available clinical records. Blood
pressure was measured in the sitting position in right arm with a
mercury sphygmomanometer (Diamond Deluxe BP apparatus, BP
Instruments, Pune, India), and the participants were considered to
be hypertensive if they were taking antihypertensive medication
(as documented in clinic records) or SBP ≥ 140 mmHg or DBP
≥ 90 mmHg. HbA1c was measured using the variant machine
(Bio-Rad Laboratories, Hercules, CA, USA). Serum cholesterol
(cholesterol esterase oxidase-peroxidase amidopyrine method),
serum triglycerides (glycerol phosphate oxidase-peroxidaseamidopyrine method), and high density lipoprotein cholesterol
(direct method polyethylene glycol-pretreated enzymes) were
measured using the Beckman Coulter AU 2700/480 Autoanalyser
(Beckman AU (Olympus), Ireland).
Assessment of Microvascular Complications
All study participants underwent an extensive medical examination
by the attending endocrinologists as their regular practice for the
assessment of diabetic complications.

Methodology

Anthropometric

(using stadiometer), body mass index (BMI; kg/m2), and waist
circumference (using inelastic and flexible tape at the midpoint
between the lower margin of the least palpable rib and top of the
iliac crest nearest to 0.1 cm) were done at the time of recruitment.

including

weight,

height

Diagnosis of retinopathy: As per study protocol all study
participants had undergone an extensive ophthalmologic
examination including fundoscopy or retinal photography and
measurement of visual acuity by the ophthalmologist as regular
practice for the assessment of DR in tertiary care setting. The
above information was collected from the medical records and
documented in the case record form as either patient had DR
or no DR. The diagnosis of nephropathy was confirmed by
estimating 24 hours urine protein excretion of more than 500
mg/day. The presence of neuropathy was confirmed by physician
if diagnosed with one or more abnormal finding of 10 gram
monofilament, pinprick sensations and ankle reflexes.
Statistical Analysis
The baseline characteristics such as age, gender, BMI, waist
circumference, smoking status, alcoholic status, biochemical
parameters, duration of diabetes, and complications of diabetes
were presented as mean with standard deviation (SD) and numbers
with percentages. Prevalence of retinopathy in each subgroup of
patients categorized on the basis of duration of diabetes (0-20
years) was calculated.
Regression Model: The relationship between DR prevalence
and T2DM duration was assessed by weighted linear regression
(WLR) with weights for each year data being inversely proportional
to binomial variance. This WLR method was adopted from
an observational study conducted by Harris et al., to examine
the relationship between diabetes duration and prevalence of
retinopathy [5].
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In a WLR method more weight is given to the observations with
smaller variance because these observations provide more reliable
information about the regression function than those with large
variances. Initially, we fitted the regression model by unweighted
least squares and residuals were analyzed. Then we have estimated
the variance function or the standard deviation (SD) function by
regressing either the squared residuals or the absolute residuals
on the appropriate predictor. Then, we have used the fitted values
from the estimated variance or SD function to obtain the weights
(Wi). Weights were calculated by following equation.
Wi = 1/SD2
Then regression coefficients were estimated by using weights.
To analyze the stability of regression model, 95% confidence
intervals (CI) were obtained by inverse method.
Calculation of T2DM diagnosis lag: Initially, the period where
DR prevalence was nil was estimated by back extrapolating the
best- ﬁtting equation correlating known T2DM duration with DR
prevalence. This is the time from onset of retinopathy to clinical
diagnosis of diabetes which was calculated as a point estimate by
back extrapolating the intercept of the best-ﬁtting regression line
with the horizontal axis.
Since metabolic and biochemical changes attributable to
diabetes are occurring in the eye that precede the development
of detectable retinopathy. An estimate of minimum duration
of diabetes necessary before evident retinopathy is made using
data of Jarret et al., [19]. They had found that signs of DR began

developing ~5 years after onset of diabetes. Thus, the period of
time between onset of diabetes and detectable retinopathy, and
that between detectable retinopathy and clinical diagnosis of
T2DM, taken together, indicate the total diagnostic lag of T2DM.
Earlier studies have also used the similar method to obtain an
approximate idea about the undiagnosed period of diabetes [5, 6.
18]. We have used Microsoft excel and SPSS software to perform
statistical analysis.

Results
Of 1490 screened patients during the study period, 1407 (95%)
were included in the present analysis after excluding patients
with >20 years of T2DM. Average (SD) age of patients at study
inclusion was 54.3 (10) years and 52% were females. The average
(SD) duration of T2DM, BMI and HbA1C were 8 (5.8) years,
26.8 (4.7) Kg/m2 and 8.6% (2.3), respectively. 7.5% (n=106)
patients were newly diagnosed with T2DM. 59.7% (n=92) were
found to be smokers and 56% (n=146) were alcohol consumers.
Table 1 show the clinical and biochemical characteristics of the
study sample.
Prevalence of Retinopathy
Out of 1407, 194 patients were diagnosed with DR at the time of
clinical diagnoses of T2DM. Thus, the overall prevalence of DR
was found to be 13.7% (95% CI, 12.08-15.69) (Table 2). Average
(SD) age (56.7 (9) vs 53.9 (10), p-0.003) years and duration of
T2DM (10.5 (5.7) vs 7.6 (5.7), p-0.001) of patients with DR
was found to be significantly higher as compared to patients

Table 1. Clinical and Biochemical Characteristics.
Variable
Age (years)#
Gender (males) n (%)
BMI (Kg/m2)#
SBP (mmHg)#
DBP (mmHg)#
HbA1C (%)#
FPG (mg/L)#
PPG (mg/L)#
RBS (mg/L)#
TC (mg/dL)#
LDL (mg/dL)#
HDL (mg/dL)#
VLDL (mg/dL)#
TG (mg/dL)#
T2DM duration years#
Smoking n (%)
Alcohol n (%)

Total
DR Negative
(n = 1407) (N = 1213)
54 (10)
53.9 (10)
682 (49)
573 (47)
26.8 (5)
26 (5)
136 (18)
135 (17)
86 (11)
85 (11)
8.6 (3)
8.6 (2)
160 (69)
160 (70)
233 (92)
231 (93)
227 (92)
224 (91)
180 (58)
179 (57)
109 (56)
108 (57)
45.1 (17)
44 (16)
44 (33)
44 (33)
169 (92)
170 (95)
7.6 (5.7)
7.6 (5.7)
154 (11)
170 (14)
261 (19)
220 (18)

DR Positive
(N = 194)
56.7 (9)
109 (56)
26 (4)
138 (18)
86 (10)
8.6 (2)
160 (62)
242 (88)
246 (88)
185 (62)
114 (52)
46 (15)
48 (33)
163 (76)
10.5 (5.7)
19 (10)
41 (21)

P-value
0.003*†
0.02*§
0.096†
0.543†
0.680†
0.763†
0.408†
0.948†
0.783†
0.760†
0.688†
0.629†
0.651†
0.729†
0.001
0.480§
0.05*§

†Analyzed using unpaired t-test; §Analyzed using chi-square-test; *indicate the statistical significance where P- value is <0.05; #,
Mean(SD); TC, total cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein; VLDL, very low-density
lipoprotein; TG, triglycerides; BMI, body mass index; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; PPG, post prandial glucose; RBS, random blood sugar.
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Table 2. Prevalence of Diabetic Retinopathy (DR) in Relation to Duration of Type 2 Diabetes Mellitus.
T2DM Duration
(years)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Total

Total
number
106
92
107
82
93
97
103
61
76
30
140
11
81
38
22
112
22
12
24
7
91
1407

DR positive,
number
4
7
5
6
14
8
9
10
10
4
27
3
14
11
3
24
4
2
6
1
22
194

Prevalence 95% Confidence
(%)
interval
3.7
0.2 - 07.7
7.6
1.7-12.0
4.6
0.8 - 9.0
7
0.8-11.0
15
6.9-21.0
8.2
2.6-13.0
8.7
3.0 -14.5
16
2.0 -17.5
13.1
3.0 -16.7
13.3
-3.0 -16.7
19.2
19.0 - 34.0
27.2
-7.0 - 13.0
17.2
6.0 -21.5
28.9
1.0 -20.9
13.6
-4.0 -10.0
21.4
16.0- 32.0
18.1
-4.0 -12.0
16.6
-5.9-9.9
25
3.5-15.5
14.2
-6.0 – 8.0
24.1
13.5 – 31
13.7
12.0-15.6

Percent with Retinopathy

Figure 1. Weighted Linear Regression Model of Prevalence of Diabetic Retinopathy according to Type 2 Diabetes Mellitus
Duration.
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Figure 2. Prevalence of Complications in T2DM Patients.
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Table 3. Predictors of Diabetic Retinopathy (DR): Multivariate Logistic Regression Analysis.

Outcome
Intercept
T2DM duration
Age
Smoking
Alcohol
Hypertension

Parameter Standard
P- value
estimate
error
-1.63
0.10
0.28
-0.69
-0.21
-0.27

1.78
0.04
0.008
0.51
0.36
0.12

0.36
0.01*
<0.001*
0.89
0.55
0.8

Odds
ratio
1.11
1.02
0.933
0.807
0.76

95% Confidence
interval
Lower
Upper
1.02
1.01
0.33
0.39
0.55

1.20
1.04
2.57
1.65
1.03

* Statistically significant
without DR. Higher proportion of males were found in DR
positive group (56%) as compared to DR negative group (47%).
However, the two groups were similar with respect to BMI, waist
circumference, HbA1c and smoking status, alcohol consumption
and other biochemical parameters (Table 1).
Figure 1 illustrates the fact that prevalence of DR increased
linearly (R = 0.73, R2 = 0.68 p- < 0.001) with duration of T2DM.
On back extrapolating the regression line to horizontal axis the
point at which DR prevalence is zero, we estimated the actual
onset of time of DR in a subject to be 6.4 (95% CI, 4.5-10) years
before the patients were clinically diagnosed with DR. The present
weighted regression equation model to find the prevalence of DR
is represented as follows.
Y= 0.0605 + 0.00944X
In addition to this 6.4 years period before clinical diagnosis
of T2DM, metabolic and biochemical changes attributable to
diabetes were occurring in the eye that precede the development
of detectable retinopathy. The estimate of minimum duration of
the DM which is necessary to pass before the emergence of DR
was adopted from the data of Jarrett et al., [19]. In the study by
Jarrett et al., 240 men with DM were prospectively followed for
10 years. During the first 5 years of follow up, 60 (25%) patients
developed retinal lesions. Based on these findings, onset of DR
is supposed to occur around 5 years after the onset of diabetes.
Adding this minimum 5 years duration to the onset of DR (6.4
years) in the present data analysis, we found that the onset of
T2DM may occur on an average 11.4 years (95% CI, 9.5-15.0)
earlier than the clinical diagnosis of T2DM.

Discussion
Retinopathy is usually the first observable micro vascular
complication among the three specific complications of diabetes
to develop namely; neuropathy, nephropathy and retinopathy.
Retinopathy is a more sensitive and specific indicator than
other micro vascular complications because the micro vascular
structures in the eye can be directly examined at the earliest.
Neuropathy and nephropathy are generally defined using arbitrary
thresholds, and are less sensitive than retinal abnormalities [20].
Our findings from representative population showed that onset of
retinopathy may appear 6.4 years before clinical diagnosis of DR
in these populations. This indicates that retinopathy is detectable
6.4 years before T2DM is diagnosed. During this entire timeframe,
from 6.4 years before until T2DM diagnosis, participants had
diabetes and were developing retinopathy, yet their disease is
totally untreated. This duration of 6.4 years is higher than earlier
conducted studies by Thompson et al., (Egypt), Ramachandran
et al., (south India) , Harris et al., (US and Australia) and Ellis et
al., (UK) which reported the onset of DR to be 2.6, 4.1, 4-7 and
5.7 years before the clinical diagnosis was made, respectively [5,
12, 18, 20].

Predictors of Retinopathy

Evidence suggests that the onset of T2DM occurs probably earlier
than the onset of DR. The estimate of minimum duration of the
DM which is necessary to pass before the emergence of DR was
adopted from the data of Jarrett et al., [19]. Adding the minimum
5 years duration to the onset of DR (6.4 years) from the onset of
diabetic hyperglycemia in the present data analysis, we found that
the onset of T2DM may occur on an average 11.4 years (95% CI,
9.5-15.4) earlier than the clinical diagnosis of T2DM.

On multivariate logistic regression analysis duration of diabetes
1.11 (95 CI%, 1.02-1.20, p-0.01) and age 1.02 (95 CI%, 1.01-1.04,
p- <0.01)were the only two predictors found to be significant
predictors of DR, while all other factors including smoking, alcohol
and hypertension were not found to be significantly associated
with DR (Table-3). About 68% variance in DR prevalence was
explained by the duration of diabetes. Prevalence of other micro
vascular complications such as neuropathy and nephropathy was
found to be 27.8% (95% CI, 25.5-30.26) (n=392), 7.1% (95%
CI, 5.8-8.5) (n=100), respectively. Among included subjects 46%
(n=646) were found to be hypertensive.

Harris et al., attempted to estimate this delay between onset and
clinical diagnosis of T2DM. they calculated the WLR between
known duration and prevalence of DR in two different white
populations (Wisconsin and Australian residents), and reported
that DR developed 6.5 years (95% CI 4.1–9.9) and 4.2 years (95%
CI 2.1–7.4) before diagnosis, respectively. They also added 5 years
for retinopathy to develop after the onset of T2DM. This made
the total duration of undiagnosed diabetes to 9–12 years [5].
Another study conducted by the same author in US reported that
onset of DR occurred 6.5 years earlier than its clinical diagnosis,
which are in line with the present study [4].
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A study conducted by Ramachandran et al., in south Indian
population estimated the duration of onset of DR to be 4.1
years preceding the diagnosis of Non insulin dependent diabetes
mellitus (NIDDM). NIDDM was defined by an oral glucose
load. Any retinopathy was assessed using a detailed dilated eye
examination by an ophthalmologist. The overall prevalence of
DR was lower than in previous reports. This estimate was lesser
than the findings of present analysis [12].
In a study involving Egyptian patients using similar model, the
onset of DR occurred 2.6 years (90% CI 0.3-8.4) prior to clinical
diagnosis [20]. Adding 5 years for retinopathy to develop after
the onset of diabetes, the total estimated time of undiagnosed
diabetes duration comes to be 7.6 years.
A study conducted by Ellis et al., in UK estimated that the onset
of detectable DR occurred 5.77 years (95% CI 4.6-7) before its
diagnosis, which is also less than the present analysis [18].
A recent study by Porta et al., assessed the relationships between
known duration of diabetes and prevalence of DR separately in
insulin treated (IT) and non-IT patients. They reported that the
onset of detectable DR occurred 8.46 years (using WLR model)
and 3.89 years (using quadratic model) in non-IT patients, which
is higher than present analysis [6].
These differences in the estimates may probably be due to
different participant population characteristics in terms of
definitions and methods (oral glucose load vs HbA1c vs FBS)
to diagnose NIDDM and methods used for the detection of
retinopathy. Severity of retinopathy is also not assessed in majority
of the studies including the present one. The difference in the
diagnostic lag among the studies may also be due to differences in
knowledge about diabetes, availability of health care provisions,
health policies, errors in screening of diabetes, changes in
diagnostic criteria, difference in screening method, use of oral
hypoglycemic and insulin and selection criteria of patients for the
study. This diagnostic lag can impose huge burden of disease and
its complications on the society and health policy makers. There is
an urgent need to implement suitable early screening approaches
at the community level and appropriate education of patients so
that awareness among people about disease related morbidity and
advantages of early diagnosis and treatment.
Limited studies have been conducted in India to assess the
awareness about diabetes at community level. A cross sectional
study conducted in Mangalore among the households showed
that 35% subjects had average while 27.5% and 37.5% had poor
and very poor awareness about diabetes and its complications,
respectively [21]. Recent study including 16,607 subjects from
four geographical regions of India namely Chandigarh, Tamil
Nadu, Jharkhand and Maharashtra reported that 57% participants
had not even heard of diabetes [22]. Another study among college
students in south India reported that among 230 participants 53%
had moderate knowledge awareness in general diabetic symptoms
[23].
Evidence suggests that patients are not sufficiently equipped with
the knowledge of diabetes, its associated complications and to
manage their disease condition [21-23]. It indicates that there is a
need of continued education, counseling of high risk population
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to increase the awareness of diabetes and reduction of diagnostic
lag. A community based mass screening is suggested to be helpful
in populations like ours with high prevalence of T2DM in order
to reduce this diagnostic lag [24].

Strengths and Limitations
The strength of the present study lies in adequate sample
size, representative population of T2DM including 7% newly
diagnosed cases, adequate event rate (DR positive cases)
and extensive ophthalmologic examination by experienced
ophthalmologists. Limitations are experience from single center
and back extrapolation of data. The strength of association
between duration of diabetes and retinopathy is not high enough
to explain percentage of variation. In addition, patients were
lumped together irrespective of insulin consumption and any
type of retinopathy.

Conclusions
The present analysis suggest that undiagnosed T2DM is not a
benign condition. Significant morbidity in the form of high
prevalence of retinopathy may present at clinically diagnosis
of T2DM. Imprecise dating of disease onset also obscures
investigations of the nature and importance of risk factors for
diabetes complications as well as estimating the actual disease
burden. Future studies must emphasize estimating the actual
prevalence of disease and its complications and societal creation
of diabetes awareness and knowledge.
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