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Abstract

Background Diabetes prevalence has increased over the past few decades, and the shift of the burden of diabetes
from the older population to the younger population has increased the exposure of longer durations in a morbid
state. The study aimed at ascertaining the likelihood of progression to diabetes and to estimate the onset of diabetes
within the urban community of Mumbai.

Methods This study utilized an observational retrospective non-diabetic cohort comprising 1629 individuals enrolled
in a health security scheme. Ten years of data were extracted from electronic medical records, and the life table
approach was employed to assess the probability of advancing to diabetes and estimate the expected number of
years lived without a diabetes diagnosis.

Results The study revealed a 42% overall probability of diabetes progression, with age and gender variations. Males
(44%) show higher probabilities than females (40%) of developing diabetes. Diabetes likelihood rises with age,
peaking in males aged 55-59 and females aged 65-69. Males aged 30-34 exhibit a faster progression (10.6 years to
diagnosis) compared to females (12.3 years).

Conclusion The study’s outcomes have significant implications for the importance of early diabetes detection.
Progression patterns suggest that younger cohorts exhibit a comparatively slower rate of progression compared to
older cohorts.
Highlights
- High Diabetes Progression Rates: A striking finding is that approximately 2 out of every 5 individuals aged
30 years and older advanced to diabetes within a mere decade.
- Another intriguing observation is the gender disparity in diabetes progression. Males, in particular, exhibited a
notably higher likelihood of transitioning to diabetes during this timeframe.
- When we delve into age-specific data, it was found that among women aged 30-34 years, there's an average
of 12.3 years expected to pass before a diabetes diagnosis is made. However, for their male counterparts,
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this waiting time shrinks significantly to just 10.6 years. This discrepancy indicates a faster progression toward

diabetes among males.

Keywords Cohort study, Type 2 diabetes, Disease progression, Electronic medical records (EMR), Life table

Background

The non-communicable diseases (NCD) are the leading
cause of premature morbidity and mortality. Globally,
there are around 537 million adults aged 20-79 years cur-
rently living with diabetes and India alone accommodates
around 77 million diabetic people [1]. The prevalence
of diabetes has increased many fold in recent decades
worldwide, yet among major NCDs, it has usually been
underestimated in terms of the cause of death. Diabetes
is considered to have little impact on mortality directly
when compared to morbidity as it mainly expedites the
risk of microvascular complications [2] and various other
severe chronic conditions [3]. Only a minority of patients
uniquely die due to diabetes [3, 4].

The evolving demographics, epidemiology, and longer
lifespans in recent decades have raised concerns about
the quality of life for individuals with diabetes. Hence,
understanding disease progression and a life-course per-
spective is vital for designing studies that evaluate inter-
vention impacts in terms of preventing and delaying
diabetes [5, 6].

Observing diabetes progression across different age
groups and genders reveals the significant impact of
demographic variables on both the development and
duration of morbidity. It is known that blood glucose
concentrations tend to rise with age [7], and previous
national surveys reported that 54% people of those who
develop diabetes were in the most productive years of
their lives (<50 years) with a higher risk of developing
chronic complications of diabetes [8, 9]. Most studies,
both in India and internationally, indicate a higher preva-
lence and risk of diabetes among men [10-19], while a
few studies reported otherwise [4, 20]. The shift in diabe-
tes onset among the young and increased life expectancy
for those with diabetes has prolonged the duration of
time spent with diabetes and related sufferings [21, 22].

Determining the onset of diseases, particularly for
asymptomatic conditions like diabetes with delayed
symptom manifestation, poses a significant challenge.
Hence, some studies diverge by reporting the age at dia-
betes detection rather than onset, introducing variations
[22]. Also, numerous studies have employed the life table
approach to explore the transition from non-diabetic
states to diabetes, assessing the proportion of remaining
life with and without diabetes [21, 23, 24]. However, these
studies couldn’t estimate diabetes onset and progression
patterns in real-time cohorts with continuous follow-up
and clinical diagnosis using laboratory tests, as many
longitudinal studies in India lack consistent follow-up

and were primarily conducted cross-sectionally with an
interval of eight to ten years [12, 25-27]. With current
technological advancements, early detection and screen-
ing for diabetes is crucial for preventing or delaying its
onset [28]. Hence, this study’s main objective is to assess
the probability of diabetes progression in a diabetes-free
cohort and estimate the remaining diabetes-free life years
in the population.

Methods

This retrospective cohort study examines diabetes pro-
gression among beneficiaries of a Contributory Health
Service Scheme (CHSS), using Electronic Medical
Records (EMRs) from a Government hospital in urban
Mumbai. The beneficiary population features uniform
and universal access to healthcare under CHSS, with
moderate to high educational attainment and economic
stability.

In 2010-12, about 30,463 CHSS beneficiaries were reg-
istered with the hospital, and clinical tests revealed tha-
tof these, 835 beneficiaries aged 30 years and above were
newly diagnosed with diabetes. Hence, a sample double
the size of these cases i.e. 1669 beneficiaries, matched
for age and sex, without diabetes diagnosis during this
period, was followed up for next ten years (January 2012
to December 2021) to investigate diabetes progression
and its patterns. Detailed population characteristics
are available elsewhere [29]. Further, 40 beneficiaries
were lost to follow-up in the first year (2012) and were
excluded from the analysis due to the unavailability of
data on the last visited date. Hence, the analysis in this
study is restricted to a total of 1629 beneficiaries.

The main clinical endpoint was the transition from
non-diabetic status to clinically diagnosed diabetes. The
study adopted the American Diabetes Association 2021
definition to categorize individuals with diabetes [30].
An individual is considered to have diabetes if the fast-
ing plasma glucose (FPG)=126 mg/dl (7.0 mmol/l),
or postprandial glucose>200 mg/dl (11.1 mmol/l), or
HbA1c>6.5% or that individual is on anti-diabetes medi-
cation. Table 1 presents the parameters and the cut off
values used for the diagnosis of diabetes in a tabular for-
mat (Table 1).

A single decrement life table was constructed to ana-
lyze the progression of diabetes within the cohort. In
this table, individuals are considered as having exited the
study when they are diagnosed with diabetes or when
they are lost to follow-up. Loss to follow-up, although an
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Table 1 Definition of diabetes and pre-diabetes as per the American Diabetes Association, 2021 [30]

Category Fasting plasma glucose (FPG)

Postprandial glucose (PPG) HbA1c

Normoglycemia
Pre-diabetes
Diabetes

FPG< 100 mg/ dL
100<=FPG< 126 mg/ dL
FPG>=126 mg/dL

HbATc<5.7%
5.7<=HbA1c<6.5%
HbATc>=6.5%

PPPG < 140 mg/ dL
140 < =PPPG <200 mg/ dL
PPPG>=200 mg/ dL

Table 2 Characteristics of sampled beneficiaries that were selected as the synthetic cohort with normoglycemia for the year

2011-2012 (N=1629)

Overall Male Female
Age group Frequency (N) Percentage (%) Frequency (N) Percentage (%) Frequency (N) Percentage (%)
30-34 50 3.1 8 1.1 42 46
35-39 1 6.8 32 44 79 8.7
40-44 198 12.2 50 6.9 148 16.3
45-49 213 13.1 85 11.8 128 14.1
50-54 250 153 113 15.7 137 15.1
55-59 221 136 111 154 110 12.1
60-64 209 12.8 115 16.0 94 10.3
65-69 142 8.7 66 9.2 76 84
70+ 235 144 140 194 95 10.5
Grand Total 1629 100 720 100 909 100
Mean age (years) 552 58.2 528
% total sampled 442 55.8

event that leads to exit from the cohort, is not considered
a separate decrement in this particular life table.
The probability of an individual being diagnosed with
diabetes is given by the formula:
ndx

Probability of turning diabeticin ten years (nqzr) = s
x

Where ndx is the number of beneficiaries in the age
group x to x+n who turned diabetic in ten years and Ix is
the number of person years contributed over the period
by all individuals at risk in age group x to x+n.

Further, using the age and sex-specific probabilities
of progressing to diabetes determined over the ten-year
follow-up period, the study estimated the average num-
ber of years an individual is expected to live before being
diagnosed with diabetes based on the life table columns
and formulas. The mathematical formulas used to esti-
mate each column of the life table have been published
elsewhere [31]. This analysis provides insights into the
expected age of onset of diabetes in the synthetic cohort
of beneficiaries with normoglycemia across various age
groups for both males and females.

Results

Sample characteristics

Table 2 presents the age-sex distribution of the selected
synthetic cohort of beneficiaries who were followed up
for a period of ten years. Of the total sample of 1629,
56% were female, and the mean age of the beneficiaries
included in the study was 55.2 years. Additionally, more

than one-third of the sample (36%) was aged 60 years
and above, implying the population under consideration
is slightly an aged population. Notably, the proportion of
males aged 60+years was higher (45%) than that of their
female counterparts (29.2%).

Ten-year aggregate probability of getting diabetes

Table 3 shows the total number of individuals at the
beginning of the year 2012 for each of the age groups, the
number and proportion of individuals who turned dia-
betic at the end of ten years of follow-up with the prob-
ability of getting diagnosed with diabetes. As expected
with an increase in age, the probability of getting diabe-
tes increases over the period of ten years. There is around
an 18% chance that an individual aged 30-34 years will
progress to diabetes by the time they turn 40-44 years.
The chances of an individual aged 55-59 years progress-
ing to diabetes is as high as 59% (Table 3). The prob-
ability of getting diabetes is found to be higher among
younger males aged 30—44 years as compared to females
of the same age. However, the chi-square value from the
log rank test indicated that there is no statistical differ-
ence in the probability of getting diabetes among males
and females across age groups at any given point in time
(Table 3).

Annual progression over the period of ten years

The probability of progressing to diabetes at the end of
each year of follow-up for all age groups is presented in
Table 4. This analysis reveals a progression pattern to
diabetes over the years where 42% of the non-diabetic
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Table 3 Overall proportion of beneficiaries diagnosed with diabetes and the probability of getting diagnosed with diabetes (with

95% Cls) over ten years of follow-up for each age group and among males and females (overall N=

1629)

Age Number of Number of benefi- Censored Proportion Overall Probability Probability of getting diagnosed
group beneficiaries ciaries diagnosed diagnosed with  of getting diagnosed  with diabetes (95% Cls)
at baseline’ with Diabetes diabetes in ten with diabetes (95% Males Females
years Cis)

30-34 50 5 45 10.0 8(0.08,0.38) 0.22 (0.03,0.83) 7(0.07,0.40)
35-39 m 24 87 216 0.36 (0.25,0.48) 040 (0.22,0.64) 0.34 (0.22,049)
40-44 198 59 139 29.8 046 (0.38,0.55) 0.57(0.42,0.74) 042(0.32,052)
45-49 213 75 138 352 0.52 (0.44,0.6) 0.50(0.37,0.63) 0.54 (0.44,0.64)
50-54 250 93 157 372 0.54 (0.47,0.62) 0.53 (0.43,0.65) 0.55 (0.45,0.65)
55-59 221 93 128 42.1 0.59 (0.52,0.67) 0.60 (0.50,0.71) 0.58 (0.47,0.69)
60-64 209 70 139 335 0.50(0.42,0.59) 047 (0.36,0.59) 0.54 (0.43,0.67)
65-69 142 64 78 45.1 0.62(0.53,0.71) 0.57(043,0.71) 0.67 (0.54,0.78)
70+ 235 69 166 294 045 (0.38,0.54) 0.50(0.41,061) 0.38(0.27,0.51)

Table 4 Probability of progressing to diabetes at the end of each of the consecutive year over ten years of follow-up among non-

diabetic individuals belonging to various age-group (2012-2021)

Age group 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
30-34 =00 =0.0 =0.0 =0.0 0.02 0.02 0.07 0.07 0.07 0.16
35-39 =00 0.05 0.07 0.10 0.10 0.13 0.18 0.20 0.22 0.24
40-44 =0.0 0.03 0.06 0.09 0.14 0.19 0.24 0.25 030 0.36
45-49 =00 0.05 0.12 0.15 0.19 0.23 0.30 0.32 0.34 042
50-54 =00 0.06 0.10 0.16 0.22 0.26 0.32 0.35 038 0.44
55-59 =0.0 0.10 0.14 0.22 0.26 0.31 0.35 0.39 042 0.52
60-64 =00 0.05 0.11 0.16 0.21 0.25 0.29 0.33 0.36 041
65-69 =00 0.07 0.13 0.22 0.28 036 043 046 049 0.53
70+ =0.0 0.07 0.1 0.18 0.24 0.28 0.30 0.33 0.36 043
Overall =00 0.06 0.10 0.16 0.20 0.25 0.29 0.32 0.35 042

subjects at the onset of the study move into the diabetic
state in a span of ten years. This progression pattern indi-
cates that the shift into the diabetic state increases with
age. For instance, the younger group aged 30-34 have
a relatively slower progression to diabetes (16%) than
those who were aged 55 at the start of the study (52%).
Subjects aged between 30 and 34 years experienced their
first encounter with diabetes after four years (2016) with
a very low probability of 0.02, whereas older age groups
developed diabetes within one year of the follow-up.
Those aged 55-59 years had the highest probability of
progression, i.e., a 10% chance of progression to diabe-
tes within a year. The most revealing of this is perhaps
the probability of entering the diabetic state at the end
of the study period over time ages remains cumulatively
greater till the age of 60 following which the systematic
pattern gets violated as a major share of the older cohorts
become diabetic in the middle of the study period. It was
observed that if an individual has not been diagnosed
with diabetes at ages 50—59 years, the probability of hav-
ing diabetes at age 60—64 is almost equal to that for sub-
jects aged 4549 years.

The annual progression pattern among males and
females is presented in Table 5. Overall, 44% of males
and 40% of the females progressed to diabetes in ten

years. The results show that the probability of a male
aged 35-39 years of developing diabetes at the end of
five years (in 2016) is 16% whereas among females of the
same age it is only 8%. The fastest progression over ten
years was observed among males aged 55-59 years (54%)
and females 65-69 years (60%). The same analysis was
repeated for a few selected ages and it was found that
individuals aged 30 years have nearly zero probability of
developing diabetes in the next ten years, while the over-
all probability ranged from 15% at age 35 years to 61% at
age 65 years (Fig. 1).

A life table for a synthetic cohort of the non-diabetic
population

Using the ten-year probability of progressing to diabetes
(from Table 3), an abridged life table was constructed to
estimate the expected number of years remaining without
being diagnosed with diabetes for individuals free from
diabetes before that age. It was found that an individual
aged 30—34 years has 11.9 years without being diagnosed
with diabetes, implying that the probability of having dia-
betes is almost negligible till he/she turns 40—44 years.
The estimated age at onset is therefore around 42 years in
this urban community. An individual aged 50-54 years is
expected to have around 6.3 years before progressing to
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Table 5 Probability of progressing to diabetes fat the end of each of the consecutive year over ten years of follow-up among males

and females

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Males
30-34 =0.0 =0.0 =00 =00 =0.0 =00 0.15 0.15 0.15 0.15
35-39 =00 0.09 0.13 0.16 0.16 022 0.22 0.25 0.25 0.25
40-44 =0.0 0.06 0.12 0.16 0.25 0.29 0.34 038 038 0.46
45-49 =00 0.02 0.07 0.12 0.20 0.24 0.28 0.29 0.30 042
50-54 =00 0.06 0.11 0.16 022 027 0.32 0.36 037 042
55-59 =0.0 0.06 0.10 0.16 0.23 0.28 0.32 037 041 0.54
60-64 =00 0.04 0.08 0.15 0.21 022 0.24 0.30 0.32 037
65-69 =0.0 0.05 0.10 0.16 0.24 033 0.36 0.40 042 045
70+ =00 0.06 (AN 018 0.24 0.29 0.31 037 042 0.49
Overall =00 0.05 0.10 0.16 022 027 0.30 0.34 0.36 044
Females
Age group 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
30-34 =0.0 =0.0 =0.0 =0.0 0.03 0.03 0.05 0.05 0.05 0.16
35-39 =0.0 0.03 0.05 0.08 0.08 0.09 0.16 0.17 0.20 0.23
40-44 =00 0.02 0.04 0.06 0.10 0.16 0.20 0.21 027 032
45-49 =0.0 0.06 0.15 0.17 0.18 0.22 0.31 033 0.36 042
50-54 =00 0.06 0.09 017 0.21 0.26 0.32 0.34 038 047
55-59 =00 0.14 0.18 0.29 0.29 0.34 0.38 041 042 0.50
60-64 =00 0.14 0.18 029 0.29 034 0.38 041 042 0.50
65-69 =00 0.10 0.16 027 032 0.38 0.49 0.51 0.57 0.60
70+ =0.0 0.07 (AN 0.19 0.25 0.26 0.28 0.28 0.28 0.32
Overall =0.0 0.06 0.1 0.16 0.19 0.23 0.29 031 0.34 0.40

2012

2013

2014 2015 2016 2017 2018 2019 2020 2021

=30 =35 i) e=——i5 e=——50 =55 e—G0 e——05 =70

Fig. 1 Probability of progression to diabetes over the ten years of fol-
low-up among non-diabetic individuals at a few selected terminal ages
(N=270)

diabetes, whereas an individual aged 65-69 years is only
expected to live for 3.5 years more without being diag-
nosed with diabetes (Table 6).

Females aged 30—34 years have around 12.3 years more
without diabetes diagnosis whereas males of the same age
are expected to live around 10.6 more years before pro-
gressing to diabetes. These results reveal that males have
a shorter waiting time and faster progression to diabetes
in comparison to females. The number of years before
progressing to diabetes is higher among females up to
the age of 45 years only, and later, the pattern changes
though the difference in the number of years before being

diagnosed with diabetes among males and females isn't
statistically significant (Table 7).

Discussion

Diabetes is a chronic disease that significantly increases
the risk of developing other potentially life-threatening
conditions. Due to shifts in urbanization and lifestyle
factors, there’s been a noted change in the onset of dia-
betes, with the condition now affecting a younger demo-
graphic [22, 32]. In light of the limited available evidence
regarding the progression and risk of diabetes onset, this
study aimed to estimate the likelihood of transitioning to
diabetes within a ten-year period among a non-diabetic
synthetic cohort. Additionally, the research sought to
examine variations in this progression among different
age groups and between males and females, employing a
life table approach for analysis. The study revealed that,
over a ten-year period, 42% of the beneficiaries in the
study population were diagnosed with diabetes. Females
had a lower likelihood of developing diabetes compared
to males. In a recent publication authored by Sharma
and colleagues, an investigation within the same study
population revealed a lifetime diabetes risk estimated at
40% [19]. This observation underscores the considerable
susceptibility of the community to diabetes, indicating a
high rate of diabetes incidence within this demographic.
Additionally, a parallel study on the lifetime risk of diabe-
tes conducted by Luhar et al. demonstrated a decline in
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Table 6 Expected number of years lived before progressing to diabetes by non-diabetic individuals at various ages

Agegroupasof  Ten-year Probability Probability of getting Number of beneficia-  Person Expected num-

year 2012 of of remaining free diagnosed with Diabetes ries surviving at the years ber of remaining
from diabetes in next 10 years start of year years without

Diabetes

px qx Ix Lx Tx ex

30-34 0.82 0.18 1000 45455 11854.3 1.9

35-39 0.64 0.36 818 3363.6 7308.8 8.9

40-44 0.54 046 527 20311 3945.2 7.5

45-49 048 0.52 285 1054.6 19141 6.7

50-54 046 0.54 137 498.0 859.5 6.3

55-59 041 0.59 63 220.1 3615 5.8

60-64 0.50 0.50 25 955 1414 55

65-69 038 0.62 13 438 459 36

70+ 0.55 045 5 2.1 2.1 04

Note ngx: probability of progressing to diabetes between age x to x+n
Ix: number of individuals surviving without diabetes at the beginning of age x

nLx: person years lived without diabetes by Ix individuals in the age group x to x+n

Tx: person years lived without diabetes by the individuals after exact age x

ex: Average number of expected years a person aged x is expected to live free of diabetes/before progressing to diabetes

Table 7 Expected number of years lived before progressing to diabetes by non-diabetic males and females at various ages

Males Female
Age group qx Ix Lx Tx ex qx Ix Lx Tx ex
30-34 022 1000 44445 106189 10.6 017 1000 4565.3 122535 123
35-39 040 778 311122 61744 79 034 826 3434.9 7688.2 93
40-44 0.57 467 1666.7 3063.2 0.6 042 548 2168.1 42533 7.8
45-49 0.50 200 7523 1396.5 7.0 0.54 319 1168.0 2085.3 6.5
50-54 0.53 101 370.1 644.2 6.4 0.55 148 5358 917.3 6.2
55-59 0.60 47 164.6 2741 58 0.58 66 2359 3815 5.7
60-64 047 19 71.6 1094 59 0.54 28 101.6 145.6 52
65-69 0.57 10 35.7 37.8 3.8 0.67 13 42.5 44.0 35
70+ 0.50 4 2.1 2.1 0.5 0.38 4 15 15 04

Note nqgx: probability of progressing to diabetes between age x to x+n

Ix: number of individuals surviving without diabetes at the beginning of age x

nLx: person years lived without diabetes by Ix individuals in the age group x to x+n

Tx: person years lived without diabetes by the individuals after exact age x

ex: Average number of years a person aged x is expected to live free of diabetes/before progressing to diabetes

the remaining lifetime risk (95% confidence interval) with
age, reaching 37.7% at the age of 60 for women and 27.5%
for men [33]. In a previous investigation involving Asian
Indians, it was discovered that over a ten-year period, the
incidence of individuals progressing from impaired glu-
cose tolerance (IGT) to diabetes varied between 13% and
52% [9]. Another study conducted in India, employing
the life table methodology, revealed that the likelihood
of maintaining a diabetes-free life diminishes with age.
Specifically, only 30% of the overall participants remained
free of diabetes beyond the age of 77 [23].

The current study observed that males had a slightly
higher likelihood of developing diabetes compared to
females. However, it’s important to note that these dif-
ferences in diabetes risk between males and females
were not found statistically significant across various

age groups at any point during the follow-up period of
ten years. Consistent with our findings, several previous
studies have also noted an elevated diabetes risk among
males [10-18]. An Indian study specifically highlighted
that the likelihood of remaining diabetes-free is nota-
bly lower for men compared to women, particularly for
urban residents and those belonging to higher socioeco-
nomic classes [23]. This investigation utilized data from
the India Human Development Survey (IHDS) and dis-
covered that only 26% of urban males and 33% of urban
females remained diabetes-free until the age of 73 in
India [23]. It has been argued that the observed discrep-
ancy in survival probabilities can possibly be attributed
to the high male mortality in the non-diabetic popula-
tion [34]. It has also been found that the western parts of
India (including Maharashtra and Goa), in comparison to
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other regions of India, had an overall higher probability
of diabetes progression, which was around 71% for males
and 79% for females [23].

As age increased, the likelihood of developing diabetes
also rose, peaking at around 59 years of age. This age-
related pattern aligns with findings from prior research
studies. Notably, the highest probability of diabetes pro-
gression was observed among older men (55-59 years)
and women (65—69 years), consistent with earlier investi-
gations [10, 13]. While some studies have reported varia-
tions in the precise age peak for diabetes incidence, most
have identified the highest incidence of type II diabetes
in men aged 55-64 years and women aged 65-69 years,
with some indicating an overall peak occurring at 55-59
years [10, 13, 15]. For instance, a study led by Singh and
colleagues identified the highest likelihood of develop-
ing diabetes between the ages of 38 and 58, with an 8%
probability [23]. Another ten-year study found that the
risk of diabetes increased until the age of 75, after which
it declined. Importantly, this study underscored that the
rate of progression from pre-diabetes to diabetes among
older adults was one-third of that seen in middle-aged
individuals. This suggests that, at later stages of life, the
probability of transitioning to diabetes is lower when
compared to the higher risk observed in middle-aged
individuals [35].

Diabetes is typically a condition that doesn’t show
noticeable symptoms, and tends to develop slowly, some-
times taking several years to manifest, making it easy to
overlook. Consequently, this study utilized a ten-year age
and sex stratified approach to estimate the probability of
progressing to diabetes. Also, it then constructed a syn-
thetic cohort to estimate the additional years a person
can expect to live before a diabetes diagnosis. The study
found that the population aged 30—34 years is expected
to live around 11.9 years before progressing to diabe-
tes, yielding the age at onset to be around 42 years. The
onset of diabetes in our study was observed to occur at
an age that is relatively early compared to some other
Indian studies. For instance, a ten-year prospective study
conducted in Kerala, India, found that the average age at
which individuals developed diabetes was 47.3 years [12].
The Chennai Urban-Rural Epidemiological study (CURES
study) reported the mean age at diagnosis of diabetes
among the incident diabetes cases to be 50.9+£12.8 years
[26]. Studies have also reported that the onset of diabetes
in urban India is about a decade earlier than among their
western counterparts [36]. The study found a faster pro-
gression to diabetes among males, which is in line with
previous studies. It has been reported that males are at a
higher risk of developing diabetes at an earlier age than
females, i.e. age at onset of newly diagnosed diabetes is
earlier among males [13, 15].
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The observed variations in the estimates can be pre-
dominantly attributed to disparities in the age and sex
demographics of the current study population com-
pared to those in previous studies as a majority of the
mentioned studies have focused on populations aged
20 years and above. Also, research has demonstrated
that the principal factors associated with the progres-
sion to diabetes in India are urbanization and elevated
economic status [23], a trend that is also apparent in the
distribution pattern of diabetes-free survival within our
study. Furthermore, these elevated estimates in our study
may also be attributed to distinctive factors, including
an urban-dwelling population, moderate to high levels
of educational attainment, economic stability, and the
presence of universal and uniform access to healthcare.
Moreover, the study’s population benefits from a preven-
tative and universal access medical scheme with rigorous
screening and diagnostic evaluations. This unique char-
acteristic partly explains the faster diabetes progression
observed in this urban community.

Disease progression models often rely on long-term
patient observations, but in India, such longitudinal stud-
ies are limited due to extended follow-up periods and
high associated costs [37-39]. This study stands out in
that it utilizes data from an Electronic Medical Record
system within a hospital, leveraging clinically confirmed
incident diabetes cases to estimate diabetes progres-
sion over a decade of follow-up. The study’s findings
have significant implications for early diabetes detection
and the optimal age to commence diabetes screening in
the population. While the American Diabetes Associa-
tion (ADA) currently recommends regular screening for
individuals aged 45 and above, evidence from this urban
community suggests a need to reassess the starting age
for diabetes screening in India. The study corroborates
the need to rigorously implement the national guideline
to screen all adults aged 30years and above for diabetes.
The screening capacity of health care systems needs to
be strengthened exponentially to reach out to these age-
groups in the populations [40]. This approach can aid in
identifying high-risk or pre-diabetic individuals and may
contribute to delaying diabetes onset through prescribed
interventions. These data and its outcomes hold substan-
tial importance for implementing preventive strategies
against diabetes among a large patient population, with
far-reaching economic, social, and psychological implica-
tions. Furthermore, such real-time data-driven decisions
can serve as compelling case studies in the Indian con-
text, illustrating potential strategies for early detection
and diabetes prevention based on estimated onset age
and observed progression patterns.
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Limitations of the study

The study has a few limitations that warrant acknowl-
edgment. Firstly, it’s important to recognize that the
study population consisted of individuals who were ben-
eficiaries of the Contributory Health Service Scheme and
received healthcare services under a uniform system.
Hence, it’s essential to exercise caution when attempting
to generalize the findings of this study to other regions
of the country, as the incidence and progression of dia-
betes can differ across different settings. Secondly, when
comparing our results with those of previous studies,
caution is advised due to variations in the age and sex
distributions of the populations under study, as well as
differences in the definitions used for diabetes. Lastly,
the study was unable to account for other factors that can
influence the development and progression of diabetes,
such as diet, obesity, physical inactivity, and the presence
of various comorbid conditions. Consequently, establish-
ing a causal relationship between these variables and dia-
betes was not feasible within the scope of this study.
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