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Abstract
Objectives
The main goals of this study are to delineate the differences in demographics, comorbidities and hospital
outcomes between diabetic and non-diabetic aortic stenosis (AS) patients, and next is to evaluate the
predictors of in-hospital mortality in AS patients undergoing transcatheter aortic valve replacement (TAVR).

Methods
We conducted an observational cross-sectional study using the nationwide inpatient sample (NIS) and
included 33,325 adult patients with a primary discharge diagnosis of AS who underwent TAVR during the
hospitalization. This sample was further grouped by comorbid diabetic which include non-diabetics (N =
23,585) versus diabetic patients (N = 9,740). Among the hospital outcomes we included the length of stay
(LOS) and total cost during hospitalization, and the all-cause in-hospital mortality. We used an independent
logistic regression model adjusted for demographic confounders to measure the adjusted odds ratio (aOR) of
association of comorbid medical conditions and in-hospital mortality risk in non-diabetic and diabetic
groups.

Results
The most prevalent medical comorbidities among inpatients with diabetes were hypertension (85.1%),
followed by renal failure (38.0%), chronic lung disease (37.1%), obesity (21.3%), and these values were
significantly higher compared with the non-diabetic group. The in-hospitality mortality was higher among
the non-diabetic group (4.7%) compared to the diabetic group (2.8%). There was no significant difference in
mean length of stay and mean total cost between the diabetic and non-diabetic groups. In diabetic AS
inpatients, stroke (aOR: 4.58, 95%CI: 2.23-9.42) and fluid/electrolyte disorders (aOR: 4.25, 95%CI: 3.29-
5.48) had a statistically significant association with mortality risk when compared to the non-diabetic group.
Among the non-diabetic AS inpatients, fluid/electrolyte disorders had the highest mortality risk (aOR: 2.48,
95% CI 2.17-2.83) followed by coagulopathy (aOR: 2.03; CI: 1.77-2.32), congestive heart failure (aOR: 1.67;
CI: 1.40-1.98), and renal failure (aOR: 1.62; CI: 1.41-1.86). Meanwhile, hypertension and obesity had a
statistically non-significant and negative association with in-hospital mortality in diabetic and non-diabetic
groups.

Conclusions
Diabetic AS inpatients following TAVR had a higher mortality risk with comorbid fluid/electrolyte disorders
and stroke. In-hospital mortality following TAVR was lower among the diabetics compared to non-diabetics,
and it underscores diabetes as a surgical risk factor in patients with AS. So, TAVR may be the preferred
approach for diabetic patients with AS along with cardiovascular risk factor modification, strict glycemic
control and timely renal function follow-up.

Categories: Cardiology, Internal Medicine
Keywords: new generation tavr, trans-catheter aortic valve replacement, critical aortic stenosis, mortality, diabetes
mellitis

Introduction
Aortic stenosis (AS) is one of the most prevailing valvulopathies in the world and about 61% of all valvular
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deaths are due to aortic valve diseases [1]. The prevalence of AS increases with age, 2.5% in those between
75-76 years of age to 8.1% in those over 85 [2]. Female to male sex ratio increases with age, but five-year
mortality rates are lower in females [3]. The prevalence of severe AS is significantly higher in whites when
compared to blacks [4].

Both, AS and diabetes are progressive diseases that carry significant morbidity and mortality. Diabetes is a
well-established risk factor for developing atherosclerosis and cardiovascular disease [5]. Recent studies
have shown that the prevalence of diabetes is higher in patients with AS than in the general population, and
ranges between 11.4% to 34% [6,7]. Comorbid diabetes alters the outcome of AS, wherein it increases the
rate of progression of the disease [8]. Inflammation and lipid accumulation contribute to the progressive
calcification process of AS on either a defected or normal aging valve. Valvular heart diseases share similar
risk factors with atherosclerotic diseases, including diabetes and hypertension [9]. AS in turn leads to
ventricular hypertrophic remodeling and diastolic heart failure. Based on the European system for cardiac
operative risk evaluation score, diabetes is considered a marker of poor prognosis in patients with AS [10].
Mild asymptomatic patients are treated conservatively with medical management. Meanwhile, for
symptomatic patients and those with severe AS, aortic valve replacement is the only definitive treatment
[11]. About 80% of patients with severe asymptomatic AS will need aortic valve replacement or they have
higher chances to die within four years [12].

Several comorbid conditions are associated with increased morbidity and mortality after transcatheter aortic
valve replacement (TAVR) [13]. Following TAVR, diabetic patients seem to have similar peri-procedural and
mid-term outcomes compared with patients without diabetes. Diabetic patients have an increased risk of
vascular and bleeding complications up to 30-day post-TAVR period, acute kidney injury (AKI), and one‐year
mortality [14-16]. The main goals of this study are to delineate the differences in demographics,
comorbidities, and hospital outcomes between diabetic and non-diabetic patients, and next is to evaluate
the predictors of in-hospital mortality in diabetic and non-diabetic AS patients undergoing TAVR.

Materials And Methods
Study sample
We conducted an observational cross-sectional study using the nationwide inpatient sample (NIS) from 4,411
hospitals across 44 states in the United States. As, the NIS is a de-identified publicly available data with the
protection of patient’s health information, so we were not required to take institutional review board
permission for this study [17].

We included 33,325 adult patients with a primary discharge diagnosis of AS who underwent TAVR during the
hospitalization. The diagnosis of AS was identified using the International Classification of Diseases, ninth
revision (ICD-9) diagnosis codes of 395.0, 395.2, 396.0, 396.2, 424.1 or 746.3, and the procedure of TAVR
identified using ICD-9 procedure codes of 350.5 or 350.6. This sample was further grouped by a comorbid
diagnosis of diabetes which includes non-diabetics (N = 23,585) versus diabetic patients (N = 9,740).

Variables
Demographic variables included were age, sex, and race [18]. Comorbid medical conditions included in the
study are hypertension, obesity, congestive heart failure (CHF), chronic lung disease (CLD), coagulopathy,
stroke, renal failure, and fluid/electrolyte disorders, and peripheral vascular disorders (PVD). Among the
hospital outcomes, we included the length of stay (LOS) and total cost during hospitalization, and the all-
cause in-hospital mortality. LOS in the NIS is calculated by the number of nights the patient was
hospitalized for AS and the total cost during hospitalization excludes professional fees and other non-
covered charges [18]. 

Statistical analysis
We compared the distributions of demographic characteristics and comorbid medical conditions, and
hospital outcomes between non-diabetic versus diabetic groups by performing descriptive statistics and
Pearson’s chi-square test. Next, we measured the differences in continuous variables, that is, age, LOS, and
total cost between the non-diabetic versus diabetic groups using the independent sample T-test. We used an
independent logistic regression model adjusted for demographic confounders (of age, sex, and race) to
measure the adjusted odds ratio (aOR) of association of comorbid medical conditions and in-hospital
mortality risk in non-diabetic and diabetic groups. All analyses were conducted using the Statistical Package
for the Social Sciences (SPSS), version 26.0 (IBM Corp., Armonk, NY) and statistical significance was set at a
two-sided P-value <0.001. 

Results
Our study population included 33,325 adult inpatients with AS that underwent TAVR. Among the inpatients,
29.2% had diabetes, the majority of whom were males (54.1%) and Caucasians (86.2%).

The most prevalent medical comorbidities among inpatients with diabetes were hypertension (85.1%),
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followed by renal failure (38.0%), chronic lung disease (37.1%), obesity (21.3%), and these values were
significantly higher compared with the non-diabetic group. Meanwhile, fluid/electrolyte disorders (27.1%),
coagulopathy (23.9%), stroke (1.3%), and congestive heart failure (12.2%) were more prevalent among the
non-diabetic group.

The in-hospitality mortality was higher among the non-diabetic group (4.7%) compared to the diabetic group
(2.8%). There was no significant difference in mean LOS and mean total cost between the diabetic and non-
diabetic groups as shown in Table 1.

Variable Non-diabetic Diabetic P-value

Mean age (SD), in years 82.1 (7.9) 79.7 (7.9) <0.001

Sex, in %

Male 51.1 54.1
<0.001

Female 48.9 45.9

Race, in %

White 89.8 86.2

<0.001
Black 3.4 4.6

Hispanic 2.4 4.1

Others 4.4 5.1

Comorbid medical conditions, in %

Hypertension 78.3 85.1 <0.001

Obesity 11.3 21.3 <0.001

Congestive heart failure 12.2 10.6 <0.001

Chronic lung disease 32.5 37.1 <0.001

Coagulopathy 23.9 22.3 0.02

Stroke 1.3 0.8 <0.001

Renal failure 34.3 38.0 <0.001

Fluid/electrolyte disorders 27.1 24.5 <0.001

Peripheral vascular disorders 29.7 29.6 0.780

Hospital outcomes

In-hospital mortality, in % 4.7 2.8 <0.001

Mean length of stay (SD), in days 7.8 (6.8) 7.5 (6.4) 0.06

Mean total cost (SD), in $ 214169 (124781) 211345 (119197) 0.06

TABLE 1: Difference in aortic stenosis in patients undergoing transcatheter aortic valve
replacement.
SD: standard deviation; $: United States dollars.

In diabetic AS inpatients, stroke (aOR: 4.58, 95%CI: 2.23-9.42) and fluid/electrolyte disorders (aOR: 4.25,
95%CI: 3.29-5.48) had a statistically significant association with mortality risk. Among the non-diabetic AS
inpatients, fluid/electrolyte disorders had the highest mortality risk (aOR: 2.48, 95% CI 2.17-2.83) followed
by coagulopathy (aOR: 2.03; CI: 1.77-2.32), CHF (aOR: 1.67; CI: 1.40-1.98), and renal failure (aOR: 1.62; CI:
1.41-1.86). Meanwhile, hypertension and obesity had a statistically non-significant and negative association
with in-hospital mortality in diabetic and non-diabetic groups as shown in Table 2.
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Comorbidity
Non-diabetic Diabetic

aOR 95% confidence interval P-value aOR 95% confidence interval P-value

Hypertension 0.33 0.29-0.38 <0.001 0.94 0.65-1.36 0.733

Obesity 0.72 0.55-0.93 0.011 0.97 0.71-1.33 0.841

Congestive heart failure 1.67 1.40-1.98 <0.001 1.34 0.94-1.91 0.104

Chronic lung disease 1.13 0.98-1.29 0.101 0.79 0.61-1.03 0.083

Coagulopathy 2.03 1.77-2.32 <0.001 1.25 0.95-1.64 0.114

Stroke 1.21 0.75-1.96 0.429 4.58 2.23-9.42 <0.001

Renal failure 1.62 1.41-1.86 <0.001 1.39 1.08-1.81 0.011

Fluid/electrolyte disorders 2.48 2.17-2.83 <0.001 4.25 3.29-5.48 <0.001

Peripheral vascular disorders 1.21 1.05-1.39 0.008 1.42 1.10-1.84 0.007

TABLE 2: In-hospital mortality risk predictors in aortic stenosis inpatients undergoing
transcatheter aortic valve replacement.
aOR: adjusted odds ratio.

Discussion
Although AS patients undergoing TAVR were elderly, the mean age among inpatients undergoing TAVR was
lower among the diabetic group than the non-diabetic group in our study. The aortic valve undergoes
remodeling with increasing age. Diabetes contributes to further inflammation and calcium deposits,
increasing the chances of a severe AS and an earlier presentation [19]. 

Among the diabetic cohort in our study, the majority were males and whites. Based on a study by Patel et al.,
the prevalence of AS was low in blacks compared to whites, and the white race was an independent risk
factor for severe AS [4]. Past studies revealed that although underrepresented ethnic groups had a high
prevalence of risk factors, they had a lower incidence of AS. However, blacks with severe AS had higher
morbidity and mortality than whites [20]. 

In our study, hypertension was a significant comorbid factor among inpatients with diabetes compared to the
non-diabetic group. Diabetes promotes atherosclerosis by damaging and hardening the arteries leading to
high blood pressure [21]. We also found renal failure to be more prevalent among diabetic patients
undergoing TAVR. The higher prevalence of renal failure in the diabetic population could be attributed to a
higher risk of acute kidney injury among diabetic patients at baseline [15]. Furthermore, multiple
hypotensive episodes following the TAVR procedure could also lead to AKI [15]. 

While renal failure was more prevalent among the diabetic group, the in-hospital mortality risk from renal
failure was higher in the non-diabetic group. Past studies have revealed increased mortality rates following
TAVR with even minimal reduction in renal function, and diabetes is one among many factors contributing
to reduced renal function [22]. Fluid and electrolyte disorders were associated with higher mortality risk
among the diabetic group in our study. Electrolyte abnormalities are common in diabetic patients, especially
with decompensated diabetes, and are associated with increased morbidity and mortality [23]. Fluid
disturbances compounded with poor renal function among diabetic patients could lead to increased
mortality risk following TAVR.

Even though the prevalence of stroke among diabetic patients was 0.8%, the mortality risk associated with
stroke in the diabetic group was significantly higher compared to the non-diabetic group. Diabetes can cause
vascular endothelial dysfunction, increased early-age arterial stiffness, systemic inflammation, and
thickening of the basal capillary membrane, contributing to stroke and increased mortality rates eventually
[24]. Diabetes also promotes cerebral atherogenesis and exacerbates other risk factors like hypertension,
heart disease, and hyperlipidemia. All these lead to an increased risk of stroke among diabetic patients.

Thrombotic events following TAVR are a significant issue. In our study, coagulopathy had an increased
association with mortality. The pathogenesis behind thrombosis following TAVR is multifactorial. Flow
disturbances, prothrombotic metallic frame, and a prothrombotic tendency could contribute towards
thrombosis [25]. Another significant comorbidity associated with increased mortality was congestive heart
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failure. The finding is consistent with a prior single-center study of 572 patients who underwent TAVR,
where patients readmitted for CHF following TAVR had an increased mortality risk [26].

Interestingly, our study found that AS patients undergoing TAVR who had diabetes had lower in-hospital
mortality rate. Although the negative impact of diabetes on the prognosis of cardiovascular disease and
interventional procedures is well known, past literature on diabetes influence on TAVR outcomes has been
conflicting. A previous study by Berkovitch et al. found no statistically significant difference in both short-
term and long-term mortality rates between the diabetic and non-diabetic groups [14]. These observations
contrast with findings in a study by Mina et al. where diabetes was associated with significantly higher one-
year mortality but not early mortality risk [15]. These studies could not establish a causal relationship
between diabetes and increased mortality rates.

Our study had some limitations. We conducted an observational cross-sectional study, and data were
collected only at a given point of time, providing a snapshot of the relationship between the risk factor and
disease outcome and all-cause in-hospital mortality. Hence it could not measure the exact cause and effect
relationship. We used a NIS, and it lacked patient-level clinical information. Inpatients were based on ICD-9
codes, so there may be underreporting of comorbidities. However, the main strength of our study was that
we used a nationally representative database with a large sample size that increased the power of the study
with minimal reporting bias.

Conclusions
Diabetic AS inpatients following TAVR had a higher mortality risk with comorbid fluid/electrolyte disorders
and stroke. In-hospital mortality following TAVR was lower among the diabetics compared to non-diabetics,
and it underscores diabetes as a surgical risk factor in patients with AS. So, TAVR may be the preferred
approach for diabetic patients with AS along with cardiovascular risk factor modification, strict glycemic
control and timely renal function follow-up.
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