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ABSTRACT
Introduction: End-stage renal disease (ESRD) is
associated with increased cardiovascular mortality (CVM) and diabetes mellitus (DM), which
in many cases is treated with insulin. Skin
lipohypertrophy (LH) very often occurs in
insulin-treated (IT) patients as a consequence of
inadequate injection technique and is one of
the most prominent contributors to hypoglycemia (HYPO), glycemic variability (GV),
and poor metabolic control (PMC).
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Method: The aim of our multicenter observational study was to assess LH prevalence at selfinjection sites and any possible factors predicting high LH/HYPO rates and GV in 296 dialyzed
ITDM patients characterized by 64 ± 7 years of
age,
7 ± 2 years
disease
duration,
2.6 ± 2.2 years dialysis duration, preferred pen
utilization (80%), and basal-bolus regimen
(87.4%) with self-injections (62.6%) largely
surpassing caregiver-assisted ones (16.9%), and
a mix of the two injection methods (20.5%).
Results: LH was detected in 57% of patients.
Univariate analysis followed by backwards
stepwise multivariate logistic regression function showed increased odds for developing LH
in patients characterized by needle reuse,
smaller injection areas, missed injection site
rotation, higher HbA1c levels, and more
prominent rates of HYPO and GV.
Conclusion: This was the first time such observation was made. It is now time for further
studies aimed at providing evidence also in
ESRD ITDM patients for the cause–effect relationship among wrong injection behavior, LH,
and poor metabolic control and for the longterm preventative role of suitable educational
countermeasures.
Keywords: Chronic kidney disease; Glycemic
variability; Hypoglycemia; Insulin; Lipohypertrophy
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INTRODUCTION

Enrolment Criteria

Insulin has always been considered as the
treatment of choice in dialyzed DM patients but
is often responsible for hypoglycemic events
requiring a substantial dose reduction over time
[1, 2]. In fact, despite being mostly asymptomatic, hypoglycemia (HYPO) occurs quite
often in dialyzed people as a result of various
factors including not only oral hypoglycemic
agents or insulin but also dietary errors/prolonged fasting/alcohol intake/chronic malnutrition, malignancies, heart/hepatic/real failure,
adrenal or thyroid deficiency, beta-blockers, or
other drugs [3]. Moreover, nephrologists know
very well that large intra-/between-day glycemic variability (GV) results from intermittently enhanced insulin clearance rate in endstage renal disease (ESRD) patients further
increasing HYPO-related cardiovascular risk
(CVR) [4–9].
Another factor eventually contributing to
HYPO and GV rate and adding to comorbidities
typically found in dialyzed patients might be
the presence of insulin-related skin lipohypertrophy (LH) [10–15]. Indeed LH has been shown
to deteriorate both quality of life [11] and glycemic control [16, 17] despite increased insulin
dosage [11], thus raising costs [30] as a result of
higher acute/chronic complications and emergency room access rates [12, 18, 19].
The aim of the study was to assess LH rate as
primary outcome and, as secondary outcome, to
identify any possible factors predicting high
LH/HYPO rates and GV in dialyzed insulintreated patients.

All DM outpatients over 17 years old on multiple daily insulin (MDI) regimen for at least
1 year referred to our DUs were consecutively
enrolled.

METHODS
This multicenter observational study focused on
LH identification at insulin self-injection sites
in a large series of dialyzed DM patients. The
dialysis units (DUs) contributing to the study as
the Nefrocenter Research Network (Campania
Region, Southern Italy) followed standardized
procedures within the frame of a shared care
pathway and used the same software for data
recording.

Exclusion Criteria
Exclusion criteria were neoplastic diseases,
advanced liver disease, and steroid treatment.
Study Protocol
The protocol was designed according to the
Helsinki declaration and approved by the Ethics
Committee of Vanvitelli University, Naples, Italy
(Trial registration number 126-11.01.2019). All
patients provided informed consent to personal
data utilization for research purposes and completed a validated questionnaire-based interview
with the help of specifically trained nurses
[20–23] by also indicating all sites used for insulin
injection. After that, medical investigators
checked those sites for the presence of skin
lesions according to a structured protocol and, in
order to ensure subsequent analysis under
strictly anonymous conditions, filled in a webbased clinical record form (eCRF) identifying
patients by a unique ID key and uploading to a
database matching clinical data with questionnaire answers.
Recorded parameters were demographics;
diabetes duration; daily insulin shot number
and dose; ice-cold insulin utilization; pen/syringe injection use; needle features (length/gauge) and reuse rate; size, rotation rate and
relative distance of injection sites; glycemic
variability and eventually occurring injection
into LH lesions; unexplained hypoglycemic
events as previously described [20].
Specific Details
1.

HYPO was defined according to American
Diabetes Association (ADA) statements [3],
i.e., the occurrence of one or more symptoms
of hypoglycemia (including palpitations,
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tiredness, sweating, hunger, dizziness, and
tremor) and a confirmed blood glucose (BG)
reading B 70 mg/dL. Frequent unexplained
hypoglycemia was defined as having HYPO
at least once a week in the absence of any
identified precipitating event including
changes in insulin dosage, diet composition,
or amount of physical activity. HYPOs were
further defined as severe (SH; BG \ 50 mg/
dL) and non-severe (NSH; 50 [ BG \ 70 mg/
dL) [23–26].
GV was investigated by a validated questionnaire already used in previous studies
[11, 27, 28] and, as a result of the lack of
universally accepted criteria, was defined as
unpredictable and unexplained shifts from
\ 60 mg/dL to [ 250 mg/dL occurring one
or more times on the same day or on
different days within 1 week during the
previous month [11, 27, 28]. Since a large
glycemic variability is typically observed
between days on and off dialysis, the average of the widest glycemic variations occurring on three dialysis days and three
dialysis-free days within 1 week was
considered.

The evaluation–validation of HYPOs and GV
was based on the analysis of patients’ selfmonitored blood glucose (SMBG) recordings
using a twice-a-day ‘‘staggered’’ protocol as
previously described [12], and, according to a
specific pre-study training, of any additional
glucose checks performed in case of sudden
HYPO symptoms. This highly flexible method
was chosen as it is strongly supported by specialists owing to its easier and immediate
interpretation and it is easily accepted by
patients, thus ensuring the strictest possible
adherence to given instructions [29].
Lipohypertrophy
Two trained physicians for each dialysis unit
separately identified LH at all sites utilized by
insulin-treated patients and, in case of any discrepancy, did it again until final agreement. The
LH identification procedure referred to a structured observation and palpation method
[30, 31] taking into account further suggestions
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derived from previously published experience
[32]. Briefly, the method consisted of the
inspection of each area of interest through
direct and tangential light against a dark background and of careful palpation implying slow
circular and vertical, progressively deeper finger
tip movements followed by repeated horizontal
attempts on the same spot. In the present study
only LH lesions were considered.
Statistical Analysis
Predictors of LH were identified by sequentially
examining data with SPSS version 20. A p value
less than 0.05 was considered as statistically
significant. Contingency tables showed no low
expected counts (\ 5 for 20% of cells) for categorical variables, confirming Pearson’s chisquare test as reliable. Mann–Whitney U test
and Pearson chi-square test were first performed
to assess whether or not variables under investigation displayed any different mean levels/
percentage distribution in patients with LH
(LH?) as compared to those without LH (LH-).
Then all variables were entered into unadjusted
odds ratio analysis according to univariate binary logistic regression function and significant
ones were then removed one at a time from
subsequent stepwise backward multivariate
logistic regression analysis as suited to no longer
significant elements. After calibration and discrimination ability assessment by Hosmer–Lemeshow goodness of fit test (HLGOF)
and receiver operating characteristic (ROC)
analysis, respectively, adjusted odds ratios were
reported as estimated in the refitted final model.

RESULTS
Thirty-two specialized structures took care of
1004 adult dialyzed outpatients, of whom 371
had DM and 296 were enrolled in the study (18
with T1DM; 6.1%) (Fig. 1) for being insulintreated (202 injected insulin four times a day
and 94 three times a day, respectively); their
main features are summarized in Tables 1–3:
64 ± 7 years of age, 7 ± 2 year disease duration,
2.6 ± 2.2 year dialysis duration, preferred pen
utilization (80%), and basal-bolus regimen
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Fig. 1 Flowchart of patients enrolled
Table 1 General characteristics of subjects on chronic
dialysis (n = 1004)
Characteristic

Value

Sex (M/F) (n)

601/403

Mean age (± SD) (years)

64 ± 7

BMI (kg/m2) (range)

23.7 (18.1–27.8)

DM (n)

371 (37%)

On insulin (n)

296 (80%)

On other drugs (n)

75 (20%)

LH? (n)

169 (57.1%)

LH- (n)

127 (42.9%)

DM diabetes mellitus, LH with lipohypertrophy, LH
without lipohypertrophy
(87.4%) with self-injections (62.6%) largely
surpassing caregiver-assisted ones (16.9%), and
a mix of the two injection methods (20.5%).
No lipoatrophic lesions (LAs) were found. A
total of 169 patients (57.1%) had LH lesions, of

which 12 occurred at only one injection site, 52
at two, and all the others at multiple sites, most
frequently represented by the abdomen (35%),
followed by arms (30%), thighs (25%), and
buttocks (10%). In total 88.5% admitted using
LH areas for insulin shots and surprisingly
21.3% of patients had lesions at sites not recommended for injection, including immediately above the knee (n = 24), just below the
free groin (n = 8) as well as at proximal (n = 12)
and distal forearm (n = 2). A total of 127
patients had no LHs (42.9%).
On the basis of univariate analysis, LH?
patients were similar to LH- patients in terms
of age, diabetes or dialysis duration, needle
length, insulin total daily dose (TDD), number
of injections/day, and BMI (Tables 2 and 3),
while statistically significant associations were
found by multivariate analysis (p \ 0.05 to \
0.001) among LH and smaller injection area,
missed injection site rotation, needle reuse,
higher HbA1c values, larger glycemic variability, and more frequent HYPOs (severe/non severe) (Tables 3 and 4).

Diabetes Ther (2019) 10:1423–1433

1427

Table 2 Quantitative independent variables grouped by LH presence/absence and difference signiﬁcance
Variables

Total
(n = 296)a

Lipohypertrophy1
(n = 169)b

Lipohypertrophy2
(n = 127)c

Signiﬁcance
(Mann–Whitney U test)

Age (years)

64 ± 7

63 ± 5

64 ± 5

0.387

Duration of diabetes (years)

7±2

6±5

7±3

0.423

Insulin treatment duration
(years)

3.0 ± 1

2.7 ± 1.3

3.1 ± 2.1

0.176

Dialysis duration (years)

2.6 ± 2.2

2.4 ± 2.1

2.7 ± 2.2

0.226

HbA1c (%)

8.6 ± 2.5

9.2 ± 1.6

8.1 ± 2.3

0.0073

SH/NSH HYPOs (no. of
subjects) (%)

145 (48.6)

35 (14.5)

110 (48.7)

0.00016

SH/NSH HYPOs (n/last
month)

8±7

2±3

12 ± 5

0.0057

GV (mg/dL)

218 ± 58

310 ± 88

166 ± 32

0.0068

Frequency of needle reuse

5.2 ± 2.2

7.8 ± 2.0

4.3 ± 2.4

0.029

Total daily dose (TDD) of
insulin (units)

33.5 ± 9.7

35.5 ± 8.8

32.8 ± 9.7

0.237

TDD of insulin per kg body
weight (units/kg)

0.43 ± 0.28 0.48 ± 0.36

0.40 ± 0.41

0.293

Data are presented as mean ± SD unless otherwise noted
SH severe HYPOs, NSH non-severe HYPOs
a
n = 18 T1DM
b
n = 10 T1DM
c
n = 8 T1DM

DISCUSSION
Subcutaneous insulin absorption is one of the
key factors affecting glycemic control in DM
patients on insulin therapy. ESRD is most often
associated with DM requiring insulin. Subcutaneous LH has been reported to impair regular
insulin absorption and thus lead to poor glycemic control with frequent unexplained
HYPOs and large GV, both of which result into
acute and chronic complications and poor
quality of life representing a major disease burden [11]. Poor injection habits may also affect
ESRD patients’ LH and thus increase their
inherent severe cardiovascular risk through
impaired metabolic control.
To our knowledge this is the first study
addressing this problem. It points out that over

50% of ESRD patients have LH due to injection
technique errors including missed injection site
rotation, selection of small skin areas and long
needles, needle reuse, and ice-cold insulin.
Should we try to compare our results with those
made on non-ESRD DM patients, we would face
problems due to the huge variability
(1.9–73.4%) of reported LH rate, which in a
previous paper we suggested depended on large
differences in identification methods [32].
Indeed some authors relied on self-administered
patient questionnaires, others on ultrasonography, and some on investigators with poorly
specified training in the field if any [32]. For
instance, Patil et al. found that ‘‘twenty-five
(11.1%) subjects had noticed persistent swelling
at their injection sites suggestive of the LH’’,
which in fact might not reflect actual LH
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Table 3 Qualitative independent variables grouped on basis of lipohypertrophic status and the signiﬁcance of observed
differences
Variables

Total
(n = 296),
n (%)

Lipohypertrophy present
(n = 169), mean – SD

Lipohypertrophy absent
(n = 127), mean – SD

Signiﬁcance (Pearson
chi-square test)

Male

139 (46.9)

–

–

–

Female

157 (53.1)

–

–

–

B 60 years

62 (20.8)

50 ± 5

55 ± 4

NS

[ 60 years

234 (79.2)

67 ± 7

67 ± 7

NS

1 year

63 (21.2)

8 ± 2 (months)

8 ± 2 (months)

NS

[1 B 5 years

233 (78.8)

3±2

3±3

NS

[ 5 years

–

–

–

–

16.00–18.49
(underweight)

36 (12.0)

17 ± 1

17 ± 2

NS

18.50–24.99
(normal weight)

213 (72.0)

23 ± 1

22 ± 7

NS

25.00–29.99
(overweight)

47 (16.0)

25 ± 2

25 ± 1.8

NS

Pen

237 (80.0)

–

–

–

Syringe

59 (20.0)

–

–

–

4 mm

33 (11.1)

10.0%

32.0%

0.0089

5 mm

105 (35.4)

15.1%

31.1%

0.0073

6 mm

106 (35.8)

40.2%

30.0%

0.035

8 mm

52 (17.7)

35.1%

7.2%

0.098

1–3 times

94 (31.8)

19.4%

79.6%

0.00023

3–6 times

115 (38.9)

50.0%

50.0%

0.78

[ 6 times

87 (29.2)

65.2%

34.8%

0.0089

163 (55.0)

39%

5%

0.00027

Gender

Age

Diabetes duration

BMI (kg/m2)

Injection device

Needle length

Needle reuse

No. of injection sites
1 site

Diabetes Ther (2019) 10:1423–1433

1429

Table 3 continued
Variables

Total
(n = 296),
n (%)

Lipohypertrophy present
(n = 169), mean – SD

Lipohypertrophy absent
(n = 127), mean – SD

Signiﬁcance (Pearson
chi-square test)

2 sites

89 (30.1)

43%

15%

0.0075

[ 2 sites

44 (14.9)

18%

8%

0.054

24%

–

–

Playing card size 84 (28.6)
(8.89 9 6.35)

38%

12%

0.0019

Post card size
(14 9 9)

47 (15.8)

22%

16%

0.0721

A4 sheet size
(29.5 9 22.0)

41 (13.8)

16%

72%

0.00048

Size of injection area (cm 9 cm)
Credit card size
(8.56 9 5.39)

124 (41.8)

Systematic injection site rotation
Non-compliant

218 (73.6)

88%

21%

0.00081

Compliant

78 (26.4)

12%

78%

0.00074

NS not signiﬁcant
presence [33]. Conversely, in a series of 387
people with T2DM [10], LH prevalence was as
high as 77% according to a structured LH
investigation method utilized by well-trained
health professionals already successfully
involved in LH-related studies [30, 31]. In
addition to that, as pointed out by some
authors, LH prevalence among studies may vary
depending on lack of routine skin examination
in diabetes clinics and/or on missed adherence
to validated methods by poorly experienced
health professionals [34, 35]. We recently published three papers dealing with best practice in
LH identification which, indeed, is strongly
hampered by the huge differences in lesion size,
texture, and protrusion above the skin
[15, 30–32] and underlined the importance of
both operator experience and LH features.
Despite usually being large and protruding,
lesions may also take the appearance of flat,
hardly visible subcutaneous tissue thickening
spots which only careful and trained professionals can detect. Therefore, the poor

worldwide LH identification rates call for
appropriate education and refresher courses to
be regularly organized in order to get wrong
injection techniques corrected and thus reduce
the often underestimated yet invariably deleterious metabolic and economic LH consequences
[14, 18, 36].

LIMITATIONS
We are well aware that being the first study
addressing this issue implies the absence of any
previously published data on LH rate to compare with, which indeed can be considered a
major limitation per se. Another limitation is its
cross-sectional observational design, which, as
opposed to what has already been shown in DM
patients without ESRD, allows us only to outline
correlations linking LH rate to poor metabolic
control indices without defining any clear
cause–effect relationship. Because of that we
have already launched a follow-up study to
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Table 4 Unadjusted and adjusted odds ratio for variables explaining LH presence
Univariate logistic regression
Unadjusted odds ratio (95% CI)
Age

0.8 (0.3–1.2)

Multivariate logistic regression
Signiﬁcance

Adjusted odds ratio (95% CI)

Signiﬁcance

0.28

0.7 (0.3–1.0)

0.47

2

BMI (kg/m ) (reference = overweight [ 24.5)
Underweight

1.2 (0.7–1.36)

0.31

1.2 (0.94–1.29)

0.37

Normal weight

1.6 (1.11–1.84)

0.125

1.0 (0.25–1.66)

0.94

11.6 (2.56–36.49)

0.018

0.002

8.3 (1.92–31.76)

0.028

0.002

8.6 (1.86–27.51)

0.035

Size of the injection area (reference = A4 sheet)
Credit card

9.1 (2.18–14.31)

Playing card

4.3 (1.33–9.16)

\ 0.0005

Injection site rotation (reference = compliant)
Non-compliant

7.2 (2.11–15.23)

Needle reuse (reference = once only use)
3 times

3.7 (1.55–6.71)

0.002

6.4 (3.13–10.78)

0.022

[ 3 times

5.4 (1.18–17.36)

0.024

7.6 (1.88–33.48)

0.032

Needle length (reference = 4 mm)
5 mm

0.5 (0.20–1.88)

0.116

Dropped (0.25)a

6 mm

1.6 (1.00–2.65)

0.049

Dropped (0.31)a

8 mm

1.9 (0.72–5.21)

0.152

Dropped (0.37)a

2.2 (1.45–4.71)

0.001

Dropped (0.51)a

HbA1c

1.2 (1.05–1.38)

0.006

1.8 (1.22–28)

0.028

SH/NSH HYPOs

1.8 (1.0–3.1)

0.007

1.2 (0.8–1.9)

0.09

GV

2.8 (2.1–2.9)

0.001

1.9 (1.0–3.1)

0.01

Needle reuse

1.4 (0.88–1.95)

0.01

2.2 (1.5–3.3)

0.01

Device (reference = pen)
Syringe

a

These variables lost signiﬁcance and were dropped in sequential order to obtain the ﬁnal model

provide confirmation for that in this specific
population.

CONCLUSIONS
In any case, LH rate and metabolic consequences observed in this study agreed with
those we had already described in non-dialyzed
insulin-treated DM patients, with special reference to the close association of LH lesions with

poor metabolic control as expressed by elevated
HbA1c values and by high HYPO and GV rates
[12, 14, 16, 18, 30, 32]. Of particular interest is
the extent of glycemic variability as an average
of the days on and off dialysis. Education on
correct injection techniques has been reported
to improve GV in diabetic patients with LH
[11, 37, 38]. Should education prove to be able
to reduce GV depending on poor injection
technique also in patients on dialysis, glycemic
differences observed on days on and off dialysis
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could be reduced too, thus providing patients
with significant clinical advantages and the
medical staff with better overall performance.
All this makes us consider LH as a further
complication in these patients, already burdened
by
threatening
cardiovascular
consequences.
Moreover, since unexplained and unpredictable HYPOs and large GV are independent
factors of increased acute cardiovascular risk,
hospitalization, and all-cause mortality [5], all
health professionals working in dialysis units
should be trained in preventing LH development and progression and eventually aid in LH
regression to try and eliminate the additional
metabolic risk burden to the already high ESRDrelated quality of life disrupting potential.
Our paper paves the way for further cost
analysis investigations taking into account
insulin administration technical errors first and
any possible positive effects of highly focused
patient education courses, which are in fact
ongoing at the moment by the Nefrocenter
Research Study Group.
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