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Abstract

Background: To analyze incidence, use of therapeutic procedures, and in-hospital outcomes in patients with ST
elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction (NSTEMI) according to the pres-
ence of type 2 diabetes (T2DM) in Spain (2016-2018) and to investigate sex differences.

Methods: Using the Spanish National Hospital Discharge Database, we estimated the incidence of myocardial infarc-
tions (MI) in men and women with and without T2DM aged > 40 years. We analyzed comorbidity, procedures, and
outcomes. We matched each man and woman with T2DM with a non-T2DM man and woman of identical age, Ml
code, and year of hospitalization. Propensity score matching was used to compare men and women with T2DM.

Results: Ml was coded in 109,759 men and 44,589 women (30.47% with T2DM). The adjusted incidence of STEMI
(IRR 2.32; 95% Cl 2.28-2.36) and NSTEMI (IRR 2.91; 95% Cl 2.88-2.94) was higher in T2DM than non-T2DM patients,
with higher IRRs for NSTEMI in both sexes. The incidence of STEMI and NSTEMI was higher in men with T2DM than in
women with T2DM. After matching, percutaneous coronary intervention (PCl) was less frequent among T2DM men
than non-T2DM men who had STEMI and NSTEMI. Women with T2DM and STEMI less frequently had a code for PCl
that matched that of non-T2DM women. In-hospital mortality (IHM) was higher among T2DM women with STEMI
and NSTEMI than in matched non-T2DM women. In men, IHM was higher only for NSTEMI. Propensity score matching
showed higher use of PCl and coronary artery bypass graft and lower IHM among men with T2DM than women with
T2DM for both STEMI and NSTEMI.

Conclusions: T2DM is associated with a higher incidence of STEMI and NSTEMI in both sexes. Men with T2DM had
higher incidence rates of STEMI and NSTEMI than women with T2DM. Having T2DM increased the risk of IHM after
STEMI and NSTEMI among women and among men only for NSTEMI. PCl appears to be less frequently used in T2DM
patients After STEMI and NSTEMI, women with T2DM less frequently undergo revascularization procedures and have a
higher mortality risk than T2DM men.
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Background

Diabetes is a major independent risk factor for car-
diovascular disease (CVD) [1], particularly myocardial
infarction (MI). The pattern of coronary artery disease in
diabetic patients is often complex, with multiple lesions
and widespread involvement [2], making it difficult to
achieve complete revascularization and adversely affect-
ing long-term prognosis [3, 4].

In Spain, the incidence of MI has been increasing over
time in patients with type 2 diabetes mellitus (T2DM)
[5]. Furthermore, T2DM is common in patients with MI,
with a prevalence of around 20-30% [5, 6].

Several studies have also found a greater risk of death
after MI in patients with diabetes than in those without
diabetes [7, 8] in subtypes of coronary syndromes includ-
ing unstable angina, ST-elevation MI (STEMI), and non-
ST-elevation MI (NSTEMI) [9, 10].

Sex differences may play an active role in the inci-
dence and outcomes of CVD, including MI [11]. Berger
et al. [12] observed sex-based differences in their STEMI
cohort, with 30-day mortality being higher among
women (adjusted OR, 1.15; 95% CI 1.06—1.24), whereas
mortality was lower among women in the NSTEMI
cohort (adjusted OR, 0.77; 95% CI 0.63-0.95) and unsta-
ble angina cohort (adjusted OR, 0.55; 95% CI 0.43-0.70).

Traditional cardiovascular risk factors (CVRFs) such
as diabetes are more associated with an excess relative
risk in women than in men [11]. Using the UK Biobank
to investigate the sex differences in risk factors for MI,
Millet et al. [13] found that among women, diabetes was
associated with higher hazard ratios for MI than in men:
2.91 (95% CI 1.56-5.45) for type 1 diabetes and 1.47 (95%
CI11.16-1.87) for T2DM.

CVREFs, such as high systolic and diastolic blood pres-
sure and elevated lipid values (total cholesterol, LDL
cholesterol, and triglycerides), worsen more rapidly
in women after diagnosis of T2DM than in men [14].
Furthermore, a recent Spanish study of 32,638 T2DM
patients performed over 20 years in primary care showed
that CVRFs were more poorly controlled in women than
in men [15].

Previous studies have found sex differences in inci-
dence, use of revascularization procedures, and mortality
in people with T2DM [16-19].

The increased risk of MI among men and women with
diabetes, coupled with the increased incidence of T2DM
worldwide in recent years, may substantially increase
medical costs in the coming decades [20]. The abovemen-
tioned findings led us to compare the incidence, clini-
cal characteristics, and in-hospital outcomes of patients
admitted to Spanish hospitals from 2016 to 2018 with
a primary diagnosis of MI according to the presence of
T2DM and sex. We analyzed patients with STEMI and
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NSTEMI separately. Finally, we identified the variables
associated with in-hospital mortality (IHM) for patients
with T2DM according to sex and MI type.

Methods

Study design and data source

We conducted a retrospective observational study based
on the Spanish National Hospital Discharge Database
(SNHDD), which is managed by the Spanish Ministry of
Health and includes over 95% of all hospital discharges
in Spain resulting in data from more than 4.2 million
discharges each year. The SNHDD has used the Interna-
tional Classification of Disease version 10 (ICD-10) for
coding since the year 2016. The database provides up to
20 diagnoses and 20 procedures for each hospitalization.
Detailed data on the SNHDD are available online [21].

Study population
We analyzed data from all patients aged 40 years or over
collected by the SNHDD in years 2016, 2017, and 2018.

Our study population includes patients discharged with
a primary diagnosis of MI (STEMI and NSTEMI) using
the specific ICD-10 codes shown in Additional file 1:
Table S1. Patients with a code for “Subsequent STEMI
and NSTEMI (I22.x)", and “Other type of MI (121.A.x)”
were excluded. To control for the confounding effect of
previous coronary disease, we excluded patients with an
ICD-10 code for previous MI (125.2).

The population was stratified according to sex and to
the presence or absence of T2DM. A hospitalized patient
was classified as having T2DM if a diagnosis code (ICD-
10 E11.x) was recorded in any diagnosis field position
(2—-20) of the discharge report. The patient was excluded
if a code for type 1 diabetes (E10.x) was found in any
diagnosis field. In Spain, T2DM is defined as recom-
mended by the American Diabetes Association [5, 22].

Study variables

The primary outcome variables of interest were the inci-
dence of STEMI and NSTEMI and in-hospital variables
such as IHM and length of hospital stay (LOHS). Sec-
ondary outcomes of interest were use of coronary artery
bypass graft (CABG) and percutaneous coronary inter-
vention (PCI) during hospitalization.

Incidence rates were calculated using the Spanish pop-
ulation with and without T2DM estimated based on the
Spanish National Health Survey 2017 and data provided
by the Spanish National Statistics Institute, as reported
by de Miguel-Yanes et al. [23].

Patient-level variables analyzed included age and sex.
Comorbidity was assessed using the Charlson Comorbid-
ity Index (CCI) based on the methods for ICD-10-coded
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administrative databases described by Sundararajan et al.
[24].

A series of conditions and procedures were specifically
identified and analyzed, as follows; obesity, hypertension,
lipid metabolism disorders, kidney disease, atrial fibrilla-
tion, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, and mechanical ven-
tilation (see Additional file 1: Table S1 and reference [24]
for ICD10 codes).

Matching method

Men and women with T2DM and MI were significantly
older than non-diabetic patients, were unevenly distrib-
uted by type of MI, and differed significantly in the dis-
tribution of CVRFs and comorbid conditions (Additional
file 2: Tables S2 and Additional file 3: Table S3). There-
fore, and in order to control for these confounding factors
and to make men and women with T2DM more compa-
rable to those without diabetes, we matched, within the
database of the SNHDD, a man with T2DM with a non-
diabetic man with an identical age, type of MI (using all
digits in the ICD 10 codes), and year of hospitalization.
The same process was followed for women. If more than
one man or woman without T2DM was available per
man or woman with diabetes, selection was random.

Statistical analysis
The statistical analysis was conducted separately for
women and men.

Descriptive statistics were reported as mean with
standard deviation or median with interquartile range for
continuous variables and as frequency and percentage for
categorical variables.

Incidence was analyzed using Poisson regression mod-
els adjusted for age and sex, when required, and pro-
viding incidence rate ratios (IRR) with 95% confidence
intervals (95% CI) as a measure of association.

Continuous variables were compared using the ¢-test
or Mann—Whitney test. Categorical variables were com-
pared using the chi-square test.

Adjusted odds ratios (OR) were obtained using multi-
variable logistic regression to identify variables indepen-
dently associated with IHM. Models were constructed
separately for men and women and according to MI type.
Finally, we analyzed the effect of sex using the entire
database. Details on model construction have been pro-
vided elsewhere [23].

The matching process and statistical analysis were con-
ducted using Stata version 14 (Stata, College Station,
Texas, USA). Significance was set at a two-sided P-value
of <0.05.
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Sensitivity analyses

We complemented the logistic regression models with
a propensity score matching (PSM) analysis to control
for the confounding effect of baseline characteristics of
men and women with T2DM. The PSM analysis was per-
formed separately for the STEMI and NSTEMI cohorts
and enabled us to obtain populations of T2DM men and
T2DM women with a similar distribution of baseline
variables that can affect the use of diagnostic procedures
(PCI and CAGB) and hospital outcome variables (LOHS
and IHM). The variables included in the PSM model were
age, type of MI, and chronic conditions and CVRFs pre-
sent on admission (Additional file 2: Table S2). The PSM
approach has been described elsewhere [16].

Ethical aspects

All investigators can request the databases of the SNHDD
free of charge from the Spanish Ministry of Health [25].
The characteristics of this registry, which is anonymized
and can be accessed through a specific request, makes it
unnecessary to obtain approval by an ethics committee
according to Spanish legislation.

Results

A total of 154,348 hospital discharges (30.47% with
T2DM) were recorded in Spain from 2016 to 2018 for
patients aged > 40 years with a primary diagnosis of ML
Men accounted for 71.11% (N=109,759) and women
28.89% (N =44,589). The overall prevalence of T2DM
was higher among women than among men (34.13% vs.
28.97%; p < 0.001).

Incidence of STEMI and NSTEMI according to T2DM

The total incidence of MI was higher (p<0.001) among
the T2DM population (536.91 per 100,000 persons with
T2DM) than among those without T2DM (159.76 per
100,000 persons without T2DM) resulting in an adjusted
IRR of 2.47 (95% CI 2.44—2.49). The IRR was 2.32 (95%
CI2.28-2.36) for STEMI and 2.91 (95% CI 2.88-2.94) for
NSTEMI (Table 1).

According to MI type by sex, we found that among
men with T2DM, the incidence of STEMI was approxi-
mately twofold higher (337.63 vs. 150.5; IRR, 2.14; 95%
CI 2.11-2.17) and that of NSTEMI was almost threefold
higher (354.26 vs. 95.73; IRR, 2.86; 95% CI 2.81-2.91)
than among men without T2DM.

Among T2DM women, the incidence of STEMI and
NSTEMI was also significantly higher than among non-
T2DM women [IRR, 2.47 (95% CI 2.44-2.49) and 3.26
(95% CI 3.24—3.29), respectively].

Men with T2DM had higher incidence rates of STEMI
(337.63 vs. 168.59; p<0.001) and NSTEMI (354.26 vs.
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197.14; p<0.001) than women with T2DM (Table 1). The
corresponding adjusted IRR was 1.77 (95% CI 1.71-1.83)
for STEMI and 1.59 (95% CI 1.52-1.67) for NSTEMI.

Clinical characteristics and hospital outcomes for men

and women with STEMI according to T2DM status

The clinical characteristics, therapeutic procedures, and
hospital outcomes after matching by age and MI type for
men and women with STEMI according to the presence
of T2DM are shown in Table 2 and Fig. 1a.

Men with T2DM matched by age and STEMI type
have more comorbid conditions than non-diabetic men.
Remarkably higher prevalence values were recorded for
obesity, hypertension, lipid metabolism disorders, kidney
disease, congestive heart failure, peripheral vascular dis-
ease, and cerebrovascular disease.

The proportion of T2DM men who underwent CABG
was small but significantly higher than matched non-
diabetic men (1.52% vs. 1.16%: p =0.007). On the other
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hand, non-diabetic men more frequently underwent
PCI (62.11% vs. 60.67%; p=0.009).

No significant differences were observed after match-
ing for median LOHS (5 days for both groups) and
IHM (7.83% for T2DM men and 7.64% for non-diabetic
men).

When we compared women with and without T2DM
who had had STEMI, the prevalence of most clini-
cal conditions was significantly higher in women with
T2DM than in matched non-diabetic women, as was
the case with men (Table 2 and Fig. 1a). In contrast with
men, the prevalence of atrial fibrillation was higher in
women without diabetes (19.57% vs. 17.33%; p <0.001).

Regarding procedures and hospital outcomes, we
found that in women with T2DM, PCI was less fre-
quent (46.57% vs. 48.38; p=0.032) and IHM higher
(15.60% vs. 13.50%; p <0.001) than in matched nondia-
betic women.

Table 2 Clinical characteristics, use of therapeutic procedures and hospital outcomes after matching by age and myocardial infarction
type (ICD 10) for men and women hospitalized with STEMI according to the presence of T2DM

Men Women
No T2DM T2DM p-value NoT2DM T2DM p-value

STEMI involving left main coronary artery, n (%) 92 (0.59) 92 (0.59) NA 28 (0.40) 28 (0.40) NA
STEMI involving left anterior descending coronary artery, n (%) 1859 (11.99) 1859 (11.99) NA 689 (9.85) 689 (9.85) NA
STEMI involving other coronary artery of anterior wall, n (%) 3722 (24.01) 3722 (24.01) 1796 (25.68) 1796 (25.68) NA
STEMI involving right coronary artery, n (%) 63 (13.95) 63(13.95) NA 771 (11.02) 771(11.02)  NA
STEMI involving other coronary artery of inferior wall, n (%) 4204 (27.12) 4204 (27.12)  NA 1729 (24 72) 1729 (24.72)  NA
STEMI involving left circumflex coronary artery, n (%) 293 (1.89) 293 (1.89) NA 91 (1.30) 91 (1.30) NA
STEMI involving other sites, n (%) 843 (5.44) 843 (5.44) NA 386 (5.52) 386 (5.52) NA
STEMI of unspecified site, n (%) 2327 (1501) 2327 (1501) NA 1504 (21.50) 1504 (21.50) NA
Age, mean (SD) 67.33(11.88) 6733(11.88) NA 75.87 (1 43) 7587 (1143) NA
CCl, mean (SD) 045 (0.74) 0.61(0.56) <0.001 0.55(0.47) 0.72 (0.65) <0.001
Obesity, n (%) 1384 (8.93) 2422 (1562) <0.001 760 (10.87) 1242 (17.76)  <0.001
Hypertension, n (%) 6(42.03) 8687 (56.03)  <0.001 3566 (50.99) 4226 (6042) <0.001
Lipid metabolism disorders, n (%) 98 (39.98) 8922 (57.55)  <0.001 04161) 3927 (56.15)  <0.001
Renal disease, n (%) 9(6.57) 1883 (12.15)  <0.001 653 (9. 34) 55(16.51)  <0.001
Atrial fibrillation, n (%) 1857( 98)  1841(11.88) 0.779 1369 (19.57) 212( 7.33)  0.001
Congestive heart failure, n (%) 2087 (13 46) 2648 (17.08)  <0.001 1424 (20.36) 1870 (26.74)  <0.001
Peripheral vascular disease, n (%) 722 (4.66) 66 (7.52) <0.001 186 (2.66) 310 (4.43) <0.001
Cerebrovascular disease, n (%) 387 (2.50) 621 (4.01) <0.001 277 (3.96) 376 (5.38) <0.001
Dementia, n (%) 70(1.10) 215(1.39) 0.021 272 (3.89) 334 (4.78) 0.010
Mechanical ventilation, n (%) 1075 (6.93) 1093 (7.05) 0.689 429 (6.13) 487 (6.96) 0.047
CABG, n (%) 80 (1.16) 235(1.52) 0.007 44 (0.63) 52(0.74) 0413
PCl, n (%) 9629 (62.11) 9406 (60.67)  0.009 3384 (48.38) 3257 (46.57) 0.032
LOHS, median (IQR) 5.00 (5.00) 5.00 (5.00) 0.650 5.00 (5.00) 5.00 (5.00) 0.921
In-hospital mortality, n (%) 84 (7.64) 1214 (7.83) 0.524 944 (13.50) 1091 (15.60)  <0.001

STEMI ST-elevation myocardial infarction, CCI Charlson comorbidity index, CABG coronary artery bypass graft, PC/ percutaneous coronary intervention, LOHS length of

hospital stay, NA not applicable

The P values for the differences between patients with T2DM and No T2DM were calculated using Student’s t-test, or Mann-Whitney test or chi-square tests
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Fig. 1 Prevalence of cardiovascular risk factors and clinical conditions according to sex, T2DM and Ml type

Clinical characteristics and hospital outcomes for men

and women with NSTEMI according to T2DM status

As can be seen in Table 3 and Fig. 1b, men with T2DM
who had NSTEMI had more chronic conditions than
men matched by age without T2DM. The same differ-
ences in the prevalence of clinical conditions found in
men who had STEMI are found in the NSTEMI popula-
tion. After NSTEMI, CABG was more frequent in dia-
betic men than in matched non-diabetic men (4.54%
vs. 3.78%; p=0.001); PCI was less frequent (42.88% vs.
46.38%; p <0.001).

After matching, men with T2DM remained in hos-
pital for a median of 6 days compared with 5 days for
those without T2DM (p <0.001). Moreover, IHM was
significantly higher among T2DM men (4.85% vs.
4.34%; p = 0.026).

The prevalence of all the clinical conditions was
significantly higher in women with T2DM than in
matched nondiabetic women, except for dementia and
atrial fibrillation, for which no significant differences
were recorded (Table 3 and Fig. 1b).

Values for CABG (2.55% vs. 1.40%; p<0.001) and
IHM (7.33% vs. 6.38%; p=0.016) were significantly
higher among T2MD women who had NSTEMI than
among matched women without diabetes.

Multivariable analysis of IHM

The results of the multivariable logistic regression analy-
sis are shown in Table 4. For men and women with and
without T2DM, the risk of dying in hospital increased
with age, kidney disease, congestive heart failure, periph-
eral vascular disease, cerebrovascular disease, dementia,
and the need for mechanical ventilation during hospitali-
zation. Atrial fibrillation was a risk factor only for men
and women with T2DM.

Obesity and undergoing PCI or CABG reduced IHM
in all study groups, except for CABG among non-T2DM
women.

Among diabetic men, the probability of dying was
2.33 times higher among those with STEMI than among
those with NSTEMI (OR, 2.33; 95% CI 2.09-2.58). This
risk was higher in women with T2DM (OR, 2.81; 95% CI
2.51-3.15).

After controlling for the study variables, having T2DM
increased IHM after MI by 14% (OR, 1.14; 95% CI 1.05—
1.24) (Table 4).

When we joined the database of men and women with
T2DM and conducted a multivariable adjustment (Addi-
tional file 4: Table S4), we found that women with T2DM
were significantly more likely to die in hospital than men
with T2DM (OR, 1.24; 95% CI 1.15-1.35). In this final
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Table 3 Clinical characteristics, use of therapeutic procedures and hospital outcomes after matching by age and myocardial infarction
type (ICD 10) for men and women hospitalized with NSTEMI according to the presence of T2DM

Men Woman

No T2DM T2DM p-value NoT2DM T2DM p-value
NSTEMI, n (%) 16,283 16,283 NA 8202 8202 NA
Age, mean (SD) 70.90 (11.05) 70.90 (11.05) NA 76.93(10.33) 76.93 (10.33) NA
CCl, mean (SD) 0.61(0.59) 0.86 (0.80) <0.001 0.60(0.52) 0.83 (0.80) <0.001
Obesity, n (%) 1723 (10.58) 2535 (15.57) <0.001 993 (12.11) 1767 (21.54) <0.001
Hypertension, n (%) 7640 (46.92) 9291 (57.06) <0.001 441 (53.86) 4695 (57. 24) <0.001
Lipid metabolism disorders, n (%) 7509 (46.12) 10,110 (62.09) <0.001 3754 (45.77) 4944 (60.28) <0.001
Renal disease, n (%) 1972 (12.11) 3430 (21.06) <0.001 1009 (12.30) 1877 (22.88) <0.001
Atrial fibrillation, n (%) 2559 (15.72) 7 (15.46) 0.521 1724(21.13) 1646 (20.07) 0.064
Congestive heart failure, n (%) 2460 (15.11) 3526 (21.65) <0.001 1682 (20.51) 2323 (2832) <0.001
Peripheral vascular disease, n (%) 1357 (8.33) 2217 (13. 62) <0.001 311 (3.79) 548 (6.68) <0.001
Cerebrovascular disease, n (%) 616 (3.78) 909 (5.58) <0.001 354 (4.32) 487 (5.94) <0.001
Dementia, n (%) 209 (1.28) 215(1.32) 0.769 286 (3.49) 288(3.51) 0.932
Mechanical ventilation, n (%) 586 (3.60) 829 (5.09) <0.001 270 (3.29) 389 (4.74) <0.001
CABG, n (%) 615 (3.78) 739 (4.54) 0.001 115 (1.40) 209 (2.55) <0.001
PCl, n (%) 7552 (46.38) 6982 (42.88) <0.001 719 (33.15) 2715 (33.10) 0947
LOHS, median (IQR) 5.00 (5.00) 6.00 (6.00) <0.001 6.00 (6.00) 6.00 (6.00) 0.89
In-hospital mortality, n (%) 706 (4.34) 790 (4.85) 0.026 523 (6.38) 601 (7.33) 0.016

NSTEMI non-ST elevation myocardial infarction, CCI Charlson comorbidity index, CABG coronary artery bypass graft, PCl percutaneous coronary intervention, LOHS

length of hospital stay, NA not applicable

The P values for the differences between patients with T2DM and No T2DM were calculated using Student’s t-test, or Mann-Whitney test or chi-square tests

Table 4 Multivariable logistic regression analysis of factors associated with in hospital mortality among patients with and without

T2DM according to sex

Men Women

NoT2DM T2DM Both NoT2DM T2DM Both
40-59 years 1 1 1 1 1 1
60-69 years 1.69 (1.36-2.11) 1.76 (1.43-2.16) 1.72 (1.48-2) 1.58 (1.02-2.45) 2.55(1.57-4.14) 93 (1.4-2.65)
70-79 years 2.85(2.31-3.5) 277 (2.27-3.37) 2.8(243-3.23) 266 (1.8-3.93) 447 (2.83-7.05) 335025 449)
>80 years 6.72 (5.47-8.26) 6.03 (4.94-7.35) 6.36 (5.51-7.34) 6.17 (4.21-9.03) 8.32(531-13.05) 6.88(5.1 18)
Obesity 0.64 (0.51-0.82) 0.79 (0.67-0.94) 0.74 (0.64-0.85)  0.78 (0.65-0.98) 0.79 (0.67-0.93) 0.78 (0.7-0. 91)
Renal diseases 1.38(1.19-1.6) 136 (1.27-1.55) 137(1 24— 151) 1.18(1.10-1.43) 1.19(1.03-1.37) 1.18 (1.06-1.32)
Atrial fibrillation NS 1.16 (1.02-1.31) 3(1.03-1.24) NS 1.16 (1.02-1.32) 111 (1.01-1.21)
Congestive heart failure 1.99 (1.77-2.24) 1.64 (147-1.82) 79 (1.65-1.94) 1.72(1.51-1.95) 143 (1.28-1.61) 1.55(1.42-1.69)
Peripheral vascular disease  1.24 (1.03-1.49) NS 7 (1.0 31) 1.52 (1.13-2.04) NS 1.31(1.09-1.57)
Cerebrovascular disease 142 (1.14-1.77) 1.72 (1.45-2.04) 1.59(1.39-1.82)  1.67(1.33-2.1) 1.55(1.27-1.88) 1.6 (1.38-1.86)
Dementia 2.7 (207-352) 2.14 (1.65-2.78) 24 (2—2‘89) 22(1.77-2.72) 2.05 (1.68-2.49) 2.12 (1 84-2.45)
Mechanical ventilation 1592 (13.94-18.19) 1295 (11.43-1467) 1424 (13-1559) 11.08(9.22-13.32) 6.57 (5.56-7.77) 1(7.34-9.39)
CABG 0.67 (0.48-0.93) 047 (0.34-0.65) 0.55 (0.44-0.7) NS 0.53(0.3-0.93) 0.66 (0.44-0.99)
PCl 0.38 (0.34-0.43) 044 (0.39-0.49) 041 (0.38-0.44) 0.37 (0.32-0.43) 0.37 (0.32-0.43) 0.37 (0.33-041)
STEMI/NSTEMI 242 (2.17-2.71) 2.33(2.09-2.58) 2.37 (22-2.56) 2.74(242-3.7) 2.81(251-3.15) 2.78 (2.56-3. 03)
T2DM NA NA NS NA NA 4(1.05-1.24)

Only variables with significant results in the multivariable regression are shown in the table

STEMI ST-elevation myocardial infarction, NSTEMI non-ST elevation myocardial infarction, CABG Coronary artery bypass graft, PC/ percutaneous coronary intervention,

NS not significant, NA not available
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model, hypertension and lipid metabolism disorders
were protective factors for [IHM among patients with and
without T2DM.

Sensitivity analysis

Table 5 shows the distribution of the study variables
for men and women with T2DM who had STEMI and
NSTEMI after PSM. The differences in prevalence for
most clinical characteristics lost significance after PSM,
thus making the two populations more comparable. In
the case of STEMI after PSM, frequency of use was sig-
nificantly greater among men with T2DM than women
with T2DM for PCI (54.35% vs. 46.56%; p<0.001) and
CABG (1.2% vs. 0.74%; p=0.006).

Similar results were found in the NSTEMI cohort,
with a higher proportion of men than women receiv-
ing PCI and CABG [39.27% vs. 33.09% (p=10.008) and
3.24% vs. 2.55% (p=0.008), respectively] Finally, IHM
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after PSM was higher among women than men who
had STEMI (15.61% vs. 11.22%; p <0.001) and NSTEMI
(7.34% vs. 6.45%; p=0.025). These results confirm
those found in the multivariable logistic regression
analysis (Additional file 4: Table S4).

Discussion

This nationwide registry- and population-based obser-
vational study showed that incidence rates of STEMI
and NSTEMI were higher in men and women with
T2DM than in men and women without T2DM for all
age groups analyzed. After pair-matching according to
age, MI code, and year of hospitalization, use of PCI
was lower in T2DM men and women with STEMI and
in men with T2DM for NSTEMI. T2DM was associ-
ated with significantly higher IHM in women and men

Table 5 Clinical characteristics, use of therapeutic procedures and hospital outcomes after propensity score matching (PSM) for men

and women with T2DM hospitalized with STEMI and NSTEMI

STEMI NSTEMI

T2DM Men T2DMWomen p-value T2DM Men T2DMWomen p-value
STEMI involving left main coronary artery, n (%) 41 (0.58) 32 (0.46) 0.291 NA NA -
STEMI involving left anterior descending coronary artery, n (%) 768 (10.95) 689 (9.82) 0.029 NA NA -
STEMI involving other coronary artery of anterior wall, n (%) 1766 (25.17) 1796 (25.6) 0.554 NA NA -
STEMI involving right coronary artery, n (%) 859 (12.24) 771 (10.99) 0.021 NA NA -
STEMI involving other coronary artery of inferior wall, n (%) 1687 (24.05) 1729 (24.64) 0.403 NA NA -
STEMI involving left circumflex coronary artery, n (%) 96 (1.37) 94 (1.34) 0.885 NA NA -
STEMI involving other sites, n (%) 394 (5.62) 390 (5.56) 0.886 NA NA -
STEMI of unspecified site, n (%) 1405 (20.03) 1515 (21.59) 0.024 NA NA -
NSTEMI n (%) NA NA - 8204 (100) 8204 (100) NA
Age, mean (SD) 7464 (10.77) 7587 (11.43) <0.001 7626 (9.90)  76.94 (10.33) <0.001
CCl, mean (SD) 0.74 (0.66) 0.72 (0.65) 0.191 0.87 (0.85) 0.83 (0.80) 0.011
Obesity, n (%) 1183 (16.86) 1246 (17.76) 0.160 1561 (19.03) 1767 (21.54) <0.001
Hypertension, n (%) 4273 (60.9) 4242 (60.46) 0.592 4699 (57.28) 4695 (57.23) 0.950
Lipid metabolism disorders, n (%) 3945 (56.23) 3939 (56.14) 0919 4879 (5947) 4944 (60.26) 0.301
Renal disease, n (%) 27 (16.06)  1159(16.52) 0.464 1902 (23.18) 1878 (22.89) 0.656
Atrial fibrillation, n (%) 34(16.16) 1217 (17.35) 0.061 1572 (19.16) 1647 (20.08) 0.140
Congestive heart failure, n (%) 1651 (23.53) 1875(26.72) <0.001 2070 (25.23) 2324 (28.33) <0.001
Peripheral vascular disease, n (%) 320 (4.56) 310 (4.42) 0.684 491 (5.98) 548 (6.68) 0.068
Cerebrovascular disease, n (%) 347 (4.95) 376 (5.36) 0.268 420 (5.12) 487 (5.94) 0.022
Dementia, n (%) 204 (2.91) 334 (4.76) <0.001 187 (2.28) 288 (3.51) <0.001
Mechanical ventilation, n (%) 506 (7.21) 490 (6.98) 0.599 395 (4.81) 389 (4.74) 0.826
CABG, n (%) 84 (1.2) 52(0.74) 0.006 266 (3.24) 209 (2.55) 0.008
PCl, n (%) 3813 (54.35) 3267 (46.56) <0001  3222(39.27) 2715 (33.09) <0.001
LOHS, median (IQR) 5(5) 5.00 (5.00) 0121 6 (6) 6.00 (6.00) 0.467
In-hospital mortality, n (%) 787 (11.22) 1095 (15.61) <0001  529(6.45) 602 (7.34) 0.025

STEMI ST-elevation myocardial infarction, CCI Charlson comorbidity index, CABG coronary artery bypass graft, PC/ percutaneous coronary intervention, LOHS length of

hospital stay, NA not applicable

The P values for the differences between patients with T2DM and No T2DM were calculated using Student’s t-test, or Mann-Whitney test or chi-square tests
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admitted to hospital for STEMI and only in men admit-
ted for NSTEML

Women with T2DM hospitalized with STEMI or
NSTEMI underwent revascularization procedures less
frequently and had a higher risk of dying in hospital than
T2DM men.

Incidence of MI, revascularization procedures, and hospital
mortality according to presence of T2DM

According to our database, patients with diabetes had
a higher incidence of MI than those without diabetes.
This finding has been constantly confirmed elsewhere
[1, 5, 9, 13, 16, 17]. Furthermore, incidence rates of
STEMI and NSTEMI were higher in T2DM men than in
T2DM women. These trends are consistent with previous
reports in people with diabetes and in the general popu-
lation [26-28]. Despite the fact that the American Heart
Association has analyzed MI in women in a separate
document owing to the increasing weight of cardiovascu-
lar mortality in women [29], virtually every study shows
persistently higher incidence rates of coronary disease in
men [26-28].

The results of the present study indicate that dur-
ing admission for STEMI or NSTEMI, men with T2DM
undergo PCI less frequently than matched non-T2DM
men. In addition, PCI was less frequently used during
admission for STEMI in women with T2DM.

The underuse of revascularization procedures among
people with diabetes has been reported for STEMI and
NSTEMI in various countries [30-33]. One possible
explanation is that PCI is technically more complicated
owing to a higher frequency of diffuse and peripheral
coronary artery disease among diabetic patients [34].
This is coherent with the more frequent use of CABG
among patients with T2DM in our population.

Death rates during hospitalizations were higher in
patients with diabetes than in those without diabetes, as
described by Ahmed et al. [9], who obtained an adjusted
OR of 1.07 (95% CI 1.05-1.08) for T2DM in patients who
have had MI. Several studies have reported that, although
the IHM of patients with MI decreased over time in both
diabetic and non-diabetic patients, in-hospital deaths
were always higher in diabetes patients [8, 9, 35, 36].

In the setting of MI, and in line with the explanation
for the less frequent use of PCIL, T2DM patients showed a
greater propensity for multivessel stenosis involving sev-
eral coronary arteries, as well as multiple stenoses in the
same vessel, which can contribute to this higher IHM [8,
34].

Several cardiometabolic risk factors linked to T2DM
have been found to be associated with increases in mor-
tality after MI, including altered fasting glucose levels
[37] and insulin treatment [38].
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Furthermore, poorer outcomes in patients with diabe-
tes may be explained by other factors such as vasculopa-
thies secondary to hyperglycemia and hyperinsulinemia
and coagulation system disorders involving platelets and
the coagulation cascade [30].

Sex differences in incidence, use of revascularization
procedures, and IHM after Ml among T2DM patients
The IRR obtained when we compared T2DM men and
women with non-T2DM men and women for STEMI and
NSTEMI was higher for women than for men (STEMI
IRR 2.14 for men and 2.47 for women, NSTEMI IRR 2.86
for men and 3.26 for women), suggesting that T2DM may
be a stronger relative risk factor for STEMI and NSTEMI
in women than in men. This conclusion is consistent with
most recent reviews and meta-analyses [16, 17], but not
with all prior studies [39, 40]. These discrepancies may
have arisen from differences in the level of adjustment for
other CVRFs between the studies included. Peters et al.
[16] analyzed 64 cohort studies and found a 44% greater
excess risk ratio for incident coronary heart disease in
women with diabetes than in their male counterparts.
Deterioration in CVRF levels among those with and
without T2DM is greater in women than in men; there-
fore, women with diabetes are disadvantaged compared
with men, even before their diagnosis [14, 17, 41]. Fur-
thermore, the greater excess coronary risk associated
with diabetes may reflect possible disparities in treat-
ment, which favors men [17]. Additionally, in the UK, as
in Spain, women with diabetes are less likely than men
with diabetes to meet all recommended care require-
ments and might be less likely to achieve target val-
ues for treated CVRFs [15, 42]. However, in contrast to
other types of CVD, one large meta-analysis did not find
evidence that diabetes confers a greater excess risk for
peripheral arterial disease in women than in men [43].
More research is needed to determine possible unknown
mechanisms responsible for sex differences in diabetes-
related cardiovascular risk, and this should also take into
account hormonal factors [44]. Wang et al. [44] reported
that sex hormones and diabetic vascular complications
are sexually dimorphic, since CVD was associated with
low total testosterone and high estradiol in men, while
postmenopausal women present with high testosterone.
Before matching, but also once PSM was complete, we
could see that use of PCI and CABG was more frequent
among T2DM men than T2DM women for both STEMI
and NSTEMI. This less invasive pattern in women has
been reported elsewhere, and the possible reasons have
been discussed by other investigators [18, 19, 28, 45, 46].
Lower revascularization rates can be explained, in
part, by the higher frequency of alternative etiologies,
such as Takotsubo (stress) cardiomyopathy, spontaneous
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coronary artery dissection, and coronary vasospasm in
younger women with MI [18].

Another potential reason for lower use of revascu-
larization is that women have more in-hospital compli-
cations after PCI than men and this may contribute to
treatment decisions leading to a less invasive approach
[47].

Walli-Attaei et al. [28] have suggested that the lower
number of revascularization procedures observed in
women might be partly explained by a lower burden
of atherosclerosis in women. Across the spectrum of
acute coronary syndrome, men have significantly more
obstructive and multivessel disease than women [45, 46].

Regarding CAGB, the fact that women have smaller
coronary arteries makes surgical grafting more challeng-
ing, thus potentially contributing to increased compli-
cations and mortality rates that could partly explain sex
disparity in this procedure [45, 48, 49].

Finally, whether Spanish women and men differ in their
priorities and preferences for revascularization therapies
is unknown, and this could also contribute to the differ-
ences found. Future research should investigate whether
women and men with diabetes differ in their suitability,
contraindications, preferences, symptoms, anatomy, and
access for revascularization procedures after MI.

The higher mortality in women than men with diabetes
who experienced MI that we observed has been reported
in meta-analyses [17, 50, 51].

Beside the differences in the course, prevalence, diag-
nosis, and treatment of CVRFs commented on above,
other possible reasons for these sex differences have
been posited. First, previous studies have suggested that
women more frequently have MI with atypical symptoms
than men, thus potentially contributing to later diagnosis
and reduced provision of subsequent care [18]. Second,
delays in receiving timely in-hospital reperfusion therapy
are due to longer times to calling medical services and
longer times to attending the hospital for women [19, 28].
This is very important because women seem to be more
vulnerable than men to prolonged untreated ischemia
[19]. Third, the discrepancy between men and women
in the prognosis of MI may result from differences in
the frequency of coronary revascularization and invasive
diagnostic procedures [18, 19, 28, 45, 46]. In our inves-
tigation, in addition to T2DM status, PCI was a strong
predictor of survival for both sexes. And fourth, other
potential mechanisms for sex-specific differences in mor-
tality, as well as in incidence, may result from differences
in biological factors [44].

Factors associated with IHM among T2DM patients
In addition to sex and T2DM, we found that older age,
kidney disease, atrial fibrillation, congestive heart failure,
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peripheral vascular disease, cerebrovascular disease, and
dementia were risk factors for IHM. These predictors of
worse outcome after MI have been reported elsewhere
[5, 9, 18, 27, 33, 35, 49]. On the other hand, obesity,
hypertension, and lipid metabolism disorders have been
reported to protect against IHM [52, 53].

Interestingly, obesity reduced IHM for STEMI and
NSTEMI in our investigation. The concept of an “obe-
sity survival paradox” in patients with diabetes remains
controversial [52—54]. While some studies have reported
overweight and obesity as having an inverse relation-
ship with increased mortality in normal-weight diabetic
patients after MI [52], the results from the MONICA
study indicated a survival benefit in obese post-MI
patients, but only for those without diabetes. In obese
patients with diabetes, reduced mortality was only pre-
sent in those whose cardiovascular condition improved
prior to MI [53].

In our investigation, atrial fibrillation was associated
with higher IHM among men and women with T2DM.
The negative effect of atrial fibrillation on the outcome of
MI has previously been reported [5, 54]. T2DM, obesity,
and atrial fibrillation frequently coexist, and relation-
ships between them have not been fully elucidated [55].
Among patients with T2DM, the risk of incident atrial
fibrillation is substantially increased for those with con-
comitant obesity or severe obesity [55]. However, there is
an interaction between sex and body mass index (BMI),
so that diabetic men have a higher risk of atrial fibrilla-
tion than diabetic women with equivalently elevated BMI
[55].

Our multivariable analysis disclosed an unexpected
protective effect of hypertension in mortality after ML
Bergmark et al. [56] analyzed data from 12,175 patients
with T2DM and elevated cardiovascular risk and found
that after multivariable adjustment, baseline systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
had U-shaped relationships with major adverse cardio-
vascular events and cardiovascular death. The results of
ONTARGET/TRANSCEND reached the same conclu-
sions, with low levels of SBP (<120 mmHg) and DBP
(<70 mmHg) being associated with increased cardiovas-
cular outcomes (except stroke) and death among T2DM
patients [57]. The physiological explanation hypothesized
by other authors is that coronary filling is dependent on
central aortic pressure, largely during diastole, and that
this observation may explain why DBP is a cause of insuf-
ficient coronary perfusion, subclinical myocardial injury,
and MI [56, 58]. In our opinion, patients without a code
for hypertension in the SNHDD could have low levels of
SBP or DBP, thus explaining this association.

Regarding lipid metabolism disorder, which was also
a protective variable in our study, previous studies have
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shown that in patients who experienced STEMI and
NSTEMI, hypercholesterolemia was associated with
reduced mortality [59-61]. A common explanation for
this phenomenon is inverse causation, which suggests
that potentially serious disease conditions associated
with low cholesterol level may contribute to increased
mortality [59-62]. However, in a recent meta-analysis,
after excluding terminal disease and mortality during
the first year of observation, an initial low LDL-C level
remained statistically associated with high mortality [62].
These findings may be explained by alterations in lipid
synthesis, concentration, and composition in the in-hos-
pital setting following MI due to an acute-phase reaction
and inflammatory response [63].

Beside the coincidence with other investigations, the
association between hypertension and lipid metabolism
disorders found in our study must be interpreted with
caution for a number of reasons. First, the SNHDD
does not reflect current treatment patterns or provide
measurements for blood pressure and blood lipids that
would enable an in-depth analysis. Second, previous
investigations have found that classic risk factors are
frequently underreported in administrative databases,
since risk factors per se do not influence reimburse-
ment for acute hospital treatment of MI; therefore, the
validity of these diagnoses is not high [64]. Further-
more, in our opinion, discharge reports provided by
physicians tend to include more severe conditions in
patients who died and more CVRFs among those who
survived. However, this hypothesis must be confirmed
in the future.

The risk of dying during the hospital stay was more
than twofold higher for men and women with diabetes
admitted for STEMI than for men and women with dia-
betes admitted for NSTEMI. This used to be the rule in
older studies [65], although more recent reports show
only slightly worse outcomes for STEMI [66], or even
similar IHM rates for both conditions [67]. More inva-
sive management of NSTEMI, which shares the pres-
ence of myocardial necrosis with STEMI, probably
explains the closer rates found in more recent research
work.

Strengths and limitations

The strengths of our study lie in the large sample size
[with data from over 154,348 episodes of MI (30.47%
with T2DM)], the fact that it covers the population of
an entire country (>95% of all hospital admissions), the
standardized methodology, which has been extensively
used for research in Spain [5, 23, 68-70], and the reli-
able coding of acute coronary syndrome in the SNHDD
[68]. Nevertheless, our findings are also subject to sev-
eral limitations. Our data source is an administrative
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database that is supported by the information that
physicians recorded in the discharge report, which
also depends on manual coding by administrative staff.
Despite a pair-matching process and PSM, which helped
to attenuate differences in baseline characteristics and
clinical variables, residual confounding cannot be com-
pletely eliminated in observational studies. In addition,
anonymity precludes the extraction of specific data (i.e.,
people who moved from one hospital to another could
appear twice).

The validity of the diabetes diagnosis in the SNHDD
has been evaluated in two previous Spanish studies,
which reported sensitivity of 55% and 63.7%, specific-
ity of around 97% and a kappa concordance index of 0.6
and 0.7 [69, 70]. The fact that sensitivity is not very high
implies that the condition is not coded in some patients
who really have T2DM (false negatives), whereas the
very high specificity means that almost all patients with
a T2DM code really had this disease (very few false posi-
tives). To our knowledge, the validity of the diabetes diag-
nosis does not differ between men and women; therefore,
in our opinion, the misclassification bias would be non-
differential and would not affect the conclusions of our
investigation.

Finally, the SNHDD does not include duration and
treatment of T2DM or other CVRFs and comorbid con-
ditions that have a major impact on the risk of mortality
and cardiovascular events.

Conclusions
In summary, the incidence of STEMI and NSTEMI was
higher in men and women with T2DM than in those
without diabetes, with the incidence being higher in
T2DM men than in T2DM women. Women with T2DM
undergo fewer revascularization procedures and have
higher mortality risk than T2DM men after STEMI and
NSTEMIL

Our findings should be taken into consideration when
planning future actions to improve the treatment and
care these patients receive. Research efforts should focus
on eliminating these sex-related disparities in our health
system.
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