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Purpose: The purpose of this systematic review was to assess potential gender differences in prevalence and clinical relevance of
insulin-related lipohypertrophy (LH).

Patients and Methods: Five electronic databases (PubMed, Embase, CNKI, Wanfang and VIP) were systematically searched for
studies, from inception to 1st Sep 2022, on the prevalence of insulin-related LH. The eligibility of articles was independently screened,
and the included studies were evaluated using standardized quality assessment tools.

Results: A total of 22 studies mentioned the LH prevalence in different genders, of which two are about gestational diabetes;
therefore, 20 studies were eventually included, providing data on 6238 patients. The prevalence of LH varied from 30.26% to 72.54%.
Ten studies (4392 patients) were conducted with the adult diabetes patients of different genders over the age of 18, the total prevalence
rate of LH was 51.73%, the LH prevalence in male gender was from 41.94% to 68.57% and the rate of the total population was
54.89% (2046 patients); The LH prevalence in female gender was from 33.18% to 70% and the rate of the total population was 48.98%
(2346 patients), and the prevalence of LH was significantly different between male and female gender (P<0.001). Interestingly, only
one study (n=1227) showed that there were dramatic differences between different genders (P<0.001), the subjects were T2DM
patients, the LH prevalence rate of male vs female was 70.52% (299/424) VS 52.18% (419/803), while the other studies either only
include T1DM or both TIDM and T2DM.

Conclusion: The evidence shows that the results of gender differences in the LH prevalence are inconsistent with different types of
DM. Probably, there is no gender differences in the LH prevalence in adult patients with T1DM, but it has a gender difference between
male and female in T2DM. More strictly designed clinical studies are needed to further verify and reveal the underlying mechanisms.
Keywords: insulin injection, lipohypertrophy, gender differences, hypertrophy, diabetes mellitus, prevalence

Introduction

Diabetes mellitus (DM) is an increasingly serious public health problem that is affecting the whole world. The global
prevalence of DM was estimated to be 9.3% in 2019, which will rise to 10.2% by 2030 and 10.9% by 2045'. According
to a recent investigation,” It is estimated that the total prevalence of DM is 12.4%, and the prevalence of pre-diabetes is
38.1% in China, which is higher than the global diabetes prevalence (8.3%, 2019), and the number of patients with DM
has exceeded 140 million.

All TIDM patients and around one-third of T2DM patients need extrinsic insulin therapy for controlling
hyperglycemia.’ Despite the technical progress of insulin injection and pump equipment, the inaccuracy of basic
injection technology is still an obstacle to diabetes control. If the clinical medical staff cannot guide the patients to
master the correct insulin injection method, including the selection of appropriate injection equipment, the selection of
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injection site, the angle and length of injection, the replacement of needles, and the dynamic monitoring of
Lipohypertrophy, the prevalence of Lipohypertrophy would increase signiﬁcantly.4

Lipohypertrophy (LH) is characterized by nodular swelling caused by fat accumulation around the sites of sub-
cutaneous insulin injection. The insulin-related LH occurs in subcutaneous tissue associated with insulin injection or
infusion therapy, which are very common, the average lipohypertrophy rate is 41.8%,” with a wide rage as 1.9% to
77.1%.%7 Primarily, the trauma of the repeated injection-related and the lack of rotation and replacement of injection sites
would play a key role in the formation of LH; however, the pathophysiological mechanism is unclear. The occurrence of
LH may be related to the growth promoting properties and immune process of insulin, as well as the excessive
inflammatory cytokines like the tumor necrosis factor-a (TNF-a) produced at the injection site of insulin.*” The biggest
impact of LH on patients is to affect the insulin absorption at the site of injection, which may cause the blood sugar to
rise and fall conspicuously, insulin injection at the LH sites can reduce drug absorption by 25%' and the variability of
insulin uptake would increase by 3 to 5 times.''

LH prevalence has been reported worldwide with wide variations among individual studies, indicating that there are

513 suggest that frequency of

incomparable obstacles against proper lipohypertrophy recognition.'> Some recent studies
LH would depend on the type of DM, different age, different gender, duration of insulin use, duration of DM, needle
reuse, times of injection, etc. As everyone knows, numerous diseases, including type 2 diabetes, have gender differences
between male and female gender. However, there was no separate research report on gender differences in LH prevalence
of TIDM or T2DM, nor other studies on the mechanism of LH gender differences.

Although the overall LH prevalence of TIDM or T2DM has been fully clarified, the gender differences in the
prevalence of LH of TIDM or T2DM have historically received little attention. Hence, we conducted gender differences
in the LH prevalence of different types of DM by integrating data from existing research literatures (N=6238). The
purpose of this systematic review was to assess potential gender differences in prevalence and clinical relevance of

insulin-related lipohypertrophy (LH).

Methods
Search Strategy

Two reviewers independently conducted a comprehensive literature search. Databases of PubMed, Embase, CNKI,
Wanfang and VIP were screened from inception to 1st Sep 2022. Both Medical Subject Headings (MeSH) and free-

CEINNT3

text keywords were used for retrieving related studies, as the terms “lipohypertrophy”, “insulin”, “diabetes”, “diabetes

mellitus”, “lipodystrophy”, “subcutancous nodules”, “prevalence”, “gender differences”, “Insulin injection”, “insulin
hypertrophy” and “sex differences” were utilized in various kinds of combinations for the electronic search.

Inclusion Criteria
This system review was conducted according to PRISMA statement, except for the protocol registration.'

The Following Inclusion Criteria
o All cross-sectional or longitudinal study data
e Researches associated the LH prevalence in TIDM or T2DM or Pancreatic DM subjects on insulin injection or
infusion treatment
e Researches that detection for LH with palpation, ultrasonography, or observation

The Following Studies Were Excluded
e Researches that not disclosing relevant data
e Researches not performed on subjects of DM patients with insulin treatment, such as subjects on long-
term hemodialysis
e Researches that not disclosing the number of different gender subjects on insulin treatment
e Researches on gestational DM patients
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e Review studies, non-English and non-Chinese language literatures and researches that lack the corresponding data
¢ Intervention study, case report and irrelevant information

Data Extraction

The data were independently extracted from the included articles by two reviewers. The main results are the prevalence
of LH caused by insulin injection in patients of different genders, and the prevalence of gender differences in different
types of diabetes. Additional data collected included study design, publishing time, age, population, sample size, duration
of DM, time of insulin treatment, patient characteristics, type of insulin and LH location.

Data Synthesis

The data were synthesized applying a narrative method handling the displayed review subjects. Due to the diversity and
high heterogeneity of the included studies, meta-analysis cannot be provided, but all the included articles were
performing a comprehensive assessment of the research conclusions.

Quality Assessment

Relevant studies confirmed to be included in the review reported the prevalence of LH in different genders. We used
a variety of assessment tools to evaluate the scientific rigor and study quality, including the Cross-Sectional Studies
devised by the National Institutes of Health.'> The quality of the included researches was independently evaluated by two
reviewers. The quality of the estimations of the studies was performed by the Recommended Rating Assessment,
Development and Evaluation (GRADE) methods, when considering the above inclusion criteria, and the risk of bias,
heterogeneity, imprecision, and other information that is provided in the included studies. We would use quality
assessments to grade the quality of evidence from high to low.'®

Ethical Considerations
This review does not include any data from other new research conducted by any authors of human subjects; therefore,
no ethical approval is needed.

Results

The Summary of Included Studies

As depicted in Table 1 and Figure 1, a total of 22 studies mention the LH prevalence in different genders, of which two
are gestational diabetes; therefore, 20 studies were finally included, containing 6238 patients. Distinguished by age, there
are 10 studies involving adult diabetes, four studies are on juvenile diabetes, and five studies are on mixed juvenile and
adult diabetes. In terms of different types of DM, only one study is on T2DM, 12 studies are on T1DM, five studies are
on T1DM and T2DM or Pancreatic DM, and two studies do not mention type of DM. The mean of the diabetes duration
was over 4 years, most studies were performed to confirm LH through observation and palpation, and four studies
combined ultrasound examination. As the BMI and HbAlc (%) data are shown in Table 1, the heterogeneity of data of
the included studies is very large, but a trend could be seen, that is, the larger the BMI, or the higher the average HbAlc
(%), and the higher the incidence of LH.

Gender Differences in the Demographic, Prevalence, and Clinical Features of LH in

Diabetes Mellitus Patients

The LH prevalence varied from 30.26% to 72.54%. And LH prevalence in males is mildly higher than in females in most
included studies. As shown in Table 2, the total 10 articles (4392 patients) were studies about the adult diabetes patients of
different genders over the age of 18, the total prevalence rate of LH was 51.73%, the LH prevalence rate of male adult ranged
from 41.94% to 68.57%, while in female adult ranged from 33.18% to 70.0%, and the overall population ranged from 37.25%
t0 69.17%. Most studies showed that the LH prevalence in male adults is mildly higher than that in female genders, as shown in
Table 2, but most of them have no significant statistical difference between different genders (P>0.05). Only one study'?
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Table | Summary of Included Studies

Author Study Sample Population Mean Mean Duration Detection BMI HbAIc (%)
(Year), Population Diabetes Duration of Insulin use Method(s),
Country Sample Type of (Years, SD) (Years, SD)
Diabetes
Lin et al Adult Size: n=120 TIDM: 120 ND 6.56 + 426 Detection 2493 £ 3.18 9.45 + 1.85%
(2021)"° diabetes Mean age (years, SD): T2DM: 0 Observation,
59.21 + 11.44 palpation, ultrasound
Gender (M/F): 50/70 examination
Arora et al Adult Size: n=500 TIDM: 113 26.8 + 6.9 3 (2.5-5.0) Palpation, ultrasound | <18.5: 88 (17.6) Mean: 99 + 1.9
(2021)* diabetes Mean age (years, SD): T2DM: 356 examination 18.5-23.5: 192 LH: 10.53 + 1.73
452 + 16.5 Pancreatic DM: 31 (38.4) No LH: 8.953 +
Gender (M/F): 272/228 223.5220 (44.0) 0.5281
Gentile et al Adult Size: n=780 TIDM: 224 18 + 11 10.1 £ 2.11 Palpation 29+ 6 78+ 13
(2021)*! diabetes Mean age (years, SD): T2DM: 556
62 + 15
Gender (M/F): 387/393
Thewjitcharoen | Adult Size: n=400 TIDM: 56 Mean: 23.0 £ 10.2 Mean: | 1.4 + 8.7 Palpation Mean: 26.2 + 4.8 Mean: 79 £ 1.6
et al (2020)* diabetes Mean age (years, SD): T2DM: 344 LH: 20.1 £ 11.6 LH: 189 £ I1.0 LH: 23.8 £ 3.6 LH: 78 £ 1.5
65.6 + 154 No LH: 23.5 + 9.8 No LH: 102 + 7.6 No LH: 26.5 + 4.8 No LH: 79 + |.6
Gender (M/F): 186/214
Gentile et al Adult Size: n=1227 TIDM: 0 26.8 + 6.9 Age<65: 8 + 4 Palpation, ultrasound | Age<65: 8 *+ 4 Age<65: 8.1 + 1.2
(2020)'? diabetes Mean age (years, SD): T2DM: 1227 Age >65: 12 £5 examination Age >65: 12 £5 Age >65:89 % |1 .4
50.1 £ 105
Gender (M/F): ND
Lian et al Adult Size: n=300 TIDM: ND LH: 1098 + 3.12 LH: 4.47 £ 3.12 Palpation, ultrasound | ND ND
(2018)% diabetes Mean age (years, SD): T2DM: ND No LH: 7.24 + 3.53 No LH: 7.24 + examination
Male: 48.00 + 3.0 3.53
Femal: 47.0 + 4.0
Gender (M/F): 148/152
Tsadik et al Adult Size: n=176 TIDM: 176 ND 1-5: 65/46 Observation and the | Underweight: 14/14 | ND
(2018)** diabetes Mean age (years, SD): T2DM: 0 >5: 38/27 palpation Healthy weight: 78/
51.36 £ 3.96 52
Gender (M/F): 86/90 Obese: 6/4
Hernar et al Adult Size: n=215 TIDM: 215 17.0 (1-57) ND Observation and the | ND 8.0 (5.5-14.0)
(2017)7 diabetes Mean age (years, SD): T2DM: 0 palpation
36.0 (18-82)
Gender (M/F): 111/104
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Al Hayek et al Adult Size: n=174 TIDM: 174 6.1 £45 ND Observation and the | ND ND
(2016)% diabetes Mean age (years, SD): T2DM: 0 palpation
5543 + 1.97
Gender (M/F): 90/84
Sawatkar et al Adult Size: n=500 TIDM: 500 443 £ 44 1251 + 6.68 Observation and the | 19.2 + 54 9.72 £ 3.0
(2014)%¢ diabetes Mean age (years, SD): T2DM: 0 palpation
269 £ 6.9
Gender (M/F): 272/228
Singha et al Juvenile Size: n=91 TIDM: 91 LH: 5.3 £ 27 ND Observation and the | ND LH: 9.0 + 2.6
(202I)27 diabetes Mean age (years, SD): T2DM: 0 No LH: 55 + 238 palpation No LH: 7.7 + |.1
133 £ 4.1
Gender (M/F): 34/57
McCann et al Juvenile Size: n=76 TIDM: 76 <4: 43%LH ND Observation and the | ND ND
(2019)*® diabetes Mean age (years, SD): T2DM: 0 >4: 57%LH palpation
4-18
Gender (M/F): ND
Magdy et al Juvenile Size: n=119 TIDM: 119 4.13 + 3.67 ND Observation and the | ND Normal: 76.1%
(2011)* diabetes Mean age (years, SD): T2DM: 0 palpation Overweight: 15.0%
2 months to 21 Obese: 3.5% under
Years weight: 5.3%
Gender (M/F): 64/55
Conwell et al Juvenile Size: n=50 TIDM: 50 65+ 37 28+ 1.7 Observation and the | 21.6 + 4.8 77 £ 1.1
(2008)*° diabetes Mean age (years, SD): T2DM: 0 palpation
133 £35
Gender (M/F): 24/26
Lombardo et al | Juvenile Size: n=212 TIDM: 212 48 + 34 ND Inspection and ND 68 % 1.6
(2022)*” diabetes Mean age (years, SD): T2DM: 0 palpation
11.9 £ 47
Gender (M/F): 123/89
Yan et al Mixed Size: n=142 TIDM: ND ND LH: 4 (3,7) Observation and the | LH: 20.56 (17.89, ND
(202I)30 juvenile and Mean age (years, SD): T2DM: ND No LH: 5 (3,7) palpation 23.0)
Adult <18:43/8 No LH: 21.48
diabetes >18: 60/31 (20.06,22.6)
Gender (M/F): 82/60
(Continued)
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Table 1 (Continued).

Author Study Sample Population Mean Mean Duration Detection BMI HbAIc (%)
(Year), Population Diabetes Duration of Insulin use Method(s),
Sample Type of
Country . (Years, SD) (Years, SD)
Diabetes
Barola et al Mixed Size: n=372 TIDM: 372 5653 Mean: 7.9 £ 1.6 Observation and the | ND Mean: 9.7 £ 2.6
(2018)*" juvenile and Mean age (years, SD): T2DM: 0 LH: 78 £ I.5 palpation LH: 10.0 + 2.7
Adult 17.1 (5.0-50.6) No LH: 7.9 + 1.6 No LH: 9.2 + 2.4
diabetes Gender (M/F): 204/168
Gupta et al Mixed Size: n=139 TIDM: 139 8.70 £ 7.52 ND Observation and the | 19.90 + 4.68 9.71 £2.29
(2018)*2 juvenile and Mean age (years, SD): T2DM: 0 palpation
Adult 21.71 £ 11.78
diabetes <18: 11.73 £ 3.96
218: 25.51 £ 9.79
Gender (M/F): 75/64
Blanco et al Mixed Size: n=430 TIDM: 177 ND ND Observation and the | ND ND
(2013)° juvenile and Mean age (years, SD): T2DM: 253 palpation
Adult 49.0 £ 228
diabetes Gender (M/F): 221/202
Vardar et al Mixed Size: n=215 TIDM: 31 268 £ 6.9 0-5 years: 66 Observation and the | Normal: 72 (33.5%)
(2007)* juvenile and Mean age (years, SD): T2DM: 184 (30.7%) palpation Overweight: 86
Adult ND 6—10 years: 59 (40%)
diabetes Gender (M/F): 137/78 (27.4%) Obese: 57 (26.5%)
I'1-15 years: 57
(26.5%)
16-20 years: 33
(15.4%)

Abbreviation: ND, not detected.
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g Records identified through Additional records identified
'§ database searching (n = 1075) through other sources (n = 15)
S | |
5 l
- Records after duplicates
removed (n = 680)
)
.
>
(D]
5 Records screened Rc?cords excluded based
n (n=680) on title and abstract(n= 610)
Articles excluded (n= 50)
2 Articl it as they do not meet the
= rlt.lc.;.sl.assess_e of inclusion criteria:
&b cligibility (n =70) @ Review articles (n= 8)
0 @ Case report (n=10)
@ Intervention study (n=8)
Publications included in — Observational study (n=8)
review synthesis (n = 20) @ Irrelevant information (n= 4)
B @ Lipoatrophy (n=1)
g @ Gestational diabetes (n=2)
S @ Missing the main data(n=6)
= Adult group Children and adolescents Mixed age @ Repeated publication of
(n=10) group (n=5) group (n = 5) abstract content (n = 3)

Figure | PRISMA flowchart for inclusion of selected articles in this systematic review.
Note: PRISMA figure adapted from Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71. doi: 10.1136/bmj.n71. Creative Commons.'*

suggested that the LH prevalence in males is dramatically significantly higher than that in female (P<0.0001). However, the
gender differences in the LH prevalence in juvenile diabetes were diametrically opposite in different studies, such as shown in
the studies of Singha et al*’ (31.25% vs 55.32%, P=0.0110<0.05) and Lombardo et al*” (52.03% vs 35.96%, P=0.0203<0.05),
this also could be seen in the other five mixed juvenile and adult DM studies (Tables 3 and 4).

LH Prevalence in Patients with Different Types of Diabetes Mellitus

The prevalence of LH is different in different genders of subjects with different types of DM, as Tables 5 and 6 reveal, in
the research of Lin et al,'” Lian et al,>® Tsadik et al,”* Hernar et al,'” Al Hayek et al,”®> Sawatkar et al,*® the study
population is T1DM patients, the average prevalence rate of LH in male (51.99%) is higher than that in female (46.40%)
in adult T1DM patients (>18 years). However, there is no significant difference between them in general (P=0.055>0.05).

As Table 5 shown, in the study of Arora et al,”” Gentile et al*! and Thewjitcharoen et al,** they were associated with
T1DM and T2DM, there are no significant gender differences in the LH prevalence rate (P>0.05). Because the male-to-
female ratio in these three studies has not been revealed, it is impossible to compare gender differences in patients with
different types of DM. As Tables 1 and 2 depict, only one study (N=1227)'% involved simple T2DM population,
interestingly, it suggested that there was a dramatic difference between different genders (P<0.001), the prevalence rate
of LH in male vs female was 70.52% (299/424) vs 52.18% (419/803).

To sum up, in the study of adult diabetes, although the LH prevalence in males is mildly higher than that in females in
the population of T1DM patients, it is probably that there are no significant gender differences (P>0.05). However, in the
study'? of the population of T2DM, result of the large sample data shows that the LH prevalence in male gender is
remarkably higher than that in female gender (P<0.0001).
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Table 2 Gender Differences in the Prevalence, Demographic and Clinical Features of LH in DM Patients (Adult DM)

Author (Year) Male Female All P-value
Present No | Absent No | LH Present No | Absent No | LH Present No | Absent No | Overall | LH
(% Among (% Among Prevalence (% Among (% Among Prevalence (% Among (% Among Prevalence
Patients Patients (%) Patients Patients (%) Patients Patients (%)
with LH) Without with LH) Without with LH) Without
LH) LH) LH)
Lin et al (2021)" 48(57.83%) 22(59.46%) 68.57% | 35(42.17%) 15(40.54%) 70.00% | 83(69.17%) 37(30.83%) 120 69.17% 0.8673
Arora et |. (2021)%° 151(52.07%) | 272(54.40%) 55.51% | 139(47.93%) | 228(45.60%) 60.96% | 290(58.00%) | 210(42.00%) 500 58.00% 0.2188
Gentile et al (2021)*' 183(50.83%) | 204(48.57%) 47.29% | 177(49.17%) | 216(51.43%) 45.04% | 360(46.15%) | 420(53.85%) 780 46.15% 0.5288
Thewjitcharoen et al 78(52.35%) 108(43.03%) 41.94% | 71(47.65%) 143(56.97%) 33.18% | 149(37.25%) | 251(62.75%) 400 37.25% 0.0708
(2020)*
Gentile et al (2020)'? 299(41.64%) | 125(24.56%) 70.52% | 419(58.36%) | 384(75.44%) 52.18% | 718(58.52%) | 509(41.48%) 1227 58.52% | <0.0001
Lian et al (2018)% 85(50.00%) 63(48.46%) 57.43% | 85(50.00%) 67(51.54%) 55.92% | 170(56.67%) | 130(43.33%) 300 56.67% 0.7917
Tsadik et al (2018)** 53(51.46%) 33(45.21%) 61.63% | 50(48.54%) 40(54.79%) 55.56% | 103(58.52%) | 73(41.48%) 176 58.52% 0.4137
Hernar et al (2017)"7 64(57.66%) 47(45.19%) 57.66% | 47(42.34%) 57(54.81%) 45.19% | 111(51.63%) | 104(48.37%) 215 51.63% 0.0767
Al Hayek et al (2016)* | 43(51.81%) 47(51.65%) 47.78% | 40(48.19%) 44(48.35%) 47.62% | 83(47.70%) 91(52.30%) 174 47.70% 0.9833
Sawatkar et. (2014)% 119(58.05%) | 153(51.86%) 43.75% | 86(41.95%) 142(48.14%) 37.72% | 205(41.00%) | 295(59.00%) 500 41.00% 0.1721
Total 1123 923(43.54%) 54.89% | 1149 1197(56.46%) 48.98% | 2272 2120(48.27%) 4392 51.73% | <0.0001
(49.43%) (50.57%) (51.73%)
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Table 3 Gender Differences in the Prevalence, Demographic and Clinical Features of LH in DM Patients (Juvenile DM)

Author (Year) Male Female All P-value
Present No Absent No LH Present No | Absent No | LH Present No Absent No Overall | LH
(% Among (% Among Prevalence (% Among (% Among Prevalence (% Among (% Among Prevalence
Patients Patients (%) Patients Patients (%) Patients Patients (%)
with LH) Without with LH) without LH) with LH) Without
LH) LH)
Singha et al (2021)” 20(43.48%) 44(67.69%) 31.25% | 26(56.52%) 21(32.31%) 55.32% | 46(50.55%) 45(49.45%) 91 50.55% | 0.0110
McCann et al (2019)?® 13(56.52%) 28(50.00%) 31.71% | 10(43.48%) 28(50.00%) 26.32% | 23(30.26%) 53(69.74%) 76 30.26% 0.6290
Blanco et al (2013)° 34(52.31%) 21(38.89%) 61.82% | 31(47.69%) 33(61.11%) 48.44% | 65(54.62%) 54(45.38%) 119 54.62% 0.1438
Conwell et al (2008)* 11(52.38%) 13(44.83%) 45.83% | 10(47.62%) 16(55.17%) 38.46% | 21(42.00%) 29(58.00%) 50 42.00% 0.5977
Lombardo et al (2022)* | 64(66.67%) 59(50.86%) 52.03% | 32(33.33%) 57(49.14%) 35.96% | 96(45.28%) 116(54.72%) 212 45.28% | 0.0203
Total 142(56.57%) 162(51.10%) 46.71% | 109(43.43%) 155(48.90%) 41.29% | 251(45.80%) | 297(54.20%) 548 45.80% 0.1943
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Table 4 Gender Differences in the Prevalence, Demographic and Clinical Features of LH in DM Patients (Mixed Juvenile and Adult DM)

Author (Year) Male Female All P-value
Present No Absent No LH Present No Absent No LH Present No Absent No Overall | LH
(% Among (% Among Prevalence (% Among (% Among Prevalence (% Among (% Among Prevalence
Patients Patients (%) Patients Patients (%) Patients Patients (%)
with LH) Without LH) with LH) Without LH) with LH) Without LH)
Yan et al (2021)%° 57(55.34%) 25(64.10%) 69.51% | 46(44.66%) 14(35.90%) 76.67% | 103(72.54%) 39(27.46%) 142 72.54% 0.3454
Barola et al (2018)*' 139(60.17%) | 65(46.10%) 68.14% | 92(39.83%) 76(53.90%) 54.76% | 231(62.10%) 141(37.90%) 372 62.10% | 0.0081
Gupta et al (2018)*? 50(51.55%) 25(59.52%) 66.67% | 47(48.45%) 17(40.48%) 73.44% | 97(69.78%) 42(30.22%) 139 69.78% 0.3862
Blanco et al (2013)° 142(52.21%) | 79(52.32%) 64.25% | 130(47.79%) | 72(47.68%) 64.36% | 277(64.42%) 153(35.58%) 430 64.42% 0.9824
Vardar et al (2007)** 35(33.65%) 33(32.67%) 51.47% | 69(66.35%) 68(67.33%) 50.36% | 104(48.37%) 111(51.63%) 215 48.37% | >0.9999
Total 423(52.42%) | 227(47.89%) 65.08% | 384(47.58%) | 247(52.11%) 60.86% | 812(62.56%) | 486(37.44%) 1298 62.56% 0.1187
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Table 5 LH Prevalence in Patients with Different Types of Diabetes (Adult DM)

Author (year) TIDM T2DM Pancreatic DM Overall
Present Absent Present Absent Present | Absent
Lin et al (2021)"° 83 (69.17%) | 37 (30.83%) 120
Arora et al (2021)%° 58 55 216 140 16 I5 500
Gentile et al (2021)*' 118 116 326 230 780
Thewijitcharoen et al (2020)* 26 30 87 57 400
Gentile et al (2020)'2 718(58.52%) | 509(41.48%) 1227
Lian et al (2018)* ND ND 300
Tsadik et al (2018)** 103(58.52%) | 73(41.48%) 176
Hernar et al (2017)'7 I11(51.63%) | 104(48.37%) 215
Al Hayek et al (2016)%° 83(47.70%) | 91(52.30%) 174
Sawatkar et al (2014)% 205(41.00%) | 295(59.00%) 500

Abbreviation: ND, not detected.

Additionally, for the gestational diabetes mellitus, the LH prevalence was 37.50% in the study of Yi et al,*® and it was
35.86% in the study of Tang et al.*

LH Prevalence in Patients of Different Age Grades

With the increasing age, the incidence of LH in diabetic patients over 60 years old is generally higher than that in people
under 60 years old, as the study” (Table 7) shown, the LH prevalence rate in the age 3160 years (61.54%) was higher
than that of age 18-30 years (61.54%) (P=0.0142<0.05), and in the age >60 years was remarkably higher than that the
age 31-60 years (P<0.0001)'? (Table 7).

LH Prevalence in Patients with Different DM Duration and Time of Insulin Use

As Table 8 shown, the patients, with the DM duration over 5 years, were more likely to develop LH (P<0.0001); And the
patients with the duration of insulin use over 5 years, had a significantly higher incidence of LH than those with insulin
use of less than 5 years (P<0.0001).

LH Prevalence in Different Body Sites

As Table 9 depicts, data extracted from the included studies show that the incidence of LH in different body sites was
closely related to age level. There are significant differences between different age levels. LH prevalence of the older
group (>60 years) was 52.9% in the abdomen, while the younger group (31-60 years) had a lower rate (38.3%,
P<0.0001). However, the younger has a higher incidence rate of LH in the arms (35.8% vs 25.4%, P<0.05), in the
thighs (33.4% vs 26.7%, P<0.05) and in the buttocks (26.2% vs 4.9%, P<0.01).

Discussion

However, there are numerous studies on the overall prevalence of LH in patients with different types of DM and no
relevant studies and exact conclusions on the LH prevalence between different genders. In the same type of diabetes
(T1DM or T2DM), there is a certain gender difference in the prevalence of LH among people of different age periods.
There is a trend that the prevalence rate of male gender is higher than that of female gender, and this difference might be
more significant with the increasing age. In the TIDM population studies, the prevalence of LH in male (31.25%—
61.82%) was slightly higher than that in female (26.32%-55.32%), but it was no remarkable difference (P>0.05), as
shown in the studies Tsadik et al,”* Hernar et al,'’ Al Hayek et al* and Sawatkar et al.*° However, the average
prevalence rate of LH in male (51.99%) is little higher than that in female (46.40%) in adult TIDM patients. Although
there is no remarkable difference between them overall (P=0.055>0.05), there is a trend that males are larger than
females, and this difference also makes gender differences increasingly obvious with increasing age.
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Table 6 LH Prevalence in Patients with TIDM

Author (Year) Male Female All P-value
Present No Absent No LH Present No Absent No LH Present No Absent No Overall | LH
(% Among (% Among Prevalence (% Among (% Among Prevalence (% Among (% Among Prevalence
Patients Patients (%) Patients Patients (%) Patients Patients (%)
with LH) Without with LH) Without with LH) Without
LH) LH) LH)
Lin et al (2021)" 48(57.83%) 22(59.46%) 68.57% | 35(42.17%) 15(40.54%) 70.00% | 83(69.17%) 37(30.83%) 120 69.17% 0.8673
Tsadik et al (2018)** 53(51.46%) 33(45.21%) 61.63% | 50(48.54%) 40(54.79%) 55.56% | 103(58.52%) | 73(41.48%) 176 58.52% 0.4137
Hernar et al (2017)"7 64(57.66%) 47(45.19%) 57.66% | 47(42.34%) 57(54.81%) 45.19% | 111(51.63%) 104(48.37%) 215 51.63% 0.0767
Al Hayek et al (2016)* | 43(51.81%) 47(51.65%) 47.78% | 40(48.19%) 44(48.35%) 47.62% | 83(47.70%) 91(52.30%) 174 47.70% 0.9833
Sawatkar et al (2014)* | 119(58.05%) 153(51.86%) 43.75% | 86(41.95%) 142(48.14%) 37.72% | 205(41.00%) | 295(59.00%) 500 41.00% 0.1721
Total 327(55.90%) | 302(50.33%) 51.99% | 258(44.10%) | 298(49.67%) 46.40% | 103(58.53%) | 73(41.49%) 1185 49.37% 0.055
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Table 7 LH Prevalence in Patients of Different Age Grades

Author (Year) Age LH Prevalence (%) Overall P-value
>18, <30 31-60 >60
Lin et al (2021)"° 40/23 (63.49%) 43/14 (75.44%) 69.17% 120 0.1570
Arora et al (2021)%° 54/58 (48.21%) | 192/120 (61.54%) 44/32 (57.89%) 58.00% 500 0.0142
Gentile et al (2021)' 62.0 + 15.0 46.15% 780
Thewjitcharoen et al (2020)* 64.8 + 142 37.25% 400
Gentile et al (2020)'? 396/817 (32.65%) | 322/410 (43.99%) 58.52% 1227 <0.0001
Lian et al (2018)% 48.0% 3.0 56.67% 300
Tsadik et al (2018)** 58.52% 176
Hernar et al (2017)'7 36.0 (18-82) 51.63% 215
Al Hayek et al (2016)* 47.70% 174
Sawatkar et al (2014)% 41.00% 239
Table 8 LH Prevalence in Patients with Different Diabetes Duration and Time of Insulin Use
Author (Year) Duration of Diabetes P-value Duration of Insulin Use P-value
<5 6-10 >10 <5 6-10 >10
Lin et al (2021)"° 26/28 (48.15%) | 29/8 (78.38%) | 28/1 (96.55%) | <0.000I
Arora et al 83/99 (45.6%) | 115/63 (64.61%) | 92/48 (65.71%) | <0.0001 | 224/179 (55.58%) | 46/21 (68.66%) | 20/10 (66.67%) | <0.0001
(2021)*
Gentile et al 20 % 11 221/311 (41.54%) | 58/65 (47.15%) | 81/44 (64.8%) | <0.000I
(2021)?'
Thewijitcharoen 24.1 £ 89 134 +£92
et al (2020)*
Gentile et al 12+9 12+5
(2020)"?
Lian et al 10.98 % 3.12 4.47£1.93
(2018)%
Tsadik et al 65/46 (58.56%) | 38/27 (58.46%) >0.05
(2018)**
Hernar et al 17.0 (1-57)
(2017)7
Al Hayek et al 38/68 (35.85%) 45/23 (66.18%) <0.0001
(2016)*

Sawatkar et al
(2014)%

443 + 4.4

Unfortunately, in the included studies, only one study'* purely selected T2DM as the study population. However,

interestingly, this 1227 sample size study found that, the average age was 50.1+10.5, the LH prevalence was 70.52% in

male gender versus 52.18% in female, with a markedly significant statistical difference (P<0.0001). In other studies,

either the number of T1DM or T2DM and the corresponding prevalence rate of LH were not determined or they included
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Table 9 LH Prevalence in Different Body Sites

Author (Year) Abdomen Thighs Arms Other Unusual LH Prevalence | Overall | P-value
Areas (%)

Lin et al (2021)"° - - - - 69.17% 120 0.1570
Arora et al (2021)%° - - - - 58.00% 500 0.0142
Gentile et al (2021)*' 52.4% 23.3% 19.9% 4.55% 46.15% 780
Thewijitcharoen et al - - - - 37.25% 400

(2020)**

Gentile et al (2020)'? 52.9%/38.3% 26.7%/33.4% 25.4%/35.8% 4.9%126.2%(O/Y) 58.52% 1227 | <0.000I

(0rY) (0rY) (ory)

Lian et al (2018)% - - - - 56.67% 300

Tsadik et al (2018)** 11.4% 28.4% 15.9% 44.3% 58.52% 176

Hernar et al (2017)"7 110/97 82/49 (62.6%) | 9/5 (64.29%) 8/13 (38.10%) 51.63% 215

(53.14%)
Al Hayek et al (2016)* 21.6% 33.7% 27.7% 17% 47.70% 174
Sawatkar et al (2014)% 52.26% 11.91% 11.58% 23.26% 41.00% 239

Notes: Y, younger patients (31-60 years); O, older patients (>60 years).

a mixture of TIDM and T2DM. Although there was no significant difference between the male and female groups
(P>0.05), it was mildly higher in the male group than that in the female group. We also believed that there was no
significance in comparing gender differences among patients with mixed type of diabetes or mixed age-level subjects. In
the meta-analysis® study of data from 26,865 participants, forty-five studies were included, the average lipohypertrophy
rate was 41.8%, the pooled LH prevalence in studies on TIDM or T2DM subjects was 39.9% and 45.9% separately.
However, in our study, we found that the LH prevalence in juvenile diabetes was 46.13% (<18 years), and in adult
diabetes (mix TIDM andT2DM) was 49.37% (>18 years), and in T2DM patients was 58.52% (=18 years), which was
higher than that of the meta-analysis research. Considering that the authors may not take age into account age level and
other confounding factors in the analysis.

Additionally, there are also some differences in the LH prevalence in different regions, pooled the LH prevalence in
Europe was 44.6%, and it was mildly lower in Africa (34.8%) and Asia (41.3%).> This result may be caused by local
medical level or other research-related factors, such as diagnostic technology, injection technology, multiple use of
syringes by patients and different ethnic characteristics.

In age-wise analysis, with increasing age, the incidence of LH in diabetic patients over 60 years old is generally
higher than that under 60 years old, as shown in the study.”® LH prevalence rate in age 31—60 years (61.54%) was higher
than that in age 18-30 years (61.54%) (P=0.0142<0.05) and in age >60 years was remarkably higher than the age 31-60
years (P<0.0001)."?

However, numerous studies have suggested that LH prevalence is related to many factors, including diabetes duration
and time of insulin use, reuse of needles, non-rotation of the injection site, dose of insulin use, HbAlc (%) level, needle
length, injection times/day, etc.®!%19:2530:34736 However, these influencing factors were not consistent, and as the meta-
analysis study” found, only the time of insulin treatment was found to be the major reason that significantly affected the
LH prevalence rate.

The great heterogeneity of the LH prevalence rate could be owed to lack of defects in LH’s unified official
definition and the standardized inspection procedure.'” The checked experience and skills of the examiner in
different classes could not be defined, resulting in the huge heterogeneity of the LH prevalence rate. Of the included
studies, only four studies'*'%**** defined LH by observation and palpation and combined with ultrasound exam-
ination, the other studies diagnosed LH only through observation and palpation. Certainly, in the two studies,'*'®
they depicted standardized examination methods involving adequate lighting, such as patient’s correct posture and
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warming hands of examiner. It is very important for LH detection to use jelly for auxiliary palpation and detect the
skin with less elasticity.

Analysis of body sites occurring in LH because of these studies come from different regions, different medical
institutions, different patient populations and different medical schemes, the results of LH prevalence in different
body sites are inconsistent, and even the opposite results may happen. For convenience and confidentiality, most
people still choose to inject insulin into the abdomen for treatment, so the prevalence of LH is high, followed by
multiple sites for alternate injection. In addition, there are few data on the effect of different types of insulin on the
incidence of LH in the included studies, compared with analogue (47.9%), the human insulin (61.15%) causes
a higher incidence of LH.?® As mentioned above,” the main factor in the incidence of LH is the time of insulin use,
which is also similar to the times or days of insulin injection. Unfortunately, there is very weak evidence in the
included studies that is not enough to explain.

Certainly, our research also has certain limitations. First, this is a systematic analysis at the study-level, which is not
like a patient group study that collects patient-level data to provide better evidence. Secondly, due to the different
diagnostic techniques and standards of different studies, there is a high heterogeneity in the LH prevalence rate and lack
of sufficient data for analysis, which makes it impossible to perform a meta-regression analysis for all studies. Moreover,
in virtue of the uneven quality of the included studies, it may be difficult to obtain the most reliable data analysis results.
However, most importantly, we preliminarily found some undiscovered phenomena, that is, both TIDM and T2DM
population have a higher incidence of LH with increasing age and the extension of insulin use. While there may not be
gender differences in all age TIDM populations, there are probably significant differences in T2DM population, and the
most important reason may be closely associated with the pathogenesis of both. Briefly, the pathogenesis of TIDM is the
absolute lack of insulin due to the destruction of islet cells, while T2DM is the relative deficiency of insulin due to insulin
resistance. Insulin resistance is mostly related to abdominal obesity in males, while women pay more attention to the
maintenance of body shape. The accumulation of abdominal fat is also the main reason why the incidence of abdominal
LH in males is markedly higher than in female gender, while gender difference data in other body parts has not been
disclosed.

Furthermore, because most of the studies did not list the detailed data of BMI and HbAlc (%), the association
analysis could not be carried out, and the impact of BMI and HbAlc (%) on gender differences in the LH prevalence
could not be calculated, which is also a limitation of this study. It requires more standardized and strictly designed
clinical research to verify and more in-depth research to find the mechanism of gender differences.

Conclusion

The evidence shows that the results of gender differences in the LH prevalence are inconsistent in different types of DM.
Probably, there is no gender difference in the LH prevalence in adult patients with T1DM, but there is a gender difference
between male and female in T2DM. And more strictly designed clinical studies are needed to further verify and reveal
the underlying mechanisms.
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