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Abstract

Background Diabetes is a major cause of microvascular complications. Renin—angiotensin—aldosterone blockers have been
known to have the benefits of delaying onset and progression of diabetic complications including nephropathy. Objective
To evaluate the effect of sarpogrelate, an antiplatelet agent, on the new onset diabetic complications in patients with type 2
diabetes mellitus. Serting A 1108-bed tertiary university hospital in Korea. Methods A retrospective cohort study was con-
ducted using electronic medical records between 2010 and 2015 in Korea. The study cohort of the propensity score matched
patients with or without sarpogrelate was evaluated for the diabetic complications identified with the diagnosis codes in
T2DM patients on the metformin based antidiabetic therapy. Nephropathy was further evaluated for progression of kidney
function. Main outcome measure The incidence of composite microvascular complications included nephropathy, neuropa-
thy, and retinopathy. Results The 1:2 propensity score matched 478 out of 14,440 patients were included in the final analysis
with or without sarpogrelate (162 vs. 316 patients). The incidence of nephropathy, neuropathy, and retinopathy was 1.23%
versus 5.38% (HR 0.21, 95% CI 0.05-0.92), 1.23% versus 4.43% (HR 0.26, 95% CI 0.06—1.14), and 6.17% versus 6.33%
(HR 0.93, 95% CI 0.43—1.97) with sarpogrelate and without sarpogrelate, respectively. Changes in the estimated glomerular
filtration rate and urine albumin creatinine ratio were not significantly different between the groups. Conclusion In Korean
patients, sarpogrelate, an antiplatelet agent, was associated with reducing the incidence and progression of nephropathyin
type 2 diabetes, but not associated with the composite endpoints including neuropathy and retinopathy.
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Impacts on practice

e Combination of sarpogrelate with the metformin based
antidiabetic therapy could be considered as a strategy to
slow down progression of the renal disease in patients
with type 2 diabetes.

Electronic supplementary material The online version of this e Sarpogrelate did not reduce other microvascular compli-

article (https://doi.org/10.1007/s11096-019-00794-7) contains cations of neuropathy and retinopathy.
supplementary material, which is available to authorized users.
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mated 693 million by 2045 along with a rising proportion of
geriatric patients [1, 2]. DM is associated with macrovascu-
lar and microvascular complications, which are the leading
causes of its mortality and morbidity [3]. As the number of
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complications increases, the risk of mortality also increases
[4]. DM-associated complications increase the disease bur-
den, mortality, and medical costs [4—6]. The microvascular
complications in DM include nephropathy, neuropathy, and
retinopathy [7]. Nephropathy is the most common compli-
cation that occurs in 20-40% of patients with DM. It can
progress to end-stage renal disease (ESRD) requiring dialy-
sis or kidney transplantation. Diabetic neuropathy, on the
other hand, manifests with a variety of symptoms. Glycemic
control can modestly delay the progression of nerve dam-
age in DM, although it does not reverse any neuronal loss.
Diabetic retinopathy, a common cause of loss of vision, is
associated with different risk factors, such as duration of
DM, poor glycemic control, nephropathy, hypertension, and
dyslipidemia [8].

Several classes of drugs have shown benefits in delay-
ing the onset or progression of DM-associated complica-
tions in addition to the control of blood glucose and blood
pressure [9—12]. For nephropathy, angiotensin-convert-
ing-enzyme inhibitors (ACEI) and angiotensin II receptor
blockers (ARB) have proven benefits in delaying progres-
sion of chronic kidney disease (CKD) in patients with DM
and hypertension [10-12]. Sodium-glucose cotransporter-2
inhibitors (SGLT-2I) have demonstrated to slow down the
decline in glomerular filtration rate (GFR) in the EMPA-
REG OUTCOME and CANVAS study [13, 14]. Dipeptidyl
peptidase-4 inhibitors (DPP-41) and glucagon-like peptide 1
(GLP-1) analogs have exhibited a reduction in the incidence
of diabetic kidney disease in the LEADER and SUSTAIN-6
study [15, 16]. The mineralocorticoid receptor antagonist,
finerenone has been shown to reduce albuminuria without
causing hyperkalemia or altering renal functions [17].

No specific drugs are, however, identified for the preven-
tion of complications of diabetic neuropathy and retinopathy.
The current strategy for prevention of diabetic neuropathy
and retinopathy is disease management with tight control of
glucose and blood pressure. The drugs approved for diabetic
neuropathic pain are pregabalin, duloxetine, tapentadol and
topical capsaicin. Antidepressants, antiepileptics, and trama-
dol have been used although not approved for neuropathy.
Photocoagulation surgery and anti-vascular endothelial fac-
tors (bevacizumab, ranibizumab, and aflibercept) can be also
used for the treatment of diabetic retinopathy [8].

Sarpogrelate is a SHT, A receptor antagonist which can
suppress platelet aggregation, thrombus formation, endothe-
lial dysfunction, vasoconstriction, and vascular smooth mus-
cle cell proliferation by multiple mechanisms. It has been
used in patients with a peripheral vascular disease associ-
ated with DM or other diseases. It has 36 generic products
available since it was approved in Korea in 1999, although
it is not approved in the US and Canada. In Korea, it is
also suggested to use sarpogrelate as an additional or alter-
nate antiplatelet drug in patients with an aspirin allergy or
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patients receiving clopidogrel having a high risk of bleed-
ing [18]. Studies have reported that sarpogrelate can reduce
albuminuria in patients with DM having an early stage of
diabetic nephropathy [19]. Several animal studies with sar-
pogrelate have revealed its mechanism of ameliorating dia-
betic nephropathy by reduction of renal fibrosis or inhibition
of macrophage activity [20, 21]. We hypothesized that sar-
pogrelate may be beneficial for the prevention of complica-
tions associated with DM.

Aim of the study

The aim of this retrospective cohort study was to investigate
the effects of sarpogrelate with metformin-based antidiabetic
therapy on microvascular complications including nephropa-
thy, neuropathy, and retinopathy in patients with type 2 DM
(T2DM).

Ethics approval

The study was approved by the Institutional Review
Board (IRB) of Ajou University Hospital (AJIRB-MED-
MDB-15-503). Informed consent from the study patients
was waived as the patient records were de-identified when
the data were provided by the clinical data warehouse of the
hospital prior to the analyses.

Methods
Study design and data source

This was a retrospective observational cohort study using
the electronic medical records of 1108-bed tertiary care,
university-affiliated, teaching hospital between January 2010
and December 2015 in Korea. Our hospital has structured
the clinical data warehouse (CDW) for the investigators to
conduct clinical research and obtain real-world evidence.
The Department of Medical Informatics provided the data-
set with the data elements listed and defined for the pur-
pose of the research following the methods approved by
the IRB. The Department of Medical Informatics extracted
the de-identified data from the CDW for the protection of
confidentiality of the patients before the dataset was pro-
vided to us. All our study data at baseline and at follow-up
were obtained from the CDW. We did not directly review
the medical records of the individual patients. The database
was available through clinical data research service of the
Department of Medical Records.

Data regarding demographic characteristics, comorbidi-
ties, concomitant medications (obtained from prescription
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records which included prescription date, brand name,
generic name, days of supply, and route of administration),
and clinical procedures were collected. Comorbidities prior
to the index date were identified and Charlson comorbid-
ity index score (CCI) was calculated for the year prior to
the index date [23]. The concomitant medications used in
the pre-index period were aspirin, ACEI/ARBs, beta block-
ers, calcium channel blockers, and statins. The laboratory
tests included serum creatinine, urine albumin, and glycated
hemoglobin (HbA1C).

Inclusion and exclusion criteria

The inclusion criteria for the study were patients aged
> 18 years, without any episode of hospitalization, diag-
nosed with T2DM [International Classification of Disease,
10th revision (ICD-10 codes, E11)], and who had continu-
ously received metformin-based antidiabetics (ADM) or
metformin-based antidiabetics plus sarpogrelate (ADMS)
for a minimum of 30 days. The index date was defined as
the date of initiation of metformin for ADM and the date of
simultaneous initiation of sarpogrelate and metformin for
ADMS. The pre-index period was 1 year prior to the index
date. The follow-up period extended from the index date to
30 days after the end of treatment date. The end of treatment
date was fixed as the terminal date of therapy with the study
drug. Patients with a medication possession rate (MPR) of
>80% were included in the study to reduce the impact on the
outcomes that might not be identified during the follow-up
period. MPR was defined as the ratio (A/B) of total prescrip-
tion days (A) to the duration of the first to the last date of
drug use during the follow-up period (B).

The outcomes in each group (ADM and ADMS) was
assessed by the baseline estimated glomerular filtration
rate (eGFR): the first group of patients (eGFR > 60 mL/
min/1.73 m?) included CKD stage 1 (>90 mL/min/1.73 m?)
and stage 2 (60—-89 mL/min/1.73 mz), while the second
group of patients (€GFR < 60 mL/min/1.73 m?) included
CKD stage 3 (30-59 mL/min/1.73 m?) and stage 4
(15-29 mL/min/1.73 m?). The antidiabetic therapy was clas-
sified as monotherapy and combination therapy. The met-
formin combination therapy included DPP-41, sulfonylureas
(SU), and other drugs. The other antidiabetic drugs were
meglitinide, alpha-glucosidase inhibitor, thiazolidinedione,
SGLT-2 inhibitors, GLP-1 analogs, and insulin.

The exclusion criteria were patients receiving antiplatelet
drugs other than aspirin or sarpogrelate for > 7 days during
the follow up period, patients with a history of complications
associated with DM (ICD 10 code, E11.2, N08.3, E11.4,
E11.3, H36.0), severe disease state, during the pre-index
period. The severe disease states included cancer (ICD-10
codes, C00—C75), chronic hepatic failure (ICD-10 codes,
K72.1), renal failure (eGFR < 15 mL/min/1.75 m?), and

patients undergoing dialysis (ICD-10 codes, Z49.1, Z49.2)
or renal transplantation (ICD-10 codes, Z94.0) (Fig. 1).

Outcomes

The primary outcome was defined as the first occurrence
of composite diabetic microvascular complications includ-
ing nephropathy (renal complications (E11.2) or glomerular
disorders in DM (NO08.3), neuropathy (neurological compli-
cations (E11.4), and retinopathy (ophthalmic complications
(E11.3) or diabetic retinopathy (H36.0) as identified by the
corresponding ICD-10 codes. The observation period for the
clinical outcomes was from 30 days after the index date until
30 days after the end of treatment date.

The secondary outcomes were a reduction in eGFR and
change in urine albumin-creatinine ratio (UACR). The
eGFR was calculated by the Modification of Diet in Renal
Disease (MDRD) formula. The assessment of the progres-
sion of renal disease was performed by a reduction of 30%,
30-50%, and 50% of eGFR from the baseline values [22,
23]. The assessment for UACR was performed by its change
from the baseline value: increase (> 2 times), minor change
(2-0.5 times), or decrease (< 0.5 times) [24]. The date of the
outcome was the earliest possible date of the reduction in
eGFR or date of change of UACR from the baseline.

The safety assessment with the addition of sarpogrelate
during the follow-up period included complications such as
severe or life-threatening bleeding or minor events based on
the GUSTO criteria [25]. Severe or life-threatening bleeding
was classified as subarachnoid, intra-cerebral, or intracranial
hemorrhage.

Statistical analysis

The baseline characteristics among the different groups were
expressed as the mean + standard deviation [(or median and
inter-quartile range (IQR)] for the continuous variables or
frequency with percentages for the categorical variables,
as applicable. The continuous variables were compared by
student’s ¢ test or one-way analysis of variance, and the cat-
egorical variables were compared by Chi squared test. Pro-
pensity score (PS) matching was applied using the caliper
matching method at a fixed ratio of 1:2 (2 controls per study
patient). The two groups were matched for covariates includ-
ing age, sex, CCI, comorbidities (hypertension and hyper-
lipidemia), eGFR, and concomitant medications. These vari-
ables were considered to control the possible confounders of
complications associated with DM [26]. The Kaplan—Meier
method and log-rank test were used to evaluate the propor-
tion of patients with preserved renal function with or with-
out receiving sarpogrelate in the metformin-based antidia-
betic therapy group. Cox proportional hazards models were
used to estimate the hazard ratio (HR) and 95% confidence
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Fig. 1 a Flow chart of the study A
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metformin Patients on metformin-based antidiabetics sarpogrelate or aspirin..
with or without sarpogrelate ..
(n=6,643)..
T 2,952 patients excluded+
I —Without lab values for serum creatinine ..
Study patients ..
(n=3,691).. N
1,309 patients excluded«
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| |
A 1 year | | 30 days |

Pre index period

Follow up period

Index date: start date of metformin in ADM and the date of simultaneous taking sarpogrelate and metformin in ADMS.
End date: terminal date of therapy with the study drug.

interval (CI). The PS-matched patients were further ana-
lyzed by Cox regression analysis with adjusted covariates
including the potential confounders of CCI, ACEI/ARB,
statin, DPP4-1, insulin, hypertension, and the number of
antidiabetic drugs. The model was assessed for assumption
of proportional hazards and log-linearity using the Schoen-
feld residuals and the cumulative Martingale residual with-
out violation [27, 28]. Subgroup analyses were performed
according to the characteristics of the included patients. All
statistical analyses were performed using SAS software ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

A total of 14,440 patients were screened between January
2010 and December 2015 and 2382 patients fulfilled the
eligibility criteria. After PS matching (1:2 ratio), a cohort
of 478 patients was finally included in the group with
sarpogrelate (ADMS, n=162) and without sarpogrelate
(ADM, n=316). The baseline characteristics of the PS-
matched patients were comparable in terms of age, sex,
and CCI score. Triple or higher combination therapy with
metformin was administered in around 50% of the patients.

@ Springer

Monotherapy or dual therapy with metformin were used in
22-31% of the patients. SU or DPP4-I were mainly used in
combination with metformin. Insulin was used in around
10% of the patients. The frequency of comorbidities (hyper-
tension and hyperlipidemia) was similar. The mean baseline
eGFR with approximately 8 measurements over a maximum
period of 5.4 years and the mean baseline UACR were
comparable. The median follow-up period was 2.7 years
(maximum 5.4 years, IQR 1.4-4.2 years). The concomitant
medications (aspirin, ACEI/ARBs, beta blockers, calcium
channel blockers, and statins) were similar in both the two
groups. HbA1C was the only parameter which was higher in
the ADMS group than the ADM group despite PS matching
(Table 1, Supplement Table 1 and 2).

In the Cox regression analysis without covariate adjust-
ments in the PS-matched patients, the incidence of occur-
rence of composite endpoints was 8.64% in the ADMS
group and 14.24% in the ADM group (HR 0.55, 95% CI
0.30-1.01). The incidence of complications was not signifi-
cantly different in all the CKD patients of different stages,
although there was a trend of lower incidence of complica-
tions with sarpogrelate. In the ADMS and ADM groups,
nephropathy was identified in 1.23% and 5.38% (HR 0.21,
95% CI 0.05-0.92) patients of all CKD stages, and 0% and
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Table 1 Baseline characteristics of patients after propensity score matching
All patients, PS matched CKD Stage 1-2 CKD Stage 3—4
ADM (316) ADMS (162)  p-value  ADM (233) ADMS (118)  p-value  ADM (83) ADMS (44)  p-value
Age, years 54.92+11.41 55.21+11.37 0.79 52.84+10.92 52.77+10.76 0.96 60.75+10.78 61.72+1047  0.62
(mean + SD)
Age, n (%) 0.49 0.88 0.31
<65 years 247 (78.16) 131 (80.86) 200 (85.84) 102 (86.44) 47 (56.63) 29 (65.91)
> 65 years 69 (21.84) 31 (19.14) 33 (14.16) 16 (13.56) 36 (43.37) 15 (34.09)
Male, n (%) 190 (60.13) 93 (57.41) 0.57 147 (63.09) 69 (58.47) 0.40 43 (51.81) 24 (54.55) 0.77
Pharmacother-
apy, n (%)
Monotherapy 72 (22.78) 47 (29.01) 0.14 58 (24.89) 33 (27.97) 0.53 14 (16.87) 14 (31.82) 0.05
(metformin)
Dual therapy 99 (31.33) 41 (25.31) 0.08  69(29.62) 32(27.11) 0.05  30(36.14) 9(20.45) 0.88
Metformin 45 (14.24) 11 (6.79) 30 (12.87) 8 (6.78) 15 (18.07) 3(6.82)
and DPP-
41
Metformin 39 (12.34) 19 (11.73) 30 (12.87) 14 (11.86) 9(10.84) 5(11.36)
and SU
Metformin 15 (4.75) 11 (6.79) 9 (3.86) 10 (8.47) 6(7.23) 1(227)
and others
Triple therapy 145 (45.89) 74 (45.68) 0.97 106 (45.49) 53 (44.92) 0.92 39 (46.99) 21 (47.73) 0.94
or more
Follow-up
period (years)
Mean +SD 274+1.53 2.89+1.49 2.80+1.56 2.90+1.50 2.57+1.45 2.86+1.47
Median (q1-  2.40 (1.4-4.3) 2.5 (1.70-4.50) 2.40 (1.40-4.40) 2.55 (1.70-4.50) 2.2(1.50-3.90)  2.55 (1.75-4.50)
q3)
CClI score
Mean +SD 1.81+1.62 1.81+1.52 099  181+1.61 1.84+1.51 088  1.82+1.66 1.75+£1.56 0.82
Median (ql- 3 (0-3) 3(0-3) 3(0-3) 3(0-3) 3(0-3) 3(0-3)
q3)
Comorbidities,
n (%)
Hypertension 37 (11.71) 19 (11.73) 0.99 23 (9.87) 11 (9.32) 0.87 14 (16.87) 8 (18.18) 0.85
Hyperlipi- 40 (12.66) 17 (10.49) 049  28(12.02) 12 (10.17) 0.61 12 (14.46) 5(11.36) 0.63
demia
¢GFR (mL/
min/1.73 m?)
Mean +SD 68.72+15.95 68.54+13.21 0.89 75.48+11.85 74.34+10.07 0.37 49.76 +9.31 52.98+6.15 0.04
Median (ql1- 63.87 68.34 0.89 73.05 73.54 0.37 53.01 55.05 0.04
q3) (59.26-77.89) (58.91-77.92) (66.76-79.75) (65.24-80.27) (44.28-57.10) (49.86-57.74)
UACR (n) 132 145 103 106 29 39
Mean +SD 135.8+122.5 124.5+134.8 140.3+121 136.1+145 0.82 119.9+126.7 92.93+93.05 0.32
Median (ql1- 108.39 84.94 0.47 117.73 88.80 0.82 79.63 75.85 0.32
q3) (29.94-201.14)  (27.20-173.95) (35.45-204.19)  (33.24-199.01) (14.60-174.44)  (16.10-131.01)
HbAILC (%) 7.44+1.25 8.20+1.48 <0.0001 7.43+1.20 8.33+1.47 <0.0001 7.45+1.38 7.84+1.48 0.20
(mean + SD)
SBP (mmHg) 129.21+17.72 124.80+13.06 0.27 129.13 +18.60 122.06 +13.94 0.16 129.42 +15.56 131.67+7.71 0.73
(mean + SD)
DBP (mmHg) 77.32+11.45 75.23+9.54 0.42 78.14+12.20 73.80+10.52 0.19 75.32+9.15 78.83+5.70 0.36
(mean = SD)
Concomitant
medication,
n (%)
Aspirin 78 (24.68) 34 (20.99) 0.37 54 (23.18) 22 (18.64) 0.33 24 (28.92) 12 (27.27) 0.85
ACEI/ARB 116 (36.71) 62 (38.27) 0.74 89 (38.20) 45 (38.14) 0.99 27 (32.53) 17 (38.64) 0.49
Beta blocker 21 (6.65) 8 (4.94) 0.46 10 (4.29) 4(3.39) 0.69 11 (13.25) 4(9.09) 0.49
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Table 1 (continued)

All patients, PS matched CKD Stage 1-2 CKD Stage 3—4

ADM (316) ADMS (162) p-value ADM (233) ADMS (118) p-value ADM (83) ADMS (44) p-value
DHP-CCB 53(16.77) 29 (17.90) 0.76 35(15.02) 14 (11.86) 0.42 18 (21.69) 15 (34.09) 0.13
NDHP-CCB 11 (3.48) 4(2.47) 0.55 7 (3.00) 4(3.39) 0.84 4 (4.82) - 0.14
Statin 54 (17.09) 30 (18.52) 0.70 45 (19.31) 24 (20.34) 0.82 9 (10.84) 6 (13.64) 0.64

PS matched, propensity score matched (age, sex, CCI, hypertension, hyperlipidemia, the level of baseline eGFR, aspirin, ACEI/ARB, statin);
ADM, antidiabetic drugs with metformin; ADMS, sarpogrelate and antidiabetic drugs with metformin; CKD, chronic kidney disease; CKD
stage 1-2, baseline eGFR >60; CKD stage 3—4 baseline eGFR <60; SU, sulfonyl urea; DPP-41, dipeptidyl peptidase-4 inhibitor; CCI, Charl-
son comorbidity Index (acute myocardial infarction, congestive heart failure, peripheral vascular disease, cerebral vascular accident, dementia,
pulmonary disease, connective tissue disorder, peptic ulcer, paraplegia, HIV); eGFR, estimated glomerular filtration rate; UACR, urine albumin
creatinine; ratio; HbA1C, Hemoglobin A1C; SBP, systolic blood pressures; DBP, diastolic blood pressure; TG, total cholesterol; ACEI, angio-
tensin-1 conversion enzyme Inhibitor; ARB, angiotensin-2 receptor blocker; DHP-CCB, dihydropyridine calcium channel blocker; NDHP-CCB,
non-dihydropyridine calcium channel blocker

4.55% (p=0.01) patients of CKD stage 1-2, respectively.
The incidence of the other complications was not signifi-
cantly different between the ADMS and ADM groups [1.23%
and 4.43% (HR 0.26, 95% CI 0.06—1.14) for neuropathy and
6.17% and 6.33% (HR 0.93, 95% CI 0.43-1.97) for retinopa-
thy, respectively]. In the PS-matched patients, the risk in
the Cox regression analysis with covariate adjustments was
not significantly different from the results obtained without
covariate adjustments. The incidence of nephropathy was

the only outcome which was significantly reduced in the
ADMS group as compared to the ADM group (HR 0.23,
95% CI 0.05-0.99) (Table 2). The Kaplan—Meier analysis
showed that the cumulative incidence of nephropathy was
lower in the ADMS group as compared to the ADM group
(p=0.04) (Fig. 2).

The risk of composite complications was not significant
in the subgroup analysis based on age, sex, and concomi-
tant medications in the ADMS group as compared to the

Table 2 The number of new cases and hazards of complications associated with diabetes with or without sarpogrelate

The number of new cases

HR (95% CI) ADMS vs. ADM

ADM, n New cases, n (%) ADMS, n New cases, n (%) PSM, unadjusted PSM, adjusted®
Composite endpoints
All CKD stages 316 45 (14.24) 162 14 (8.64) 0.55 (0.30-1.01) 0.60 (0.33-1.10)
Stage 1-2 233 32 (13.73) 118 9 (7.63) 0.51 (0.24-1.06) 0.49 (0.23-1.06)
Stage 34 83 13 (15.66) 44 5(11.36) 0.66 (0.24-1.87) 0.89 (0.28-2.79)
Nephropathy
All CKD stages 316 17 (5.38) 162 2 (1.23) 0.21 (0.05-0.92)* 0.23 (0.05-0.99)*
Stage 1-2 233 12 (4.55) 118 0 (0.00) NA NA
Stage 34 83 5(6.02) 44 2 (4.55) 0.69 (0.13-3.54) 0.52 (0.06-4.83)
Neuropathy
All CKD stages 316 14 (4.43) 162 2 (1.23) 0.26 (0.06-1.14) 0.30 (0.07-1.34)
Stage 1-2 233 13 (5.58) 118 1 (0.85) 0.14 (0.02-1.10) 0.16 (0.02-1.27)
Stage 3-4 83 1(1.20) 44 1(2.27) 1.80 (0.11-28.82) 2.17 (0.13-36.46)
Retinopathy
All CKD stages 316 20 (6.33) 162 10 (6.17) 0.93 (0.43-1.97) 0.99 (0.46-2.15)
Stage 1-2 233 13 (5.58) 118 8 (6.78) 1.17 (0.49-2.84) 1.15 (0.47-2.82)
Stage 3-4 83 7 (8.43) 44 2 (4.55) 0.50 (0.10-2.42) 0.59 (0.11-3.07)

PSM, propensity score matched (age, sex, CCI, hypertension, hyperlipidemia, the level of baseline eGFR, aspirin, ACEI/ARB, statin); ADM,
antidiabetic drugs with metformin; ADMS, sarpogrelate and antidiabetic drugs with metformin; CKD, chronic kidney disease; stage 1-2, base-
line eGFR > 60; stage 3—4 baseline eGFR < 60; nephropathy, type 2 diabetes mellitus with renal complications (E11.2) or glomerular disorders
in DM (NO08.3); neuropathy, type 2 diabetes mellitus with neurological complications (E11.4); retinopathy, type 2 diabetes mellitus with oph-
thalmic complications (E11.3) or diabetic retinopathy (H36.0); HR, hazard ratio; CI, confidence interval; NA, NA =not assessable due to zero
incidence in the ADMS; b adjusted, CCI-sum, ACEI/ARB, statin, hypertension, DPP4-I, insulin, number of anti-diabetic drugs

* Statistically significant
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Fig.2 Kaplan—-Meier curve for cumulative incidence of microvascu-
lar complications. a Composite complications, b nephropathy, renal
complications (E11.2) or glomerular disorders in DM (N08.3), ¢ neu-
ropathy, neurological complications (E11.4), d retinopathy, ophthal-

ADM group. The risk of composite endpoints was lower
in patients receiving combination therapy with >3 more
antidiabetic drugs and patients receiving SU (Fig. 3). The
change in eGFR was not significant across the different CKD
stages. eGFR reduction was greater in CKD stage 3—4 than
CKD stage 1-2 in both the ADM and ADMS groups. The
Kaplan—Meier survival analysis did not show any signifi-
cant difference in the time required for 30% eGFR reduction
between both the groups (p=0.24) (Supplement Table 3 and

mic complications (E11.3) or diabetic retinopathy (H36.0); ADM,
antidiabetic drugs with metformin; ADMS, sarpogrelate and antidia-
betic drugs with metformin; p value, Log-rank test

Fig. 1). The change in UACR was also not significant across
the different groups in respect to the changes from the base-
line value between the ADM and ADMS groups (increase
by 12.88% and 15.86%, minor change of 84.09% vs. 80.69%,
and decrease by 3.03% and 3.45%, respectively) (p =0.76)
(Supplement Table 4).

There were four minor bleeding events and no major
bleeding events. Three episodes of vitreous hemorrhage
(H43.1) occurred in one patient in the ADMS group
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Incidence, n(%) HR (95% Cl)
Subgroup Total ADMS ADM ADMS vs ADM

Age

<65 ——— 47/378 (12.43) 12/131 (9.16) 35/247 (14.17) 0.61 (0.32~1.18)

2 65 e 12/100 (12) 2/31 (6.45) 10/69 (14.49) 0.38 (0.08~1.73)
Sex

Male - 35/283 (12.37) 7/93 (7.53) 28/190 (14.74) 0.46 (0.20~1.05)

Female . 24/195 (12.31) 7/69 (10.14)  17/126 (13.49) 0.72 (0.30~1.73)
CClI score

<2 —a—F 15/202 (7.43) 4/66 (6.06) 11/136 (8.09) 0.61 (0.20~1.93)

=3 - 44/276 (15.94) 10/96 (10.42) 34/180 (18.89) 0.54 (0.27~1.09)
Anti-diabetic drugs

1 I 1 { 7/119 (5.88) 3/47 (6.38) 4/72 (5.56) 1.02 (0.23~4.57)

2 t = | 15/140 (10.71) 5/41 (12.2) 10/99 (10.1) 1.19(0.41~3.48)

3+ I 37/219 (16.89) 6/74 (8.11) 31/145 (21.38) 0.32 (0.14~0.78)
SuU

Yes a— 37/263 (14.07) 5/90 (5.56) 32/173 (18.5) 0.26 (0.10~0.68)

No t L | 22/215 (10.23) 9/72 (12.5) 13/143 (9.09) 1.34 (0.57~3.15)
DPP4I

Yes S 31/228 (13.6) 6/64 (9.38)  25/164 (15.24) 0.51 (0.21~1.24)

No A 28/250 (11.2) 8/98 (8.16) 20/152 (13.16) 0.61 (0.27~1.37)
Insulin

Yes - 15/47 (31.91) 2/11 (18.18)  13/36 (36.11) 0.47 (0.11~2.11)

No [ 44/431 (10.21) 12/151 (7.95) 32/280 (11.43) 0.64 (0.33~1.24)
Aspirin

Yes e 12/112 (10.71) 3/34 (8.82) 9/78 (11.54) 0.71 (0.19~2.62)

No [ | 47/366 (12.84) 11/128 (8.59) 36/238 (15.13) 0.52 (0.26~1.02)
ACEI/ARB

Yes [ am— 22/178 (12.36) 4/62 (6.45) 18/116 (15.52) 0.39 (0.13~1.16)

No S S 37/300 (12.33) 10/100 (10) 27/200 (13.5) 0.67 (0.33~1.39)
Statin

Yes —u { 7/84 (8.33) 2/30 (6.67) 5/54 (9.26) 0.61 (0.12~3.17)

No [ — 52/394 (13.2) 12/132(9.09) 40/262 (15.27) 0.56 (0.29~1.06)

0.0 0.5 1.0 1.5 2.0 2,5 3.0
<-ADMS better- =----ADM better-=--- >

Fig.3 Hazard ratio (ADMS vs. ADM) of composite end points by
subgroup patients. ADM, antidiabetic drugs with metformin; ADMS,
sarpogrelate and antidiabetic drugs with metformin; HR, hazard ratio;

and two patients of CKD stage 3—-4 in the ADM group.
Hemorrhage in the optic nerve sheath (H47.0) occurred
in one patient of CKD stage 3—4 in the ADMS group.
There was no difference in the risk of bleeding between
the two groups (HR 1.88, 95% CI 0.25-13.38) (Supple-
ment Table 5).
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ClI, confidence interval; DPP-41, dipeptidyl peptidase-4 inhibitor; SU,
sulfonylurea; ACEI/ARB, angiotensin-1 conversion enzyme inhibitor/
angiotensin-2 receptor blocker

Discussion

T2DM leads to various complications in multiple organs.
As the severity index of complications associated with DM
increases from 2 to 5 or more, the risk of mortality increases
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from 1.90 to 7.18 times [4]. Prevention and treatment of
complications are critical in patients with DM to improve
the quality of life, and to prevent morbidity and mortality.

In our study, the benefits of sarpogrelate were limited to
the progression of nephropathy in the early stages of CKD.
Reduction of other microvascular complications was not
observed with sarpogrelate when used with metformin-
based antidiabetic therapy. Metformin-based antidiabetic
therapy (ADM) was used as a control to evaluate the addi-
tional effects of sarpogrelate on the complications associ-
ated with DM because the practice guidelines recommend
metformin as the first-line therapy in T2DM [29]. Addition
of sarpogrelate with ADM has shown beneficial effects on
kidney functions in the DM patients.

Diabetic nephropathy is one of the most frequent micro-
vascular complications with a prevalence of 40% in T2DM
patients [30, 31]. Patients with DM and nephropathy have
a higher risk of cardiovascular morbidity [32]. Antiplatelet
drugs, either aspirin or clopidogrel, are recommended to
prevent primary or secondary atherosclerotic cardiovascular
diseases in DM [7, 29]. Sarpogrelate, an antiplatelet agent
with multiple mechanisms is used in patients with DM in
Korea. Many studies have reported the beneficial effects of
sarpogrelate in diabetic kidney disease. Sarpogrelate may
reduce albuminuria in patients with DM in the early stage
of diabetic nephropathy [19]. It has been shown to prevent
the progression of renal fibrosis through multiple pathways
in a mouse model of tubulointerstitial injury [20]. A recent
animal study suggested a new mechanism by which sar-
pogrelate acts in diabetic nephropathy. In an animal model
of proximal tubular inflammation and fibrosis with hyper-
glycemia, sarpogrelate was found to be beneficial in dia-
betic kidney disease by inhibiting macrophage activities and
by anti-inflammatory actions [21]. For change in eGFR, a
reduction of 30 or 40% eGFR from the baseline value has
been suggested as a surrogate endpoint for the assessment of
nephroprotective effects of drugs, such as renin-angiotensin
system inhibitors in CKD [22, 23].

The beneficial effects of sarpogrelate on microvascular
complications in the subgroup analyses were found to be
similar across the different groups based on age, gender,
comorbidity, and concomitant medications. In Korea, the
prevalence of hypertension and hyperlipidemia are 62.5%
and 49.5% in patients with DM [33, 34]. ACEIs and ARBs
are recommended as the drug of choice in patients with
DM and hypertension as they provide beneficial effects
on the progression of nephropathy [35-38]. Among the
antidiabetic drugs, DPP-4I have been reported to reduce
microalbuminuria and development or exacerbation of
diabetic nephropathy [39-41]. In this study, there was,
however, no significant difference in the risk of complica-
tions in patients with or without receiving ACEI/ARB,
DPP-41, or statin therapy. As SGLT-2I were licensed in

Korea in 2017, the effects of SGLT-2I on renal function
could not be evaluated in this study. Sarpogrelate reduced
the risk of complications in patients receiving > 3 antidia-
betic drugs and SU, while it showed a marginal benefit in
patients without aspirin use. This study excluded patients
receiving other antiplatelet drugs for > 7 days except for
aspirin or sarpogrelate. This indicated that sarpogrelate
could be used as an alternate antiplatelet drug in patients
with an aspirin allergy. In our study, aspirin was used in
about 20-29% of the patients with or without sarpogrelate
administration. Although the risk of bleeding was low,
caution is required when using a combination of sarpogre-
late and aspirin due to an increased risk of bleeding.

This retrospective cohort study had several limitations in
terms of complete data acquisition. The data extraction for
the cohort of DM patients and identification of the complica-
tions of DM were based on the ICD-10 codes. The outcomes
based on ICD-10 codes could be wrongly estimated because
of coding errors. The frequency and interval of blood tests
were different for each patient. We could not obtain com-
plete information with regard to smoking status, body mass
index, genetic information, diet, and activity, which may
affect the complications of DM. The duration of DM was
assessed based on the duration of use of drugs for DM as the
exact time of diagnosis was not clearly identified in the visit
records of the tertiary hospitals. HBAlc and blood pressure
at baseline was included to evaluate their impact on the out-
comes, but data at the end of the study was not fully available
for all the patients. Blood pressure checked during each clinic
visit in the follow-up period was not recorded in the clinical
data warehouse for the outpatients who were included in this
study. The patients with any episode of hospitalizations were
also excluded while evaluating the change in kidney function
to eliminate bias due to acute kidney injury from glomerulo-
nephritis, computed tomography contrast, non-steroidal anti-
inflammatory drugs (NSAIDS), or intravenous antibiotics.
The over-the-counter use of NSAIDs could not be assessed
as the electronic medical records did not contain the data on
the actual use of NSAIDs, and hence, the use of NSAIDS
could not be completely ruled out. Analysis of complications
was also based on eGFR and urine albumin for renal func-
tion in the only available subjects. The lack of comprehen-
sive clinical data might have influenced PS matching, which
could affect the study results and reduce the study power. The
benefits of sarpogrelate on the complications of diabetes was
limited to nephropathy in the early CKD stages. The impact
on the composite endpoints including neuropathy and retin-
opathy was not demonstrated with the use of sarpogrelate.
In terms of the complexity involved in evaluating the com-
plications associated with DM with various risk factors and
disease management, the effects of sarpogrelate should be
investigated with more robustly designed studies and com-
plete data set including a sufficient number of patients.

@ Springer



572 International Journal of Clinical Pharmacy (2019) 41:563-573
Conclusion 13. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M,
Mattheus M, et al. Empagliflozin and progression of kidney dis-
. . . . ease in type 2 diabetes. N Engl J Med. 2016;375:323-34.
Metformin-based antidiabetic therapy with sarpogrelate may 14. Neal B, Perkovic V, Mahaffey KW, De Zeeuw D, Fulcher G,
reduce the incidence of diabetic nephropathy and progres- Erondu N, et al. Canagliflozin and cardiovascular and renal events
sion of nephropathy in patients with T2DM. The use of sar- in type 2 diabetes. N Engl ] Med. 2017:377:644-57.
. . 15. Mann JF, @rsted DD, Brown-Frandsen K, Marso SP, Poulter NR,
pogrelate, an antiplatelet drug, can have a beneficial effect R . . ; .
asmussen S, et al. Liraglutide and renal outcomes in type 2 dia-
on the progression of renal complications in DM. betes. N Engl J Med. 2017;377:839-48.
16. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter
LA, et al. Semaglutide and cardiovascular outcomes in patients
Funding This research was supported by the Bio & Medical Tech- with type 2 diabetes. N Engl ] Med. 2016;375:1834-44. o
nology Development Program of the National Research Foundation, 17. Katayama S, Yamada D Nakayama M, Yamada T, Myoishi M,
funded by the Ministry of Science, ICT & Future Planning, Republic Kato M, et al. A randomized controlled study of finerenone versus
of Korea (No. 2013M3A9B5075838). placebo in Japanese patients with type 2 diabetes mellitus and
diabetic nephropathy. J Diabetes Complicat. 2017;31:758-65.
Conflicts of interest The authors have no conflicts of interest which are 18. Lee D, Chun EJ, Huf JH, Min SH, Lee J, Oh TJ, et al. Effect of
directly relevant to the content of this study. sarpogrelate, a selective 5-HT 2A receptor antagonist, on charac-
teristics of coronary artery disease in patients with type 2 diabetes.
Atherosclerosis. 2017;257:47-54.
19. Takahashi T, Yano M, Minami J, Haraguchi T, Koga N, Higashi K,
et al. Sarpogrelate hydrochloride, a serotonin2A receptor antago-
References nist, reduces albuminuria in diabetic patients with early-stage
diabetic nephropathy. Diabetes Res Clin Pract. 2002;58:123-9.

1. Cho N, Shaw J, Karuranga S, Huang Y, da Rocha Fernandes J, 20. Hamasaki Y, Doi K, Maeda-Mamiya R, Ogasawara E, Katagiri
Ohlrogge A, et al. IDF Diabetes Atlas: global estimates of diabetes D, Tanaka T, et al. A 5-hydroxytryptamine receptor antagonist,
prevalence for 2017 and projections for 2045. Diabetes Res Clin sarpogrelate, reduces renal tubulointerstitial fibrosis by suppress-
Pract. 2018;138:271-81. ing PAI-1. Am J Physiol Renal Physiol. 2013;305:F1796-803.

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 21. Lee ES, Lee MY, Kwon M, Kim HM, Kang JS, Kim YM, et al.
of diabetes: estimates for the year 2000 and projections for 2030. Sarpogrelate hydrochloride ameliorates diabetic nephropathy
Diabetes Care. 2004;27:1047-53. associated with inhibition of macrophage activity and inflamma-

3. American Diabetes Association. 9. Cardiovascular disease and tory reaction in db/db mice. PLoS ONE. 2017;12:e0179221.
risk management: standards of medical care in diabetes-2018. 22. Rosansky SJ, Glassock RJ. Is a decline in estimated GFR an
Diabetes Care. 2018;41:586-104. appropriate surrogate end point for renoprotection drug trials?

4. Young BA, Lin E, Von Korff M, Simon G, Ciechanowski P, Lud- Kidney Int. 2014;85:723-7.
man EJ, et al. Diabetes complications severity index and risk of 23. Stevens LA, Greene T, Levey AS. Surrogate end points for clini-
mortality, hospitalization, and healthcare utilization. Am J Manag cal trials of kidney disease progression. Clin J Am Soc Nephrol.
Care. 2008;14:15-23. 2006;1:874-84.

5. Hex N, Bartlett C, Wright D, Taylor M, Varley D. Estimating the 24. Schmieder RE, Mann JF, Schumacher H, Gao P, Mancia G,
current and future costs of Type 1 and Type 2 diabetes in the UK, Weber MA, et al. Changes in albuminuria predict mortality and
including direct health costs and indirect societal and productivity morbidity in patients with vascular disease. ] Am Soc Nephrol.
costs. Diabetic Med. 2012;29:855-62. 2011;22:1353-64.

6. YoonlJ, OhL Seo H, Kim E, Gong Y, Ock M, et al. Disability- 25. Investigators Gusto. An international randomized trial comparing
adjusted life years for 313 diseases and injuries: the 2012 Korean four thrombolytic strategies for acute myocardial infarction. N
burden of disease study. ] Korean Med Sci. 2016;31:5146-57. Engl J Med. 1993;329:673-82.

7. Forbes JM, Cooper ME. Mechanisms of diabetic complications. 26. American Diabetes Association. 6. Glycemic targets: standards of
Physiol Rev. 2013;93:137-88. medical care in diabetes-2018. Diabetes Care. 2018;41:S55-64.

8. American Diabetes Association. 10. Microvascular complications 27. Kleinbaum DG, Klein M. Survival analysis. Berlin: Springer;
and foot care: standards of medical care in diabetes-2018. Diabe- 2010.
tes Care. 2018;41:5105-18. 28. Lin D, Wei L, Ying Z. Model-checking techniques based on cumu-

9. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood- lative residuals. Biometrics. 2002;58:1-12.
glucose control with sulphonylureas or insulin compared with 29. Anonymous Standards of Medical Care in Diabetes-2018. Diabe-
conventional treatment and risk of complications in patients with tes Care January 01 2018;41:s1.
type 2 diabetes (UKPDS 33). The Lancet. 1998;352:837-53. 30. de Boer IH, Afkarian M, Rue TC, Cleary PA, Lachin JM, Molitch

10. Diabetes Control and Complications Trial Research Group. The ME, et al. Renal outcomes in patients with type 1 diabetes and
effect of intensive treatment of diabetes on the development and macroalbuminuria. ] Am Soc Nephrol. 2014;25:2342-50.
progression of long-term complications in insulin-dependent dia- 31. Bailey RA, Wang Y, Zhu V, Rupnow MF. Chronic kidney disease
betes mellitus. N Engl J Med. 1993;329:977-86. in US adults with type 2 diabetes: an updated national estimate of

11. Ismail-Beigi F, Craven T, Banerji MA, Basile J, Calles J, Cohen prevalence based on Kidney Disease: Improving Global Outcomes
RM, et al. Effect of intensive treatment of hyperglycaemia on (KDIGO) staging. BMC Res Notes. 2014;7:415.
microvascular outcomes in type 2 diabetes: an analysis of the 32. ChuY, Lin H, Wang J, Weng S, Lin C, Chien C. Epidemiology
ACCORD randomised trial. The Lancet. 2010;376:419-30. and outcomes of hypoglycemia in patients with advanced diabetic

12.  ADVANCE Collaborative Group. Intensive blood glucose control kidney disease on dialysis: a national cohort study. PLoS ONE.
and vascular outcomes in patients with type 2 diabetes. N Engl J 2017;12:e0174601.

Med. 2008;358:2560-72. 33. Song SO, Lee Y, Kim DW, Song YD, Nam JY, Park KH, et al.

@ Springer

Trends in diabetes incidence in the last decade based on Korean



International Journal of Clinical Pharmacy (2019) 41:563-573

573

34.

35.

36.

37.

National Health Insurance claims data. Endocrinol Metab.
2016;31:292-9.

Ko SH, Kim DJ, Park JH, et al. Trends of antidiabetic drug use in
adult type 2 diabetes in Korea in 2002-2013: nationwide popula-
tion-based cohort study. Medicine. 2016;95:e4018.

Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE,
Parving H, et al. Effects of losartan on renal and cardiovascular
outcomes in patients with type 2 diabetes and nephropathy. N Engl
J Med. 2001;345:861-9.

Barnett AH, Bain SC, Bouter P, Karlberg B, Madsbad S, Jervell
J, et al. Angiotensin-receptor blockade versus converting—enzyme
inhibition in type 2 diabetes and nephropathy. N Engl J Med.
2004;351:1952-61.

Heart Outcomes Prevention Evaluation (HOPE) Study Investi-
gators. Effects of ramipril on cardiovascular and microvascular
outcomes in people with diabetes mellitus: results of the HOPE
study and MICRO-HOPE substudy. The Lancet. 2000;355:253-9.

38.

39.

40.

41.

National Kidney Foundation. KDOQI clinical practice guide-
line for diabetes and CKD: 2012 update. Am J Kidney Dis.
2012;60:850-86.

Haluzik M, Frolik J, Rychlik I. Renal effects of DPP-4 inhibitors: a
focus on microalbuminuria. Int J Endocrinol. 2013;2013:895102.
Rathmann W, Kostev K, Gruenberger J, Dworak M, Bader G,
Giani G. Treatment persistence, hypoglycaemia and clinical out-
comes in type 2 diabetes patients with dipeptidyl peptidase-4
inhibitors and sulphonylureas: a primary care database analysis.
Diabetes Obes Metab. 2013;15:55-61.

Tanaka T, Higashijima Y, Wada T, Nangaku M. The poten-
tial for renoprotection with incretin-based drugs. Kidney Int.
2014;86:701-11.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Effects of sarpogrelate on microvascular complications with type 2 diabetes
	Abstract
	Impacts on practice
	Introduction
	Aim of the study
	Ethics approval
	Methods
	Study design and data source
	Inclusion and exclusion criteria
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




