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Abstract 

Background: The main aims of this study were to describe trends and outcomes during admission for infective 
endocarditis (IE) in people ≥ 40 years old with or without type 2 diabetes distributed in five time‑periods (2001–2003; 
2004–2006; 2007–2009; 2010–2012 and 2013–2015), using Spanish national hospital discharge data.

Methods: We estimated admission rates by diabetes status. We analyzed comorbidity, therapeutic procedures, and 
outcomes. We built Poisson regression models to compare the adjusted time‑trends in admission rates. Type 2 diabe‑
tes cases were matched with controls using propensity score matching (PSM). We tested in‑hospital mortality (IHM) in 
logistic regression analyses.

Results: We identified 16,626 hospitalizations in patients aged ≥ 40 years for IE in Spain, 2001–2015. The incidence 
of IE increased significantly from 6.0/100,000 per year to 13.1/100,000 per year (p < 0.001) in the population with type 
2 diabetes, and from 3.9/100,000 per year to 5.5/100,000 per year (p < 0.001) in the population without diabetes, over 
the study period. The adjusted incidence of IE was 2.2‑times higher among patients with diabetes than among those 
without diabetes (IRR = 2.2; 95% CI 2.1–2.3). People with type 2 diabetes less often underwent heart valve surgery 
than people without diabetes (13.9% vs. 17.3%; p < 0.001). Although IHM decreased significantly in both groups over 
time, it represented 20.8% of IE cases among diabetes patients and 19.9% among PSM matched controls (p = 0.337). 
Type 2 diabetes was not associated with a higher IHM in people admitted to the hospital for IE (OR = 1.1; 95% CI 
0.9–1.2).

Conclusion: Incidence rates of IE in Spain, among those with and without T2DM, have increased during the period 
2001–2015 with significantly higher incidence rates in the T2DM population. In our population based study and after 
PSM we found that T2DM was not a predictor of IHM in IE.
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Background
The clinical profile of infective endocarditis (IE) has 
evolved during the last years: nowadays it is more often 
an acute disease diagnosed in an ageing population, with 
a high mortality rate [1, 2]. Research work from Spain has 
recently provided an overall view of the epidemiological 

and clinical characteristics of IE during the last years [3]. 
However, this report specifically focused on the changing 
patterns of microbiological isolations, and on evaluating 
the potential impact of differences among treating hos-
pitals (i.e., hospital volume and number of IE cases) on 
patients’ outcomes.

Several reasons make necessary further investigations 
to assess the association between diabetes mellitus (DM) 
and IE; (i) Diabetes prevalence in increasing worldwide, 
and the proportion of diabetes among those suffering 
IE is rising in Spain and other countries [3–8]. As life 
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expectancy increases, people including those suffering 
diabetes, will be exposed for a more extended period to 
predisposing factors for IE such as degenerative valvular 
lesions, prosthetic valves, intra-cardiac electronic devices 
or long-term intravenous lines [9]; (ii) The immunity is 
affected in patients with DM and as a consequence those 
suffering bacteremia are more prone to develop sepsis 
and IE [10–13]. Episodes of bacteremia occur more fre-
quently in patients with DM, in part perhaps due to an 
increased rate of colonization of Staphylococcus aureus 
in the skin folds and nares of these individuals [12]. Fur-
ther, patients with DM are prone to severe endothelial 
dysfunction, which is one of the central pathophysiologic 
steps in the development of IE [14, 15]; (iii) The number 
of epidemiological population-based studies that have 
suggested that DM increases the risk of IE is still limited 
[16–20], and (iv) A recent review to assess the predictors 
of in-hospital mortality (IHM) in patients with IE con-
cluded that most studies are retrospective, provide data 
from one or few tertiary center, have long recruitment 
periods and sample sizes are usually small [21]. Regard-
ing IHM after IE among diabetic patients the number of 
investigations is limited and results are inconsistent [13, 
22–31].

Hence, using the Spanish National Hospital Discharge 
Database (SNHDD), in this study we aimed to: (i) exam-
ine the trends in the incidence, characteristics, and in-
hospital outcomes of IE among patients with and without 
type 2 diabetes (T2DM) from 2001 to 2015; (ii) compare 
in-hospital outcomes for IE in patients with and without 
T2DM using PSM; and (iii) identify factors associated 
with IHM during admission for IE among patients with 
T2DM.

Methods
Data source and patient population
This retrospective observational study was performed 
using the SNHDD. Details of the design and description 
of the SNHDD are available online [32]. We received 
from the Spanish Ministry of Health the SNHDD includ-
ing all patients with a primary (first position) or second-
ary diagnosis (positions 2 to 14) of IE (ICD-9-CM codes 
421.0, 421.1, 421.9, 424.99) hospitalized from year 2001 
to year 2015. These codes have been frequently used in 
previous studies of IE using hospital discharge databases 
[3, 4, 28, 33].

We defined as our study population all those aged 
≥ 40  years with ICD9 codes for IE in the first and sec-
ond position and excluding those with a ICD9 code for 
history of intravenous drug use (codes 304.0, 305.5) and 
HIV infection (codes 042.x–044.x). We confirmed that 
all cases included in our study sample did not have in the 
database another subject with a code for IE with the same 

age, sex, year of admission and hospital as this could be 
the same patient readmitted for an IE recurrence of an 
index admission. In these cases, as described by Olmos 
et  al. [3], the first IE admission would be analyzed and 
the second admission discharged. Additional file  1: Fig-
ure S1 shows the Flow Chart of the patient selection. We 
grouped admissions by diabetes status as follows: T2DM 
(ICD-9-CM codes 250.x0 and 250.x2) or no diabetes in 
any diagnostic position. We excluded people with type 1 
diabetes (codes 250.x1 and 250.x3).

Covariates
Clinical characteristics included information on overall 
comorbidity at the time of discharge, which was assessed 
by calculating the Charlson Comorbidity Index (CCI) 
[34]. Calculation of the CCI was performed by exclud-
ing diabetes as a disease (therefore, we used a modified 
CCI). We retrieved data on prosthetic valve carriers 
and the following diagnoses reported for each episode: 
previous mitral valve disease, previous aortic valve dis-
ease, septic arterial embolism, ischemic heart disease, 
shock, and periannular complications/atrioventricular 
block. Regardless of the position in the procedure cod-
ing list, we captured data on the following in-hospital 
procedures: heart valve surgery, dialysis, pacemaker 
implantation and mechanical ventilation. We analyzed 
pathogens documented during hospitalizations for IE, 
including coagulase-negative Staphylococci, S. aureus, 
Streptococci, Enterococci, Streptococcus pneumoniae, 
anaerobes, Gram-negative bacteria and fungal infections 
(candidiasis/aspergillosis). The ICD-9-CM codes for the 
diagnoses identified and the procedures conducted dur-
ing the hospitalization for IE that we included are shown 
in Additional file 2: Table S1.

We considered that a patient was a “Readmission” if 
that patient hospitalized with IE had been discharged 
from the same hospital in the previous 30 days without 
a diagnosis of IE. This variable is included in the SNHDD 
when we receive it from the Spanish Ministry of Health. 
In some way the variable “readmission” could be consid-
ered as a proxy of hospital-acquired EI.

The main end points were trends in incidence rates 
of hospitalizations and IHM, defined by the proportion 
of patients who died during admission for each year of 
study. We also estimated the mean of length of hospital 
stay (LOHS). The SNHDD does not include any infor-
mation after the patient is discharged from the hos-
pital. Therefore, no data were available on long-term 
outcomes. We calculated costs calculated using diagno-
sis-related groups for the disease [35] and analyzed them 
as inflation-adjusted.
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PSM method
T2DM status represents the treatment indicator intro-
duced in the theoretical part of this study. As can be seen 
in Table 1, significant differences are found between peo-
ple with or without T2DM for age and for almost every 
clinical variable analyzed. Therefore, it was deemed nec-
essary to use a statistical method, such as PSM (PSM), to 
control the confounding effect of baseline characteristics. 
The main aim of the propensity score method is to obtain 
an unbiased estimate of treatment effect adjusted for the 
impact of given confounding factors in non-randomized 
and observational studies [36]. The PSM method allows 
selecting participants with and without T2DM with the 
same, or nearly the same propensity score obtained with 
logistic regression, so that we can match the structure of 
the confounding factors for both group of patients [36, 

37]. By using multivariable logistic regression, we could 
estimate a propensity score for each person with and 
without T2DM in our investigation [36]. The variables 
included in the model were year of admission, sex, age, all 
comorbidities analyzed (Additional file 1: Table S1), pre-
vious aortic valve disease and prosthetic valve carriers.

For PSM we used the PSMATCH2 Stata module. The 
Matching method chosen was one-to-one within cali-
per of width equal to 0.2 of the standard deviation of the 
logit of the propensity score [38, 39]. Using this method, 
we could match all case of T2DM with a non-diabetic 
patient. To assess the balance of the samples after PSM 
we estimated the absolute standardized difference before 
and after matching. As can be seen in Additional file 3: 
Table  S2 none of the absolute standardized differences 

Table 1 Incidence, clinical characteristics and  in-hospital outcomes of  patients hospitalized with  infective endocarditis 
in Spain from 2001 to 2015 according to T2DM status

T2DM type 2 diabetes mellitus, SD standard deviation

*Denotes a p value < 0.05 for the difference when comparing total values between patients with and without T2DM (namely, the results in the “TOTAL” column). Trends 
for incidence were assessed using multivariable Poisson regression models adjusted by age and sex

T2DM 2001–2003 2004–2006 2007–2009 2010–2012 2013–2015 Total Trend

Number of endo‑
carditis

Yes 345 486 603 962 1040 3436 < 0.001

No 2019 2128 2304 3165 3574 13,190 < 0.001

Incidence per 
100,000 per 
year*

Yes 6.0 7.8 8.9 12.8 13.1 10.0 < 0.001

No 3.9 3.8 3.8 5.1 5.5 4.5 < 0.001

Age, mean (SD)* Yes 68.7 (9.8) 69.2 (9.9) 70.4 (9.9) 71.6 (10.2) 71.8 (10.3) 70.8 (10.2) < 0.001

No 66.2 (12.1) 66.0 (12.3) 67.4 (12.5) 69.0 (12.2) 69.4 (12.4) 67.9 (12.4) < 0.001

Female sex, n (%) Yes 130 (37.7) 193 (39.7) 233 (38.6) 348 (36.2) 336 (32.3) 1240 (36.1) 0.023

No 667 (33.0) 704 (33.1) 786 (34.1) 1037 (32.8) 1131 (31.7) 4325 (32.8) 0.393

Charlson Comor‑
bidity Index, 
mean (SD)*

Yes 1.0 (0.8) 1.0 (0.8) 1.0 (0.8) 1.1 (0.8) 1.1 (0.8) 1.1 (0.8) < 0.001

No 0.8 (0.8) 0.8 (0.8) 0.9 (0.8) 1.0 (0.8) 1.0 (0.8) 0.9 (0.8) < 0.001

Prosthetic valve 
carriers, n (%)

Yes 27 (7.8) 41 (8.4) 57 (9.5) 106 (11.0) 102 (9.8) 333 (9.7) 0.375

No 170 (8.4) 191 (9.0) 205 (8.9) 294 (9.3) 360 (10.1) 1220 (9.3) 0.280

Previous mitral 
valve disease, 
n (%)*

Yes 99 (28.7) 122 (25.1) 156 (25.9) 271 (28.2) 264 (25.4) 912 (26.5) 0.478

No 540 (26.8) 616 (29.0) 681 (29.6) 1034 (32.7) 1100 (30.8) 3971 (30.1) < 0.001

Previous aortic 
valve disease, 
n (%)*

Yes 75 (21.7) 114 (23.5) 149 (24.7) 251 (26.1) 280 (26.9) 869 (25.3) 0.280

No 511 (25.3) 602 (28.3) 673 (29.2) 972 (30.7) 1122 (31.4) 3880 (29.4) < 0.001

Readmissions, n 
(%)*

Yes 58 (16.8) 91 (18.7) 116 (19.2) 199 (20.7) 223 (21.4) 687 (20.0) 0.338

No 300 (14.9) 314 (14.8) 354 (15.4) 526 (16.6) 597 (16.7) 2091 (15.9) 0.128

Length of hospi‑
tal stay, mean 
(SD)

Yes 28.24 (20.9) 28.9 (21.4) 28.48 (20.4) 27.69 (21.0) 24.76 (18.9) 27.17 (20.4) < 0.001

No 28.33 (22.6) 27.87 (21.8) 28.25 (22.4) 27.18 (22.4) 26.66 (21.4) 27.51 (22.1) 0.018

In‑hospital mor‑
tality, n (%)

Yes 87 (25.2) 101 (20.8) 135 (22.4) 209 (21.7) 182 (17.5) 714 (20.8) 0.015

No 431 (21.4) 397 (18.7) 439 (19.1) 638 (20.2) 657 (18.4) 2562 (19.4) 0.053

Costs, mean (SD)* Yes 9137.6 (5486) 12,380.7 (8116.2) 14,928.4 (8646.3) 13,507.4 
(11,465.3)

13,744.5 
(10,822.8)

13,230.4 
(10,000.7)

< 0.001

No 10,171.7 (7450.2) 12,746.6 (8463.6) 16,366.4 
(11,276.8)

16,588.5 
(17,974.3)

14,759.3 
(12,184.5)

14,452.0 
(12,845.6)

< 0.001
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after PSM were above 10%, that represents meaningful 
imbalance.

Statistical analysis
We considered five time-periods that included 3 con-
secutive years each (2001–2003; 2004–2006; 2007–2009; 
2010–2012 and 2013–2015). To assess time trends, we 
estimated the incidence rates of admission for IE among 
people with and without T2DM calculated per 100,000 
individuals per year We calculated T2DM-specific inci-
dence rates by dividing the number of admissions per 
year, sex, and age group by the corresponding num-
ber of people in that population group using the age-
adjusted, sex-adjusted estimated prevalence of T2DM 
obtained from National Health Surveys (NHS) con-
ducted in 2001/02, 2003/04, 2006/07, 2009/10, 2011/12, 
and 2014/15, and based on data from the Diabetes Study, 
which estimated the prevalence of diabetes in the Span-
ish population [5, 40]. Data for the diabetic population 
for missing years (2005, 2008 and 2013) was estimated 
assuming that the growth rate was the same through the 
period 2004–2014. We estimated rates by fitting a linear 
regression model with population from years when NHS 
was available, and we used this model to impute popu-
lation data for 2005, 2008, and 2013. We also calculated 
incidence rates for non-diabetic patients by dividing the 
number of cases per year, sex, and age group by the cor-
responding number of people in that population group 
(excluding those with T2DM), according to the data from 
the Spanish National Institute of Statistics, as reported 
on 31 December of each year [41].

A descriptive statistical analysis was performed for 
all continuous and categorical variables. Variables are 
expressed as means with standard deviations and as pro-
portions. A bivariable analysis according to year was per-
formed using the χ2 test for linear trend and ANOVA, as 
appropriate. To assess differences between those patients 
with and without T2DM, for each year and for the total 
sample, the statistical tests conducted for continuous 
variables were the T test for normal distributions and the 
Mann–Whitney test for non-normal distributions; cat-
egorical variables were compared using the Chi-square 
test. Incidence rates were compared using multivariable 
Poisson regression adjusted by age and sex. Estimates 
correspond to Incidence Rate Ratios (IRRs), with their 
95% confidence intervals (95% CIs).

The Paired t-test was used for continuous variables and 
the McNemar’s test was used for categorical variables to 
compare people with and without T2DM after PSM. To 
identify variables associated with IHM as a binary out-
come among patients with IE, we performed three multi-
variable logistic regression analyses (T2DM, no diabetes, 
and both). The variables included in the models were 

those with significant results in the bivariable analysis 
plus those considered relevant in other investigations. 
The multivariable model was conducted in the PSM sam-
ples. Estimates were the odds ratios (ORs), with their 95% 
CIs.

The multivariable models were built using the “enter 
modelling” method of STATA 14.0 The process included 
the following steps:

1. Each independent variable was analyzed according to 
diabetes status, (bivariate analysis).

2. Selection of variables for the multivariable analysis. 
We included those significant variables in the bivari-
ate analysis and those found scientifically relevant by 
other authors.

3. To fit the multivariable model we used the Wald sta-
tistic (WS) to assess the importance of each variable. 
Those variables that according to this test we consid-
ered that did not improve the model were deleted, 
and a new model was re-analyzed. (expert opinion 
method for independent variable selection). Likeli-
hood ratio test was used to compare successive mod-
els with previous ones.

4. Once the final model was fitted, we checked for col-
linearity and interactions between the remaining var-
iables.

All statistical analysis was performed with Stata version 
14.0 (Stata, College Station, Texas, USA). Statistical sig-
nificance was set at p < 0.05 (2-tailed).

Ethical aspects
Data confidentiality was maintained all the time. Patient 
identifiers were deleted before the database was provided 
to the authors, to keep patient anonymity. It is not pos-
sible to identify patients on an individual level, either in 
this article or in the database. Given the anonymous and 
mandatory nature of the dataset, the Ethics Committee 
of the Rey Juan Carlos University in Madrid informed 
that it was not necessary to obtain any kind of addi-
tional informed consent, in accordance with the Spanish 
legislation.

Results
Overall incidence of infective endocarditis and according 
to T2DM status
We identified a total of 16,626 hospitalizations of 
patients aged 40 years or older with a diagnosis of IE in 
Spain (2001–2015). Patients with T2DM accounted for 
20.7% of the total (1240 women and 2196 men).

Among patients with T2DM, we found that the inci-
dence of IE coding increased significantly from 6.0 in 
2001–2003 to 13.1 cases per 100,000 T2DM population 
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per year in 2013–2015 (p < 0.001). In patients without 
T2DM the incidence of admissions also increased sig-
nificantly over the study period from 3.9 to 5.5 cases 
per 100,000 non-T2DM population per year (p < 0.001) 
(Table  1). Incidence was significantly higher in people 
with T2DM than in non-diabetic people for all years 
analyzed (p < 0.05). Using the Poisson regression model, 
adjusting by age and sex, we found that the incidence 
of IE was 2.2-times higher among patients with T2DM 
than among those without diabetes (IRR 2.2; 95% CI 
2.1–2.3).

Clinical characteristics and in‑hospital outcomes 
of patients hospitalized with infective endocarditis 
according to T2DM status
In patients who had an admission for IE there was a 
significant male predominance (63.9% in T2DM and 
67.31% in the no-diabetes population). Overall, patients 
with T2DM were older (70.8 ± 10.2 years) than patients 
without diabetes (67.9 ± 12.4  years) and had more 
coexisting medical conditions (mean modified CCI 
index 1.1 ± 0.8 vs. 0.9 ± 0.8) (all p values < 0.001). In 
contrast, previous mitral and aortic valve disease were 
more prevalent in people without diabetes, as can been 
seen in Table 1.

Readmission rates were significantly higher in 
patients with T2DM (20.0% vs. 15.9%). Mean LOHS 
was around 27 days in both groups and the mean cost 
per patient was significantly lower in people with 
T2DM (13,230.4 euros vs. 14,452.0 euros). Over time, 
LOHS fell significantly in both groups of patients and 
costs increased significantly.

For the total time period, crude IHM was 20.8% for 
people with T2DM and 19.4% for people without diabe-
tes (p = 0.075). IHM tended to decrease over time in both 
groups, though statistical significance was only reached 
among people with T2DM (from 25.2% in 2001–2003 to 
17.5% in 2013–2015; p = 0.015) (Table 1).

Shown in Additional file  4: Table  S3 and Additional 
file 5: Table S4 are the baseline conditions by study peri-
ods among those patients suffering IE with and without 
concomitant T2DM.

Distribution of study covariates and IHM among patients 
with and without T2DM hospitalized with infective 
endocarditis in Spain
Table 2 shows the distribution of the study variables and 
Table  3 shows IHM according to these variables among 
people with and without T2DM admitted for IE, before 
and after PSM. When we compared patients with T2DM 
with matched controls after PSM, we still found signifi-
cantly lower rates of heart valve surgery in the people 

with T2DM (13.9% and 17.3%, respectively; p < 0.001) 
(Table 2). However, dialysis was significantly more prev-
alent in patients with T2DM than in matched controls 
(7.2% vs. 5.9%, p = 0.028).

In our study sample, and before matching, the preva-
lence of S. aureus (14.7% vs. 12.8% p = 0.003) and Ente-
rococci (16.2% vs. 14.3%; p < 0.001) were higher among 
T2DM patients whereas Streptococci (18.9% vs. 22.0%; 
0.005) was more frequently identified among those with-
out T2DM. However, when PSM was conducted the 
difference between both groups in the prevalence of S. 
aureus became not significant (Table 3).

Among T2DM patients 130 (3.78%) had two patho-
gens coded and 4 (0.12%) had three. The most frequent 
combinations were Gram-negative bacilli + S. aureus 
(n = 41, 31.54%), Gram-negative bacilli + Enterococci n 
(n = 33, 25.38%) and Gram-negative bacilli + Strepto-
cocci (n = 26, 20%). Among those without diabetes 486 
(3.68%) had two and 33 (0.25%) three. The combinations 
of two pathogens were Gram-negative bacilli + S. aureus 
(n = 179, 36.83%), Gram-negative bacilli + Enterococci 
(n = 105, 21.61%) and Gram-negative bacilli + Strepto-
cocci (n = 97, 19.96%).

Overall IHM during admission for IE was 20.8% 
in participants with T2DM and 19.9% in matched 
controls (p = 0.337). Specifically focusing on peo-
ple who died during admission for IE, the mean LOHS 
were 19.8 ± 19.2  days among people with T2DM and 
23.5 ± 24.2  days among matched controls (p = 0.002) 
(Table  3), and the mean cost per patient was 14,856.9 
euros among patients with T2DM and 17,408.9 euros 
among matched controls (p = 0.003).

Multivariable logistic regression analysis of the factors 
associated with IHM
Additional file  6: Table  S5 shows which study variables 
were associated with the IHM in the bivariate analysis 
among those with and without T2DM. All those vari-
ables significantly associated with IHM were included in 
the multivariable model. The variables not always signifi-
cant and included in the multivariable models because 
they were considered relevant in other investigations 
were: prosthetic valve carriers, previous mitral valve 
disease, previous aortic valve disease, COPD, Gram-
negative bacilli, candidiasis/aspergillosis, readmissions, 
heart valve surgery, Coagulase-negative staphylococci 
and Streptococcus pneumoniae. Table 4 shows the result 
of the multivariable logistic regression analysis of the 
factors independently associated with IHM according to 
the presence of T2DM. Over time, IHM decreased sig-
nificantly regardless of the presence of T2DM. Female 
sex was a significant risk factor for IHM in people with 
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Table 2 Distribution of  study covariates and  hospital outcomes of  patients with  and  without T2DM hospitalized 
with infective endocarditis in Spain from 2001 to 2015, before and after propensity score matching

T2DM type 2 diabetes mellitus, SD standard deviation, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease

Before matching After matching

T2DM Non T2DM p value T2DM Non T2DM p value

Time period, n (%)

 2001–2003 345 (10.0) 2019 (15.3) < 0.001 345 (10.0) 371 (10.8) 0.277

 2004–2006 486 (14.1) 2128 (16.1) 486 (14.1) 456 (13.3)

 2007–2009 603 (17.6) 2304 (17.5) 603 (17.6) 576 (16.8)

 2010–2012 962 (28.0) 3165 (24.0) 962 (28.0) 928 (27.0)

 2013–2015 1040 (30.3) 3574 (27.1) 1040 (30.3) 1105 (32.2)

 Total 3436 (100) 13,190 (100) 3436 (100) 3436 (100)

Sex, n (%)

 Male 2196 (63.9) 8865 (67.2) < 0.001 2196 (63.9) 2175 (63.3) 0.599

 Female 1240 (36.1) 4325 (32.8) 1240 (36.1) 1261 (36.7)

Age, mean (SD) 70.8 (10.2) 67.9 (12.4) < 0.001 70.8 (10.2) 70.3 (11.8) 0.154

Age groups, n (%)

 40–66 years old 1030 (30.0) 5437 (41.2) < 0.001 1030 (30.0) 1067 (31.1) 0.001

 67–75 years old 1153 (33.6) 3547 (26.9) 1153 (33.6) 1014 (29.5)

 ≥ 76 years old 1253 (36.5) 4206 (31.9) 1253 (36.5) 1355 (39.4)

CCI, mean (SD) 1.1 (0.8) 0.9 (0.8) < 0.001 1.1 (0.8) 1.1 (0.8) 0.673

Prosthetic valve carriers, n (%) 333 (9.7) 1220 (9.3) 0.428 333 (9.7) 306 (8.9) 0.262

Previous mitral valve disease, n (%) 912 (26.5) 3971 (30.1) < 0.001 912 (26.5) 908 (26.4) 0.913

Previous aortic valve disease, n (%) 869 (25.3) 3880 (29.4) < 0.001 869 (25.3) 846 (24.6) 0.521

Congestive heart failure, n (%) 972 (28.3) 3666 (27.8) 0.565 972 (28.3) 935 (27.2) 0.319

Septic arterial embolism, n (%) 39 (1.1) 164 (1.2) 0.607 39 (1.1) 46 (1.3) 0.445

Dementia, n (%) 61 (1.8) 153 (1.2) 0.004 61 (1.8) 56 (1.6) 0.641

Acute renal disease, n (%) 617 (18.0) 2432 (18.4) 0.516 617 (18.0) 598 (17.4) 0.548

Chronic renal disease, n (%) 592 (17.2) 1329 (10.1) < 0.001 592 (17.2) 536 (15.6) 0.068

Ischemic heart disease, n (%) 627 (18.3) 1467 (11.1) < 0.001 627 (18.3) 611 (17.8) 0.616

COPD, n (%) 602 (17.5) 2167 (16.4) 0.126 602 (17.5) 643 (18.7) 0.199

Atrial fibrillation, n (%) 863 (25.1) 2916 (22.1) < 0.001 863 (25.1) 867 (25.2) 0.911

Shock, n (%) 239 (7.0) 1099 (8.3) 0.008 239 (7.0) 221 (6.4) 0.385

Periannular complications/atrioventricu‑
lar block, n (%)

129 (3.8) 600 (4.6) 0.043 129 (3.8) 165 (4.8) 0.032

Heart valve surgery, n (%) 479 (13.9) 2630 (19.9) < 0.001 479 (13.9) 595 (17.3) < 0.001

Dialysis, n (%) 248 (7.2) 761 (5.8) < 0.001 248 (7.2) 203 (5.9) 0.028

Pacemaker implantation, n (%) 89 (2.6) 356 (2.7) 0.725 89 (2.6) 86 (2.5) 0.818

Mechanical ventilation, n (%) 410 (11.9) 1774 (13.5) 0.019 410 (11.9) 412 (12.0) 0.941

Coagulase‑negative staphylococci, n (%) 441 (12.8) 1463 (11.1) 0.004 441 (12.8) 399 (11.6) 0.122

Staphylococcus aureus, n (%) 504 (14.7) 1685 (12.8) 0.003 504 (14.7) 452 (13.2) 0.070

Streptococci, n (%) 649 (18.9) 2897 (22.0) < 0.001 649 (18.9) 749 (21.8) 0.003

Enterococci, n (%) 557 (16.2) 1887 (14.3) 0.005 557 (16.2) 488 (14.2) 0.020

Streptococcus pneumoniae, n (%) 15 (0.4) 58 (0.4) 0.980 15 (0.4) 13 (0.4) 0.705

Anaerobes, n (%) 21 (0.6) 71 (0.5) 0.608 21 (0.6) 19 (0.6) 0.751

Gram‑negative bacilli, n (%) 264 (7.7) 1012 (7.7) 0.983 264 (7.7) 260 (7.6) 0.856

Candidiasis/aspergillosis, n (%) 3 (0.1) 32 (0.2) 0.077 3 (0.1) 11 (0.3) 0.032

Readmissions, n (%) 687 (20.0) 2091 (15.9) < 0.001 687 (20.0) 632 (18.4) 0.092

Length of hospital stay, mean (SD) 27.17 (20.4) 27.51 (22.1) 0.405 27.17 (20.4) 27.43 (22.1) 0.616

In‑hospital mortality, n (%) 714 (20.8) 2562 (19.4) 0.075 714 (20.8) 682 (19.9) 0.337

Cost, mean (SD) 13,230.4 (10,000.7) 14,452.0 (12,845.6) < 0.001 13,230.4 (10,000.7) 14,045.3 (12,713.2) 0.003
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Table 3 In-hospital mortality of  patients with  and  without T2DM hospitalized with  infective endocarditis in  Spain 
from 2001 to 2015 according to study covariates, and hospital outcomes before and after propensity score matching

T2DM type 2 diabetes mellitus, SD standard deviation, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease

In‑hospital mortality before matching In‑hospital mortality after matching

T2DM Non T2DM p value T2DM Non T2DM p value

Time period, n (%)

 2001–2003 87 (25.2) 431 (21.4) 0.109 87 (25.2) 95 (25.6) 0.995

 2004–2006 101 (20.8) 397 (18.7) 0.282 101 (20.8) 92 (20.2) 0.818

 2007–2009 135 (22.4) 439 (19.1) 0.067 135 (22.4) 112 (19.4) 0.215

 2010–2012 209 (21.7) 638 (20.2) 0.292 209 (21.7) 194 (20.9) 0.663

 2013–2015 182 (17.5) 657 (18.4) 0.516 182 (17.5) 189 (17.1) 0.809

Sex, n (%)

 Male 414 (18.9) 1592 (18.0) 0.33 414 (18.9) 405 (18.6) 0.844

 Female 300 (24.2) 970 (22.4) 0.192 300 (24.2) 277 (22.0) 0.186

Age, mean (SD) 73.2 (9.7) 71.5 (11.4) < 0.001 73.2 (9.7) 72.9 (10.9) 0.540

Age groups, n (%)

 40–66 years old 150 (14.6) 754 (13.9) 0.555 150 (14.6) 154 (14.4) 0.933

 67–75 years old 228 (19.8) 696 (19.6) 0.91 228 (19.8) 194 (19.1) 0.706

 ≥ 76 years old 336 (26.8) 1112 (26.4) 0.791 336 (26.8) 334 (24.7) 0.206

CCI, mean (SD) 1.3 (0.7) 1.2 (0.8) 0.001 1.3 (0.7) 1.3 (0.7) 0.484

Prosthetic valve carriers, n (%) 57 (17.1) 213 (17.5) 0.884 57 (17.1) 56 (18.3) 0.695

Previous mitral valve disease, n (%) 190 (20.8) 723 (18.2) 0.067 190 (20.8) 180 (19.8) 0.593

Previous aortic valve disease, n (%) 184 (21.2) 730 (18.8) 0.111 184 (21.2) 161 (19.0) 0.269

Congestive heart failure, n (%) 274 (28.2) 1108 (30.2) 0.218 274 (28.2) 284 (30.4) 0.295

Septic arterial embolism, n (%) 9 (23.1) 45 (27.4) 0.58 9 (23.1) 10 (21.7) 0.883

Dementia, n (%) 18 (29.5) 46 (30.1) 0.936 18 (29.5) 16 (28.6) 0.911

Acute renal disease, n (%) 241 (39.1) 914 (37.6) 0.499 241 (39.1) 224 (37.5) 0.566

Chronic renal disease, n (%) 161 (27.2) 354 (26.6) 0.798 161 (27.2) 135 (25.2) 0.444

Ischemic heart disease, n (%) 167 (26.6) 338 (23.0) 0.078 167 (26.6) 143 (23.4) 0.190

COPD, n (%) 129 (21.4) 463 (21.4) 0.974 129 (21.4) 138 (21.5) 0.989

Atrial fibrillation, n (%) 176 (20.4) 662 (22.7) 0.152 176 (20.4) 201 (23.2) 0.160

Shock, n (%) 169 (70.7) 727 (66.2) 0.175 169 (70.7) 157 (71.0) 0.938

Periannular complications/atrioventricu‑
lar block, n (%)

31 (24.0) 148 (24.7) 0.879 31 (24.0) 38 (23.0) 0.841

Heart valve surgery, n (%) 108 (22.6) 622 (23.7) 0.6 108 (22.6) 149 (25.0) 0.341

Dialysis, n (%) 115 (46.4) 409 (53.8) 0.044 115 (46.4) 94 (46.3) 0.989

Pacemaker implantation, n (%) 16 (18.0) 51 (14.3) 0.39 16 (18.0) 11 (12.8) 0.344

Mechanical ventilation, n (%) 204 (49.8) 883 (49.8) 0.995 204 (49.8) 213 (51.7) 0.577

Coagulase‑negative staphylococci, n (%) 88 (20.0) 303 (20.7) 0.73 88 (20.0) 79 (19.8) 0.955

Staphylococcus aureus, n (%) 142 (28.2) 476 (28.3) 0.974 142 (28.2) 125 (27.7) 0.858

Streptococci, n (%) 81 (12.5) 276 (9.5) 0.024 81 (12.5) 76 (10.2) 0.169

Enterococci, n (%) 96 (17.2) 285 (15.1) 0.223 96 (17.2) 72 (14.8) 0.276

Streptococcus pneumoniae, n (%) 1 (6.7) 9 (15.5) 0.389 1 (6.7) 2 (15.4) 0.469

Anaerobes, n (%) 2 (9.5) 9 (12.7) 0.697 2 (9.5) 3 (15.8) 0.555

Gram‑negative bacilli, n (%) 50 (18.9) 226 (22.3) 0.234 50 (18.9) 51 (19.6) 0.845

Candidiasis/aspergillosis, n (%) 2 (66.7) 14 (43.8) 0.459 2 (66.7) 6 (54.6) 0.708

Readmissions, n (%) 152 (22.1) 477 (22.8) 0.709 152 (22.1) 144 (22.8) 0.774

Length of hospital stay, mean (SD) 19.8 (19.2) 22.8 (23.9) 0.002 19.8 (19.2) 23.5 (24.2) 0.002

Cost, mean (SD) 14,856.9 (12,956.0) 18,334.8 (18,939.4) < 0.001 14,856.9 (12,956.0) 17,408.9 (18,431.4) 0.003
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T2DM (OR 1.3; 95% CI 1.1–1.6). Among people with 
T2DM admitted for IE, IHM was significantly higher in 
older patients (OR 1.8; 95% CI 1.6–2.0), in patients with 
more comorbidities according to the CCI (OR 1.6; 95% 
CI 1.5–1.8). Lastly, in our study, after adjusting for all the 
study—not only basal—variables, and supporting what 
we found in the PSM model, T2DM was not associated 
with a higher IHM in people admitted to the hospital 
with an episode of IE (OR, 1.1; 95% CI 0.9–1.2).

Discussion
Here we found increasing incidence rates for IE in the 
Spanish population during the period 2001–2015, which 
were over twofold higher among the people with T2DM 
than among their non-diabetic counterparts. Over time, 
mean LOHS was around 27  days, and fell significantly 
in both people with and without T2DM, whereas costs 
increased significantly. IHM was around 20% both in 
the people with and without T2DM. Finally, in our study 

T2DM was not associated with a higher IHM during 
admission for IE.

Other authors have also identified increasing incidence 
rates for IE [19]. The burden of comorbidity of an age-
ing population, a progressively higher number of inva-
sive procedures, and other factors like current trends to 
prescribe antibiotics to prevent IE less often have been 
underscored by these researchers as possible reasons. 
However, the results from these publications are difficult 
to reconcile with other studies that have not detected 
increasing incidence rates for IE [4]. T2DM has been 
proposed to induce endothelial dysfunction, which can 
promote bacterial adhesion and in consequence pre-
dispose patients to the onset of IE [14, 15]. Additional 
mechanisms that could potentially contribute to incident 
IE in T2DM are the impaired immune response reported 
in older studies among people with diabetes [10], or the 
higher prevalence of certain types of infection among the 
people with diabetes that are known to generate bactere-
mias [12].

We found that S. aureus and Enterococci were more 
frequent among T2DM patients and Streptococci among 
those without T2DM. The higher incidence of S. aureus 
infection among patients with DM and IE is consistent 
with previous studies [12, 23, 24]. Two probable causes 
suggested for this are that DM patients use healthcare 
services more frequently and thus have a higher chance 
of being exposed [6, 8, 17] and that diabetic patients have 
relatively higher risk for skin and mucous membrane 
bacterial infection compared to nondiabetic patients 
[12, 19, 23]. Lin et  al. found a higher rate of S. aureus-
related IE in patients with DM (41.7% in patients with 
DM vs. 27.9% in patients without DM; p = 0.021). The 
frequencies of other microorganism-related IEs were 
not different between the two groups [24]. Kourany et al. 
compared microorganisms among diabetic and non-
diabetic patients suffering IE and reported that S. aureus 
was isolated more often (30.7% vs 21.7%, p = 0.02), and 
from the viridans Streptococcus group less often (16.7% 
vs 28.2%, p  =  0.001) in the diabetic group [13]. Olmos 
et al. [23] described that enterococcus and S. bovis were 
more frequent in patients with DM, whereas the viri-
dans group streptococci were more commonly isolated in 
those without. Chirillo et al. [12] analyzed 309 episodes 
of IE, of whom 70 had DM and Enterococcus was more 
commonly isolated in this last group.

Higher valve surgery rate in patients without DM 
before (13.9% vs 19.9%) and after matching (13.9% vs 
17.3%) was found in our study. However as can be seen 
in Additional file  6: Table  S5 the IHM did not differ 
between those T2DM patients who underwent or not 
valve surgery (22.6% vs. 20.49% respectively; p = 0.304). 
Chu et al. [25], in a prospective cohort of consecutively 

Table 4 Multivariable analysis of  factors associated 
with  in-hospital mortality during  admission for  infective 
endocarditis according to T2DM status

Only those variables that showed a significant association after multivariable 
adjustment are showed

T2DM type 2 diabetes mellitus, COPD chronic obstructive pulmonary disease, 
OR odds ratio obtained using logistic regression models, 95% CI 95% confidence 
intervals, NS not significant, NA Not applicable
a Age was introduced as a continuous variable with three categories. Additional 
file 6: Table S5 shows which study variables were associated with the IHM in 
the bivariate analysis among those with and without T2DM. All those variables 
significantly associated with IHM were included in the multivariable model. 
The variables not always significant and included in the multivariable models 
because they were considered relevant in other investigations were: prosthetic 
valve carriers, previous mitral valve disease, previous aortic valve disease, COPD, 
Gram‑negative bacilli, Candidiasis/aspergillosis, readmissions, heart valve 
surgery, Coagulase‑negative staphylococci and Streptococcus pneumoniae

T2DM No T2DM Total
OR (95% CI) OR (95% CI) OR (95% CI)

Time period 0.8 (0.8–0.9) 0.8 (0.8–0.9) 0.8 (0.8–0.9)

Female sex 1.3 (1.1–1.6) NS 1.2 (1.0–1.3)

Agea 1.8 (1.6–2.0) 1.8 (1.6–2.0) 1.8 (1.7–2.0)

Charlson Comorbidity Index 1.6 (1.5–1.8) 1.6 (1.5–1.8) 1.7 (1.5–1.8)

Acute renal disease 2.0 (1.6–2.5) 1.9 (1.5–2.4) 2.0 (1.7–2.3)

Ischemic heart disease 1.3 (1.0–1.6) NS NS

COPD 0.7 (0.5–0.9) 0.7 (0.5–0.9) 0.7 (0.6–0.8)

Shock 8.6 (6.1–12.1) 7.1 (5.0–10.1) 7.4 (5.8–9.5)

Dialysis 2.5 (1.8–3.5) 1.8 (1.3–2.6) 2.1 (1.7–2.7)

Pacemaker implantation NS 0.4 (0.2–0.8) 0.5 (0.3–0.9)

Mechanical ventilation 3.3 (2.5–4.4) 3.7 (2.8–4.8) 3.4 (2.8–4.1)

Staphylococcus aureus NS NS 1.2 (1.0–1.5)

Streptococci 0.6 (0.5–0.8) 0.4 (0.3–0.6) 0.5 (0.4–0.6)

Enterococci NS 0.6 (0.5–0.9) 0.8 (0.6–0.9)

Streptococcus pneumoniae NS NS 0.2 (0.0–1.0)

T2DM NA NA 1.1 (0.9–1.2)
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enrolled patients with definitive IE from 29 centers in 16 
countries found that after multivariable analysis suffering 
DM was a negative predictor for surgical treatment for 
IE (OR = 0.52 [0.39, 0.69]). Other authors agree with us 
finding a lower surgical intervention rate in patients with 
DM [24].

In our investigation the mean length of hospital stay 
was around 27  days for those with and without T2DM. 
These values are much higher than those reported in 
investigations conducted in US [4, 33]. Recently Morita 
et al. describe a median length of stay of 10 (IQR, 6–17) 
days for those who survived to hospital discharge after 
IE during the period 2010–2014. Our equivalent figures 
for those who survived were over 28 days. From 1999 to 
2010, using the Medicare inpatient Standard Analytic 
Files, Bikdeli et  al. [4] reported that the mean length of 
stay for hospitalizations for endocarditis among patients 
aged 65  years of over consistently declined, from 9.6 
(SD 11.5) days to 8.4 (SD: 8.9) days (p < 0.001). However 
they reported that around one quarter of patients was 
discharged to an intermediate care facility/skilled nurs-
ing facility, and another 10–17% to home health care. In 
Spain most patients (over 80%) are discharged to their 
home without any healthcare assistance and this may 
partly explain why the stay at the hospital is longer in our 
country. A report from Italy showed that median length 
of stay excluding hospital transfers increased from 23 
to 25  days from 2000 to 2008, when hospital transfers 
were included the figures were 30 and 35  days respec-
tively [28]. In Denmark the median admission length was 
31  days (25 and 75 percentiles: 13–45  days) [17]. These 
last two countries have similar health service organi-
zation than Spain. Finally, in Brazil over a total of 203 
consecutive patients admitted to a single tertiary care 
hospital between September 2005 and April 2017 the 
median duration of hospital stay was 42  days, ranging 
from 1 to 179 days [30].

Length of hospital stay is high for this condition, albeit 
it has been reduced somewhat in recent years. Perhaps, 
a faster identification of bacteremia with novel methods, 
the urgent notification of these positive microbiologi-
cal results, a greater awareness on behalf of clinicians to 
proceed with an early transesophageal echocardiography 
at the detection of certain types of bacteremia [42], may 
be responsible for the observed reduction in the LOHS. 
Newly established strategies, such as sequential oral 
treatment for IE due to several types of microorganisms 
in patients with uncomplicated courses will probably 
allow even shorter regimens of intravenous treatment 
and lower hospital stays [43].

It is worth pointing out that mean cost per patient was 
consistently lower in people with T2DM than in people 
without diabetes. We do not have a straight explanation 

for this. The lower rates of heart valve surgery in the 
people with T2DM [24, 25, 44], or significantly shorter 
LOHS among the people with T2DM who died may par-
tially account for this finding, but these arguments are 
merely speculative, since we lack the tools needed to pro-
vide a convincing reason to support this finding.

We were not surprised to find that hospital admission 
for IE had an overall high mortality (≈ 20%), although 
IHM decreased significantly over time. This figure is very 
similar to the rates described in the literature [45]. Except 
for occasional reports [46], most studies have also shown 
improving outcomes in recent years.

In our opinion the larger decrease in the crude IHM 
found among those with T2DM than among non-diabetic 
patients (Table 1) may be a consequence of the improve-
ment in the management and pharmacological treatment 
of T2DM patients that has been described in Spain over 
the last years [47].

We found female sex to be an independent risk factor 
for IHM in people with T2DM admitted for IE. In our 
environment, previous research has linked this asso-
ciation to gender-related differences in the rates of heart 
valve surgery [48], but rates of surgery did not differ 
between men and women in our study (data not shown). 
Other authors have claimed that the differences between 
genders regarding outcomes in IE most likely result from 
dissimilarities in coexisting medical conditions [49]. Not-
withstanding the importance of this topic, we cannot give 
a rational explanation for this finding.

After multivariable analysis valve surgery was not 
associated with IHM beside diabetes status. A previous 
review has reported that early valve surgery improve the 
outcome of patients with IE [50]. Unfortunately, with our 
database it is not possible to know the time until surgery 
was conducted so the existence of a bias with this vari-
able cannot be discarded.

T2DM was not associated with a higher IHM in our 
multivariable analysis. In the literature, both opposite 
and similar results have been published [13, 22–31].

Lin et al. [24] in a single tertiary care hospital showed 
that after adjusting the other confounding factors 
patients with DM had 3.29 times greater IHM rate com-
pared to patients without DM. Kourany et al. [13] found 
similar results after multivariable analysis of 1055 people 
with IE (150 with DM) where DM was an independent 
predictor of mortality (OR 1.71, 95% CI 1.08–2.70), with 
crude IHM figures of 30.3% vs 18.6%, p  =  0.001).

Some reasons have been suggested for the worse out-
come in DM patients including: longer time from admis-
sion to the diagnosis of IE in the DM population which 
would resulted in the delay of suitable antibiotics treat-
ment of and/or surgical intervention and the greater 
prevalence of S. aureus infection that is associated with 
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higher rates of both complications and mortality in IE 
[13, 22, 24, 25].

However other studies didn’t identify DM as a risk 
factor [9, 23, 26, 28–31]. Fedeli et  al. and Sy et  al. in 
population based studies conducted in Veneto Region 
(North-Eastern Italy) and Australia did not find that DM 
was a risk factor for mortality [9, 28]. A previous Spanish 
investigation based in three tertiary care centers reported 
that multivariable analysis showed that DM had an inde-
pendent association with development of septic shock 
(OR 2.282; 95% CI 1.186–4.393), but it was not a predic-
tor of IHM [23]. In France among 4405 IE patients admit-
ted to ICU, 14% suffering DM, this condition was not a 
predictor of IHM [31].

Unfortunately, data on glycemic control (glucose levels, 
glycated hemoglobin) are not available in our database, 
and we cannot evaluate their impact on patient outcome. 
The only possible way to assess glycemic control in the 
SHDD is using ICD-9-CM codes 250.x0 and 250.x2, indi-
cating controlled DM and uncontrolled DM, respectively. 
Doing this we found that 3320 (96.62%) have 250.x0 and 
only 116 (3.38%) have 250.x2 with the IHM being simi-
lar for both groups (688/3320; 20.72% vs. 26/116; 22.41%; 
p = 0.66). The extremely low prevalence of code 250.x2 
makes in our opinion this method not useful to assess 
glycemic control.

It is known that the strict glycemic control can improve 
the cellular immunity and as a consequence the inci-
dence and clinical prognosis of patients with DM when 
affected by critical cardiovascular illness [11, 18, 22, 24]. 
Critchley et  al. describe that the largest relative asso-
ciations between the poorest level of glycemic control 
(HbA1c < 11%) and optimal control (6–7%) were seen for 
bone and joint infections (IRR 8.71), endocarditis (IRR 
5.56), and sepsis (IRR 3.64). However, the highest attrib-
utable risk fraction, defined as the percentage of infec-
tions that would not have occurred if all individuals had 
the same infection risk as those in the optimal control 
group of HbA1c (6–7%), was observed for endocarditis 
(26.2%) [18].

Wei et  al. compared the IHM for three groups of 
patients (normoglycaemia, prediabetes and diabetes, 
according to the American Diabetes Association) and 
suffering IE: The IHM found were 3.4%, for normoglycae-
mia patients, 12.6% for those with prediabetes and 17.9%, 
for the diabetes groups (p < 0.001). Compared with the 
normoglycaemia group, the adjusted OR for IHM was 
2.42 (95% CI 1.11–5.31) for prediabetes and 3.39 (95% CI 
1.48–7.80) for the diabetes group [22]. A larger, prospec-
tive, and more detailed (DM therapy, glycemic control, 
etc.) study is needed.

The strength and the novelty of our investigation 
are justified by the following reasons. First, we have 

analyzed data from an entire country over a 15-year 
period, providing data from 3436 T2DM patients suf-
fering IE, this is one of the largest sample size ever 
described. Secondly, we use a PSM to improve the 
analysis of data, to our knowledge this method has not 
been used before for this topic. Finally, we focus spe-
cifically on T2DM patients providing the incidence for 
this patients as well as the evolution in their clinical 
characteristic and hospital outcomes and we identify 
the risk factors for IHM among this population. Never-
theless, beside those previously commented we should 
point out several limitations. Our data source was the 
SNHDD, an administrative database that relies on the 
information that physicians include in the discharge 
report and on manual coding on behalf of administra-
tive staff. To our knowledge the ICD-9 codes for IE in 
the SNHDD have not been validated so far. However, 
results from three previous studies conducted in other 
countries, using ICD-9 codes in hospital discharge 
databases, suggested good accuracy for detection of 
endocarditis cases with reference to the revised Duke 
criteria [8, 28, 51]. The validity of the diabetes diagnosis 
in the SNHDD has been assessed in two previous stud-
ies, revealing a sensitivity of 55% and 63.7% and a speci-
ficity of approximately 97% [52, 53]. In a recent review 
of 12 studies (8 in US and 4 in Canada) using ICD-9 
codes, specificity always showed high values (88% to 
100%) with worse figures for sensitivity (26.9% to 100%) 
and the Kappa concordance index ranged from 0.6 to 
0.9 [54]. We lack longitudinal information about diabe-
tes and other variables. Another limitation of our inves-
tigation is that only up to around 70% had identified 
causative pathogens. As the SNHDD is anonymized we 
cannot confirm that a patient that suffered a previous 
IE hospitalization and who moved from one hospital to 
another could be counted twice. Also is possible that 
patients with IE in the second diagnosis position aren’t 
admitted for IE but for another disease and have history 
of IE. The number of patients that had IE as a second 
diagnosis was 3206 (19.3%) with similar values beside 
T2DM status (19.05% among T2DM and 19.34% among 
non-diabetic patients). In both groups over 90% of 
patients with a second diagnosis of IE the primary diag-
nosis were ICD-9 code 996.91 (Infection and inflam-
matory reaction due to cardiac device, implant, and 
graft” or valve disease ICD-9 codes (424.0, 424.1, 424.2, 
424.3). Therefore we consider this error improbable and 
if exists of a very small magnitude that would not affect 
the main conclusions of our investigation as it affect 
similarly those with and without diabetes. HIV patients 
or those with drugs abuse suffering IE were excluded 
for two reasons, first because the clinical characteris-
tics of IE among may be different to those without these 
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conditions and secondly this is a very infrequent con-
dition among T2DM patients (only 16/3436 [0.46%] vs. 
415/13,190 [3.15%] among non-T2DM sufferers). Fur-
thermore, we cannot rule out that coding practices may 
have changed somewhat over time. Finally, residual 
confounding not accounted for could be influencing the 
results of the multivariable analysis of the factors asso-
ciated with in-hospital mortality.

Conclusion
Incidence rates of IE in Spain, among those with and 
without T2DM, have increased during the period 
2001–2015 with significantly higher incidence rates in 
the T2DM population. In both populations the age and 
comorbidity rose over time and the length of hospital stay 
decreased. Regarding IHM only a significant improve-
ment was found among those with T2DM, remaining sta-
ble among those without this disease. In our population 
based study and after PSM we found that T2DM was not 
a predictor of IHM in IE. In the T2DM population pre-
dictors of higher IHM after IE included female older age, 
comorbidities, whereas Streptococci infection and COPD 
predicted lower IHM. However, given the limitations of 
hospital discharge databases prospective studies includ-
ing detailed clinical data are necessary to confirm these 
conclusions.
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