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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/
m?) + 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 Dietary proteins are essential in mammals in forming all

amino acids, and adequate protein intake is therefore pivotal.
Malnourishment and frailty are common in patients with In the general population, the minimum recommended die-
heart failure (HF) and are associated with a poor prognosis.®™  tary allowance (RDA) for protein is 0.8 g/kg of body weight,
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for all ages and regardless of sex.* However, it could be antic-
ipated 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 in-
take due to physical disabilities, socio-economic conditions,
and comorbidities.® This imbalance in need and supply might
further impair the clinical outcome of patients with HF. Al-
though 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.®
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 BlOlogy Study to Tailored Treatment in Chronic
Heart Failure). BIOSTAT-CHF is a multicentre, prospective
observational study in two independent cohorts of patients
with HF.”™° 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 ejec-
tion 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 en-
zyme (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 antici-
pated 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.”®!! 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.®

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.***®* The formula
used for protein intake in gram per day was as follows:
13.9+0.907 * body mass index (BMI) (kg/m?) + 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).**
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 as-
sess 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 )(2 test or the
Kruskal-Wallis test when appropriate. Partial correlations
were assessed to determine associates with estimated pro-
tein 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 var-
iables 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
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protein intake and mortality. Non-normally distributed vari-
ables were transformed accordingly. Results were summa-
rized by adjusted HRs of the linear model, depicted as a solid
line, and 95% confidence intervals (Cls) of the more func-
tional model by using restricted cubic splines, depicted as
dotted lines. To assess an independent contribution, all mul-
tivariable models were adjusted for a previously published
prognostic model within BIOSTAT-CHF, in addition to com-
mon confounders such as estimated glomerular filtration
rate, in-hospital inclusion of the patient, and HF severity.**
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 ac-
tually 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 NT-
proBNP (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 se-
rum 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 phospha-
tase (r=—0.119, P < 0.001 and r = —0.101, P = 0.001, respec-
tively). 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).

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 pa-
tients 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 P-
value < 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 be-
tween 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% ClI 1.01-3.84, P = 0.048 (Table 3). For the compar-
ison 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% Cl 1.36-2.24, P < 0.001; and for the
quartile with the lowest estimated protein intake, HR 1.99;
95% Cl 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% ClI 1.00-2.18, P = 0.049 and HR 1.50; 95% ClI
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 consis-
tent 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
DOI: 10.1002/jcsm.12973



K.W. Streng et al.

(sanunuo))

6800 [zoz—vsl Tl [stz-6'G]l0°€lL [08z—v9] Tvl [8vz-0'sl o€l (1/Bw) 44D
100°0> [0€°6-0S€E] LYY [LOSOvE]l LL'Y [s8'v-0€°€] 00'F [0£v-€1L°€] 08°€ (1/j]oww) |o133s3j0YDd |e}OL
100°0> 8L FLEL 8L FLEL 6'LFLEL 0ZF6Cl (1p/6) uigo|bowsey
€000 8/ F G€€ L'8F L'CE L'8SF LLE 76 F0Z€ (1/6) utwunqy
mhwv_hm—‘: Co_u._._u.sc_m_\/_
0L00 (LL) 8€V (€2) 8L (69) S6¢€ (69) S6¢€ (%) 9sn gyv/-1Dv
TLS°0 (o0l) 695 (ool) 0£S (o0l) LS (ool) 045 (%) osn sanainiq
910 (LS) vze (¥S) 80¢€ (¥S) 80¢€ (0S) 98¢ (%) @sn VN
1810 (98) 68Y (¥8) LLY (€9) LLY (18) z9v (%) @sn Jx20|q-e12g
(€) 6l (¥) 0z (€)9l (€) 9l ¥
(92) 9vL (82) 661 (ze) 081 (zg) €81 €
(8Y) vLT (S¥) vST (8Y) €£T (vv) €5C 4
(6) €9 (01) vs (9) G€ (L) 29 L
6€0°0 sse|d YHAN
8710 (6) 6¥ (z1) 89 (€1) €¢ (L) 29 (%) @seasip |euape [esaydiiad
GE0°0 (1) 8L (61) 801 (00 €LL (81) 00l (%) adod
6500 (o¥) oge (L¥) 99¢ (8v) €T (rP) €5¢ (%) uone|juquy jeuy
£70°0 (8) s (8) vv (z1) 89 (8) 8¥ (%) ®jons
#90°0 (5€) 00t (5€) 00t (ve) T6l (62) €91 (%) snyjjpw sa1aqeIq
G600 (L) 08 (L1) v6 (6L)0LL (81) voL (%) DavD
9z10 (61) LOL (r2) 9€1 (1o 6Ll (ro) veL (%) 1Dd
faz:30] (Le) Lie (8¢)9l¢ (8¢) it (o) sze (%) uondaeyul [e1pIed0AN
1100 (59) LL€E (¥9) 99¢ (99) zL€ (L8) sze (%) uoisuapadAH
\Cou.m_s |esipaN
100°0> [r'si-12]196 [Lzi-v2] 1L [68L-L'8l0'ClL [£1z-8L]l6°CL (1/loww) wnuss ‘eain
100°0> [67L1-0'18] 9°96 ['ZEL-0¥8] 0°€0L [¥'1¥1-0'88] 0601 [5'6€1-8'G8] Z'SOL (1/jown) wnuas ‘autuneasd
100°0> LT F6'99 STCFL'L9 97 ¥ 695 V€T ¥ 985 (W g£"L/uIw/ W) Y499
¥00°0 [0SLL-0€9] 5’64 [SLLL-0'€9] 0'Z8 [0'611-0°59] 0°98 [e9z1-0°'L£]1 0'C6 (1/61) aseyeydsoyd auljey|y
100°0> [0°06-0'52Z] O'¥P [€°£8-892] 0'9F [8'8L1-€62] 0°€9 [0'8Z1-00€]1 0°L9 (1/n) 19-ewwen
6200 [0'Lv-0'8L] 0°£T [0'Ly-0'8L] 0'tC [L'veE-09L] 0'VT [0'L¥-09L] 0'ST (/n) VIV
LZ€0 [0's€-0"02] 0'SC [0'ze-0'61] 0'ST [0'se-0'8L] €'5C [0'86-0'61] 0°9C (1/n) LVSvY
100°0> (1L) ¥9 (11) 29 (1) 98 (61) LOL (%) AjebawoyedaH
100°0> (9v) vae (2s) o6¢ (99) Lo€ (89) oze (%) saley
8000 (¥S) LST (£S) 08¢ (9) oo€ (29) 06¢ (%) 3ussaid ewspaQ
100°0> (99) oze (0£) oov (L2) sov (02) L6€ (%) uorsnput |exdsoy-ul
100°0> (09) 78T (1) ozL (o1) vs (9) €€ (%) vay
100°0> [L've-€'92] 0°0€ [9'ze-6'v2] L'8C [6'62-9'v2] G'LC [c9z-L'zel Tve (;w/B) xapul ssew Apog
100°0> 0'lZ ¥506 TLLF0S8 €yl ¥ €08 L'EL F 6'0L (63) B
9/¥'0 6F LLL 6F LLL 6 F0LL 6F LLL (wd) 1ybIoH
100°0> [£165-2091L] L9LE [€91£-5607] £69€ [8£26-975C] SLEY [e52 01-£887] 2S9S (1/6u) dNgodd-IN
(9) €T (9) 6T (8) 6€ (L) vE (%) 43d4H
()71 (S) LT (8) 6¢ (r) LT (%) 434w4H
£70°0 (€6) €8¥ (68) vav (£8) vy (68) LSV (%) 4344H
9z1'0 oL ¥ L€ oL ¥ L€ Ll ¥ € Ll ¥ 0€ (%) 4371
a|youd jedwund
000°L (L) 6Ly (€L) 6Ly (€L)6lY (L) 6Ly (%) 3[.IN
100°0> (4] 7L ¥ 89 LL ¥ 0L €L F0L (s1eak) aby
100°0> [v£-59] 69 [65-SS] LS [2s-8¥] 0S [sy-ot] €v (Rep/B) axeyul uis304d
0.S LLS LLS 046G (Rep/b) xejur uivo01d payewnsy
puaiy Joj 4 senb yiy s|ienb pig 9[nJenb puz dJJenb sy

SolisIIaloRIRYD BUljdseg T d|qel

Journal of Cachexia, Sarcopenia and Muscle 2022

DOI: 10.1002/jcsm.12973



Clinical implications of low estimated protein intake in patients with heart failure 5
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Figure 1 Kaplan—Meier curve for quartiles of estimated protein intake per day.

All-cause mortality
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Figure 2 Adjusted effect of estimated protein intake on all-cause mortality. Solid line shows the estimated linear relation, while the dotted lines rep-

resent 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.’® The neurohormonal activation
on itself triggers sodium and fluid retention, which causes
among others intestinal congestion. This is often accompa-
nied by a variety of symptoms such as nausea, abdominal
bloating/complaints, and weight loss.?° 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.?! 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
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Table 3 Cox regression model

All-cause mortality

Estimated protein intake (g/day) HR [95% Cl] P-value HR® [95% CI] P-value HRP [95% ClI] P-value
Protein intake (g/day) per log decrease 3.86 [2.54-5.89] <0.001 2.96 [1.92-4.57] <0.001 1.97 [1.01-3.84] 0.048
All-cause mortality

Estimated protein intake (g/day) HR [95% Cl] P-value HR? [95% CI] P-value HR® [95% Cl] P-value
4th quartile (highest) Ref Ref Ref

3rd quartile 1.45 [1.12-1.88] 0.004 1.35[1.04-1.75] 0.023 1.03 [0.68-1.56] 0.881

2nd quartile 1.75 [1.36-2.24] <0.001 1.55[1.20-1.99] 0.001 1.46 [1.00-2.18] 0.049
1st quartile (lowest) 1.99 [1.56-2.54] <0.001 1.75 [1.37-2.24] <0.001 1.50 [1.03-2.18] 0.036

Cl, confidence interval; HR, hazard ratio.
°Corrected for age.

"Corrected for age, haemoglobin, log N-terminal pro-brain natriuretic peptide, estimated glomerular filtration rate, New York Heart Asso-
ciation class, history of diabetes, in-hospital inclusion, use of beta-blocker, and use of angiotensin-converting enzyme inhibitor/angioten-

sin receptor blocker.

all amino acids themselves and need dietary protein.?? Fur-
thermore, 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.>>?* 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 pro-
teins to maintain muscle mass.

Protein intake and outcome

Prior studies have assessed the association of protein intake
and the benefit on quality of life; however, data on protein in-
take and mortality are scarce.’>?® 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.? 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 observa-
tional 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.>”-*® 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 pa-
tients, and because proteins might help maintain muscle mass
in these patients, a high protein diet might be beneficial; how-
ever, 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

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.?%*°

Study limitations

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 correla-
tion 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 re-
gions, 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 indepen-
dently 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 ben-
efit of a high protein diet in patients with HF by prospective
controlled clinical studies is needed.
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