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REVIEW

URRENT
PINION

Protein intake and renal function in older patients

Yoko Narasaki®, Connie M. Rhee? Holly Kramer™®*,
and Kamyar Kalantar-Zadeh®

Purpose of review

Chronic kidney disease (CKD) is highly prevalent in elderly patients. There is growing recognition of the
importance of attention to dietary protein intake (DPI) in this population given their predisposition to age-
related changes in kidney function and coexisting comorbidities (i.e., hypertension). We reviewed the
impact of DPI on kidney health and survival and the role of dietary protein management in older CKD
patients.

Recent findings

While kidney function parameters including glomerular filtration rate (GFR) and renal plasma flow are
slightly lower in elderly patients irrespective of CKD status, the kidneys' ability to compensate for increased
DPI by augmentation of GFR is preserved until 80 years of age or less. However, long-term consumption of
high DPI in individuals of older age and/or with CKD may contribute to kidney function deterioration over
time. Prescription of a plant-dominant low-protein diet of 0.6-0.8 g/kg/day with more than 50% from
plant sources or very low protein diets less than 0.45 g/kg/day supplemented with essential amino acids
or their kefo-analogues may be effective in preserving kidney function in older patients and their younger

counterparts, while also monitoring for development of protein—energy wasting (PEW).

Summary

Using tailored precision nutrition approaches in prescribing plantdominant low DPI that also maintains
adequate energy and nitrogen balance may ameliorate kidney function decline while also preventing
development of PEW in elderly patients with CKD.

Keywords

chronic kidney disease, dietary protein intake, elderly, kidney function, older patient

Dietary protein restriction or avoiding excessive
amounts of protein intake are critical strategies in
the nutritional management of nondialysis depen-
dent chronic kidney disease (NDD-CKD) patients to
prevent the decline of kidney function and inci-
dence of end-stage kidney disease. Current practice
guidelines recommend low-protein diets or avoid-
ance of excessive dietary protein intake (DPI) in CKD
patients, although stipulations are not made for the
impact of advancing age on these recommendations
[1]. However, there has been growing recognition of
the importance of attention to DPI in elder individ-
uals [2-5]. Older adults with CKD are more predis-
posed to malnutrition-wasting conditions including
sarcopenia, protein—energy wasting (PEW), and
frailty, which adversely impact their health and
survival [6-8]. Hence, nutritional management con-
siderations in older adults with CKD are more com-
plex, and must harmonize the two overarching goals
of dietary protein restriction to slow kidney func-
tion decline, while also maintaining adequate
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energy and nitrogen balance to avoid malnutri-
tion-wasting conditions associated with aging. This
review focuses on summarizing existing literature
on the effects of DPI on kidney function in older
adults, nutritional abnormalities and wasting con-
ditions in older adults with CKD that should be
considered when restricting DPI, and the practical
implementation of dietary protein restriction with
or without supplementation in the elderly with
CKD.
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KEY POINTS

e Kidney function including GFR and renal plasma flow
are slightly lower in the elderly population irrespective

of CKD status.

e The kidneys' ability to compensate for increased protein
intake by increasing GFR seems to be preserved until
80 years of age or less.

e The long-term consumption of high-protein intake in
individuals of older age and/or with underlying CKD
may contribute to the deferioration of kidney health
over time.

e A low-protein diet or very low protfein diet may be
effective in reducing CKD progression in older adults as
well as their younger counterparts.

e Older patients with CKD who are prescribed low-
protein diets require additional atftention to energy and
other nutrient needs to prevent the risk of PEW.

The prevalence of CKD markedly increases with age
[9%,10] due to nephron loss and subsequent decline
in glomerular filtration rate (GFR) (Table 1). Gener-
ally, GFR declines by 0.6-1ml/min/1.73 m?/year
after age 40 years [11%], but acute kidney injury,
and comorbidities such as diabetes and uncon-
trolled hypertension can lead to faster GFR decline.
In fact, by the 8th decade, over 30% of all nephrons
are sclerosed in healthy adults [12-14]. Due to
nephron loss with aging and reductions in renal
plasma flow (RPF), the kidneys’ ability to compen-
sate for increases in DPI by augmenting GFR declines
after the 8th decade of life [15]. While, interindivid-
ual differences are observed in the elderly, on
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average GFR and RPF are consequently lower in
the older population as compared with their youn-
ger counterparts irrespective of the presence of CKD
and may lead to inability to augment GFR in the
setting of high DPI [16,17]. Many [18,19] but not all
studies [15] have demonstrated that adults in their
eighth decade may show normal age-associated GFR
changes but lack of increase in GFR with amino acid
infusions or high dietary protein load [19]. Studies
have generally shown lack of GFR augmentation
with a GFR stimulus but some studies, such as Fliser
et al. [15] show no difference in the kidneys’ ability
to adapt to increases in protein intake by age group.
Differences in study findings are likely due to
research participant selection. Nephron loss can
be present with or without a normal serum creati-
nine because serum creatinine is an insensitive bio-
marker and GFR is estimated with serum creatinine
values. Older adults with normal GFR may lack
kidney function reserve, or ability to augment
GFR in the setting of a stimulus. Such persons are
at higher risk of acute kidney injury, further GFR
decline, and incident CKD. On the contrary, there is
no clinical test to detect this lack of kidney function
reserve but clinicians should be aware that elderly
adults are at highest risk for this deficiency.

In the setting of nephron loss, high-protein diets
can be harmful. High-protein diets (e.g., Paleo,
Atkins, South Beach, ketogenic diets) have gained
popularity as a means to promote weight loss while
minimizing loss of lean body mass. In the United
States, 41% of adults age 60 years and older are obese
(defined by a BMI of >30kg/m?), and one-quarter of
Americans age 65 years and older have type 2 dia-
betes [20]. Multiple age-related factors including
body composition changes (i.e., increased body fat
and decreased lean body mass) [21-24], insulin
resistance [22,23,25,26], and anabolic resistance to

Table 1. Kidney function changes with health aging vs. kidney disease

Kidney function Aged kidney (healthy aging) Failing kidney
Glomerular filtration rate 1In most case !

Renal plasma flow 1 !

Sodium and water resorption 1 !

Fractional excretion of potassium 1 0

Fractional excretion of electrolytes = 1Ca, Mg, P
Serum electrolytes balance = 1Ca, TMg and P
Urinary acidification (adjustment ability of acid—base balance) Able but difficulty in handling, takes longer time Altered

Urine concentration capacity 1 !

Urine dilution capacity ! !

Production of kidney hormones =Erythropoietin, parathyroid hormone; |renin !

=, preserved or normal; 1, elevated; |, reduced; Ca, calcium; Mg, magnesium; P, phosphorus.
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protein intake [27-30] may result in high demands
for protein intake in older adults. However, there are
concerns about the risks of prescription of high
dietary protein regimens to older patients with ele-
vated BMIs based on growing evidence that higher
levels of DPI adversely impact kidney health out-
comes (i.e., with subsequent decline in GFR,
increases in serum urea nitrogen levels and azote-
mia, accelerated progression to uremia, and hyper-
phosphatemia), which may be exacerbated by
obesity-related changes in kidney function and
structure (i.e., glomerular hyperfiltration, secondary
focal segmental glomerular sclerosis) [31,32]. With
respect to short-term outcomes, recent randomized
controlled trials of DPI have demonstrated mixed
findings among older adults, which may have been
because of the augmentation in GFR with high DPI
[33] as well as lack of an observed adaptive response
to high-protein diet or even a tendency toward
kidney function decline [18] and such differences
are likely due to underlying nephron mass and
kidney function reserve. For example, among 99
older men and women with type 2 diabetes among
whom the mean age of cohort was 59 years of age
and the mean estimated GFR (eGFR) was 71 ml/min/
1.73m?, high DPI (defined as 30% of total energy
intake) administered over a 12-month period
resulted in no significant differences in eGFR nor
microalbuminuria as compared with low DPI
(defined as 15% of total energy intake) [34]. Yet
studies of the long-term impact of high DPI upon
kidney function have shown inconsistent results
[35,36], and more recent data suggest that high
DPI may cause harm to kidney health in the long-
term particularly among individuals with preexist-
ing CKD and reduced GFR [32,37-39]. In summary,
adaptive kidney hemodynamic alterations which
occur immediately after a protein and/or amino acid
load may be observed in the short-term; however, in
individuals of older age and/or with preexisting
CKD and substantial nephron loss, long-term con-
sumption of high DPI may contribute to further
nephron loss and GFR decline (Table 2).

There is broad agreement about the ill effects of
undernutrition (malnutrition-wasting) particularly
among older CKD patients [40-43]. Among the
many various complications that may be observed
with CKD, PEW is a potent predictor of adverse
outcomes including death [6,44,45]. In 2003, Kalan-
tar-Zadeh et al. [46] advanced the definition of PEW
as ‘the state of decreased body pools of protein with
or without fat depletion or a state of diminished

12 www.co-clinicalnutrition.com

functional capacity, caused at least partly by inade-
quate nutrient intake relative to nutrient demand
and/or which is improved by nutritional repletion.’
In general, malnutrition can result from an inade-
quate dietary intake (i.e., anorexia nervosa) followed
by losses of body fat loss and suppression of gluco-
neogenesis to minimize muscle protein breakdown
[47]; whereas in CKD, there are conditions resulting
in loss of lean body mass [48-50]. The prevalence of
PEW rises as CKD progresses in part due to activation
of proinflammatory cytokines combined with a
hypercatabolic state and a gradual decline in appe-
tite [48,49,51]. Perturbations in orexinogenic hor-
mones also lead to decreased consumption of
protein and energy [52,53]. Moreover, uremic toxins
including catabolic by-products of protein metabo-
lism may exert harmful effects ranging from oxida-
tive stress to endothelial dysfunction, nitric oxide
disarrays, renal interstitial fibrosis, sarcopenia, and
worsening proteinuria and kidney function [54-56].
In addition to these risk factors, older adults with
CKD are at higher risk for PEW due to their age-
related changes in body composition over time (i.e.,
increased body fat and decreased lean body mass
[21-23]).

Reduced DPI has favorable effects on kidney health
outcomes, which include amelioration of GFR
decline, accompanied by reductions in proteinuria;
mitigation of uremic toxin accumulation; and better
control of hyperphosphatemia, hyperparathyroid-
ism, and hyperkalemia, which may in turn preserve
kidney function and avert or delay the onset of
uremic symptoms in CKD patients [57-59]. In
advanced stages of NDD-CKD, prescription of low
DPI may also be used to defer or delay dialysis
initiation [60]. To date, the Modification of Diet
in Renal Disease (MDRD) study, which examined
1585 patients ages 18—-70 years old over an average
period of 2.2 years, has been the largest controlled
trial of the effects of dietary protein and phosphorus
restriction on CKD outcomes. While the main find-
ings of the MDRD study failed to definitively show
the effectiveness of low DPI on CKD progression
[61], in a subsequent reanalysis the results suggested
that there is a reno-protective effect of low DPI
(defined as 0.58 g/kg/day of dietary protein with
lower phosphorus intake) vs. higher DPI (defined
as 1.3 g/kg/day of dietary protein), such that there
was a 10% lower risk of GFR decline over 3 years of
follow-up. [62]. A recent meta-analysis of smaller
randomized controlled trials has also demonstrated
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the benefits of a low-protein diet on kidney health
outcomes [i.e., reduced risk of kidney failure and
end-stage renal disease (ESRD)] [57].

Low-protein diets may have reno-protective
effects in both older and younger CKD patients,
based on inferences drawn from studies showing
similar effect estimates for CKD outcomes among
patients across various age ranges [63]. A recent
study among 352 patients with stage 3-5 CKD
examined the association between amount of DPI
(estimated using 24-h urine collection), categorized
as very low DPI (<0.6 g/kg/day of dietary protein),
low DPI (0.6-0.8 g/kg/day of dietary protein), or
moderate DPI (>0.8 g/kg/day of dietary protein),
and kidney outcomes stratified by age (i.e., >65
vs. <65 years of age). After a median follow-up 4.2
years, higher DPI was significantly associated with a
faster decline in eGFR in the overall cohort and
elderly patients, while this association was not sta-
tistically significant in younger patients possibly
due to small sample size (16, 39, and 38 younger
patients in the very low, low, and moderate DPI
groups, respectively.) [64].

However, one of the primary concerns of exces-
sive restriction of DPI in older CKD patients has
been the risk of developing sarcopenia of old age
or PEW, leading ultimately to loss of muscle and fat
mass and cachexia, with downstream adverse
sequelae including mortality. In general, the
requirements for protein intake in older adults is
higher than that of younger persons due to age-
related anabolism [65,66]. However, epidemiologic
data show that older adults with CKD tend to con-
sume less protein, and DPI declines as GFR declines
[67]. Moreover, age has a differential effect on CKD-
related outcomes, such that older adults with CKD
are more likely to die than progress to ESRD than
younger adults with CKD [68]. Hence, there are
unique considerations with respect to the benefits
and risks of low DPI in the older vs. younger popu-
lation with CKD [31].

It should be strongly emphasized that when reduc-
ing DPI, sufficient energy intake is also needed to
avoid impaired nutritional status and subsequent
development of PEW [48]. In addition to these
considerations regarding energy intake, one strategy
that can enhance the salutary effects of a low-pro-
tein diet is to supplement it with substitutes such as
ketoacid analogues or essential amino acids (EAAs)
(Fig. 1) [69"%,70]. This may provide a sufficient bal-
ance of EAAs, which are usually absent in low-

14 www.co-clinicalnutrition.com

protein diets, as well as an anabolic stimulus with-
out phosphorus or metabolic burden and a lesser
impact on proteinuria [71,72].

Different ketoacid analogue and EAA composi-
tions have been shown to have positive impact on
CKD outcome, and practice guidelines advise that a
very low protein diet that provides 0.28-0.43 g/kg/
day of protein intake can be achieved with addi-
tional ketoacid analogues or EAAs to meet protein
requirements for adults with CKD [1]. Studies that
have used supplemented very low protein diets have
shown stable or improved serum albumin levels
[70,73], reductions in proteinuria [71,72], less severe
progression of CKD [73-75], with only subtle
changes in lean body mass and fat mass over time
[76,77]. Recent meta-analyses have also explored
the effectiveness and safety of supplemented low-
protein diets [70,78,79]. An Italian randomized con-
trol trial of older (>70 years old) patients with
advanced NDD-CKD showed that a very low protein
diet (defined as 0.3 g/kg/day of protein) supple-
mented with ketoacid analogues, EAAs, and vita-
mins delayed dialysis initiation by approximately
11 months compared with the control group in
whom DPI was not restricted, although both groups
showed similar mortality rates [80]. In studies exam-
ining the long-term safety of supplemented very low
protein diet, patients previously exposed to such an
intervention continued to have low mortality rates
after initiating hemodialysis or after undergoing
renal transplantation [81]. While these studies seem
reassuring with respect to the potential long-term
safety of supplemented low and very low protein
diets, it bears mention that most of these were
observational studies as opposed to randomized
controlled trials.

More recent literature suggests that a patient-
centered plant-dominant low-protein diet (PLADO)
of 0.6-0.8 g/kg/day composed of more than 50%
plant-based sources, administered by dietitians
trained in NDD-CKD care, is promising and consis-
tent with precision nutrition directives [82%]. A
recent comprehensive and critical review of the
literature concluded that daily red meat consump-
tion over years may heighten risk of CKD, whereas
fruit and vegetable proteins may be reno-protective
[83-835]. Therefore, PLADO may confer a protective
effect on kidney health outcomes and a favorable
microbiome balance given its richness in dietary
fiber and antioxidants [82%,86-89].

Given that ESRD patients on hemodialysis tend
to be of older age, they are prone to having risk
factors leading to PEW, including heightened pro-
tein catabolism related to aging, underlying comor-
bidities, and/or dialysis treatment [90]. Indeed,
ESRD patients on hemodialysis are prescribed higher

Volume 24 e Number 1 e January 2021
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Nutritional
management

Low Protein Diet (LPD)
0.6-0.8 g/kg/day

KA/EAA Supplemented Very LPD (SVLPD)
0.3-0.4 g/kg/day

Low Protein Diet with Plant-Dominant (PLADO)
0.6-0.8 g/kg/day, >50% plant-based sources

Necessary for
favorable effects and
avoiding risks

*

Adequate energy intake
30-35 kcal/kg/day

* Tailored nutritional management
by dietitian trained in NDD-CKD

Benefits

Risks

-

Benefits of PLADO

\ K Inadequate EAAs \

Benefits of LPD/SVLPD

1 Glomerular Hyperfiltration
| Proteinuria

lUremic Toxins

|Oxidative Stress

| Dialysis Initiation

TtMineral Metabolism
| Metabolic Acidosis
lInsulin resistance
|Blood Pressure

- Inadequate vitamin B12

- Undermining obesity
management

- High glycemic index

- High potassium load and
Hyperkalemia

- Low palatability and

1CVD harms of meat
JPhosphorus load
lInflammation

1GI Motility

1Gut Microbiome

Harmful metabolites /

adherence
- Protein-energy wasting
- Worse clinical outcomes

Dietary protein intake in the nutritional management of chronic kidney disease patients.

amounts of DPI (i.e., 1.0-1.2 g/kg/day) than that of
NDD-CKD patients [1]. However, dialysis patients
oftentimes have lower consumption of DPI than
these recommended targets. In addition, amongst
incident ESRD patients who are initiated on a less
frequent hemodialysis strategy, known as incremen-
tal hemodialysis, as a means to preserve residual
kidney function, adjunctive dietary interventions
such as prescribing lower DPI on nondialysis days
and higher DPI on dialysis days with sufficient
energy intake may be beneficial [91]. Furthermore,
recent evidence has suggested the importance of an
individualized focus on the nutritional manage-
ment in ESRD patients transitioning to dialysis
[92]. Future studies are needed to define the optimal
nutritional management and DPI of advanced
CKD patients transitioning to ESRD based on
whether they opt to pursue dialysis vs. conservative
management.

1363-1950 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Precision nutritional management that uses a tai-
lored approach in prescribing the amount and sour-
ces of dietary protein are particularly needed in older
adults with CKD. In addition to using a personalized
approach that takes into account a patient’s unique
characteristics over time when administering a low-
protein diet to ameliorate GFR decline and risk of
ESRD, close attention is needed to ensure adequate
energy and nitrogen balance to prevent the devel-
opment of PEW in elderly patients with CKD.

Acknowledgements
None.

Financial support and sponsorship

The authors are supported by research grants from
the NIH/NIDDK: K23-DK102903 (C.M.R.), RO3-

www.co-clinicalnutrition.com 15

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



Ageing: biology and nutrition

DK114642 (C.M.R.), RO1-DK122767 (C.M.R.), K24-
DK091419 (K.K.-Z.), U01-DK102163 (K.K.-Z.), R44-
DK116383 (K.K.-Z.); and the Uehara Memorial Foun-
dation (Y.N.).

Conflicts of interest
There are no conflicts of interest.

Papers of particular interest, published within the annual period of review, have

bee
n

9.
[

n highlighted as:

of special interest
of outstanding interest

. lkizler TA, Burrowes JD, Byham-Gray LD, et al. KDOQI clinical practice

guideline for nutrition in CKD: 2020 update. Am J Kidney Dis 2020;
76(3s1):51-5107.

. Kiesswetter E, Sieber CC, Volkert D. Protein intake in older people: why, how

much and how? Zeitschrift fur Gerontologie und Geriatrie 2020;
53:285-289.

. Coelho-Junior HJ, Milano-Teixeira L, Rodrigues B, et al. Relative protein intake

and physical function in older adults: a systematic review and meta-analysis of
observational studies. Nutrients 2018; 10:1330.

. Reinders |, Visser M, Wijnhoven HAH. Two dietary advice strategies to

increase protein intake among community-dwelling older adults: a feasibility
study. Clin Nutr ESPEN 2020; 37:157-167.

. Walrand S. Dietary supplement intake among the elderly: hazards and

benefits. Curr Opin Clin Nutr Metab Care 2018; 21:465-470.

. Koppe L, Fouque D, Kalantar-Zadeh K. Kidney cachexia or protein—energy

wasting in chronic kidney disease: facts and numbers. J Cachexia Sarcopenia
Muscle 2019; 10:479-484.

. Wu PY, Chao CT, Chan DC, et al. Contributors, risk associates, and

complications of frailty in patients with chronic kidney disease: a scoping
review. Ther Adv Chronic Dis 2019; 10:2040622319880382.

. Chao CT, Wang J, Huang JW, et al. Frailty predicts an increased risk of end-

stage renal disease with risk competition by mortality among 165,461
diabetic kidney disease patients. Aging Dis 2019; 10:1270-1281.
McCullough KP, Morgenstern H, Saran R, et al. Projecting ESRD incidence
and prevalence in the United States through 2030. J Am Soc Nephrol 2019;
30:127-135.

The study predicted the increase in burden of end-stage renal disease in the United
States population through 2030. Predicted continued growth of end-stage kidney
disease in the population remind us the importance of establishment of special
management strategy for elderly chronic kidney dsease patients.

10.

11.
[

The

Polkinghorne KR, Wolfe R, Jachno KM, et al. Prevalence of chronic kidney
disease in the elderly using the ASPirin in Reducing Events in the Elderly study
cohort. Nephrology 2019; 24:1248-1256.

Eriksen BO, Palsson R, Ebert N, et al. GFR in healthy aging: an individual
participant data meta-analysis of iohexol clearance in European Population-
Based Cohorts. J Am Soc Nephrol 2020; 31:1602-1615.

study revealed that healthy aging is not associated with preserved kidney

function, although healthy aging is associated with a higher mean glomerular
filtration rate compared with unhealthy aging.

12,

13.

14.

15.

16.

17.

18.

19.

16

Fang Y, Gong AY, Haller ST, et al. The ageing kidney: molecular mechanisms
and clinical implications. Ageing Res Rev 2020; 63:101151.

Rowland J, Akbarov A, Eales J, et al. Uncovering genetic mechanisms of
kidney aging through transcriptomics, genomics, and epigenomics. Kidney Int
2019; 95:624-635.

Okabayashi Y, Tsuboi N, Kanzaki G, et al. Aging vs. hypertension: an autopsy
study of sclerotic renal histopathological lesions in adults with normal renal
function. Am J Hypertens 2019; 32:676-683.

Fliser D, Zeier M, Nowack R, et al. Renal functional reserve in healthy elderly
subjects. J Am Soc Nephrol 1993; 3:1371-1377.

Hommos MS, Glassock RJ, Rule AD. Structural and functional changes
in human kidneys with healthy aging. J Am Soc Nephrol 2017; 28:2838—-
2844.

Devries MC, Sithamparapillai A, Brimble KS, et al. Changes in kidney function
do not differ between healthy adults consuming higher- compared with lower-
or normal-protein diets: a systematic review and meta-analysis. J Nutr 2018;
148:1760-1775.

Walrand S, Short KR, Bigelow ML, et al. Functional impact of high protein
intake on healthy elderly people. Am J Physiol Endocrinol Metab 2008;
295:E921-E928.

Esposito C, Plati A, Mazzullo T, et al. Renal function and functional reserve in
healthy elderly individuals. J Nephrol 2007; 20:617-625.

www.co-clinicalnutrition.com

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

. Hales CM, Fryar CD, Carroll MD, et al. Trends in obesity and severe obesity

prevalence in US youth and adults by sex and age, 2007 -2008 to 2015—
2016. JAMA 2018; 319:1723-1725.

. Wong JCH, O'Neill S, Beck BR, et al. A 5-year longitudinal study of changes in

body composition in women in the perimenopause and beyond. Maturitas
2020; 132:49-56.

Zamboni M, Rubele S, Rossi AP. Sarcopenia and obesity. Curr Opin Clin Nutr
Metab Care 2019; 22:13-19.

Chia CW, Egan JM, Ferrucci L. Age-related changes in glucose metabolism,
hyperglycemia, and cardiovascular risk. Circ Res 2018; 123:886-904.
Westbury LD, Syddall HE, Fuggle NR, et al. Long-term rates of change in
musculoskeletal aging and body composition: findings from the Health, Aging
and Body Composition Study. Calcif Tissue Int 2020; 106:616-624.
Palmer MK, Toth PP. Trends in lipids, obesity, metabolic syndrome, and
diabetes mellitus in the United States: an NHANES analysis (2003-2004 to
2013-2014). Obesity 2019; 27:309-314.

Baranowska-Bik A, Bik W. Vascular dysfunction and insulin resistance in
aging. Curr Vasc Pharmacol 2019; 17:465-475.

Thalacker-Mercer A, Riddle E, Barre L. Protein and amino acids for skeletal
muscle health in aging. Adv Food Nutr Res 2020; 91:29-64.

Marshall RN, Smeuninx B, Morgan PT, et al. Nutritional strategies to offset
disuse-induced skeletal muscle atrophy and anabolic resistance in older
adults: from whole-foods to isolated ingredients. Nutrients 2020; 12:1533.
Gorissen SHM, Witard OC. Characterising the muscle anabolic potential of
dairy, meat and plant-based protein sources in older adults. Proc Nutr Soc
2018; 77:20-31.

Ni Lochlainn M, Bowyer RCE, Steves CJ. Dietary protein and muscle in aging
people: the potential role of the gut microbiome. Nutrients 2018; 10:929.
Dickerson RN. Protein requirements during hypocaloric nutrition for the older
patient with critical illness and obesity: an approach to clinical practice. Nutr
Clin Pract 2020; 35:617-626.

Ko GJ, Rhee CM, Kalantar-Zadeh K, et al. The effects of high-protein diets on
kidney health and longevity. J Am Soc Nephrol 2020; 31:1667-1679.
Wagner EA, Falciglia GA, Amlal H, et al. Short-term exposure to a high-protein
diet differentially affects glomerular filtration rate but not Acid-base balance in
older compared to younger adults. J Am Diet Assoc 2007; 107:1404-1408.
Larsen RN, Mann NJ, Maclean E, et al. The effect of high-protein, low-
carbohydrate diets in the treatment of type 2 diabetes: a 12 month rando-
mised controlled trial. Diabetologia 2011; 54:731-740.

Lin J, Hu FB, Curhan GC. Associations of diet with albuminuria and kidney
function decline. Clin J Am Soc Nephrol 2010; 5:836-843.

Porter Starr KN, McDonald SR, Jarman A, et al. Markers of renal function in
older adults completing a higher protein obesity intervention and one year
later: findings from the MEASUR-UP ftrial. J Nutr Gerontol Geriatr 2018;
37:117-129.

Kalantar-Zadeh K, Kramer HM, Fouque D. High-protein diet is bad for kidney
health: unleashing the taboo. Nephrol Dial Transplant 2020; 35:1-4.
Bilancio G, Cavallo P, Ciacci C, et al. Dietary protein, kidney function and
mortality: review of the evidence from epidemiological studies. Nutrients
2019; 11:196.

Narasaki Y, Rhee CM, Okuda Y et al.: Dietary Protein Intake, Kidney Function,
and Mortality in a Nationally Representative Cohort. 2019 American Society
of Nephrology Kidney Week Meeting.

Song YH, Cai GY, Xiao YF, et al. Risk factors for mortality in elderly
haemodialysis patients: a systematic review and meta-analysis. BMC Nephrol
2020; 21:377.

Omari AM, Omari LS, Dagash HH, et al. Assessment of nutritional status in the
maintenance of haemodialysis patients: a cross-sectional study from Pales-
tine. BMC Nephrol 2019; 20:92.

Rodrigues J, Santin F, Brito F, et al. Nutritional status of older patients on
hemodialysis: which nutritional markers can best predict clinical outcomes?
Nutrition 2019; 65:113-119.

Hanafusa N, Tsuchiya K, Nitta K. Malnutrition-wasting conditions in older
dialysis patients: an individualized approach. Contrib Nephrol 2019; 198:
12-20.

Yajima T, Arao M, Yajima K, et al. The associations of fat tissue and muscle
mass indices with all-cause mortality in patients undergoing hemodialysis.
PLoS One 2019; 14:¢0211988.

Inoue A, Ishikawa E, Shirai Y, et al. Effects of protein-energy wasting (PEW)
and hyperphosphatemia on the prognosis in Japanese maintenance hemo-
dialysis patients: a five-year follow-up observational study. Clin Nutr ESPEN
2020; 36:134-138.

Kalantar-Zadeh K, lkizler TA, Block G, et al. Malnutrition—inflammation com-
plex syndrome in dialysis patients: causes and consequences. Am J Kidney
Dis 2003; 42:864-881.

Cederholm T, Jensen GL, Correia M, et al. GLIM criteria for the diagnosis of
malnutrition — a consensus report from the global clinical nutrition community.
Clin Nutr 2019; 38:1-9.

Hanna RM, Ghobry L, Wassef O, et al. A practical approach to nutrition,
protein-energy wasting, sarcopenia, and cachexia in patients with chronic
kidney disease. Blood Purif 2020; 49:202-211.

Oliveira EA, Zheng R, Carter CE, et al. Cachexia/Protein energy wasting
syndrome in CKD: causation and treatment. Semin Dial 2019; 32:493-499.

Volume 24 e Number 1 e January 2021

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Pauzi FA, Sahathevan S, Khor BH, et al. Exploring metabolic signature of
protein energy wasting in hemodialysis patients. Metabolites 2020; 10:16;
10: 291.

Kiebalo T, Holotka J, Habura I, et al. Nutritional status in peritoneal dialysis:
nutritional guidelines, adequacy and the management of malnutrition. Nutri-
ents 2020; 12:.

Korucu B, Erten YT, Yeter HH, et al. Hypothalamic energy regulatory peptides
in chronic kidney disease. Ther Apher Dial 2019; 23:437-443.

Lee JY, Kim JS, Yang JW, et al. Serum leptin level is associated with
phase angle in CKD5 patients not undergoing dialysis. PLoS One 2018;
13:€0202055.

Carré JE, Affourtit C. Mitochondrial activity and skeletal muscle insulin
resistance in kidney disease. Int J Mol Sci 2019; 20:5; 20: 2751.

Seki M, Nakayama M, Sakoh T, et al. Blood urea nitrogen is independently
associated with renal outcomes in Japanese patients with stage 3—5 chronic
kidney disease: a prospective observational study. BMC Nephrol 2019;
20:115.

Inaguma D, Koide S, lto E, et al. Ratio of blood urea nitrogen to serum
creatinine at initiation of dialysis is associated with mortality: a multicenter
prospective cohort study. Clin Exp Nephrol 2018; 22:353-364.

Yan B, Su X, Xu B, et al. Effect of diet protein restriction on progression of
chronic kidney disease: a systematic review and meta-analysis. PLoS One
2018; 13:0206134.

Morris A, Krishnan N, Kimani PK; et al. Effect of dietary potassium restriction
on serum potassium, disease progression, and mortality in chronic kidney
disease: a systematic review and meta-analysis. J Renal Nutr 2020;
30:276-285.

Koppe L, Fouque D. The role for protein restriction in addition to rennin—
angiotensin—aldosterone system inhibitors in the management of CKD. Am J
Kidney Dis 2019; 73:248-257.

Baragetti |, De Simone |, Biazzi C, et al. The low-protein diet for chronic kidney
disease: 8 years of clinical experience in a nephrology ward. Clin Kidney J
2020; 13:253-260.

Klahr S, Levey AS, Beck GJ, et al. The effects of dietary protein restriction and
blood-pressure control on the progression of chronic renal disease. Mod-
ification of Diet in Renal Disease Study Group. N Engl J Med 1994;
330:877-884.

Levey AS, Adler S, Caggiula AW, et al. Effects of dietary protein restriction on
the progression of advanced renal disease in the Modification of Diet in Renal
Disease Study. Am J Kidney Dis 1996; 27:652-663.

Levey AS, de Jong PE, Coresh J, et al. The definition, classification, and
prognosis of chronic kidney disease: a KDIGO Controversies Conference
report. Kidney Int 2011; 80:17-28.

Watanabe D, Machida S, Matsumoto N, et al. Age modifies the association of
dietary protein intake with all-cause mortality in patients with chronic kidney
disease. Nutrients 2018; 10:1744.

Phillips SM, Paddon-Jones D, Layman DK. Optimizing adult protein intake
during catabolic health conditions. Adv Nutr 2020; 11:S1058-S1069.
Krok-Schoen JL, Archdeacon Price A, Luo M, et al. Low dietary protein
intakes and associated dietary patterns and functional limitations in an
aging population: a NHANES analysis. J Nutr Health Aging 2019; 23:
338-347.

Lee SW, Kim YS, Kim YH, et al. Dietary protein intake, protein energy wasting,
and the progression of chronic kidney disease: analysis from the KNOW-CKD
study. Nutrients 2019; 11:121.

Hallan S, Rifkin DE, Potok OA, et al. Implementing the European Renal Best
Practice Guidelines suggests that prediction equations work well to differ-
entiate risk of end-stage renal disease vs. death in older patients with low
estimated glomerular filtration rate. Kidney Int 2019; 96:728-737.

Koppe L, Cassani de Oliveira M, Fouque D. Ketoacid analogues supplemen-
tation in chronic kidney disease and future perspectives. Nutrients 2019;
11:2071.

The review clearly demonstrated that the potential benefit of Ketoacid
Analogues supplemented very low protein diet in advanced kidney disease based
on their exhaustive reviewing and summarizing of studies including animal and
human.

70.

1363-1950 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Li A, Lee HY, Lin YC. The effect of ketoanalogues on chronic kidney disease
deterioration: a meta-analysis. Nutrients 2019; 11:957.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Protein intake in elderly Narasaki et al.

Liu D, Wu M, Li L, et al. Low-protein diet supplemented with ketoacids delays
the progression of diabetic nephropathy by inhibiting oxidative stress in the
KKAy mice model. Br J Nutr 2018; 119:22-29.

Di lorio BR, Marzocco S, Bellasi A, et al. Nutritional therapy reduces protein
carbamylation through urea lowering in chronic kidney disease. Nephrol Dial
Transplant 2018; 33:804-813.

Milovanova L, Fomin V, Moiseev S, et al. Effect of essential amino acid
ketoanalogues and protein restriction diet on morphogenetic proteins
(FGF-23 and Klotho) in 3b-4 stages chronic kidney disease patients: a
randomized pilot study. Clin Exp Nephrol 2018; 22:1351-1359.

Satirapoj B, Vongwattana P, Supasyndh O. Very low protein diet plus ketoacid
analogs of essential amino acids supplement to retard chronic kidney disease
progression. Kidney Res Clin Pract 2018; 37:384-392.

Wang M, Xu H, Chong Lee Shin OL, et al. Compound a-keto acid tablet
supplementation alleviates chronic kidney disease progression via inhibition
of the NF-kB and MAPK pathways. J Transl Med 2019; 17:122.

Garibotto G, Sofia A, Parodi EL, et al. Effects of low-protein, and supple-
mented very low-protein diets, on muscle protein turnover in patients with
CKD. Kidney Int Rep 2018; 3:701-710.

Bellizzi V, Calella P, Hernandez JN, et al. Safety and effectiveness of low-
protein diet supplemented with ketoacids in diabetic patients with chronic
kidney disease. BMC Nephrol 2018; 19:110.

Chewcharat A, Takkavatakarn K, Wongrattanagorn S, et al. The effects of
restricted protein diet supplemented with ketoanalogue on renal function,
blood pressure, nutritional status, and chronic kidney disease-mineral and
bone disorder in chronic kidney disease patients: a systematic review and
meta-analysis. J Ren Nutr 2020; 30:189-199.

Stremke ER, Biruete A, Hill Gallant KM. Dietary protein intake and bone
across stages of chronic kidney disease. Curr Osteoporos Rep 2020;
18:247-253.

Brunori G, Viola BF, Parrinello G, et al. Efficacy and safety of a very-low-
protein diet when postponing dialysis in the elderly: a prospective randomized
multicenter controlled study. Am J Kidney Dis 2007; 49:569-580.

Cupisti A, Brunori G, Di lorio BR, et al. Nutritional treatment of advanced CKD:
twenty consensus statements. J Nephrol 2018; 31:457-473.
Kalantar-Zadeh K, Joshi S, Schlueter R, et al. Plant-dominant low-protein diet
for conservative management of chronic kidney disease. Nutrients 2020;
12:1931.

The article is rich in evidence and suggesting how a patient-centered plant-
dominant low-protein diet is favorable in the nutritional management in chronic
kidney disease.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Kamper AL, Strandgaard S. Long-term effects of high-protein diets on renal
function. Annu Rev Nutr 2017; 37:347-369.

Mafra D, Borges NA, Lindholm B, et al. Food as medicine: targeting the
uraemic phenotype in chronic kidney disease. Nat Rev Nephrol 2020; 1-19.
Mirmiran P, Yuzbashian E, Aghayan M, et al. A prospective study of dietary
meat intake and risk of incident chronic kidney disease. J Renal Nutr 2020;
30:111-118.

Joshi S, Hashmi S, Shah S, et al. Plant-based diets for prevention and
management of chronic kidney disease. Curr Opin Nephrol Hypertens
2020; 29:16-21.

Chauveau P, Koppe L, Combe C, et al. Vegetarian diets and chronic kidney
disease. Nephrol Dial Transplant 2019; 34:199-207.

Carrero JJ, Gonzalez-Ortiz A, Avesani CM, et al. Plant-based diets to manage
the risks and complications of chronic kidney disease. Nat Rev Nephrol 2020;
16:525-542.

Moore J. Whole-food low-protein plant-based nutrition to prevent or slow
progression of chronic kidney disease. J Renal Nutr 2020; S1051-
2276:30082-30090.

Bolasco P. Hemodialysis-nutritional flaws in diagnosis and prescriptions.
Could amino acid losses be the sharpest ‘Sword of Damocles'? Nutrients
2020; 12:1773.

Hur |, Lee YK, Kalantar-Zadeh K, et al. Individualized hemodialysis treatment: a
perspective on residual kidney function and precision medicine in nephrology.
Cardiorenal Med 2019; 9:69-82.

Rhee CM, Kovesdy CP, Ravel VA, et al. Glycemic status and mortality in
chronic kidney disease according to transition versus nontransition to dialysis.
J Ren Nutr 2019; 29:82-90.

www.co-clinicalnutrition.com 17

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.





