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Is Type 2 Diabetes Mellitus an Independent Risk Factor for
Mortality in Hypertrophic Cardiomyopathy?
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Abstract

Background: The mortality rate of hypertrophic cardiomyopathy
(HCM) has decreased between 1999 and 2020. The risk factors for
sudden cardiac death (SCD) in HCM were updated in the American
Heart Association (AHA)/American College of Cardiology Founda-
tion (ACCF) 2020 guidelines by adding new risk factors, like the late
gadolinium enhancement on cardiac magnetic resonance imaging
(MRI). Type 2 diabetes mellitus (T2DM) is a major risk factor for
most cardiac diseases; however, it is not included in these guidelines
due to a lack of strong evidence of a correlation between T2DM and
mortality in HCM. Therefore, we sought to investigate if T2DM in-
creases the 5-year risk rate for adverse outcomes, such as heart failure
and all-cause mortality in patients with HCM.

Methods: We collected patient data from January 1, 2018, to March
1, 2023, using the TriNetX database. The sample included 80,502
individuals with HCM, then divided into two cohorts based on the
absence (58,573; cohort 1) or presence (15,296; cohort 2) of T2DM.
The two matched groups then underwent survival and risk analyses
for all-cause mortality or the first incidence of heart failure diagnosis
within 5 years from the point in time when the selection criteria were
first met.

Results: We found a statistically significant increase in all-cause mor-
tality and new-onset heart failure in HCM patients with diabetes com-
pared to those without diabetes after adjusting for major risk factors.

Conclusions: This is one of the largest retrospective cohort studies
that examined the correlation between T2DM and adverse outcomes
in patients with HCM. This underlines the need for future prospective
studies investigating the effects of T2DM on HCM outcomes.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a cardiac muscular
disease characterized by abnormal left ventricle (LV) wall
thickening and atypical myocyte organization [1]. The esti-
mated prevalence of HCM is 0.2% to 0.3% in the adult popu-
lation, with approximately 60% of those cases showing evi-
dence of a familial disease [2]. It is not commonly found in
children and adolescents, given its incidence rate of approxi-
mately 1.3:100,000 in patients aged < 17 years old; however,
it does carry a significant risk of sudden cardiac death (SCD)
in young athletes, with around 40% of cases being linked to
HCM [3, 4]. Manifestations of HCM can range from asymp-
tomatic to SCD. The risks of SCD were described in the 2020
American College of Cardiology (ACC)/American Heart As-
sociation (AHA) guidelines, which include: LV wall thickness
of > 30 mm, unexplained syncope, family history of SCD from
HCM, left ventricular ejection fraction (LVEF) <50%, LV api-
cal aneurysm of any size, nonsustained ventricular tachycardia
(NSVT) on an ambulatory cardiac monitor, and > 15% late
gadolinium enhancement (LGE) on cardiovascular magnetic
resonance imaging CMR [5].

Type 2 diabetes mellitus (T2DM) is a major risk factor
for multiple cardiovascular disorders, including coronary ar-
tery disease (CAD), myocardial infarction (MI), conduction
disorders and arrhythmia, stroke, diabetic cardiomyopathy,
and heart failure. The impact of T2DM on HCM outcomes has
not been extensively studied thus far. Therefore, we sought to
determine if a correlation exists between T2DM and worsened
HCM outcomes using deidentified patient data collected from
the TriNetX database.

Materials and Methods

Patient data and cohort criteria

The authors received permission to conduct this test from the
Charleston Area Medical Center Internal Review Board.

The patient data were collected on May 20, 2024, for
this study from the TriNetX Research Network consisting of
deidentified, per Section §164.514(a) of the Health Insurance
Portability and Accountability Act (HIPAA) Privacy Rule,
electronic health records (diagnoses, medications, procedures,
labs, etc.) from a national and international healthcare organi-
zation. In this study, 79 healthcare organizations, consisting of
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102,899,907 patients, were used. The TriNetX platform com-
plies with the HIPAA and general data protection regulations.
Patient data were gathered through a deidentified database
compliant with HIPAA regulations. The data were restricted
to HCM (International Classification of Diseases, 10th Re-
vision, Clinical Modification (ICD-10-CM) 142.1 and 142.2)
patients aged 18 to 90 and records dated between January 1,
2018, and March 1, 2023. Furthermore, patients with mitral
and/or aortic valve stenosis (ICD-10-CM 135.0, 106.0, Q25.3,
108.0, and Q23.0) were excluded from the study. In total, there
were 73,869 HCM patients included in the study that were then
separated into two cohorts based on the absence (cohort 1) or
presence (cohort 2) of T2DM (ICD-10-CM El11). Additional
exclusion criteria for cohort 1 were the presence of any type
of diabetes (ICD-10-CM EO08-E13), insulin use (VA HS501),
sulfonylureas (Anatomical Therapeutic Chemical codes (ATC)
A10BB), alpha glucosidase inhibitors (ATC A10BF), thiazo-
lidinediones (ATC A10BG), dipeptidyl peptidase 4 inhibitors
(ATC A10BH), sodium-glucose cotransporter 2 inhibitors
(ATC A10BK), or HbAIC > 6.4% (TriNetX Curated Values
9037). Out of these patients with HCM, 58,573(79%) did not
have T2DM (cohort 1) and 15,296 (21%) had T2DM (cohort
2).

Baseline characteristics

Descriptive statistics were presented as frequencies with per-
centages for categorical variables and mean and standard devi-
ation for continuous measures of association between groups.
Baseline characteristics were compared using Pearson’s test
for categorical variables and independent sample #-tests for
continuous variables.

Propensity score matching (PSM)

TriNetX’s PSM algorithm was used to account for differences
in the groups’ baseline characteristics. The PSM algorithm
calculates covariate values for each patient and then places
each into a matrix. Afterward, it performs a logistic regression
on the combined matrices to generate a propensity score for
each patient. The patients are then matched using greedy near-
est neighbor matching with a caliper of 0.1 pooled standard
deviations to create a subset cohort of best-matched patients.
The covariates used for our analyses were: age, sex, chronic
obstructive pulmonary disease (COPD, ICD-10-CM J44), pri-
mary hypertension (HTN, ICD-10-CM 110), pulmonary hyper-
tension (ICD-10-CM 127.20), body mass index (BMI, TriNetX
curated codes (TNX) 9083), family history of SCD (ICD-10-
CM Z82.41), B-type natriuretic peptide levels (BNP, TNX
9003), estimated glomerular filtration rate (¢GFR, TNX 8001),
nicotine dependence (ICD-10-CM Z87.891), use of statins (VA
CV350, anticoagulant therapy (VA BL110), syncope (ICD-10-
CM R55), CAD (ICD-10-CM 125.10), chronic kidney disease
(CKD, ICD-10-CM N18), end-stage renal disease (ESRD,
ICD-10-CM N18.6), atrial fibrillation (Afib)/flutter (ICD-10-
CM 148), hyperlipidemia (HLD, ICD-10-CM E78.5), presence

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

of implantable cardioverter-defibrillator device (ICD-10-CM
795.810), ventricular tachycardia (VT, ICD-10-CM 147.2),
ventricular fibrillation (Vfib, ICD-10-CM 149.0), beta block-
ers (VA CV100), antiarrhythmics (VA CV300), angiotensin-
converting enzyme inhibitors (ACEI, VA CV800), angioten-
sin II inhibitors (ARBs, VA CV805), platelet inhibitors (VA
BL117), left atrial diameter anterior-posterior systole by two-
dimensional ultrasound (2-D US, logical observation identi-
fiers names and codes (LOINC) 29468-6), systolic blood pres-
sure (TNX 9085), left ventricle ejection fraction (LVEF, TNX
2003), thickness (length) of interventricular spetum (LOINC
99528-2), and surgical intervention of the mitral valve (Cur-
rent Procedural Terminology codes (CPT) 1006140). Summa-
rized cohort characteristics after PSM can be found in Table 1.
After PSM, there were 14,279 patients in each cohort.

Measures of association

The measures of association analysis are used to compare the
ratio of patients with the selected outcome (death or new-onset
heart failure). The analysis calculates risk (number of patients
with outcome/number of patients in the cohort), risk difference
(cohort 1 risk - cohort 2 risk), risk ratio (cohort 1 risk/cohort 2
risk), and odds ratio (cohort 1 odds/cohort 2 odds).

Kaplan-Meir survival analysis

The survival analysis predicts the probability of an outcome
(death or new-onset heart failure) during the set time period (5
years). Data censoring was applied to account for patients who
exited the cohort before the end of the time period, and, there-
fore, the last point of data in their chart was used. Additionally,
the data were further analyzed using the log-rank test, hazard
ratio, and test for proportionality.

Results

The primary objective of this study was to compare all-cause
mortality and new-onset heart failure diagnosis 5-year risk
rates between patients with HCM (cohort 1: 58,573) and
patients with HCM and diabetes (cohort 2: 15,296). To this
extent, risk and survival analyses were conducted on the pro-
pensity-matched cohorts (14,279 patients each) within the se-
lected 5-year timeframe (January 1, 2018, to March 1, 2023).

Risk analysis

Risk analyses between cohort 1 and cohort 2 showed that 1,338
(9.37%) patients without diabetes and 1,948 (13.64%) patients
with diabetes were deceased 5 years after the index event. The
risk difference between cohort 1 and cohort 2 was -4.27% with
a 95% confidence interval (CI) of (-5.01%, -3.53%), z-score
of -11.31, and P value < 0.0001. The risk ratio was 0.69 with
a 95% CI of (0.64, 0.73), and the odds ratio was 0.65 with a
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Table 1. Baseline Characteristics After Propensity Score Matching

Characteristic Cohort 1 (no T2DM) Cohort 2 (T2DM) P value Standardized mean difference
Age, years 64+ 15 62+ 14 <0.0001 0.1027
Sex
Female (%) 48.61% 48.53% 0.8870 0.0084
Male (%) 48.32% 48.46% 0.8128 0.0017
Medical history
COPD 14.21% 14.46% 0.5545 0.0070
HTN 73.61% 73.56% 0.9252 0.0011
Family history of SCD 0.40% 0.41% 0.8524 0.0022
Syncope 12.97% 12.82% 0.7108 0.0044
CAD 28.11% 28.14% 0.9580 0.0006
Smoking 18.37% 18.67% 0.5125 0.0078
CKD 19.84% 20.48% 0.1795 0.0159
Afib/flutter 18.57% 18.58% 0.9757 0.0004
ESRD 2.81% 2.90% 0.6441 0.0055
HLD 54.72% 55.34% 0.2897 0.0125
Presence of ICD 5.13% 5.09% 0.8719 0.0019
Pulmonary HTN 5.22% 5.28% 0.8113 0.0028
VT 7.12% 7.07% 0.8900 0.0016
Vfib 0.99% 0.97% 0.8568 0.0021
Procedures
Cardiac valve surgery 0.64% 0.62% 0.8229921 0.002647458
Medications
Anticoagulants 42.20% 43.06% 0.1411 0.0174
Beta blockers 55.49% 56.17% 0.2429 0.0138
ACEI 39.88% 40.40% 0.3717 0.0106
ARBs 24.22% 24.10% 0.8142 0.0028
Antilipemic agents 58.13% 58.48% 0.5565 0.0070
Antiarrhythmics 49.95% 51.34% 0.0191 0.0277
Platelet inhibitors 46.31% 46.85% 0.3548 0.0110
Results
Body mass index 29.1+6.7 321472 0.0089 0.0310
Systolic BP 133 +£21 133 +22 0.0921 0.0237
LVEF (%) 60.2+12.2 59.5+13.5 0.0224 0.0562
BNP (pg/mL)
<100 11.11% 11.44% 0.3792 0.0104
>100 12.23% 12.36% 0.7321 0.0041
eGFR (mL/min)
>90 45.99% 46.93% 0.1119 0.0188
60 - 89 59.20% 59.86% 0.2521 0.0136
15-59 37.72% 38.07% 0.5419 0.0072
<15 5.21% 5.23% 0.9364 0.0009
LA anteroposterior 143+173 17.65 + 18.56 0.7173701 0.004283972
diameter

SCD: sudden cardiac death; T2DM: type 2 diabetes mellitus; LVEF: left ventricular ejection fraction; CAD: coronary artery disease; COPD: chronic
obstructive pulmonary disease; BMI: body mass index; CKD: chronic kidney disease; ESRD: end-stage renal disease; Afib: atrial fibrillation; Vfib:
ventricular fibrillation; HLD: hyperlipidemia; HTN: hypertension; ICD: implantable cardioverter-defibrillator device; ACEI: angiotensin-converting en-
zyme inhibitors; ARBs: angiotensin Il receptor blockers; BP: blood pressure; BNP: B-type natriuretic peptide; BP: blood pressure; LA: left atrium.
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Table 2. Outcome of Death

Cohort outcome statistics

Patients in cohort Patients with outcome (death) Risk
Cohort 1 14,279 1,338 9.37%
Cohort 2 14,279 1,948 13.64%

Measures of association

Risk difference 95% Cl1 z-score P value
-4.27% -5.011%, -3.533% -11.312 <0.0001
Risk ratio 95% CI Odds ratio 95% CI
0.687 0.643,0.733 0.654 0.608, 0.705

Measures of association were conducted to evaluate the risk of death between cohort 1 (HCM without T2DM) and cohort 2 (HCM with T2DM) over
the 5 years from the index event. Cohort statistics and risk difference, risk ratio, and odds ratio were calculated to interpret the statistical significance

of the risk between cohort 1 and cohort 2. T2DM: type 2 diabetes mellitus; HCM: hypertrophic cardiomyopathy; Cl: confidence interval.

95% CI of (0.61, 0.71). Risk analyses are summarized in Ta-
ble 2. Additionally, risk analyses were conducted between the
cohorts to determine the 5-year risk rate of new-onset heart
failure. For these analyses, 10,474 and 9,246 patients were in
cohort 1 and 2, respectively, after PSM. The 5-year risk rate
for cohort 1 developing new-onset heart failure was 12.36%
(1,295 with outcome) and 15.85% (1,465 with outcome) for
cohort 2. The risk difference was -3.48% with a 95% CI of
(-4.46%, -2.51%), z-score of -7.03, and P value of < 0.0001.
The risk ratio was 0.78 with a 95% CI of (0.73, 0.84), and
the odds ratio was 0.75 with a 95% CI of (0.69, 0.81). Three
thousand eight hundred and five patients in cohort 1 and 5,033
patients in cohort 2 were excluded from the results because
they had a diagnosis of heart failure prior to the time window.
These results are summarized in Table 3.

Kaplan-Meier survival analysis

Kaplan-Meier survival curve analysis showed that survival
probability against the outcome of death was 85.51% for co-

Table 3. Outcome of New-Onset Heart Failure

hort 1 and 79.87% for cohort 2 (Fig. 1a). Log-rank test (y* =
149.38, degree of freedom (df) = 1) showed statistical signifi-
cance with a P value < 0.0001. Survival analysis against the
outcome of new-onset heart failure was 79.60% for cohort 1
and 74.47% for cohort 2 (Fig. 1b). Log-rank test (== 71.96, df
= 1) showed statistical significance with a P value of <0.0001.

Discussion

This is the first large retrospective cohort study using the
TriNetX database to evaluate the impact of T2DM on HCM
outcomes. We found that T2DM was an independent risk fac-
tor in HCM patients, given its statistically significant higher
all-cause-mortality rate and heart failure incidences compared
to HCM patients without T2DM after adjusting for multiple
variables, including age, sex, race, HTN, HLD, COPD, nico-
tine dependence, CAD, CKD, ESRD, arrhythmias, pulmonary
HTN, and medications, among other things.

HCM is mainly a genetic structural heart disease that af-
fects the myocardium, and it is typically inherited in an autoso-

Cohort outcome statistics

Patients in cohort Patients with outcome (heart failure) Risk
Cohort 1 10,474 1,295 12.36%
Cohort 2 9,246 1,465 15.85%

Measures of association

Risk difference 95% CI z-score P value
-3.48% -4.456%, -2.505% -7.031 <0.0001
Risk ratio 95% CI Odds ratio 95% CI
0.780 0.728, 0.836 0.749 0.691,0.812

Measures of association were conducted to evaluate the risk of new-onset heart failure between cohort 1 (HCM without T2DM) and cohort 2 (HCM
with T2DM) over the 5 years from the index event. Cohort statistics and risk difference, risk ratio, and odds ratio were calculated to interpret the
statistical significance of the risk between cohort 1 and cohort 2. T2DM: type 2 diabetes mellitus; HCM: hypertrophic cardiomyopathy; Cl: confidence

interval.
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Figure 1. Kaplan-Meier survival curve analysis and log-rank test against the outcome of death (a) for cohort 1 and cohort 2 over
the course of 5 years after the index event. Analyses were also conducted against the outcome of heart failure over the same

period (b). T2DM: type 2 diabetes mellitus.

mal dominant pattern with a prevalence rate of approximately
0.2-1.4% in the general population [1, 2]. Nonfamilial HCM is
described as unexplained LV hypertrophy of > 15 mm, normal
LV chambers, and the absence of family history or clinically
significant genetic variants [6]. Ingles et al [6] sought to profile
nonfamilial HCM by evaluating 413 patients from a special-
ized HCM clinic from 2002 to 2015. Of these patients, 40% of
the HCM probands were identified as nonfamilial HCM with
a mean age of 61. Most of these patients had a benign disease
course with fewer incidences of SCD, HF, and stroke com-
pared to the patients with familial or genetic HCM [6]. In our
study, the mean age at index was 62 years old which closely
matches the mean age found in the study by Ingles et al [6].

There is an association between common cardiovascular
risk factors, such as HTN, T2DM, and obesity, and the severity
of HCM, regardless of genetics or family history [7]. For this
study, we investigated the effect of T2DM on all-cause mor-
tality and new-onset heart failure diagnosis in patients with
HCM. T2DM is a multisystem disease with known significant
effects on the cardiovascular system [8]. There have been sev-
eral studies investigating potential mechanisms, including in-
flammation, oxidative stress, and endothelial dysfunction, in
which diabetes and other metabolic disorders enhance the risk
or severity of HCM [9].

In this large cohort study, we demonstrated that HCM pa-
tients with T2DM have a higher mortality rate and incidence
of new-onset heart failure than those without T2DM, indepen-
dently of other cardiovascular risk factors in the 5 years fol-
lowing initial diagnosis. Given this, our study highlights the
need for more investigation to further assess the relationship
between T2DM and HCM outcomes. Vigilant monitoring and
treatment of HCM patients with T2DM could help reduce this
increase in new-onset heart failure and all-cause mortality.

One strength of this study is the large sample size. We in-
cluded 73,869 HCM patients, where 58,573 (79.3%) did not
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have T2DM and 15,296 (20.7%) did. To control confounding
factors, we used PSM to control for multiple cardiovascular risk
factors, relevant bloodwork results, and medications. We used
standardized and TriNetX curated, when applicable, medical
codes to ensure proper selection of PSM inputs. Kaplan-Meier
survival and risk analyses on the balanced cohorts showed a
statistically significant increase in risk of death in a 5-year pe-
riod after the index event in patients with HCM and T2DM
(13.64%) compared to patients with only HCM (9.37%). Ad-
ditionally, the survival probability for patients with HCM and
T2DM (79.87%) at 5-year post-index was lower than HCM
patients without T2DM (85.51%).

Our data reinforce data from previous studies demonstrat-
ing that T2DM was associated with poorer outcomes in pa-
tients with HCM [10-13]. For example, a study in 2022 by
Lee et al [11] analyzed adverse outcome risk between HCM
patients with and without T2DM using data from the Korean
National Health Insurance Service database. Their study found
that diabetes was associated with a 15% increase in HF after
matching. However, it was only associated with higher all-
cause mortality in unmatched cohorts. Their study could not
adjust for hemoglobin Alc (HbAlc) levels, EF, or hypertro-
phy between the groups. Our study also benefited from a much
larger patient data database (14,279 vs. 1,118 after matching).

The limitations in our study primarily center on the po-
tential for errors or differences in patient charting amongst
healthcare systems. TriNetX curates the data to ensure proper
labeling; however, patient records may be incomplete or inac-
curate from the source. We sought to decrease these errors by
including HbAlc, insulin use, and other blood glucose-lower-
ing medications in the selection criteria, in addition to diag-
nosis with diabetes. Additionally, the large number of patients
included in the analysis reduces the impact of implicit errors.
Other limitations include a lack of data on the specific causes
of death and the inability to directly compare cardiac imaging.
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Conclusions

T2DM is an independent risk factor for all-cause mortality
and new-onset heart failure in patients with HCM. Our study
showed a statistically significant increase in all-cause mortali-
ty risk and incidence of new-onset heart failure at 5 years post-
index. Considering these findings, future large-cohort studies
investigating specific causes of death, such as SCD, in patients
with T2DM and HCM would be greatly beneficial.
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