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INTRODUCTION 
 

Aortic stenosis (AS) is a prevalent valvular heart disease, 

particularly affecting the elderly, with up to 12.4% 
prevalence in those aged 75 and older [1]. The advent  

of transcatheter aortic valve replacement (TAVR) has 

provided a treatment option with comparable long-term 

outcomes to surgical aortic valve replacement (SAVR) for 

severe AS [2–4]. Despite advancements in treatment, all-

cause mortality in AS patients remains high, and nearly 

half experience non-cardiovascular death [5, 6]. Recent 
meta-analyses indicate that even moderate AS is linked to 

elevated mortality [7, 8], and diabetes mellitus contributes 

to AS progression and worse outcomes [9, 10].  
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ABSTRACT 
 

Background: Several studies suggest an “obesity paradox,” associating obesity with better cardiovascular 
outcomes in patients with type 2 diabetes mellitus (DM) or aortic stenosis (AS) compared to normal or 
underweight individuals. This study explores the impact of body mass index (BMI) on diabetic patients with AS. 
Methods: Between 2014 and 2019, patients with DM who underwent echocardiography were analyzed. Outcomes 
included all-cause mortality, cardiovascular, and non-cardiovascular death. Patients were categorized as 
underweight, normal weight, or obese based on BMI (<18.5, 18.5 to 27, and >27 kg/m2, respectively). 
Results: Among 74,835 DM patients, 734 had AS. Normal weight comprised 65.5% (n=481), underweight 4.1% 
(N=30), and 30.4% were obese. Over a 6-year follow-up, underweight patients had significantly higher all-cause 
mortality (HR 1.96, 95% CI 1.22 – 3.14, p = 0.005), while obese patients had significantly lower mortality (HR 
0.79, 95% CI 0.68 - 0.91, p=0.001) compared to the normal group. Regarding etiologies, underweight patients 
had a higher risk of non-cardiovascular death (HR 2.47, 95% CI 1.44-4.25, p = 0.001), while obese patients had a 
lower risk of cardiovascular death (HR 0.66, 95% CI 0.50-0.86, p=0.003). Subgroup analysis showed a consistent 
trend without significant interaction. 
Conclusions: BMI significantly impacts mortality in DM patients with AS. Being underweight is associated with 
worse non-cardiovascular death, while obesity is linked to improved cardiovascular death outcomes. 
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While obesity is generally considered a risk factor  

for cardiovascular diseases and overall mortality [11], 

recent research has revealed a phenomenon termed the 

“obesity paradox,” indicating decreased cardiovascular 

mortality in patients with high cardiovascular risk, 

including those with type 2 diabetes mellitus (DM) and 

individuals undergoing TAVR [12–14]. The association 

in SAVR remains debated [13, 15, 16]. The impact of 

obesity on outcomes in high cardiovascular risk patients 

is still a subject of discussion. This study aims to 

investigate the influence of body mass index (BMI) on 

diabetic patients with AS. 

 

MATERIALS AND METHODS 
 

Study population and data collection 

 

This is a retrospective hospital-based cohort  

study conducted at the National Taiwan University 

Hospital (NTUH), a tertiary medical center in Taiwan. 

To adhere to data privacy regulations, personal 

identities were encrypted, and all data were analyzed 

in a de-identified manner. The study protocol received 

approval from the institutional review board of the 

National Taiwan University Hospital Ethics Committee 

(Reference Number: 201701084MINC). 

 

Patients aged over 50 years with a diagnosis of type 2 

diabetes mellitus (DM) were consecutively screened 

from January 1, 2014, to December 31, 2019, using the 

National Taiwan University Hospital integrated Medical 

Database (NTUH-iMD). This database includes detailed 

medical information, such as diagnoses, laboratory  

data, imaging studies, and prescription records [17]. 

Among the DM cohort, 22,095 subjects (29.52%) 

underwent echocardiography, primarily for heart failure 

(HF), coronary artery disease (CAD), and pre-operative 

surveys. 

 

Patients were enrolled if aortic stenosis was diagnosed 

through echocardiography, assessed according to 

established guidelines for hemodynamic measures 

[18]. Two echocardiography specialists independently 

reviewed the echocardiography of 776 patients in the 

cohort. The index date of the DM-AS cohort was the 

first AS diagnosis by echocardiography, and detailed 

data collection methods are described in previous 

studies [19, 20].  

 

Briefly, the baseline characteristics including  

body mass index (BMI), hypertension (HTN), 

hyperlipidemia, coronary artery disease (CAD), acute 

coronary syndrome (ACS), myocardial infarction  

(MI), chronic obstructive pulmonary disease (COPD), 

peripheral arterial occlusive disease (PAOD) were 

obtained from the electronic health records (EHRs). 

Echocardiographic studies were performed with 

Phillips iE33 (Phillips, Bothell, WA, USA) and two‐

dimensional‐guided M‐mode measurements with a 

3.0‐ or 3.5‐MHz transducer. Left atrium (LA) size, left 

ventricle internal dimension in end‐diastole (LVIDd) 

and end-systole (LVIDs), left ventricle ejection 

fraction (LVEF), tricuspid regurgitation peak gradient 

(TRPG), left ventricle mass (LVM), the averaged  

early (E’) diastolic peak velocities of tissue Doppler 

measurements at the lateral and septal sites, mitral 

inflow peak early (E), peak late (A) flow velocity,  

the E/E’ and E/A ratio were measured according to  

the recommendations of the American Society of 

Echocardiography [21]. 

 

Outcome measurement 

 

The study examined all-cause mortality, cardiovascular 

death, and non-cardiovascular death as outcomes. A 

central committee adjudicated death events, classifying 

them into cardiovascular and non-cardiovascular 

categories. The occurrence times of the outcomes of 

interest were determined using diagnosis codes from 

electronic health records. The index date for outcomes 

was defined as the date of diagnosis, and medical 

records were reviewed until the last clinical visit or 

death. 

 

Statistical analysis 

 

The patients were categorized into three groups  

based on their BMI (BMI < 18.5 as underweight, 

18.5≤BMI≤ 27 as normal, 27< BMI as obesity). 

Baseline demographics were presented as median 

values with the 25th to 75th interquartile range (IQR) 

due to non-normal distribution of continuous variables. 

Categorical variables were expressed as frequencies 

(percentage). Group comparisons utilized the ANOVA 

test or chi-squared test. 

 
For outcome analyses, event-free survival curves  

were depicted using the Kaplan–Meier method,  

and differences in survival among groups were 

assessed with the log-rank analysis. Cox proportional 

hazard regression models provided hazard ratios  

(HRs) with 95% confidence intervals (CI) for endpoint 

risks. Univariable and multivariable linear regression 

analyses, using forward selection, assessed variables 

independently associated with endpoints. 

 
The relationship between BMI as a continuous variable 

and the risk of all-cause mortality, cardiovascular  

(CV), and non-cardiovascular (non-CV) death was also 

explored using restricted cubic spline analyses without 

additional covariate adjustment. Knots were located at 

the 10th, 50th, and 95th percentiles of BMI. Statistical 
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analysis was conducted using SAS software, version 9.4 

(SAS Institute, Cary, NC, USA). 
 

Availability of data and materials 
 

The data underlying this article will be shared on 

reasonable request to the corresponding author. 
 

Consent for publication 
 

All authors consent this article for publication. 
 

RESULTS 
 

Baseline characteristics 
 

From January 1, 2014, to December 31, 2019, 74,835 

patients with diabetes mellitus underwent screening. 

Those without echocardiographically diagnosed aortic 

stenosis were excluded, as were those without 

documented BMI. A total of 734 patients with a 

concomitant diagnosis of diabetes mellitus and AS were 

included (see Supplementary Figure 1). The median age 

was 79 years, and 338 (43.6%) patients were male. The 

median baseline BMI was 24.8 kg/m2. Aortic stenosis 

severity comprised 25% severe disease and 75% mild to 

moderate disease. Patients were further categorized into 

three BMI groups (underweight: BMI < 18.5, normal: 

18.5≤BMI≤ 27, obesity: 27< BMI). Clinical and 

demographic characteristics are detailed in Table 1 and 

Supplementary Table 1. There were 30 (3.8%) patients in 

the underweight group and 223 (28.7%) in the obesity 

group. Baseline clinical characteristics were comparable 

except for age and comorbidities with hypertension.  

The underweight group was significantly older, and the 

obesity group was younger with more patients having 

hypertension. Echocardiographic features showed a larger 

left atrium and ventricle size and left ventricle mass in  

the obesity group. The severity of AS was comparable 

between the BMI groups. As for medications, there  

are significantly more patients taking anti-hypertensive 

agents, including calcium channel blockers (CCB), 

angiotensin-converting enzyme inhibitors (ACEi), and 

angiotensin receptor blockers (ARB) in the obesity group. 

As for diabetes control, the ratio of patients requiring 

insulin injection were similar between BMI groups 

(40.0% vs. 42.2% vs. 45.7 %). There are more patients 

taking oral anti-diabetic agents including metformin, 

dipeptidyl peptidase IV inhibitor (DPP4 inhibitor) and 

sodium-glucose co-transporter 2 inhibitor (SGLT2i) in  

the obesity group. 
 

Outcomes 
 

With a median follow-up time of 34 months (IQR 13-54), 

285 patients (38.8%) experienced outcomes of death, 

comprising 93 patients (32.7%) with cardiovascular 

death and 192 patients (67.3%) with non- 

cardiovascular death. The Kaplan-Meier curve and  

log-rank test revealed the highest all-cause mortality  

in underweight patients and the lowest in obesity 

patients (Figure 1A). Further classifying causes of death 

into cardiovascular and non-cardiovascular deaths,  

the underweight group showed significantly worse 

outcomes in non-cardiovascular death, while the obesity 

group exhibited significantly fewer cardiovascular 

deaths than the other two groups (Figure 1B, 1C). 

 
In univariable analysis, underweight status and age ≥ 80 

were associated with a significantly increased risk  

of all-cause mortality (see Supplementary Table 2).  

For underweight patients, the hazard ratio for non-

cardiovascular death was significantly higher compared 

to the normal BMI group (HR: 2.59, 95% CI: 1.52-4.42; 

P-value: < 0.001), but not for cardiovascular death. 

Conversely, the obesity group was associated with a 

significantly lower all-cause mortality (HR: 0.62, 95% 

CI: 0.47-0.83; P-value: 0.001), with lower hazard ratios 

for both cardiovascular and non-cardiovascular deaths 

compared to the normal BMI group (Table 2). In 

patients aged ≥ 80, hazard ratios for both cardiovascular 

and non-cardiovascular death were significantly higher 

than in patients aged < 80 (see Supplementary Table 2). 

 
In a multivariable Cox regression model considering 

age, sex, hypertension, end-stage renal disease (ESRD), 

severity of AS, and different BMI groups, underweight 

patients had a significantly higher all-cause mortality 

(adjusted hazard ratio (aHR): 1.96, 95% CI: 1.22 - 3.14, 

p=0.005) and a significantly higher hazard ratio for non-

cardiovascular death (aHR: 2.47, 95% CI: 1.44-4.25, p= 

0.001), but not for cardiovascular death (aHR: 1.07, 

95% CI: 0.39-2.93; P=0.900). Conversely, the obesity 

group had a significantly lower all-cause mortality 

(aHR: 0.79, 95% CI: 0.68-0.91, p=0.001), significantly 

lower cardiovascular death (aHR: 0.66, 95% CI: 0.50-

0.86, p=0.003), but no significant difference in non-

cardiovascular death (aHR: 0.85, 95% CI: 0.07-1.01, 

p=0.072) compared to the BMI between 18.5-27 group 

(Table 2). 

 
Subgroup analysis, considering different baseline 

characteristics, revealed a consistent trend of increased 

all-cause mortality and non-cardiovascular death in 

underweight patients compared to normal-weighted 

patients. This trend was observed across subgroups 

based on sex, age, presence of hypertension, end-stage 

renal disease, or AS severity. Conversely, the lower risk 

for cardiovascular disease in obese patients compared  

to normal BMI patients was consistent across all 

subgroups (Supplementary Table 3 and Figure 2A, 2B). 

The interaction between BMI and subgroups was all 

insignificant. 
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Table 1. Baseline characteristic according to BMI. 

 BMI < 18.5 (N=30) 18.5 ≤ BMI ≤ 27 (N=481) BMI ≥ 27 (N=223) P-value 

Age, years 82.1 (8.1) 78.5 (9.6) 75.2 (9.6) < 0.001 

Male  9 (30.0) 218 (45.3) 100 (44.8) 0.26 

BMI, kg/m2 17.1 (16.2-18.1) 23.7 (21.6-25.2) 29.6 (28.0-31.2) < 0.001 

Comorbidities     

  Hypertension 18 (60.0) 279 (58.0) 155 (69.5) 0.014 

  Hyperlipidemia 9 (30.0) 214 (44.5) 105 (47.1) 0.208 

  Hyperuricemia 2 (6.7) 30 (6.2) 23 (10.3) 0.159 

  Heart failure  5 (16.7) 41 (8.5) 27 (12.1) 0.152 

  Atrial fibrillation   9 (30.0) 98 (20.4) 34 (15.3) 0.085 

  Stroke 3 (10.0) 41 (8.5) 11 (4.9) 0.210 

  CAD  6 (20.0) 171 (35.6) 81 (36.3) 0.203 

  Myocardial infarction  1 (3.3) 13 (2.7) 5 (2.2) 0.906 

  CABG 1 (3.3) 4 (0.8) 2 (0.9) 0.390 

  Chronic kidney disease 6 (20.0) 100 (20.8) 49 (22.0) 0.927 

  ESRD under hemodialysis  0 (0.0) 34 (7.0) 13 (5.8) 0.282 

  COPD  3 (10.0) 46 (9.6) 26 (11.7) 0.694 

  PAD  7 (23.3) 61 (12.7) 23 (10.3) 0.121 

Lab data     

  HbA1C, % 6.2 (5.6- 6.4) 6.6 (6.1-7.4) 6.8 (6.1-7.6) 0.049 

  Triglyceride, mg/dL 113.5 (85.0-135.5) 117.0 (86-159) 133.5 (98-179) 0.103 

  Total Cholesterol, mg/dL 143.5 (120-158) 154 (130-184) 158.5 (133-181) 0.245 

  LDL-C, mg/dL 70.5 (62-82) 88 (68-107) 89 (69-114) 0.040 

  HDL-C, mg/dL 38.5 (30-47) 41 (34-48) 41 (34-51) 0.547 

  AST, U/L 23.5 (16-35) 22 (18-30) 20.5 (16.5-26) 0.542 

  hsCRP, mg/dL 2.1 (1.2-3.7) 3.1 (1.1-7.8) 2.2 (0.7-6.3) 0.217 

  HCT, % 30.1 (26.9-33.4) 32.7 (28.0-37.4) 34.5 (29.3-39.8) 0.004 

Echocardiography      

  LA size, cm 4.0 (3.4-4.5) 4.1 (3.7-4.5) 4.3 (3.9-4.8) 0.002 

  LVIDd, cm 2.8 (2.4-3.3) 2.8 (2.5-3.3) 3.0 (2.6-3.4) 0.071 

  LVIDs, cm 4.6 (4.1-4.8) 4.7 (4.3-5.0) 4.9 (4.5-5.2) < 0.001 

  LV mass, g 177.3 (150.5-206.5) 207.0 (170.3-246.6) 227.4 (191.9-274.9) < 0.001 

  LVEF, % 63.7 (54.4-72.8) 68.1 (60.0-73.7) 69.0 (61.8-74.3) 0.355 

  E/A 0.8 (0.7-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.804 

  E/e’ 13.2 (10.4-22.7) 15.5 (12.2-21.2) 15.6 (11.7-18.4) 0.712 

  TRPG, mmHg 305.1 (240.0-342.5) 275.2 (246.5-315.1) 273.7 (242.4-310.3) 0.184 

AS severity     

  mild/ moderate 23 (76.7) 348 (72.4) 180 (80.7) 0.057 

Data are expressed as median (interquartile range) or number (percentage). AS, aortic stenosis; AST, aspartate 
aminotransferase; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary 
disease; ESRD, end stage renal disease; HCT, hematocrit; hsCRP, high sensitivity C-reactive protein; LA, left atrium; 
LDL-C, low density lipoprotein-cholesterol; LVEF, left ventricle ejection fraction; LVIDd, left ventricle internal 
diameter in diastole; LVIDs, left ventricle internal diameter in systole; LV, left ventricle; PAD, peripheral artery 
disease; TRPG, tricuspid regurgitation pressure gradient. 

 

To further elucidate the interaction of BMI as a 

continuous variable with outcomes, including all-cause 

mortality, cardiovascular death, and non-cardiovascular 

death, restricted cubic spline analysis was applied.  

In Figure 3, all-cause mortality decreased as BMI 

increased until BMI exceeded 30. Cardiovascular death 

showed a negative association with BMI across 

available BMI levels, and non-cardiovascular death 

exhibited a U curve, with the lowest hazard ratio 

occurring when BMI was between 25 to 30. 
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DISCUSSION 
 

This longitudinal cohort study, focusing on diabetic 

aortic stenosis patients, revealed a 38.8% mortality  

rate over a median follow-up of 34 months. Non-

cardiovascular death accounted for 67% of fatalities. 

Underweight individuals experienced notably worse  

all-cause mortality compared to those with a normal 

BMI, primarily driven by a significantly higher rate of 

non-cardiovascular deaths. Conversely, the obese group 

demonstrated significantly better all-cause mortality 

than the normal BMI group, largely due to a lower  

rate of cardiovascular deaths. Multivariable analysis, 

adjusting for key factors, confirmed these associations. 

Further analyses using restricted cubic splines indicated 

a negative association between BMI and cardiovascular 

death, with a steep increase in non-cardiovascular death 

when BMI fell below 25. 
 

Our cohort exhibited a slightly higher proportion  

of non-cardiovascular deaths compared to previous 

studies involving aortic stenosis (AS) patients. Unlike 

prior research, our cohort specifically included AS 

patients with type 2 diabetes, a factor implicated in  

AS progression due to heightened proinflammatory 

processes, increased lipid accumulation, and accelerated 

calcification of valvular endothelial and interstitial 

cells [22]. The presence of diabetes and poor glycemic 

control also contributed to the increased incidence  

of non-cardiovascular causes of death, including 

infections [23]. In our cohort, with a median age of  

79 years, notable comorbidities such as hypertension 

and stroke were observed. Aortic stenosis has been 

associated with a higher risk of ischemic stroke [24], 

which is the third leading cause of death in Taiwan  

and a significant contributor to complex disability. 

Stroke, in particular, is linked to a substantial risk  

of mortality, with up to 41% experiencing death  

within one year and a fivefold increase in mortality 

risk compared to the general population [25, 26].  

The high prevalence of comorbidities, including 

diabetes mellitus, hypertension, and stroke, in our 

study may contribute to the elevated percentage of 

non-cardiovascular deaths [26]. 

 

 
 

Figure 1. Kaplan–Meier analysis for different outcomes. (A) All-cause death; (B) Cardiac death; (C) Non-cardiac death. 
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Table 2. Hazard ratio for outcomes in different BMI groups. 

 
All-cause mortality Cardiovascular death Non-cardiovascular death 

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

Model 1: crude result 

 

18.5 ≤ BMI ≤ 27 Reference  Reference  Reference  

  BMI < 18.5 2.11 (1.32-3.37) 0.002 1.24 (0.45-3.39) 0.678 2.59 (1.52-4.42) < 0.001 

  BMI > 27  0.62 (0.47-0.83) 0.001 0.46 (0.27-0.79) 0.005 0.71 (0.51-1.00) 0.048 

Model 2* 

 

18.5 ≤ BMI ≤ 27 Reference 

 

Reference 

 

Reference 

 

  BMI < 18.5 1.96 (1.22-3.14) 0.005 1.07 (0.39-2.93) 0.900 2.47 (1.44-4.25) 0.001 

  BMI > 27  0.79 (0.68-0.91) 0.001 0.66 (0.50-0.86) 0.003 0.85 (0.07-1.01) 0.072 

*Model adjusted for age, sex, hypertension, ESRD, severity of AS. 
AS, aortic stenosis; BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; ESRD, end stage 
renal disease; HR, hazard ratio. 

 

The phenomenon of reduced mortality risk in  

obese patients, known as the “obesity paradox,”  

has consistently been observed in various high 

cardiovascular risk groups, including those with type  

2 diabetes mellitus [12], heart failure, and coronary 

artery disease with revascularization. This paradox 

extends to patients with severe aortic stenosis 

undergoing medical treatment or transcatheter aortic 

valve replacement (TAVR) [14]. However, in patients 

receiving surgical intervention for severe aortic 

stenosis, the results have been controversial [13,  

15, 16]. The pathophysiology behind the obesity 

paradox remains a subject of debate, with proposed 

explanations including lead time bias, differences  

in cardiopulmonary fitness, reverse causation, and 

variations in anthropometric indices [27, 28]. In our 

study involving a high cardiovascular risk cohort with 

diabetes mellitus and aortic stenosis, we observed  

the obesity paradox specifically in cardiovascular 

death. This finding aligns with several prior studies 

demonstrating a protective effect of obesity in patients 

undergoing intervention for severe aortic stenosis. Our 

study contributes additional insights into potential 

mechanisms underlying the obesity paradox in this 

specific population. Firstly, our cohort exhibited a high 

prevalence of cardiovascular co-morbidities such as 

coronary artery disease and heart failure, necessitating 

the use of guideline-directed medical therapies 

(GDMTs) like beta-blockers, angiotensin-converting 

enzyme inhibitors (ACEI)/angiotensin receptor blockers 

(ARB), or statins. It is noteworthy that these medi-

cations may be less well-tolerated in leaner patients 

[29, 30]. In our subgroup analysis, the protective 

effects of obesity were notably more pronounced in 

patients with milder diseases (age < 80 years and mild/ 

moderate aortic stenosis), aligning with the observed 

tolerability of GDMTs in this patient subgroup. 

Secondly, the elevated prescription rate of GDMTs in 

the obese groups reflects a physician tendency to adopt 

a more aggressive treatment approach based on the 

belief of a higher cardiovascular risk in obese patients. 

The heightened disease awareness, close monitoring, 

and administration of cardioprotective drugs in the 

obese population may contribute to further modulating 

the outcomes. Third, in patients with severe AS, the 

outcome was highly associated with intervention, 

including TAVR and SAVR. Higher BMI was 

associated with a larger body surface area and possibly 

larger vessel size. Previous studies revealed that 

during TAVR, a higher sheath-to-femoral artery ratio 

(SFAR) was significantly associated with short-term 

mortality [31], which may explain the improved 

cardiovascular outcome in the obese AS patients. 

 

Regarding non-cardiovascular death, our findings 

indicated a significantly higher risk associated with 

being underweight. A recent study on an Asian cohort 

undergoing transcatheter aortic valve replacement 

(TAVR) also reported a worse midterm prognosis  

in underweight patients [32]. This study revealed a 

significant association between being underweight  

and non-cardiovascular death, which accounted for  

up to 63% of deaths in underweight patients. This 

observation introduces the concept of a “lean paradox” 

in relation to non-cardiovascular death, emphasizing 

the potential impact of concomitant frailty and 

malnutrition in underweight individuals, particularly in 

the elderly population with aortic stenosis. 

 

The study highlights the importance of considering BMI 

as a relevant factor in risk assessment and management 

strategies for diabetic patients with aortic stenosis. 
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Figure 2. Forest plot of subgroup analysis. Forest plot of subgroup analysis for all-cause mortality, cardiovascular death, and non-

cardiovascular death. (A) Subgroup analysis comparing underweight and normal BMI patients. (B) Subgroup analysis comparing obese and 
normal BMI patients. The plots display the adjusted hazard ratios (aHR) and 95% confidence intervals (CI) for various subgroups within the 
study population, including the p-values for interaction. BMI, body mass index; AS, aortic stenosis; ESRD, end stage renal disease. 
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Clinicians should be vigilant about the heightened 

mortality risk associated with being underweight, 

emphasizing the need for comprehensive care 

addressing frailty and malnutrition in this subgroup. 

Conversely, the observed protective effect of obesity 

on cardiovascular death suggests potential benefits 

from aggressive treatment approaches and close 

monitoring in obese individuals, emphasizing the need 

for personalized and nuanced care strategies tailored to 

BMI categories in this patient population. Due to 

population aging, comprehensive geriatric assessment 

has gained increased emphasis recently. In addition to 

interventions for cardiovascular diseases, evaluating 

overall frailty, implementing aggressive cardiovascular 

risk reduction strategies, and promoting disease 

awareness have garnered growing interest for reducing 

both non-cardiovascular and cardiovascular deaths. 

Diabetes and aortic stenosis are highly prevalent in  

the geriatric population, and the increased mortality 

risk in this group necessitates thorough evaluation. 

Current screening tools for frailty, such as the FRAIL 

scale or the Clinical Frailty scale, require a detailed 

questionnaire for assessment. Our study sheds light on 

the possible mechanisms by which BMI affects 

clinical outcomes in this geriatric population and 

suggests that BMI may serve as a screening tool for 

frailty. Further studies are warranted to compare 

different measurements of frailty in this population. 

 

Limitation 

 

The retrospective nature of our study limited the 

findings to associations between characteristics and 

outcomes, and the absence of access to symptoms for 

aortic stenosis was a constraint. Additionally, other 

obesity parameters such as waist circumference or 

percent body fat were not included in the analysis. In 

addressing these retrospective limitations, we conducted 

multivariable analysis involving outcome-associated 

factors and performed a subgroup analysis. To ensure 

the accuracy of severe aortic stenosis diagnosis, 

echocardiographic evaluations were independently 

reviewed by two specialists. While alternative obesity 

parameters are under research, BMI, being the most 

used in cardiovascular studies, was selected as the 

defining measure for obesity in our study. 

 

 
 

Figure 3. Association between BMI and the risk of occurrence of events. (A) All-cause death; (B) Cardiovascular death; (C) Non-
cardiovascular death. 
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CONCLUSIONS 
 

In conclusion, our study on diabetic patients  

with aortic stenosis underscored the significance of 

both cardiovascular and non-cardiovascular deaths  

as crucial contributors to overall mortality. The 

adverse association of BMI with both types of deaths 

was apparent in underweight patients. Notably, the 

protective effects of obesity were observed not only in 

the severe aortic stenosis group but also in milder 

cases. Proposed mechanisms include reduced frailty, 

enhanced tolerance to guideline-directed medical 

therapies (GDMTs), and heightened disease awareness 

in the obese group. Further studies are warranted  

to comprehensively elucidate these mechanisms and 

inform more targeted interventions. 
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TAVR: transcatheter aortic-valve replacement; TRPG: 

tricuspid regurgitation peak gradient.  

 

AUTHOR CONTRIBUTIONS 
 
Ting-Tse Lin and Jen-Kuang Lee designed the study 

and interpreted the data, Kai-Chun Chang and Li- 

Ting Ho drafted the manuscript. Shu-Lin Chuang, 

Yen-Yun Yang, Kuan-Chih Huang and David Te- 

Wei, Kuan prepared all figures and tables. Lian-Yu 

Lin revised the manuscript. Ting-Tse Lin and Lian-Yu 

Lin designed the study and provided the funding. All 

authors reviewed the manuscript. The corresponding 

author has full access to all the data in the study and 

takes responsibility for the integrity of the data and the 

accuracy of the data analysis. 

 

ACKNOWLEDGMENTS 

 
The authors would like to express their gratitude to  

the staff of the Department of Medical Research  
for providing clinical data from the National Taiwan 

University Hospital-integrative Medical Database 

(NTUH-iMD). 

CONFLICTS OF INTEREST 
 

The authors declare no conflicts of interest related to 

this study. 

 

ETHICAL STATEMENT 
 

The research was approved by the institutional review 

board of the National Taiwan University Hospital Ethics 

Committee with reference number: 201701084MINC. 

This study was conducted using de-identified data from 

National Taiwan University Hospital integrated Medical 

Database. Since the data were anonymized and did  

not contain any personally identifiable information, the 

requirement for informed consent was waived. 

 

FUNDING 
 

This study was supported by Ministry of Science and 

Technology (MOST 110-2628-B-002 -055). 

 

REFERENCES 
 
1. Osnabrugge RL, Mylotte D, Head SJ, Van Mieghem 

NM, Nkomo VT, LeReun CM, Bogers AJ, Piazza N, 
Kappetein AP. Aortic stenosis in the elderly: disease 
prevalence and number of candidates for 
transcatheter aortic valve replacement: a meta-
analysis and modeling study. J Am Coll Cardiol. 2013; 
62:1002–12. 

 https://doi.org/10.1016/j.jacc.2013.05.015 
PMID:23727214 

2. Makkar RR, Thourani VH, Mack MJ, Kodali SK, Kapadia 
S, Webb JG, Yoon SH, Trento A, Svensson LG, 
Herrmann HC, Szeto WY, Miller DC, Satler L, et al, and 
PARTNER 2 Investigators. Five-Year Outcomes of 
Transcatheter or Surgical Aortic-Valve Replacement. N 
Engl J Med. 2020; 382:799–809. 

 https://doi.org/10.1056/NEJMoa1910555 
PMID:31995682 

3. Forrest JK, Deeb GM, Yakubov SJ, Gada H, Mumtaz MA, 
Ramlawi B, Bajwa T, Teirstein PS, DeFrain M, Muppala 
M, Rutkin BJ, Chawla A, Jenson B, et al, and Low Risk 
Trial Investigators. 3-Year Outcomes After 
Transcatheter or Surgical Aortic Valve Replacement in 
Low-Risk Patients With Aortic Stenosis. J Am Coll 
Cardiol. 2023; 81:1663–74. 

 https://doi.org/10.1016/j.jacc.2023.02.017 
PMID:36882136 

4. Kapadia SR, Tuzcu EM, Makkar RR, Svensson LG, 
Agarwal S, Kodali S, Fontana GP, Webb JG, Mack M, 
Thourani VH, Babaliaros VC, Herrmann HC, Szeto W, et 
al. Long-term outcomes of inoperable patients with 
aortic stenosis randomly assigned to transcatheter 

https://doi.org/10.1016/j.jacc.2013.05.015
https://pubmed.ncbi.nlm.nih.gov/23727214
https://doi.org/10.1056/NEJMoa1910555
https://pubmed.ncbi.nlm.nih.gov/31995682
https://doi.org/10.1016/j.jacc.2023.02.017
https://pubmed.ncbi.nlm.nih.gov/36882136


www.aging-us.com 10 AGING 

aortic valve replacement or standard therapy. 
Circulation. 2014; 130:1483–92. 

 https://doi.org/10.1161/CIRCULATIONAHA.114.00983
4 PMID:25205802 

5. Xiong TY, Liao YB, Zhao ZG, Xu YN, Wei X, Zuo ZL, Li YJ, 
Cao JY, Tang H, Jilaihawi H, Feng Y, Chen M. Causes of 
Death Following Transcatheter Aortic Valve 
Replacement: A Systematic Review and Meta-Analysis. 
J Am Heart Assoc. 2015; 4:e002096. 

 https://doi.org/10.1161/JAHA.115.002096 
PMID:26391132 

6. Østergaard L, Køber N, Petersen JK, Jensen AD, De 
Backer O, Køber L, Fosbøl EL. Long-Term Cause of Death 
in Patients Who Underwent Transcatheter Aortic Valve 
Implantation. Am J Cardiol. 2023; 193:91–6. 

 https://doi.org/10.1016/j.amjcard.2022.10.058 
PMID:36881942 

7. Yokoyama Y, Fukuhara S, Takagi H, Kuno T. Natural 
history of moderate aortic stenosis and predictors for 
mortality: Systematic review and meta-analysis. J 
Cardiol. 2023; 82:1–7. 

 https://doi.org/10.1016/j.jjcc.2023.03.008 
PMID:36963660 

8. Coisne A, Scotti A, Latib A, Montaigne D, Ho EC, Ludwig 
S, Modine T, Généreux P, Bax JJ, Leon MB, Bauters C, 
Granada JF. Impact of Moderate Aortic Stenosis on 
Long-Term Clinical Outcomes: A Systematic Review 
and Meta-Analysis. JACC Cardiovasc Interv. 2022; 
15:1664–74. 

 https://doi.org/10.1016/j.jcin.2022.06.022 
PMID:35981841 

9. Mourino-Alvarez L, Corbacho-Alonso N, Sastre-Oliva T, 
Corros-Vicente C, Solis J, Tejerina T, Padial LR, Barderas 
MG. Diabetes Mellitus and Its Implications in Aortic 
Stenosis Patients. Int J Mol Sci. 2021; 22:6212. 

 https://doi.org/10.3390/ijms22126212 
PMID:34207517 

10. Han K, Shi D, Yang L, Xie M, Zhong R, Wang Z, Gao F, 
Ma X, Zhou Y. Diabetes Is Associated With Rapid 
Progression of Aortic Stenosis: A Single-Center 
Retrospective Cohort Study. Front Cardiovasc Med. 
2022; 8:812692. 

 https://doi.org/10.3389/fcvm.2021.812692 
PMID:35284496 

11. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW 
Jr. Body-mass index and mortality in a prospective 
cohort of U.S. adults. N Engl J Med. 1999;  
341:1097–105. 

 https://doi.org/10.1056/NEJM199910073411501 
PMID:10511607 

12. Han SJ, Boyko EJ. The Evidence for an Obesity Paradox 
in Type 2 Diabetes Mellitus. Diabetes Metab J. 2018; 

42:179–87. 
 https://doi.org/10.4093/dmj.2018.0055 

PMID:29885111 

13. Forgie K, Bozso SJ, Hong Y, Norris CM, Ishaque A, Gill 
RS, Freed DH, Moon MC, Nagendran J, Nagendran J. 
The effects of body mass index on outcomes for 
patients undergoing surgical aortic valve replacement. 
BMC Cardiovasc Disord. 2020; 20:255. 

 https://doi.org/10.1186/s12872-020-01528-8 
PMID:32471345 

14. Lv W, Li S, Liao Y, Zhao Z, Che G, Chen M, Feng Y. The 
‘obesity paradox’ does exist in patients undergoing 
transcatheter aortic valve implantation for aortic 
stenosis: a systematic review and meta-analysis. 
Interact Cardiovasc Thorac Surg. 2017; 25:633–42. 

 https://doi.org/10.1093/icvts/ivx191 PMID:28962502 

15. Smith RL 2nd, Herbert MA, Dewey TM, Brinkman WT, 
Prince SL, Ryan WH, Mack MJ. Does body mass index 
affect outcomes for aortic valve replacement surgery 
for aortic stenosis? Ann Thorac Surg. 2012; 93:742–6. 

 https://doi.org/10.1016/j.athoracsur.2011.11.027 
PMID:22284305 

16. Roberts WC, Roberts CC, Vowels TJ, Ko JM, Filardo G, 
Hamman BL, Matter GJ, Henry AC, Hebeler RF Jr. Effect 
of body mass index on survival in patients having aortic 
valve replacement for aortic stenosis with or without 
concomitant coronary artery bypass grafting. Am J 
Cardiol. 2011; 108:1767–71. 

 https://doi.org/10.1016/j.amjcard.2011.09.010 
PMID:21996142 

17. Lee YC, Chao YT, Lin PJ, Yang YY, Yang YC, Chu CC, 
Wang YC, Chang CH, Chuang SL, Chen WC, Sun HJ, Tsou 
HC, Chou CF, Yang WS. Quality assurance of integrative 
big data for medical research within a multihospital 
system. J Formos Med Assoc. 2022; 121:1728–38. 

 https://doi.org/10.1016/j.jfma.2021.12.024 
PMID:35168836 

18. Otto CM, Nishimura RA, Bonow RO, Carabello BA, 
Erwin JP 3rd, Gentile F, Jneid H, Krieger EV, Mack M, 
McLeod C, O’Gara PT, Rigolin VH, Sundt TM 3rd, et al. 
2020 ACC/AHA Guideline for the Management of 
Patients With Valvular Heart Disease: Executive 
Summary: A Report of the American College of 
Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation. 
2021; 143:e35–71. 

 https://doi.org/10.1161/CIR.0000000000000932 
PMID:33332149 

19. Hsu JC, Yang YY, Chuang SL, Yu CC, Lin LY. Higher long-
term visit-to-visit glycemic variability predicts new-
onset atrial fibrillation in patients with diabetes 
mellitus. Cardiovasc Diabetol. 2021; 20:148. 

 https://doi.org/10.1186/s12933-021-01341-3 

https://doi.org/10.1161/CIRCULATIONAHA.114.009834
https://doi.org/10.1161/CIRCULATIONAHA.114.009834
https://pubmed.ncbi.nlm.nih.gov/25205802
https://doi.org/10.1161/JAHA.115.002096
https://pubmed.ncbi.nlm.nih.gov/26391132
https://doi.org/10.1016/j.amjcard.2022.10.058
https://pubmed.ncbi.nlm.nih.gov/36881942
https://doi.org/10.1016/j.jjcc.2023.03.008
https://pubmed.ncbi.nlm.nih.gov/36963660
https://doi.org/10.1016/j.jcin.2022.06.022
https://pubmed.ncbi.nlm.nih.gov/35981841
https://doi.org/10.3390/ijms22126212
https://pubmed.ncbi.nlm.nih.gov/34207517
https://doi.org/10.3389/fcvm.2021.812692
https://pubmed.ncbi.nlm.nih.gov/35284496
https://doi.org/10.1056/NEJM199910073411501
https://pubmed.ncbi.nlm.nih.gov/10511607
https://doi.org/10.4093/dmj.2018.0055
https://pubmed.ncbi.nlm.nih.gov/29885111
https://doi.org/10.1186/s12872-020-01528-8
https://pubmed.ncbi.nlm.nih.gov/32471345
https://doi.org/10.1093/icvts/ivx191
https://pubmed.ncbi.nlm.nih.gov/28962502
https://doi.org/10.1016/j.athoracsur.2011.11.027
https://pubmed.ncbi.nlm.nih.gov/22284305
https://doi.org/10.1016/j.amjcard.2011.09.010
https://pubmed.ncbi.nlm.nih.gov/21996142
https://doi.org/10.1016/j.jfma.2021.12.024
https://pubmed.ncbi.nlm.nih.gov/35168836
https://doi.org/10.1161/CIR.0000000000000932
https://pubmed.ncbi.nlm.nih.gov/33332149
https://doi.org/10.1186/s12933-021-01341-3


www.aging-us.com 11 AGING 

PMID:34301257 

20. Ko TY, Lin TT, Hsu JC, Yang YY, Chuang SL, Lin LY, Kao 
HL, Ho YL. Incidence, risk factors and predictors of 
cardiovascular mortality for aortic stenosis among 
patients with diabetes mellitus. Diabetes Res Clin 
Pract. 2022; 191:110050. 

 https://doi.org/10.1016/j.diabres.2022.110050 
PMID:36030901 

21. Lang RM, Bierig M, Devereux RB, Flachskampf FA, 
Foster E, Pellikka PA, Picard MH, Roman MJ, Seward J, 
Shanewise JS, Solomon SD, Spencer KT, Sutton MS, 
Stewart WJ, Chamber Quantification Writing Group, 
American Society of Echocardiography’s Guidelines 
and Standards Committee, and European Association 
of Echocardiography. Recommendations for chamber 
quantification: a report from the American Society of 
Echocardiography’s Guidelines and Standards 
Committee and the Chamber Quantification Writing 
Group, developed in conjunction with the European 
Association of Echocardiography, a branch of the 
European Society of Cardiology. J Am Soc 
Echocardiogr. 2005; 18:1440–63. 

 https://doi.org/10.1016/j.echo.2005.10.005 
PMID:16376782 

22. Banovic M, Athithan L, McCann GP. Aortic stenosis and 
diabetes mellitus: An ominous combination. Diab Vasc 
Dis Res. 2019; 16:310–23. 

 https://doi.org/10.1177/1479164118820657 
PMID:30623669 

23. Chang CH, Wang JL, Wu LC, Chuang LM, Lin HH. 
Diabetes, Glycemic Control, and Risk of Infection 
Morbidity and Mortality: A Cohort Study. Open Forum 
Infect Dis. 2019; 6:ofz358. 

 https://doi.org/10.1093/ofid/ofz358  
PMID:31660337 

24. Andreasen C, Gislason GH, Køber L, Abdulla J, 
Martinsson A, Smith JG, Torp-Pedersen C, Andersson C. 
Incidence of Ischemic Stroke in Individuals With and 
Without Aortic Valve Stenosis: A Danish Retrospective 
Cohort Study. Stroke. 2020; 51:1364–71. 

 https://doi.org/10.1161/STROKEAHA.119.028389 
PMID:32216533 

25. Brønnum-Hansen H, Davidsen M, Thorvaldsen P, and 
Danish MONICA Study Group. Long-term survival and 
causes of death after stroke. Stroke. 2001; 32:2131–6. 

 https://doi.org/10.1161/hs0901.094253 
PMID:11546907 

26. Lin TT, Sung YL, Ko TY, Lee CK, Lin LY, Juang JJ, Wu CK. 
Risk of ischemic stroke in patients with hypertrophic 
cardiomyopathy in the absence of atrial fibrillation - a 
nationwide cohort study. Aging (Albany NY). 2019; 
11:11347–57. 

 https://doi.org/10.18632/aging.102532 
PMID:31794426 

27. Powell-Wiley TM, Poirier P, Burke LE, Després JP, 
Gordon-Larsen P, Lavie CJ, Lear SA, Ndumele CE, 
Neeland IJ, Sanders P, St-Onge MP, and American 
Heart Association Council on Lifestyle and 
Cardiometabolic Health; Council on Cardiovascular and 
Stroke Nursing; Council on Clinical Cardiology; Council 
on Epidemiology and Prevention; and Stroke Council. 
Obesity and Cardiovascular Disease: A Scientific 
Statement From the American Heart Association. 
Circulation. 2021; 143:e984–1010. 

 https://doi.org/10.1161/CIR.0000000000000973 
PMID:33882682 

28. Butt JH, Petrie MC, Jhund PS, Sattar N, Desai AS, Køber 
L, Rouleau JL, Swedberg K, Zile MR, Solomon SD, 
Packer M, McMurray JJV. Anthropometric measures 
and adverse outcomes in heart failure with reduced 
ejection fraction: revisiting the obesity paradox. Eur 
Heart J. 2023; 44:1136–53. 

 https://doi.org/10.1093/eurheartj/ehad083 
PMID:36944496 

29. Litwin SE, Coles A, Hill CL, Alhanti B, Pagidipati N, Lee 
KL, Pellikka PA, Mark DB, Udelson JE, Cooper L, Tardif 
JC, Hoffmann U, Douglas PS, and PROMISE 
investigators. Discordances between predicted and 
actual risk in obese patients with suspected cardiac 
ischaemia. Heart. 2020; 106:273–9. 

 https://doi.org/10.1136/heartjnl-2018-314503 
PMID:31601728 

30. Huang CY, Lin TT, Wu YF, Chiang FT, Wu CK. Long-term 
Prognostic Value of Estimated Plasma Volume in Heart 
Failure with Preserved Ejection Fraction. Sci Rep. 2019; 
9:14369. 

 https://doi.org/10.1038/s41598-019-50427-2 
PMID:31591412 

31. Hayashida K, Lefèvre T, Chevalier B, Hovasse T, 
Romano M, Garot P, Mylotte D, Uribe J, Farge A, 
Donzeau-Gouge P, Bouvier E, Cormier B, Morice MC. 
Transfemoral aortic valve implantation new criteria to 
predict vascular complications. JACC Cardiovasc Interv. 
2011; 4:851–8. 

 https://doi.org/10.1016/j.jcin.2011.03.019 
PMID:21851897 

32. Tezuka T, Higuchi R, Hagiya K, Saji M, Takamisawa I, 
Nanasato M, Iguchi N, Shimizu A, Shimizu J, Doi S, 
Okazaki S, Sato K, Tamura H, et al. Midterm 
Outcomes of Underweight Patients Undergoing 
Transcatheter Aortic Valve Implantation: Insight From 
the LAPLACE-TAVR Registry. JACC Asia. 2022; 3:78–
89. 

 https://doi.org/10.1016/j.jacasi.2022.08.014 
PMID:36873767  

https://pubmed.ncbi.nlm.nih.gov/34301257
https://doi.org/10.1016/j.diabres.2022.110050
https://pubmed.ncbi.nlm.nih.gov/36030901
https://doi.org/10.1016/j.echo.2005.10.005
https://pubmed.ncbi.nlm.nih.gov/16376782
https://doi.org/10.1177/1479164118820657
https://pubmed.ncbi.nlm.nih.gov/30623669
https://doi.org/10.1093/ofid/ofz358
https://pubmed.ncbi.nlm.nih.gov/31660337
https://doi.org/10.1161/STROKEAHA.119.028389
https://pubmed.ncbi.nlm.nih.gov/32216533
https://doi.org/10.1161/hs0901.094253
https://pubmed.ncbi.nlm.nih.gov/11546907
https://doi.org/10.18632/aging.102532
https://pubmed.ncbi.nlm.nih.gov/31794426
https://doi.org/10.1161/CIR.0000000000000973
https://pubmed.ncbi.nlm.nih.gov/33882682
https://doi.org/10.1093/eurheartj/ehad083
https://pubmed.ncbi.nlm.nih.gov/36944496
https://doi.org/10.1136/heartjnl-2018-314503
https://pubmed.ncbi.nlm.nih.gov/31601728
https://doi.org/10.1038/s41598-019-50427-2
https://pubmed.ncbi.nlm.nih.gov/31591412
https://doi.org/10.1016/j.jcin.2011.03.019
https://pubmed.ncbi.nlm.nih.gov/21851897
https://doi.org/10.1016/j.jacasi.2022.08.014
https://pubmed.ncbi.nlm.nih.gov/36873767


www.aging-us.com 12 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 
 

Supplementary Figure 1. Flow chart of patient selection. BMI, body mass index; UCG, ultrasound cardiogram. 
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Supplementary Tables 
 

Supplementary Table 1. Baseline medications according to BMI. 

 BMI < 18.5 (N=30) 18.5 ≤ BMI ≤ 27 (N=481) BMI ≥ 27 (N=223) P-value 

CCB 18 (60.0) 284 (59.0) 156 (70.0) 0.020 

BB 16 (53.3) 239 (49.7) 117 (52.5) 0.756 

ACEi/ ARB 13 (43.3) 260 (54.1) 143 (64.1) 0.014 

Diuretics 20 (66.7) 281 (58.4) 135 (60.5) 0.616 

Statin 14 (46.7) 230 (47.8) 126 (56.5) 0.092 

Insulin 12 (40.0) 203 (42.2) 102 (45.7) 0.636 

Metformin 12 (40.0) 177 (36.8) 107 (48.0) 0.019 

SGLT2i 0 (0.0) 24 (5.0) 20 (9.0) 0.043 

DPP4i 10 (33.3) 216 (44.9) 118 (52.9) 0.045 

Sulfonylurea 10 (33.3) 173 (36.0) 84 (37.7) 0.854 

GLP1 agonist 0 (0.0) 1 (0.0) 4 (1.8) 0.053 

Anti-coagulant 7 (23.3) 87 (18.1) 50 (22.4) 0.352 

Antiplatelet agents 12 (40.0) 287 (59.7) 130 (58.3) 0.105 

Data are expressed as number (percentage). ACEi, angiotensin converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; BB, beta-blockers; CCB, calcium channel blocker; DPP4i, dipeptidyl 
peptidase IV inhibitor; GLP1 agonist, glucagon-like peptide 1 agonist; SGLT2i, sodium-glucose co-
transporter 2 inhibitor. 

 

Supplementary Table 2. Univariable cox regression analysis model for mortalities. 

 
All-cause mortality Cardiovascular death Non-cardiovascular death 

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

BMI group 
 

18.5 ≤ BMI ≤ 27 Reference  Reference  Reference  

  BMI < 18.5 2.11 (1.32-3.37) 0.002 1.24 (0.45-3.39) 0.678 2.59 (1.52-4.42) < 0.001 

  BMI > 27  0.62 (0.47-0.83) 0.001 0.46 (0.27-0.79) 0.005 0.71 (0.51-1.00) 0.048 

Male vs. female 1.04 (0.83-1.32) 0.729 1.10 (0.73-1.66) 0.635 1.01 (0.76-1.35) 0.923 

Age ≥ 80 vs. < 80  2.04 (1.71-2.59) < 0.001 1.64 (1.09-2.48) 0.018 2.28 (1.70-3.06) < 0.001 

AS severity 
 

severe vs. mild/moderate 0.91 (0.70-1.19) 0.483 1.48 (0.96-2.26) 0.073 0.69 (0.48-0.98) 0.036 

Hypertension (yes vs. no) 1.26 (0.99-1.60) 0.063 1.51 (0.98-2.33) 0.061 1.15 (0.86-1.54) 0.338 

ESRD (yes vs. no) 0.70 (0.39-1.25) 0.227 0.35 (0.09-1.41) 0.139 0.88 (0.46-1.66) 0.689 

CAD (yes vs. no) 1.01 (0.79-1.29) 0.933 1.46 (0.97-2.21) 0.073 0.83 (0.61-1.14) 0.249 

AS, aortic stenosis; BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; ESRD, end stage renal 
disease; HR, hazard ratio. 
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Supplementary Table 3. Subgroup analysis with multivariable cox regression model. 

BMI < 18.5 vs. 18.5 ≤ BMI ≤ 27 

Subgroup All-cause mortality Cardiovascular death Non-cardiovascular death 

 HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

Sex P for interaction 0.726  0.696  0.864 

  Male (N=227) 2.05 (0.87-4.82) 0.102 0.87 (0.12-6.63) 0.896 2.84 (1.09-7.41) 0.033 

  Female (N=284) 2.22 (1.23-3.99) 0.008 1.36 (0.41-4.50) 0.609 2.62 (1.33-5.17) 0.005 

Age P for interaction 0.448  0.504  0.721 

  < 80 years (N=237) 1.64 (0.65-4.15) 0.295 0.63 (0.08-4.74) 0.655 2.59 (0.89-7.48) 0.079 

  ≥ 80 years (N=274) 2.33 (1.33-4.07) 0.005 1.48 (0.46-4.83) 0.513 2.75 (1.45-5.20) 0.002 

Hypertension P for interaction 0.538  0.322  0.998 

  Yes (N=297) 1.71 (0.92-3.21) 0.092 0.68 (0.16-2.83) 0.593 2.50 (1.23-5.08) 0.011 

  No (N=214) 2.82 (1.30-6.13) 0.009 2.05 (0.45-9.36) 0.356 3.29 (1.33-8.16) 0.010 

ESRD P for interaction -    - 

  Yes (N=34) - - - - - - 

  No (N-477) 1.96 (1.22-3.14) 0.006 1.07 (0.39-2.96) 0.890 2.47 (1.44-4.24) 0.001 

AS severity P for interaction 0.151  0.484  0.281 

  Mild/moderate (N=371) 2.14 (1.42-4.05) 0.001 1.39 (0.43-4.50) 0.583 2.88 (1.60-5.18) <0.001 

  Severe (=140) 0.89 (0.28-2.93) 0.858 0.52 (0.07-3.89) 0.522 1.36 (0.31-5.89) 0.682 

BMI > 27 vs. 18.5 ≤ BMI ≤ 27 

Subgroup All-cause mortality Cardiovascular death Non-cardiovascular death 

 HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

Sex P for interaction 0.721  0.911  0.660 

  Male (N=318) 0.81 (0.65-1.01) 0.063 0.69 (0.47-1.03) 0.067 0.88 (0.68-1.15) 0.360 

  Female (N=386) 0.75 (0.62-0.91) 0.004 0.61 (0.42-0.90) 0.013 0.82 (0.65-1.03) 0.087 

Age P for interaction 0.387  0.530  0.628 

  < 80 years(N=360) 0.73 (0.59-0.91) 0.005 0.59 (0.40-0.87) 0.008 0.82 (0.63-1.07) 0.143 

  ≥ 80 years (N=344) 0.84 (0.69-1.01) 0.070 0.74 (0.50-1.08) 0.120 0.87 (0.70-1.10) 0.245 

Hypertension P for interaction 0.222  0.794  0.164 

  Yes (N=434) 0.74 (0.62-0.89) 0.001 0.66 (0.49-0.90) 0.009 0.79 (0.63-0.98) 0.033 

  No (N=270) 0.89 (0.70-1.14) 0.367 0.59 (0.32-1.08) 0.085 1.01 (0.76-1.33) 0.946 

ESRD P for interaction 0.298    0.342 

  Yes (N=47) 0.52 (0.18-1.48) 0.219 - - 0.55 (0.19-1.60) 0.273 

  No (N-657) 0.80 (0.69-0.93) 0.003 0.66 (0.50-0.87) 0.003 0.87 (0.73-1.04) 0.120 

AS severity P for interaction 0.935  0.453  0.623 

  Mild/moderate (N=528) 0.78 (0.67-0.92) 0.004 0.60 (0.42-0.84) 0.003 0.86 (0.72-1.04) 0.133 

  Severe (N=176) 0.74 (0.54-1.02) 0.064 0.71 (0.45-1.13) 0.146 0.77 (0.49-1.20) 0.248 

The hazard ratio was adjusted for outcome-associated factors including age, sex, hypertension, ESRD, severity of AS. 
AS, aortic stenosis; BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; ESRD, end stage renal 
disease; HR, hazard ratio. 

 

 


