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Abstract: To describe trends in the rates of discharge due to thoracic

aortic aneurysm and dissection (TAAD) among patients with and

without type 2 diabetes in Spain (2001–2012).

We used national hospital discharge data to select all of the patients

who were discharged from the hospital after TAAD. We focused our

analysis on patients with TAAD in the primary diagnosis field. Dis-

charges were grouped by diabetes status (diabetic or nondiabetic).

Incidence was calculated overall and stratified by diabetes status. We

divided the study period into 4 periods of 3 years each. We analyzed

diagnostic and surgical procedures, length of stay, and in-hospital

mortality.

We identified 48,746 patients who were discharged with TAAD.

The rates of discharge due to TAAD increased significantly in both

diabetic patients (12.65 cases per 100,000 in 2001/2003 to 23.92 cases

per 100,000 in 2010/2012) and nondiabetic patients (17.39 to 21.75,

respectively). The incidence was higher among nondiabetic patients

than diabetic patients in 3 of the 4 time periods.

The percentage of patients who underwent thoracic endovascular

aortic repair increased in both groups, whereas the percentage of

patients who underwent open repair decreased. The frequency of

hospitalization increased at a higher rate among diabetic patients

(incidence rate ratio 1.14, 95% confidence interval [CI] 1.07–1.20)
ro-Fort, PhD, Nap arinos, PhD,
d Ana Lopez-de-Andrés, PhD

The incidence rates were higher in nondiabetic patients. Hospital-

izations seemed to increase at a higher rate among diabetic patients.

Diabetic patients had a significantly lower mortality, possibly because

of earlier diagnoses, and improved and more readily available

treatments.

(Medicine 95(18):e3618)

Abbreviations: AAA = abdominal aortic aneurysm, BMI = body

mass index, CCI = Charlson Comorbidity Index, CMBD =

Conjunto Minimo Básico de Datos, the Spanish National

Hospital Database, CT = computerized tomography, ICD-9-CM =

International Classification of Diseases, Ninth Revision, Clinical

Modification, IHM = in-hospital mortality, LOHS = length of

hospital stay, OSR = open surgical repair, TAA = thoracic aortic

aneurysm, TAAD = thoracic aortic aneurysm and dissection,

TEVAR = thoracic endovascular aortic repair.

INTRODUCTION

T he incidence of diabetes and aortic disease has increased in
recent years in both sexes.1 Diabetes is a major risk factor

for peripheral vascular disease, coronary heart disease, and
cerebrovascular disease, although it is associated with a
decreased risk of progression and rupture of abdominal aortic
aneurysm (AAA).2 A recent study showed that the incidence
rates of AAA were lower in patients with type 2 diabetes
mellitus (T2DM) than in those without diabetes in Spain
between 2003 and 2012.3

Although thoracic and abdominal aortic diseases have
different clinical profiles,4 studies have associated diabetes
with a decreased rate of hospitalization from thoracic aortic
aneurysm and dissection (TAAD).5,6 A recent study based on
the Nationwide Inpatient Sample reported that the average rate
of hospital discharge for TAAD among diabetic patients was
9.7 per 10,000 discharges compared with 15.6 per 10,000
discharges among nondiabetic patients.5 Landenhed et al6

investigated evidence from a community screening of 30,412
individuals participating in the Malmö Diet and Cancer Survey,
and concluded that diabetes was not significantly associated
with thoracic aortic aneurysm (TAA).

Since its introduction in 2005, thoracic endovascular aortic
repair (TEVAR) has been increasingly used.7,8 TEVAR is an
alternative to open surgical repair (OSR), particularly in
patients for whom OSR poses a considerable risk because of
ditions, including diabetes.9 Diabetes is
nificantly worse major outcomes after
et al9 reported that diabetes was not
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associated with an increased risk of mortality after TEVAR
(Hazard Ratio 1.1, 95% confidence interval [CI] 0.7–2.3).

Secular trends in the incidence of AAA and the use of open
and endovascular AAA repair among patients with and without
T2DM have been examined.3 However, to the best of our
knowledge, no previous studies have investigated national
trends in the incidence of TAAD in people with diabetes
in Spain.

In this study, we used national hospital discharge data to
examine trends in the incidence of TAAD among hospitalized
patients with and without T2DM between 2001 and 2012 in
Spain. In particular, we analyzed patient comorbidities, diag-
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nostic and surgical procedures, and in-hospital outcomes such

as in-hospital mortality (IHM) and length of hospital stay
(LOHS).

METHODS
We performed a retrospective, observational study using

the Spanish National Hospital Database (‘‘Conjunto Minimo
Básico de Datos’’ [CMBD]), which is managed by the Spanish
Ministry of Health, Social Services, and Equality, and compiles
all public and private hospital data, covering more than 95% of
hospital discharges.10 The CMBD includes patient variables
(sex and date of birth), admission date, discharge date, up to 14
discharge diagnoses, and up to 20 procedures performed during
the hospital stay. The Spanish Ministry of Health, Social
Services, and Equality sets standards for record keeping and
performs periodic audits of the database.10 We analyzed data
collected between January 1, 2001 and December 31, 2012.

The criteria for disease and procedure were defined accord-
ing to the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM), which is used in the
Spanish CMBD.

We selected discharges for patients whose medical diag-
nosis included TAAD coded according to the ICD-9-CM as
441.01, 441.1, and 441.2 in any diagnosis field. For the
purposes of this study, we focused our analysis on patients
with TAAD in the primary diagnosis field. Only patients aged
50 years and older were included to minimize the number of
patients with connective tissue disorders, as described by von
Allmen et al.11

Discharges were grouped by diabetes status as follows:
type 2 diabetes (ICD-9-CM codes: 250.x0 and 250.x2) and no
diabetes in any diagnosis position. Patients with type 1 diabetes
(ICD-9-MC codes: 250.x1 and 250.x3) were excluded.

The clinical characteristics included information on over-
all comorbidities at the time of diagnosis, which was assessed
by calculating the Charlson Comorbidity Index (CCI). The
index applies to different disease categories, the scores of which
are added to obtain an overall score for each patient.12 We
divided the patients into 3 categories: low CCI (patients with no
previously recorded disease or with one disease category),
medium CCI (patients with 2 categories), and high CCI
(patients with 3 or more disease categories). To calculate the
CCI, we used all disease categories, excluding diabetes, as
described by Thomsen et al.13

Risk factors considered in the data analysis included
smoking (ICD-9-CM codes: 305 and V1582), hypertension
(401.0–405.99), and obesity (278.xx) in any diagnosis field
during hospitalization due to TAAD.
We selected the following diagnostic procedures: compu-
terized tomography (CT) of the thorax (ICD-9-CM code: 87.41
and 87.42) and cardiac ultrasound (88.72 and 88.73).
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We identified OSR using the ICD-9-CM codes 38.35 and
38.45 and TEVAR using the code 39.73.

The mean LOHS and the proportion of patients who died
during admission (IHM) were also estimated for each year
studied.

Before the analysis, we checked the database for any
missing data on the following variables: sex, date of birth,
admission date, discharge date, and death during hospitaliz-
ation. If any of these variables were missing, the record was
removed from the analysis. Because all of the databases undergo
quality control at the Ministry of Health before being sent to the
investigators, we only had to exclude <0.1% of the records.

Statistical Analysis
To assess time trends, the rates of discharge after treatment

for TAAD in patients with type 2 diabetes and in nondiabetic
patients were calculated per 100,000 inhabitants. We divided
the study period (2001–2012) into 4 periods of 3 consecutive
years each. We calculated diabetes-specific incidence rates by
dividing the number of cases per year, sex, and age group by
the corresponding number of people in that population group
using the age and sex-adjusted estimated prevalence of
diabetes obtained from National Health Surveys conducted
in 2003/2004, 2006/2007, 2009/2010, and 2011/2012 and data
from the Di@bet.es Study.14,15 We also calculated the age
and sex-specific incidence rates for nondiabetic patients
during each of the 3-year periods by dividing the number of
cases per year, sex, and age group by the corresponding
number of people in that population group (excluding those
with type 2 diabetes), according to data from the Spanish
National Institute of Statistics, as reported on December 31
of each year.16

A descriptive statistical analysis was performed for all of the
continuous variables and categories by stratifying discharges for
TAAD according to diabetes status. The variables are expressed
as proportions or as the means with standard deviations. A
bivariate analysis of variables according to year was performed
using the chi-square test for linear trends (proportions) or an
analysis of variance (ANOVA), as appropriate.

To test the time trend for the incidence of TAAD (as
primary diagnosis or in any diagnosis field), we fitted separate
Poisson regression models for patients with and without type 2
diabetes, using the year of discharge, sex, age, CCI, risk factors,
diagnostic procedures, and type of repair as independent vari-
ables. A global model including the same variables and diabetes
status was also fitted to assess the adjusted effect of diabetes
on incidence.

For the IHM, logistic regression analyses were performed
with mortality as a binary outcome using the independent
variables included in the Poisson models for diabetic and
nondiabetic patients and for the entire population to assess
the influence of diabetes on IHM. The statistical analyses were
performed using Stata version 10.1 (Stata, College Station, TX).
Statistical significance was set at P< 0.05 (2-tailed).

Ethical Aspects
Data confidentiality was maintained at all times in accord-

ance with Spanish legislation. Patient identifiers were deleted
before the database was provided to the authors to maintain
patient anonymity. It is not possible to identify the patients on an
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individual level, either in this article or in the database. Given
the anonymous and mandatory nature of the dataset, it was not
necessary to obtain informed consent. The study protocol was
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approved by the Ethics Committee of the Universidad Rey
Juan Carlos.

RESULTS
We identified a total of 48,746 discharges of patients who

were admitted with TAAD (any diagnosis field). TAAD was in
the primary diagnosis field for 11,594 (23.78%) patients. Of
these, 1103 patients (9.51%) had T2DM and 10,491 patients
(90.49%) were nondiabetic.

The cumulative incidence of discharges after TAAD in the
primary diagnosis field among patients with diabetes increased
significantly, from 12.65 cases per 100,000 inhabitants in 2001/
2003 to 23.92 patients per 100,000 inhabitants in 2010/2012. In
patients without diabetes, the incidence increased significantly
from 17.39 cases per 100,000 inhabitants in 2001/2003 to 21.75
patients per 100,000 inhabitants in 2010/2012. The incidence
was higher in nondiabetic patients than in diabetic patients
in 3 of the 4 time periods analyzed (20.26 vs 17.52 cases in
2004/2006 and 21.8 vs 17.25 cases in 2007/2009).

Table 1 shows the clinical characteristics and risk factors
for hospital discharges due to TAAD in the primary diagnosis
field according to diabetes status from 2001 to 2012. The mean
age of the patients with diabetes was 69.46 years (SD 8.66
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years), and 75.52% of the patients with diabetes were men. The
mean age was lower in nondiabetic patients (68.68 years; SD
9.36 years), and 74.59% of the nondiabetic patients were men.

TABLE 1. Clinical Characteristics and Risk Factors for Hospital Dis
Aortic Dissection as the Primary Diagnosis (Patients With and Wi

2001–2003 2004–2006

No diabetes
N 2049 2562
Age, mean (SD)

�
68.15 (9.19) 68.16 (9.29)

50–69 years, n (%)
�

1089 (53.15) 1347 (52.58)
70–79 years, n (%) 753 (36.75) 958 (37.39)
�80 years, n (%) 207 (10.1) 257 (10.03)
Male, n (%)

�
1525 (74.43) 1966 (76.74)

CCI 0, n (%)
�

1370 (66.86) 1620 (63.23)
CCI 1, n (%) 550 (26.84) 705 (27.52)
CCI �2, n (%) 129 (6.3) 237 (9.25)
Smoking, n (%)

�
492 (24.01) 691 (26.97)

Hypertension, n (%)
�

995 (48.56) 1315 (51.33)
Obesity, n (%)

�
82 (4) 126 (4.92)

Diabetes
N 162 266
Age, mean (SD) 70.28 (8.91) 69.14 (8.77)
50–69 years, n (%) 68 (41.98) 134 (50.38)
70–79 years, n (%) 73 (45.06) 100 (37.59)
�80 years, n (%) 21 (12.96) 32 (12.03)
Male, n (%) 123 (75.93) 198 (74.44)
CCI 0, n (%) 96 (59.26) 147 (55.26)
CCI 1, n (%) 46 (28.4) 95 (35.71)
CCI �2, n (%) 20 (12.35) 24 (9.02)
Smoking, n (%)

�
51 (31.48) 81 (30.45)

Hypertension, n (%) 112 (69.14) 187 (70.3)
Obesity, n (%) 10 (6.17) 34 (12.78)

Comorbidities included in the Charlson Comorbidity Index, except diab
CCI¼Charlson Comorbidity Index, N¼ number of discharges.�

P< .05 (ANOVA analysis) or (chi-square linear-trend analysis) to asse

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
The diabetic patients had significantly higher CCI values than
the nondiabetic patients (43.43 vs 36.46%, respectively, with
2 or more coexisting conditions).

We found that 32.37% of the diabetic patients and 26.7%
of the nondiabetic patients smoked (P< 0.01). Hypertension
and obesity were significantly more prevalent in the diabetic
patients than in the nondiabetic patients (69.27% and 12.24% vs
52.41% and 5.76%, respectively).

The prevalence of smoking increased significantly in both
groups during the study (Table 1).

Table 2 shows the diagnostic and therapeutic procedures
and the in-hospital outcomes for patients with TAAD as the
primary diagnosis according to diabetes status during the
study period.

Approximately one-third of the patients with TAAD
underwent CT and cardiac ultrasound.

A total of 3263 OSR procedures (7.29% [n¼ 238] in
patients with type 2 diabetes) and 731 endovascular TAAD
repair procedures (14.77% [n¼ 108] in patients with type 2
diabetes) were performed. OSR was more frequent in diabetic
than in nondiabetic patients throughout the study period
(28.83% vs 21.58%) and in each time period analyzed. How-
ever, TEVAR was more frequent in diabetic than in nondiabetic

Diabetes and Thoracic Aortic Aneurysm and Dissection
patients overall (9.79% vs 5.94%) (Table 2). We found that
TEVAR was significantly more frequent in both groups during
the periods analyzed (14.74% in diabetic patients and 7.85% in

charge in Patients With Thoracic Aortic Aneurysm or Thoracic
thout Type 2 Diabetes in Spain, 2001–2012)

2007–2009 2010–2012 Total

2903 2977 10491
69.01 (9.33) 69.18 (9.54) 68.68 (9.36)
1429 (49.22) 1460 (49.04) 5325 (50.76)
1130 (38.93) 1087 (36.51) 3928 (37.44)

344 (11.85) 430 (14.44) 1238 (11.8)
2119 (72.99) 2215 (74.4) 7825 (74.59)
1856 (63.93) 1820 (61.14) 6666 (63.54)

795 (27.39) 856 (28.75) 2906 (27.7)
252 (8.68) 301 (10.11) 919 (8.76)
756 (26.04) 862 (28.96) 2801 (26.7)

1567 (53.98) 1621 (54.45) 5498 (52.41)
158 (5.44) 238 (7.99) 604 (5.76)

285 390 1103
68.88 (8.46) 69.76 (8.61) 69.46 (8.66)

146 (51.23) 195 (50) 543 (49.23)
112 (39.3) 144 (36.92) 429 (38.89)

27 (9.47) 51 (13.08) 131 (11.88)
206 (72.28) 306 (78.46) 833 (75.52)
162 (56.84) 219 (56.15) 624 (56.57)

82 (28.77) 123 (31.54) 346 (31.37)
41 (14.39) 48 (12.31) 133 (12.06)
77 (27.02) 148 (37.95) 357 (32.37)

197 (69.12) 268 (68.72) 764 (69.27)
34 (11.93) 57 (14.62) 135 (12.24)

etes.

ss time trend form 2001/2003 to 2010/2012.
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TABLE 2. Diagnostic and Therapeutic Procedures and Outcomes of Hospital Discharges in Patients With Thoracic Aortic
Aneurysm or Thoracic Aortic Dissection as the Primary Diagnosis (Patients With and Without Type 2 Diabetes in Spain,
2001–2012)

2001–2003 2004–2006 2007–2009 2010–2012 Total

No diabetes
CT, n (%)

�
681 (33.24) 801 (31.26) 1004 (34.58) 1041 (34.97) 3527 (33.62)

Cardiac ultrasound, n (%)
�

607 (29.62) 836 (32.63) 1014 (34.93) 1088 (36.55) 3545 (33.79)
OSR, n (%)

�
513 (25.04) 747 (29.16) 804 (27.7) 961 (32.28) 3025 (28.83)

TEVAR, n (%)
�

0 (0) 0 (0) 228 (7.85) 395 (13.27) 623 (5.94)
Emergency room admission, n (%)

�
1223 (59.69) 1337 (52.19) 1449 (49.91) 1520 (51.06) 5529 (52.7)

LOHS, mean (SD) 12.68 (17.32) 12.79 (17.38) 13.66 (19.87) 13.06 (18.75) 13.09 (18.41)
IHM, n (%)

�
494 (24.11) 483 (18.85) 494 (17.02) 491 (16.49) 1962 (18.7)

Diabetes
CT, n (%) 56 (34.57) 93 (34.96) 97 (34.04) 138 (35.38) 384 (34.81)
Cardiac ultrasound, n (%) 57 (35.19) 84 (31.58) 107 (37.54) 137 (35.13) 385 (34.9)
OSR, n (%) 32 (19.75) 61 (22.93) 59 (20.7) 86 (22.05) 238 (21.58)
TEVAR, n (%)

�
0 (0) 0 (0) 42 (14.74) 66 (16.92) 108 (9.79)

Emergency room admission, n (%)
�

109 (67.28) 149 (56.02) 129 (45.26) 181 (46.41) 568 (51.5)
LOSH, mean (SD)

�
13.32 (14.93) 13.74 (18.73) 13.10 (16.38) 9.86 (11.49) 12.14 (15.35)

IHM, n (%) 35 (21.6) 41 (15.41) 35 (12.28) 59 (15.13) 170 (15.41)

CT¼ computerized tomography, IHM¼ in-hospital mortality, LOHS¼ length of hospital stay, OSR¼ open surgical repair, TEVAR¼ thoracic
endovascular stent graft aneurysm repair.

ass
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nondiabetic patients in 2007/2009 to 16.92% in diabetic patients
and 13.27% in nondiabetic patients in 2010/2012).

Admissions to the emergency room decreased in both
groups during the study (Table 2). Among diabetic patients,
admissions decreased from 67.28% in 2001/2003 to 46.41% in
2010/2012.

The mean (SD) LOHS was 12.14 (15.35) days in diabetic
patients and 13.09 (18.41) days in nondiabetic patients. The
mean LOHS fell significantly from 13.32 days in 2001/2003 to
9.86 days in 2010/2012 in diabetic patients, but it remained
stable throughout the study period in nondiabetic patients.

The IHM was 15.41% for diabetic patients and 18.70% for
nondiabetic patients (P< 0.01). The IHM among diabetic
patients did not change significantly during the study period,
ranging from 21.6% in 2001 to 15.13% in 2012. However, the
crude IHM decreased significantly in nondiabetic patients
(24.11% in 2001/203 to 16.49% in 2010/2012).

The Poisson regression models that were constructed
to compare the adjusted time trends in the incidence of dis-
charge for patients with TAAD from 2001 to 2012 yielded an
adjusted incidence rate ratio (IRR) of 0.57 (95% CI 0.53–0.60)
for patients with type 2 diabetes as a primary diagnosis
of TAAD when those without diabetes were used as a
reference category. In other words, the adjusted incidence
of discharges as the primary diagnosis of TAAD over the
entire period was 0.56 times lower among nondiabetic patients.
When we constructed the regression model with TAAD in any
field of the database, we obtained an IRR of 0.75 (95% CI
0.73–0.77).

However, from 2001 to 2012, the adjusted IRR of having
a diagnosis of TAAD on discharge in a primary field was
1.14 (95% CI 1.07–1.20) for diabetic patients; that is, the

�
P< 0.05 (ANOVA analysis) or (chi-square linear-trend analysis) to
adjusted incidence increased by 14% from 2001 to 2012. The
equivalent figure for nondiabetic patients was 1.08 (95% CI
1.07–1.11). These values suggest that hospitalizations were
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more frequent among diabetic patients than among nondiabetic
patients.

For a discharge diagnosis of TAAD in any field, the IRR
was higher in the diabetic patients than in the nondiabetic
patients (1.37 [95% CI 1.33–1.40] vs 1.25 [95% CI
1.24–1.26]).

Table 3 summarizes the results of the multivariate analysis
of trends and factors associated with IHM in diabetic and
nondiabetic patients hospitalized with TAAD. Among the
diabetic patients, the IHM was significantly greater in those
with more comorbidities (odds ratio [OR] 1.58, 95% CI 1.06–
2.35 for 1 comorbidity; and OR 2.32, 95% CI 1.40–3.84 for
�2 comorbidities).

The diabetic patients who underwent cardiac ultrasound
procedures had a 0.66-fold (95% CI 0.44–0.98) lower prob-
ability of dying during their stay than those who did not undergo
these procedures.

Over the entire study period, a diabetic patient who was
hospitalized after admission to the emergency room was 4.68
(95% CI 2.98–7.40) times more likely to die than a diabetic
patient who was admitted electively.

The time-trend analysis failed to show a decrease in
mortality from 2001 to 2012 in diabetic patients (OR 0.97,
95% CI 0.83–1.14). However, the time-trend analysis showed
a significant decrease in mortality from 2001 to 2012 in
nondiabetic patients (OR 0.87, 95% CI 0.83–0.92).

As shown in Table 3, for the diabetic patients, the IHM
was significantly higher in older persons, in those with more
comorbidities, and in those who had been admitted to the
emergency room.

The patients without diabetes who had a CT scan had a
0.85-fold (95% CI 0.75–0.95) lower probability of dying during

ess time trend form 2001/2003 to 2010/2012.
their stay than those who did not undergo this procedure.
When we analyzed the entire database, we found that

mortality was significantly lower among diabetic patients than

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Multivariate Analysis of the Factors Associated With Mortality After Thoracic Aortic Aneurysm or Thoracic Aortic
Dissection as the Primary Diagnosis (Patients With And Without Type 2 Diabetes in Spain, 2001–2012)

In-hospital Mortality (OR)
�

Diabetes No Diabetes Total

Sex
Men 1 1 1
Female 1.37 (0.92–2.04) 0.89 (0.78–1.00) 0.92 (0.82–1.03)

Age groups, years
50–69 1 1 1
70–79 1.36 (0.92–2.03) 1.24 (1.10–1.40) 1.25 (1.11–1.40)
�80 1.56 (0.93–2.64) 2.14 (1.82–2.50) 2.07 (1.78–2.41)

Charlson Comorbidity Index
0 1 1 1
1 1.58 (1.06–2.35) 1.17 (1.04–1.32 1.20 (1.07–1.34)
�2 2.32 (1.40–3.84) 1.66 (1.39–1.97) 1.71 (1.45–2.00)

Computerized tomography of thorax
No 1 1 1
Yes 0.93 (0.64–1.36) 0.85 (0.75–0.95) 0.85 (0.76–0.95)

Cardiac ultrasound
No 1 1 1
Yes 0.66 (0.44–0.98) 0.91 (0.81–1.02) 0.88 (0.79–0.99)

Emergency room admission
No 1 1 1
Yes 4.68 (2.98–7.40) 4.78 (4.18–5.45) 4.77 (4.20–5.42)

Open surgery repair
No 1 1 1
Yes 1.20 (0.74–1.93) 1.35 (1.19–1.53) 1.34 (1.18–1.51)

Diabetes
No NA NA 1
Yes NA NA 0.83 (0.69–0.99)
Year 0.97 (0.83–1.14) 0.87 (0.83–0.92) 0.88 (0.84–0.93)

OR¼ odds ratio.
gis
mo
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�
Calculated using logistic regression models: odds ratio (OR). The lo

‘‘death (yes/no)’’, and as independent variables year, sex, Charlson Co
nondiabetic patients after adjusting for all of the covariates (OR
0.83, 95% CI 0.69–0.99).

DISCUSSION
Using data from the Spanish National Hospital Discharge

Database, we found that the rates of discharge for TAAD in
patients with and without type 2 diabetes increased significantly
from 2001 to 2012. Using the Swedish national healthcare
registers from 1987 to 2002, Olsson et al17 found that discharge
rates increased over time due to improved diagnostic techniques
and case ascertainment.

In our study, incidence rates were higher in nondiabetic
patients in 3 of the 4 time periods studied, although hyperten-
sion and smoking were more prevalent in diabetic patients
than in nondiabetic patients. Previous studies found lower
rates of aneurysm and dissection in diabetic patients.5,18 In a
national case-control study conducted by Prakash et al5 in the
USA, the authors concluded that hospitalization due to TAAD
was significantly less common among diabetic patients than
among nondiabetic patients. They suggested that a direct

vascular effect of hyperglycemia on the aortic wall could
inhibit the progression of TAAD.5 After adjusting for age
and sex, and analyzing TAAD as the primary diagnosis or a

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
diagnosis in any field of the database, we found that hospital-
ization was increasingly more frequent among diabetic patients
than among nondiabetic patients. Possible explanations
include improvements in diagnostic techniques that enable
TAAD to be identified and diagnosed earlier and at a less
severe stage.5

We found an increase in the frequency of the TEVAR
procedure in both groups. The procedure was more frequent in
diabetic patients. The authors of a large nationwide population-
based study of aneurysm and aortic dissection in England and
Wales reported an increase in the incidence of thoracic aortic
dissection from 7.2 per 100,000 inhabitants in 1999 to 8.8 per
100,000 inhabitants in 2010, and an increase in the incidence of
TAA from 4.4 per 100,000 inhabitants in 1999 to 9.0 per
100,000 inhabitants in 2010. The authors concluded that this
increase in incidence was associated with an increase in the use
of aortic repair, particularly TEVAR.11 Patients undergoing
repair more recently had a higher frequency of comorbidities,
including diabetes. In the USA, Kilic et al19 indicated that
annual rates of repair for both intact and ruptured TAA
increased significantly during the study period (intact 2.2–

tic regression multivariate model was built using as dependent variable
rbidity Index, and age.
10.6 per 1 million; ruptured 0.8–1.3 per 1 million; P< 0.05),
primarily as a result of increases in the frequency of endovas-
cular repair in recent years.
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the 12-year follow-up period, and the standardized method-
Mortality was significantly lower in diabetic patients than
in nondiabetic patients: the fact that diabetes is a well-known
risk factor for vascular disease could have directed physicians
toward more targeted therapy for TAAD.5 A recent revision in
the management of acute aortic dissection indicated that
mortality is highest during the first 48 hours after symptom
onset, and concluded that the time from diagnosis to treatment
was significantly associated with a history of previous cardi-
ovascular episodes.20

The ‘‘obesity paradox’’ has also been postulated as an
explanation for lower morbidity in diabetic patients.21 Given
that obesity is much more frequent among diabetic patients, a
high body mass index (BMI) may be associated with a decrease
in mortality because of TAAD. A recent study concluded that
BMI was negatively associated with aortic aneurysm disease.22

We found that patients who underwent OSR were more
likely to die during their stay than those who did not. Our results
are consistent with those reported in the literature, indicating
higher perioperative mortality for OSR.23,24 In 2011, Goodney
et al23 found that perioperative mortality was lower in patients
undergoing TEVAR than in patients undergoing OSR for both
intact TAA (6.1 vs 7.1%; P< 0.05) and ruptured TAA (28 vs
46%; P< 0.01). In the USA, Hughes et al8 compared the results
of OSR with those of TEVAR and reported that, after adjust-
ment for preoperative comorbidities, including the presence of
diabetes, the likelihood of death was reduced by 46% among
patients undergoing endovascular repair compared with OSR
(OR 0.54; P< 0.01). In 2008, Echeverria et al25 evaluated the
effect of TEVAR on death and found that their results agreed
with those of other studies showing a beneficial effect of
TEVAR in acute aortic disease. The authors concluded that
the increased use of this procedure will likely lead to continuous
improvement in survival in the future.

We found a significant decrease in admission to the
emergency room in both groups. Further investigations are
required to clarify this observation.

As expected, the IHM was significantly greater in patients
admitted to the emergency room from both groups.

Smoking and hypertension are well-known risk factors for
aortic diseases including aortic dissection and aneurysm.26 Dia-
betes is very frequently associated with obesity, and this last
disease is directly related to blood pressure (BP) values.26–29 The
prevalence of hypertension among diabetic patients is signifi-
cantly higher than that among age and sex-matched nondiabetic
patients, which indicates that it is particularly relevant to screen
diabetic patients for aortic diseases.26,27,30

Several considerations regarding the role of hypertension
and physical exercise in our results require discussion. The ICD-
9-CM includes codes 401 to 405 for hypertensive disease.
Among these codes, ‘‘401,’’ which corresponds to ‘‘essential
hypertension,’’ represents over 90% of the diagnoses in our
population, with similar figures for those with and without
diabetes. The CMBD database does not include systolic or
diastolic measurements; therefore, it is not possible to deter-
mine BP classification.

In our study, the prevalence of hypertension for diabetic
patients was approximately 70%, which is lower than the figure
reported for patients in primary care centers in our country
(80%–90%).29,31,32

Therefore, the prevalence of hypertension we reported is
surely underestimated because, among those hospitalized
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patients who achieved good BP control with pharmacological
treatment, the code for essential hypertension may not be
recorded in their discharge report. It is estimated that only
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approximately 20% to 30% of T2DM patients reach the BP
objective in Spain.29,31–33

Furthermore, previous investigations have found that
patients with diabetes have a higher prevalence of masked
hypertension than patients without diabetes,34,35 and it has been
found that patients with T2DM have a greater propensity for
exercise hypertension.36–38

Mancia et al showed that masked hypertension is associ-
ated with an increased risk of mortality and future development
of sustained hypertension, and this may explain the increased
cardiovascular risk associated with a hypertensive response to
exercise (HRE) at moderate exercise workloads.39

Additionally, increased levels of serum cholesterol and
insulin resistance have been shown to be positively correlated
with changes in BP with exercise, but not at rest. These
metabolic impairments may hinder vascular reactivity during
exercise and increase vascular resistance, also leading to an
HRE. Physical fitness may also be an important factor because it
is related to insulin resistance and exercise BP responses.40–42

Unfortunately, the Spanish National Hospital Discharge
Database does not include information on physical activity;
therefore, it is not possible to analyze this variable. Previous
studies conducted in Spain using other sources have found that a
significantly lower proportion of people with diabetes engage in
physical activity than age and sex-matched nondiabetic
patients. Therefore, the effect of physical activity on masked
hypertension is expected to be small.27,28,30,43

Clinical trials have found that supervised exercise (3 times
per week for 6 months, compared with general advice about
physical activity) improved fitness and body composition, but
there were no reductions in BP among T2DM patients. The lack
of change in arterial stiffness suggests resistance to exercise-
induced BP reduction in persons with T2DM.44

Based on the previous data, we believe that masked and
exercise-induced hypertension may play a role in thoracic
aneurisms among diabetic patients, and this topic requires
further investigation.

The strengths of our findings lie in the large sample size,
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ology, which has been used to investigate diabetes and its
complications in Spain and elsewhere.3

Limitations of the Study
Nevertheless, our study is subject to several limitations.

The data about the physical activity and occupations are missed.
Our data source was the CMBD, an administrative database that
contains discharge data for hospitalizations in Spain and uses
information the physician has included in the discharge report.
Therefore, our findings are limited by the lack of anatomical
data; for example, we do not know the size of the aneurysms that
were treated.

Other studies have identified factors that may influence
aortic dimensions and that were not included in our investi-
gation because these variables were not collected in the Spanish
Hospital Discharge Database. These factors include, among
others, having a sedentary occupation45 and body size (height,
weight, and body surface area). Height is particularly relevant
because it is also associated with Marfan syndrome.26,46

Also, additionally, we cannot discriminate between the
various forms of thoracic aneurysm and dissection (proximal

aneurysm, acute type A dissection, acute type B dissection, and
chronic type A and B dissection). The mortality rate was lower
in diabetic patients, although this may be because diabetic
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patients were less likely to suffer acute type A dissection, which
is the most lethal aortic condition.4,6,17

Another significant limitation is the fact that we did not
classify diabetic patients into groups based on the therapy used
to control blood glucose, with the result that we were unable
to provide data on the control of blood glucose before or
after surgery.

The database is limited by its anonymity (no identifying
items such as clinical history number), which makes it imposs-
ible to detect whether the same patient was admitted more than
once during the same year. In addition, patients who moved
from one hospital to another could appear twice. Nevertheless,
this dataset, which was introduced in Spain in 1982, is a
mandatory register, and its coverage is estimated to be greater
than 95%.10

Concerns have been raised about the accuracy of routinely
collected datasets; however, these datasets are periodically
audited. Consequently, the quality and validity of our dataset
has been assessed and shown to be useful for health research.47

Furthermore, previous studies comparing hospital dis-
charge data with other data sources have found that a high
degree of concordance was detected for diabetes mellitus and
for hypertension, particularly regarding the age and sex-specific
distribution patterns.48,49

CONCLUSIONS
In conclusion, Spanish national data show that rates of

discharge for TAAD in patients with and without type 2 diabetes
increased significantly from 2001 to 2012, although the inci-
dence rates were higher in nondiabetic patients in 3 of the time
periods studied. The frequency of hospitalization seems to be
increasing at a higher rate among diabetic patients than among
nondiabetic patients.

Mortality was significantly lower among diabetic patients.
Admission to the emergency room was associated with higher
IHM in both groups.

We found a decrease in the use of OSR and an increase in
the use of TEVAR in patients from both groups. Patients who
underwent an OSR procedure were more likely to die during
their stay than those who did not undergo this procedure.

Given the rapid increase in the prevalence of diabetes and
the aging of the population, our findings emphasize the need for
further improvement in the control of risk factors for TAAD in
people with diabetes. Future studies are necessary to monitor
changes and explore the causes underlying the trends found in
this study in more depth.
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17. Olsson C, Thelin S, Ståhle E, et al. Thoracic aortic aneurysm and

dissection: increasing prevalence and improved outcomes reported in

a nationwide population-based study of more than 14000 cases from

1987 to 2002. Circulation. 2006;114:2611–2618.

18. Tsai C, Lin C, Wu Y, et al. Advanced complicated diabetes mellitus

is associated with a reduced risk of thoracic and abdominal aortic

aneurysm rupture: a population-based cohort study. Diabetes Metab

Res Rev. 2015;31:190–197.

19. Kilic A, Shah AS, Black JH 3rd et al. Trends in repair of intact and

ruptured descending thoracic aortic aneurysms in the United States:

a population-based analysis. J Thorac Cardiovasc Surg.

Diabetes and Thoracic Aortic Aneurysm and Dissection
2014;147:1855–1860.

20. Nienaber CA, Clough RE. Management of acute aortic dissection.

Lancet. 2015;385:800–811.

www.md-journal.com | 7

http://www.ingesa.msc.es/estadEstudios/documPublica/CMBD-2001.htm
http://www.ingesa.msc.es/estadEstudios/documPublica/CMBD-2001.htm
http://www.msssi.gob.es/estadEstudios/estadisticas/encuestaNacional
http://www.msssi.gob.es/estadEstudios/estadisticas/encuestaNacional
http://www.ine.es/


21. Thomas G, Khunti K, Curcin V, et al. Obesity paradox in people

newly diagnosed with type 2 diabetes with and without prior

cardiovascular disease. Diabetes Obes Metab. 2014;16:317–325.

22. Sidloff D, Choke E, Stather P, et al. Mortality from thoracic aortic

diseases and associations with cardiovascular risk factors. Circula-

tion. 2014;130:2287–2294.

23. Goodney PP, Travis L, Lucas FL, et al. Survival after open versus

endovascular thoracic aortic aneurysm repair in an observational

study of the Medicare population. Circulation. 2011;124:2661–2669.

24. Gillen JR, Schaheen BW, Yount KW, et al. Cost analysis of

endovascular versus open repair in the treatment of thoracic aortic

aneurysms. J Vasc Surg. 2015;61:596–603.

25. Echeverria AB, Branco BC, Goshima KR, et al. Outcomes of

endovascular management of acute thoracic aortic emergencies in an

academic level 1 trauma center. Am J Surg. 2014;208:974–980.

26. Erbel R, Aboyans V, Boileau C, et al. ESC guidelines on the

diagnosis and treatment of aortic diseases: document covering acute

and chronic aortic diseases of the thoracic and abdominal aorta of

the adult. The Task Force for the Diagnosis and Treatment of Aortic

Diseases of the European Society of Cardiology (ESC). Eur Heart J.

2014;35:2873–2926.

27. Gomis R, Artola S, Conthe P, et al. [Prevalence of type 2 diabetes

mellitus in overweight or obese outpatients in Spain. OBEDIA

Study]. Med Clin. 2014;142:485–492.

28. Navarro-Vidal B, Banegas JR, León-Muñoz LM, et al. Achievement
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Delayed diagnosis of hypertension in diabetic patients monitored in

primary care. Rev Esp Cardiol (Engl Ed). 2013;66:700–706.
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