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Abstract

Background:
We hypothesized that the recommended incretin-mimetic therapy associates with a better outcome (1-year mortality
after discharge, rehospitalizations within 12 months) and with less hypoglycemic events in type − 2 diabetics
following myocardial revascularization.

Methods:
Hospitalized type-2 diabetics of the Departments of Cardiology and Cardiothoracic Surgery (University Hospital
Halle), who had percutaneous coronary intervention (29.4%) or coronary artery bypass graft (70.6%) in 2016, were
included in this observational study: Group 1 (incretin-mimetic therapy), Group 2 (insulin therapy without incretin
mimetics) or Group 3 (oral diabetes medication without incretins or insulin). They were asked to mail in a
questionnaire on medical therapy, number of hypoglycemic episodes and rehospitalizations 2 years following
discharge. In non-responders, the vital status was obtained by local registries 2.4 years after discharge.

Results:
204 patients were recruited in this prospective observational study. At discharge, only 3.9% of all type-2 diabetics
had an incretin mimetic, 39.7% were on insulin, and 56.4% on oral medication. In all patient groups together, the
prevalence of incretin-mimetic therapy did not change (3.9% at discharge, 2.9% at follow-up). The prevalence of
sodium glucose transporter-2–inhibitor therapy slightly increased from 6.8% at discharge to 9.2% at follow-up.
However, 85 out of 173 patients (49.1%) did not provide follow-up questionnaires. In hospital mortality (Group 1: 0%,
Group 2: 0%, Group 3: 5.2%; p = 0.092), 1-year mortality after discharge ( Group 1: 12.5%, Group 2: 13.6%, Group 3:
11.9%; p = 0.944), and number of rehospitalizations within 12 months after discharge (Group 1: 1.0 per capita, Group
2: 1.0, Group 3: 1.1; p = 0.697) were similar among groups. Hypoglycemic events 6 months prior to follow-up were
highest in Group 2 (0.9 ± 2.3) in comparison to Group 1 (0 ± 0) and Group 3 (0.1 ± 0.3; p = 0.017).

Conclusion:
Even after adjusting for surviving patients not sending back questionnaires, the adherence to the recommendations
regarding incretin-mimetic and sodium-glucose transporter-2–inhibitor therapy was poor. With the limitation of a low
patient number, both 1-year mortality after discharge and rehospitalizations were similar among groups. Self-
reported hypoglycemic events occurred more often in insulin-treated diabetics than in the ones without.

Background
Revascularization strategies in diabetes patients presenting with signi�cant obstructive coronary artery disease are
characterized by a reduced patency rate after percutaneous coronary interventions (PCI) (1) and, when opting for
coronary arterial bypass graft (CABG), by a higher mortality (2;3), especially in insulin-treated diabetes patients (4).
Underlying mechanisms for this increased mortality are unclear. Hyperglycemia may promote infections following
surgery (5). In addition, hypoglycemic episodes with consecutive neuroendocrine activation represent an explanation
for the increased mortality in diabetes patients (6;7).
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Incretin-mimetic therapy with or without an accompanying insulin therapy offers an adequate glycemic control, less
hypoglycemic events and a weight loss in comparison to insulin therapy without incretin mimetics (8;9). In addition,
type-2 patients in the Liraglutide arm of the LEADER trial had a reduced total mortality, when compared to their
counterparts with placebo as an add-on therapy (10). Likewise, type-2 diabetes patients on the sodium-glucose
transporter-2 inhibitor (SGLT-2i) Empagli�ozine were shown to have a prognostic bene�t in the Empareg-Outcome
trial (11).

In the present study, type 2 diabetes patients having had a myocardial-revascularization procedure were included.
Unless no contraindication applies, the initiation of both a SGLT-2i and an incretin-mimetic therapy was mandated
by evidence published in the literature prior to or during the time this study was conducted (10;11). In addition,
during the hospitalization for myocardial revascularization, a new incretin-mimetic therapy with or without
accompanying insulin therapy and a SGLT-2i therapy were recommended routinely by consulting clinical
Diabetologists. However, as the patients were hospitalized in the Department of Cardiothoracic Surgery or in the
Department of Cardiology, the recommendations were not followed consistently. All therapeutic decisions were
made by staff physicians of the Department of Cardiothoracic Surgery and the Department of Cardiology. In
addition, the Diabetologist`s recommendation may or may not have been transmitted to the ambulatory treating
physician. In short, it is unclear whether or not recommendations to change diabetes therapy were followed in these
high-risk patients. Interestingly, in a national comparison, the cardiovascular risk pro�le and the cardiovascular
mortality were reported to be highest in the population of the federal German state, where the current study was
conducted (12). Therefore, the research question of this prospective observational study was, does the fact that a
cardiac intervention or a CABG surgery is needed contribute to the decision making on diabetes therapy during index
hospitalization and/or by the time of a 2-years follow-up? Speci�cally, do type-2 diabetes patients with need for
myocardial revascularization reach an adequate coverage by incretin-mimetic and SGLT-2i therapy? Secondly, we
hypothesized that diabetes patients on a new incretin-mimetic therapy had a better 1-year mortality, less
rehospitalizations within 12 months after discharge and less hypoglycemic events 6 months prior to follow-up.

Methods

Patients and study design
All diabetes-mellitus patients hospitalized in the Departments of Cardiology and Cardiothoracic Surgery of the
University Hospital of the Martin-Luther University Halle-Wittenberg, subjected to either PCI or CABG between 1st
January 2016 and 31st December 2016, were identi�ed in the hospital data base using the respective diagnosis and
intervention codes. The identi�ed patients were included in prespeci�ed groups of this prospective observational
study, if they passed the in- and exclusion criteria. The institutional review board (Ethics commission) approved this
study (�le number 2017-88). As a follow-up contact, study participants were asked to mail in a questionnaire on
medical therapy, on number of hypoglycemic episodes and rehospitalizations following discharge. In non-
responders, vital status was determined by an inquiry at resident’s registration o�ces of the patients' home towns
up to 2.4 years after discharge.

Inclusion criteria:

Hospitalized patients (male/female) with type-2 diabetes

Need for myocardial revascularization (CABG surgery or PCI) during index hospitalization

Age: ≥ 18 years
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Age < 75 years

Group-speci�c criteria applied at discharge of index hospitalization:

Group 1: ongoing or new incretin-mimetic therapy with or without insulin, with or without oral diabetes
medication and diet

Group 2: ongoing or new insulin therapy without incretin-mimetic therapy, with or without oral diabetes
medication and diet

Group 3: ongoing oral diabetes medication and diet without incretin-mimetic therapy, without insulin therapy

Exclusion criteria:

Age < 18 years

Age ≥ 75 years

gravidity

psychiatric disorder with lack of ability to provide an informed consent

known active cancer disease or curative care within < 5 years

Hypothesis:
As incretin-mimetic therapy and SGLT-2i therapy were routinely recommended, unless contraindications existed, we
hypothesized, �rstly, that the proportion of patients being prescribed both medications reaches the possible
maximum of near 100% (excluding the patients where contraindications apply) by the time of a 2-year follow-up
contact. Secondly, we hypothesized that incretin-mimetic therapy with or without an accompanying insulin therapy
associates with an improved 1-year mortality, less rehospitalizations within 12 months after discharge and less
reported symptomatic, documented (self-monitoring of blood glucose) hypoglycemic episodes with blood glucose < 
3.9 mmol/l (13) during the 6 months prior to a follow-up contact in comparison to type-2 diabetes patients with high
cardiovascular risk being on a therapeutic regimen without incretin mimetics. For hypothesis generation, Groups 2
and Group 3 were compared to detect possible differences in outcome in type-2 diabetes patients with or without
insulin therapy. Physicians and scientists involved in the analysis of this study were not responsible for therapy
decisions.

Statistics:
Results were given as mean ± standard deviation for metric variables or as the absolute and relative frequencies for
categorical variables of all patients. Comparisons among Group 1, Group 2, Group 3 (primary endpoint), between
Group 2 and Group 3 (secondary endpoint) included the following variables: in-hospital mortality, 1-year mortality,
hypoglycaemia (< 3.9 mmol/l or < 70 mg/dl) rate during index hospitalization and within 6 months prior to follow-up
questionnaire, comparison of cumulative daily insulin dose during index hospitalization and within 6 months prior to
follow-up questionnaire. The Kolmogorov-Smirnov test was used to check for normal distribution of the values.
Differences between the mean values of two evaluation groups have been checked by Student`s t test (parametric
data) or Mann-Whitney test (non-parametric data) and of more than two evaluation groups by the ANOVA test
(parametric data) or Kruskal-Wallis test (non-parametric data) with post-hoc tests (Tukey or Dunn, where
appropriate). Kaplan-Meier method with log-rank (Mantel-Cox) test was performed for survival analysis. All data
calculations were performed by use of the SPSS software (version 21; IBM Corp., Armonk, New York, USA). Graphs
were displayed using the Graphpad software (Prism 8, La Jolla, California, USA).
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Results
Low initiation rate of incretin-mimetic and sodium-glucose transporter-2 inhibitor therapy in cardiovascular high-risk
patients with type-2 diabetes

204 patients were recruited in this study. Following CABG surgery, 2 patients (1 Group-2 patient and 1 Group-3
patient) received PCI after CABG during index hospitalization. All other patients received PCI or CABG as outlined in
Table 1. In all groups together, only 3.9% (8 out of 204) of high-risk type-2 diabetics investigated in this study were
on an incretin-mimetic. Likewise, only 6.9% (14 out of 204) of cardiovascular high-risk patients had a SGLT-2i
therapy by the time of discharge. As a limitation, in 6 patients, there were no data on SGLT-2i therapy available. 5 out
of 8 patients were on incretin-mimetic therapy prior to index hospitalization. Thus, the primary hypothesis that both
incretin-mimetic and SGLT-2i therapy reaches a maximum prevalence by the time of a 2-year follow-up, has to be
rejected. By discharge, insulin dose was less in Group-1 patients when compared to Group-2 patients, body-mass
index was not different among groups, and HbA1c was less in Group-3 patients when compared to the other groups
(Table 1).
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Table 1

  Group 1 Group 2 Group 3

%n n mean 
± SD

na %n n mean 
± SD

na %n n mean 
± SD

na p

Patient
number (% of
all patients)

3.9 8 NA NA 39.7 81 NA NA 56.4 115 NA NA NA

Men (n) 1.5 3 NA NA 29.4 60 NA NA 44.1 90 NA NA NA

Women (n) 2.5 5 NA NA 10.3 21 NA NA 12.2 25 NA NA NA

Percutanous
Coronary
Intervention

2.0 4 NA NA 12.7 26 NA NA 14.7 30 NA NA NA

Coronary-
Artery Bypass
Graft

2.0 4 NA NA 26.9 55 NA NA 41.7 85 NA NA NA

Duration of
hospital stay
(d)

NA 8 10.6 
± 3.0

NA NA 81 13.6 
± 12.3

NA NA 115 11.7 
± 7.7

NA 0.775

Age (years) NA 8 63.1 
± 10.7

NA NA 81 66.9 
± 7.0

NA NA 115 65.9 
± 7.6

NA 0.550

Body mass
index (kg/m2)

NA 6 33.9 
± 7.1

2 NA 64 31.5 
± 6.7

17 NA 83 30.8 
± 5.2

32 0.080

HbA1c (%) NA 5 8.4 ± 
2.0

3 NA 37 7.7 ± 
1.7

44 NA 49 6.7 ± 
1.5

66 0.0004

Metformin 2.5 5 NA NA 16.7 34 NA NA 26.0 53 NA NA 0.449

Dipeptidyl-
peptidase-4
inhibitor

1.0 2 NA NA 8.8 18 NA NA 11.3 23 NA NA 0.949

Sulfonylurea 0 0 NA NA 3.4 7 NA NA 5.4 11 NA NA 0.628

Glinides 0 0 NA NA 0 0 NA NA 1.5 3 NA NA 0.688

Sodium
Glucose
Transport
inhibitor-2

1.0 2 NA NA 3.4 7 NA NA 2.4 5 NA NA 0.074

Insulin dose
(units/d)

at admission

NA 8 22.8 
± 34.4

NA NA 73 44.5 
± 36.6

8 NA 115 0 ± 0 NA 0.009

Hypoglycemia
episodes per
patient (n)

NA 8 0 ± 0 NA NA 81 0.3 ± 
1.0

NA NA 89 0.1 ± 
0.4

26 0.187

In-hospital mortality, 1-year mortality after discharge, and rehospitalizations were not different among groups during
the observational period
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At discharge, 198 patients (Group 1: n = 8; Group 2: n = 81; Group 3: n = 109) were alive. A follow-up survey on vital
status at registries of the local City Halls proved that 25 patients (Group 1: n = 1; Group 2: n = 11; Group 3: n = 13)
died within 2.4 years of observational period after discharge, i.e. 173 patients survived by the time of the survey or
2.4 years after discharge.. The 1-year mortality after discharge was similar among groups (12.5% in Group 1, 13.6%
in Group 2 and 11.9% in Group 3; p = 0.944). The respective survival curves are displayed in Fig. 1. The number of
rehospitalizations within 12 months after discharge was similar among groups (1.0 per capita in Group 1 (4 per 4
patients, data of 3 patients were not available), 1.0 per capita in Group 2 (42 per 41 patients, data of 29 patients
were not available), and 1.1 per capita in Group 3 (73 per 65 patients, data of 31 patients were not available; p = 
0.697). The results of the mail-in questionnaires were displayed in Table 2. In all groups together, only 5 out of 173
(2.9%) patients had an ongoing incretin-mimetic therapy, and 16 out of 173 patients (9,2%) were on a SGLT-2i
therapy. Among groups, the average daily cumulative insulin dose is displayed in Fig. 2. Data sets regarding therapy
were not available in 79 patients. In-hospital mortality was similar in all groups (Group 1: 0%, Group 2: 0%, Group 3:
5.2%; p = 0.092).
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Table 2

  Group 1 Group 2 Group 3

%n n mean 
± SD

na %n n mean 
± SD

na %n n mean 
± SD

na p

Patient number
(% of all
patients)

4.0 7 NA NA 40.5 70 NA NA 55.5 96 NA NA NA

Men (n) 1.7 3 NA NA 30.0 52 NA NA 43.9 76 NA NA  

Women (n) 2.3 4 NA NA 10.4 18 NA NA 11.6 20 NA NA  

Time to follow-
up (years)

NA 5 1.8 ± 
0.7

2 NA 37 2.0 ± 
0.5

33 NA 46 1.8 ± 
0.4

50 0.1244

Time to last
contact (years)

NA 5 2.2 ± 
0.3

2 NA 46 2.4 ± 
0.3

24 NA 56 2.4 ± 
0.3

40 0.1999

Age (years) NA 5 64.0 
± 12.6

2 NA 37 68.7 
± 6.9

33 NA 46 67.2 
± 7.4

50 0.3396

Body mass
index (kg/m2)

NA 4 31.5 
± 4.7

3 NA 41 31.0 
± 5.7

29 NA 49 29.9 
± 5.1

47 0.3206

HbA1c (%) NA 4 8.0 ± 
0.7

3 NA 36 7.3 ± 
1.1

34 NA 37 6.8 ± 
1.0

59 0.0223

Metformin 1.1 2 NA NA 10.4 18 NA NA 26.6 31 NA NA 0.0709

Dipeptidyl-
peptidase-4
inhibitor

2.9 5 NA NA 8.7 15 NA NA 10.4 18 NA 18 0.2424

Sulfonylurea 0 0 NA NA 1.2 2 NA NA 1.7 3 NA NA 0.8289

Glinides 0 0 NA NA 0 0 NA NA 0 0 NA NA NA

Sodium
Glucose
Transport
inhibitor-2

1.1 2 NA NA 3.5 6 NA NA 4.6 8 NA NA 0.3647

Incretin-
mimetic
therapy

1.7 3 NA NA 0 0 NA NA 1.2 2 NA NA < 
0.0001

Cumulative
daily insulin
dose (units)

NA 5 40.0 
± 39.3

2 NA 30 45.2 
± 35.0

31 NA 49 5.4 ± 
13.4

47 < 
0.0001

Insulin change
(baseline-
followup,
units)

NA 5 15.6 
± 21.4

2 NA 35 6.0 ± 
30.4

35 NA 47 5.4 ± 
13.4

49 0.3275

Hypoglycemia
episodes per
patient (n)

NA 6 0.0 ± 
0.0

1 NA 42 0.9 ± 
2.3

28 NA 48 0.1 ± 
0.3

48 0.0169
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Hypoglycemic burden was higher in type-2 diabetes patients on
insulin
No Group-1 patient was affected by hypoglycemic episodes in hospital, 12 out of 81 patients (14.8%) in Group 2,
and 7 out of 115 Group-3 patients (6.1%) were affected by hypoglycemic episodes during index hospitalization
(Table 1). Within 6 months prior to follow-up, the hypoglycemic burden even was even more pronounced (Table 2).
No hypoglycemic episode occurred in patients of Group 1, while 13 out of 70 Group-2 patients (18.6%) and in 8 out
of 96 Group-3 patients (8.3%) reported one or more hypoglycemic episodes.

Patient outcomes did not differ between diabetes patients on insulin therapy versus on oral diabetes medication
alone

When comparing Group-2 and Group-3 directly, the HbA1c was higher in Group 2 than in Group 3 at baseline (p = 
0.0004), the number of hypoglycemic events was similar (p = 0.111). By follow-up, both the number of hypoglycemic
events (p = 0.022) and the HbA1c were higher in Group 2 than in Group 3 (p = 0.022). Strikingly, in spite of a trend
towards a higher number of hypoglycemic episodes in Group-2 patients at index hospitalization, the insulin dose
was increased by follow-up both in Group-2 and Group-3 patients. Incretin mimetics were not introduced in Group-2
patients, but in 2 out of 96 Group-3 patients (2%). Insulin was newly introduced in in 9 out of 96 (9.4%) Group-3
patients with a maximum daily cumulative insulin dose of 62 units per day. Conversely, insulin was reduced to 0
units per day in 6 out of 70 (8.6%) Group-2 patients. There, maximum daily cumulative insulin dose was 112 units
per day. At follow, in 31 out of 70 (44.3%) Group-2 patients and in 48 out of 96 (50%) Group-3 patients, therapeutic
information was not available.

Discussion
Surprisingly, diabetes therapies with a proven cardiovascular bene�t including SGLT-2i and incretin-mimetic therapy
were not introduced adequately in type-2 diabetics having had PCI or CABG surgery. When accounting for the
missing follow-up data, the prevalence of both SGLT-2i and incretin-mimetic therapy likely would have doubled,
which still is inadequate. Clearly, cardiovascular medications were indicated in all study participants. In fact, the
�nancial burden for necessary cardiovascular medications is dwarfed by the comparison to PCI- or CABG-related
costs during index hospitalization. Possible reasons for not using the diabetes medications with a proven
cardiovascular bene�t may be reimbursement issues, though. In addition, the focus of therapy during hospitalization
may have been the PCI or CABG surgery. The resulting case of “clinical inertia” or the lack of treatment
intensi�cation in patients according to evidence-based goals for care and, at the same time, the disparity in
outcomes of myocardial infarction within Germany (14) need to be investigated further.

As a main result, symptomatic, documented hypoglycemic episodes occurred more often in Group-2 patients on
insulin therapy than in Group-1 patients or in Group-3 patients at follow-up 2 years after discharge. However, the
basic therapy goal “hypoglycemia avoidance” even was missed in cardiovascular high-risk patients of this study
during index hospitalization (Table 1). Speci�cally in Group 2 at discharge, the average rate of hypoglycemia per
capita and the percentage of patients affected by hypoglycemia were more than double in comparison to Group-3
patients on oral diabetes medication at index hospitalization. The hypoglycemic burden became even worse during
the 6 months prior to the follow-up questionnaire in Group 2. As a likely reason, the daily cumulative insulin dose
went up in all patient groups by the time of follow-up. In Group-2 patients, the higher HbA1c in Group-2 patients may
be due to an unstable glucose metabolism with hypoglycemic episodes followed by a reactive, post-hypoglycemic
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hyperglycemia. Future trials using continuous glucose monitoring may con�rm or reject the hypothesis that post-
hypoglycemic hyperglycemia represents one cause for an increased HbA1c in the face of hypoglycemic episodes in
insulin-treated diabetics. Ultimately, the optimization of insulin therapy represents a conditio sine qua non to reduce
the hypoglycemic burden in high-risk patients with type-2 diabetes. In that regard, multiple strategies including self-
empowerment classes for patients, a sugar-reduced diet to avoid hyperglycemic events as a rationale to increase
insulin dosage, and oral anti-diabetes medication to, partially, reduce the daily cumulative insulin dose may help
�ght the occurrence of hypoglycemic episodes. In addition, a partial substitution of insulin by SGLT-2i and/or by
incretin-mimetic therapy would have alleviated the hypoglycemic burden as shown in Group 1 by the time of follow-
up.

A strength of this observational study lies in the fact that the cardiovascular “high risk” was unequivocally proven by
inclusion criteria “need for myocardial revascularization”.

However, the low patient number in Group 1 precludes any conclusion with regard to group differences in mortality.
However, 1-year mortality after hospitalization for myocardial revascularization was elevated substantially in Group
2 and Group 3. There, group size was su�ciently high to generate novel hypotheses based on the elevated mortality.
Measurement of adherence to medications was limited by the relatively high rate of patients who did not send in the
follow-up questionnaire.

Conclusions
Even after adjusting for surviving patients not sending back questionnaires, the adherence to the recommendations
regarding incretin-mimetic and sodium-glucose transporter-2–inhibitor therapy was poor. Self-reported
hypoglycemic events occurred more often in insulin-treated diabetics than in the ones without. Future studies need
to investigate whether an adequate initiation of incretin-mimetic and SGLT-2i therapy in high-risk cardiovascular
diabetics, as advocated by the current ADA/EASD consensus guideline for type-2 diabetics with atherosclerotic
vascular disease (15), closes the morbidity and mortality gap observed among German federal states.

List Of Abbreviations
CABG coronary artery bypass graft

HbA1c glycated hemoglobin A1c

PCI percutaneous coronary interventions

SGLT-2i sodium-glucose transporter-2 inhibitor
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Figure 1

Kaplan-Meier method with log-rank (Mantel-Cox) test was performed for survival analysis in all 3 patient groups.
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Figure 2

Daily cumulative insulin dose in patient groups as reported in follow-up questionnaires.


