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Objective: Previous studies have shown that healthcare professionals rarely instruct patients about proper insulin injection techni
ques. This study aimed to assess the practices of insulin injection techniques among patients with diabetes treated and assess the effect 
of these practices on glycemic control.
Patients and Methods: This cross-sectional study was conducted between November 2020 and February 2021. A random 
systematic sampling technique was used to recruit study subjects at specialist outpatient clinics. Subjects with type 1 or 2 diabetes 
mellitus who had been using insulin injections for at least a year were included in this study.
Results: A total of 298 subjects with type 1 diabetes and 553 with type 2 diabetes participated in this study. The mean age of patients 
with type 1 diabetes was 20.1 ± 10.4 years. The mean age of patients with type 2 diabetes was 58.6 ± 9.5 years. The median type 1 
diabetes duration was 6.0 years, and median type 2 diabetes duration was 15.0 years. About 66.8% of patients with type 1 diabetes and 
69.4% of patients with type 2 diabetes were rotating insulin injection sites. Almost 36.6% of patients with type 1 diabetes and 50.5% 
of patients with type 2 diabetes reported using the same insulin needle more than three times. The prevalence of lipohypertrophy was 
57.0% among patients with type 1 diabetes and 55.5% among patients with type 2 diabetes. The absence of lipohypertrophy, rotation 
of insulin injection site, and total daily insulin dose ≤50 units were all independently significantly associated with better glycemic 
control.
Conclusion: Insulin injection techniques were suboptimal among significant proportion of patients with diabetes in Jordan. Improper 
insulin injection technique, especially the rotation of injection sites and lipohypertrophy formation, was associated with uncontrolled 
blood glucose levels. Educational interventions that focus on insulin injection techniques among Jordanian patients with diabetes are 
strongly recommended.
Keywords: type 2 diabetes mellitus, type 1 diabetes mellitus, insulin therapy, lipohypertrophy

Introduction
Insulin is the primary treatment for patients with Type 1 diabetes mellitus (T1DM). It is often used as a supplement to 
oral hypoglycemic agents for patients with type 2 diabetes mellitus (T2DM) who have failed to achieve the glycemic 
target.1 Insulin has been the most effective treatment in controlling hyperglycemia among patients with diabetes for over 
the past 90 years. It is given subcutaneously, either through an insulin pump or via multiple daily insulin injection 
devices.2 All proper insulin administration techniques should be applied to achieve the desired outcomes from insulin 
therapy. Several studies showed that the greatest benefit from insulin treatment is achieved by correcting insulin injection 
techniques.3,4

Previous studies have shown that healthcare professionals rarely instruct patients about proper insulin injection 
techniques.3,5 The injection techniques, including the appropriate needle length, rotating insulin injection sites, changing 
needles between injections, and checking injection sites for the presence of lipohypertrophy (LH) are all crucial factors in 
the glycemic control.3 Lipohypertrophy is defined as the development of lumps, raised areas, firmness, or hardness in the 
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fatty tissue under the skin caused by the repeated injection or infusion of insulin.6 There is a strong inverse association 
between lipohypertrophy and rotation of insulin injection sites. Patients frequently rotating their injection sites had lower 
lipohypertrophy prevalence.7–9

Studies about the effect of insulin injection technique on glycemic control are scarce, especially in the Middle East 
Region.10 The current literature available in Jordan includes only one published study that assesses the association 
between lipohypertrophy and some factors of insulin injection technique in type 2 diabetic patients. This may indicate the 
need for more research on this subject.11

This study aimed to assess the practices of insulin injection techniques among patients with diabetes treated at the 
National Center for Diabetes, Endocrinology and Genetics (NCDEG) in Amman, Jordan, and assess the effect of these 
practices on glycemic control.

Methods
This cross-sectional study was conducted between November 2020 and February 2021 at the outpatient clinics of the 
National Center for Diabetes, Endocrinology, and Genetics (NCDEG) in Amman, Jordan. The study methods and 
procedures are similar to those that had been used in an earlier study in 2015.11 A systematic sampling technique was 
used to recruit study subjects by choosing every fifth patient who attended the diabetes specialist outpatient clinics for 
regular follow-up during the study period. At NCDEG, patients are routinely referred to the educational clinic for 
comprehensive training on insulin administration techniques at the beginning of insulin implementation and regularly 
during their follow-ups every three to six months.

Patients with type 1 diabetes mellitus or type 2 diabetes mellitus who had been using insulin injections for at least 
a year were eligible for inclusion in the study. Women with gestational diabetes and infants were excluded from this 
study. The total sample was 851 subjects which translate to a margin of error of about 3.2%, given a prevalence of 37% 
and a 95% confidence level.

At enrolment, trained researchers administered a comprehensive structured questionnaire prepared explicitly for the 
purpose of the research based on similar previous studies.3,11,12 The main data obtained included sociodemographic 
variables, diabetes history, co-morbidities, current medications, practices of insulin injection techniques, and other 
variables. Insulin injection techniques were assessed by asking the subjects or their caregivers to demonstrate how 
they take insulin, checking the correct dose, angle degree of insulin injection, injection site, rotation of injection site, and 
time of needle lift after injection.

The researchers examined the site of insulin injection for the presence of LH (grade 1, grade 2, or grade 3). Also, the 
researchers checked the needle length with the support of a catalog that contains pictures of insulin type and type of 
needle length picture to help the subjects to identify the type of insulin and needle they were using. Glycosylated 
hemoglobin (HbA1c) level and anthropometric measurements were extracted from the medical records.

Grade 1 lipohypertrophy was defined as visible hypertrophy of fat tissue but palpably normal, while grade 2 as 
a massive thickening of fat tissue with firm consistency and grade 3 as lipoatrophy. Glycemic control was classified, 
according to the American Diabetes Association (ADA) criteria, as controlled if HbA1c is <7% and uncontrolled if 
HbA1c ≥7%.

The study was approved by the Ethical Committee at the National Center for Diabetes, Endocrinology, and Genetics 
in Amman, Jordan. All procedures performed in this study were in accordance with the 1964 Helsinki Declaration and its 
later amendments. A written informed consent was obtained from each adult subject (18+ years old). Caregiver written 
informed consent was taken for younger subjects (<18 years). Also, the ascent was taken from children aged seven to 17 
years. Data were treated with rigorous confidentiality and used strictly and exclusively for scientific study purposes. 
Interviews with the subjects were conducted with proper social distancing measures to avoid Coronavirus Disease 2019 
(COVID-19) hazards.

Statistical analysis was conducted using the Statistical Package for Social (SPSS, version 20). Continuous variables 
were described using mean ±Standard Deviation (SD), and categorical data were described using percentages. 
Percentages were compared using Chi-square test. Multivariate logistic regression analysis was performed to examine 
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the effect of certain variables on glycemic control after adjustment of potential confounders. P values <0.05 was 
considered statistically significant.

Results
This study included 298 patients with T1DM and 553 insulin-treated patients with T2DM (Table 1). The age of patients 
with T1DM ranged between 2 and 68 years with a mean ±SD age of 20.1 ± 10.4 years. The mean ±SD age of patients 
with T2DM was 58.6 ± 9.5 years. Around half of patients with T1DM and T2DM were females. The median T1DM 
duration was 6.0 years, and median T2DM duration was 15.0 years. The mean ±SD insulin treatment duration in T2DM 
subjects was 6.7 ± 5.7 years, and the median was five years (Table 2).

Table 1 Socio-Demographic Characteristics of Study Subjects

Characteristics T1DM (N = 298) T2DM (N = 553)

Gender

Female 137 (46%) 301 (54.4%)

Male 161 (54%) 252 (45.6%)

Age (years), Mean ±SD (20.1±10.4) (58.6±9.5)

Education level

≤High School 199 (66.8%) 323 (58.4%)

University education 99 (33.2%) 230 (41.6%)

Marital status

Single 240 (80.5%) 61(11%)

Ever Married 58 (19.5%) 492 (89%)

Health Insurance

Yes 269 (90.3%) 13 (2.4%)

No 29 (9.7%) 540 (97.6%)

Abbreviations: SD, standard deviation; T1DM, type 1 diabetes mellitus; T2DM, type 2 
diabetes mellitus.

Table 2 Clinical and Laboratory and Anthropometric Characteristics of Study 
Subjects

Variable T1DM (N = 298) T2DM (N = 553)

HbA1c, Mean ±SD 8.8±1.8 7.6±6.9

≤7% (control) 46 (15.4%) 80 (14.5%)

>7% (uncontrol) 250 (83.9%) 472 (85.4%)

Hypertension 16 (5.4%) 116 (21%)

Dyslipidemia 20 (6.7%) 93 (16.8%)

Cardiovascular disease 3 (1.0%) 452 (81.7%)

Neuropathy 27 (9.1%) 190 (34.3%)

Retinopathy 8 (2.7%) 399 (72.2%)

(Continued)
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Overall, 85.6% of patients with T1DM and 96.0% of patients with T2DM used to inject insulin in the abdomen. 
Almost 42.3% of patients with T1DM reported that they inject insulin three times or less per day, and 48.8% of patients 
with T2DM reported injecting insulin two times or less per day.

In total, 13.8% of patients with T1DM and 4.9% of patients with T2DM were using injection needles of 4 mm length, 
16.8% of patients with T1DM and 7.6% of patients with T2DM were using injection needles of 5 mm length, 29.5% of 
patients with T1DM and 12.5% of patients with T2DM were using injection needles of 6 mm length, and 39.9% of 
patients with T1DM and 75.0% of patients with T2DM were using injection needles of 8 mm length.

In addition, 66.8% and 69.4% of T1DM and T2DM subjects were rotating insulin injection sites regularly. The angle 
of insulin injection was 90° among 95.3% of T1DM subjects and 91.3% of T2DM subjects. Moreover, 36.6% of T1DM 
subjects and 50.5% of T2DM subjects were using the same insulin needle more than three times (Table 3). The 

Table 3 Insulin Injection Technique Characteristics for Study 
Subjects

Variable T1DM (N = 298) T2DM (N = 553)

Angle of injection

90 284 (95.3%) 505 (91.3%)

45 14 (4.7%) 48 (8.7%)

Site of injection

Abdomen 255 (85.6) 531 (96%)

Thigh 5 (1.7%) 4 (0.7%)

Arm 2 (0.7%) 3 (0.5%)

More than one site 36 (12.1) 15 (2.7%)

Rotation of injection site

Yes 199 (66.8%) 169 (30.6%)

No 99 (33.2%) 384 (69.4%)

(Continued)

Table 2 (Continued). 

Variable T1DM (N = 298) T2DM (N = 553)

Insulin duration (years), Mean ±SD (7.6±6.9) (6.7±5.7)

≤5 140 (47%) 276 (49.9%)

>5 158 (53%) 277 (50.1%)

DM duration (year), Mean ±SD (7.6 ±6.9) (14.8 ±7.6)

<15 257 (86.2%) 255 (46.1%)

≥15 41 (13.8%) 298 (53.9%)

BMI Mean ±SD (25.1 ±5.1) (33.3 ±6.3)

Total daily dose (International Unit), Mean ±SD (56.7±26.4) (61.7±39.8)

≤50 141 (47.3%) 260 (47%)

>50 157 (52.7%) 293 (53%)

Abbreviations: HbA1c, glycosylated hemoglobin; BMI, body mass index; SD, standard deviation; T1DM, 
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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prevalence of lipohypertrophy was 57.0% among patients with T1DM subjects and 55.5% among patients with T2DM 
(Table 4).

The laboratory results showed that 46 T1DM subjects (15.4%) and 80 T2DM subjects (14.5%) had controlled glucose 
levels as defined by HbA1c <7%. Insulin injection techniques were associated with glycemic control assessed by HbA1c 
level among T2DM and T1DM subjects. In particular, there was a significant association between glycemic control and 
lipohypertrophy among T1DM (p-value <0.001) and T2DM subjects (p-value <0.001). Also, there was a significant 
association between glycemic control and rotation of insulin injection site among T1DM (p-value <0.001) and T2DM 
subjects (p-value <0.001). Lifting the needle inside for 10 seconds after the injection was significantly associated with 
better glycemic control among patients with T1DM (p-value 0.029) and patients with T2DM (p-value 0.010) (Table 5).

Table 4 Prevalence of Lipohypertrophy Among Diabetic 
Subjects in NCDEG

Variable T1DM (N = 298) T2DM (N = 553)

Total prevalence 57% 55.5%

Grade 1 29.5% 41.6%

Grade 2 21.8% 11.2%

Grade 3 5.7% 2.7%

Abbreviations: NCDEG, National Center for Diabetes, Endocrinology 
and Genetics; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes 
mellitus.

Table 3 (Continued). 

Variable T1DM (N = 298) T2DM (N = 553)

Needle length

4mm 41 (13.8%) 27 (4.9%)

5mm 50 (16.8%) 42 (7.6%)

6mm 88 (29.5%) 69 (12.5%)

8mm 119 (39.9%) 415 (75.0%)

Needle reuse

Once 16 (5.4%) 34 (6.1%)

2–3 times 167 (56%) 240 (43.4%)

More than 3 times 115 (36.6%) 279 (50.5%)

Number of injections

≤3 126 (42.3%) 270 (48.8%)

>3 172 (57.7%) 283 (51.2%)

Needle lift after injection

Lift direct 45 (15.1%) 149 (26.9%)

Wait 10 seconds 253 (84.9%) 404 (73.1%)

Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes 
mellitus.
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Table 5 Glycemic Control According to Relevant Insulin Injection Technique Characteristics of Subjects at NCDEG

Variable T1DM (N = 298) T2DM (N = 553)

Uncontrolled  
N = 250

Controlled  
N = 46

p-value Uncontrolled  
N = 472

Controlled  
N = 80

p-value

Angle of injection 0.894 0.205

45 12 (85.7%) 2 (14.3%) 44 (91.7%) 4 (8.3%)

90 238 (84.4%) 44 (15.6%) 428 (84.9%) 76 (15.1%)

Site of injection 0.224 0.590

Abdomen 211 (83.4%) 42 (16.6%) 454 (85.7%) 76 (14.3%)

Thigh 5 (100%) 0 (0%) 4 (100%) 0 (0%)

Arm 1 (50%) 1 (50%) 2 (66.7%) 1 (33.3%)

More than one site 33 (91.7%) 3 (8.3%) 12 (80%) 3 (20%)

Rotation of injection site <0.001* <0.001*

No 95 (96.9%) 3 (3.1%) 157 (93.5%) 11 (6.5%)

Yes 155 (78.3%) 43 (21.7%) 315 (82%) 69 (18%)

Needle length 0.547 0.938

4mm 37 (90.2%) 4 (9.8%) 24 (88.9%) 3 (11.1%)

5mm 38 (79.2%) 10 (20.8%) 35 (83.3%) 7 (16.7%)

6mm 75 (85.2%) 13 (14.8%) 59 (85.5%) 10 (14.5%)

8mm 100 (84%) 19 (16%) 354 (85.5%) 60 (14.5%)

Needle reuse 0.062 0.127

Once 13 (86.7%) 2 (13.3%) 27 (81.8%) 6 (18.2%)

2–3 times 133 (80.1%) 33 (19.9%) 198 (82.5%) 42 (17.5%)

More than 3 times 104 (90.4%) 11 (9.6%) 247 (88.5%) 32 (11.5%)

Number of injections 0.890 0.332

<=3 106 (84.8%) 19 (15.2%) 226 (84%) 43 (16%)

>3 144 (84.2%) 27 (15.8%) 246 (86.9%) 37 (13.1%)

Needle lift after 

injection

0.029* 0.010*

Lift direct 42 (95.5%) 2 (4.5%) 136 (91.9%) 12 (8.1%)

Wait 10 seconds 208 (82.5%) 44 (17.5%) 336 (83.2%) 68 (16.8%)

Lipohypertrophy <0.001* <0.001*

Yes 156 (92.3%) 13 (7.7%) 196 (79.7%) 50 (20.3%)

No 94 (94%) 33 (26%) 276 (90.2%) 30 (9.8%)

Note: *P value <0.05. 
Abbreviations: NCDEG, National Center for Diabetes, Endocrinology and Genetics; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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In the multivariate analysis, the absence of lipohypertrophy (Odds ratio (OR) 2.2, 95% confidence interval (CI) 1.0–4.9, 
p-value 0.041), and rotation of insulin injection site (OR 4.7, 95% CI 1.3–17.6, p-value 0.022) were independently 
significantly associated with increased odds of controlled glycemic level among T1DM subjects. Among T2DM subjects, 
lipohypertrophy (OR 0.5, 95% CI 0.3–0.8, p-value 0.003) and total daily insulin dose ≤50 units (OR 0.5, 95% CI 0.3–0.9, 
p-value 0.012) were independently significantly associated with decreasing odds of controlled glycemic level. Also, among 
T2DM subjects, not having cardiovascular disease was independently significantly associated with increased odds of 
controlled glycemic level (OR 2.7, 95% CI 1.6–4.7, p-value <0.001) (Table 6).

Discussion
The prevalence of lipohypertrophy varies widely across countries. The current study shows that almost half of Jordanian 
diabetes mellitus (DM) subjects had lipohypertrophy. A systematic review and meta-analysis of 26 studies reported an 
overall estimated prevalence of lipohypertrophy of 49% among T2DM subjects and 34% among T1DM subjects.13 

Insufficient health education about injection techniques in Jordan might explain the high prevalence of lipohypertrophy 
among current study subjects.

At our center, patients are routinely referred to education clinics, where specialized diabetes nurses provide them with 
extensive theoretical and practical training on insulin injection techniques according to ADA recommendations. These 
education sessions are provided at the initiation of insulin therapy and are regularly repeated every three to six months. 

Table 6 Logistic Regression Analysis for the Socio-Demographic, Laboratory, and Clinical 
Factors and Insulin Injection Technique Affecting Glycemic Control

Variable Odds 
Ratio

95% Confidence 
Interval

p-value

T1DM Lipohypertrophy

Yes (Reference) 1

No 2.2 1.0 −4.9 0.041*

Rotation of injection

No (Reference) 1

Yes 4.7 1.3 −17.6 0.022*

Education

≥School (Reference) 1

University 1.9 0.98 −3.7 0.056

T2DM Total daily dose (International Unit)

>50 (Reference) 1

≤50 0.5 0.3–0.9 0.012*

Cardiovascular disease

No (Reference) 1

Yes 2.7 1.6–4.7 <0.001*

Lipohypertrophy

No (Reference) 1

Yes 0.5 0.3–0.8 0.003*

Note: *P value <0.05. 
Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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However, the current study and previous studies in Jordan have revealed some serious gaps in DM patients’ education.14 

This emphasizes the need for additional creative DM educational resources and methods. Also, there is a need to involve 
additional health workers in the educational process, such as pharmacists, laboratory technicians, and community health 
workers.15,16

In our study, the prevalence of uncontrolled glycemic levels was significantly higher among subjects with lipohyper
trophy. This finding is similar to a previous study in Egypt among T1DM subjects.17 However, a recent Saudi study did 
not find an association between lipohypertrophy and glycemic control among T2DM subjects.18 The differences in 
identifying this association between studies might be explained by differences among research subjects, sampling 
techniques, and settings.

It is worth mentioning here that the current study results indicated a low percentage of patients with controlled blood 
glucose levels as defined by HbA1c <7%. Similarly, previous studies in Jordan revealed a consistently low percentage of 
patients with controlled blood glucose levels ranging between 7% and 45%.19,20

In the current study, the rate of glycemic control was found to increase significantly by rotating the insulin injection 
site in both T1DM and T2DM subjects. de Villiers reported a similar association between the rotating injection site and 
glycemic control.22 However, Bochanen et al in 2022 did not find an association between the rotating injection site and 
HbA1c levels. Still, the frequency of hypoglycemia episodes decreased after rotating the injection site.23

The majority of current study subjects reported using the same needle multiple times. However, the current guidelines 
do not recommend the reuse of insulin needles to avoid the risk of skin complications such as pain, infection, and 
forming of lipohypertrophy.24 Arguably, there is currently no strong evidence supporting or against this common practice 
among DM subjects.25

It is recommended to keep the insulin needle under the skin for at least 10 seconds after the injection. This technique 
prevents insulin leakage and guarantees patients taking a full dose.1 Almost three-quarters (84.9% of T1DM and 73.1% 
of T2DM) of Jordanian DM subjects reported keeping their needles under the skin for this recommended duration. In 
previous studies, the rate of keeping the needle under the skin at least 10 seconds after the injection varied from 26% in 
Brazil to 90.3% in Poland.21,26

The multivariate analysis showed that T1DM subjects with a university educational level were more likely to have 
controlled glucose levels. The better maturity level might explain this better control among the educated subjects, which 
could lead to better adherence to insulin injection techniques compared to other children and adolescent T1DM subjects.

The main strength of the study was that the insulin injection practices were assessed using structured interviews and 
observing patients’ practices. The current study results can help guide healthcare providers in exploring best practices to 
improve insulin injection techniques and educational approaches to reach ideal glycemic control among DM subjects in 
Jordan. However, there are some limitations to this study. The study was conducted in a single diabetes center. This might 
limit the generalization of study outcomes to other settings. Another limitation is the cross-sectional nature of this study, 
where it is impossible to reach a causal conclusion between glycemic control and insulin injection techniques.

Conclusion
The practices of insulin injection techniques were suboptimal among significant proportion of patients with diabetes in 
Jordan. A high percentage of Jordanian patients do not rotate the injection site, reuse the needle multiple times, and do 
not leave the needle inside for 10 seconds after the injection. Improper insulin injection technique, especially the rotation 
of injection sites and lipohypertrophy formation, was associated with uncontrolled blood glucose levels. Educational 
interventions that target insulin injection techniques might improve glycemic control among Jordanian DM subjects and 
should be implemented. Evidence-based insulin injection technique recommendations and guidelines, including techno
logical and innovative solutions, need to be adopted in Jordan. The current study was conducted in a single-center study; 
therefore, the generalization of study outcomes is limited. Additional multi-center and longitudinal research studies are 
required to build evidence-based practices and explore barriers to adherence to proper insulin injection techniques. Also, 
more efforts are needed in healthcare institutions to raise awareness among healthcare providers, especially nurses and 
pharmacists, about proper insulin injection techniques and how to advocate for their patients.
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Abbreviations
DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; LH, lipohypertrophy; NCDEG, National Center for Diabetes, 
Endocrinology and Genetics; SD and standard deviation; T1DM and type 1 diabetes mellitus; T2DM and type 2 diabetes 
mellitus.
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