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Background: It is important that physicians be aware of LH. We designed a
questionnaire to determine physician awareness, knowledge, and behaviors regarding
LH in clinical practice.

Participants: A total of 499 questionnaires were completed by physicians in hospitals
from 13 cities in Jiangsu Province, China.

Key Results: Compared with physicians at tertiary hospitals, significantly fewer
physicians at primary hospitals reported awareness of LH and its screening methods. The
proportion of resident physicians aware of LH was significantly lower than the proportion
of senior physicians. The proportion of physicians who could identify all LH risk factors
among the low-GDP group was significantly higher than the high-GDP group. Only
38.7% of doctors could successfully identify all the hazards associated with LH, but
more doctors in tertiary hospitals were able to do so compared to those in secondary
and primary hospitals. Compared with tertiary hospitals, the proportions of primary and
secondary hospitals with management processes were significantly lower. The proportion
of doctors who educated patients regarding LH prevention and treatment in primary
hospitals was markedly lower than in tertiary hospitals.

Conclusions: Overall, physicians have an inadequate understanding of LH, especially
in primary hospitals.

Keywords: diabetes, questionnaire-based survey, lipohypertrophy, diagnosis-treatment-care processes,
physician

INTRODUCTION

Type 1 diabetic mellitus (T1DM) patients and approximately one-third of those with type 2
diabetes mellitus (T2DM) require exogenous insulin treatment. Lipohypertrophy (LH) is the most
prevalent and well-recognized local cutaneous complication associated with insulin therapy (1, 2).
The prevalence of LH in various studies ranged from 14.5 to 88% (median: 56.6%), with higher
frequencies reported in subjects who repeatedly inject insulin in restricted areas (3).

Previous studies primarily focused on the associated risks and clinical impacts of LH. Several
factors have been reported to affect LH development, including the period of insulin usage, rotation
of insulin injection sites, frequency of needle reuse, and recurrent tissue trauma (4-6). The clinical
significance of this complication is not simply cosmetic; it might also influence insulin absorption,
leading to poor glycemic control (4, 7-10). Additionally, this complication may result in increased
daily insulin doses and higher healthcare costs (4, 11).
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Concern regarding LH development has increased among
diabetes nurse educators. Insulin delivery recommendations were
recently published that underscore the importance of examining
injection sites for LH and the need to educate patients to inspect
their own injection sites (12). Similar concepts have been stressed
in Chinese national guidelines. Despite the release of injection
technique guidelines and increased education, the prevalence of
LH remains high. Various factors might preclude adherence to
these recommendations. Few studies have focused on physicians’
insights regarding LH. Physicians play central roles in diabetes
management, so it is important that healthcare professionals are
adequately aware of the risks of LH.

We developed a questionnaire to survey physicians in Jiangsu
Province, China, to assess their insights regarding LH with
regard to three aspects: awareness, knowledge, and behaviors in
clinical practice.

MATERIALS AND METHODS

Survey Development
The survey consisted of 16 questions and could be completed
in 10 min. The questionnaire was concerned with the following

subjects: (1) awareness of LH; (2) knowledge of LH, including
associated risk factors and clinical impacts; and (3) behaviors
of physicians regarding LH in clinical practice. We used
trained research staff to assess whether the questionnaire were
filled correctly.

Survey Administration

A cross-sectional survey was employed in the present study.
In November 2020, 499 physicians from hospitals in 13 cities
in Jiangsu Province, China, were surveyed using the designed
questionnaire. The physicians were classified according to their
gross domestic product (GDP) per capita, position within
the hierarchical medical system, and professional title. After
retrieving the questionnaires and excluding non-valid samples
with either no answers or conflicting answers, the data were
subjected to statistical analysis.

Statistical Analysis

The study variables were subjected to a descriptive analysis. In
this paper, we used the Statistical Package for the Social Sciences
(SPSS) version 25.0 to run all statistical analysis. Answers were
compared among multiple groups (according to professional
titles, regions with different GDPs per capita, or hierarchical
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FIGURE 1 | Survey administration. (A) 499 physicians in 13 cities of Jiangsu province completed the survey. (B) Comparison of the participating physicians. (C)

Physician seniority composition.
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FIGURE 2 | Recognition of lipohypertrophy. (A) Proportions of physicians who reported awareness of LH. (B) Proportions of physicians aware of LH according to the
GDP per capita of the region their hospital serves. (C) Proportions of physicians aware of LH according to different professional titles.

medical system) using chi-squared tests. Significance was defined
as P < 0.05. Multiple comparisons among physicians were
analyzed by the Bonferroni correction.

RESULTS

A High Response Rate and Effective Rate

Were Achieved

This questionnaire had high retrieval and validity rates
(Figure 1A). The surveyed hospitals from the 13 cities of
Jiangsu province were distinguished according to the three-
tiered system: 306, 98, and 95 physicians worked in tertiary,
secondary, and primary hospitals, respectively (Figure 1A).
Among the respondents, there were 74 internal medicine
physicians, 366 endocrinologists, 38 general practitioners, and
21 other physicians (Figure 1B). The physicians involved in this
survey included 203 senior physicians, 172 attending physicians,
and 124 resident physicians (Figure 1B). Among them, 11.6%
had practiced for <3 years, 48.9% for 4-10 years, and 39.5% for
>10 years.

The GDPs per capita of seven cities were higher than the
average GDP per capita of Jiangsu province (CNY 123.6 thousand

in 2019). The ratios of senior to resident physicians at different
tiered hospitals were not significantly different (Figure 1C).

LH Awareness

LH Awareness Differed Between Professional Titles
and Hospital Grades

The majority (91.6%, 457/499) of physicians claimed that they
were aware of LH, and 73.1% (365/499) recognized LH as a local
complication of insulin therapy. In addition, 94.4% (471/499)
of physicians recognized that LH was important for diabetes
management, and 64.5% (322/499) claimed to be aware of LH
screening methods (Figure 2A). No significant differences were
identified in LH awareness between the high and low GDP per
capita regions (P > 0.05, Figure 2B). Compared with physicians
at tertiary hospitals, significantly fewer physicians at primary
hospitals reported being aware of LH and associated screening
methods (Table 1). The proportion of resident physicians aware
of LH was significantly lower than the proportion of senior
physicians (Figure 2C).

Under Recognition of New LH Screening Techniques
More than 80% of the clinical workers indicated that inspection
and palpation could be used to screen LH, whereas only
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TABLE 1 | Insights into LH awareness according to the different hierarchical medical systems.

Hospitals Tertiary Secondary Primary P
n =306 n=98 n=95
Awareness
Claimed to be aware of LH 94.1% 93.9% 81.1% 0.000
Recognized LH as a local complication of insulin therapy 75.5% 67.3% 71.6% >0.05
Recognized LH as important for diabetes management 95.8% 94.9% 89.5% 0.081
Claimed awareness of LH screening methods 69.9% 59.2% 52.6% 0.004
Knowledge
Associated risk factors (score 5) 40.0% 40.8% 36.8% 0.472
Clinical impacts (score 7) 45.8% 35.7% 18.9% 0.041
Behavior
Management process 82.4% 59.2% 54.7% 0.000
Checked the insulin injection site regularly 79.1% 80.6% 70.5% 0.171
Educated patients about LH 85.9% 84.7% 74.7% 0.041
Physicians primarily considered the primary hazards of LH to
be greater glucose variability and increased daily insulin doses
Ultrasound scan = (Figure 5). We assigned one point to each of the following
hazards: increased glucose variability, increased hypoglycemic
Palpation episodes, more complications, increased daily insulin doses,
higher healthcare costs, cosmetic effects, and psychological
Inspection burden. Only 38.7% (193/499) of doctors considered all seven of
these events to be hazards of LH. The proportions of hospitals
0% 20% 40% 60% 80%  100% with a score of seven were significantly different among the
three tiers, with more doctors at tertiary hospitals indicating that
FIGURE 3 | Lipohypertrophy screening method. all seven events were risk factors of LH compared with those

55.6% (179/322) indicated that LH could be screened by
ultrasound. A total of 50.3% of the clinical workers answered that
inspection, palpation, and ultrasound could be used to identify
LH (Figure 3).

Knowledge About LH

Physicians’ Understanding of the Associated Risk
Factors and Clinical Hazards Associated With LH Is
Inadequate and Differs According to Regional and
Hospital Level

Physicians primarily believe that failure to effectively rotate
insulin injection sites and frequent needle reuse are responsible
for LH development (Figure 4). We assigned one point to each
of the following risk factors: high body mass index (BMI),
failure to rotate insulin injection sites, type of insulin therapy,
duration of insulin exposure, and frequent needle reuse. Of the
physicians, 39.6% (197/498) thought that all five of these factors
could contribute to LH occurrence. No significant difference in
the proportions of physicians with a score of five was observed
among different hospital levels (Table 1). The proportion of
physicians in the low-GDP group with a score of five was
significantly higher than the proportion in the high-GDP group
(50 vs. 29.2%, P = 0.000). No significant difference was observed
among different professional titles (P > 0.05).

at secondary and primary hospitals (Table 1). No significant
differences in LH knowledge were identified among the different
professional titles or between low- and high-GDP regions.

Behavior of LH Management

Regular Inspections of Insulin Injection Sites and
Patient Education Remain Insufficient at Primary
Hospitals

Overall, 72.5% (362/499) of physicians indicated that their
hospitals had established relevant management process, and
there was no significant difference between high- and low-
GDP regions (73.9 vs. 71.1%, P > 0.05). Compared with
tertiary hospitals, the proportions of hospitals with established
management processes were significantly lower among the
secondary and primary hospitals (Table 1).

Among the surveyed physicians, 77.8% (388/499) claimed
to regularly check insulin injection sites, with no significant
differences observed between high- and low-GDP areas (77.5 vs.
78.0%, P > 0.05), among professional titles (79.3 vs. 76.2 vs.
77.4%, P > 0.05), or among hospital grades (79.1 vs. 80.6 vs.
70.5%, P > 0.05; Table 1).

A total of 83.6% (417/499) participants stated that they
educated patients regarding the prevention and treatment of LH,
with no significant difference between high- and low-GDP areas
(81.8 vs. 85.4%, P > 0.05) or among different professional titles
(85.7 vs. 84.3 vs. 79.0%, P > 0.05). The proportion of physicians
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FIGURE 4 | Risk factors associated with lipohypertrophy.
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that educated patients in LH prevention and treatment at primary
hospitals was markedly lower than at tertiary hospitals (Table 1).

DISCUSSION

Our survey demonstrated that LH insights of three aspects
(awareness, knowledge, and behavior) were inadequate among
physicians in China. Most physicians claimed to be aware
of LH; however, the level differed among professional titles
and hospital grades. Most physicians claimed that LH could
be identified by inspection and palpation, and only half of
physicians recognized the usefulness of ultrasound screening
(a new screening method for LH). Although physicians had
an inadequate understanding of the associated risk factors
and clinical hazards of LH, it differed according to the
region and hospital level. Although a management process was
established at most hospitals and most physicians reported
regularly inspecting insulin injection sites and educating
patients about LH, these protocols appear to be insufficient at
primary hospitals.

LH occurs in patients with both TIDM and T2DM and
is characterized by the development of a thickened, “rubbery”
lesion in the subcutaneous tissue following multiple injections
performed at the same site (13). In our survey, most physicians
claimed that they recognized LH as a local complication of
insulin therapy. However, the results demonstrated the continued
existence of insufficient LH awareness.

First, despite the increased importance of LH, no standard
methods exist for defining the presence and extension of
lipohypertrophic areas, which are not simple processes.
Inspection and palpation are common clinical practices used to
identify LH (12), but its presence can be underestimated when
only these techniques are used. The reliability of this method
is potentially low, with high levels of inter-clinician variation
recently demonstrated by Gentile et al. (14). Ultrasound scans
were recently shown to successfully identify LH with significantly
increased frequency compared with inspection or palpation (15).
This method can better define the extension of lipohypertrophic
areas and identify the nature and severity of LH with greater
detail than palpation, enabling more accurate LH grading (size,
distribution, and elasticity) (16). Ultrasound is a potentially
more objective diagnostic method. In our survey, only half of the
physicians recognized the clinical use of ultrasound assessment
for LH.

Second, previous studies have described altered insulin
absorption rates at LH sites, and LH has been associated
with increased glucose variability, poor metabolic control, and
increased hypoglycemic episodes (1, 7-10). These outcomes have
additional negative impacts on long-term outcomes, including
increased daily insulin doses and higher healthcare costs (4, 11),
which can have dramatic clinical, social, and economic effects.
In our survey, most physicians recognized the clinical harm of
LH, but approximately one-third of physicians ignored social and
economic costs including increasing healthcare costs, cosmetic
effects, and serious psychological burden.
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Third, although the cause of LH has not been fully established,
known risk factors associated with its development include high
BMI, frequent needle reuse, failure to effectively rotate insulin
injection sites, and the duration of insulin exposure (2, 5, 6, 10,
17). Indeed, the relationship between BMI and LH is inconsistent.
Some studies indicated that higher BMI was a potential risk
factor for LH (17, 18), whereas others argued that BMI was not
correlated with LH occurrence (2, 10), and a few reported that
lower BMI might be an LH risk factor (19). Our previous study
also identified higher BMI as a risk factor (20). In our survey,
most physicians recognized the associated risk factors, but only
~40% of physicians recognized all of them. Thus, physicians may
have difficulty educating their patients to avoid all risk factors.

Hospitals in China are organized according to a three-tiered
system (primary, secondary, or tertiary) that recognizes the
abilities to provide medical care and education and conduct
medical research (21). Primary hospitals are tasked with
providing preventive care, minimal health care and rehabilitation
services. Secondary hospitals tend to be affiliated with a
medium size city, county or district. They are responsible for
providing comprehensive health services, as well as medical
education and conducting research on a regional basis. Tertiary
hospitals are responsible for providing specialist health services,
perform a bigger role with regard to medical education and
scientific research and they serve as medical hubs providing
care to multiple regions (22). Actually, many patients with
diabetes and other chronic diseases who live in less-developed
regions are treated by physicians from primary or secondary
rather than tertiary hospitals. Thus, the professional skills
and knowledge of internal medicine physicians should be
improved in China. Our survey revealed significant variation
in the awareness, knowledge, and behaviors regarding LH
across different tiers. At primary hospitals, only 18.9% of
physicians clearly recognized the clinical harms associated
with LH, and only 54.7% of hospitals had implemented
management processes. The proportions of physicians aware
of LH and its diagnostic methods were significantly lower in
primary hospitals than in the other tiers. Consequently, fewer
physicians educated patients regarding the risks of LH. A lack
of awareness of LH significance may exist among diabetes
professionals at primary hospitals. Although the condition
is not life-threatening, it can hamper diabetes management.
Thus, increasing LH awareness among physicians; establishing
standardized screening, diagnostic, treatment processes; and
educating patients regularly are urgently needed at primary
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