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Abstract

Background: The effect of combined insulin and dipeptidyl peptidase-4 inhibitor (DPP4i) therapy on major adverse
cardiovascular events (MACEs) in patients with diabetic foot is unclear.

Methods: We conducted this nationwide cohort study using longitudinal claims data obtained from the Taiwan
National Health Insurance program and included 19,791 patients with diabetic foot from 2007 to 2014. Patients
receiving DPP4i-based therapy and/or insulin-based therapy after a diagnosis of diabetic foot were categorized into
combined, DPP4i- or insulin-based groups, respectively. The risk of MACEs including nonfatal myocardial infarction,
nonfatal stroke, cardiac death, and heart failure was assessed using Cox proportional hazards analysis and propensity
score matching.

Results: Among the 19,791 patients with diabetic foot (mean age, 58.8 years [SD, 12.5]; men, 51.2%), 6466 received
DPP4i-based therapy, 1925 received insulin-based therapy, and 11,400 received combined DPP4i and insulin therapy.
The DPP4i-based and insulin-based groups had a lower risk of MACEs (HR 0.53, 95% Cl 0.50-0.57 DPP4i only; HR

0.89, 95% C1 0.81-0.97 insulin only) than the combined group. After propensity score matching, the incidence of all
complications in the DPP4i-based group was still significantly lower than that in the combined group (HR 0.55, 95%
Cl 0.51-0.59 for MACEs; HR 0.32, 95% Cl 0.24-0.42 for nonfatal myocardial infarction; HR 0.70, 95% Cl 0.63-0.78 for
nonfatal stroke; HR 0.22, 95% Cl 0.13-0.38 for cardiac death; HR 0.22, 95% Cl 0.19-0.25 for any death; HR 0.16, 95% Cl
0.13-0.20 for amputation). In the diabetic foot patients with end-stage renal disease (ESRD), the benefit of a lower
incidence of MACEs in the DPP4i-based group disappeared (HR 0.77, 95% Cl 0.58-1.08).

Conclusions: This study demonstrated that the patients with diabetic foot receiving DPP4i-based therapy had a
lower risk of MACEs than those receiving combined therapy with DPP4i and insulin, but that the effect disappeared in
those with concurrent ESRD.
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Background

As the worldwide prevalence of diabetes mellitus
increases, the incidence rates of concomitant compli-
cations such as renal failure, coronary artery disease,
stroke, and lower limb amputation are also increasing [1].
The lifetime incidence of diabetic foot among patients
with diabetes mellitus is close to 25% [2], and nearly half
of these patients have peripheral artery disease [3]. Sta-
tistical data in Taiwan from 2000 to 2009 show an ampu-
tation rate of approximately 30% in patients admitted
to hospital for diabetic foot treatment [4]. A previous
study reported that the intensive control of glycaemia
with insulin or sulfonylurea can decrease microvascular
complications, and further follow-up demonstrated a
benefit regarding macrovascular events over the course
of more than 10 years [5, 6]. However, some researchers
have found that insulin therapy may have a proathero-
genic effect and increase oxidative stress, thereby wors-
ening cardiovascular outcomes [7-10]. On the other
hand, other studies have shown anti-inflammatory and
antiangiogenic effects with insulin usage for diabetic
wounds [11]. An increasing number of antihyperglyce-
mic medications with different mechanisms have become
available, including incretin-based therapies [12]. Fadini
et al. [13] demonstrated that vaso-protective endothelial
progenitor cells proliferated after 4 weeks of sitagliptin
treatment. In addition, Kawanami et al. reported that
incretin-based medications, including a dipeptidyl pepti-
dase-4 (DPP-4) inhibitor and a glucagon-like peptide-1
(GLP-1) receptor agonist, showed anti-inflammatory and
antioxidant effects and also ameliorated atherosclerosis
[14]. These results suggest that diabetic vascular com-
plications are due to hyperglycemia and the pleiotropic
action of antidiabetic drugs associated with atherosclero-
sis and endothelial dysfunction [15].

Several studies have also reported the benefits of gly-
caemic control with DPP4i-based therapy in combination
with insulin. Chen et al. [16] conducted a meta-analysis
of seven randomized controlled trials of combination
therapy with a DPP-4 inhibitor and insulin compared
with insulin with or without other oral antidiabetic drugs,
and found a significantly greater reduction in HbAlc and
2-h postprandial glucose levels in patients treated with
the DPP-4 inhibitor combined with insulin. Several other
studies have reported that the combination of insulin and
DDP4i therapy led to a greater decrease in HbAlc level
than insulin or DPP4i alone [17-19]. In addition, DPP4i-
based therapy has been shown to reduce the incidence of
diabetic vascular complications [20-22]. Because these
complications can result in diabetic foot, decreased qual-
ity of life, and be a strain on medical resources, clarifi-
cation of the medical effects of antidiabetic agents on
diabetic complications is important.
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One of the most common complications related to
diabetes is chronic kidney disease [23], and the condi-
tion limits the choice of antidiabetic drug. Furthermore,
in patients with diabetic foot ulcers, renal function has
been reported to be worse than in patients without foot
ulcers [24]. For these reasons, insulin- and incretin-based
therapies are commonly used for glycemic control in
patients with diabetic foot [25, 26]. However, according
to a previous study, cardiovascular outcomes could not
be explained simply by glycemic control [27]. In addition,
the effect of insulin- and DPP4i-based therapy on diabetic
vascular complications in patients with diabetic foot is
still largely unclear. Studies on insulin therapy combined
with a DPP4i have emphasized glycaemic control [28]
and less on adverse cardiovascular outcomes, especially
in patients with diabetic foot. Therefore, we conducted
this nationwide population-based cohort study using the
National Health Insurance Research Database (NHIRD)
in Taiwan to analyze the relationship between the inci-
dence and prognosis of major adverse cardiovascular
events (MACEs) in patients receiving a combination of
DPP4i- and insulin-based therapy. The aim of this study
was to investigate whether using combined insulin- and
DPP4i-based therapy in patients with type 2 diabetes and
diabetic foot would have a beneficial effect on MACE:s.

Methods

Source of data

We conducted this retrospective cohort study using lon-
gitudinal claims data from the Taiwan National Health
Insurance program from 2007 to 2014. Taiwan imple-
mented its single-payer compulsory National Health
Insurance program in 1995, and it currently covers 99%
of the Taiwanese population and reimburses for out-
patient visits, hospital admissions, and prescriptions.
All contracted institutions must file claims according to
standard formats, which are later archived in the NHIRD.
This study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital, Taiwan.

Study population

We identified all patients with diabetes (aged > 20 years)
who had any form of diabetic foot disease (International
Classification of Diseases, Ninth Revision (ICD-9), codes
250.70, 440.2, 443.9, peripheral artery disease; 040.0, gas
gangrene; 785.4, gangrene; 730.07, acute osteomyelitis,
ankle and foot; 730.17, chronic osteomyelitis, ankle and
foot; 730.27, unspecified osteomyelitis, ankle and foot;
730.97, unspecified infection of bone, ankle and foot;
707.14, ulcer of the heel and midfoot; 707.15, ulcer of
other part of the foot; 707.1, ulcer of lower limbs, except
pressure ulcer; 680.7, carbuncle and furuncle of the foot;
682.7, cellulitis and abscess of the foot, except toes; 681.1,
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cellulitis and abscess of toes; and 681.10, cellulitis and
abscess of toes, unspecified as well as V49.71-V49.77
(great toe amputation status, other toe(s) amputation
status, foot amputation status, ankle amputation status,
below the knee amputation status, above the knee ampu-
tation status, hip amputation status) and V52.1, fitting
and adjustment of artificial leg (complete or partial) or
ICD-9 procedure codes 84.11-84.17 (amputation of a toe,
amputation through the foot, disarticulation of the ankle,
amputation of the ankle through malleoli of the tibia and
fibula, other amputation below the knee, disarticulation
of the knee, amputation above the knee) after a diagnosis
of diabetes (Additional file 1: Table S1). Patients with dia-
betes mellitus were identified in the NHIRD from 2009
to 2013 on the basis of the following criteria: (1) hospital
admission for diabetes-related illness (ICD-9 code 250.
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xx), and (2) three or more outpatient codes within a cal-
endar year for diabetes-related illness. Patients who were
documented as having type 1 diabetes (ICD-9 code 250.
x1 or 250.x3) in the catastrophic illness registry were
excluded. We also excluded patients who had a MACE
prior to diabetic foot disease (Fig. 1). This nationwide
study included all available and eligible patients.

Patients receiving combined DPP4i and insulin therapy
for at least 7 days after receiving a diagnosis of diabetic
foot disease were categorized in the combined ther-
apy group, and those receiving at least 7 days of either
DPP4i therapy or insulin therapy were assigned to the
DPP4i-based group or insulin-based group, respectively.
Patients receiving any therapy but for less than 7 days
were excluded. The first date of therapy during the study
period was defined as the index date.

26,211,291 Population were enrolled in
National Health Insurance in

2007~2014 for case selection

24,078,416 People may not have diabetes

mellitus
11,097 People were having type I
diabetes foot
2,121,778 People who had Type 2 diabetes
mellitus were selected
1,894,032 Patients were not diagnosed

diabetes foot

[ ]
(3]
N
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o
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diabetes foot were selected

Type 2 diabetic patients with

Patients were excluded to

J

in 2009 to 2013

Type 2 diabetic patients aged
20 and older had diabetes foot

48,147 having endpoints before

diabetes foot diagnosed
159,795 not meeting study criteria
13 GLP-1

y

\

Combine user
n=11.400

DPP-4 inhibitors user
n=6,466

Insulin only user
n=1.925

Fig. 1 Flowchart of study population selection
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DPP4i-based therapy and insulin-based therapy were
defined as receiving available medications during the
study period (2007-2014) in Taiwan. The DPP4i-based
therapy included DPP-4 inhibitors (sitagliptin, saxa-
gliptin, linagliptin, vildagliptin), and the insulin-based
therapy included basal insulin (detemir, glargine) and
non-basal insulin [short acting insulin, ultra-short acting
insulin, pre-mixed insulin, Neutral protamine Hagedorn
(NPH) insulin]. The use of common antithrombotic med-
ications for patients with diabetic foot including aspirin,
cilostazol, warfarin, and clopidogrel was also recorded
for analysis.

Comorbidities were identified using ICD-9 codes based
on coding for any admission and on coding for more than
two outpatient visits before the diagnosis of diabetic foot
disease. Patients treated with DPP4i-based therapy and
insulin-based therapy after a diagnosis of diabetic foot
disease were matched to patients treated with DPP4i-
based therapy or insulin-based therapy by propensity
score matching in a 1:1 ratio on the basis of age, sex,
hypertension, hyperlipidemia, nephropathy, retinopathy,
peripheral neuropathy, antithrombotic therapy, and the
index date.

Main outcome measures

The primary outcome of this study was the first MACE
[including nonfatal myocardial infarction (MI), nonfatal
stroke, cardiac death, and heart failure]. The secondary
outcomes were nonfatal MI (ICD-9 code 410), nonfa-
tal stroke (ICD-9 codes 433-437), cardiac death, death
resulting from any cause, and amputation (ICD-9 codes
84.11-84.17) and heart failure for admission (ICD-9
codes 428.xx). Causes of death were defined according
to the death registry database. The follow-up period for
outcome events was calculated from the index date to the
date of first MACE, death during any hospitalization, last
medical claim, or the end of 2014, whichever came first.

Statistical analysis

The baseline characteristics of the three treatment groups
were compared using analysis of variance for continuous
variables and the chi-squared test for categorical vari-
ables. Associations between diabetic therapy and MACEs
in the diabetic patients with diabetic foot disease were
analyzed using a Cox proportional hazards model, and
results are presented as unadjusted hazard ratios (HRs)
with 95% confidence intervals (95% ClIs). To reduce dif-
ferences in baseline characteristics among the groups,
we conducted propensity score matching with two con-
trasts separately: DPP4i-based versus combined therapy,
and insulin-based versus combined therapy. For each of
the two comparisons, we used separate logistic regres-
sion models to estimate a propensity score, and then
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created matched pairs. The characteristics and Cox pro-
portional hazards model for adjusted HRs and 95% Cls
are also presented for the matched pairs. In the two
logistic regression models, we adjusted for confound-
ing factors including age, sex, hypertension, hyperlipi-
demia, nephropathy, retinopathy, peripheral neuropathy,
antithrombotic therapy, and the index date. We also per-
formed subgroup analyses stratified by end-stage renal
disease (ESRD), antithrombotic medication, and insulin
type. All statistical analyses were performed using SAS
statistical software version 9.4 (SAS Institute Inc., Cary,
NC). A two-sided P value of <0.05 was considered to be
statistically significant.

Results

Characteristics of the study population

From 1 January, 2007 to 31 December, 2014, a total
of 26,211,291 individuals were enrolled in the Taiwan
National Health Insurance program. We excluded from
our analysis 24,078,416 people without diabetes mel-
litus and 11,097 people with type 1 diabetes. Among
the remaining 2,121,778 patients with type 2 diabetes,
1,894,032 and 48,147 were further excluded because they
did not have a diagnosis of diabetic foot and had end-
points before a diagnosis of diabetic foot, respectively.
Another 159,795 people were excluded because they did
not meet the study criteria and 13 people were excluded
due to GLP-1 usage. Thus, our study included a total of
19,791 patients with type 2 diabetes aged 20 years and
older with a diagnosis of diabetic foot. Of these patients,
6466 were classified into the DPP4i-based therapy group,
1925 into the insulin-based therapy group, and 11,400
into the combined DPP4i- and insulin-based therapy
group (Fig. 1). The demographic characteristics includ-
ing sex, age, comorbidities, and antithrombotic drug
use are summarized in Additional file 2: Table S2. Most
patients with diabetic foot were in the 50-59 year age
group (31.0% in total and 30.0%, 33.1%, and 30.1% in
the combined, DPP4i-based, and insulin-based groups,
respectively), and most of the patients (57.6%) received
combination therapy with a DPP4i and insulin. The
proportions of retinopathy, nephropathy, neuropathy,
peripheral artery disease (PAD) and use of antithrom-
botic drugs were higher in the combined therapy group
than in the other two groups. The rates of hypertension
and hyperlipidemia were higher in the DPP4i-based
group than in the other two groups.

Analysis of MACEs in the patients with diabetic foot

Cox proportional hazards models were used to analyze
the primary and secondary endpoints among the three
groups, with the combined insulin- and DPP4i-based
therapy group serving as the reference group (Fig. 2).
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Events Patients with Hazard Ratio (95% Cl) P value
Major Adverse Cardiac Events event/ analysed

Combine use 2703/ 11400 1

DPP4-inhibitor 1174/ 6466 0.53 (0.50,0.57) <0.0001 =

Insulin only 618/ 1925 0.89 (0.81,0.97) 0.0082 -
Secondary Endpoint, n
Non-fatal myocardial infarction

Combine use 315/ 1400 1

DPP4-inhibitor 83/ 6466 0.33 (0.26,042) <0.0001 -

Insulin only 55/ 1925 0.61 (0.46,0.81) 0.0008 =
Non-fatal stroke

Combine use 1173/ 11400 1

DPP4-inhibitor 647/ 6466 0.71 (0.64,0.78) <0.0001 =

Insulin only 301/ 1925 0.97 (0.85,1.10) 0.6490 —i
Cardiac death

Combine use 88/ 11400 1

DPP4-inhibitor 17/ 6466 0.24 (0.14,040) <0.0001 ——

Insulin only 14/ 1925 0.53 (0.30,0.94) 0.0300 —
Any death

Combine use 2059/ 11400 1

DPP4-inhibitor 332/ 6466 0.21 (0.18,0.23) <0.0001 |

Insulin only 228/ 1925 0.39 (0.34,0.44) <0.0001
Amputation

Combine use 1610/ 11400 1

DPP4-inhibitor 253/ 6466 0.16 (0.13,0.20) <0.0001 =

Insulin only 232/ 1925 0.74 (0.61,0.88) 0.0010 ——
Heart failure for admission

Combine use 792/ 11400 1

DPP4-inhibitor 216/ 6466 0.35 (0.30,041) <0.0001 L

Insulin only 170/ 1925 0.84 (0.71,0.99) 0.0426 I I L |

0 0.5 1
Hazard Ratio

Fig. 2 Cox proportional hazard models for primary and secondary endpoints in the patients with diabetes mellitus and diabetic foot. The
probability of mortality and cardiovascular outcomes in the patients with diabetes mellitus and diabetic foot is shown for the DPP4i-only or
insulin-only group versus the combined therapy group. The effects of DPP4i-only and insulin-only therapy on MACEs, nonfatal MI, nonfatal stroke,
cardiac death, death resulting from any cause, amputation and heart failure for admission were analyzed individually. DPP4i dipeptidyl peptidase-4
inhibitor, HR hazard ratio, C/ confidence interval, MACE major adverse cardiac event, Ml myocardial infarction

There was a lower risk in the DPP4i-based and insulin-
based groups than in the combined treatment group for
MACEs (HR 0.53, 95% CI 0.50—0.57 for DPP4i-based; HR
0.89, 95% CI 0.81-0.97 for insulin-based), nonfatal MI
(HR 0.33, 95% CI 0.26—0.42; HR 0.61, 95% CI 0.46—0.81),
cardiac death (HR 0.24, 95% CI 0.14—0.40; HR 0.53, 95%
CI 0.30-0.94), any death (HR 0.21, 95% CI 0.18-0.23;
HR 0.39, 95% CI 0.34-0.44), amputation (HR 0.16, 95%
CI 0.13-0.20; HR 0.74, 95% CI 0.61-0.88), and heart fail-
ure for admission (HR 0.35, 95% CI 0.30-0.41; HR 0.84,
95% CI 0.71-0.99). For nonfatal stroke, the DPP4i-based
group but not the insulin-based group had a lower risk
than the combined therapy group (HR 0.71, 95% CI 0.64—
0.78; HR 0.97, 95% CI 0.85-1.10, respectively).

We used separate logistic regression models to esti-
mate propensity scores, and created matched pairs
with confounders of sex, age, antithrombotic drug use,
hypertension, hyperlipidemia, nephropathy, retinopathy,
peripheral neuropathy and PAD. The baseline character-
istics of the patients with diabetic foot after propensity
score matching are shown in Additional file 3: Table S3.
The combined therapy group had the highest rate of

ESRD, followed by the insulin-based group. The DPP4i-
based group had the fewest patients with ESRD.

Cox proportional hazard models for primary and sec-
ondary endpoints were analyzed using propensity score
matching (Fig. 3). The incidence of all complications
in the DPP4i-based group was still significantly lower
than that in the combined therapy group (HR 0.55, 95%
CI 0.51-0.59 for MACEs; HR 0.32, 95% CI 0.24-0.42
for nonfatal ML; HR 0.70, 95% CI 0.63—0.78 for nonfatal
stroke; HR 0.22, 95% CI 0.13-0.38 for cardiac death; HR
0.22, 95% CI 0.19-0.25 for any death; HR 0.16, 95% CI
0.13-0.20 for amputation; HR 0.35, 95% CI 0.30—-0.41 for
heart failure for admission). In the insulin-based group,
only the risk of any death (HR 0.43, 95% CI 0.37-0.50)
and amputation (HR 0.79, 95% CI 0.66—0.94) were lower
than those in the combined therapy group.

In survival analysis, the risk of MACEs was significantly
lower in the DPP4i-based group than in the combined
therapy group (log-rank test P<0.001) (Fig. 4). The dif-
ference between the insulin-based group and combined
therapy group was not significant after up to 6 years of
follow-up (log-rank test P=0.994).



Lin et al. Diabetol Metab Syndr (2018) 10:75 Page 6 of 11
a
Events Patients with Hazard Ratio (95%Cl) P value
Major Adverse Cardiac Events event/ analysed
Combine use 1686/ 6185 1
DPP4-inhibitor 1105/ 6185 0.55 (0.51,0.59) <0.0001 -
Secondary Endpoint, n
Non-fatal myocardial infarction
Combine use 206/ 6185 1
DPP4-inhibitor 75/ 6185 0.32 (0.24,042) <0.0001 ——
Non-fatal stroke
Combine use 751/ 6185 1
DPP4-inhibitor 608/ 6185 0.70 (0.63,0.78) <0.0001 ——
Cardiac death
Combine use 68/6185 1
DPP4-inhibitor 17/ 6185 0.22 (0.13,0.38) <0.0001 ——
Any death
Combine use 1264/ 6185 1
DPP4-inhibitor 308/ 6185 0.22 (0.19,0.25) <0.0001 .
Amputation
Combine use 868/ 6185 1
DPP4-inhibitor 238/ 6185 0.16 (0.13,0.20) <0.0001 -
Heart failure for admission
Combine use 500/ 6185 1
DPP4-inhibitor 202/ 6185 0.35 (0.30,041) <0.0001 ——
(NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRD
0.1250.250.350.450.550.650.750.850.95
Hazard Ratio
b
Events Patients with Hazard Ratio (95%Cl) P value
Major Adverse Cardiac Events event/ analysed
Combine use 567/ 1874 1
Insulin 609/ 1874 1.00 (0.89,1.12) 1.000 ——
Secondary Endpoint, n
Non-fatal myocardial infarction
Combine use 68/ 1874 1
Insulin 54/ 1874 0.70 (0.49,1.003) 0.0518 L
Non-fatal stroke
Combine use 243/ 1874 1
Insulin 296/ 1874 1.0.10 (0.93,1.30) 0.2758 18—
Cardiac death
Combine use 23/ 1874 1
Insulin 14/ 1874 0.54 (0.28,1.04) 0.0653 —
Any death
Combine use 466/ 1874 1
Insulin 226/ 1874 043 (0.37,050) <0.0001 -
Amputation
Combine use 273/ 1874 1
Insulin 228/ 1874 0.79 (0.66,0.94) 0.0092 ——
Heart failure for admission
Combine use 178/ 1874 1
Insulin 168/ 1874 0.85 (0.69,1.05) 0.1355 —
r T 1
0.5 1 15

Fig. 3 The probability of mortality and cardiovascular outcomes in the patients with diabetes mellitus and diabetic foot in the DPP4i-only group or
insulin-only group versus the combined therapy group by propensity score matching. The effects of DPP4i-only (a) and insulin-only therapy (b) on
major adverse cardiac events, nonfatal myocardial infarction, nonfatal stroke, cardiac death, death resulting from any cause, amputation and heart
failure for admission were analyzed individually. DPP4i dipeptidyl peptidase-4 inhibitor, C/ confidence interval

Hazard Ratio

Subgroup analysis

We further divided the participants with diabetic foot
into subgroups according to ESRD, antithrombotic drug
use, and insulin type (Fig. 5). Comparing the DPP4i-
based group with the combined therapy group, we found
a lower incidence of MACEs regardless of antithrombotic
drug use or different insulin type. However, in the dia-
betic foot patients with ESRD, the lower risk of MACEs

in the DPP4i-based group disappeared (HR 0.77, 95% CI
0.58-1.08 vs. HR 0.56, 95% CI 0.52—-0.60 in those with
ESRD vs. those without ESRD, respectively). However,
the insulin-based group did not have a significantly lower
incidence of MACEs than the combined therapy group in
subgroup analysis.

Although the incidence of MACEs in the DPP4i-based
group was significantly lower than that in the combined
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a 1.0 b 1.0

E z

5 08 Logrank test P < 5 08 - Log rank test P =0.9941
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E = Combinc usc E —— Combinc use

~ DPP-4 inhibitors = Insulin
0.0 T T T T 0.0 T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
years years
No. at risk No. at risk
DPP-4 inhibitors Insulin
6185 5143 3307 1588 583 17 1874 1505 1053 651 328 102
Combine use Combine use
6185 4109 2471 1239 504 94 1874 1365 934 596 317 81

Fig. 4 MACE-free survival rates in the patients with diabetes mellitus and diabetic foot. The primary outcome was estimated using Cox regression
models stratified according to trial and history of MACEs for the DPP4i-only group (a) or the insulin-only group (b) versus the combined therapy
group. MACE major adverse cardiac event, DPP4i dipeptidyl peptidase-4 inhibitor

therapy group regardless of insulin type, the difference
between the DPP4i-based group and the DPP4i-based
group combined with the non-basal insulin group was
greater than that between the DPP4i-based group and
the DPP4i with basal insulin-only group (HR 0.52, 95% CI
0.47-0.58 vs. HR 0.79, 95% CI 0.68—0.91 in those receiv-
ing combined therapy with non-basal vs. basal insulin-
only therapy, respectively).

Discussion

In diabetic foot patients, there is higher prevalence of
cardiovascular events [29]. As an additional cardiovascu-
lar risk factor, several hypothetical pathogenic etiologies
of diabetic foot, including inflammatory events which
may be related to elevated plasma interleukin-6 level and
decline plasma adiponectin level are proposed [29, 30].

Increasing evidence has demonstrated the benefit of
DPP4i therapy in protecting endothelial function [13, 31],
including even the possibility of regressing carotid ather-
osclerosis [32]. In clinical practice, however, considerable
debate exists [33]. Insulin has a powerful ability to pro-
mote glycaemic control and p-cell function preservation
[34]. However, there seems to be increasing evidence that
hyperinsulinemia might be associated with atherosclero-
sis and an increased risk of cardiovascular disease [8, 9,
35, 36].

We found a lower incidence of MACEs including non-
fatal MI, nonfatal stroke, cardiac death, any death, ampu-
tation and heart failure for admission rate among the
patients who received DPP4i-based therapy than in those

treated with combined DPP4i- and insulin-based ther-
apy. In addition, compared with the combined therapy
users, the insulin-based users also had a lower incidence
of these outcomes except for nonfatal stroke. In patients
with poorly controlled diabetic foot, physicians often add
other antidiabetic medicines with different mechanisms
for better glycaemic control, however the effect is often
limited in this population. The worse glucose control and
comorbidities in these patients with diabetic foot may
explain the higher incidence of cardiovascular disease in
the combined therapy users. In addition, we observed a
relatively lower HR for MACEs and diabetic cardiovascu-
lar complications in the DPP4i-based group than in the
insulin-based group. Jil et al. [37] reported that adding
insulin to metformin and sulfonylurea therapy was asso-
ciated with an increased risk of cardiovascular events and
death compared with adding DPP-4 inhibitors. This fur-
ther supports the concept that DPP4i-based therapy has
an endothelial protective effect which may reduce cardio-
vascular events. Even after propensity score matching in
the three groups, we still observed a significantly lower
incidence of MACEs, nonfatal MI, nonfatal stroke, car-
diac death, death resulting from any cause, amputation
and heart failure for admission rate in the DPP4i-based
group than in the combined therapy group. Whereas,
in the insulin-based group, only the incidence of death
resulting from any cause and amputation decreased.

In our subgroup analysis, the endothelium-protec-
tive effect of DPP4i seemed to decline in the diabetic
foot patients with ESRD. Atherosclerosis, vascular
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Events Patients with Hazard Ratio (95%Cl) P value
ESRD - YES event/ analysed

Combine use 161/ 375 1

DPP4-inhibitor 44/ 110 0.77 (0.58,1.08) 0.1307 L
ESRD - NO

Combine use 1525/ 5810 1

DPP4-inhibitor 1061/ 6075 0.56 (0.52,0.60) <0.0001 L}
Antithrombotic - YES

Combine use 522/ 1645 1

DPP4-inhibitor 350/ 1646 0.59 (0.52,0.68) <0.0001 L
Antithrombotic - NO

Combine use 1164/ 4540 1

DPP4-inhibitor 755/ 4539 0.53 (0.48,0.58) <0.0001 L
Insulin type - Basal insulin

Combine use 1191/ 4155 1

DPP4-inhibitor 225/ 851 0.79 (0.68,0.91) 0.0011 ——
Insulin type - Others

Combine use 495/ 2030 1

DPP4-inhibitor 880/ 5334 0.52 (0.47,0.58) <0.0001 L

r 1
0.5 1
Hazard Ratio

Events Patients with Hazard Ratio (95% Cl) P value
ESRD - YES event/ analysed

Combine use 70/ 137 1

Insulin 30/ 58 0.90 (0.59,1.38) 0.6297 L
ESRD - NO

Combine use 497/ 1737 1

Insulin 579/ 1816 1.05 (0.93,1.18) 0.4296 —+
Antithrombotic - YES

Combine use 220/ 611 1

Insulin 242/ 627 1.02 (0.85,1.22) 0.8622 :
Antithrombotic - NO

Combine use 347/ 1263 1

Insulin 367/ 1247 0.99 (0.85,1.14) 0.8718 ]
Insulin type - Basal insulin

Combine use 426/ 1281 1

Insulin 297/ 823 1.01 (0.87,1.18) 0.9114 —a—
Insulin type - Others

Combine use 141/ 593 1

Insulin 312/ 1051 1.14 (0.94,1.39) 0.1933 T L

[TTTTTTTTTTTTITTITT I T I T I T TTITTIT T T

0.575 0.7 0.8 09 11.075 1.2 13
Hazard Ratio

Fig. 5 Cox proportional hazard regression analyses were performed for subgroups of patients with respect to the primary MACE outcome
(including nonfatal myocardial infarction, nonfatal stroke, cardiac death, and heart failure). P values signify the differences between groups. C/
confidence interval, ESRD end-sage renal disease, MACE major adverse cardiac event, DPP4 dipeptidyl peptidase-4

calcification, and stiffening are major risk factors for
cardiovascular disease in patients with ESRD, and they
have been associated with multiple mechanisms includ-
ing endothelial dysfunction, inflammatory processes,
oxidative stress, and calcium deposition in vascular
tissue [38, 39]. Moreover, the process of arterial stric-
ture and functional changes have been reported to be
accelerated in patients with ESRD compared with nor-
mal control subjects [40]. This is compatible with our
finding that in the diabetic foot patients with ESRD, the

benefit of DPP4i in reducing the rate of cardiovascular
disease disappeared.

In further comparisons of MACEs between the
DPP4i-based and combined therapy groups (basal insu-
lin or non-basal insulin), DPP4i-based treatment was
most beneficial for MACE outcomes, where as com-
bined therapy with basal insulin was not beneficial
for MACE outcomes. The worst MACE outcome was
found in those treated with insulin-only therapy with
non-basal insulin. For advanced glycaemic control,
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physicians tend to prescribe insulin therapy with a
basal-bolus regimen or premixed insulin analogues
for diabetic patients with high glycemic variability.
However, in patients with diabetic foot complications,
adequate glucose control is harder to achieve than in
other diabetic patients without such comorbidities [41].
Moreover, the risk of hypoglycemia and associated var-
iations in glucose have been reported to be higher with
the use of non-basal insulin [42], especially in patients
with infection who have unstable diabetic foot compli-
cations. The higher the glycemic variability in patients
with diabetes mellitus, the higher the oxidative stress
produced [43]. In addition, postprandial hyperglyce-
mia has been proposed to be highly associated with
the macrovascular complications of diabetes [44]. In
contrast, the combination of DPP4i with basal insulin
has been reported to typically produce a more robust
postprandial glucose-lowering effect and lower risk of
hypoglycemia than the combination with other types of
insulin [45]. Furthermore, several studies have reported
that DPP4i therapy can benefit diabetic foot ulcer heal-
ing [46—48]. We suggest that for patients with diabetic
foot, there is no need for additional insulin therapy for
those who are already receiving DPP4i-based therapy in
terms of cardiovascular outcomes.

This study has several limitations. First, because
alogliptin was introduced after 2014 in Taiwan, not
all DPP4i were studied. Second, this was a nonrand-
omized, retrospective, observational study, and thus
selection bias is possible despite comprehensive pro-
pensity score matching and setting the index date as
the start of therapy. However, diabetic foot patients
are a thigh risk of cardiovascular disease, and these
confounding factors could be minimized by our large
cohort size and adequate follow-up period of at least
1 year. Third, dosages of the studied medications were
not considered in the model because it would have
further complicated the already complex model and
led to a low matching rate between groups. Fourth,
subjects who were suggested to take both insulin and
DPP4i therapy were probably those more complicated
from a clinical point of view. In this retrospective study,
we could not definitely rule out such a circumstance,
however we could still analyze the cardiovascular out-
comes influenced by the effects of antidiabetic drugs
beyond glycaemic control. Fifth, data of glycaemic con-
trol was lacking in this database although it is a strong
confounding factor in cardiovascular outcomes. Sixth,
some details of diabetic foot including the PEDIS clas-
sification for the wound could not be distinguished by
ICD-9 codes. The DM foot status could have impact on
the patients’ outcomes. However, for the majority of
diabetic foot patients, we could still assess the effects of
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DPP4i- and add-on insulin-based therapy on cardiovas-
cular outcomes in such a large cohort study.

Conclusions

In conclusion, we found that in patients treated with
DPP4i-based therapy and insulin-based, there were
an association with lower risk of cardiovascular com-
plications compared to patients treated with coadmin-
istration of insulin and DPP4i therapy, but this effect
disappeared in those with concurrent ESRD. With
regards to the clinical implication, there was no addi-
tional benefit in reducing the risk of cardiovascular
events by adding insulin to DPP4i-based therapy for the
patients with diabetic foot.
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