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IntRoductIon

Although oral antidiabetic drugs (OADs) remain the mainstay 
in the treatment of type 2 diabetes mellitus (T2DM), insulin 
therapy becomes inevitable in a substantial number of patients 
as the disease progresses. According to recent estimates, roughly 
4 of 10 patients with T2DM in India and Gulf countries are 
using insulin alone or in combination with OADs at any given 
point of time.[1,2] Insulin therapy is an essential part of diabetes 
management; all type 1 and most type 2 diabetes patients 
require insulin at some stage. As injectable therapies such as 
human insulin, insulin analogs, and glucagon-like peptide-1 
receptor agonists are used to manage diabetes, correct injection 
technique is vital for achievement of glycemic control. Specific 
recommendations to collate and explain best practices in insulin 
injecting technique are needed for people with diabetes as 
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well as health-care providers (HCPs).[3] Inadequate knowledge 
regarding insulin usage is likely to influence its acceptance and 
adherence, and outcome of therapy, underscoring a great need 
to investigate knowledge, attitude, and practice of insulin use 
in patients with diabetes, type1 and type 2 alike.

Insulin site reactions are common local adverse events of 
insulin therapy. Lipodystrophy (LD), often caused by repeated 
reuse of needles, manifests as a localized lesion at the repeated 
injection site. Chronic reuse of needles and injections at the 
same site are known contributing factors. LD are divided to two 
subgroups: lipohypertrophy (LH) and lipoatrophy (LA). LH is 
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Table 1: Baseline characteristics, demographic and 
anthropometric profile

Parameters Patient data
Gender, n (%)

Male 466 (62.30)
Female 282 (37.70)

Age (years), mean±SD (range) 54.64±10.97 (15-85)
Weight (kg) 65.22±11.94
BMI (kg/m2) 25.14±4.16
Distribution according to BMI 
category (kg/m2), n (%)

<18 16 (2.17)
18-22.9 221 (29.91)
23-24.9 159 (21.52)
>25 343 (46.41)

Educational status, n (%)
Illiterate 15 (2.00)
Undergraduate 361 (48.67)
Graduate, and above 387 (49.33)

BMI: Body mass index, SD: Standard deviation

a thick soft to firm swelling with “rubbery” consistency, and 
LA is a scarring lesion with depression.[3-6] There was a strong 
relationship between the presence of LH and improper or  lack 
of  rotation of sites, as found in studies encompassing a detail 
analysis of execution of insulin injection process and their 
implications.[7] LH retards insulin absorption significantly and 
to a sufficient magnitude to have an adverse effect on diabetes 
control.[8] Proper rotation of injection site and avoidance of 
needle reuse can prevent LH, or reduce its size which in turn 
improves glucose control.[4] 

The primary objective of this study was to assess the 
knowledge and practice of patients with T2DM on insulin 
treatment regarding vital parameters encompassing the self-
injection process and to correlate these parameters with hard 
end points such as LD, self-reported hypoglycemia, and a 
glycemic status as indicated by glycated hemoglobin (HbA1c). 
Major secondary objectives were to assess patients’ awareness 
and execution of therapeutic lifestyle management parameters 
and self-monitoring of blood glucose (SMBG), analysis of 
usage of concomitant OADs.

Methodology

This cross-sectional registry-based retrospective trial was 
conducted in an urban tertiary referral clinic, which uses 
a customized software to collect relevant information at 
the 1st point of contact and also during follow-up through 
pro forma-based interview conducted by trained diabetic 
counselors under the constant supervision of specialist 
physician/endocrinologist. The electronic pro forma are 
built into a customized user-friendly software called 
Diabetes, Endocrinology and Metabolic Disease Information 
Management System (DEMIMS©). Data entries which are 
made during the years 2006–2016 were reviewed and filtered 
through a two-tier screening process. Appropriateness for 
inclusion was based on the following points: (i) ongoing insulin 
usage for at least previous 3 months till the registration in the 
clinic (1st point of contact), (ii) having full comprehensive data 
addressing the insulin injection process, (iii) having full set of 
anthropometric data, and (iv) a HbA1c level at registration or 
either before or after 3 weeks of the 1st point of contact. Once 
a particular patient’s data were selected for enrollment in the 
study, the data entry team comprising a data entry operator 
and a diabetic counselor each would transfer the same to a 
Microsoft Excel master-sheet, which when completed was 
submitted to the biostatistician.

Hypoglycemia’ was defined as the occurrence of one or more 
typical symptoms, such as palpitations, tiredness, sweating, 
strong hunger, dizziness, and tremor, which were reverted by 
oral intake of carbohydrate or parenteral administration of 
glucose with or without a confirmed blood glucose reading 
of ≤70 mg/dL, by glucometer or incidental laboratory report.

Statistical analyses were performed using GraphPad Prism, 
Version 6.01 (GraphPad Software, La Jolla, CA, USA). 
Chi-square test with Yates’ correction was used to measure 

association. The effect of Yates’ correction is to prevent 
overestimation of statistical significance for small data. The 
logic of Yates’ correction rests upon the fact that because 
contingency table analyses are based on dichotomous data, and 
the statistical Chi-square distribution is continuous (rather than 
dichotomous), an adjustment must be applied to contingency 
table analyses, so as to obtain more accurate results.[9]

Results

Baseline characteristics, demographic and anthropometric 
profile
The analyzed dataset comprised a total number of 748 
individuals with T2DM who has been getting insulin. Mean 
(±standard deviation [SD]) age was 54.64 ± 10.97 years. 
Median age was 61 years with a range of 15–85 years. Of 
748 study participants, 466 (62.30%) were male whereas 
282 (37.70%) were female. Mean ± SD body weight was 
65.22 ± 11.94 kg. Median weight with range was 64 (36–126) 
years. Almost 2/3rd (67.93%) of the participants were either 
overweight or obese by Asian criteria.[10]

More than half of the participants were well educated with 
67.78% having completed secondary education, and 51.7% 
having acquired at least a college graduation [Table 1].

Awareness of diet, exercise, and self-monitoring
Table 2 highlights patient’s awareness as categorized by the 
interviewers (counselors) during the 1st clinic visit. Only a  
few patients (<1%) showed optimal awareness when two 
lifestyle parameters namely exercise and diet were considered. 
One-third of them did not have access to glucometer despite 
being on insulin therapy. Self-reported hypoglycemia during 
preceding 6 months was 9.20% among patients performing 
SMBG using glucometer whereas the same was reported by 
only 4.21% of patients not performing SMBG. There was 
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statistically significant (P < 0.05) association between SMBG 
performed and hypoglycemia episodes.

Concomitant usage of oral antidiabetic drugs
While 47% of patients were treated with insulin alone, rest 
(53%) of the patients had been treated with insulin plus any one 
or more classes of OADs. As regards the concomitant usage 
of OADs, metformin usage remained the highest followed 
closely by sulfonylureas (SU), while the rest of classes were 
used minimally [Figure 1].

Reasons for insulin initiation
All total 20 different reasons either alone or in combination(s) 
were identified which described the major causes of insulin 
initiation. Figure 2 gives a breakup of all indications to 7 major 
categories of indication for starting insulin in the primary or 
secondary level.

Durations of disease and insulin treatment
At enrollment, the patients’ mean diabetes duration was 12.24 
± 7.60 years and they were on insulin for a mean period 
of 3.42 ± 4.18 years. They had spent 8.80 ± 6.42 years of 
diabetes without insulin, i.e., before initiation. Mean ± SD 

Table 2: Summary of behavioral profiles with respect to 
therapeutic lifestyle modification, smoking habits, and 
self-monitoring

Parameters Patient data
Exercise awareness score, n (%)

Poor 338 (45.19)
Average 403 (53.88)
Good 7 (0.94)

Diet awareness score, n (%)
Poor 189 (25.27)
Average 555 (74.20)
Good 4 (0.53)

Smoking status, n (%)
Active smoker 72 (9.63)
Nonsmoker 573 (76.60)
Past smoker 103 (13.77)

Glucometer access, n (%)
Yes 511 (68.32)
No 237 (31.68)

Figure 1: Summary of concomitant OAD usage. AGI: Alpha‑glucosidase 
inhibitors, DPP‑4i: Dipeptidyl peptidase‑4 inhibitor, SU: Sulfonylurea, 
OAD: Oral antidiabetic drug

HbA1c% of the entire group was 9.12 ± 2.12, with 15.2% of 
participants achieving a target of HbA1c <7%. The percentage 
of participants achieving HbA1c goal of <7% as regards the 
durations of diabetes spent with (after initiation) or without 
(before initiation) insulin therapy are shown in Tables 3a and b, 
respectively.

Mean total daily dose (TDD) of insulin was 33.36 ± 18.44 
units and mean daily dose per kilogram body weight was 
0.51 ± 0.27 units. Mean  number of insulin injections per day 
was 2.06 ± 0.73. Among our participants, 16.84% received 1 
injection, 66.98% received 2 injections, while 10.03% received 
3 injections per day, and only 5.75%  received 4 injections 
per day.

Among the respondents, 58.96% were on human insulin, 
35.70% were on analog insulin, and 5.35% patients were using 
both human and analog insulin. Insulin pen devices were used 
by 66.08%, whereas 31.76% used insulin syringes, and 2.15% 
were using both insulin pens and syringes.

Type of insulin regimen
The collected dataset provided insight to contemporary 
practice among primary and secondary level physicians 
in choosing a type of insulin on the basis of action both 
individually and as a part of more complex regimen. These 
observations are depicted in Table 4. Premix insulin remains 
the predominant choice, followed distantly by basal.

Insulin injection techniques
In this study, correct insulin injection techniques were analyzed 
with regard to parameters such as angle, site selection, site 
rotation, storage, gap between meal and injection, shaking/
mixing, hygiene, and timely needle change [Table 5]. Injection 
technique appeared to be optimal with regard to the most 
parameters, namely, angle, site selection, time gap between meal 
and injection, hygiene, and storage of insulin, in majority of 
our patients. However, significantly higher numbers of patients 
(69.65%) were not rotating the injection site properly. A huge 
proportion (72.19%) of patients reused the same needle for 
injecting for more than 3 times.

Hypoglycemia
A total of 57 (7.6%) of the 748 interviewed participants 
reported experiencing at least one episode of hypoglycemia 

Figure 2: Reasons for initiating insulin treatment. In 78 (10.43%) patients, 
more than 1 indication was noted. OAD: Oral antidiabetic drug
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Table 3b: Showing how  glycaemic control varies in 
different subgroups according to the total duration of 
ongoing insulin treatment 

Duration of insulin 
treatment (years)

Total patients, 
n (%)

Patients with 
HbA1c <7%,  

n (%)
≤1 357 (47.73) 50 (14.01)
>1-≤3 135 (18.05) 19 (14.07)
>3-≤5 83 (11.10) 12 (14.46)
>5-≤10 130 (17.38) 14 (10.77)
>10-≤15 27 (3.61) 5 (18.52)
>15 16 (2.14) 3 (18.75)
HbA1c: Glycated hemoglobin

Table 4: Types and regimens of insulin on the basis of 
action as prescribed by primary level and secondary 
level physicians. Predominance of premix insulin much 
above the others is noteworthy

Insulin type/regimen Patients in each category, n (%)
Premix 513 (68.58)
Basal 80 (10.7)
Prandial 36 (4.81)
Basal + prandial 51 (6.82)
Premix + prandial 43 (5.75)
Premix + basal 24 (3.21)
Premix + basal + prandial 1 (0.13)

Table 5: The proportion of patients executing different 
parameters of insulin injection technique either rightly or 
wrongly

Parameters Right 
execution, 

n (%)

Wrong 
execution, 

n (%)
Angle of injection 622 (83.16) 126 (16.84)
Injection site selection 571 (76.34) 177 (23.66)
Injection site rotation 227 (30.35) 521 (69.65)
Insulin storage 468 (62.57) 280 (37.43)
Time gap between meal and injection 666 (89.04) 82 (10.96)
Needle and device hygiene 615 (82.22) 133 (17.78)
Timely needle change (avoid reuse) 208 (27.81) 540 (72.19)
Significantly higher numbers of patients practiced wrong injection site 
rotation process and used the same needle repeatedly

Table 3a: Status of glycemic control with regards to 
duration of diabetes when insulin was initiated 

Duration of diabetes 
at the time of insulin 
initiation (years)

Total patients, n (%) Patients with 
HbA1c <7%,  

n (%)
≤1 104 (13.90) 9 (8.65)
>1-≤3 61 (8.16) 5 (8.19)
>3-≤5 97 (12.97) 11 (11.34)
>5-≤10 220 (29.41) 30 (13.64)
>10-≤15 157 (20.99) 24 (15.29)
>15 109 (14.57) 24 (22.02)
HbA1c: Glycated hemoglobin

during previous 6 months. There was no statistically significant 
association between hypoglycemic episodes with type of 
insulin. Hypoglycemia was reported by 6.74% of patients 
using analog insulin, 7.71% of patients using human insulin, 
and 12.50% of patients using both human and analog insulin. 
However, significant association was observed between 
improper time gap between meal and insulin injection and 
hypoglycemic episodes. While only 6.90% of patients 
maintaining proper gap between insulin injection and meal 
had experienced hypoglycemia, the same was experienced 
by as much as 13.41% of patients not maintaining proper gap 
(P < 0.05). We did not find significant difference in incidental 
hypoglycemia with regard to right versus wrong execution of 

parameters such as injection site selection, site rotation, angle, 
needle reuse, storage, and also device used (pen vs. syringe) in 
our study. Quite interestingly, significantly higher (P < 0.05) 
numbers of patients performing SMBG through glucometer 
(9.20%) had reported hypoglycemia in the last 6 months 
whereas the same was reported by only 4.21% of patients not 
performing SMBG.

Lipohypertrophy
A total of 94 (12.57%) patients were found to have LH 
vide visual examination and manual palpation. We found a 
significant association of LH with parameters such as angle 
of injection, site of injection, periodic injection site rotation, 
insulin storage, and timely needle change, while injection 
hygiene was insignificantly associated [Table 6]. The most 
robust association was found with wrong technique of rotation. 
LH was also significantly (P < 0.05) associated with the use of 
different humans (14.74%) compared to analog insulin (8.24%).

The association of LH with hypoglycemia and hyperglycemia 
was also examined in this study [Table 7]. There was a 
trend of worsened glycemic status among patients having 
LH, without statistical significance. Similarly, patients with 
LH had worse mean HbA1c (9.34 ± 2.28) than their peers 
without LH (9.08 ± 2.10). However, this difference was not 
significant.

There was no difference in mean ± SD of duration of insulin 
treatment, number of injections per day, and total dose of 
insulin per day between patients with or without LH. The 
mean insulin dose per kilogram body weight per day appeared 
to be more in the patients with LH, but without any statistical 
difference [Table 7].

dIscussIon

Glycemic control is a key focus in the management of 
T2DM and is associated with both micro- and macro-
vascular benefits. The treatment of T2DM has evolved with 
our understanding of the pathophysiology of this complex 
disease. Although a wide range of oral drug treatments, 
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characterized by different mechanisms of action, are available 
to achieve glycemic control in patients with T2DM, glycemic 
control often fails even after a combination of them due to 
the progressive nature of the disease, eventually necessitating 
insulin treatment.[11] Acceptance and adherence to insulin 
treatment can be hindered by concerns such as perceived 
interference with the quality of life, worsening of diabetes 
condition, guilt or feeling of failure of self-management, and 
daily injection burden. Correct execution of  each attribute 
of the injection process is a key to achieving  success in 
insulin treatment.[3]

The mean age and duration of diabetes were somewhat similar 
to the baseline data from the Indian cohort in the multinational 
prospective observational study(MOSAIc)  addressing  similar 
issues amongst T2DM patients on insulin with or without 
OADs.[12] We had  lesser numbers of female patients (32.7%) 
compared to the MOSAIc cohort (44%) which could be due 
to referral bias, or gender discrimination in healthcare-seeking 
behavior.

At least half of the patients had reasonable educational 
exposure with 51.7% having college  graduation or higher 
qualifications, and 67.78% having high school graduation or 
an equivalent degree. There were 57% high school educated 
patients  in the MOSAIc Indian cohort 57%.[12] In that study, 
6% of enrolled Indian patients were active smoker as against 
their global figure of 14%.[12] We found that 9% of our patients 
were active smoker by their own admission.

Any study looking at knowledge, attitude, and practice of 
patient living with a chronic ailment like diabetes requires 
the respondents (patients) to have sufficient educational 

background and socioeconomic stability to minimize major 
confounding factors. To this end, our study seems to have 
enrolled the ideal types of patients with >90% being literate 
and >50% being highly educated. Such a phenomenon is quite 
expected in the current Indian scenario in an urban referral 
center, notwithstanding the fact that the same may influence 
the outcome of such a study which looks at patients’ behavioral 
aspect in depth. However, despite having such advantageous 
background, only a negligible numbers of patients (<1%) 
showed optimal awareness in the two lifestyle parameters, i.e., 
exercise and diet when assessed using a simple response tool. 
MOSAIc investigators used a unique Diabetes Knowledge 
Test score, in a scale ranging from 0 (no questions correct) to 
9 (all questions correct). In that study, Indian patients stood 
somewhere in the middle with a mean score of 4 ± 2, modestly 
lower than the global average (5 ± 2).[12] Such a phenomenon 
underscores the huge mismatch between general educational 
and socioeconomic background and diabetes awareness, and 
urgent need to address such a lacuna.

The American Diabetic Association has statutory 
recommendations for SMBG using glucometer in all diabetic 
patients on insulin.[13] However, one-third of our study patients 
did not have access to glucometer despite being on insulin 
therapy for fairly long periods. Other studies from developing 
countries like Kenya also have reported low utilization and 
adherence.[14] A large Chinese study found that only 1/5th 
patients did a optimally structured SMBG while 1/3rd never 
performed it at all. Male sex and poor socioeconomic status 
were among major associated factors for not performing 
SMBG.[15] In our study, we did not perform any regression 
analysis to find out such associations. There was no statistically 

Table 6: Attributes of injection techniques and their relationship with the prevalence of lipohypertrophy

Attributes of injection technique Prevalence of lipohypertrophy

Among patients with 
right execution (%)

Among patients with 
wrong execution (%)

P Risk ratio

Angle of injection 10.45 23.02 <0.001 2.20
Injection site selection 7 30.51 <0.001 4.36
Injection site rotation 0.88 17.66 <0.001 20.07
Insulin storage 7.48 21.07 <0.001 2.82
Needle and device hygiene 11.71 16.54 0.127 1.41
Timely needle change (avoid reuse) 5.77 15.19 <0.001 2.63

Table 7: Describes how lipohypertrophy is related to different parameters of insulin therapy, glycemic control, and 
hypoglycemia as reported by patients

Parameters Patients with 
lipohypertrophy

Patients without 
lipohypertrophy

P

Duration on insulin treatment since initiation, years (mean±SD) 3.72±4.49 3.38±4.13 NS
Number of insulin injection/day (mean±SD) 2.12±0.73 2.05±0.72 NS
Insulin dose units/kg body weight/day (mean±SD) 0.55±0.25 0.51±0.27 NS#

TDD of insulin units/day (mean±SD) 35.51±18.45 32.95±18.21 NS
HbA1c % (mean±SD) 9.34±2.28 9.08±2.10 NS
Patients reporting hypoglycemia (%) 8.51 7.49 NS
#P=0.52 between the groups. TDD: Total daily dose, SD: Standard deviation, NS: Not significant, HbA1c: Glycated hemoglobin
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significant association between patients achieving HbA1c 
target (<7%) with educational qualification, income status, 
exercise and diet awareness score, and types of insulin. 
Moreover, patients having glucometer access did not show 
better glycemic control compared to patients not having an 
access to glucometer. Interestingly, the incidence of self-
reported hypoglycemia during preceding 6 months in our 
study was significantly more in the group performing  SMBG  
compared to the group not opting for  SMBG group (9.20% 
vs. 4.21%, P < 0.05). Such findings indicate that patients 
performed SMBG during a panic situation associated  with  
an attack of hypoglycemia, rather than using it in a structured 
manner to plan judicious treatment to achieve targets of control. 
Such a pattern of increased blood glucose monitoring as a 
direct outcome of hypoglycemia experienced during insulin 
therapy was also observed in a cohort from South Asia in a 
multinational study.[16] These points underscore the need for 
imparting proper education and motivation to ourinsulin treated  
patients  for performing a proactive, structured SMBG.

Recently conducted DiabCare Asia trials in India and Gulf 
countries showed a mean ± SD HbA1c% of 8.9 ± 2.1 (19.7% 
patients with <7%) and 8.3 ± 2.0 (24% patients with <7%), 
respectively. In our cohort, we found a higher HbA1c (9.12 ± 
2.12), with only15.2% of patients achieving a target of HbA1c 
<7%. This is probably due to relatively longer mean duration of 
diabetes in our patients (12.2 years), compared to 6.8 years and 
8.7 years in the two DiabCare Asia cohorts, respectively.[1,2] A 
substantial proportion of patients in the DiabCare groups were on 
OADs alone, signifying less complex nature of their disease.[1,2] 
Our cohort consisted of patients referred to a tertiary endocrine 
care facility; hence, the percentage of complex patients may 
be higher.

Although the UK Prospective Diabetes Study showed the 
benefits of combining (ongoing) OADs along with (newly 
initiated) insulin, many experts in the Western countries have 
been debating the rationale behind such combinations.[17,18] 
However, it is not difficult to find many prescriptions in Asian 
countries containing such combinations.[1,2,19,20] While 47% 
of our studied cohort were treated with insulin alone, rest 
(53%) of the patients had been treated with insulin plus one 
or more OADs. In a large worldwide survey comprising over 
13,000 patients, higher numbers (56.5%) of participants were 
on insulin, while 40.5% of participants took both insulin and 
OADs, and minimal numbers used other drugs.[21] Metformin 
was the highest prescribed OAD (42.65%) which is, however, 
little less then expected, given that we included only T2DM 
patients on insulin. Surprisingly, substantial numbers of patients 
still received SUs in spite of their long duration of diabetes 
and concomitant insulin prescription indicating its popularity 
among primary and secondary level practitioners, even at the 
risk of causing more hypoglycemia. As this study used database 
of earlier years (2006 onward), the number of prescriptions for 
dipeptidyl peptidase-4 inhibitor was probably less. Concomitant 
prescriptions of glitazones (thiazolidinedione) were much 
less in number (6.28%), probably due to fear of weight gain, 

an adverse event attributed to insulin treatment also. As an 
individual agent, alpha-glucosidase inhibitors (AGIs) seems 
to be an underutilized group in such combination (6.2% only), 
given the fact that Indians use large portions of carbohydrate 
in their major meals. One explanation could be the preference 
of our practitioners for premix insulin to tackle postprandial 
hyperglycemia over AGIs as the later agent relatively modest 
benefit in this regard. In contrast, a large survey of Japanese 
general practitioners’ prescriptions revealed thiazolidinedione 
as the most common concomitant OAD prescribed in addition to 
insulin, followed by SUs (18.2%), metformin (9.6%), and AGIs 
(5.3%). One in every 4 patients was prescribed ≥2 OADs.[20] 
The DiabCare study from Gulf countries revealed that along 
with insulin 1, 2, and 3 OAD classes were prescribed in 15.9%, 
15.5% and 6.2% patients respectively. In a West Asian T2DM 
population inclusive of both insulin treated or untreated patients, 
the prescription trends for OADs was completely different from 
the present study, with metformin (83.5%) remaining at the 
top, followed by SUs (58.6%), thiazolidinedione (28%), and 
AGIs (4.9%).[2] A survey of similar unselected population 
from India revealed higher numbers of prescription of SUs 
(71.6%), even more than that of metformin (61.6%).[1] There 
appears to be a country-wise variation of prescription trends 
with thiazolidinedione remaining predominant choice in Japan, 
and SUs in India, and metformin in other countries.

We tried to look at various reasons for initiation of insulin 
treatment from patients’ history or medical records. The most 
common reason was severe hyperglycemia alone, which 
has been included under the broad heading of glucotoxicity. 
This was followed by failure to achieve desired glycemic 
targets despite adequate intensification with multiple OADs 
(secondary OAD failure). These trends are in line with recently 
published major national guidelines for insulin initiation.[22,23] 
In our study, mean duration of diabetes was  12.24 ± 7.60 
years at enrollment, and patients were on insulin for the 
mean period of 3.42 ± 4.18 years, having spent 8.80 ± 6.42 
years of diabetes without insulin, i.e., before initiation. In 
the  MOSAIc study  cohort from both India and rest of the 
World, insulin was initiated after a mean disease duration 
of  12 ± 8 years.[12] In the background of ongoing insulin ± 
OAD treatment, T2DM patients are expected to have long-
standing disease characterized by advanced beta cell failure. 
The mean duration of insulin treatment was 3 years in both 
the DiabCare India and DiabCare Gulf survey, a finding, quite 
similar to our cohort (3.42 ± 4.18 years). It was observed that 
number of patients achieving HbA1c target of <7% did not 
differ when patients were categorized according duration 
in years of insulin treatment [Table 3b]. Although there was 
no definite trend to suggest that longer duration of treatment 
with insulin favored a better glycemic control in majority of 
patients, the numbers were not large in some subgroups to show 
significant difference. The duration of diabetes in years at the 
time of initiating insulin, however, appeared to be inversely 
related to the likelihood of patients achieving HbA1c target 
of <7% [Table 3a]. We found that  longer the diabetes had  
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been managed  successfully with OADs  and without insulin 
therapy, there was  more likelihood of achieving HbA1c target 
<7%. This seems paradoxical, as it is generally believed that 
early insulin initiation would provide better glycemic control 
in more number of patients. It may be due to the fact that 
many T2DM patients, who require insulin quite early during 
diabetes actually belong to the special category called latent 
autoimmune diabetes in adult, which is characterized by 
advanced autoimmune destruction of pancreatic beta cell.[24] 
In the context of T2DM, a hypothetical explanation is that if 
a patient requires insulin at a very early phase of diabetes, the 
disease pattern is bound to be much more complex than that of 
a patient who can be managed without insulin for many years 
after the diagnosis of T2DM. In our future studies, we shall 
try to examine this matter more extensively. TDD of insulin 
(U/day) was 33.36 ± 18.34 in our study, which was similar 
to DiabCare India survey which reported 32.1 ± 17.0. While 
the practitioners from Gulf countries reported higher mean 
daily dose (U/day) of 57.5 ± 30.4, their Japanese counterpart 
used relatively lower dose of 25.8 ± 22.9 U/day. Such finding 
may indicate racial variations in daily requirement of insulin. 
The same can also represent  a pattern of practice amongst   
practitioners of a particular country or region. Majority of our 
patients (66.98%) were on two injections per day while 16.84% 
were on 1 injection and 10.03% were on 3 injections per day 
respectively. Similar trend was also observed in DiabCare 
India survey with 65% on 2 injection, 17.6% on 1 injection, 
and 13.5% on 3 injections per day.[1] In MOSAIc study, 
majority among Indian and Chinese cohorts were prescribed 2 
injections daily, while for rest of the world, prescribing single 
injection was the most common practice.[12] Such a behavior 
is explained by huge popularity of premix which is generally 
prescribed twice a day over basal or basal bolus regimen in 
India and China.

We found slightly higher uses of analog insulin among our 
patients. In our study, 58.96% used only human insulin, 35.70% 
only analog insulin, while a small numbers (5.35%) even used 
both. The comparative figures for human versus analog were 
71% versus 32% in the DiabCare India study, 26% versus 
85% in DiabCare Gulf study, and  68.3% versus 31.7% in 
the Japanese GP study.[1,2,20] Such variations of   choice may 
have been influenced mainly by  factors like  socioeconomic 
conditions, affordability, availability etc., rather than by  
superiority of a particular type of insulin.

Insulin pen device was used by 66.08% of the patients, 
whereas 31.76% patients used insulin syringes, and 2.15% 
were using both Insulin pen as well as syringes. Our findings 
were similar to that of the DiabCare India study where 65.6% 
used pens, 32.0% used syringes.[1] Data from the multinational 
MOSAIc revealed that majority used pen device over syringes 
in countries like China (100%), Germany (95%), India (59%), 
Russia (93%), Saudi Arabia (63%), where the trend was just 
reverse in Mexico (33%) and USA (45%).[12] Data from a 
recent large worldwide survey indicated that insulin pen alone 
was used by 85.6% of patients, while 9.6% used a syringe 

alone, 2.8% used both, and 1.4% used a pen and another 
device (usually an insulin pump).[21] Thus, it seems economic 
condition is a important, but not the sole factor responsible for 
physicians’/patients’ choice and familiarity in using modern 
devices during insulin therapy.

Over 2/3rd of our patient were prescribed premix insulin 
(human or analog), a trend supported by  evidence from 
previous epidemiological surveys, real world data, and 
consensus statements of key opinion leaders.[1,22,23,25,26] This 
trend continuing with modern co-formulations.[27] Only 1 of 6 
patients were on basal insulin (alone or in combination with 
prandial). There were few other interesting permutations 
and combinations, used less commonly, indicated probably 
in complex situations. In the multinational MOSAIc study, 
countries such as Russia, Mexico, Saudi-Arabia, and the USA 
had predominant basal insulin recipients (from 2/3rd to 3/4th), 
while in China and India, premix was predominant insulin 
type (from 3/5th to 2/3rd).[12] Compared to 68.58% of premix 
users in our study, the figure for DiabCare India survey was 
less (52%), but it (premix) came out as the most commonly 
used insulin type.[1] In yet another Asian cohort from Japan, 
general practitioners prescribed premix insulin in more than 
50% of patients when used as monotherapy.[20] Premix insulin 
remained the predominant choice for specialists also, though 
to a slightly lesser extent. Only about 1/4th to 1/6th patients 
were put on basal insulin alone in that study. Thus it is quite 
apparent that unlike Western countries, premix remains 
the predominant choice among Asian physicians. A major 
reason for such a choice could be the ease of initiation and 
intensification using the same insulin in T2DM.[28] Others have 
attributed such a trend to specific disease pattern, genetics, 
access to resources, ethnicity, and lifestyle.[29,30] With regard 
to injection technique, certain parameters such as angle, site 
selection, time gap between injection and meal, hygiene, 
and storage of insulin were correctly executed in majority 
of patients [Table 5]. These findings were similar to a that of 
a recent survey from tertiary care institute from South India 
where majority were correct in angle of injection, storage, and 
site selection and hygiene, but not the time gap.[31] However, 
one common area of concern was lack of timely change of 
needle to avoid reusing (>1 injection) in 72.19% patients in 
our study and 96.89% in the South India study.[31] Frid et al. 
found needle reuse(>1prick) in approximately half of their 
patients worldwide, almost a third using the same needle up 
to 6 times. Cost of needle  was cited most frequently reason 
for such practice which  had major impact on occurrence of 
LH (discussed later).[21] In contrast, more than 4/5th patients 
were found to be (rightfully) avoiding needle reuse in 
developed nation like Italy.[32] This remains a contentious issue 
in resource-limited country like India. Although the recent 
guidelines have strongly discouraged needle reuse, the optimal 
cutoff for maximum number of injection per needle has not 
been definitively set.[3,33] Overall, lack of counseling on the 
part of HCP is more important than the patient’s’ affordability, 
and we opine that counselors should highlight the importance 
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of  using of needle only once, and explain how this step can 
minimize the long-term adverse effect of reuse. The same 
interventional study from Italy also found that only 40.1% 
of patients considered other attributes of injection technique 
as very important at baseline which increased to 64.6% after 
3 months counseling.[32] This underscores the importance 
of counseling in this hitherto neglected aspect of diabetes 
management. Another major issue as regards the injection 
technique was improper site rotation by an overwhelming 
majority (69.67%). Rotation appeared to be a major problem 
in other cohorts from previously described studies as well.[34-37]

Studies have reported that repeated injections of insulin in the 
same skin region induce local reactions of the subcutaneous 
adipose layer, broadly known as LD, but most often manifest as 
LH.[7] The knowledge about factors triggering the subcutaneous 
tissue to develop firm growths of adipose tissue is limited. 
However, it appears that such lesions are  the result of a 
multifactorial process, such as  repeated injections/infusions 
with needles/catheters at the same body site, and local growth 
promoting action of insulin molecule or even insulin excipients. 
With insulin injection, reuse of needles may increase local 
tissue trauma and hypertrophic responses.[34,35] Surprisingly,  
well-designed and dedicated studies addressing this practical, 
highly relevant issue of LH as major source of variability in 
glycemic control has not been done by medical community, 
either clinicians, academicians, insulin or device manufacturers. 
Few studies have shown that injecting into lipohypertrophic sites 
may result in significantly unpredictable and delayed absorption 
which can lead to hyperglycemia and/or hypoglycemia.[36]

The prevalence of LH in our study was 12.57% which was quite 
similar to another study from India, but much less compared 
to a study carried out on an Italian population (48.7%), and a 
worldwide survey (30.8%) using visual inspection and manual 
palpation.[31,32,37] Another study from Spain enrolling both 
T1DM and T2DM patients with 90% pen device users reported 
LH in 2/3rd.[7] The following confounders may be responsible 
for lower prevalence of LH in our study: (i) ours was not a 
prospective study (ii) mean duration of insulin treatment and 
mean number of injection per day were comparatively lower 
in our cohort. One weakness of our study was our inability to 
detect and characterize LH using ultrasonography which can 
easily distinguish the affected tissue from adjacent normal 
SC tissue. In ultrasonography, appearance of homogeneous 
hyperechogenic densities filling part or all of the SC tissue 
at injection sites characterizes LH.[38] There could be 
underreporting of such lesions if combined visual inspection 
and manual palpation (by diabetic counselors) remains the 
only modality of detection, which can partly explain lower 
prevalence in our study.

LD was significantly (P < 0.05) associated with the use of 
different Human (14.74%) compared to Analogue insulin 
(8.24%). Like a recent survey from South India, we found 
overwhelmingly robust association of LH (risk ratio 20.07, 
P < 0.001) with wrong/improper rotation of injection site, 

while the same for confounders like repeated use of same 
needle is less robust but nevertheless significant [Table 6]. 
Frid et al., using logistic regression analysis found incorrect 
rotation and duration on insulin treatment to be the most 
important factors associated with LH (P < 0.001).[37] Less 
robust but nevertheless significant correlation between the 
presence of LH and the reuse of needles, numbers of injections 
per day, an earlier age at diagnosis of DM, a longer duration 
of having DM and taking insulin have also been documented 
in that large survey.[37] Unlike the Worldwide survey, in our 
study, the duration of insulin treatment, numbers of injections 
per day, TDD of insulin, and daily insulin dose per kilogram 
body weight were marginally but insignificantly higher in 
patients having LH [Table 7]. These may be due to lesser 
numbers of patients in our cohort. In a Spanish cohort, among 
patients with LH, 61% reported needle reuse, reversely those 
who reused needles, of them 70% had LH.[7] Such findings can 
have huge clinical implication as they can provide the right 
direction to intervention strategies to avoid LH in patients 
treated with insulin. Importance of educating the patients to 
self-examine and detect early changes leading to LH and LA 
has already been emphasized by others.[39]

The international study by Frid et al. found that the mean 
HbA1c level was 0.55% higher in patients with LH than in 
those without LH (P < 0.05). A trend of worsened glycemic 
status among patients having LH was seen in our cohort also. 
However, the change was without statistical significance 
[Table 7]. The smaller and insignificant difference may be 
due to smaller size of the study cohort and other dominant 
factors influencing glycemic excursions. Another prospective 
interventional study has shown 6.8% reduction in HbA1c, and 
2 unit absolute reduction of total daily insulin requirement 
within 3 months of counseling to avoid areas with LH and 
rotating properly while injecting insulin.[32] The strong link 
between hypoglycemia and LH has been well documented. 
The main reasons could be impaired and variable insulin 
absorption and action when the insulin is injected into the 
affected tissue.[40] Frid et al. have documented significantly 
higher occurrence of unexpected hypoglycemia and glucose 
variability in patients who had LH and incorrect rotation 
of site.[37] In a Spanish cohort, 39.1% of patients with LH 
had unexplained hypoglycemia compared to only 5.9% in 
those without LH (P < 0.01).[7] In our study, also, patients 
with LH had more hypoglycemic episodes compared to 
those without LH, though the difference did not achieve a 
statistical significance [Table 7]. This may be due to low 
absolute number of patients with LH, and underreporting 
of hypoglycemia due to retrospective data collection. At 
times, patients may have missed out on detecting minor 
hypoglycemia. Lack of access to glucometer in majority of 
patients also deprived them of the opportunity to correlate 
their subtle symptoms with blood glucose. Or, there may 
be dominant factors other than LH such as insulin dose, 
concomitant drugs or dietary indiscipline, etc., influencing 
glycemic excursions.
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conclusIon

Our work adds much-needed information to our knowledge 
about diabetes care, insulin use, and injection practices. The 
current study reveals the unique patterns of insulin usage and 
injection practices in India, highlights the high prevalence of 
LH in insulin users, and identifies the factors associated with 
this complication. The results of this study provide real-life 
data, which will help formulate newer strategies to improve 
delivery of diabetes care.
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