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Prediction of Incident

Heart Failure in TTR

Val122Ile Carriers One
Year Ahead of Diagnosis in

a Multiethnic Biobank

Hereditary transthyretin (TTR) amy-
loid cardiomyopathy (hATTR-CM) due

u
a
u
v
r
f

to the TTR Val122Ile variant is associ-
ated with increased heart failure (HF)
risk in both African-Americans and His-
panic Americans.1 However, this variant
has incomplete and age dependent pene-
trance, as not all carriers develop clinical
heart failure.2 Thus, early risk stratifica-
tion of carriers can potentially inform
medical management, especially with
widespread genetic testing and available
therapies. Here, we use electronic health
records on a machine learning frame-
work to predict HF 1-year ahead of diag-
nosis in African and Hispanic American
Val122Ile carriers.

We obtained whole exome sequenc-
ing data of TTR Val122Ile for self-
reported 213 (14% cases) African-
Americans & 114 (15% cases) Hispanic
Americans from a multiethnic quater-
nary care biobank (BioMe).1 46 HF
cases identified by diagnostic codes
were stratified in 3 timeframes before
diagnosis: <6, 6 to 12, and >12 months.
We removed continuous (labs/vitals)
features with more than 60% of missing
values, then imputed using a random
forest-based algorithm. Between all 2
highly correlated features (>0.8 in
Pearson’s correlation coefficient), the
feature with the highest overall correla-
tion was removed; the remaining were
normalized. Medications and diagnostic
codes were treated as binary data.

We ensured robustness by splitting
cases and controls in train and test sets
(60:40). The 40% test set was kept
blind to feature selection, normaliza-
tion, and fitting the model. We per-
formed feature selection 100 times
using a random subset of the train set
for each iteration. To do so, a random
forest model is trained using all features
in the train set. Discarded features will
be those who do not impact on the mod-
els’ performance when removed. The
nion of all selected features, including
ge, gender, and ethnicity, were then
sed to fit 100 models using support
ector machine.3 For each iteration, a
andom subset of controls was sampled
rom the train set to generate a balanced
dataset (Figure 1). A subset of the test
set was used to evaluate predictive
power 1 year before HF diagnosis.
Standard performance metrics, namely
sensitivity (recall), specificity, accu-
racy, and area under receiver operating
characteristic (AUROC) curve were
used to assess the performance of each
model. Results are reported as the
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Figure 1. (A) Diagram describing the employed workflow (n = N of patients, p = N of features). (B) Probability distribution of heart failure cases 1 year

before diagnosis. The X-axis indicates the prediction, the Y-axis (left) indicates positive predicted value for HF (red line) and negative value for non-HF

(blue line); and the Y-axis (right) indicates percentage of individuals with hearth failure (grey bars).
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median of each metric across 100 itera-
tions. Wilcoxon rank-sum, Chi-
squared, and Fisher’s exact tests were
performed on highly contributing fea-
tures to identify significant differences
between HF cases and controls. Highly
contributing features are determined by
their weight in fitting the model.

The distribution of HF patients within
the 3 specified timeframes was 9 (19%),
4 (9%), and 33 (72%), respectively,
using 91 laboratory results, 9 vitals,
3,009 diagnostic codes, and 4,624 medi-
cations. Feature selection resulted in 87,
7, 56 and 61 features from each data
type respectively, accounting for 214 fea-
tures (including gender, age and ethnic-
ity) used to fit the model. We observed a
0.74 AUROC (78% recall) on the full
test set. A similar performance of 0.70
AUROC (69% recall) was observed on
cases 1 year before HF, at a 0.40 thresh-
old of the predicted score. Importantly,
the model correctly predicted 82% of
cases (positive predictive value = 0.82) 1
year before HF in high-risk patients (pre-
diction score > 0.65) (Figure 1). A base-
line linear model on the same dataset
showed considerably lower performance
with 0.52 AUROC (54% recall) at the
same threshold. We identified 18 features
enriched in the HF class with a signifi-
cant difference between HF and non-HF
participants. These are diagnostic codes
for history of pulmonary embolism,
angina pectoris, primary hypertension,
and shortness of breath, laboratory results
for corrected QT interval, prothrombin
time, hemoglobin A1c, lactate dehydro-
genase, lipase, glucose, creatinine and
vitals for systolic, and diastolic blood
pressure. Of note, some of these features
are clinically relevant to heart disease.4,5

Moreover, the 30 most important features
to fit the model drive 22% of the predic-
tion. These include the above-mentioned
features in addition to diagnostic codes
for hypercholesterolemia, presence of
cardiac defibrillator, atrial fibrillation,
chest pain and laboratory results for red
cell distribution width, neutrophil
(count), alkaline phosphatase, activated
partial thromboplastin time, atrial rate,
HDL cholesterol, potassium and nitrogen
in blood, in others.

We note the following limitations.
First, the relatively small sample size in
the number of carriers of the TTR
Val122Ile mutation means we have
reduced statistical power in our predic-
tions. However, we observe good predic-
tion performance in our test set and
additionally this could be considered a
robust sample size for a rare disease.
Second, we lack external validation;
however, we perform 100 iterations of
cross-validation on independent datasets
to minimize bias in our model perfor-
mance. Finally, we predict heart failure
using a 1-year prediction interval only.
A future direction is to extend our
approach to longer time intervals. Impor-
tantly, this study shows electronic health
records implemented on a machine
learning model can predict HF in 82%
of high-risk subjects 1 year before diag-
nosis (Figure 1). Thus, notwithstanding
limitations, this represents a first effort
to address this important unmet need. In
conjunction with now available hATTR-
CM therapies, such an approach holds
potential for HF risk prediction and early
therapeutic intervention in Val122Ile
carriers of African ancestry.
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Major Depression and

Anxiety Among Patients
Hospitalized With Heart

Failure
Several studies have shown that
major depression and anxiety are preva-
lent among heart failure (HF) patients
and are associated with reduced quality
of life and increased mortality.1 In this
study, we sought to assess the temporal
trends and the sex differences in the
prevalence of major depression and
anxiety among patients hospitalized for
HF.

The National Inpatient Sample (NIS)
database was queried between 2008 to
2017 to identify primary HF hospital-
izations using International Classifica-
tion of Disease (ICD-9 and ICD-10)
codes. NIS is the largest all-payer US
inpatient database containing data from
about 8 million hospital stays per year
and covering more than 95% of the
United States population. The ICD-9
and 10 codes used for major depression
were 2962x, 2,963x,311, F32x and
F33x and the codes utilized for anxiety
disorder were 3,000x and F41x. These
codes have been used previously by pol-
icymakers and researchers for esti-
mates.2 Mood disorders and anxiety
disorders due to specific fears or known
physiological conditions were excluded.
Multiple logistic regression analysis for
yearly trends was conducted. The annual
percent change in the odds was esti-
mated as equal to (odds ratio-1) x 100
and was reported along with p- trend to
provide quantitative estimation of
trends. Stata v14.2 MP (college station,
Texas) was used to perform all the statis-
tical analysis.
During the 10-year analysis period,
there were 9,206,283 hospitalizations
with primary diagnosis codes for HF,
among which 690,471 (7.5%) had
major depression and 533,964 (5.8%)
had anxiety documented. A temporal
increase in both major depression and
anxiety was observed in the overall
cohort (major depression: 6.2% in 2008
vs 9.1% in 2017, p-trend <0.001; anxi-
ety: 3.3% in 2008 vs 8.4% in 2017, p-
trend <0.001) (Figure 1). The temporal
increase was observed in both men and
women (major depression: 4.8% vs
7.5% in 2008; 6.9% vs 11.4% in 2017
respectively, p-trend <0.001; anxiety:
2.2% vs 4.3% in 2008; 6.0% vs 11.0%
in 2017 respectively, p-trend <0.001).
Both major depression (9.3% vs 5.8%,
p < 0.001) and anxiety (7.6% vs 4.1%,
p < 0.001) were more prevalent in
women compared with men, and the
temporal trend in major depression was
more pronounced in women compared
with men (p-interaction <0.001).

Among a contemporary cohort of
hospitalized HF patients in the US from
2008 through 2017, prevalence of anxi-
ety has approximately tripled, with
major depression also steadily increas-
ing. The majority of HF research has
focused on pharmacological drugs/
devices development and implementa-
tion with little emphasis on mental
health interventions targeting the psy-
chological needs of HF patients. While
selective serotonin reuptake inhibitors
have not shown to improve outcomes in
HF patients, several knowledge gaps
exist.3 Thus, there is an urgent need for
a paradigm shift to a comprehensive
assessment of HF patients which
includes addressing their psychological
and social health, in addition traditional
medical endpoints.

In contrast to the hospitalized HF
cohort, the crude prevalence of anxiety
disorders in the US general population
aged >50 years has not changed signifi-
cantly in the same time period (3.60%
in 2008, and 3.70% in 2017). As of
2017, the prevalence of anxiety
amongst hospitalized HF patients is
considerably higher compared with the
general population.4 Similarly, there
has been no significant change in the
crude prevalence of depression from
2005 (4.2%) to 2015 (4.8%) in the US
general population aged >50 years.5

This suggests that the increase in
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