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Abstract

Objective This retrospective longitudinal study analyzed the demographic profile, insulin usage pattern, and outcomes of
insulin-naive adults with type 2 diabetes mellitus (T2DM) who initiated insulin glargine.

Methods The study included 1006 insulin naive T2DM individuals aged > 18 years, treated with any insulin type between
January 2016 and December 2018, using electronic medical records.

Results Majority of participants were men (55.8%) with a mean age of 59.8 +11.9 years and average T2DM duration of
12.0 + 6.6 years. Insulin glargine was the most commonly used insulin (66.9%), followed by insulin aspart (16.4%), insulin
degludec (15.1%), human insulin (11.1%), and insulin isophane (9.2%). At baseline, the mean glycated hemoglobin (HbAlc)
was 8.9+ 1.9%, mean fasting plasma glucose (FPG) was 190+ 59 mg/dL, and mean post-prandial plasma glucose (PPG)
was 264 +78 mg/dL. In the insulin glargine group, baseline HbAlc was 9.0 + 1.7%, FPG was 196 + 62 mg/dL, and PPG was
283 + 81 mg/dL. Throughout the study, there was an improvement in HbAlc, FPG, and PPG levels in the insulin glargine
group. Body weight remained relatively stable, and the number of hypoglycemic events was minimal and non-life-threatening.
Conclusion The REALITY study in India demonstrated that initiating basal insulin treatment in insulin-naive individuals
with T2DM led to improved glycemic parameters over a 12-month period.
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Introduction

The global burden of diabetes is steadily increasing, owing
primarily to increased sedentary behavior, an overweight/
obese population, and unhealthy lifestyles. Diabetes is rap-
idly increasing in low- and middle-income countries [1].
According to International Diabetes Federation (IDF) 2022,
8.3% of Indian population is estimated to have diabetes [2].

Type 2 diabetes (T2DM) is characterized by worsening
hyperglycemia due to a progressive decline in pancreatic
f-cells function and a deficit of f-cell mass. Uncontrolled
diabetes is associated with the risk of vascular diseases,
and long term macrovascular and microvascular compli-
cations [3]. Because of the progressive nature, a timely
treatment strategy is, therefore, necessary to achieve and
maintain optimal glycemic control early in the course of
disease. Oral antidiabetic drugs (OADs) are the mainstay
of therapy though limited in their ability to maintain gly-
cemic control in long-term use [4]. Initiation of insulin
therapy is required when lifestyle modifications combined
with OADs fail to achieve metabolic control [5]. There
is increasing support for the early initiation of insulin in
people with T2DM to ensure target glycemic control and
avoid microvascular and macrovascular complications [3].
Basal insulin secretion is essential for maintaining fast-
ing plasma glucose (FPG) levels, primarily by inhibiting
excessive glucose output from the liver [4]. Insulin glar-
gine is the first long-acting insulin analogue that provides
a more convenient replacement of physiological basal
insulin compared to older long-acting insulin formulations
[6]. Insulin glargine is thought to provide a more even dis-
tribution of insulin throughout the day, help achieve target
glycemic control with once daily injection, and reduce the
risk of hypoglycemia [7].

There is limited information available on the clinical
management of people with T2DM in India, who were
started on insulin glargine after failure of OADs. There-
fore, the REALITY study was planned to explore the
demographic profile, insulin usage patterns and outcomes
in insulin-naive participants with T2DM.

Materials and methods

This multicentric, non-interventional, retrospective, elec-
tronic medical record (EMR)-based study was conducted
to explore the real-world insulin usage patterns and their
longitudinal outcomes in insulin-naive participants with
T2DM. In the study, a total of 1006 insulin naive T2DM
participants of > 18 years age, who were initiated on
insulin during the index period of January 01, 2016, to
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December 31, 2018, were enrolled. People with T1DM,
T2DM of <5 years duration, gestational diabetes, sec-
ondary diabetes (e.g., fibro calculus pancreatic diabetes),
cancer, end-stage liver disease, end-stage renal failure,
treatment with short-term insulin therapy (< 1 month) and
those using other investigational drugs concurrently, were
excluded from the study.

Analyses were performed using version 9.4 of SAS
statistical software (SAS Institute Inc., Cary, NC, USA).
Descriptive analyses were reported as mean, standard devia-
tion (SD), minimum (min), maximum (max), median, inter-
quartile range (IQR), percentages, and frequency count (n)
for each evaluable parameter. The categorical variables were
summarized using the frequency count (n) and percentage
(%) for each possible value. The level of significance for
statistical tests was 0.05 two-sided. p-values for statistical
tests were provided with 4 decimals, or as <(0.0001.

Insulin outcome evaluation

At baseline, demographic, anthropometric and clinical
characteristics including glycated hemoglobin (HbAlc),
FPG, postprandial plasma glucose (PPG), anti-diabetic
medications, co-morbidities prior to insulin initiation were
abstracted from participants’ medical records. Data on the
insulin usage pattern (dose and type of insulin, frequency of
administration), mean / median changes in insulin dose and
outcome parameters for HbA lc, FPG, PPG, body weight and
the incidence of hypoglycemia were collected from EMRs
at 3, 6, and 12 months after initiation of insulin therapy. The
mean / median change in the HbAlc levels was reported at
6 months and 12 months post-initiation of insulin glargine.
The prescription patterns of OADs post initiation of insulin
were also assessed at 3, 6 and 12 months. Details on study
schedule are provided in Fig. 1.

Results

The study included 1006 participants with T2DM (55.8%
[n=561] men) having a mean age of 59.8 + 11.8 years and
an average T2DM duration of 12.0 +6.6 years. The mean
height of the participants was 162.4 +98.8 cm, weight was
70.8 +12.8 kg, and BMI was 26.9 +4.7 kg/cm?. The baseline
systolic blood pressure was 128 + 15 mmHg and diastolic
blood pressure was 78 +9 mmHg. The most noted comor-
bidities were hypertension in 50.9% (n=>512), dyslipidemia
in 28.8% (n=290), hypothyroidism in 9.6% (n=97), and
coronary artery disease in 4.1% (n=41) participants. Addi-
tional baseline characteristics of insulin-naive participants
with T2DM are presented in Table 1.
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Fig. 1 Study flow chart.
Abbreviations: T2DM — Type
2 Diabetes Mellitus; eCRF —

EMR data was extracted for insulin naive T2DM participants (> 18 years) who
started with insulin during Jan 2016 to Dec 2018 at 8 hospitals across India

Electronic Case Report Form;
EMR - Electronic Medical
Records

Data was abstracted into the eCRF for eligible
participants (N=1006)

l l

Participants on insulin glargine = 673

Participants on other insulins (except
glargine) = 333

3, 6, 12 months EMR data abstracted

Only baseline data abstracted

Table 1 Baseline characteristics of study participants

Characteristic Value
Age (years) (N=1006) Mean + SD 59.8+11.8
Median (IQR) 61 (53, 68)
Subgroups; (1, %) >18-29 11 (1.1)
>30-49 171 (17.0)
>50-59 256 (25.4)
>More than 60 568 (56.5)
BMI (kg/m?) (N =1000) Mean +SD 269+4.7
Median (IQR) 26 (24, 29)
Subgroups; (1, %) <25 328 (32.6)
25-35 613 (60.9)
>35 59 (5.9)
Duration of diabetes (years)  Mean +SD 12.0+6.6
(N=1006) Median (IQR) 10 (7, 15)
Subgroups; (1, %) =5 24 (2.4)
>5t0<10 543 (54.0)
>10t0<20 322 (32.0)
>20 117 (11.6)

T2DM Type 2 Diabetes Mellitus; BMI Body mass index; /QR Inter-
quartile range; SD Standard deviation

Glycemic parameters at baseline

Overall, the HbAlc value was recorded for 76.1%
(n="766) participants with a mean of 8.9 +1.9%. The FPG
of > 130 mg/dL was reported for 55.6% (n=559) partici-
pants with a mean of 201 + 54 mg/dL. While 5.5% (n=55)
participants reported > 180 mg/dL PPG with a mean of
276 +72 mg/dL.

In the insulin glargine group (U100 and U300; n=673),
the mean HbAlc was 9.0 + 1.7%; of these 63.7% (n=429)
participants had HbAlc >7%. The FPG of > 130 mg/dL was
reported for 44.5% (n=300) participants with a mean of
209+ 55 mg/dL. While PPG of > 180 mg/dL was reported for
42.5% (n=286) participants with a mean of 298 +71 mg/dL.

Glycemic parameters of the overall population and the insulin
glargine group at various study intervals are presented in Table 2.

Insulin usage pattern at baseline

At the onset (baseline), 66.9% (n=673) participants were
on insulin glargine; 34.1% (n=343) on U100 (insulin glar-
gine 100 IU per mL [Gla-100]) and 24.8% (n=249) on U300
(insulin glargine 300 IU per mL [Gla-300]). Information on
the type of insulin glargine was unavailable for 8.1% (n=281)
participants.

Other major types of insulin noted were insulin degludec in
15.1% (n=152), human insulin in 11.1% (n=112), and insulin
isophane in 9.2% (n=93) participants. Among other categories
of insulin (ultra-short/fast-acting), insulin lispro was noted in
4.1% (n=41) and insulin glulisine in 0.6% (n=06) participants.
Short-acting, insulin aspart was noted in 16.4% (n=165), reg-
ular insulin in 7.4% (n=74), and intermediate-acting insulin
isophane in 9.2% (n=93) participants. A combination of fast
and intermediate-acting, insulin aspart protamine and insulin
lispro protamine was noted in 1.8% (n=18) and 1.7% (n=17)
participants, respectively.

The median (IQR) dose of insulin glargine (Gla-100,
n=343; Gla-300, n=249; Gla-unclassified, n=_81) was 14.0
(10, 20) IU; and it was most frequently administered at bed-
time (58.2%; n=392) and once daily (39.2%; n=26). The
median dose of insulin aspart, insulin degludec and human
insulin was 16.0 IU, 15.0 IU, and 20.0 IU, respectively. Insu-
lin aspart and insulin degludec were taken once daily by
most participants and human insulin was taken twice daily.

Information on insulin usage pattern (including dose and
frequency) at baseline is provided in Table 3.

Insulin glargine group assessment at 3, 6
and 12 months

Based on the records/data available, the use and change
in dose of insulin glargine was noted for 24.7% (n=166),
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Table 2 Glycemic parameters (HbA1C, FPG, PPG) at baseline and at different study intervals

Glycemic Parameters Overall study population (N=1006), n (%)

Insulin glargine subset (N=673), n (%)

Baseline 3 months 6 months 12 months Baseline 3 months 6 months 12 months

Glycated hemoglobin (HbA1c¢%), n (%)

<7 99 (9.8) - 120 (11.9) 33(3.3) 50 (7.4) - 57 (8.4) 23 (3.4)

>7 667 (66.3) - 494 (49.1) 213 (21.2) 429 (63.7) - 297 (44.1) 138 (20.5)

NA 240 (23.9) - 365 (36.3) 388 (38.6 194 (28.8) - 319 (47.3) 512 (76.0)
Fasting plasma glucose (FPG; mg/dL), n (%)

<80 4(0.4) 12 (1.2) 10 (1) 6 (0.6) 3(0.4) 6 (0.8) 8 (1.1) 5(0.7)

80-130 72(7.2) 128 (12.7) 177 (17.6) 87 (8.6) 42 (6.2) 77 (11.4) 124 (18.4) 56 (8.3)

>130 559 (55.6) 188 (18.7) 384 (38.2) 148 (14.7) 300 (44.5) 105 (15.6) 174 (25.8) 98 (14.5)

NA 371 (36.9) 385 (38.3) 408 (40.6) 393 (39.1) 328 (48.7) 485 (72.0) 367 (54.5) 514 (76.3)
Postprandial plasma glucose (PPG; mg/dL), n (%)

<180 542 (53.9) 190 (18.9) 398 (39.6) 150 (14.9) 33 (4.9 57 (8.4) 70 (10.4) 41 (6.0)

> 180 55(5.5) 112 (11.1) 139 (13.8) 72(7.2) 286 (42.4) 114 (16.9) 207 (30.7) 108 (16.0)

NA 409 (40.7) 411 (40.9) 442 (43.9) 412 (41) 354 (52.6) 502 (74.5) 396 (58.8) 524 (77.8)

T2DM Type 2 Diabetes Mellitus; NA Not available

32.4% (n=218) and 21.8% (n=147) participants at 3, 6 and
12 months, respectively. The median (IQR) change in dose
of insulin glargine from baseline to 3, 6 and 12 months was
4.01U0 (2, 6),4.01IU (1, 6), and 8.0 IU (4, 12), respectively
(Table 4). For the insulin glargine group, an improvement
in HbAlc, FPG, and PPG levels was indicated during the
study. The change in body weight was minimal throughout
the study (Table 5).

Hypoglycemic events in the insulin glargine subset

At 3 months, a total of 43 hypoglycemic events (38 mild,
4 moderate, and 1 severe) were noted in 39 participants of
insulin glargine subset (N=673). None of events were life-
threatening or required hospitalization. The severe hypo-
glycemic event was serious in nature reported with anti-
diabetic medications: metformin, glimepiride, vildagliptin,
canagliflozin and insulin glargine U100. Hypoglycemia
was possibly related to antidiabetic therapy in 36 events
and not related in 7 events. Forty hypoglycemic events were
resolved, 1 recovered with sequelae and status of 2 events
was unknown.

At 6 months, 58 hypoglycemic events (47 mild, and 11
moderate) were noted in 45 participants of insulin glargine
subset (N=673). Thirty-seven events were possibly related
to antidiabetic medication, 1 unlikely and 20 were not
related. Fifty-six events were resolved, and the status of the
2 events was unknown.

At 12 months, a total of 36 hypoglycemic events (32 mild,
and 4 moderate) were reported in 26 participants of insulin
glargine subset (N=673). Twenty-seven events were possi-
bly related to antidiabetic medication, 1 unlikely and 8 were
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not related. Thirty-two events were resolved, and the status
of 4 events was unknown.

Oral antidiabetic drugs usage throughout the study

Prior to insulin initiation, 63.4% (n=638), 45.8% (n=461)
and 35.7% (n=359) participants were taking at least one,
two, or three OADs, respectively. The most noted OADs
were biguanides (60.5%; n=609), sulfonylureas (41.1%;
n=413), and dipeptidyl peptidase-4 inhibitors (36.1%;
n=363). As per the records, the usage patterns remained
almost same across different time points with biguanides,
sulfonylureas, and dipeptidyl peptidase-4 inhibitors as the
most common OADs.

Missing values

Since it was a retrospective EMR-based study, all the
required information was not available in the medical
records, and no imputations were made for missing values.

Discussion

This multicentric retrospective study evaluated the demo-
graphic profile of insulin-naive T2DM Indian participants
initiated on insulin in a larger cohort. In addition, the study
assessed the insulin usage pattern, the glycemic parameters,
and incidences of hypoglycemia. Most participants were ini-
tiated with insulin glargine and improvement in glycemic
parameters was indicated over 12 months.

In our study, the mean age of T2DM participants was
comparable with other Asian population-based real-world
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Table 4 Change in insulin

. Insulin glargine dose 3 months 6 months 12 months
glargine dose at 3, 6 and
12 months n 166 218 147
Change from baseline (IU) Mean + SD 49+6.6 47+7.7 8.0+8.3
(»p<0.0001) (»p<0.0001) (»<0.0001)
Median 4.0 4.0 8.0
IQR 2,6 1,6 4,12
IQR Interquartile range; SD Standard deviation; /U International unit
Table5 Change in glycemic . Parameter 3 months 6 months 12 months
parameters and body weight in
participants on insulin glargine HbAlc, % n _ 316 128
Change from baseline ~ Mean+SD - -0.7+1.5 -09+1.8
(p value) (p<0.0001)  (p<0.0001)
Median - 0.0 -0.7
IQR - -1.5,0.0 -1.9,0.0
FPG, mg/dL n 169 279 131
Change from baseline =~ Mean + SD -50+72 -46+73 -47+74
(p value) (p<0.0001) (p<0.0001) (p<0.0001)
Median -50.0 -39.0 -36.0
IQR -90.0, -3.0 -93.0,0.0 -84.2,0.0
PPG, mg/dL n 149 252 129
Change from baseline =~ Mean+SD -65+103 -49+92 -61+88
(p value) (»<0.0001) (»p<0.0001) (p<0.0001)
Median -59.0 -45.0 -55.0
IQR -108.0,-8.0  -112.0,-8.0  -124.0,-1.0
Body weight (kg) n 519 654 500
Change from baseline ~ Mean+SD 0.2+2.6 0.3+2.9 0.3+2.9
(p value) (0.2025) (0.0049) (0.0200)
Median 0.0 0.0 0.0
IQR 0.0, 0.2 00, 0.9 0.0,0.5

HbAIc Glycated hemoglobin; FPG Fasting plasma glucose; PPG Postprandial plasma glucose; IQR Inter-
quartile range; SD Standard deviation

studies [8]. We noted that, 66% individuals of the total
enrolled population were obese (BMI > 25 kg/m?). A cross-
sectional registry-based retrospective study in India noted
that 46.4% of the participants were obese and were younger
(54.6 +11.0 years) compared to our study population [9].

In our study, most insulin-naive participants had at least
one comorbid condition, commonly hypertension (50.9%)
and/or dyslipidemia (28.8%). Other studies in India also
show a higher prevalence of vascular and lipid metabolic
disorders in people with diabetes [10—12]. As per Ameri-
can Diabetes Association (ADA), hypertension and dyslipi-
demia are among the top 15 comorbid conditions commonly
observed in people with T2DM [13].

The Indian Council of Medical Research (ICMR) and
Research Society for the Study of Diabetes in India (RSSDI)
guidelines recommend the use of insulin in people with
T2DM having HbAlc>9% [14]. In this study HbAlc at
baseline was 8.9 +1.9% which is high and, about 67% of
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participants at baseline were taking insulin glargine, which
is considered safer in terms of reducing the risk of hypogly-
cemia, compared to short-acting insulin. Basal insulin was
chosen in accordance with available literature and RSSDI
recommendations [15].

The mean FPG noted at baseline in our study is similar to
that reported in an Asian population-based study [10]. While
PPG noted in our study was higher and HbAIc levels were
on the lower side compared to another Indian population-
based study [16]. Among all the components present in an
individual's diet, carbohydrates exert the most significant
impact on blood glucose levels. The quantity and type of
carbohydrates consumed are pivotal factors influencing post-
prandial glucose levels. The prevalence of high carbohydrate
intake within the population may be a contributing factor to
elevated postprandial glucose levels [17].

In the insulin glargine group of our study, there was an
improvement in the HbA 1¢, FPG and PPG levels throughout
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the study duration. ATOS, a multi-country, real-world study
assessed the effectiveness and safety of insulin glargine 300
U/mL in insulin-naive people with T2DM. The ATOS study
reports a reduction in HbAlc by —1.5% and — 1.9%, at 6
and 12 months, respectively [10]. FPG was also reduced
by — 3.4 mmol/L and — 3.9 mmol/L at 6 and 12 months,
respectively. Higher levels of HbAlc and FPG reduction
seen in the ATOS study may be associated with higher base-
line values of HbA1c and FPG compared to our study [10].

The weight change was minimal throughout our study
(3, 6 and 12 months), which is supported by another real-
world study conducted in wider geographic regions (Asia,
the Middle East, North Africa, Latin America, and Eastern
Europe) [10]. However, a study based on post-hoc analysis
of 16 clinical trials where insulin therapy was initiated with
the OADs, reported a substantial increase in body weight in
Asian compared to non-Asian subjects [18].

In our study, a total of 43 hypoglycemic events were
reported at 3 months, 58 events reported at 6 months, and
36 events reported at 12 months. The hypoglycemic events
reported in our study are comparable to the real-world ATOS
study [10].

We note that biguanides (60.5%), sulfonylureas (40.1%),
and dipeptidyl peptidase-4 (DPP-4) inhibitors (36.1%) were
the most used OADs. Similarly in ATOS, biguanides were
the most used OAD at baseline (88.9%), followed by sulfo-
nylureas (73.0%) and DPP-4 inhibitors (43.5%). Our findings
are consistent with the pattern of treatment followed in India.

This study provides real-world data on the insulin usage
patterns and the outcomes in Indian people with T2DM. A
major limitation of the study was its retrospective nature and
the dependency on secondary data source through EMRs.
Therefore, there were challenges of computing missing data,
including loss to follow-up at various stages of the study.
Additionally, because of the EMR-based study design, the
incidences of hypoglycemia may have been under-reported.
There could also be a potential center selection bias. Another
challenge was missing data on insulin education of patients,
their compliance, storage, site, technique of administration
and information on dietary survey. The scope and nature
of the present research did not focus on the biochemical
parameters and its significance in capturing the outcomes
of insulin usage. Hence, further, large, and complete dataset
studies would be required to validate our study findings.

Conclusion
In this EMR-based REALITY study, focusing on insulin-

naive participants with T2DM in India, most individu-
als were initially prescribed insulin glargine. The results

highlighted a noteworthy improvement in glycemic param-
eters over a 12-month period. The study identified hyper-
tension and dyslipidemia as the most prevalent comorbid
conditions, while biguanide and sulfonylurea emerged as
the most preferred concomitant antidiabetic medications.
Furthermore, the changes in body weight and the occur-
rence of hypoglycemic events were found to be compara-
ble to similar real-world studies.
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