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Abstract
Background A higher protein intake has been associated with a higher muscle mass and lower mortality
rates in the general population, but data about protein intake and survival in patients with heart failure (HF)
are lacking.
Methods We studied the prevalence, predictors, and clinical outcome of estimated protein intake in 2516 patients
from the BIOlogy Study to TAilored Treatment in Chronic Heart Failure (BIOSTAT-CHF) index cohort. Protein
intake was calculated in spot urine samples using a validated formula [13.9 + 0.907 * body mass index (BMI) (kg/
m2) + 0.0305 * urinary urea nitrogen level (mg/dL)]. Association with mortality was assessed using multivariable
Cox regression models. All ﬁndings were validated in an independent cohort.
Results We included 2282 HF patients (mean age 68 ± 12 years and 27% female). Lower estimated protein intake in
HF patients was associated with a lower BMI, but with more signs of congestion. Mortality rate in the lowest quartile
was 32%, compared with 18% in the highest quartile (P < 0.001). In a multivariable model, lower estimated protein
intake was associated with a higher risk of death compared with the highest quartile [hazard ratio (HR) 1.50; 95%
conﬁdence interval (CI) 1.03–2.18, P = 0.036 for the lowest quartile and HR 1.46; 95% CI 1.00–2.18, P = 0.049 for
the second quartile].
Conclusions An estimated lower protein intake was associated with a lower BMI, but signs of congestion were more
prevalent. A lower estimated protein intake was independently associated with a higher mortality risk.
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Introduction
Malnourishment and frailty are common in patients with
heart failure (HF) and are associated with a poor prognosis.1–3

Dietary proteins are essential in mammals in forming all
amino acids, and adequate protein intake is therefore pivotal.
In the general population, the minimum recommended dietary allowance (RDA) for protein is 0.8 g/kg of body weight,
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for all ages and regardless of sex.4 However, it could be anticipated that patients with HF may beneﬁt from a higher protein
intake, because they have a higher protein requirement
due to anabolic resistance and decreased muscle perfusion.
Nevertheless, in contrast, they often have a lower protein intake due to physical disabilities, socio-economic conditions,
and comorbidities.5 This imbalance in need and supply might
further impair the clinical outcome of patients with HF. Although there is some evidence addressing the importance of
dietary factors in HF progression and outcomes, not much is
known about protein intake in patients with HF and guidelines
do not provide recommendations regarding protein intake.6
Assessment of protein intake could therefore be of pivotal
essence and could lead to possible dietary interventions and
subsequent adequate monitoring, aiming to optimize protein
intake in HF patients. We therefore investigated the clinical
correlates and outcomes associated with estimated protein
intake in a patient population at large with HF.

Methods
Study population
For the current analysis, we used data from BIOSTAT-CHF
(A systems BIOlogy Study to Tailored Treatment in Chronic
Heart Failure). BIOSTAT-CHF is a multicentre, prospective
observational study in two independent cohorts of patients
with HF.7–10 For this study, the BIOSTAT-CHF index cohort
(n = 2516) was used for the primary analysis, and the results
were validated in the Scottish validation cohort (n = 1738).
Main inclusion criteria for the index cohort were a diagnosis
of worsening HF in patients with either a left ventricular ejection fraction (LVEF) < 40% or plasma N-terminal pro-brain
natriuretic peptide (NT-proBNP) of >2000 pg/mL who had
to be treated with at least 40 mg of furosemide or equivalent
and were on sub-optimal dose of angiotensin-converting enzyme (ACE) inhibitors and/or angiotensin receptor blockers
(ARBs). Main inclusion criteria for the validation cohort were
documented HF and patients had to be treated with at least
20 mg of furosemide or equivalent per day and were anticipated to be uptitrated with ACE inhibitors, ARBs, and/or
beta-blockers. The complete list of inclusion and exclusion
criteria and main outcome data has been previously
published elsewhere.7,8,11 The study complied with the
Declaration of Helsinki, local ethics committee has approved
the research protocol, and all patients signed informed
consent. On the present analysis, HF with reduced ejection
fraction was deﬁned as an LVEF < 40%, HF with mid-range
ejection fraction (HFmrEF) as an LVEF between 40% and
50%, and HF with preserved ejection fraction (HFpEF) as an
LVEF equal or above 50%, according to the most recent
European Society of Cardiology HF guidelines.6
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Urinary analysis
Urine samples were available in 2282 patients from the index
cohort and 1424 patients from the validation cohort. Baseline
spot sample urine measurements were stored at 80°C.
Urinary measurements were performed in the laboratory of
the University Medical Center Groningen, using routine
clinical chemistry measurement on a Roche Cobas® analyser.
Protein intake in 24 h urine was calculated by the Maroni
formula. Because we used spot samples, we used the adjusted
Maroni formula as previously published.12,13 The formula
used for protein intake in gram per day was as follows:
13.9 + 0.907 * body mass index (BMI) (kg/m2) + 0.0305 * urinary
urea nitrogen level (mg/dL). Because the adjusted formula
was validated in a cohort with renal function comparable with
our cohort, but it was not validated in an HF population, we
performed additional analyses using data from the Additive
renin Inhibition with Aliskiren on renal blood ﬂow and
Neurohormonal Activation in patients with Chronic Heart
Failure and Renal Dysfunction cohort (ARIANA-CHF-RD).14
We calculated protein intake in 24 h urine according to the
Maroni formula, performed the same analysis with the
currently used adjusted formula for spot urine, and found a
good correlation between both (Supporting Information,
Figure S1). We also constructed a Bland–Altman plot, showing
similar results between the use of estimating protein intake
using 24 h urine and the adjusted formula (Figure S2). To assess the robustness of our ﬁndings, we replicated the analyses
with spot urine urea nitrogen/creatinine ratio and gave similar
results. All analyses on protein intake and associations with
outcome were validated in the Scottish BIOSTAT-CHF cohort.

Statistical analysis
Estimated protein intake in gram per day was divided into
sex-speciﬁc quartiles. Normally distributed data are shown
as means and standard deviation, whereas not normally
distributed data as medians and 25th until 75th percentile
and categorical variables as percentages and frequencies.
Differences between subgroups of estimated protein intake
were tested using one-way ANOVA for normally distributed
data; skewed data were tested using the χ 2 test or the
Kruskal–Wallis test when appropriate. Partial correlations
were assessed to determine associates with estimated protein intake. Univariable signiﬁcant variables (P < 0.1) were
entered in a multivariable model by backward selection.
The ﬁnal model consisted of demographics, clinical variables,
and laboratory measurements. Cox proportional hazard
analysis was performed to determine hazard ratios (HRs) for
the different groups. The models were not corrected for variables already in the initial formula (e.g. BMI/weight/height
and urea nitrogen). Restricted cubic splines were assessed
to explore the functional association between estimated
Journal of Cachexia, Sarcopenia and Muscle 2022
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protein intake and mortality. Non-normally distributed variables were transformed accordingly. Results were summarized by adjusted HRs of the linear model, depicted as a solid
line, and 95% conﬁdence intervals (CIs) of the more functional model by using restricted cubic splines, depicted as
dotted lines. To assess an independent contribution, all multivariable models were adjusted for a previously published
prognostic model within BIOSTAT-CHF, in addition to common confounders such as estimated glomerular ﬁltration
rate, in-hospital inclusion of the patient, and HF severity.11
All analyses were performed using IBM SPSS Statistics Version
23 and R: A Language and Environment for Statistical
Computing, Version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Results
Baseline characteristics
In total, 2282 patients with available measurements were
included, of which 1676 were men (73%) and 606 were
women (27%). Mean estimated protein intake was
55 ± 11 g/day. In the total population, 75% of the HF patients
did not meet the RDA of 0.8 g/kg of bodyweight/day and actually had less estimated protein intake than this minimum
recommended intake. The baseline characteristics are
depicted in Table 1.
Patients in the lowest quartile were older, with a mean age
of 70 ± 13 years, and had a lower BMI and higher levels of NTproBNP (all P < 0.001).
Despite a lower BMI in the lowest quartile, they had
signiﬁcantly more peripheral oedema (62% vs. 54% in the
highest quartile, P = 0.008), more rales (58% vs. 46% in the
highest quartile, P < 0.001), and more hepatomegaly (19%
vs. 11% in the highest quartile, P < 0.001).
Furthermore, serum albumin, haemoglobin, and total
cholesterol were signiﬁcantly lower in the lowest quartile
(P = 0.003, P < 0.001, and P < 0.001, respectively), while serum creatinine levels were higher in the lowest quartile
(P < 0.001).
The partial correlations with estimated protein intake on a
continuous scale adjusted for age are shown in Table 2.
Decreased estimated protein intake was associated with a
lower BMI (r = 0.443, P < 0.001), higher levels of NT-proBNP
(r = 0.257, P < 0.001), lower haemoglobin levels (r = 0.132,
P < 0.001), and higher levels of markers of liver dysfunction
such as gamma-glutamyltransferase and alkaline phosphatase (r = 0.119, P < 0.001 and r = 0.101, P = 0.001, respectively). We also found that a lower estimated protein intake
was correlated with more severe signs of congestion, such
as hepatomegaly (r = 0.086, P < 0.001) and the presence
of rales (r = 0.077, P < 0.001).
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Outcome
During a median follow-up of 21 months, 26% of the patients
had died, ranging from 32% in the lowest quartile to 18% in
the highest estimated protein intake quartile (P < 0.001).
The main results of the Kaplan–Meier showed that patients in the lowest quartile of estimated protein intake had
a signiﬁcantly higher mortality rate compared with patients
who had a higher daily estimated protein intake, log rank Pvalue < 0.001 (Figure 1). Similar results were obtained in
the validation cohort (Figure S3) where patients with a lower
estimated protein intake had the highest mortality rates (log
rank P-value = 0.017). We found no signiﬁcant interaction between LVEF and estimated protein intake (P = 0.126).
The adjusted HR for all-cause mortality on a continuous
scale for estimated protein intake is shown in Figure 2. For
mortality, a higher estimated protein intake was associated
with signiﬁcantly lower mortality risks. When assessing this
in a multivariable Cox model for estimated protein intake
on a continuous level per log decrease, we found an HR
1.97, 95% CI 1.01–3.84, P = 0.048 (Table 3). For the comparison between quartiles, we used the highest estimated
protein intake quartile as a reference category.
In a univariable model, all quartiles differed signiﬁcantly
compared with the highest quartile (HR 1.45; 95% CI
1.12–1.88, P = 0.004 for the third quartile; for the second
quartile, HR 1.75; 95% CI 1.36–2.24, P < 0.001; and for the
quartile with the lowest estimated protein intake, HR 1.99;
95% CI 1.56–2.54, P < 0.001). In the multivariable adjusted
model, these HRs remained signiﬁcantly higher for the
second quartile and the quartile with the lowest estimated
protein intake compared with patients in the highest quartile
(HR 1.46; 95% CI 1.00–2.18, P = 0.049 and HR 1.50; 95% CI
1.03–2.18, P = 0.036, respectively).
The ﬁndings were validated in the validation cohort. There
was substantial overlap in patient characteristics, and the
ﬁndings observed in the validation cohort were fairly consistent with the ﬁndings in the index cohort (Tables S1 and S2
and Figures S3 and S4).

Discussion
The main ﬁndings of the present study were that in a large HF
cohort, we showed that a lower estimated protein intake in
patients with HF was associated with a lower BMI and more
signs of congestion, and a lower estimated protein intake
was independently strongly associated with an increased
mortality risk. These ﬁndings were validated and conﬁrmed
in an independently selected cohort.
Although intuitively this may seem logical, this had not
been shown before in an HF population.
Journal of Cachexia, Sarcopenia and Muscle 2022
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Protein intake (g/day)
Age (years)
Male (%)
Clinical proﬁle
LVEF (%)
HFrEF (%)
HFmrEF (%)
HFpEF (%)
NT-proBNP (ng/L)
Height (cm)
Weight (kg)
2
Body mass index (kg/m )
a
RDA (%)
In-hospital inclusion (%)
Oedema present (%)
Rales (%)
Hepatomegaly (%)
ASAT (U/L)
ALAT (U/L)
Gamma-GT (U/L)
Alkaline phosphatase (μg/L)
2
eGFR (mL/min/1.73 m )
Creatinine, serum (μmol/L)
Urea, serum (mmol/L)
Medical history
Hypertension (%)
Myocardial infarction (%)
PCI (%)
CABG (%)
Diabetes mellitus (%)
Stroke (%)
Atrial ﬁbrillation (%)
COPD (%)
Peripheral arterial disease (%)
NYHA class
1
2
3
4
Beta-blocker use (%)
MRA use (%)
Diuretics use (%)
ACE-I/ARB use (%)
Malnutrition markers
Albumin (g/L)
Haemoglobin (g/dL)
Total cholesterol (mmol/L)
CRP (mg/L)

Estimated protein intake (g/day)

Table 1 Baseline characteristics

50 [48–52]
70 ± 11
419 (73)
32 ± 11
444 (87)
25 (5)
39 (8)
4375 [2526–9278]
170 ± 9
80.3 ± 14.3
27.5 [24.6–29.9]
54 (10)
405 (71)
300 (64)
307 (56)
86 (15)
25.3 [18.0–35.0]
24.0 [16.0–34.1]
63.0 [29.3–118.8]
86.0 [65.0–119.0]
56.9 ± 22.6
109.0 [88.0–141.4]
12.0 [8.1–18.9]
372 (65)
214 (38)
119 (21)
110 (19)
192 (34)
68 (12)
273 (48)
113 (20)
73 (13)
35 (6)
273 (48)
180 (32)
16 (3)
471 (83)
308 (54)
571 (100)
395 (69)
31.7 ± 8.7
13.1 ± 1.9
4.00 [3.30–4.85]
14.2 [6.4–28.0]

30 ± 11
457 (89)
21 (4)
34 (7)
5652 [2887–10 755]
171 ± 9
70.9 ± 13.1
24.2 [22.1–26.2]
33 (6)
397 (70)
290 (62)
320 (58)
107 (19)
26.0 [19.0–38.0]
25.0 [16.0–41.0]
61.0 [30.0–128.0]
92.0 [71.0–126.5]
58.6 ± 23.4
105.2 [85.8–139.5]
12.9 [7.8–21.7]
325 (57)
225 (40)
134 (24)
104 (18)
163 (29)
48 (8)
253 (44)
100 (18)
62 (11)
62 (11)
253 (44)
183 (32)
16 (3)
462 (81)
286 (50)
570 (100)
395 (69)
32.0 ± 9.2
12.9 ± 2.0
3.80 [3.13–4.70]
13.0 [5.0–24.8]

2nd quartile
571

43 [40–45]
70 ± 13
419 (74)

1st quartile
570

32.1 ± 8.7
13.1 ± 1.8
4.11 [3.40–5.01]
13.0 [5.9–27.5]

54 (10)
254 (45)
159 (28)
20 (4)
477 (84)
308 (54)
570 (100)
418 (73)

366 (64)
216 (38)
136 (24)
94 (17)
200 (35)
44 (8)
266 (47)
108 (19)
68 (12)

31 ± 10
454 (89)
27 (5)
29 (6)
3693 [2095–7163]
171 ± 9
85.0 ± 17.2
28.1 [24.9–32.6]
120 (21)
400 (70)
280 (57)
290 (52)
62 (11)
25.0 [19.0–32.0]
24.0 [18.0–41.0]
46.0 [26.8–87.3]
82.0 [63.0–111.5]
61.1 ± 22.5
103.0 [84.0–132.4]
11.1 [7.4–17.1]

57 [55–59]
68 ± 12
419 (73)

3rd quartile
571

33.5 ± 7.8
13.7 ± 1.8
4.41 [3.50–5.30]
12.2 [5.4–26.2]

53 (9)
274 (48)
146 (26)
19 (3)
489 (86)
324 (57)
569 (100)
438 (77)

371 (65)
211 (37)
107 (19)
80 (14)
200 (35)
45 (8)
230 (40)
78 (14)
49 (9)

31 ± 10
483 (93)
12 (2)
22 (5)
3161 [1602–5917]
171 ± 9
90.5 ± 21.0
30.0 [26.3–34.1]
282 (50)
320 (56)
257 (54)
254 (46)
64 (11)
25.0 [20.0–35.0]
27.0 [18.0–41.0]
44.0 [25.0–90.0]
79.5 [63.0–115.0]
66.9 ± 21.2
96.6 [81.0–114.9]
9.6 [7.1–15.4]

69 [65–74]
65 ± 12
419 (74)

4th quartile
570

0.003
<0.001
<0.001
0.089
(Continues)

0.181
0.162
0.572
0.010

0.011
0.842
0.126
0.095
0.064
0.043
0.059
0.035
0.128
0.039

<0.001
0.476
<0.001
<0.001
<0.001
<0.001
0.008
<0.001
<0.001
0.321
0.029
<0.001
0.004
<0.001
<0.001
<0.001

0.126
0.043

<0.001
<0.001
1.000

P for trend
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ACE-I, angiotensin-converting enzyme inhibitor; ALAT, alanine transaminase; ARB, angiotensin receptor blocker; ASAT, aspartate transaminase; CABG, coronary artery bypass graft;
COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; eGFR, estimated glomerular ﬁltration rate; gamma-GT, gamma-glutamyltransferase; HFmrEF, heart failure with
mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; RDA, recommended dietary allowance.
Values are given as means ± standard deviation, median (25th to 75th percentiles), or percentage and frequency.
a
Recommended dietary allowance for protein is a minimum of 0.8 g/kg of body weight.

100 (18)
655 [518–823]
139 (24)
623 [467–823]
163 (29)
605 [466–806]
180 (32)
589 [429–826]
Outcome
All-cause mortality (%)
Days of follow-up

Estimated protein intake (g/day)

Table 1 (continued)

1st quartile
570

2nd quartile
571

3rd quartile
571

4th quartile
570

<0.001

P for trend

Clinical implications of low estimated protein intake in patients with heart failure

Table 2 Partial correlation with estimated protein intake adjusted for
age
Estimated protein intake (g/day)
Variable
Urinary urea
BMI
NT-proBNP
Haemoglobin
Gamma-GT
Alkaline phosphatase
eGFR
Total cholesterol
Hepatomegaly
Rales
Albumin
Peripheral oedema

r
0.900
0.443
0.257
0.132
0.119
0.101
0.099
0.094
0.086
0.077
0.056
0.044

P-value
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
0.001
<0.001
<0.001
0.008
0.067

BMI, body mass index; eGFR, estimated glomerular ﬁltration rate;
gamma-GT, gamma-glutamyltransferase; NT-proBNP, N-terminal
pro-brain natriuretic peptide.

Malnutrition
A common ﬁnding in chronic HF patients is malnutrition or
cachexia, with up to 50% of the patients being malnourished,
and is often associated with worse outcome.3 Because HF is
often accompanied by an inﬂammatory component, the term
cachexia is more often used; however, these are often
interchangeable.15 This might eventually evolve into cardiac
cachexia, which is associated with an extremely poor prognosis and is typically accompanied by muscle wasting.16 While
serum creatinine is a good measurement for muscle wasting,
where low levels are associated with more muscle wasting,
we found in our cohort higher levels in patients in the lowest
quartile of protein intake. Therefore, it is less likely that
muscle wasting plays a role in our cohort.
In the absence of food intake questionnaires,
malnourishment can be assessed by studying biomarkers.
One of the most studied biomarkers in malnutrition is serum
albumin, where lower levels are found in malnourished
patients. Other biomarkers that are associated with malnourished patients are lower haemoglobin levels and total
cholesterol.17,18 Consistent with these ﬁndings, we found
lower total cholesterol, lower haemoglobin levels, and lower
serum albumin levels in patients with lower protein intake,
suggesting a more malnourished state in patients in the lowest quartile of protein intake. Consistent with these ﬁndings,
we found that 75% of the HF patients in our cohort did not
meet the RDA of 0.8 g/kg of body weight and actually had less
protein intake than the minimum daily recommended intake.
An important ﬁnding of our study was that HF patients
with a lower estimated protein intake showed more signs of
ﬂuid overload such as peripheral oedema, rales, and more
hepatomegaly. Despite more congestion, their BMI was
lower. These ﬁndings imply that, although these patients
had a lower BMI, they actually had more severe signs of HF.
Besides hepatomegaly, a lower estimated protein intake
Journal of Cachexia, Sarcopenia and Muscle 2022
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Figure 1 Kaplan–Meier curve for quartiles of estimated protein intake per day.

Figure 2 Adjusted effect of estimated protein intake on all-cause mortality. Solid line shows the estimated linear relation, while the dotted lines represent the 95% conﬁdence intervals using restricted cubic splines.

was also associated with higher levels of markers of liver
dysfunction, possibly related to more venous congestion
and leading to gastrointestinal congestion. Splanchnic veins
are highly compliant and therefore act often as a venous
reservoir, because in HF the body is often in a state of
neurohormonal activation.19 The neurohormonal activation
on itself triggers sodium and ﬂuid retention, which causes
among others intestinal congestion. This is often accompanied by a variety of symptoms such as nausea, abdominal
bloating/complaints, and weight loss.20 One of the reasons

for the lower estimated protein intake in our group could
possibly be due to one of these digestive disorders and/or
gastrointestinal symptoms and therefore losing appetite,
because these patients had more severe signs of HF. Another
factor might be that due to intestinal congestion, there is an
increased permeability and altered absorption of essential
nutrients in the intestines.21 One of these essential nutrients
is protein, found in a variety of foods such as red meats, milk,
cheese, ﬁsh, nuts, and egg. Dietary protein is essential for
forming all amino acids, because humans are unable to form
Journal of Cachexia, Sarcopenia and Muscle 2022
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Table 3 Cox regression model
All-cause mortality
Estimated protein intake (g/day)
Protein intake (g/day) per log decrease
All-cause mortality
Estimated protein intake (g/day)
4th quartile (highest)
3rd quartile
2nd quartile
1st quartile (lowest)

a

b

HR [95% CI]

P-value

HR [95% CI]

P-value

HR [95% CI]

P-value

3.86 [2.54–5.89]

<0.001

2.96 [1.92–4.57]

<0.001

1.97 [1.01–3.84]

0.048

HR [95% CI]
Ref
1.45 [1.12–1.88]
1.75 [1.36–2.24]
1.99 [1.56–2.54]

a

P-value

HR [95% CI]

0.004
<0.001
<0.001

Ref
1.35 [1.04–1.75]
1.55 [1.20–1.99]
1.75 [1.37–2.24]

b

P-value

HR [95% CI]

P-value

0.023
0.001
<0.001

Ref
1.03 [0.68–1.56]
1.46 [1.00–2.18]
1.50 [1.03–2.18]

0.881
0.049
0.036

CI, conﬁdence interval; HR, hazard ratio.
Corrected for age.
b
Corrected for age, haemoglobin, log N-terminal pro-brain natriuretic peptide, estimated glomerular ﬁltration rate, New York Heart Association class, history of diabetes, in-hospital inclusion, use of beta-blocker, and use of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.
a

all amino acids themselves and need dietary protein.22 Furthermore, proteins are essential for building up muscle mass,
whereas in the elderly, muscle mass is lost due to aging and
chronic illnesses such as HF.23,24 Due to the fact that elderly
HF patients may have a higher protein need due to anabolic
resistance and a lower muscle perfusion, one can even
hypothesize that HF patients need a higher amount of proteins to maintain muscle mass.

both of our multivariable models, we corrected for inpatient
or outpatient inclusion, because in-hospital patients might
beneﬁt from regular nutrient meals. These patients could
beneﬁt by building up higher muscle mass and therefore
create a larger reserve, as seen in lower mortality rates by
treating inpatients with higher protein diets.29,30

Study limitations
Protein intake and outcome
Prior studies have assessed the association of protein intake
and the beneﬁt on quality of life; however, data on protein intake and mortality are scarce.25,26 A previous randomized
double-blind pilot study has shown beneﬁt on quality of life
and tumour necrosis factor alpha levels after 18 weeks with
a high caloric–high protein diet in 29 HF patients.25 This study
demonstrated the possible use of proteins as an intervention
for improving quality of life; however, the aim was to increase
caloric intake in cachectic HF patients. A previous observational study has shown that both plant and animal proteins
could provide a substantial health beneﬁt in the general
population, and in a recently published large epidemiological
cohort, protein intake was inversely associated with mortality
risk and non-cardiovascular disease mortality.27,28 However,
the vast majority of the studies performed with protein
intake were observational and conducted in the general
population. Data in the HF population are lacking. Loss in body
weight is known to be associated with mortality in HF patients, and because proteins might help maintain muscle mass
in these patients, a high protein diet might be beneﬁcial; however, this warrants further research. Although this study
shows a strong association between protein intake and
mortality, a causal relationship could not be established by
the present study, and thus, further research by conducting
a randomized controlled trial is warranted. We found a strong
association between lower protein intake and mortality. For

Firstly, protein intake was estimated using a formula, and not
directly measured. Secondly, we used spot urine samples
instead of 24 h urine samples and therefore used an altered
formula to calculate protein intake. Although a good correlation between the two formulae was found, the altered
formula tended to underestimate protein intake at higher
levels. Therefore, we used the lower ranges as a reference
category, and despite the underestimation in the higher regions, HRs between the groups were still signiﬁcant. Thirdly,
food intake questionnaires were not performed and could
therefore not be assessed.

Conclusions
A lower estimated protein intake in HF patients is independently associated with higher mortality risks. Although these
ﬁndings suggest that HF patients could possibly beneﬁt from
a high protein diet, conclusive evidence of the potential beneﬁt of a high protein diet in patients with HF by prospective
controlled clinical studies is needed.
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