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Background: The association between dietary energy patterns, calories, and

the outcomes of heart failure (HF) is still unclear.

Objectives: To evaluate the proper energy intake patterns and daily calorie

intake in patients with heart failure among US adults.

Methods: The data were derived from the 2001–2014 National Health and

Nutrition Examination Survey (NHANES). A calorie intake pattern variable was

created using latent class analysis (LCA) based on the calorie ratio of three

major nutrients. Cox proportional hazard regression models were used to

evaluate the hazard ratios (HR) and 95% confidence intervals (CI) of the

association between calorie intake and energy patterns. The primary endpoint

was all-cause mortality.

Results: Among 991 participants (mean age 67.3 ± 12.9 years; 55.7% men)

who suffered from heart failure; the median calorie intake was 1,617 kcal/day

[interquartile range (IQR): 1,222–2,154 kcal/day]. In the multivariable-adjusted

model, moderate malnutrition was more frequent to death (HR: 2.15; 95%

CI: 1.29–3.56). Low-carbohydrate pattern (LCP) and median-carbohydrate

pattern (MCP) had lower risks of death compared to high-carbohydrate

pattern (HCP) (LCP: HR: 0.76; 95% CI: 0.59–0.97; MCP: HR: 0.77; 95% CI:

0.60–0.98). No association between different amounts of calorie intake and

all-cause mortality was found. There was an adjusted significant interaction

between calorie intake and energy intake patterns (p = 0.019). There was a

linear relationship between energy intake through HCP and all-cause mortality

(p for non-linear = 0.557). A non-linear relationship between energy intake

through MCP and all-cause mortality (p for non-linear = 0.008) was observed.

Conclusion: Both LCP and MCP, compared to HCP, were associated

with better outcomes in the HF population. The relationship between

energy intake and all-cause death may be influenced by energy intake

patterns in HF patients.

KEYWORDS

heart failure, nutrient, dietary patterns, all-cause mortality, National Health and
Nutrition Examination Survey
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Highlights

– Malnutrition is associated with poor outcomes in patients
with heart failure (HF).

– No previous data exists about the dietary energy patterns and
calorie intake in all-cause mortality of HF.

– Contrary to common belief, increasing the proportion of
fat calories in the diet was associated with better outcomes
in heart failure.

– This relationship between dietary energy patterns and the
outcome was investigated further in the HF subgroup with
different comorbidities.

– Daily calorie consumption affects heart failure outcomes
based on dietary energy patterns of macro-nutrients.

Introduction

Heart failure (HF) is currently a global public health
problem, with high morbidity and mortality (1). In the
United States, investigators estimated the prevalence of HF to
be approximately 2.5% based on data reported in questionnaires,
affecting nearly 6.5 million American adults and the prevalence
of the disease continues rise (2). Despite promising advances
in pharmacological treatment of HF (3), the outcome for HF
patients remains unsatisfactory and its treatment is a long-
term and expensive process. People with HF tend to have
a poorer quality of life, and the disease itself can make
patients frailer and more present with severe malnutrition,
shortening survival times.

Nutrition is one of the modifiable factors of lifestyle
and plays an important role in ensuring normal cardiac
ejection fraction and maintaining favorable cardiac function
(4). However, malnutrition in HF patients has been a common
phenomenon partially because fluid and sodium restriction,
which is an essential part of HF treatment, often leads
to artificial reductions in active feeding and thus causes
malnutrition, which is detrimental to patients with HF (5).
There is currently limited evidence on the associated effects
of nutritional interventions in patients with HF as evidence-
based nutritional recommendations are lacking in major HF
guidelines (3). In recent years, diet-related topics including
calorie restriction (CR), dietary patterns, protein or amino
acids supplementation and dietary fat intake have attracted
extensive attention, such as the preventing and improving
HF patient outcomes (6) and extending life expectancy (7)
by calorie restriction. Mediterranean Diet (MedDiet) and the

Abbreviations: BMI, body mass index; CR, calorie restriction; DII, dietary
inflammation index; HCP, high-carbohydrate pattern; HF, heart failure;
LCP, low-carbohydrate pattern; MCP, median-carbohydrate pattern; NRI,
Nutritional Risk Index.

Dietary Approaches to Prevention of Hypertension (DASH)
are the most widely studied dietary patterns in HF patients
(8), but their focus is only on the intake of certain foods and
nutrients (9), while lack of comprehensive consideration of
calorie and associated energy intake patterns. Previous studies
have shown that insufficient calorie intake was associated
with poorer quality of life and greater burden of readmission
in patients with HF (10) and adequate nutritional intake
can delay the progression of HF (11). Therefore, nutritional
assessment and related dietary interventions for HF patients
are very necessary.

Considering that generally accepted nutritional strategies
to improve quality of life and outcome in HF patients
remain unmet, we designed this study to investigate the
relationship between daily energy intake, different ratios of
nutrient consumption, and all-cause mortality in HF patients,
and explored the optimal calorie patterns for them.

Materials and methods

Study design

The data we examined were from the National Health and
Nutrition Examination Survey (NHANES) 2001–2014 which is
ongoing surveys of health status performed in 2-year cycles by
the National Center for Health Statistics, Centers for Disease
Control and Prevention. Its data were designed to determine the
risk factors of diseases and to provide critical information on the
health and nutritional status of the US population. The detailed
survey operations manuals, consent documents, and brochures
of NHANES can be viewed on the NHANES website. All data
of this study are also publicly available at http://www.cdc.gov/
nchs/nhanes.htm.

Population

Our analyses were limited to NHANES 2001–2014
participants considering the consistency of variables. The
flowchart of patient inclusion is shown in Figure 1. Participants
aged 18 years and older who self-reported congestive HF
and participated in a 24-h dietary recall assessment were
included (n = 1,124). Further exclusions were made for those
who had missing data on height and weight (n = 66), had
missing serum albumin data needed to define nutritional
risk index (NRI) (n = 66), and were pregnant (n = 1). After
exclusions, 991 were used for this analysis. Data collection
was reviewed and approved by the National Center for Health
Statistics Research Ethics Review Board and signed informed
consent forms were obtained from participants enrolled in
the study.
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FIGURE 1

Flow diagram.

Dietary assessment

Daily dietary assessment was an NHANES-derived variable
from Total Nutrient Intakes File, whose data were obtained
through a 24-h Dietary Recall interview. The respondents
needed to report all foods and beverages consumed during
the previous 24 h. In the interview. A set of 3-dimensional
measuring guides were used to help the respondent estimate
the portion size. Information collected from the interview will
be coded and linked to a database of nutrient composition
of foods. The energy intake ratio of the three nutrients (fat,
protein, and carbohydrate) was calculated by their intake.
Diets were assessed in terms of total energy intake and
calorie patterns. An overall calorie pattern variable was created
using latent class analysis (LCA) based on proportion of
energy of three major nutrients in total energy intake (each
factor had three levels: lowest tertile, middle tertile, and
highest tertile).

Covariates

Demographic data were obtained through relevant
questionnaires including gender, age, race, education, marital
status, income, occupation, and type of health insurance.
Participants were divided into three groups based on their
poverty-to-income ratios: low (≤ 1), midrange (1–4), and
high (≥ 4) (12). Less than a high school diploma, a high

school graduate or its equivalent, and a college degree or more
were the three categories for education. According to the
commonly used socioeconomic index in the US, occupations
were grouped into upper-skilled jobs (socioeconomic index
50), lower-skilled jobs (socioeconomic index 50, including
retirees16 and students), and unemployed jobs (13). Health
insurance was separated into three categories: private health
insurance, public health insurance only, and no health
insurance (14). We divided smoking status into former,
current, and never. We also considered the exercise factor,
but since the variables measuring exercise also varied in a
different cycle, we calculated the metabolic equivalent at
each cycle and divided the population into three groups
based on the metabolic equivalent (15). The body mass index
(BMI) is obtained through Body Measures File. We used
the NRI to assess nutritional status. The NRI was calculated
as NRI = (1.519 × serum albumin, g/dL) + [41.7 × weight
(kg)/ideal body weight (IBW; kg)] (16). The IBW was calculated
with the Lorentz equations (For men: H=100–[(H–150)/4], For
women: H=100–[(H–150)/2.5]. NRI scores of > 100, 97.5–100,
83.5–97.5, and < 83.5 indicate no, mild, moderate, and severe
risk of nutrition-related complications, respectively. We also
included several comorbidities that may affect the outcome
of HF, including hypertension, diabetes, stroke, myocardial
infarction (MI), and chronic kidney disease (CKD). Diabetes
was defined as fasting glucose of at least 7.0 mmol/L, non-
fasting glucose of at least 11.1 mmol/L, glycated hemoglobin
of at least 6.5%, use of glucose-lowering drugs, or self-reported
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diabetes. The history of the other above-mentioned diseases
was obtained in the form of a self-report. For example, we
defined CKD based on the answer to this question, “Have
you ever been told by a doctor or other health professional
that you had weak or failing kidneys? Do not include kidney
stones, bladder infections, or incontinence?” To the question
“Have you had shortness of breath either when hurrying on
the level or walking up a slight hill?” Those who answered
“yes” were defined as New York Classification of Cardiac
Function (NYHA) III-IV of cardiac function. Meanwhile, the
dietary inflammation index (DII) was calculated by dietary
questionnaire (17).

Ascertainment of mortality outcomes

The primary outcome was all-causes mortality, which
was identified through linkage to the National Death Index
(NDI) through December 31, 2015. The NDI is a centralized
NCHS database of all deaths in the United States. Eligible
participants were matched to this database to determine
mortality status.

Statistical analyses

Baseline characteristics for both groups were compared
using the Wilcoxon rank sum test and Student’s t-test for
continuous variables and the chi-square test for categorical
variables. Multiple interpolations were used to deal with
missing data on covariables. We used Cox proportional hazard
regression models to estimate the hazard ratios (HR) and
95% confidence intervals (CI) associated with all-cause death
and calorie intake pattern. We adjusted for sex, age, race,
education, income, occupation, type of health insurance, marital
status, smoking status, exercise, sodium intake, BMI, NRI, DII,
comorbidities (hypertension, diabetes, MI, stroke, CKD), and
NYHA Classification. We additionally fitted the restricted cubic
spline with four knots at the 5th, 35th, 65th, and 95th to
examine a linear relation between calorie intake and all-cause
mortality in different patterns to explore the relevance. We
performed a subgroup analysis based on comorbidities and
calorie intake patterns. For database management and statistical
analysis, we used R software, Version 4.1.1, and considered
both two-sided P-values and P-interaction values < 0.05
to be significant.

Results

Population characteristics

The baseline characteristics of the study are presented in
Table 1. Among 991 participants from NHANES 2001–2014

(mean age 67.3 years, SE ± 12.9; 55.7% men), 590 (59.5%)
were Non-Hispanic White. The median calorie intake was
1,617 kcal/day (IQR: 1,222–2,154 kcal/day). The number
of HF patients with the underlying disease is shown
in Figure 2. 88 patients with HF had no comorbidities
0.427 deaths were recorded during a mean follow-up of
67.5 months. There was no difference in HF death rates
between men and women (p = 0.264). Living HF patients
had higher BMI (p < 0.001), lower risk of malnutrition
(p < 0.001), and more energy intake (p = 0.019) than
those with primary outcomes. In terms of diet, the
survivors ate more carbohydrates (p = 0.042) and sodium
(p = 0.014).

Calorie intake pattern

We divided calorie intake patterns into three categories by
LCA. The results of LCA were consistent with the proportion
of carbohydrate energy classification by tertile. Patterns 1, 2,
and 3 correspond to the lowest tertile (≤ 46.0%), medium
tertile (46.0–54.4), and highest tertile (> 54.4%) groups of
carbohydrate intake, respectively. The proportion of fat energy
in pattern 1 exceeding 37.2 was 75.5%. In pattern 3, the majority
(78.5%) of the population received less than 30.5% of their
total energy from fat. Therefore, we defined patterns 1, 2, and
3 as, respectively, low-carbohydrate pattern (LCP), median-
carbohydrate pattern (MCP), and high-carbohydrate pattern
(HCP). LCP and MCP had lower risks of death compared
to HCP (LCP: HR: 0.76; 95% CI: 0.59–0.97; MCP: HR: 0.77;
95% CI: 0.60–0.98) in Model 1. After we did a sensitivity
analysis that excluded people with cancer, LCP was associated
with a lower risk of death (HR: 0.72; 95% CI: 0.54–0.97).
We examined interactions and performed subgroup analyses
in subgroups with other diseases, and the results are shown
in Figure 3 and Supplementary Table 1. Among people
with a history of MI, diabetes, or hypertension, MCP showed
better outcomes, the same as people without stroke. However,
LCP was associated with a lower risk in people without
comorbidities. There was no interaction between calorie intake
patterns and diseases.

Calorie intake

We found that poorer nutritional status, assessed by NRI,
was associated with all-cause mortality in HF in Model 1
(Mild malnutrition: HR: 2.01; 95% CI: 1.03–3.90; Moderate
malnutrition: HR: 2.15; 95% CI: 1.29–3.56) as seem in
Table 2, After multivariable adjustment. We did not observe
any association between different amounts of calorie intake
and all-cause mortality. There was an adjusted significant
interaction between calorie intake and energy intake patterns
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TABLE 1 Baseline characteristics of the patients.

Patient characteristics All Missing No event Event P-value
N = 991 N = 564 N = 427

Age, years 67.3 ± 12.9 0/991 62.9 ± 12.8 73.1 ± 10.5 <0.001

Gender, % 0/991 0.264

Men 552 (55.7) 305 (54.1) 247 (57.8)

Women 439 (44.3) 259 (45.9) 180 (42.2)

Race, % 0/991 <0.001

Mexican American 91 (9.18) 55 (9.8) 36 (8.4)

Other Hispanic 51 (5.15) 39 (6.9) 12 (2.8)

Non-Hispanic White 590 (59.5) 297 (52.7) 293 (68.6)

Non-Hispanic Black 222 (22.4) 153 (27.1) 69 (16.2)

Other race—including multi-racial 37 (3.73) 20 (3.5) 17 (4.0)

Marital status, % 0/991 <0.001

Married 477 (48.1) 294 (52.1) 183 (42.9)

Widowed/divorced/separated 414 (41.8) 198 (35.1) 216 (50.6)

Not married 100 (10.1) 72 (12.8) 28 (6.6)

Income, % 67/991 0.008

≤1.0 229 (24.8) 143 (27.1) 86 (21.7)

1.0–4.0 574 (62.1) 305 (57.9) 269 (67.8)

≥4.0 121 (13.1) 79 (15.0) 42 (10.6)

Medical insurance, % 2/991 <0.001

No insurance 76 (7.68) 60 (10.7) 16 (3.7)

Public insurance 800 (80.9) 424 (75.4) 376 (88.1)

Private insurance 113 (11.4) 78 (13.9) 35 (8.2)

Occupation, % 45/991 <0.001

Unemployment 327 (34.6) 210 (38.9) 117 (28.8)

Lower-skilled 598 (63.2) 312 (57.8) 286 (70.4)

Upper-skilled 21 (2.22) 18 (3.3) 3 (0.7)

Education, % 1/991 0.022

No high school graduate 394 (39.8) 211 (37.4) 183 (43.0)

High school graduate 239 (24.1) 129 (22.9) 110 (25.8)

College or above 357 (36.1) 224 (39.7) 133 (31.2)

Exercise, % 0/991 <0.001

Inactive 557 (56.2) 264 (46.8) 293 (68.6)

Median 258 (26.0) 173 (30.7) 85 (19.9)

Active 176 (17.8) 127 (22.5) 49 (11.5)

Smoke, % 0/991 0.006

Never 382 (38.5) 220 (39.0) 162 (37.9)

Former 411 (41.5) 214 (37.9) 197 (46.1)

Current 198 (20.0) 130 (23.0) 68 (15.9)

BMI, kg/m2 31.3 ± 7.8 0/991 32.3 ± 8.3 29.9 ± 7.0 <0.001

Current height, cm 167.0 ± 10.3 0/991 167.0 ± 10.5 166.1 ± 10.0 0.206

Current weight, kg 87.1 ± 24.0 0/991 90.3 ± 25.2 82.9 ± 21.5 <0.001

Myocardial infarction, % 5/991 0.228

No 553 (56.1) 325 (57.8) 228 (53.8)

Yes 433 (43.9) 237 (42.2) 196 (46.2)

Stroke, % 3/991 0.042

No 793 (80.3) 465 (82.6) 328 (77.2)

Yes 195 (19.7) 98 (17.4) 97 (22.8)

Hypertension, % 1/991 0.324

(Continued)
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TABLE 1 (Continued)

Patient characteristics All Missing No event Event P-value
N = 991 N = 564 N = 427

No 221 (22.3) 119 (21.1) 102 (23.9)

Yes 769 (77.7) 445 (78.9) 324 (76.1)

Diabetes mellitus, % 33/991 0.04

No 581 (60.6) 347 (63.6) 234 (56.8)

Yes 377 (39.4) 199 (36.4) 178 (43.2)

CKD, % 2/991 0.172

No 834 (84.3) 483 (85.8) 351 (82.4)

Yes 155 (15.7) 80 (14.2) 75 (17.6)

Albumin, g/L 40.6 (3.48) 0/991 40.94 (3.33) 40.07 (3.61) <0.001

NYHA, % 38/991 0.058

1–2 262 (27.5) 160 (30.0) 102 (24.3)

3–4 691 (72.5) 373 (70.0) 318 (75.7)

Malnutrition, % 0/991 <0.001

No 945 (95.4) 551 (97.7) 394 (92.3)

Mild, 18 (1.82) 7 (1.2) 11 (2.6)

Moderate 28 (2.83) 6 (1.1) 22 (5.2)

Total energy intake, kcal/day 1617.0 [1222.0, 2154.0] 0/991 1665.00 [1253.0, 2270.5] 1572.00 [1208.0, 2024.5] 0.019

Protein intake, g 62.9 [45.9, 86.2] 0/991 64.9 [46.3, 88.4] 61.1 [44.9, 82.6] 0.069

Carbohydrate intake, g 203.3 [143.0, 264.3] 0/991 209.5 [144.7, 280.3] 194.9 [141.7, 250.9] 0.042

Fat intake, g 60.2 [40.2, 86.7] 0/991 62.1 [40.7, 90.0] 57.9 [39.7, 80.6] 0.056

Sodium, mg 2565.0 [1874.5, 3637.0] 0/991 2689.5 [1926.5, 3781.0] 2508.0 [1809.0, 3400.5] 0.014

Dietary inflammation index 0.2 [-0.7, 1.6] 0/991 0.4 [-0.9, 1.7] 0.0 [-0.5, 1.3] 0.438

Values are mean ± SD, median (interquartile range) or n (%). CKD, chronic kidney diseases; NYHA, New York Heart Association; DII, dietary inflammation index.

(p = 0.019). We performed a subgroup analysis based on
calorie intake patterns shown in Table 3, a higher risk of
death was shown in the third and fourth quartile compared
with the second quartile (> 1222.0 to ≤1627.0 kcal/d) in
HF patients with HCP. As shown in Figure 4, We found a
linear relationship between energy intake through HCP and
all-cause mortality (p for non-linear = 0.557), We also found a
non-linear relationship between energy intake through MCP
and all-cause mortality (p for non-linear = 0.008), with the
lowest risk occurring at 2564.9 kcal. In MCP, the fourth
quartiles (HR: 0.29; 95% CI: 0.14–0.61) were linked to lower
risk of all-cause death. We observed no significant correlation
between calorie intake and death in LCP (p for overall
association = 0.446).

Discussion

Malnutrition was associated with higher all-cause mortality
in HF patients. Our study found that different energy intake
patterns were associated with the outcome of HF patients.
LCP (≤ 46.0% of energy from carbohydrate) or MCP (46.0–
54.4% of energy from carbohydrate) have a better outcome
and HCP (> 54.4% of energy from carbohydrate) has a
more unfavorable outcome among the patients with HF.

We also found that the relationship between energy intake
and all-cause death may be influenced by energy intake
patterns in HF patients.

A recent analysis of calorie intake patterns and adverse
outcomes in the general population showed a U-shaped
curve, with the lowest risk of all-cause mortality in the
population consuming calorie patterns that intake 50–
55% of carbohydrates, while the low (< 40%) and high
(> 70%) carbohydrate calorie patterns were all associated
with an increased risk of death (18). However, several
studies have shown that low-carbohydrate-diet scores not
associated with increased risks of coronary heart disease
or total mortality, which depended on the quality and
food sources of macronutrients (19, 20). However, there
is little evidence that similar result can be generalized to
patients with HF, because such patients often have intestinal
function changes (21) and metabolic impairment (22), which
may disorganize the absorption and utilization of energy.
In our study, LCP with high fat and protein proportion
was more likely to offer a better outcome for HF patients
when using HCP as a reference. These findings suggested
that patients with HF might benefit from increased fat
intake. Previous studies have also shown that low-fat diets
didn’t reduce morbidity or mortality from cardiometabolic
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FIGURE 2

Numbers of heart-failure patients with different comorbidities.
MI, myocardial infarction; CKD, chronic kidney diseases; DM,
diabetes mellitus.

diseases and might not be used for the prevention of these
diseases (23, 24). And chronic heart failure patients with
low cholesterol were instead associated with increased
mortality (25, 26). What’s worse, low-fat diets are often

accompanied by a high intake of carbohydrates to make up
for the loss of energy. While the pro-inflammatory effects
of carbohydrates may lead to a systemic inflammatory
response (27).

HF is precisely a metabolic disease and a systemic
inflammatory response (28). This may be related to the
propensity of the heart to consume substrates for energy
under pathological conditions, influenced by the etiology
of HF and other comorbidities (29). As more efficient
substrates in cardiometabolic processes, ketone bodies are
elevated in HF patients and serve as an alternative fuel
for increased “productivity” (30–33). We advocate low-
carb diets because low carbohydrate intake favors ketone
body production and utilization to compensate for the
reduction in cardiac glucose and fatty acid oxidation (34),
rather than increased cardiomyocyte oxidation of fatty acids
(35). Moreover, recent researches suggested that SGLT-2
inhibitors might help maintain higher ketone body levels
in the body (31, 36–38), which might be related to its
cardioprotective effects. In addition, ischemic heart disease
and hypertension are major contributors to HF, in which
ketone body utilization-related enzymes increased as well
(33, 34, 39). Our study found that the MCP was indeed
beneficial in patients with hypertension and coronary heart
disease, while the advantages of the LCP seemed to be
attenuated, which might be due to the adverse effects of
high fat intake on comorbidities. Further studies are still

FIGURE 3

Hazard ratio of all-cause death of HF population with different comorbidities. MI, myocardial infarction; CKD, chronic kidney diseases.
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TABLE 2 Hazard ratio of outcomes by adjusted analysis.

Model 1

HR (95%CI) P-value

Age, years 1.07 (1.06–1.09) <0.001

Women 0.54 (0.42–0.70) <0.001

Race

Mexican American Ref

Other Hispanic 0.72 (0.37–1.42) 0.347

Non-Hispanic White 1.01 (0.69–1.49) 0.957

Non-Hispanic Black 0.85 (0.55–1.30) 0.454

Other race—including multi-racial 1.22 (0.66–2.23) 0.529

Marital status

Married Ref

Widowed/divorced/separated 1.37 (1.10–1.72) 0.006

Not married 1.91 (1.23–2.96) 0.004

Income

≤1.0 Ref

1.0–4.0 1.06 (0.82–1.37) 0.671

≥4.0 0.68 (0.45–1.04) 0.073

Medical insurance

No insurance Ref

Public insurance 1.48 (0.87–2.5) 0.149

Private insurance 1.80 (0.97–3.35) 0.063

Occupation

Unemployment Ref

Lower-skilled 0.80 (0.63–1.02) 0.075

Upper-skilled 0.84 (0.36–1.99) 0.698

Education

No high school graduate Ref

High school graduate 1.43 (1.11–1.83) 0.005

College or above 1.07 (0.84–1.36) 0.602

Smoke

Never Ref

Former 0.95 (0.75–1.20) 0.671

Current 1.00 (0.72–1.39) 0.987

Exercise

Low Ref

Median 0.61 (0.48–0.79) <0.001

High 0.58 (0.42–0.80) 0.001

Myocardial infarction 0.91 (0.75–1.12) 0.384

Diabetes mellitus 1.45 (1.17–1.81) 0.001

Stroke 1.08 (0.85–1.38) 0.528

Hypertension 0.86 (0.67–1.09) 0.202

Kidney failure 1.29 (0.98–1.68) 0.066

NYHAIII-IV 1.45 (1.15–1.85) 0.002

BMI

<25 Ref

25–30 0.72 (0.54–0.98) 0.033

30–40 0.85 (0.63–1.16) 0.305

≥40 0.89 (0.58–1.37) 0.591

Malnutrition

(Continued)

TABLE 2 (Continued)

Model 1

No Ref

Mild 2.01 (1.03–3.90) 0.040

Moderate 2.15 (1.29–3.56) 0.003

DII 1.02 (0.96–1.09) 0.448

Dietary pattern

High-carbohydrate pattern Ref

Low-carbohydrate pattern 0.76 (0.59–0.97) 0.028

Median-carbohydrate pattern 0.77 (0.60–0.98) 0.035

Total energy intake

Q1 0.94 (0.72–1.24) 0.683

Q2 Ref

Q3 1.07 (0.81–1.42) 0.640

Q4 0.98 (0.68–1.40) 0.910

Values are n or HR (95% CI). CI, confidence interval; HR, hazard ratio; other
abbreviations as in Table 1.

TABLE 3 Hazard ratio of all-cause death based on dietary patterns.

Dietary pattern Total energy
intake

HR (95%CI) P-value

Low-carbohydrate Q1 1.44 (0.85–2.44) 0.172

Q2 Ref 0.172

Q3 0.65 (0.38–1.11) 0.111

Q4 0.29 (0.14–0.61) 0.001

Median-carbohydrate Q1 0.60 (0.35–1.02) 0.057

Q2 Ref

Q3 0.77 (0.44–1.35) 0.363

Q4 0.93 (0.48–1.78) 0.819

High-carbohydrate Q1 1.37 (0.82–2.29) 0.224

Q2 Ref

Q3 2.22 (1.32–3.74) 0.003

Q4 2.14 (1.09–4.20) 0.026

Subgroup analysis of adjusting for sex, age, race, socioeconomic status, marital status,
smoking status, exercise, body mass index, nutritional risk index, dietary inflammation
index, comorbidities (hypertension, diabetes, myocardial infarction, stroke, chronic
kidney diseases) and New York Classification of Cardiac Function.

needed to understand the underlying molecular mechanisms
of these effects.

In addition, we explored the relationship between total
energy intake and outcome in patients with HF based on
different energy intake distributions. We found that this
relationship seemed to be affected by the form of energy
supplements, which required us to consider the allocation
of energy sources when providing energy supplements to
the population with heart failure. Calorie restriction (CR)
is a widely studied dietary intervention in the field of
HF treatment with many positive effects (40), including
reduction of left ventricular hypertrophy (41), reduction of
myocardial ischemic injury to improvement variable reserve
(42), and improving cardiac function (6). Our research
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FIGURE 4

Calorie intake and risk for all-cause mortality of heart failure in different dietary patterns.

shed light on the exact energy intake pattern of nutrient
proportion that might benefit from CR. Additionally, more
calorie intake seemed to have better outcomes in MCP,
compensating for the advantage of CR. And more notably,
more than one-fifth of our study population suffered from the
complications of malnutrition. Insufficient calorie intake may
cause poorer quality of life and increased risks of readmission
in this group of people. We provide potential evidence for the
calorie intake of HF people who are malnourished or who need
to consume more energy.

Study limitations

Dietary alterations may exist after assessment.
Different dietary treatments may be required for the

diverse etiology of HF, which is not exactly clear in
our study. Also, our failure to classify HF in line
with ejection fraction may need to be remedied in
future studies.

Conclusion

In this study, low carbohydrate patterns and
median carbohydrate patterns were associated with
lower total mortality. We observed a U-shaped
relationship between energy intake and mortality,
under the median carbohydrate pattern. While in the
high carbohydrate patterns, the more the intake of
energy was, the worse the outcome was. These findings
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suggested that the associations of energy intake with mortality
may depend on the energy intake patterns in HF patients.

Perspectives

Competency in medical knowledge

The outcome of HF is influenced by nutritional status and
energy intake patterns, and low-carb proportion diets may assist
improve the outcome of HF. Whether increase daily calorie
intake or reduce it depends on different percentages of nutrients
consumption. Nutritional assessment and dietary therapy have
potential prognostic value in HF patients.

Translational outlook

Possible approaches were provided for selecting
suitable patients for dietary intervention, which have
significant implications for ameliorating adverse outcomes
of HF. Additional researches are needed to expose the
pathophysiological mechanisms underlying the relationship
between various energy patterns, calorie consumption,
and outcome of HF.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were
reviewed and approved by the National Center for Health
Statistics, Centers for Disease Control and Prevention. The
patients/participants provided their written informed consent to

participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

DL conceived and designed the study. WJ conceived the
study. ZW and CY analyzed the data. ZF, XC, and Z-MW wrote
the manuscript. All authors provided critical revisions of the
manuscript and approved the final manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.1019797/full#supplementary-material

SUPPLEMENTARY TABLE 1

Hazard ratio of all-cause death of HF population with different
comorbidities. MI, myocardial infarction; CKD, chronic kidney diseases.

References

1. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2018)
392:1789–858.

2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson
AP, et al. Heart disease and stroke statistics-2020 update: a report from the
American Heart Association. Circulation. (2020) 141:e139–596. doi: 10.1161/CIR.
0000000000000757

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. (2021) 42:3599–726.

4. Devries S, Agatston A, Aggarwal M, Aspry KE, Esselstyn CB, Kris-Etherton
P, et al. A deficiency of nutrition education and practice in cardiology. Am J Med.
(2017) 130:1298–305. doi: 10.1016/j.amjmed.2017.04.043

5. Jefferson K, Ahmed M, Choleva M, Mak S, Allard JP, Newton GE, et al.
Effect of a sodium-restricted diet on intake of other nutrients in heart failure:
implications for research and clinical practice. J Card Fail. (2015) 21:959–62. doi:
10.1016/j.cardfail.2015.10.002

6. Kitzman DW, Brubaker P, Morgan T, Haykowsky M, Hundley G, Kraus WE,
et al. Effect of caloric restriction or aerobic exercise training on peak oxygen
consumption and quality of life in obese older patients with heart failure with
preserved ejection fraction: a randomized clinical trial. JAMA. (2016) 315:36–46.
doi: 10.1001/jama.2015.17346

Frontiers in Cardiovascular Medicine 10 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1019797
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1019797/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1019797/full#supplementary-material
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1016/j.amjmed.2017.04.043
https://doi.org/10.1016/j.cardfail.2015.10.002
https://doi.org/10.1016/j.cardfail.2015.10.002
https://doi.org/10.1001/jama.2015.17346
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1019797 November 4, 2022 Time: 12:40 # 11

Fang et al. 10.3389/fcvm.2022.1019797

7. Heilbronn LK, de Jonge L, Frisard MI, DeLany JP, Larson-Meyer DE,
Rood J, et al. Effect of 6-month calorie restriction on biomarkers of
longevity, metabolic adaptation, and oxidative stress in overweight individuals: a
randomized controlled trial. JAMA. (2006) 295:1539–48. doi: 10.1001/jama.295.13.
1539

8. Sanches Machado d’Almeida K, Ronchi Spillere, Zuchinali P, Corrêa Souza
G. Mediterranean diet and other dietary patterns in primary prevention of heart
failure and changes in cardiac function markers: a systematic review. Nutrients.
(2018) 10:58. doi: 10.3390/nu10010058

9. Simpson SJ, Le Couteur DG, Raubenheimer D. Putting the balance back in
diet. Cell. (2015) 161:18–23. doi: 10.1016/j.cell.2015.02.033

10. Bilgen F, Chen P, Poggi A, Wells J, Trumble E, Helmke S, et al. Insufficient
calorie intake worsens post-discharge quality of life and increases readmission
burden in heart failure. JACC Heart Fail. (2020) 8:756–64. doi: 10.1016/j.jchf.2020.
04.004

11. Gorodeski EZ, Goyal P, Hummel SL, Krishnaswami A, Goodlin SJ, Hart LL,
et al. Domain management approach to heart failure in the geriatric patient: present
and future. J Am Coll Cardiol. (2018) 71:1921–36. doi: 10.1016/j.jacc.2018.02.059

12. Odutayo A, Gill P, Shepherd S, Akingbade A, Hopewell S, Tennankore K,
et al. Income disparities in absolute cardiovascular risk and cardiovascular risk
factors in the United States, 1999-2014. JAMA Cardiol. (2017) 2:782–90. doi: 10.
1001/jamacardio.2017.1658

13. Zhang YB, Chen C, Pan XF, Guo J, Li Y, Franco OH, et al. Associations
of healthy lifestyle and socioeconomic status with mortality and incident
cardiovascular disease: two prospective cohort studies. BMJ. (2021) 373:n604. doi:
10.1136/bmj.n604

14. Le P, Chaitoff A, Misra-Hebert AD, Ye W, Herman WH, Rothberg MB.
Use of antihyperglycemic medications in U.S. adults: an analysis of the National
Health and Nutrition Examination Survey. Diabetes Care. (2020) 43:1227–33. doi:
10.2337/dc19-2424

15. Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise
testing, exercise prescription, and evaluation of functional capacity. Clin Cardiol.
(1990) 13:555–65. doi: 10.1002/clc.4960130809

16. Adejumo OL, Koelling TM, Hummel SL. Nutritional risk index predicts
mortality in hospitalized advanced heart failure patients. J Heart Lung Transplant.
(2015) 34:1385–9. doi: 10.1016/j.healun.2015.05.027

17. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and
developing a literature-derived, population-based dietary inflammatory index.
Public Health Nutr. (2014) 17:1689–96. doi: 10.1017/S1368980013002115

18. Seidelmann SB, Claggett B, Cheng S, Henglin M, Shah A, Steffen LM, et al.
Dietary carbohydrate intake and mortality: a prospective cohort study and meta-
analysis. Lancet Public Health. (2018) 3:e419–28. doi: 10.1016/S2468-2667(18)
30135-X

19. Halton TL, Willett WC, Liu S, Manson JE, Albert CM, Rexrode K, et al. Low-
carbohydrate-diet score and the risk of coronary heart disease in women. N Engl J
Med. (2006) 355:1991–2002. doi: 10.1056/NEJMoa055317

20. Shan Z, Guo Y, Hu FB, Liu L, Qi Q. Association of low-carbohydrate and low-
fat diets with mortality among US adults. JAMA Internal Med. (2020) 180:513–23.
doi: 10.1001/jamainternmed.2019.6980

21. Tang WHW, Li DY, Hazen SL. Dietary metabolism, the gut microbiome, and
heart failure. Nat Rev Cardiol. (2019) 16:137–54. doi: 10.1038/s41569-018-0108-7

22. Doehner W, Frenneaux M, Anker SD. Metabolic impairment in heart failure:
the myocardial and systemic perspective. J Am Coll Cardiol. (2014) 64:1388–400.
doi: 10.1016/j.jacc.2014.04.083

23. Billingsley HE, Carbone S, Lavie CJ. Dietary fats and chronic
noncommunicable diseases. Nutrients. (2018) 10:1385. doi: 10.3390/nu10101385

24. Howard BV, Van Horn L, Hsia J, Manson JE, Stefanick ML, Wassertheil-
Smoller S, et al. Low-fat dietary pattern and risk of cardiovascular disease: the
women’s health initiative randomized controlled dietary modification trial. JAMA.
(2006) 295:655–66.

25. Rauchhaus M, Clark AL, Doehner W, Davos C, Bolger A, Sharma R, et al. The
relationship between cholesterol and survival in patients with chronic heart failure.
J Am Coll Cardiol. (2003) 42:1933–40. doi: 10.1016/j.jacc.2003.07.016

26. Horwich TB, Hamilton MA, Maclellan WR, Fonarow GC. Low serum total
cholesterol is associated with marked increase in mortality in advanced heart
failure. J Card Fail. (2002) 8:216–24. doi: 10.1054/jcaf.2002.0804216

27. Giugliano D, Ceriello A, Esposito K. The effects of diet on inflammation:
emphasis on the metabolic syndrome. J Am Coll Cardiol. (2006) 48:677–85. doi:
10.1016/j.jacc.2006.03.052

28. von Haehling S, Doehner W, Anker SD. Nutrition, metabolism, and the
complex pathophysiology of cachexia in chronic heart failure. Cardiovasc Res.
(2007) 73:298–309. doi: 10.1016/j.cardiores.2006.08.018

29. Glatz JFC, Nabben M, Young ME, Schulze PC, Taegtmeyer H, Luiken J. Re-
balancing cellular energy substrate metabolism to mend the failing heart. Biochim
Biophys Acta Mol Basis Dis. (2020) 1866:165579. doi: 10.1016/j.bbadis.2019.1
65579

30. Murashige D, Jang C, Neinast M, Edwards JJ, Cowan A, Hyman MC, et al.
Comprehensive quantification of fuel use by the failing and nonfailing human
heart. Science. (2020) 370:364–8. doi: 10.1126/science.abc8861

31. Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-REG
OUTCOME trial: a “thrifty substrate” hypothesis. Diabetes Care. (2016) 39:1108–
14. doi: 10.2337/dc16-0330

32. Bedi KC Jr, Snyder NW, Brandimarto J, Aziz M, Mesaros C, Worth AJ,
et al. Evidence for intramyocardial disruption of lipid metabolism and increased
myocardial ketone utilization in advanced human heart failure. Circulation. (2016)
133:706–16. doi: 10.1161/CIRCULATIONAHA.115.017545

33. Aubert G, Martin OJ, Horton JL, Lai L, Vega RB, Leone TC, et al. The
failing heart relies on ketone bodies as a fuel. Circulation. (2016) 133:698–705.
doi: 10.1161/CIRCULATIONAHA.115.017355

34. Horton JL, Davidson MT, Kurishima C, Vega RB, Powers JC, Matsuura TR,
et al. The failing heart utilizes 3-hydroxybutyrate as a metabolic stress defense. JCI
Insight. (2019) 4:e124079. doi: 10.1172/jci.insight.124079

35. Lopaschuk GD, Ussher JR, Folmes CD, Jaswal JS, Stanley WC. Myocardial
fatty acid metabolism in health and disease. Physiol Rev. (2010) 90:207–58. doi:
10.1152/physrev.00015.2009

36. Mudaliar S, Alloju S, Henry RR. Can a shift in fuel energetics explain
the beneficial cardiorenal outcomes in the EMPA-REG OUTCOME study?
A unifying hypothesis. Diabetes Care. (2016) 39:1115–22. doi: 10.2337/dc16-
0542

37. Daniele G, Xiong J, Solis-Herrera C, Merovci A, Eldor R, Tripathy D, et al.
Dapagliflozin enhances fat oxidation and ketone production in patients with type 2
diabetes. Diabetes Care. (2016) 39:2036–41. doi: 10.2337/dc15-2688

38. Ferrannini E, Baldi S, Frascerra S, Astiarraga B, Heise T, Bizzotto R, et al.
Shift to fatty substrate utilization in response to sodium-glucose cotransporter 2
inhibition in subjects without diabetes and patients with type 2 diabetes. Diabetes.
(2016) 65:1190–5. doi: 10.2337/db15-1356

39. Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Ishikawa
K, Watanabe S, Picatoste B, et al. Empagliflozin ameliorates adverse left
ventricular remodeling in nondiabetic heart failure by enhancing myocardial
energetics. J Am Coll Cardiol. (2019) 73:1931–44. doi: 10.1016/j.jacc.2019.
01.056

40. Most J, Tosti V, Redman LM, Fontana L. Calorie restriction in humans: an
update. Ageing Res Rev. (2017) 39:36–45. doi: 10.1016/j.arr.2016.08.005

41. Sung MM, Dyck JR. Age-related cardiovascular disease and the beneficial
effects of calorie restriction. Heart Fail Rev. (2012) 17:707–19. doi: 10.1007/s10741-
011-9293-8

42. de Lucia C, Gambino G, Petraglia L, Elia A, Komici K, Femminella GD, et al.
Long-term caloric restriction improves cardiac function, remodeling, adrenergic
responsiveness, and sympathetic innervation in a model of postischemic heart
failure. Circ Heart Fail. (2018) 11:e004153. doi: 10.1161/CIRCHEARTFAILURE.
117.004153

Frontiers in Cardiovascular Medicine 11 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1019797
https://doi.org/10.1001/jama.295.13.1539
https://doi.org/10.1001/jama.295.13.1539
https://doi.org/10.3390/nu10010058
https://doi.org/10.1016/j.cell.2015.02.033
https://doi.org/10.1016/j.jchf.2020.04.004
https://doi.org/10.1016/j.jchf.2020.04.004
https://doi.org/10.1016/j.jacc.2018.02.059
https://doi.org/10.1001/jamacardio.2017.1658
https://doi.org/10.1001/jamacardio.2017.1658
https://doi.org/10.1136/bmj.n604
https://doi.org/10.1136/bmj.n604
https://doi.org/10.2337/dc19-2424
https://doi.org/10.2337/dc19-2424
https://doi.org/10.1002/clc.4960130809
https://doi.org/10.1016/j.healun.2015.05.027
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.1016/S2468-2667(18)30135-X
https://doi.org/10.1016/S2468-2667(18)30135-X
https://doi.org/10.1056/NEJMoa055317
https://doi.org/10.1001/jamainternmed.2019.6980
https://doi.org/10.1038/s41569-018-0108-7
https://doi.org/10.1016/j.jacc.2014.04.083
https://doi.org/10.3390/nu10101385
https://doi.org/10.1016/j.jacc.2003.07.016
https://doi.org/10.1054/jcaf.2002.0804216
https://doi.org/10.1016/j.jacc.2006.03.052
https://doi.org/10.1016/j.jacc.2006.03.052
https://doi.org/10.1016/j.cardiores.2006.08.018
https://doi.org/10.1016/j.bbadis.2019.165579
https://doi.org/10.1016/j.bbadis.2019.165579
https://doi.org/10.1126/science.abc8861
https://doi.org/10.2337/dc16-0330
https://doi.org/10.1161/CIRCULATIONAHA.115.017545
https://doi.org/10.1161/CIRCULATIONAHA.115.017355
https://doi.org/10.1172/jci.insight.124079
https://doi.org/10.1152/physrev.00015.2009
https://doi.org/10.1152/physrev.00015.2009
https://doi.org/10.2337/dc16-0542
https://doi.org/10.2337/dc16-0542
https://doi.org/10.2337/dc15-2688
https://doi.org/10.2337/db15-1356
https://doi.org/10.1016/j.jacc.2019.01.056
https://doi.org/10.1016/j.jacc.2019.01.056
https://doi.org/10.1016/j.arr.2016.08.005
https://doi.org/10.1007/s10741-011-9293-8
https://doi.org/10.1007/s10741-011-9293-8
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004153
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004153
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Association between energy intake patterns and outcome in US heart failure patients
	Highlights
	Introduction
	Materials and methods
	Study design
	Population
	Dietary assessment
	Covariates
	Ascertainment of mortality outcomes
	Statistical analyses

	Results
	Population characteristics
	Calorie intake pattern
	Calorie intake

	Discussion
	Study limitations

	Conclusion
	Perspectives
	Competency in medical knowledge
	Translational outlook

	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


