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 CURRENT
OPINION Protein intake and renal function in older patients
 Copyright ©
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a a b,c,d
Yoko Narasaki , Connie M. Rhee , Holly Kramer ,
and Kamyar Kalantar-Zadeha
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 keto-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 plant-dominant 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
aDivision of Nephrology, Hypertension and Kidney Transplantation, Har-
old Simmons Center for Chronic Disease Research and Epidemiology,
University of California Irvine, Orange, California, bDepartment of Public
Health Sciences, cDepartment of Medicine, Loyola University Chicago
Stritch School of Medicine, Maywood and dHines VA Medical Center,
Hines, Illinois, USA

Correspondence to Kamyar Kalantar-Zadeh, MD, MPH, PhD, Division of
Nephrology, Hypertension and Kidney Transplantation, University of
California Irvine College of Health Sciences, Irvine, California, USA.
E-mail: kkz@uci.edu

Curr Opin Clin Nutr Metab Care 2021, 24:10–17

DOI:10.1097/MCO.0000000000000712
INTRODUCTION

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
 2020 Wolters Kluwer H
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.
ealth, Inc. All rights reserved.
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KEY POINTS

� Kidney function including GFR and renal plasma flow
are slightly lower in the elderly population irrespective
of CKD status.

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

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

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

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

Protein intake in elderly Narasaki et al.
KIDNEY FUNCTION IN OLDER CHRONIC
KIDNEY DISEASE PATIENTS

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 0.6–1 ml/min/1.73 m2/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
 Copyright © 2020 Wolters Kluwe

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

Kidney function Ag

Glomerular filtration rate #In
Renal plasma flow #
Sodium and water resorption #
Fractional excretion of potassium #
Fractional excretion of electrolytes ¼
Serum electrolytes balance ¼
Urinary acidification (adjustment ability of acid–base balance) Ab

Urine concentration capacity #
Urine dilution capacity #
Production of kidney hormones ¼E

¼, preserved or normal; ", elevated; #, reduced; Ca, calcium; Mg, magnesium; P, p

1363-1950 Copyright � 2020 Wolters Kluwer Health, Inc. All rights rese
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�30 kg/m2), 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
r Health, Inc. All rights reserved.
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Ageing: biology and nutrition
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/
1.73 m2, 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).
PROTEIN–ENERGY WASTING IN OLDER
CHRONIC KIDNEY DISEASE PATIENTS

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
 Copyright © 2020 Wolters Kluwer H
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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]).
DIETARY PROTEIN RESTRICTION AND
KIDNEY FUNCTION IN OLDER ADULTS
WITH CHRONIC KIDNEY DISEASE

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
ealth, Inc. All rights reserved.
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Ageing: biology and nutrition
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].
SUPPLEMENTED PROTEIN RESTRICTION
AND KIDNEY FUNCTION IN OLDER
CHRONIC KIDNEY DISEASE PATIENTS

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-
 Copyright © 2020 Wolters Kluwer H
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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
[83–85]. 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
ealth, Inc. All rights reserved.
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FIGURE 1. Dietary protein intake in the nutritional management of chronic kidney disease patients.

Protein intake in elderly Narasaki et al.
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.
 Copyright © 2020 Wolters Kluwe
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CONCLUSION

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.
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