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Abstract 

Background  The prognostic role of diabetes mellitus (DM) in elderly patients with myocardial infarction-related cardiogenic shock 

(MI-CS) remains controversial. Little information exists about the impact of intensive cardiac care unit (ICCU) and revascularization on 

outcomes of elderly patients with MI-CS. We aimed to assess the prognostic impact of DM according to age in patients with MI-CS, and to 

analyze the impact ICCU management and revascularization on in-hospital mortality in MI-CS patients at older ages. Methods  Discharge 

episodes with diagnosis of CS associated with MI were selected from the Spanish National Health System’s Basic Data Set. Centers were 

classified according to their availability of ICCU. Main outcome measured was in-hospital mortality. Results  A total of 23,590 episodes of 

MI-CS were identified, of whom 12,447 (52.8%) were in patients aged ≥ 75 years. The impact of DM on in-hospital mortality was different 

among age subgroups. While in younger patients, DM was associated to a higher mortality risk (0.52 vs. 0.47, OR = 1.12, 95% CI: 1.06–1.18, 

χ2 < 0.001), this association became non-significant in older patients (0.76 vs. 0.81, χ2 = 0.09). Adjusted mortality rate of MI-CS aged ≥ 75 

years was lower in patients admitted to hospitals with ICCU (adjusted mortality rate: 74.2% vs. 77.7%, P < 0.001) and in patients undergoing 

revascularization (74.9% vs. 77.3%, P < 0.001). Conclusions  Prognostic impact of DM in patients with MI-CS was different according to 

age, with a significantly lower impact at older ages. The availability of ICCU and revascularization were associated with better outcomes in 

these complex patients. 
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1  Introduction 

The progressive ageing of population is leading to an in-
crease in the number of elderly patients with acute coronary 
syndromes (ACS), which are at higher risk for complica-
tions and spending of healthcare resources.[1] The informa-
tion about prognostic factors in these patients is scarce.[2] 
While an association between diabetes mellitus (DM) and 
poorer outcomes in ACS patients has been described,[3–9] the 
prognostic role of DM in ACS at older ages remains con-
troversial.[10–12] 
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On the one hand, cardiogenic shock (CS) is a severe 
clinical condition that commonly leads to a high mortality, 
especially in elderly patients. CS is the leading cause of 
in-hospital mortality in patients with myocardial infarction 
(MI).[13,14] Patients at older ages with MI are also at increased 
risk of CS.[15] Recent data suggest better outcomes in CS pa-
tients with MI treated at high complexity centers with inten-
sive cardiac care unit (ICCU).[16] Only few studies have re-
ported outcomes of elderly patients with MI complicated by 
CS (MI-CS).[17–19] Little information exists about the contri-
bution of revascularization and ICCU management in the 
prognosis of elderly patients with MI-CS. On the other hand, 
while an association between DM and poorer outcomes in 
CS patients has been described,[20,21] information about this 
association in elderly patients is scarce. 

Therefore, the aim of this study was to assess the preva-
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lence of DM and its prognostic impact according to age in a 
large series of non-selected patients with MI-CS. We also 
aimed to analyze the role of ICCU management and revas-
cularization on in-hospital mortality in MI-CS patients at 
older ages. 

2  Methods 

2.1  Study population 

We performed an observational retrospective study in-
cluding patients with MI-CS. Anonymous standard data 
were obtained from the Minimum Basic Data Set (MBDS), 
an administrative database that includes both demographic 
and clinical information of all patients discharged from all 
public hospitals affiliated to the SNHS, which covers 98.4% 
of the Spanish population. Diagnosis and procedures were 
coded according to the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM).[22] 
The quality of these data in patients with ACS has been 
previously validated.[23] 

The study population included patients aged between 18 
and 94 years who were discharged (death or alive) between 
January 2003 and December 2015 from the hospitals of the 
SNHS with a principal or secondary diagnosis code of ST- 
segment elevation myocardial infarction (STEMI) (410.*1, 
except 410.71) and a principal or secondary diagnosis code 
of CS (785.51) (MI-CS). DM presence was identified by 
different secondary diagnosis codes (supplemental material, 
Table 1S). The population was stratified in seven age groups 
and also in < 75 years and > 74 years. Percutaneous coro-
nary intervention (PCI) was identified by ICD-CM proce-
dure codes: 00.66, 36.01, 36.02, 36.05, 36.06 and 36.07; and 
coronary artery bypass grafting (CABG) by 36.10–36.19 
codes. 

To improve data consistency and quality, episodes with 
discharge at home in less than one day, discharge against 
medical advice or unknown disposition at discharge were 
excluded, as well as those classified within the major diag-
nostic category 14 (pregnancy, childbirth and puerperium) 
of the All Patient Refined Diagnostic-Related Groups.[24] To 
avoid duplications, discharges to other hospitals were only 
excluded when was not possible to identify final treating 
center. Clinical results in transferred patients were assigned 
to the center from which the patient was finally discharged. 

The main clinical outcome measure was all-cause in- 
hospital mortality. We analyzed the effect of age and the 
presence of DM on in-hospital mortality in MI-CS patients, 
and also the association between in-hospital mortality of 
these patients and the availability of cardiology related re-
sources in the hospitals where the patients were treated. 

Hospital admittance rate was defined as number of dis-
charges of the study population by 100,000 inhabitants at 
year. 

2.2  Hospital characteristics 

Hospitals were classified according to the availability of 
cardiology related resources using the RECALCAR cri-
teria[25] (supplemental material, Table 2S). This information 
was only available for the period 2005–2015. Additionally, 
the availability of an ICCU was obtained from the survey 
conducted by the Working Group on Ischemic Heart Dis-
ease and Acute Cardiovascular Care of the Spanish Society 
of Cardiology.[26] Criteria for the definition of ICCU in-
cluded: (1) comprehensive critically-ill patient management 
capability, including those requiring invasive mechanical 
ventilation; and (2) administrative adscription of the ICCU 
to the cardiology department. 

2.3  Statistical analysis 

Continuous variables are expressed as mean ± SD or me-
dian (interquartile range). Categorical variables are ex-
pressed as n (%). The risk-standardized in-hospital mortality 
ratio (RSMR) was defined as the ratio between predicted 
mortality (which individually considers the performance of 
the hospital where the patient is treated) and expected mor-
tality (which considers a standard performance according to 
the average of all hospitals) multiplied by the crude rate of 
mortality. RSMR was calculated using multilevel risk ad-
justment models developed by the Medicare and Medicaid 
Services,[27] adapted to the structure of the MBDS database, 
considering both inter-hospital variability and clinical and 
demographic variables.[28–30] Secondary diagnoses were 
included in groups of risk factors as described by Pope,[31] 
updated each year by the Agency for Health Research and 
Quality and including the Charlson index into the risk fac-
tors analysis.[32,33] For the adjustment model comorbidities 
with odds ratio (OR) > 1 were considered. All factors en-
tered into the final model and their coefficients were calcu-
lated from our data. Levels of significance for selecting and 
eliminating risk factors were P < 0.05 and P ≥ 0.10, respec-
tively. 

Calibration of models was assessed by calculating risk 
deciles of in-hospital mortality observed and expected ob-
tained by the logistic multilevel model. In order to evaluate 
the goodness of fit, a significant decrease in the statistical 
likelihood ratio test compared to the null model was tested. 
Discrimination of models was assessed by calculating the 
receiver operating characteristics curves and their corre-
sponding area under the curve (AUROC). RSMR was used 
to compare outcomes among groups of patients (age and 
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DM status) and between hospitals with different characteris-
tics according to the availability of cardiologic resources. To 
assess the impact of DM on in-hospital mortality and to 
control patient selection bias of patients between both 
groups, we used propensity score matching from the 
risk-adjusted model according to CMS, with the option of 
the k-nearest neighbors, a caliper of 0.05 without replace-
ment, obtaining the average effect in the treated (ATT) and 
95% confidence interval (CI). 

The association between in-hospital mortality and the 
characteristics of hospitals was analyzed by considering the 
performance of PCI and CABG during the episode of 
hospitalization or the existence of an ICCU as independent 
variables in the multilevel logistic regression models or by 
Student’s t-test or ANOVA test, when appropriate. The 
analysis of the impact of ICCU on mortality was performed 
taking into account only type 3 and type 4 hospitals.[25] 

Temporal trends for in-hospital mortality during the ob-
served period were modeled using Poisson regression 
analysis with year as the only independent variable. In all 
models, incidence rate ratios (IRR) and their 95% CI were 
calculated. All contrasts were bilateral, and the differences 
were considered significant when P < 0.05. OR and their 
corresponding 95% CI were also calculated. All analyses 
were performed with Stata 13.0 (Stata Corp., College Sta-
tion, Texas) and SPSS. 20 (SPSS, Inc., Chicago, IL, USA). 

3  Results 

A total of 379,041 STEMI episodes were identified 
across the study period. Mean age was 67.4 ± 14.2 years, 
and 36.3% were aged ≥ 75 years. From all STEMI episodes, 
23,590 (6.2%) had MI-CS, and 7,724 (32.7%) of them had 
also DM. DM was significantly more common among 
MI-CS patients ≥ 75 years (34.3% vs. 24.9%, P < 0.001). A 
slight but significant trend to a reduction in the prevalence 
of DM was observed among patients MI-CS (34.4% in 2003 
vs. 31% in 2015, IRR = 0.99, 95% CI: 0.987–0.996, P < 
0.001). While in younger patients, this trend was also ob-
served (IRR = 0.98, 95% CI: 0.98–0.99, P < 0.001), non- 
significant changes were observed among patients aged ≥ 
75 years (IRR = 1, 95% CI: 0.99–1, P < 0.735) (Figure 1). 

3.1  Clinical characteristics according to DM and age 
status 

Among patients with MI-CS, patients with DM were sig-
nificantly older and had a greater proportion of women. 
These patients had also a higher burden of comorbidities 
such as hypertension, vascular diseases, chronic obstructive 
pulmonary disease or renal failure (Table 1). Diabetic  

 

Figure 1.  Trends of prevalence of diabetes mellitus across the 
study period according to age status. 

patients had been more commonly treated with revasculari-
zation procedures before the admission for MI-CS. These 
findings were observed both in young and in elderly patients 
(Table 2). 

3.2  Clinical outcomes 

Among all MI-CS patients, crude mortality rate was 72%, 
with a significant decrease along the study period (82% in 
2003 vs. 67.5% in 2015, IRR = 0.98, P < 0.001). Mortality 
was significantly higher among older patients (82.1% vs. 
61.9%, P < 0.001). Crude mortality rate diminished signifi-
cantly along the period in both age subgroups (young pa-
tients: IRR = 0.97, 95% CI: 0.97–0.98, P < 0.001; elderly 
patients: IRR = 0.99, 95% CI: 0.99–0.99, P < 0.001). 

3.3  Prognostic impact of DM according to age sub-
groups 

Among all MI-CS patients, the presence of DM was as-
sociated to a higher crude mortality rate (76.2% vs. 70.8%, 
P < 0.001). A significant reduction of crude mortality was 
observed across the study period both in diabetic patients 
(81% in 2003 vs. 61.3% in 2015, IRR = 0.98, 95% CI: 
0.98–0.98, P < 0.001) and patients without DM (83.8% in 
2003 vs. 72.4% in 2015, IRR = 0.99, 95% CI: 0.98–0.99, P 
< 0.001) (Figure 2). 

DM was independently associated to a higher mortality 
in the whole cohort (OR = 1.17, 95% CI: 1.1–1.25). The 
predictive model for in-hospital mortality showed an ac-
ceptable discriminative ability (AUROC = 0.71, 95% CI: 
0.70–0.72) (supplemental material, Table 3S & Figure 1S) 
and calibration (P < 0.001). The propensity score analysis 
also showed a higher mortality risk among patients with 
DM (ATT: 0.76 vs. 0.73, OR = 1.21, 95% CI: 1.12–1.3, χ2 = 
26, P < 0.001). 

The impact of DM on in-hospital mortality was different 
among age subgroups. Among elderly patients, the mortality  
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Table 1.  Clinical characteristics in MI-CS patients according to DM status. 

MI-CS patients 
Characteristics 

Without DM (n = 15,866) With DM (n = 7,724) P-value 

Age, yrs 72.4 ± 13.1 74.2 ± 10.3 < 0.001 

Woman 35.4% 44.9% < 0.001 

Icharlson 6.5 ± 2.8 7.7 ± 3.0 < 0.001 

History of percutaneous transluminal coronary angioplasty 7.1% 8.0% 0.013 

History of coronary artery bypass graft surgery 4.6% 2.4% < 0.001 

Metastatic cancer, acute leukemia and other severe cancers 1.3% 0.9% 0.018 

Protein-calorie malnutrition 0.7% 0.3% < 0.001 

Chronic liver disease 1.3% 1.5% 0.251 

Dementia or other specified brain disorders 4.4% 4.9% 0.100 

Major psychiatric disorders 0.8% 0.8% 0.519 

Hemiplegia, paraplegia, paralysis and functional disability 2.5% 5.0% < 0.001 

Cardiogenic shock 99.5% 99.5% 0.785 

Other cardio-respiratory failure and shock 36.3% 31.3% < 0.001 

Congestive heart failure 40.5% 42.5% 0.003 

Acute myocardial infarction 17.3% 12.9% < 0.001 

Unstable angina and other acute ischemic heart disease 4.8% 5.1% 0.374 

Coronary atherosclerosis or angina 52.6% 53.8% 0.083 

Valvular and rheumatic heart disease 16.4% 15.0% 0.006 

Hypertension 35.8% 53.8% < 0.001 

Stroke 2.1% 1.6% 0.010 

Cerebrovascular disease 2.8% 3.5% 0.004 

Vascular disease and complications 7.1% 10.9% < 0.001 

Chronic obstructive pulmonary disease 7.7% 11.3% < 0.001 

Pneumonia 8.1% 5.2% < 0.001 

Renal failure 28.6% 31.3% < 0.001 

Trauma or other injuries 8.6% 6.3% < 0.001 

Crude mortality rate 70.8% 76.2% < 0.001 

Hospital stay, days 11.4 ± 19.4 8.7 ± 12.3 < 0.001 

Data are presented as means ± SD or %. DM: diabetes mellitus; MI-CS: myocardial infarction-related cardiogenic shock. 

Table 2.  Clinical characteristics in MI-CS patients according to age and DM status. 

< 75 yrs (n = 11,143) ≥ 75 yrs (n = 12,447) 
Characteristics 

 Without DM     With DM Without DM    With DM  
P-value 

Age, yrs 61.6 ± 9.9 65.1 ± 7.7 82.5 ± 5.2 81.6 ± 4.8 < 0.001 

Woman 22.5% 33.0% 47.5% 54.6% < 0.001 

Charlson index 6.6 ± 2.6  7.8 ± 3.0  6.5 ± 2.9  7.6 ± 3.1 < 0.001 

History of percutaneous transluminal  

coronary angioplasty 
8.8% 10.5% 5.5% 6.0% < 0.001 

History of coronary artery bypass graft surgery 6.7% 3.8% 2.6% 1.3% < 0.001 

Hypertension 29.6% 51.9% 41.7% 55.3% < 0.001 

Vascular disease and complications 7.5% 12.9% 6.6% 9.2% < 0.001 

Chronic obstructive pulmonary disease 8.3% 13.4% 7.2% 9.7% < 0.001 

Pneumonia 10.6% 6.4% 5.8% 4.3% < 0.001 

Renal failure 25.5% 29.7% 31.5% 32.5% < 0.001 

Trauma or other injuries 11.7% 8.0% 5.8% 4.9% < 0.001 

Tuberculous meningitis 59.3% 67.7% 81.5% 83.1% < 0.001 

Estancia media 14.9 ± 22.3 11.0 ± 14.6 8.1 ± 15.4 6.8 ± 9.5 < 0.001 

Data are presented as means ± SD or %. DM: diabetes mellitus; MI-CS: myocardial infarction-related cardiogenic shock. 
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Figure 2.  Trends of mortality across the study period ac-
cording to DM status. CS: cardiogenic shock; DM: diabetes mel-
litus; STEMI: ST-segment elevation myocardial infarction. 

predictive model showed a less significant effect of DM as 
compared to the whole MI-CS cohort (OR = 1.14, 95% CI: 
1.03–1.26). In the propensity score analysis, these differ-
ences were even more evident. While in younger patients, 
DM was associated to a higher mortality risk (0.52 vs. 0.47, 
OR = 1.12, 95% CI: 1.06–1.18, χ2 = 16.8, P < 0.001), this 
association became non-significant in patients at older ages 
(0.76 vs. 0.81, OR = 0.97, 95% CI: 0.94–1, χ2 = 2.8, P = 0.09). 

3.4  Association between type of treating centers, 
availability of ICCU and revascularization procedures 
among elderly patients with MI-CS 

The proportion of elderly patients treated at hospitals 
with revascularization facilities (type 3 and type 4 hospitals) 
increased during the study period from 54.6% in 2005 to 
77.3% in 2015 (IRR = 1.03, 95% CI: 1.02–1.04, P < 0.001). 
Among patients treated at type 3 or type 4 hospitals, a total 
of 2,374 were admitted in hospitals with ICCU available. 

Among elderly MI-CS patients treated at hospitals with 
revascularization facilities (n = 3,206), 46.1% underwent 
revascularization (PCI or CABG) during the admission. The 
performance of revascularization procedures was more 
common in hospitals with ICCU (51.5% vs. 43.2%, P < 
0.001). Diabetic patients were less often admitted to hospi-
tals with ICCU (34.2% vs. 39.1%, P = 0.002) and under-
went less often revascularization procedures as compared to 
the rest (43.1% vs. 47.6%, P < 0.001). 

Adjusted mortality rate of MI-CS aged ≥ 75 years was 
lower in patients undergoing revascularization (74.9% vs. 
77.3%, P < 0.001) and in patients admitted to hospitals with 
ICCU (adjusted mortality rate: 74.2% vs. 77.7%, P < 0.001). 

4  Discussion 

Main findings from the present study are: (1) about one 

third of these series of non-selected MI-CS patients had 
previous DM, and this proportion was even higher among 
the elderly; (2) DM was associated with a higher mortality 
in the whole MI-CS cohort, but its prognostic impact was 
lower in patients aged ≥ 75 years; (3) diabetic patients with 
MI-CS were less commonly treated at hospitals with ICCU; 
and (4) both the performance of revascularization proce-
dures and the availability of ICCU were associated with 
better outcomes in these elderly MI-CS patients. 

DM is a common condition in patients with ACS, and is 
commonly associated to advanced age, a higher burden of 
comorbidities and a lower likelihood of an invasive strategy 
during the admission. While the prognostic impact of DM in 
young ACS patients is beyond doubt, conflicting data exists 
in patients at older ages. 

Savonitto, et al.[10] assessed a prospective cohort of 645 
ACS patients aged ≥ 75 years. Patients had a mean age of 
81.6 years and the prevalence of DM was 35.9%. DM was 
associated with higher prevalence of comorbidities and 
lower ejection fraction and hemoglobin levels. In that study, 
diabetic patients had greater risk of one-year mortality 
(23.4% vs. 15.9%), although this association was not statis-
tically significant after adjusting for confounder factors. In a 
more recent paper,[11] a large series of 12,792 STEMI pa-
tients undergoing primary PCI was assessed, of whom 3,023 
(23.6%) were aged ≥ 75 years. Like in the paper from 
Savonitto, et al.,[10] older patients had higher prevalence of 
comorbidities, a more extensive coronary artery disease and 
significant delay to reperfusion. DM was associated with 
higher 30-day mortality both in young and in elderly pa-
tients. However, after adjusting for potential confounders, 
this association remained significant in young patients (OR 
= 1.47, P = 0.047), but non-significant in the elderly (OR = 
1.14, P = 0.43). In another recent study,[12] including 532 
octogenarian patients with non-ST-segment elevation ACS, 
the association between DM and outcomes was also 
non-significant after adjusting for confounders. 

The prognostic role of DM in patients with CS remains 
also controversial. In a series of 443 patients with MI-CS, 
Lindholm, et al.[20] described a similar mortality both at 
30-days and at 5-year according to DM status (diabetic: 
30-day 63%, 5-year 91%; non-diabetic: 30-day 62%, 5-year 
86%; P > 0.05). In contrast, in a recent study assessing 
72,765 patients admitted for MI-CS, Echouffo-Tcheugui, et 
al.[21] described a slightly increased mortality in patients 
with DM (37.9% vs. 36.8%, P < 0.001). In addition, among 
survivors, patients with DM had a longer hospital stay and 
were more likely to be discharged to a skilled nursing home. 
To the best of our knowledge, no study assessed the prog-
nostic impact of DM according to age in patients with 
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MI-CS. This is a clinically relevant issue, since mortality in 
patients with CS remains unacceptably high and the con-
tinuous ageing of population is increasing the number of 
elderly patients with different forms of cardiovascular dis-
eases, including MI-CS. 

Data from this study showed a differential impact of DM 
according to age, with a significantly lower effect among 
older patients. Despite the huge sample size, the impact of 
DM on mortality in elderly patients was only borderline 
significant. The source for this study is an administrative 
database, with several non-assessed potential confounders. 
Therefore, the impact of DM on mortality at older ages 
might be mostly due to their higher burden of comorbidities 
rather than DM itself, as described in previous studies.[10,11] 

However, the information about the potential impact of 
being treated by trained cardiologists in an ICCU is scarce. 
In a recent study, Na, et al.[34] assessed prognosis of 513 
patients with CS admitted to an ICCU before and after 
changing from a low-intensity to high-intensity staffing unit 
managed by a dedicated cardiac intensivist. The authors 
found a significant reduction in mortality in the ICCU (from 
30.6% to 17.6%, P < 0.001). Likewise, a significant reduc-
tion in mortality was observed for the subgroup of CS pa-
tients treated with extra-corporeal membrane oxygenation. 
More recently, Sánchez-Salado, et al.[16] analyzed an exten-
sive series of 19,963 discharge episodes with diagnosis of 
STEMI-related CS from the MBDS of the Spanish National 
Health System, the same source as used in our paper. Cen-
ters were classified according to ICCU availability. Inter-
estingly, ICCU availability was associated with lower ad-
justed mortality rates (65.3% vs. 72%, P < 0.001). These 
studies included younger populations than ours (mean age 
was 67 years in both cases),[16,34] and no specific analysis 
were performed in elderly patients. To our knowledge, no 
study analyzed the potential contribution of being treated in 
the ICCU in elderly patients with MI-CS. 

Data from our study confirmed a significantly lower 
mortality in elderly MI-CS patients treated at hospitals with 
ICCU, as observed in the whole series by Sánchez-Salado, 
et al.[16] This benefit might be at least in part to factors such 
as a higher expertise among physicians currently managing 
these units (especially regarding tools such as pulmonary 
artery catheterization, implant of temporary pacemakers, 
echocardiography or mechanical support devices). However, 
to our judgment, the most important factor might be the 
higher proportion of patients undergoing revascularization 
in centers with ICCU. An early revascularization is clearly 
recommended in patients with MI-CS.[35] However, patients 
at older ages are often excluded from clinical trials and there 
is less information about the real impact of PCI in elderly 

patients with MI-CS. Dzavik, et al.[17] compared clinical 
factors management and outcomes according to age of the 
patients in the SHOCK Trial Registry (n = 588, aged < 75 
years; and n = 277, aged ≥ 75 years). After exclusion of 
early deaths and covariate adjustment, the performace of an 
early revascularization was associated to a lower mortality 
both in young and in elderly patients. More recently, Ais-
saoui, et al.[18] analyzed a series of 10,610 patients form the 
FAST-MI programme, of whom 3,389 were aged ≥ 75 years, 
and 9.9% developed CS. The authors described an increase 
in the rate of PCI and an improvement in medical therapy 
among elderly patients, along with a reduction in one-year 
mortality by 32% in these patients. Rogers, et al.[19] per-
formed a meta-analysis including twelve studies reporting 
short-term mortality and five studies reporting intermedi-
ate-term mortality in elderly patients with MI-CS. In that 
study, the authors described a lower short-term and inter-
mediate-term mortality among elderly patients with MI-CS 
undergoing emergent revascularization. 

Consistently with these data, data from our series showed, 
at a national level, a significantly lower adjusted mortality 
among elderly patients with MI-CS undergoing revascu-
larization. This is a crucial issue, since in routine clinical 
practice, a significant proportion of elderly ACS patients are 
commonly denied ICU admission, and are transferred to 
complex centers for revascularization due to perception of 
short life expectancy.[36] Importantly, this is a continuously 
growing group of patients since them are at high risk for CS 
and other MI complications. Interestingly, the proportion of 
patients undergoing revascularization was higher in aca-
demic hospitals with ICCU. 

However, it is important to note that despite current 
recommendations of a remarkably low proportion of MI-CS 
patients from this series underwent revascularization, espe-
cially at older ages. 

4.1  Limitations 

This study has several limitations. Firstly, it has all the 
limitations of retrospective analyses, based on administra-
tive data. However, the use of administrative records to es-
timate outcomes in health services has been validated by 
comparing them with data from the medical records,[22,37] 
and has been applied to research on health service out-
comes.[38] In contrast to the methodology used by the Cen-
ters of Medicare and Medicaid Services,[27,37] we did not 
measure 30-day mortality but in-hospital mortality. Addi-
tionally, secondary diagnoses as potential confounders 
could have been present at admission or during the admis-
sion.[37] We did not assess neither the “severity” of DM di-
agnosis (i.e., time from DM onset to heart failure at when 
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first admission DM-related complications or type and inten-
sity of DM therapies used), nor the impact of DM clinical 
management and control strategies during index admission. 
Finally, we cannot exclude the presence of unmeasured 
confounding factors that may adversely impact prognosis. 

Despite these limitations, we believe that this study re-
trieves interesting and novel data about clinical the prognos-
tic role of DM in one of the largest series of non-selected 
elderly patients with MI-CS from routine clinical practice, 
and the potential impact of characteristics of treating centers 
on outcomes in this setting. Improving risk stratification and 
clinical management of these very complex patients might 
lead to important economic and social consequences. 

4.2  Conclusions 

In conclusion, a significant proportion (32.7%) of non- 
selected patients with MI-CS had previous DM, and this 
proportion was even higher among the elderly. Prognostic 
impact of DM was different according to age, with a sig-
nificantly lower impact at older ages. Both the availability 
of ICCU and the performance of revascularization proce-
dures were associated with better outcomes in these elderly 
patients with MI-CS. 
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