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Abstract

Lipohypertrophy (LH) is a major localized complication of insulin therapy. We aimed to investigate the association between inSLD
induced LH and carotid intima-media thickness (CIMT) in patients with type 2 diabetes mellitus (DM). A total of 75 patients with
DM treated with insulin were included in this study. The insulin injection sites of the patients were evaluated by inspection and
palpation and then radiologically with ultrasound. The CIMT of the patients was evaluated using ultrasonography. According to
the guideline recommendation, the CIMT cutoff value was taken as 0.9mm, and the patients were categorized into 2 groups
according to the CIMT value and evaluated statistically. The presence of LH (Cl: 1.379-30.000; OR = 6.432; P < .05), age (Cl:
1.036-1.149; OR = 1091; P < .05), BMI (Cl: 1.003-1.262; OR = 1.125; P < .05) and duration of DM (Cl: 1.001-1.300; OR = 1.141;
P < .05) were independent risk factors for high-CIMT in patients with DM. The most interesting result of this study was that the
presence of LH was an independent risk factor for increased CIMT. According to this result, we think that LH may increase the
risk of cardiovascular disease as well as being a complication that disrupts the blood glucose regulation of patients with DM and
increases the cost of treatment.

Abbreviations: BMI = body mass index, CIMT = carotid intima-media thickness, CVD = cardiovascular disease, DM = diabetes

mellitus, LH = lipohypertrophy, USG = ultrasonography.

Keywords: CIMT, diabetes mellitus, insulin injection, lipid profile, lipohypertrophy

1. Introduction

Cardiovascular diseases (CVD), including coronary artery,
cerebrovascular, and peripheral artery diseases, are the most
important causes of morbidity and mortality due to diabe-
tes mellitus (DM).""! The estimated annual amount spent on
diabetes-related cardiovascular complications was $37.3
billion.?! In patients with DM, in addition to preventing
dyslipidemia and hypertension, smoking cessation, healthy
diet, and physical activity, the most important factor in pre-
venting CVD is glycemic control.’! In the Diabetes Control
and Complications Trial, at milestone in the management
of patients with DM, glycemic control has been shown to
reduce microvascular complications.! The importance of
glycemic control in DM has been mentioned in many inter-
national guidelines.[>¢! Many oral antidiabetic agents and
injectable treatment options are available to achieve glyce-
mic control. Pancreatic beta cell destruction is known to
occur in type 1 DM and, the only treatment option is inten-
sive insulin therapy. Many patients with type 2 DM even-
tually remain insulinopenic and require insulin therapy.!”
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Although insulin therapy is a life-saving treatment for
patients with DM, it has some side effects. The most com-
mon side effects of insulin therapy are hypoglycemia, weight
gain, and fluid retention.”® Lipohypertrophy (LH) is a lead-
ing localized complication of insulin therapy.’! In addition
to the increase in daily insulin needs, and treatment costs,
the frequency of hypoglycemia is 6 times higher and glyce-
mic fluctuations are 7 times higher in patients with LH.!!
The etiopathogenesis of LH is thought to be due to the
lipogenic effect of insulin. However, the presence of macro-
phages and T lymphocytes in pathological examinations of
tissue with LH suggests that there may be an inflammatory
response to insulin.!"!]

Carotid intima-media thickness (CIMT) measurement is
one of the methods used to evaluate subclinical atheroscle-
rosis.”?l CIMT is not only a predictor of CVD but is also
associated with atherosclerosis risk factors.!3-11 As both LH
and CVD develop on an inflammatory basis, we evaluated
the relationship between these 2 conditions in this study. For
this purpose, we used CIMT, a noninvasive method. As far
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as we know, this study is the first study of this subject in the
literature.

2. Methods

Our study was approved by the Ethics Committee of Sutcu
Imam University Faculty of Medicine dated 12.01.2022 and
numbered 02. All clinical investigations were conducted in
accordance with the principles of the Declaration of Helsinki.

Patients with type 2 DM who applied to the endocrinol-
ogy outpatient clinic of our hospital between January 2022
and December 2022 were evaluated for inclusion in the study.
Written informed consent was obtained from all eligible patients
and included in the study.

2.1. Inclusion criteria

*Patients aged 18 to 65 years.
*Patients who receive 4 or more insulin injections per day for at
least 1 year.

2.2. Exclusion criteria

e DPatients with skin lesions such as dermatitis, infection at
the insulin injection sites.
e Patients with AIDS.
e Patients with known history of coronary artery disease,
cerebrovascular disease, peripheral artery disease.
e Patients with hypertension or dyslipidemia.
e Patients using statins, angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers.
Tobacco use.
Patients with chronic renal failure or chronic liver disease.
Patients with malignancy.
Pregnancy.
The duration of DM, insulin doses used, and time of start-
ing insulin therapy were recorded. During the examination
of the patients, height, weight, and blood pressure were mea-
sured and recorded. Body mass index (BMI) was calculated by
dividing the weight in kilograms by height in meters squared.
Blood samples were collected from the patients for HbAlc,
total cholesterol, HDL-¢, LDL-c, triglyceride, fasting blood
glucose, fasting C-peptide, and creatinine levels for routine
DM follow-up.

2.3. Ultrasound technique

Insulin injection sites (abdomen, both arms, and legs) of the
patients included in the study were evaluated first by inspec-
tion and palpation and then radiologically with an B-mode
ultrasound (USG) device in the endocrinology outpatient clinic
(Biosound Esaote MyLab 60 USG System, 6-18 MHz, linear
probe). Patients with LH were divided into 3 groups: diffuse
hyperechoic, nodular hyperechoic, and hypoechoic LH.['®
Normal areas near the affected areas were considered as ref-
erences. Then, with the linear probe of the same USG device,
carotid artery imaging was performed while the patient was
lying in the supine position, at an angle of approximately 20°
to the opposite side of the neck. CIMT was determined by the
average result of 3 measurement of the thickness of the tunica
intima media on the right common carotid artery and left com-
mon carotid artery, which appeared as a double-line sign lon-
gitudinally on the walls of the common carotid artery. USG
measurements were performed by an experienced endocrinol-
ogist in USG.

According to the European Society of Hypertension/European
Society of Cardiology guideline recommendation, the CIMT
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cutoff value, which is accepted as an indicator of subclinical
organ damage, was taken as 0.9 mm,"”! and the patients were
categorized into 2 groups according to the CIMT value as high-
CIMT and low-CIMT and evaluated statistically.

2.4. Statistical analysis

Statistical analyzes were performed using SPSS version 22.0
(SPSS Inc., Chicago, IL). Mean, standard deviation, and median
(interquartile range) were used to describe continuous vari-
ables, and count (n) and percent were used for categorical
variables. Chi-square test, Fisher exact test, Mann—Whitney
test, and Student test were used for data analysis as appropri-
ate. Correlation coefficients of numeric variables that did not
fit at least one normal distribution measure were calculated
using Pearson test and statistical significance using Spearman
test. Multivariate logistic regression models were performed to
determine independent predictors adjusted for pre-established
baseline covariates. Variables with P < .1 in univariate analysis
were included in multivariate analysis. Receiver operating char-
acteristic curve analysis was used to determine the sensitivity
and specificity of the predictive value of the CIMT for LH. The
optimal cut-off value of CIMT was derived from Youden index.
A two-tailed value < 0.05 was considered statistically significant.

3. Results

The characteristics of patients included this prospective
study are shown in Table 1. Of the 75 included patients,
34 (45.3%) were male. The mean values at baseline were
age 48.73+16.03 years. The low-CIMT group included 47
patients and the high-CIMT group included 28 patients. The
groups had similar characteristics in terms of sex distribution
(P > .05). When the groups were stratified by age, the high-
CIMT group consisted of older individuals (P < .05). The
median BMI (P < .05), time to insulin initiation, total daily
insulin dose (P < .05), and mean DM duration were higher
in the high-CIMT group and no differences were found in
FBG, HbA1lc, C-peptide, triglycerides, LDL-c, HDL-c, and
creatinine levels (P > .05). When the groups were analyzed
according to their LH status, the incidence of LH was higher
in the high-CIMT group (P < .05). Although nodular hyper-
echoic type LH (51.3%) was the most common in subgroup
analyzes for LH, the LH distribution of the subgroups was
similar (P > .035).

Correlations between CIMT levels, clinical parameters, and
blood markers were examined using Spearman and Pearson
analyses. The results showed that the CIMT levels were posi-
tively correlated with age (R =0.613, P <.001), BMI (R = 0.381,
P <.001), and diabetes duration (R = 0.412, P < .001). No sta-
tistically significant association was found between CIMD and
C-peptide levels. (R = 0.220, P > .05) (Table 2).

To investigate potential risk factors for high-CIMT in
patients with DM, univariate and multivariate regression
analyzes were performed using the 7 potential risk factors
(Table 3). Univariate analysis showed that the presence of LH,
BMI, time to insulin initiation, total daily insulin dose, dura-
tion of DM (years), and C-peptide levels were the 6 potential
risk factors for patients with DM (Table 3). All variables with
a value < 0.1 in univariate analyses could be included in the
multivariate analysis. The presence of LH (CI: 1.379-30.000;
OR =6.432; P < .05), age (CI: 1.036-1.149; OR = 1091; P <
.05), BMI (CI: 1.003-1.262; OR = 1.125; P < .05) and dura-
tion of DM (CI: 1.001-1.300; OR = 1.141; P < .05) were
independent risk factors for high-CIMT in patients with DM.
As shown in Figure 1, baseline CIMT was a significant predic-
tor of LH status with an area under the curve of 0.835, cutoff
value of 20.77, Youden index = 0.57, sensitivity of 79%, and
specificity of 78%.
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Baseline characteristics of patients according to carotid intima-media thickness.

Variables Total (n = 75) Low-CIMT (n = 47) High-CIMT (n = 28) P
Sex (male, %) 34 (45.3%) 19 (40.4%) 15 (563.6%) .340
Age (years) 48.73+16.03 41.06+15.35 59.71+11.93 <.001
BMI (kg/m?) 30.5 (27-34) 30 (26-33) 32.75 (29-36) .001
CIMT (cm) 0.79+0.25 0.65 (0.50-0.97) 1.1(0.75-1.1) -
LH status (yes, %) 39 (52%) 16 (34%) 23 (82.1%) <.001
LH subgroups - - - 435

Diffuse hyperechoic 15 (38.5%) 8 (50%) 7 (30.4%)

Nodular hyperechoic 20 (51.3%) 7 (43.8%) 13 (56.5%)

Hypoechoic 4(10.3%) 1(6.3%) 3(13%)
Duration of DM (years) 12.75+7.28 10.51+6.09 16.50+7.66 <.001
Time to insulin initiation (years) 10 (5-19) 6 (2-12) 10 (8.25—15) .004
Total daily insulin dose (U/day) 66 (50-94) 64 (48-88) 77 (54-98) .049
FBG (mg/dL) 203 196 (144-250) 212 (179-270) .255

(157-250)
HbA1c (%) 9(7.6-10.5) 9(7.4-10.4) 9.2 (8.2-10.5) 126
C-peptide (ng/ mL) 1.2 (0.7-2.6) 1.9(0.7-2.83) 1(0.65-1.79) 072
Triglycerides (mg/dL) 167 150 (110-228) 180 (127-251) .384
(111-233)

LDL-c (mg/dL) 110 (88-140) 105 (88-138) 121 (88-165) .261
HDL-c (mg/dL) 45 (40-52) 46 (40-54) 42 (40-49) 167
Creatinine (mg/dL) 0.9 (0.7-1) 0.8 (0.7-1) 0.9 (0.72-1) .254

Bold text shows that the values are less than <0.05.

ALT = alanine aminotransferase; BMI = body-mass index; CIMT = carotid intima-media thickness; DM =diabetes mellitus; FBG = fasting blood glucose; HbA1c = glycated haemoglobin; HDL-c = high-

density lipoprotein; LDL-c = low-density lipoprotein; LH: lipohypertrophy.

Correlations of carotid intima-media thickness with clinical
parameters and blood markers.

Variables Correlation r value P-value
Age 0.613 <.001
BMI 0.381 <.001
Duration of DM 0.412 <.001
C-peptide 0.220 .058

Bold text shows that the values are less than <0.05.
BMI = body-mass index; DM = diabetes mellitus.

4. Discussion

In our study, we found that the CIMT increased significantly
in patients with LH. LH is a common complication in patients
with diabetes who are undergoing injection therapy. The preva-
lence of LH differs according to the examination methods used
in the studies and ranges from 23% to 73.4%.!"%) Beyond
being a cosmetic problem, LH not only causes glycemic fluctu-
ations, and increases the frequency of hypoglycemia, but also
increases the cost of treatment by increasing the daily insulin
dose requirement.!'! Recent studies have reported that glyce-
mic fluctuations are strongly associated with CVD. Some studies
have even shown that glycemic fluctuations increase the risk of
CVD more than chronic hyperglycemia.?®?! In a multicenter
study by Gentile et al, insulin injection training was adminis-
tered to patients with LH, who were followed up for CVD risk.
The study showed that the incidence of LH decreased in patients
and that the 10-year CVD risk score decreased significantly.l”! In
this study, the HbAlc and lipid levels of the patients were nor-
malized, and glycemic fluctuations decreased. It can be assumed
that the reduction in CVD risk is due to the improvement of
these metabolic parameters. However, in our study, LH was an
independent risk factor for CVD. In addition to glycemic fluc-
tuations, LH pathophysiology may increase the risk of CVD.
The pathogenesis of insulin-dependent LH has not yet been
fully elucidated. The most important reason for this is thought
to be the local reaction of adipocytes to insulin injection.??! In

addition, some studies have suggested that immunological and
inflammatory responses also play a role in the pathophysiology
of LH.I""??) Inflammation is known to play a prominent role in
the pathogenesis of CVD, and inflammatory markers, such as
high-sensitive C-reactive protein are significantly increased in
patients with CVD.I?>?¥ For these reasons, it can be considered
that the increase in CIMT in patients with LH may be due to a
common pathophysiology. Another association between LH and
increased CIMT may be due to hyperinsulinism. The daily dose
of insulin administered to patients with LH is higher than that
in LH-negative patients.!'” Hyperinsulinemia overstimulates the
extracellular signal-regulated mitogen-activated protein kinase
pathway, promoting the development and progression of ath-
erosclerosis.”’! In our study, it was observed that patients with
high CIMT were using much higher daily insulin doses, which
was consistent with previous studies. We also observed that the
duration of insulin use was longer in patients with high CIMT
values. This result suggests that the duration of hyperinsulinism
may have a negative effect on CIMT.

Bertuzzi et al, in their study of the ultrasonographic classifi-
cation of LH, divided LH lesions into 2 classes: hypoechoic and
hyperechoic. The authors considered that hypoechoic lesions are
the first phase of LH, and such lesions are due to subcutaneous
edema. It is thought that hypoechoic lesions may heal rapidly
when the injection site is changed. Hyperechoic lesions are con-
sidered to be the second phase of LH, due to fibrosis caused by
repetitive micro-trauma.?®! Although these lesions differ from
each other pathologically, no significant difference was observed
between the LH subgroups in terms of CIMT in our study.

In a review published by Inge et al, there was a significant
relationship between CIMT and age in both healthy individuals
and those with CVD disease.”?”l The Tromse study also reported
that CIMT has a linear relationship with age, but age does not
affect plaque formation like the traditional risk factors for CVD
(blood pressure, cholesterol, and smoking).?¥ In our study, age
correlated with CIMT and was an independent risk factor for
CIMT, which is consistent with the literature.

Obesity is a serious health problem not only for patients with
DM but also worldwide. Between 39% and 49% of the world’s
population are overweight and obese.?”! According to the data



Kirac et al. ® Medicine (2023) 102:39

Medicine

Univariate and multivariate logistic regression models to assess which variables were independently associated with increased

carotid intima-media thickness.

Univariate odds ratios

Multivariate odds ratios

Variables OR 95% Cl P OR 95% Cl P
Male 1.700 0.662—-4.370 270 - - -
Age (years) 1.091 1.047-1.137 <.001 1.091 1.036-1.149 .001
BMI (kg/m?) 1.154 1.055-1.263 .002 1.125 1.003-1.262 .044
LH status (ves, %) 7.104 2.399-21.040 <.001 6.432 1.379-30.000 .018
Duration of DM (years) 1.139 1.051-1.234 .002 1.141 1.001-1.300 .048
Total daily insulin dose (U/day) 1.017 1.002-1.033 .031 1.006 0.985-1.028 .581
C-peptide (ng/mL) 0.684 0.465-1.005 .053 0.834 0.447-1.556 .569

Bold text shows that the values are less than <0.05.

BMI = body-mass index; Cl = confidence interval; DM = diabetes mellitus; LH = lipohypertrophy; OR = odds ratio.

Sensitivity

. BUC= 0.835, (95% C0.743-0.928)|

0.0 02 04 06 03 1.0

1 - Specificity

Figure 1. The predictive value of carotid intima-media thickness for lipohy-
pertrophy status in patients with diabetes mellitus by ROC analysis. ROC =
receiver operating characteristic.

of the Global Burden of Disease study, approximately 4 mil-
lion deaths occurred due to increased BMI in 2013, and it was
reported that the cause of two-thirds of these deaths was due
to CVD.B% In a study conducted by Pillay et al on 40,000 data,
it was found that there was a linear and positive correlation
between BMI and CIMT.?!! In our study, an increased BMI was
found to be an independent risk factor for CIMT.

When we evaluated the relationship between sex and CIMT,
we found no significant difference between the 2 genders in our
study. This result is inconsistent with the literature. Studies have
found that CIMT is generally higher in males than females.32-34
In a study by Su et al, it was observed that CIMT is higher in
men, but the advantage of CIMT decreases rapidly due to the
increase in CVD risk factors in women after the age of 55.5
The difference between the literature and our study may be due
to the small sample size. In addition, since all subjects included
in the study were patients with DM, the CIMT values depending
on gender may have been higher in both groups.

DM has been considered equivalent to CVD in some stud-
ies.’l Evans et al stated that the duration of DM, rather than
its presence, may have a greater effect on CVD-related mortal-
ity.’7 In our study, the duration of DM was significantly longer

in the patient group with high CIMT. This finding seems to be
compatible with those of previous studies.’$3% The increase in
CIMT with the duration of diabetes is thought to be the result
of increased oxidative stress, impaired endothelial function and
monocyte adhesion to endothelial cells as a result of high post-
prandial glucose levels independent of HbA1¢.38!

When we evaluated previous studies on blood glucose reg-
ulation and CIMT, we found conflicting results. In a study by
Kumar et al on patients with DM, a positive correlation was
observed between fasting and postprandial blood glucose lev-
els and CIMT, but no correlation was found between HbAlc
level and CIMT. The authors considered that this result was due
to the adequate glycemic control of the patient group and the
small variation in HbAlc¢ levels.*” In another study conducted
in China, no relationship was found between HbA1c levels and
fasting, and postprandial blood glucose levels with CIMT. The
authors stated that this result might depend on the design of
the study, patient population, or antihypertensive and lipid-low-
ering treatments used by the patients.*!! In our study, no cor-
relation was found between HbA1¢ levels, fasting blood glucose
levels and CIMT. We observed that the variation in HbA1c level
was small between the high and low CIMT groups in our study.

Previous studies have reported that C-peptide causes ath-
erosclerosis in diabetic patients by stimulating smooth muscle
cell proliferation.*>#! A study conducted by Liu et al showed a
positive correlation between postprandial C-peptide level and
CIMT in diabetic patients.**! In a study by Zhou et al, while
there was no relationship between fasting C-peptide level and
CIMT, a significant relationship was observed between post-
prandial C-peptide and CIMT.#! In our study, we did not
evaluate postprandial C-peptide levels. However, similar to the
literature, no significant relationship was found between fasting
C-peptide level and CIMT.

Previous studies have reported conflicting results regarding
the relationship between lipid parameters and CIMT. In this
study, we evaluated the relationship between CIMT and total
cholesterol, LDL-c, HDL-c and triglycerides. We found no sig-
nificant relationship between these 4 parameters and the CIMT.
However, while evaluating this result, it should be noted that we
selected the patient population from patients without dyslipid-
emia. In a study by Liu et al on patients with DM, similar results
were found in our study, and no significant relationship was
observed between lipid parameters and CIMT.*# In this study,
unlike our study, dyslipidemia was not considered an exclusion
criterion. In the study of Zhou et al on patients with DM, only
low HDL-c levels were found to be associated with increased
CIMT and no significant correlation was found between the
other 3 lipid parameters and CIMT."!! As in our study, patients
with CVD were not included, but this study was conducted with
a large sample size of 1372 patients. In a study by Kota et al on
patients with DM, a relationship was observed between high
total cholesterol, LDL-c, and triglyceride levels and increased
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CIMT, but no significant relationship was found between low
HDL-c levels and CIMT."! This study was performed only in
patients with both DM and ischemic cerebrovascular disease.
As can be seen, the relationship between lipid parameters and
CIMT may differ depending on the study design and the num-
ber of patients included in the studies.

Our study has some limitations. First, there was a differ-
ence in the number of patients in the low and high CIMT
groups. We determined as exclusion criteria the diseases such
as hypertension and dyslipidemia, which affect the CIMT
value. Owing to the high prevalence of these comorbidities in
patients with DM, the sample size of the study remained low.
The second limitation was the cutoff value determined for
CIMT. According to the European Society of Hypertension/
European Society of Cardiology guideline recommendations,
we used at CIMT cutoff value of 0.9 mm. However, studies
have shown that CIMT may vary according to age, gender,
CVD risk factors, and race.

5. Conclusions

The most interesting result of this study was that the presence
of LH was an independent risk factor for increased CIMT.
According to this result, we think that LH may increase the risk
of CVD as well as being a complication that disrupts the blood
glucose regulation of the patients with DM and increases the
cost of treatment.

We need to work harder to reduce the frequency of LH in
order to regulate blood glucose, reduce the cost of treatment,
and prevent CVD, as we have shown in our study. The most
effective way to achieve this is patient education.
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