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Abstract: Background. Reducing the 
under-30-day readmission for heart 
failure (HF) patients is a modifiable 
quality-of-care measure, yet the role 
of diet in HF readmissions and cost-
effective HF care remain ill-defined. 
Methods. Medical chart review was 
conducted to determine cause(s) for 
HF treatment failure. Randomized 
controlled trial–backed machine 
learning models were employed to 
assess the relationship of culinary 
medicine education with HF 30-day 
readmission rate and cost. Results. Of 
1031 HF admissions, 130 occurred 
within 30 days of discharge (12.61%.) 
Nearly two-thirds of individuals were 
male (64.02%), while the mean age 
and median length of stay were 64.33 
± 14.02 and 2, respectively. Medication 
noncompliance (34.62%) was the 
most common etiology for 30-day 
readmissions, followed by dietary 
noncompliance (16.92%), comorbidity 
(16.92%), a combination of dietary 
and medication noncompliance 
(10%), HF exacerbation (10%), 

iatrogenic (10%), and drug abuse 
(1.54%). Medication noncompliance 
contributed to the highest gross charge 
by readmission, costing a total of $1 
802 096. Compared with traditional 
care, culinary medicine education 
for HF patients would prevent 93 HF 
readmissions and save $3.9 million 
in an estimated 4-year period. 

Conclusion. Though pharmacological 
treatment remains a focal point of HF 
management, diet-based approaches 
may improve tertiary HF prevention 
and reduce HF-associated health care 
expenditures.
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Approximately 6.5 million adults in 
the United States have heart 
failure (HF), and projections 

suggest that disease prevalence will 
increase to 8 million, or 1 in every 33, 
by 2030.1,2 HF is the number one cause 
of hospitalization among American 
adults, and the cost for treating such 
patients is expected to increase 3-fold to 

$160 billion over the next decade.3 The 
30-day readmission rate for HF, a 
quality-of-care measure, continues to be 
an appealing target to address as a 
means to both improve morbidity and 
reduce overall health care expenditures.4 
In light of these epidemiological trends, 
there is a new need to identify novel 
and region-specific risk factors for HF 
readmission in diverse populations to 
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improve tertiary cardiovascular disease 
prevention.

Unplanned readmissions for HF remain 
a common event, as about 1 in every 5 
patients are readmitted within 30 days.5,6 
Most recent data have suggested a 
median risk-standardized 30-day 
readmission rate of 21.9%, with a range 
from 17.0% to 28.2%.5 Evidence suggests 
that approximately one-half of these 
readmissions are due to HF recurrence 
and related cardiovascular conditions,7 
such as arrhythmias, while all other 
readmissions are due to comorbid and 
sociodemographic factors, including 
respiratory and renal dysfunction, 
medication noncompliance, non-white 
race, and female sex.8 Meta-analysis of 
observational studies however suggests 
that short-term risk for HF readmissions 
is greatest among individuals with 
noncardiac comorbidities, especially 
chronic kidney and cerebrovascular 
disease.9 Despite this multitude of 
research, there is very limited research 
on the etiological role of diet in HF 
readmissions. Diet is an important 
modifiable risk factor for cardiovascular 
disease prevention and management,10 
and healthy dietary modifications may be 
an efficient means to reduce direct and 
indirect costs associated with HF.11

Several intervention approaches, both 
at the individual and systems-based level, 
have been conducted to reduce HF 
readmission and thus broader health care 
costs. For example, particularly among 
patients with HF with reduced ejection 
fraction, medication adherence to 
beta-blockers, angiotensin-converting 
enzyme inhibitors, and angiotensin 
receptor blockers are significantly 
associated with reductions in mortality, 
readmissions, and thus health system 
costs.12,13 Likewise, randomized 
controlled trial (RCT) evidence 
demonstrates that formal health 
education and telemonitoring in HF 
patients, compared with traditional care, 
is associated with over $7000 reduction 
in hospital cost per patient, primarily 
driven by a 30% decrease in HF 
readmissions.14 In a similar fashion, 
nurse-directed multidisciplinary 
interventions lead to an approximate 

$500 cost-savings and greater than 50% 
reduction in total readmissions when 
compared with routine clinical care in 
HF patients.15 These data suggest that a 
wide variety of interventions may help 
improve cost-efficacy in HF treatment 
and underline the fact that a majority of 
HF hospital readmissions remain 
preventable.

Nutritional interventions for reducing 
HF costs and readmissions remain largely 
unexplored. Among limited evidence 
exists a pilot randomized controlled trial 
coined, geriatric out-of hospital 
randomized meal trial in heart failure 
(GOURMET-HF), conducted in 66 HF 
patients.16 The intervention group in 
GOURMET-HF received 4 weeks of 
home-delivered sodium-restricted Dietary 
Approaches to Stop Hypertension 
(DASH) meals, while routine clinical care 
was provided to those randomized to the 
control group. Investigators observed a 
directionally favorable, but only 
borderline significant reduction 30-day 
HF readmissions in the intervention 
group. Therefore, while adherence to the 
DASH and Mediterranean diets have 
been associated with a reduced risk for 
developing HF,17-19 more research is 
required to determine the optimal 
delivery of dietary interventions for 
reducing 30-day readmissions and 
associated HF costs.

The age-adjusted HF mortality rate for 
the Southeastern region of the United 
States, including Louisiana, Alabama, 
Arkansas, Mississippi, Oklahoma, and 
Georgia, is 69% higher than the national 
rate.20 Obesity, hypertension, and type II 
diabetes may be key drivers of these 
trends and these upstream risk factors, 
similar to HF mortality, 
disproportionately affect the 
Southeastern United States.21,22 These 
sobering statistics suggest that the United 
States may be burdened by the presence 
of a “heart failure belt,” but more 
important, should be a call-to-action to 
seek novel, yet simple and generalizable 
strategies to help address HF and 
associated risk factor burden. The 
Mediterranean and DASH diets not only 
reduce risk not only for HF but also 
reduce risk for the disease’s upstream 

risk factors and subclinical correlates, 
including obesity, type II diabetes, 
hypertension, and left ventricular 
diastolic dysfunction.23,24 Given these 
data and the fact that Louisiana has the 
third highest rate of cardiovascular 
disability-adjusted life years in the 
country,22 Louisiana represents a 
population likely to benefit from a 
reduction in the 30-day readmission rate 
for HF via a dietary approach.

Given the above nutrition-related 
cardiovascular disease epidemic, novel 
research methodologies are increasingly 
being explored to accelerate the rate of 
clinically effective, cost-efficient, and 
socially equitable health care. Artificial 
intelligence–driven machine learning 
methods demonstrate comparable results 
to traditional statistics but on larger, 
more complex datasets, and provide 
closer to real-time automated analyses to 
inform faster community and clinical 
interventions.25 Recent studies have 
shown that machine learning and the 
even more advanced deep learning 
techniques can generate improved 
prediction of HF hospital readmission 
compared with more traditional 
methods.26,27 Yet there remains a paucity 
of studies assessing the application of 
these machine learning techniques to 
accelerate HF care by knowing who will 
decompensate and how to optimally 
prevent HF readmissions. By knowing 
what works clinically and financially, 
and effectively planning a proposed HF 
intervention in advance, machine 
learning has the potential to significantly 
increase the success rate of trials and 
thus enhance clinical and public health 
practices informed by such research. 
This study is the first known machine 
learning-guided prospective cohort study 
using RCT and observational evidence to 
assess the potential clinical and cost 
impact of culinary medicine 
interventions on improving HF 
outcomes.

Methods

Study Design

This prospective cohort study was 
conducted in 2 phases: first, adult 
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patients older than 18 years were 
identified sequentially presenting to a 
tertiary academic medical center in the 
Southeastern United States from January 
2012 to October 2015 with ICD-9 
(International Classification of Diseases, 
Ninth Revision) and ICD-10 codes for HF 
and then analyzed according to their 
reason for HF admission; second, 
simulated machine learning–guided 
analysis was conducted based on the 
largest RCT on the Mediterranean diet 
and preventive cardiovascular disease 
(Primary Prevention of Cardiovascular 
Diseases with a Mediterranean Diet, 
PREDIMED) and the largest first known 
multisite prospective cohort study on 
culinary medicine and preventive 
cardiovascular disease (Cooking for 
Health Optimization with Patients, 
CHOP). ICD-9 and ICD-10 codes and 
billing data extracted from Casemix were 
utilized to obtain the admission date, 
discharge date, and medical record 
number. Inclusion criteria involved a 
documented readmission for diagnosis 
related to heart failure within thirty days 
of discharge. Any patient with multiple 
readmissions within a thirty-day window 
had etiologies considered separately. 
Causes of readmission were coded as 
dietary noncompliance (failure to restrict 
sodium or fluid intake), medication 
noncompliance (willful or inadvertent), 
comorbidity (pulmonary/renal disease), 
iatrogenic (insufficient dose/medication, 
exacerbation by medication for 
comorbidity), HF exacerbation, 
recreational drug use. The Mediterranean 
diet is high in fiber and healthy 
unsaturated fats, and low in sodium,28 
thus adherence to the Mediterranean diet 
improves satiety and electrolyte balance, 
respectively. Improved post-meal satiety 
may in turn help to balance liquid intake, 
which is of particular relevance for 
individuals with congestive HF.

Verification of data collection was 
performed on 5% of all entries using a 
random number generator. Verification 
was performed blinded to initial 
observers and then statistical analysis of 
interobserver agreement was performed 
to assess validity. In addition, all 
readmissions deemed to have equivocal 

etiologic coding were reassessed by two 
additional independent observers and 
recoded. All readmissions deemed 
nonrepresentative of HF exacerbations 
were removed from analysis, while all 
entries that had previously not been 
included that actually did represent HF 
exacerbation were included in analysis.

Health Meets Food 
(HmF) Curriculum

The HmF curriculum, the curriculum 
intervention studied in CHOP, provides 
hands-on learning for medical students 
through culinary medicine classes via 
seminars, electives, and continuing 
medical education modules. The 
fundamental curriculum is a 32-hour 
nutrition and culinary course delivered 
through a sequence of eight modules, 
with each module session spanning 4 
hours in length. All 32 hours instruct 
participants on evidence-based 
principles of the Mediterranean diet, 
through both case-based team learning 
and hands-on cooking, as well as 
validated approaches for patient 
nutrition counseling. The programming 
translates Mediterranean diet principals 
for the American kitchen making the 
diet both more relevant and accessible 
to participants. Each professional health 
care module involves an online 
60-minute didactic program designed to 
introduce students to concepts of the 
Mediterranean diet. Individuals 
participate in an in-kitchen component 
involving 1.5 hours of team-based case 
studies and nutrition discussion along 
with 1.5 hours of hands-on cooking. The 
cooking component is intended to 
demonstrate the clinical and 
pathophysiologic concepts from the 
didactic phase, in a functional manner. 
Each module concludes with participants 
engaging in completion and discussion 
of clinical case studies, while consuming 
and sharing their prepared recipes. The 
HmF curriculum is of particular 
relevance in HF readmissions, due to the 
curriculum’s focus on the Mediterranean 
diet and its role in helping prevent 
obesity, type II diabetes, and 
hypertension, 3 primary risk factors for 
HF. While HmF classes are free for 

community members, the administrative 
and overhead costs associated with 
running each HmF class equate to on 
average $18.75 per-person.

Statistics

In traditional statistical analysis, 
continuous data were expressed as 
means and standard deviations, while 
percentages were utilized to present 
categorical data. Student’s t test was used 
in bivariate analysis to assess differences 
between age, gender, 30-day 
readmissions, readmission episodes, 
length of stay days, and gross charge 
between readmissions due to dietary 
noncompliance and readmissions due to 
all other causes.

Machine learning was utilized in 2 
phases. In the first phase, the traditional 
statistical method of fixed effects panel 
analysis was used to calculate the 
increased Mediterranean diet adherence 
from the CHOP RCT (https://
clinicaltrials.gov/ct2/show 
/NCT03443635; unique identifier: 
NCT03443635),29 with the results then 
compared by accuracy and root mean 
squared error (RMSE) to machine 
learning-based backward propagation 
neural networks. Data from the 
CHOP-Family RCT, specifically, was 
chosen for its external validity as its 
lower income patients were from 
comparable sociodemographic and 
hospital utilization groups as those 
hospitalized subjects in this study; this 
RCT was also used given its internal 
validity as the first known Bayesian 
adaptive randomized trial on culinary 
medicine as a nested RCT within CHOP 
for families. Grocery store receipts 
served as documented objective 
evidence of Mediterranean diet 
adherence for Goldring Center for 
Culinary Medicine–treated subjects 
compared with standard of care subjects 
(those receiving standard medical visits 
without additional hands-on cooking 
and nutrition education). An in-depth 
description and details of the machine 
learning methodology has been 
previously described and published 
elsewhere.29 In the second phase, the 
machine learning algorithm of random 

https://clinicaltrials.gov/ct2/show/NCT03443635
https://clinicaltrials.gov/ct2/show/NCT03443635
https://clinicaltrials.gov/ct2/show/NCT03443635
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forest (RF) imputation was utilized for 
missing values in this study, given its 
superiority producing more unbiased, 
efficient, and narrow confidence interval 
results compared with the leading 
imputation method of multivariate 
imputation by chained equations 
(MICE).30 Compared with the traditional 
statistical method of MICE, RF has the 
additional advantage of handling 
interactions and nonlinearities, while 
not requiring the correct specification of 
the data distribution to produce valid 
results. RF was thus utilized with values 
close to zero for the normalized RMSE. 
Thus, training of individual patients was 
used in the machine learning simulation.

The multiplication rule in statistical 
independence theory was then used to 
multiply the increased probability of 
Mediterranean diet (30%) adherence 
from the CHOP-Family RCT and the 
decreased probability (30%) of 
myocardial infarction, stroke, and 
cardiovascular-related mortality from the 
PREDIMED trial.31 The value for 
predicted increases in adherence to the 
Mediterranean diet was chosen from 
previously published data regarding the 
association between HmF curriculum, the 
intervention studied in CHOP, and 
Mediterranean diet adherence.29 This 
study observed a 40% increase in 
Mediterranean diet adherence among 
those receiving HmF curricula, compared 
to individuals receiving traditional 
nutritional education; therefore we chose 
a conservative estimate of a predicted 
30% increase in Mediterranean diet 
adherence for our machine learning 
model (traditional statistical and machine 
learning model both accuracy 89.35% 
and RMSE 0.31).The previous PREDIMED 
trial conducted by Estruch et al31 
demonstrated a 30% reduction in a 
composite primary cardiovascular disease 
endpoint of myocardial infarction, stroke, 
and cardiovascular-related mortality 
among those randomized to a 
Mediterranean diet with extra virgin olive 
oil, compared with a control group 
receiving dietary advice to reduce 
consumption of saturated fat. Myocardial 
infarction and stroke relate to HF 
readmissions given that (1) myocardial 

infarction remains the most common 
cause of HF worldwide32 and (2) 
cerebrovascular disease is one of the 
most common noncardiac predictors of 
short-term HF readmissions.9 Analyses 
were achieved using a combination of 
STATA version 14.2 for statistical analysis 
as well as R package 3.1.1 for machine 
learning analysis.

Results

Characteristics of the 1031 admissions 
included in the study are presented in 
Table 1. The study cohort was composed 
of 37.59% females with a mean age of 
64.33 ± 14.02 years. The overall 
readmission rate was 50.78% from 
January 2012 to October 2015, with 
approximately one-quarter of 
readmissions occurring within 30 days. 
The overall proportion of 30-day 
readmissions was 130 out of 1031 
admissions, representing 12.42% of the 
sample. Among these 130 admissions, a 
total of 7 etiologies were identified with 
13 admissions (2.5%) coded as having 
multiple etiologies for their readmission. 
Specific etiology rates for readmission 
included, medication noncompliance, 
34.62%, dietary noncompliance, 16.92%, 
comorbidity, 16.92%, HF exacerbation, 
10%, iatrogenic 10.0%, as well as drug 
use 1.54% (Table 1, Figure 1). Internal 
validity of 5% of entire database was 
performed with 51 medical records 
checked against prior database entries. 
Of those, 49 were in agreement with 
previous entries, while 1 record was not 
available, and 1 record showed a 
discrepancy between the discharge 
diagnosis and the database entry with 
other data points remaining accurate. 
Kappa statistic was calculated for 
interobserver agreement and was found 
to be 0.96.

Bivariable analysis of 30-day 
readmission etiologies demonstrated that 
dietary noncompliance was implicated in 
26.42% of HF 30-day readmissions. There 
were no significant differences between 
dietary noncompliance and all other 
causes of HF readmissions for age, sex, 
30-day readmission number, or 
readmission episodes.

The median length of admission stay for 
the entire sample was 2 days. There were 
no significant differences between 
median length of stay for dietary 
noncompliance HF readmissions 
compared to other causes of HF 
readmission (P = .112). Medication 
noncompliance contributed to the highest 
gross charge by readmission, costing a 
total of $1 802 096. Gross hospital cost 
due to dietary noncompliance–attributed 
HF readmission ($22 837) was 
significantly lower than gross hospital 
cost due to all other causes of HF 
readmission ($34 294). Figure 2 
demonstrates the clinical and cost savings 
of HF readmissions with GCCM based on 
RCT-guided machine learning analysis. 
Based on this model, providing HF 
patients with culinary medicine education 
would prevent 93 hospital admissions, 12 
HF 30-day readmissions, and save $3 903 
706.40 over a 3.8-year period for a 
235-bed hospital.

Discussion

An aging population and improved 
therapies for cardiac patients have led to 
a higher prevalence of HF in the United 
States.2 Although progress has been 
made, HF mortality remains high and 
reducing 30-day readmission rates 
continues to be a national priority.33 We 
found that our academic medical center, 
located in downtown New Orleans, had 
a 12.61% 30-day readmission rate for HF, 
performing approximately 10 percentage 
points better than the national average.34 
Our 30-day readmission rate was lower 
compared with other hospitals in the 
greater New Orleans area and also lower 
than overall 30-day readmission rate for 
state of Louisiana,35 in which 23.4% of 
HF patients have been noted to return to 
the hospital within 30 days.36 
Additionally, we discovered that dietary 
noncompliance was to be implicated in 
up to one-fourth of all 30-day HF 
readmissions, and that culinary medicine 
education for HF patients may prevent 
over 12 HF readmissions and save the 
health care system nearly $4 million over 
a 4-year period. In aggregate, these 
results underline the need to develop 
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robust and standardized diet–based 
therapies for the secondary prevention of 
HF in order to reduce patient morbidity 
and to improve cost-effectiveness in HF 
treatment.

Etiologies for HF 30-day readmission 
rates at our academic medical center are 
multifactorial. Medication noncompliance, 
dietary noncompliance, and HF 
exacerbation represented over 

three-fourths of readmissions in the 
current study. Though our study did not 
differentiate between cardiac and 
non-cardiac comorbidities, we found that 
HF comorbidities were implicated in 

Table 1.

Descriptive Statistics for Sample and Bivariable Analysis Based on Heart Failure (HF) Readmission Reason From 2012 to 2015.

Variables
Sample  

(N = 1031)
Other Reason; n1 = 95 

(73.08%)
Dietary noncompliant; 

n2 = 35 (26.92%) P

Age, years, mean (SD) 64.33 (14.02) 64.32 (12.67) 64.85 (13.26) .853

Female, n (%) 371 (35.98) 29 (37.66) 10 (38.46) .942

30-day readmission, n (%) 130 (12.61) 88 (92.63) 34 (97.14) .682

Readmitted, n (%)a 518 (50.24) 88 (72.73) 33 (27.27) NA

Readmission episodes, 
median (range)

1 (0, 2) 3 (2, 5) 4 (2, 6) .130

Readmission reason, n (%)

 Dietary noncompliance 22 (16.92)  

 Medication 
noncompliance

45 (34.62)  

 Dietary and medication 
noncompliance

13 (10.00)  

 Comorbidity 22 (16.92)  

 HF exacerbation 13 (10.00)  

 Iatrogenic 13 (10.00)  

 Drug Abuse 2 (1.54)  

Length of stays, days, 
median (range)

2 (1, 4) 3 (2, 6) 2 (1, 4) 0.112

Gross charge, $, median 
(range)

29 296  
(19 603-47 462)

34 294  
(20 879-66 162)

22 837  
(18 164-38 598)

0.036

Gross charge, $, by readmission, total

 Dietary noncompliance 890 344  

 Medication 
noncompliance

1 802 096  

 Comorbidity 866 439  

 HF exacerbation 1 059 117  

 Iatrogenic 780 157  

 Drug abuse 68 503  

aRow percentage.
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almost one fifth of HF readmissions. 
Given this broad definition of 
comorbidity, it may thus be difficult to 
compare our comorbidity etiology to 
other studies which have surprisingly 
found that non-cardiac comorbidities play 
a larger role than cardiac pathology with 
regard to predicting short-term HF 
readmissions.9 Focusing solely on other 
similar analyses for 30-day readmissions 
for HF, our data are somewhat different 
from cited observations that HF and other 
cardiovascular-associated conditions are 
the leading causes of readmission37-39 
That being said, it is likely that 
medication noncompliance, our leading 
readmission etiology, may have led to HF 
and cardiovascular exacerbations among 
individuals in our study. Therefore, 
discordance between our study and these 
studies may be more due to differences 
in coding or classification rather than 
actual unique differences in disease 
pathophysiology. A consistent body of 
literature as well as current HF guidelines 

suggest that medications, in particularly 
angiotensin-converting enzyme inhibitors 
and beta-blockers, reduce HF mortality 
and therefore should be prescribed to HF 
patients.12,13,40,41 Despite this fact, poor 
adherence to medication has been a 
tremendous problem among patients 
with HF, a problem that may be due to 
the amount of medication, regimen 
stability, and the number of daily doses 
associated with HF.42,43 While medication 
noncompliance must continue to be 
addressed through interventions such as 
disease education, medication education, 
telemonitoring, and improved provider 
skills training, lifestyle factors cannot be 
overlooked in the setting of HF 
management.

Most studies on HF and noncompliance 
focus on medication, rather than diet, as 
a means to manage disease. Our analysis 
indicated that nearly one quarter of all 
HF readmissions at an academic medical 
center in the Southeastern United States 
were due to dietary factors, as defined by 

failure to restrict dietary sodium. Previous 
studies have largely failed to report the 
role of diet in HF readmissions, though 
some have documented fluid and 
electrolyte imbalances as discrete entities 
for causes of HF readmissions.39 Given 
the chronic exposure and access to 
high-sodium foods among individuals 
living in United States,11,44 especially in 
the Southeastern region of the country,45 
we believe that dietary exposures may be 
key drivers of fluid and electrolyte 
imbalances causing HF readmissions. Salt 
restriction, although controversial, is 
recommended as a lifestyle modification 
in the management of HF.41,46 Yet 
according to the American College of 
Cardiology (ACC) and American Heart 
Association (AHA) guidelines, there are 
insufficient data to recommend any 
specific level of sodium intake in 
patients.41 While the optimum sodium 
intake for HF patients is therefore not 
currently known, upper limits have been 
proposed. The ACC/AHA HF guidelines 

Figure 1.

Graphical analysis of underlying etiology of a 30-day readmission for heart failure (HF) as the primary diagnosis at an academic 
medical center in the Southeastern United States for the 2012-2015 time period.
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endorse restricting sodium intake to 2000 
to 3000 mg per day.41 Contrastingly, the 
AHA Presidential Advisory Panel cited 
limiting sodium to less than 1500 mg per 
day.47 On the whole, the lack of data and 
also incongruences in clinical guidelines 
highlight the need to further study the 
effect of dietary sodium restriction in the 
setting of HF.

While there is ample evidence for the 
utilization of nutrition in the prevention 
and management, relatively few studies 
have explored cost savings associated 
with nutrition interventions for HF 
readmissions. Cost savings with regard to 
broader interventions, have yielded 
conflicting results. Results from a 
meta-analysis including 25 studies 
demonstrated that although 
multicomponent HF quality improvement 

interventions significantly reduced the 
hospital readmission rate by over 10%, 
these interventions yielded a 
nonsignificant mean net savings of 
approximately $1000 per patient.48 On 
the other hand, transitional care services 
that incorporate dietary counseling for 
HF patients have been shown to be 
effective in reducing HF readmissions 
and costs. For example, data suggest that 
nurse care management, nurse care 
home visits, and telemonitoring, all 
approaches that incorporate nutritional 
counseling, have net savings of $3435, 
$3810, and $12 570, respectively.49 But 
these studies and approaches have yet to 
isolate diet from other components of 
their respective interventions, thereby 
making it difficult to characterize the role 
of nutrition in HF cost savings. We 

further build on these findings, 
predicting that hands-on, kitchen-based 
culinary medicine education would 
prevent nearly 100 overall HF 
readmissions saving almost $4 million or 
just under $4000 per HF readmission 
over the course of 4 years. Our predicted 
nutrition education cost savings are 
comparable to nurse-oriented transitional 
care services but lower than 
telemonitoring services.49 However, we 
believe that a kitchen-based nutrition 
education intervention may continue 
have a lasting impact after the 
intervention period. Individuals 
participating in such programs are taught 
tangible cooking skills and knowledge 
that can be used in the future, unlike 
traditional transient HF readmission 
reduction intervention programs. Future 

Figure 2.

Clinical and cost savings of HF hospitalizations associated with culinary medicine education developed through randomized 
controlled trial–backed machine learning analysis.

Abbreviations: CHOP, Cooking for Health Optimization with Patients; HF, heart failure; Med., medication; PREDIMED, Primary Prevention of Cardiovascular 
Diseases with a Mediterranean Diet; RCT, randomized controlled trial.
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prospective studies involving hands-on 
culinary medicine curricula are 
undoubtedly required to further 
characterize the relationship of culinary 
medicine education with HF 
readmissions and associated costs.

Given the fact that HF has many 
interrelated comorbidities and a patient 
population likely to be on multiple 
medications with changing regimens, it 
may be difficult to elucidate a single 
underlying cause of HF exacerbations. 
Nonetheless, it is important that we 
continue to delineate the different 
etiologies contributing to 30-day 
readmission rates for HF to improve 
health care quality and reduce costs. 
Though pharmacological treatment will 
always be a cornerstone of disease 
management, we believe that 
incorporating specific diet-based 
interventions for HF can be beneficial, 
especially for vulnerable populations in 
the Southeastern United States, including 
New Orleans, Louisiana. Creating specific 
dietary protocols to help manage HF 
patients will require both translational 
and quality improvement research. In 
order to achieve this goal, we must first 
determine the optimal dietary guidelines 
for HF patients through consistent 
observational and RCT evidence.

This study had several important 
strengths. We assessed the causes of 
30-day HF readmissions in a racially 
diverse cohort in the Southeastern United 
States, a region disproportionately 
burdened by cardiovascular disease, 
specifically HF. Likewise, to our 
knowledge, this is one of the first studies 
to characterize the role of culinary 
medicine in the prevention of HF 
readmissions and associated HF cost 
savings. However, our study is not 
without limitations. HF readmission 
analysis and coding were user-dependent 
and may have thus been susceptible to 
information bias. To help alleviate this 
limitation, we performed data verification 
on 5% of our sample to assess the 
validity of HF readmission classification 
criteria. Additionally, though our study 
sample was diverse, our study sample 
was relatively small, and analyses were 
performed at a single institution, which 

may limit the external validity of 
findings. We hope to further expand on 
the findings from our study in future 
analyses, conducting readmission and 
cost analysis among other academic 
medical institutions whom also license 
and provide HmF education to their 
patients and broader communities.

Conclusion

In conclusion, we have observed that 
dietary noncompliance is implicated in just 
over one-fourth of all HF readmissions at 
an academic medical center in the 
Southeastern United States. Likewise, we 
estimated that hands-on teaching kitchen-
based nutrition education may occupy a 
critical role in preventing HF readmissions 
and improving cost efficacy in HF care, as 
culinary medicine education was predicted 
to reduce nearly 100 hospital admissions 
and save approximately $4000 per patient 
over a 4-year period among individuals 
with HF. Future replication and 
longitudinal studies are required to further 
understand the role of diet and culinary 
medicine education in HF readmissions 
and cost-effective HF care. This 
knowledge will enable us to then 
incorporate specific dietary guidelines in 
all HF treatment protocols to reduce 
30-day readmission rates, improve quality 
of patient care, and decrease health care 
expenditures at the state and federal 
levels.
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