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ABSTRACT

Objective To study the prevalence and trends of lower
extremity complications of diabetes over an 8-year period
in a single nation.

Research design and methods Nationwide data for
people with type 2 diabetes (T2D) and diabetic foot
complications (DFCs) were analyzed over an 8-year period
(2007-2014) from National Health Insurance Research
Database using the International Classification of Diseases,
Ninth Revision disease coding. The DFCs were defined

as ulcers, infections, gangrene, and hospitalization

for peripheral arterial disease (PAD). Trends of patient
characteristics, foot presentation, and the execution of
major procedures were studied, including lower-extremity
amputations (LEAS).

Results Along with the T2D population increasing over
time, the absolute number of people with DFCs increased
by 33.4%, but retained a prevalence of around 2% per
year. The annual incident of LEAs decreased from 2.85

to 2.06 per 1000 T2D population (p=0.001) with the
major LEA proportion decreasing from 56.2% to 47.4%
(p<0.001).

The mean age of patients increased from 65.3 to 66.3
years and most of the associated comorbidities of diabetes
were increased. For example, end-stage renal disease
increased from 4.9% to 7.7% (p=0.008). The incidence

of gangrene on presentation decreased from 14.7% to
11.3% (p<0.001) with a concomitant increase in vascular
interventions (6.2% to 19.5%, p<0.001).

Conclusions DFCs remain a sustained major medical
problem. These nationwide long-term data suggest trends
toward older people with greater comorbidities such as
PAD and renal disease. Nevertheless, promising trends of
reducing gangrene on presentation paired with increases
in vascular interventions support continued vigilance and
rapid, coordinated interdisciplinary diabetic foot care.

INTRODUCTION

Diabetic foot complications (DFCs) are major
sequelae of diabetes and contribute to most
causes of non-traumatic lower-extremity
amputations (LEAs) worldwide.'? In addi-
tion, patients with DFCs have been known to
have higher recurrence rate of ulcers’ and
worse survival than that of many common

,' David G Armstrong,? Chia-Hung Lin
," Shu-Ru Lee,® Chung-Huei Huang,' Yu-Yao Huang

' Pi-Hua Liu,"®
1,4,5

Significance of this study

What is already known about this subject?

» Diabetic foot complications are major sequelae of
diabetes that often end in end-stage complications
including lower-extremity amputations (LEAS), short-
ened lifespan and the commensurate increased bur-
den of social care.

What are the new findings?

» Diabetic foot complications continue to remain a ma-
jor medical and public health issue as we face pa-
tients in increased numbers, age, and comorbidities.

» Over 8 years, the annual incidence of LEAs de-
creased from 2.85 to 2.06 per 1000 type 2 diabetic
population whereas the proportion of people receiv-
ing peripheral artery intervention increased from
6.2% t0 19.5%.

How might these results change the focus of

research or clinical practice?

» Promising trends of reducing gangrene on presenta-
tion paired with increases in vascular interventions
support continued vigilance and rapid, coordinated
interdisciplinary team of diabetic foot care across
hospitals, hospital networks, and national health
Services.

cancers.” The medical expense of patients
with these complications is even higher than
the most costly cancers’ %; moreover, patients
who received LEAs usually had worsened
consequences including lower self-esteem,’
shortened lifespan,” ¢ and the burden of
social care.” "’

The US has previously reported a decreasing
trend in LEAs but a disturbing reversal has
been noted in recent years in patients with
DFCs."' Similar trends have been reported in
people with end-stage renal diseases.'* Never-
theless, any explanation of the trend of LEAs
is challenging because of scant information
available. Information regarding risk factors
for LEAs in treating patients with DFCs such
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as age,"” degree of peripheral arterial diseases (PADs)'*
and infection,15 renal function,16 and nutritional status'’
is required for further investigations.

Because of the robust and comprehensive nature of
the Taiwan National Health System database, we were
able to report the in-hospital foot diseases characteristics
between years 2000 and 2009."® The annual incidence of
diabetes-related LEA in Taiwan between 1998 and 2007
was 8.79 and 2.27/1000/year, respectively."

The present study was conducted to better understand
the prevalence and time trends of patients with DFCs
between 2007 and 2014, including demographics of
patients, affected foot and major procedures introduced
to treat these patients, and LEAs.

RESEARCH DESIGN AND METHODS

Study population and source

The present study was based on data collected over
an 8year period (2007-2014) derived from the
Taiwan National Health Insurance Research Database
(NHIRD). The Taiwanese government implemented its
National Health Insurance (NHI) system in 1995. This
provided coverage for 95% of the population in 2000,
which increased to 98% in 2005 and 99.6% of the total
28 million people in Taiwan in 2009." Large comput-
erized administrative and claims data sets derived from
this programme have provided diagnoses, procedures,
and prescriptions of inpatient and outpatient records.
Patients with diabetes mellitus were identified through
the International Classification of Diseases, Ninth Revi-
sion diagnostic code of 250 (except 250.01, 250.03 for
type 1 diabetes) at least once during hospital admission
or three or more times for ambulatory clinic patients in
each calendar year.

Definition of diabetic foot complications and comorbidities
DFCs include diabetic foot infection, severe PADs, and
foot ulcers. The diabetic foot infections were identified
by foot cellulitis or abscess (680.6, 680.7, 681.10, 682.6,
682.7); osteomyelitis (730.06, 730.07, 730.16, 730.17,
730.26, 730.27, 730.96, 730.97); and necrotizing fasci-
itis (728.86, 040.0). Severe PADs were identified by the
presentation of gangrene (785.4, 440.24) or hospitaliza-
tion for PAD (440.2, 440.3, 440.4, 443.81, 443.89, 443.9,
444.22, 445.02, 785.4). Foot ulcers included the diag-
nostic codes of 707.06, 707.07, 707.1, 892, and 893.

LEAs were identified by diagnostic codes of V49.70,
V49.71, V49.72, V49.73, V49.74 and procedure codes of
84.11, 84.12 for minor LEA and by V49.75,V49.76,V49.77
and 84.14, 84.15, 84.17 for major LEA, respectively in
each calendar year. Only the highestlevel amputation
was enrolled for per-patient-per-calendar-year measure
to prevent overestimation of the amputation amount
because of possible multistep procedures for one person.

The comorbidities of patients with DFCs were identified
based on the records of coding for hypertension (401,
402, 403, 404, 405), dyslipidemia (272.0, 272.1, 272.2,

272.3, 272.4), diabetic retinopathy (362, 250.5), diabetic
neuropathy (250.6), diabetic nephropathy (250.4, 585,
586, V42.0,V45.1, V56, 403, 404), end-stage renal disease
(585.5, 585.6, 586, V45.11, V45.1, V56.X, 403.01, 403.11,
403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93),
coronary heart diseases (410, 411, 412, 414.00-414.07,
414.2-414.9), heart failure (428), and cerebral vascular
accident (433, 434, 435, 436, 437.1, 430, 431, 432) before
the diagnosis of DFCs.

Vascular interventions and medical expenditure
The endovascular treatments were defined by the proce-
dure codes for percutaneous transluminal angioplasty
(PTAs), either simple PTA (33074B) or complicated PTA
(33115B). The bypass graft surgery was defined by code of
69004B. These specific procedure codes of NHIRD were
provided in the online supplementary file 1. To avoid the
noise of coding for arterialvenous shunt treatment, the
patients with end-stage renal disease who received proce-
dure of simple PTA were excluded.

The annual medical expenditure of each patient was
provided from NHI. All dollar values were adjusted and
presented in 2019 US dollars.

Statistical analysis

The demographic characteristics including age, gender,
comorbidities, and medical cost among patients with
diabetes having foot diseases and/or all patients with
diabetes were summarized by year using frequencies
(proportions) and means (SD) as appropriate. The prev-
alence was described as a percentage. Within the popu-
lation of people coded with DFCs, the prevalence and
the proportion of the comorbidities, LEAs, phenotypes
of foot diseases including ischemic foot, foot infections
and foot ulcers, and vascular interventions were analyzed
annually. In addition, 95% CIs of diabetic foot prevalence
were obtained. Changes in the prevalence and propor-
tion from 2007 to 2014 were analyzed using a Joinpoint
regression model. All statistical analyses were performed
using the SAS V.9.4 (SAS Institute, Cary, North Caro-
lina, USA) and the Join-point Trend Analysis Software
V.4.5.0.1.%

RESULTS

As the T2D population rose from 1115556 to 1556988
from year 2007 to 2014, the number of people with T2D
and DFCs increased by 33.4% (table 1). Nevertheless, the
prevalence of DFCs in patients with T2D was 2.07% in
2007 and 1.98% in 2014, which showed a slight decrease
in trend (p for trend=0.024).

The annual expenditure for any medical performance
per person with DFCs was constantly higher than that of
the T2D population, in a 3.2-fold to 3.4-fold range.

The absolute number of the T2D population suffering
from LEAs was 3181 in year 2007-3213 in 2014, with the
annual LEAs rate decreasing from 2.85 to 2.06 (p for
trend=0.001) per 1000 T2D persons per year. The trends
for both major LEA and minor LEA rates were noted to
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be decreased (p<0.001 for major LEAs and p=0.019 for
minor LEAs). Of note, the ratio of major LEA in LEAs
decreased from 56.2% to 47.4% (p<0.001).

In table 2, characteristics of patients with T2D and DFCs
are described. The mean age was 65.3£12.8 years in 2007
and 66.3+13.6 years in 2014. The trend was increased
over time (p=0.003). We also noted an increasing trend
in the percentage of male gender (from 54.2% to 57.1%,
p<0.001). The increases of trends were noted in the
comorbidities of hypertension (from 68.8% to 73.0%,
p=0.001), dyslipidemia (from 34.5% to 42.5%, p<0.001),
and diabetic nephropathy (from 14.2% to 17.1%,
p=0.001). The prevalence of end-stage renal disease in
patients with DFCs increased from 4.9 in 2007 to 7.7 in
2014 (p=0.008). No significant difference was found in
coronary artery diseases, hemorrhagic stroke, or major
adverse cardiovascular events (MACEs).

Table 3 demonstrates the major presentations of DFCs
over time. The rate for foot infection increased from
59.0% in 2007 to 63.1% in 2014, with an increased trend
(p<0.001). Although the absolute number increased, the
trend of foot ulcers presentation decreased (38.4% to
33.8%, p<0.001). The trend for the prevalence of PAD
had no significant difference (from 28.8% to 26.8%,
p=0.064). The major presentations of interest on DFCs
were also listed, and an increasing trend of osteomyelitis
(6.8% to 7.4%, p=0.039) and necrotizing fasciitis (7.0%
to 8.2%, p<0.001) were noted. Nevertheless, the presence
of foot gangrene decreased significantly, from 14.7% to
11.3% (p<0.001). According to the selection criteria of
this study, >60% of patients with DFCs required in-hos-
pital treatment. The trend for utility with in-hospital
management was slightly decreased, from 64.6% to 61.6%
(p=0.023). The continual increase of endovascular inter-
ventions was noted from 6.2% in 2007 to 19.5% in 2014
(p<0.001). This was primarily due to a fourfold increase
in PTAs (p<0.001) rather than bypass surgery (p=0.995).

Figure 1 summarizes the major findings of patients
with T2D and DFCs. Figure 1A shows the decrement
of LEAs over time, with a more significant reduction in
major rather than minor LEA. Figure 1B demonstrates
the increase of trends of hypertension, dyslipidemia,
and end-stage renal disease prevalence. The preva-
lence of associated MACEs, however, had no statistical
change. Figure 1C shows the significant reduction of
foot gangrene, and the increased trend of osteomyelitis
and necrotizing fasciitis. Figure 1D panel reveals a four-
fold increase in the performance of PTAs while bypass
surgeries remained at the same rate.

DISCUSSION

The results of this large, national, 8-year study suggest
that DFCs remain common. The updated nationwide
trends in a high-income country might provide more
objective information for future management of this
complex disease.
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The incidence of type 1 diabetes has been reported
between 2 and 5 per 100000 person-years,”' and the prev-
alence is much lower than those in Western countries.***
In this survey, the prevalence of type 1 diabetes was found
to be <1% (data not provided). To simplify the epidemio-
logical information, this study excluded patients with type
1 diabetes. The observation of the increase of patients
with T2D in this study affirms the soaring rate of diabetic
prevalence in Asian countries.” ** Between years 2007
and 2014, increases of 39.6% in patients with T2D and
33.4% in patients with T2D and DFCs were found. The
prevalence of DFCs in the T2D population was therefore
unchanged at around 2% a year and had declining trend.

It is notable that the rates of LEAs were significantly
reduced from 2.85 to 2.06 per 1000 T2D population per
year, and our data showed this was mainly attributable to
the reduction of major LEA. These trends are similar to the
reports of Geiss et alin the USA."' Nevertheless, the rates of
LEAs reported by Geiss et al was higher (5.38-3.07 per 1000
adults of diabetes) and the trend of LEAs in Taiwan consis-
tently decreased without change in more recent years. It
is difficult to analyze the difference of LEAs between indi-
vidual health systems or entire national health services. The
type of diabetes, ethnicities, age distribution, comorbidities
and the utility of medical resource may all attribute to the
difference. Sheen et al reported a similar decrease of LEAs
in patients with diabetes between 1998 and 2007 (3.79
and 2.27/1000/year).” Although the authors suggested
the impact of pay-for-performance programme in Taiwan,
this conclusion may be over-reaching because only 12%
coverage rate of that programme for patients with diabetes
at that time.”® Understanding the underlying factors might
provide beneficial strategies for future foot care.

Along with the lifespan increase in patients with T2D,*
we are now facing a trend of more aged patients with
higher associated comorbidities. This study demonstrates
similar trends in patient with DFCs. Of note, in contrast
to the trend of patients associated with MACE remaining
stable, the association with chronic kidney disease or
end-stage renal disease has increased significantly. We
know that chronic kidney diseases™ and especially
end-stage renal disease® themselves are the major risk
factors for LEAs. This association between kidney disease
and amputation has induced mandatory foot care educa-
tion in this subgroup of the T2D population.

From studies reported, it follows that the risk factors
reported for LEAs while treating patients with DFCs are
age,'”” PAD'* especially gangrene,'” severity of infection,'”
nutritional status,'” and kidney function.'® For the study
period, the trend of increasing age and associated comor-
bidities should not be the cause of the decreasing trend
of LEAs. Although we found decreased trends of patients
with associated peripheral neuropathy and retinopathy,
the role that neuropathy or microvascular circula-
tion”" has on LEAs in patients with DFCs still remains
controversial.

Regarding the affected foot presentation, the trends
showed an increase of foot infections, but a decrease of foot

BMJ Open Diab Res Care 2019;7:€000795. doi:10.1136/bmjdrc-2019-000795
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Figure 1 Summary of trends of limb outcome (A) patient comorbidities, (B) foot presentation, (C) and vascular intervention,

(D) in patients with type 2 diabetes and diabetic foot complications. *P for trend<0.05; **p for trend<0.01; ***p for trend<0.001.
LEA, lower extremity amputation; PTA, percutaneous transluminal angioplasty.

ulcers. More significantly, we noticed a drop of gangrene
presentations. Foot gangrene usually suggests critical isch-
emia with or without infection, and in many situations, is
inevitable for certain degrees of LEA.* Although direct
evidence was not obtained, the continual decrease of
gangrene presentations in DFCs over time was mostly likely
due to clinical awareness of early management.

The performance of vascular interventions increased
dramatically nationwide, from 6.2% of patients in 2007 to
19.5% in 2014. This may result from an increased aware-
ness of the benefit of interdisciplinary treatments for
local ulcer or infection and the underlying PADs. As no
specific analysis was performed associating this dramatic
increase in peripheral artery intervention and reduction
in amputation, drawing conclusions should be made with
caution. We plan future efforts to specifically assess this
potential association.

Any appropriate rate of vascular intervention could
not be determined from this study; nevertheless, the
PAD prevalence rate ranging from 26.8% to 28.8%, and
among the patients with PAD, a gangrene prevalence
of 11.3%-14.7% might indicate that 19.5% of vascular
procedures were still within reasonable range. This study
also shows that along with the increase of vascular proce-
dures, the utility of annual hospitalization or medical cost

for patients with DFCs was not increased. In Taiwan, the
performance of PTAs increased at a much greater rate
than that of bypass surgery. Similar outcomes have been
reported.”

In this large population database study, several limita-
tions should be considered. The diagnostic codes usually
provide limited information; more detailed informa-
tion, for example, wound classification or the degree
of PAD and the successful rate of vascular interven-
tions were lacking. Furthermore, as mentioned above,
no specific relationship between increased peripheral
artery intervention and amputation was made using
these current data. The statistical estimations of the
correlation between the clinical characteristics or DFC
phenotypes and the LEAs were weak, and their causal
relationship requires further prospective study design
to be validated.

In conclusion, the DFCs continue to remain a major
medical and public health issue as we face patients in
increased numbers, age, and comorbidities. Neverthe-
less, increasing medical attention including early inter-
vention for ulcers to avoid gangrene, and proper medical
treatments (in this study, vascular intervention) could
provide a decrease in LEA outcomes.
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