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INTRODUCTION  Diabetes is well documented 
risk factor of arteriosclerosis in almost all or‑
gans. Arteriosclerosis involving coronary, cere‑
bral and peripheral arteries cause about 80% 
of deaths, and it is responsible for hospitaliza‑
tion of 75% of diabetic patients.1 It is known 
that myocardial infarction occurs more frequent‑
ly than in persons with normal blood glucose lev‑
el. The recent studies evidenced that significant 
increase of risk of cardiovascular events occurs 
in patients with glucose intolerance, even before 

diabetes diagnosis. Metabolic disturbances such 
as hyperglycemia, hyperinsulinemia, insulin re‑
sistance and dyslipidemia cause impaired arteri‑
al function involving both endothelial cells and 
the media, and lead to blood coagulation sys‑
tem disturbances and systemic of inflammatory 
state.2 The volume of arteriosclerotic plaques and 
the extent of lesions are larger in diabetics com‑
pared to non diabetic patients at similar age. Ad‑
ditionally, arteriosclerosis of peripheral arteries 
occurs in diabetics more frequently.3 Significant 
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ABSTRACT

Introduction  A considerable development of myocardial infarction treatment including invasive 
strategy and supportive pharmacotherapy ought to  result in prognostic benefits for the high risk 
diabetic population.
Objectives  The aim of  the present study was the evaluation of myocardial infarction treatment 
efficacy in diabetics from Świętokrzyskie province.
Patients and methods  Two groups of diabetics hospitalized because myocardial infarction were 
compared: group 1 included 183 patients treated during the years 1992–1996, group 2 was comprised 
of 168 patients treated in the years 2005–2006.
Results  Population of diabetic patients treated in the years 2005–2006 was older and presented 
more coronary risk factors than patients hospitalized in the years 1992–1996. A significant more 
frequent use of myocardial infarction reperfusion treatment in diabetic patients was demonstrated. 
In 1992–1996, fibrinolytic therapy was used in 18% of diabetics, while currently the reperfusion stra‑
tegy was performed in 47.2% of the study patients including fibrinolysis in 8.5% of patients, primary 
percutaneous coronary intervention in 38.7% of patients. In both study groups a comparably high 
mortality observed during the hospitalization and the 6‑month follow‑up incidence was observed. 
In the years 1992–1996 a significant decrease of mortality among diabetics who were treated by fibri‑
nolytic methods compared to diabetics treated by conservative methods, was observed. In the years 
2005–2006 in‑hospital and long‑term mortality were significantly reduced among diabetics who had 
undergone invasive therapy.
Conclusions  A significant development of myocardial infarction treatment in diabetics, particularly 
in those who underwent reperfusion methods, was demonstrated. The absence of reduction in overall 
mortality ought to be attributed to the worse clinical characteristics of recently treated patients and 
lower frequency of reperfusion treatment in high risk patients.
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In the population treated during 1992–1996, 183 
diabetic patients who made up group 1 underwent 
a detailed analysis. Group 2 comprised of 168 
diabetics, selected from patients hospitalized 
in the years 2005–2006, underwent the same 
analysis. In  the  years 1992–1996, the  inclu‑
sion criteria for the study were based on pres‑
ence of at least two out of the three following 
symptoms: typical infarction pain, ECG chang‑
es typical of transmural infarction, elevated se‑
rum aspartate transaminase level. An inclusion 
criteria for the study in 2005–2006 years was 
the vector ST elevation over 0.2 mV in point J 
of V1–V3, or over 0.1 mV of other leads (at least 
two proper precordial leads) with characteristic 
elevation of myocardial necrosis markers i.e., tro‑
ponin T and(or) creatine kinase MB fraction. Di‑
abetes diagnosis was based on the previous dia‑
betes history or performed twice glycose mea‑
surements >126 mg/dl on fasting or >200 mg/dl 
at any daytime. Source data concerning a myo‑
cardial infarction history during hospitalization 
in 1992–1996 were obtained from the Department 
of Cardiology of the Provincial Hospital in Kielce. 
Data regarding to the years 2005–2006 came 
from the Polish Registration Office of Acute Cor‑
onary Events PL‑ACS8, but the information con‑
cerning long‑term prognosis (6‑month follow‑up) 
was based on data obtained from the Provincial 
Registry Office and the Świętokrzyski Branch 
of the National Health Fund.

differences in arteriosclerotic plaque composi‑
tion between diabetic and non diabetic patients 
were observed: the main body of the plaque in di‑
abetics consists of lipids, and inflammatory in‑
filtrates contain more macrophages.4 Ulcerative 
arteriosclerotic lesions which are prone to clot 
formation were also more frequently observed.5 
Abnormal vascular remodeling with the absence 
of compensatory expansion of arteriosclerotic 
vessel lumen were demonstrated.6 Furthermore, 
in diabetic patients with coronary artery occlu‑
sion, collateral circulation is underdeveloped.7 
In the light of the data concerning pathophys‑
iology and pathways of vascular abnormalities 
in diabetes, it is not surprising that of more se‑
vere acute coronary events occur in diabetics. Has 
the considerable development in myocardial in‑
farction treatment observed in the recent years 
resulted in better prognosis for this particularly 
high risk group of patients?

The  aim of  the  present study was a  com‑
parative retrospective analysis of  myocar‑
dial infarction treatment efficacy in  diabet‑
ics from Świetokrzyskie province hospitalized 
in the years 1992–1996 and from June 2005 
to February 2006.

PATIENTS AND METHODS  The group of 881 
patients with myocardial infarction hospital‑
ized in 1992–1996, and 889 patients who was 
treated in 2005–2006 because of acute coro‑
nary syndromes with ST – segment elevation 
(STE ACS) underwent a comparative evaluation. 

TABLe 1  Clinical characteristics of diabetic patients hospitalized because of myocardial infarction 
(group 1: 1992–1996 and group 2: 2005–2006)

Group 1 (n = 183) Group 2 (n = 168) p

Age (years ±SD) 65.3 ±9.2 69.7 ±10.8 <0.0001

Female gender (%) 42.1 50.6   0.11

Myocardial infarction history (%) 25.1 17.3   0.08

Hypertension (%) 51.4 75 <0.001

Hypercholesterolemia (%) 31.7 56.6 <0.0001

Cigarette smoking (%) 35 17.3 <0.001

Myocardial infarction localization

  anterior wall 36.6 41.7   0.31

  inferior wall 44.8 47   0.65

EF

  normal range 38.7 14.3 <0.001

  40–50% 37.1 62.2 <0.001

  20–40% 24.2 21.9   0.82

   <20%   0   1.7   0.14

Killip class

  1 (%) 23.0 48.8 <0.0001

  2 (%) 53.0 31.6 <0.001

  3 (%) 12.5   9.5   0.35

  4 (%) 11.5 10.1   0.66

Abbreviations: EF – ejection fraction, SD – standard deviation
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Statistical analysis  Continuous parameters were 
presented as mean values ±standard deviation or 
the median and interquartilic interval, depending 
on the distribution of data. The statistical signifi‑
cance of differences among mean values was eval‑
uated using the t‑Student or the U Mann‑Whit‑
ney tests. Categoric parameters were compared 
using the χ2 test. Statistical analyses and calcula‑
tions were performed using the STATISTICA PL 
program, version 6.1 (StatSoft Inc).

RESULTS  Women made the majority of diabet‑
ic patients hospitalized for myocardial infarction 
in the years 1992–1996 and 2005–2006. It should 
also be emphasized that patients with myocar‑
dial infarction hospitalized in 2005–2006 were 
about five years older than those from the years 
1992–1996, and it is notable that the incidence 
of hypertension and hypercholesterolemia in di‑
abetics treated during 2005–2006 years was sig‑
nificantly increased. The analysis of myocardi‑
al infarction localization in diabetics treated 
in 1992–1996 and 2005–2006 did not show signif‑
icant differences between the study populations. 

In group II, slightly lower values of left ventricular 
ejection fraction (EF) (significantly large number 
of patients with EF value of 40–50% compared 
to the previous period) were showed, which how‑
ever did not considerably influence on cardiac 
function evaluated according to the Killip‑Kim‑
ball classes (Table 1).

The analysis of acute myocardial infarction 
treatment showed a significant increase in the fre‑
quency of reperfusion therapy in diabetics with 
myocardial infarction. In Świetokrzyskie province 
fibrinolytic therapy was introduced in the years 
1992–1996, but mechanical reperfusion was not 
used then. Only 18% of diabetics were treated 
with fibrinolysis (82% of them were treated con‑
servatively). In the recent years, in the age of in‑
vasive strategies development, primary angio‑
plasty were performed in 38.7% of diabetes pa‑
tients, and 8.3% of diabetics were treated with fi‑
brinolysis (conservative therapy was administered 
to 43% of the study patients) (Figure 1).

The detailed analysis of the diabetes population 
qualified for reperfusion therapy showed that in‑
vasive treatment was provided to the youngest 
patients (mean age 65.6 ±11.1), more frequent‑
ly to men, with a normal left ventricular ejection 
fraction, and those who represented circulation 
system efficiency class I according to the Killip 
classes (Table 2).

Direct effects of angioplastic method applica‑
tion, evaluated using the TIMI scale, showed ex‑
cellent results – the TIMI‑3 flow in the intramyo‑
cardial artery was present in 95.4% of diabet‑
ic patients. The high frequency of stent appli‑
cation (86.2% bare metal stents and 4.6% drug 
eluting stents) ought to be emphasized. The anal‑
ysis of pharmacotherapy used in myocardial in‑
farction in the recent more than ten years dem‑
onstrated the introduction of new antiplatelet 
drugs and statins into the treatment, consider‑
ably more frequent use of β‑adrenolytic drugs 

TABLE 2  Clinical parameters and treatment strategy in diabetics in the years 2005–2006

Treatment strategy 
n = 168

Conservative 
n = 83

Fibrinolysis 
n = 13

PCI 
n = 72

p* p**

Age (years ±SD) 73.3 ±9.0 70.0 ±11.9 65.6 ±11.1 <0.001   0.02

Female gender 62.7 46.2 37.5   0.24 <0.002

Killip class on admittion

	 1 39.8 69.2 55.6 <0.05 <0.05

	 2 27.7 23.1 37.5   0.7   0.18

	 3 15.7   7.7   2.8   0.46 <0.008

	 4 16.9   0   4.2   0.11   0.01

EF

	 normal range   6.5 25 18.5   0.08 <0.0008

	 40–50% 60.9 62.5 63.1   0.7 <0.005

	 20–40% 32.6   0 16.9   0.1   0.61

*  p value for comparison between conservative and fibrinolysis treatment
**  p value for comparison between conservative and PCI treatment

Abbreviations: PCI – percutaneous coronary intervention, others – see TABLE 1

FIGURE 1  Comparison 
of myocardial infarction 
strategy management 
in diabetics. 
Abbreviations: PCI – 
percutaneous coronary 
intervention
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with fibrinolysis (30.7% vs. 9.1%, p = 0.01 after 6 
months) was observed. In the 2005–2006 diabe‑
tes group a significant reduction in mortality was 
noticed in patients treated with invasive meth‑
ods (41% vs. 15.3%, p = 0.01 after 6 months), and 
there was a tendency to a slightly increased mor‑
tality after the use of fibrinolysis (41% vs. 15.4%, 
p = 0.085 after 6 months) (Figure 4).

On  the  basis on  multivariate analysis 
of 6‑months mortality in study groups, it was 
shown that the most important prognostic fac‑
tors were: age progression, myocardial insufficien‑
cy on hospital admission according Killip class 
and nonuse of invasive treatment (odds ratio 
of death during 6‑month follow‑up: 0.35 (95% CI 
0.22–0.58, p <0.0001) (Figure 5).

discussion  Increased incidence of diabetes ob‑
served in the recent years is a poor prognostic fac‑
tor for patients with severe cardiovascular compli‑
cations which frequently occurring in the course 
of metabolic disturbances accompanying glycemic 
imbalance. However, the current significant de‑
velopment of myocardial infarction therapy in‑
cluding mainly progress of reperfusion approach‑
es ought to improve prognosis of high risk pa‑
tients. A comparative analysis of 2 groups of di‑
abetic patients treated because of myocardial in‑
farction 1992–1996 and 2005–2006 years showed 
that the latter was on initially higher risk group. 
These patients were older (69.7 vs. 65.3 years, 
p <0.0001) and significantly more often suffered 
from hypertension (75% vs. 51.4%, p <0.001) and 
dyslipidemia (56.6% vs. 31.7%, p <0.0001).

The comparative analysis of acute myocardial 
infarction treatment in both study groups dem‑
onstrated a significant increase of new therapeu‑
tic methods in diabetic patients, in accordance 
with the development of new reperfusion tech‑
niques. In the 2005–2006 years 47% of patients 
were qualified for reperfusion therapy, fibrin‑
olytic methods were used in 8.3% of them, and 

and acetylsalicylic acid (ASA), and administer‑
ing low‑molecular weight heparin treatment as 
antithrombotic therapy. What should be noted 
is the equally frequent in both groups use of an‑
giotensin converting enzyme inhibitors and 
a considerable decrease in nitrate administra‑
tion in the years 2005–2006 (Table 3).

In‑hospital mortality was similarly high in both 
groups (Figure 2).

The highest in‑hospital mortality in both study 
groups was observed in diabetics with acute myo‑
cardiual infarction, treated conservatively. A sig‑
nificant reduction in the rate of in‑hospital mor‑
tality was observed in the 1992–1996 group of dia‑
betes patients who received fibrinolytic treatment 
(22.7% vs. 6.1%, p = 0.035). In the 2005–2006 
group, a significant reduction in mortality re‑
sulting from use of invasive methods (32.5% vs. 
8.3%, p <0.001) with a tendency to a slight de‑
crease in death rate in diabetics treated with fi‑
brinolytic methods, was observed (Figure 3).

The global analysis of long‑term prognoses 
in diabetics hospitalized because of myocardi‑
al infarction also showed an equally high moral‑
ity during the 6‑month follow‑up in both study 
groups. The  decidedly worst long‑term out‑
comes of conservative treatment for myocardial 
infarction in diabetes patients were confirmed. 
In the 1992–1996 group of patients, a remark‑
able reduction in mortality in diabetics treated 

TABLE 3  Comparison of in‑hospital pharmacotherapy in diabetic and nondiabetic patients 
(group 1: 1992–1996, and group 2: 2005–2006)

Group 1 (n = 183 [%]) Group 2 (n = 168 [%]) p

ASA 88.0 95.8   0.009

Ticlopidin   – 27.4   –

Clopidogrel   – 39.9   –

GP IIb/IIIa inhibitor   – 14.3   –

Anticoagulants 71.0 77.4   0.17

  Heparin 71.0 33.9 <0.0001

  LMWH   – 63.7   –

β‑adrenolytics 41.5 73.8 <0.0001

ACEI 75.4 79.2   0.4

Statins   – 70.8   –

Nitrates 89.1 59.5 <0.0001

Abbreviations: ACEI – angiotensin converting enzyme inhibitors, ASA – acetylsalicylic acid, GP – glycoprotein,  
LMWH – low‑molecular‑weight heparin

FIGURE 2  Comparison 
of in-hospital mortality 
in diabetics and patients 
with normal glycemiae
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underwent invasive methods during hospital‑
ization. This effect persisted during the 6‑months 
follow-up (reduction of 63% of 6‑month follow 
up mortality).

According to the current recommendations 
concerning the  treatment of acute coronary 
events including myocardial infarction, prima‑
ry angioplasty is the best strategy in diabetics. 
The comparative study of primary angioplasty 
and fibrinolytic therapy efficacy demonstrated 
the prevalence of invasive methods in the study 
groups of patients.

In the GUSTO IIb study a lower number of rein‑
farctions in diabetics who had undergone primary 
percutaneous coronary interventions (PCI) was 
found, compared to patients who had received fi‑
brinolytic therapy during 30‑day follow‑up. A sig‑
nificant reduction in mortality in the PCI group 
was not observed which was probably caused 
by less common stent implantation and the GP 
IIb/IIIa inhibitors.11

The analysis of diabetics with the STEMI‑ACS 
included to the PAMI study showed, that pri‑
mary angioplasty in this group was used more 
rarely than in subjects without glycemic distur‑
bances (88% of diabetics vs. 91% of normogly‑
cemic subjects). The initial angioplasty effective‑
ness was, however, similar in both study groups – 
the TIMI 3 flow was present in 92% of diabetics 
and in 93% of non diabetic patients and residu‑
al occlusion was found in 20% of cases in both 
study groups. Despite these positive results, with‑
in hospital and 6‑month follow‑up mortality was 
significantly increased in diabetics and amount‑
ed to 4.5% vs. 2.6%, and 7.7% vs. 4.2%, respec‑
tively. This fact was attributed to more frequent 
occurrence of no‑reflow phenomenon in diabet‑
ics.12 It was also evidenced that GP IIb/IIIa inhib‑
itor treatment increased the efficacy of primary 
angioplasty in diabetic subjects.13

The present study showed real‑life benefits 
of invasive methods in myocardial infarction 
treatment in diabetic subjects. A significant re‑
duction in the in‑hospital and long‑term mortal‑
ity undoubtedly resulted from the development 
of new reperfusion methods.

Frequent stent implantation during angioplasty 
in the study group from 2005–2006 ought to be 
emphasized. Currently, it is known that the in‑
troduction of stents into invasive treatment has 
significantly decreased risk of restenosis which 
has been also observed in diabetic patients who 
had undergone angioplasty (24% vs. 60%, com‑
pared to the group who had undergone balloon 
angioplasty), which in turn resulted in a signifi‑
cant decrease in the revascularization procedure 
risk during follow‑up (14% vs. 31% respectively, 
p = 0.03).14 Bare metal stent implantation has not 
solved problems with worse prognosis for diabet‑
ics treated with invasive methods. The introduc‑
tion of drug‑eluting stents has been another at‑
tempt aimed at improving the PCI results in di‑
abetics. The SIRUS study confirmed the benefits 

coronary angioplasty was performed in 38.7% 
of patients, while in the years 1992–1996 only 
18% of diabetics underwent fibrinolytic thera‑
py (p = 0.0035).

The benefits of reperfusion treatment in dia‑
betic patients were observed in cases with preva‑
lence of fibrinolytic methods. At the start of this 
study, there were concerns, that fibrinolytic thera‑
py in diabetics might result in high number of ret‑
inal hemorrhages and diabetic retinopathy. How‑
ever the GUSTO‑1 study demonstrated that dia‑
betic patients had more benefits from fibrinolytic 
therapy compared to those who did not have any 
carbohydrate disturbances, without the increased 
incidence of retinal hemorrhage.

No differences in the blood flow according 
to the TIMI scale were observed and, reocclusion 
and reinfarction were more common observed. 
However, complete reperfusion on the microcir‑
culation level, rarely occurred. This was probably 
caused by lower fibrinolytic efficacy resulting from 
enhanced activation of blood coagulation system 
and impaired endogenous fibrinolysis.9,10

The present study confirmed high efficacy of fi‑
brinolytic therapy in diabetic patients hospital‑
ized in the years 1992–1996. This therapy result‑
ed in only slight decrease in mortality as shown 
in the 2005–2006 years. A significant reduction 
of death number (compared to conservative treat‑
ment) was observed in diabetic patients who 
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16% of diabetics) which evaluated patients with 
STEMI‑ACS, demonstrated benefits of effective 
reperfusion methods application and decreased 
risk of myocardial infarction reoccurrence during 
the 30‑day follow‑up of the study group receving 
clopidogrel compared to the placebo group.20

Another class of drugs which offer consider‑
able benefits for diabetic patients with the histo‑
ry of myocardial infarction, are β‑blokers. In one 
study, it has been shown that treatment with 
β‑blockers resulted in mortality reduction in 37% 
of diabetics with acute myocardial infarction, and 
the long‑term administration of these drugs re‑
sulted in 43% of cases reduction in the mortal‑
ity.21 The activity of statins in diabetes patients 
was confirmed in the HPS study22, and the ben‑
efits of convertase inhibitor treatment offered to 
diabetics with the early stage myocardial infarc‑
tion were demonstrated in other studies23,24.

The present study showed the marked progress 
in myocardial infarction pharmacotherapy in di‑
abetics. In the recent years, clopidogrel, statins, 
ASA and β‑blockers have been more commonly 
used compared to the previous period.

In view of significant changes in current thera‑
py of myocardial infarction, presented in this pa‑
per, it is unclear why there has been no overall 
mortality reduction in diabetic patients. Detailed 
analysis of each group of patients can help explain 
this problem. Patients hospitalized in the years 
2005–2006 were a high risk group for cardio‑
vascular events, they were about 5 years older, 
more frequently suffered from hypertension and 
hypercholesterolemia, and had a slightly lower 
left ventricular ejection fraction. The addition‑
al analysis of this group showed different myo‑
cardial infarction therapies depending on the pa‑
tient’s clinical status. The analysis showed that 
invasive treatment was used in younger patients 

provided by stents eluting antiproliterative drugs 
(sirolimus) in diabetic patients.

Rapamycin stent implantation in this study 
group resulted in reduction in the number of rest‑
enosis from 50.5% (bare metal stent) to 17.6% 
(drug‑eluting stent) which in turn led to decrease 
of severe cardiac adverse events rate (from 25% 
to 9.2% – in the rapamycin stent group, respec‑
tively). However, detailed analysis of diabetic pa‑
tients subgroups showed that significant reduction 
of number of restenosis was not observed in pa‑
tients who required intensive insulin therapy.15

Highly promising results were obtained from 
9‑month study that included diabetics with pa‑
clitaxel‑coated stents; the frequency of resteno‑
sis was 6.4%.16 The further studies showed how‑
ever that effects of antiproliferative stents appli‑
cation were not so optimistic; it has been more of‑
ten demonstrated that diabetes still decides about 
increasing risk of restenosis, and in spite of rest‑
enosis reduction, drug‑eluting stents do not de‑
crease coronary event rate.17,18

Available data concerning pathophysiology 
of acute coronary events show that restenosis is 
not the only reason for the worse clinical status 
and prognosis of myocardial infarction in diabet‑
ics. It is important for these patients to perform 
adequately aggressive antiplatelet and antihyper‑
tensive pharmacotherapy to normalize glycemia, 
hyperlipidemia and blood pressure. Enhanced 
of blood coagulation activity in diabetics, as the re‑
sult of platelet activation, indicates that antiplate‑
let drugs is strongly recommended in myocardi‑
al infarction therapy. On the basis of the ISIS‑2 
and GISSI‑3 studies, it was suggested that dia‑
betics ought to receive higher ASA doses.19 Also, 
the new antiplatelet drug therapy should improve 
prognosis in diabetic patients with acute coronary 
events. The CLARITY‑TIMI 28 study (including 

FIGURE 5  Multifactor 
analysis of 6-month 
follow-up mortality. 
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(manage 65.6 years compared with 73.3 years, 
which was the mean age of patients undergoing 
conservative treatment) and angioplasty was per‑
formed less frequently in women and individu‑
als with lower left ventricular ejection fraction 
in the third and fourth stages of heart failure ac‑
cording to Killip class.

Currently run registers of patients with acute 
coronary syndromes are showing more and more 
commonly that in the “real world” qualification 
for invasive treatment is based on selection of pa‑
tients. The GRACE data analysis demonstrated 
increased, according to the GRACE risk‑score, 
in‑hospital mortality of patients with acute cor‑
onary events. It is also showed, that in patients 
with STEMI‑ACTS, coronary angioplasty was per‑
formed the most frequently in a very low risk 
group of patients (60% of cases), more infre‑
quently in the medium risk group (54% of cas‑
es), and the most rarely in the high risk group 
of patients (41% of cases).25 Thus, it is not sur‑
prising that overall mortality was so high among 
diabetic patients hospitalized recently because 
of myocardial infarction.

The present study demonstrated that high mor‑
tality resulted from high death rate among pa‑
tients qualified to conservative treatment. These 
patients constituted the highest risk group for 
cardiovascular events; they were older, more fre‑
quently females and had lower left ventricular ejec‑
tion fraction and the symptoms of heart failure.

Conclusions from the presented study are as 
follow:
	 1)	the present study demonstrated a consider‑

able development in myocardial infarction 
therapy observed in patients from the high‑
est risk group for acute coronary events: di‑
abetics (wide application of reperfusion ther‑
apy with intensive pharmacotherapy)

	 2)	considerable benefits of reperfusion use to di‑
abetes patients were confirmed (a reduction 
of 75% in in‑hospital mortality compared 
to patients treated conservatively, and a de‑
crease of 63% in the number of deaths dur‑
ing the 6‑month follow‑up)

	 3)	the absence of the global mortality decrease 
among diabetics treated for myocardial in‑
farction resulted mainly from the worse clin‑
ical status of the 2005–2006 group of pa‑
tients (older age and the coexistence of oth‑
er connected with diabetes risk factors for 
coronary event occurrence), and, probably, 
the less common of qualifications for reper‑
fusion therapy among patients from the high‑
est risk group.
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