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REVIEW ARTICLE

Julie R. Ingelfinger, M.D., Editor

Nutritional Management of Chronic Kidney
Disease

Kamyar Kalantar-Zadeh, M.D., M.P.H., Ph.D., and Denis Fouque, M.D., Ph.D.

HRONIC KIDNEY DISEASE, DEFINED AS EVIDENCE OF STRUCTURAL OR

functional renal impairment for 3 or more months, is generally progressive

and irreversible, affecting multiple metabolic pathways.! Altered protein
and energy homeostasis, abnormal protein catabolism, acid—base derangements,
and hormonal dysfunction ensue. Normal growth and development may be hin-
dered, especially in children.? Chronic kidney disease is categorized in stages, with
symptoms that vary across the stages (see Box S1 in the Supplementary Appendix,
available with the full text of this article at NEJM.org). However, as chronic kidney
disease progresses, the accumulation of nitrogen-containing products from dietary
and intrinsic protein catabolism may distort taste and smell and blunt appetite.
Gastrointestinal nutrient absorption ultimately becomes abnormal, since uremia
affects the microbiome and disrupts intestinal epithelia.> Muscle and fat wasting
may develop as kidney failure advances, exacerbated by coexisting conditions and
frailty, particularly in elderly patients, who account for a large proportion of those
who are affected. Hence, nutritional status often becomes disordered, and protein—
energy wasting is common, requiring dietary adjustments in this population. Beyond
dietary adjustments, however, nutritional therapy may help to manage uremia, as
well as other complications such as electrolyte and acid—base imbalances, water
and salt retention, mineral and bone disorders, and failure to thrive. In fact, dietary
interventions may also be used for the conservative management of uremia or as
a means of delaying or avoiding dialysis therapy, according to the patient’s prefer-
ence. It is possible, though not yet unequivocally proved, that nutritional interven-
tions slow disease progression independent of uremia management. Given that
approximately 10% of the adult population worldwide has chronic kidney disease*
and considering the exceptionally high costs and burden of maintenance dialysis
therapy and kidney transplantation, dietary interventions may be increasingly cho-
sen as a management strategy for chronic kidney disease. This review considers
several aspects of the nutritional management of chronic kidney disease in adults.

ROLE OF DIETARY CONSTITUENTS IN KIDNEY DISEASE

PROTEIN

Whether the quantity or quality of ingested protein is a risk factor for incident
kidney disease has been debated for nearly a century. Experimental evidence sug-
gests that long-term dietary protein intake exceeding 1.5 g per kilogram of ideal
body weight per day may cause glomerular hyperfiltration® and proinflammatory
gene expression,® which are known risk factors for kidney disease, as in the dia-
betic nephropathy model.” A high-protein diet, which is a popular weight-reduction
strategy, has been shown to exacerbate proteinuria in persons with diabetes or
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Figure 1. Effects of a Low-Protein, Low-Salt Diet on the Afferent Arteriole.

A lower intake of dietary protein leads to greater constriction of the afferent arteriole. Thus, a low-protein diet results
in incremental reductions in the glomerular filtration rate, but over time, a sustained low-protein diet has been ob-
served to diminish glomerular damage and stabilize or improve function. A potential secondary effect of lowered in-
traglomerular pressure is mitigation of mesangial-cell (M) signaling, leading to lower transforming growth factor 8
(TGF-B) expression and reduced interstitial fibrosis. It has been shown experimentally that the renoprotective effects
of a low-protein diet can be synergistic with the direct effect of a low-sodium diet, as well as the effect of angiotensin-
pathway modulators such as angiotensin-converting—enzyme inhibitors and angiotensin-receptor blockers, which
dilate the efferent arteriole and reduce intraglomerular pressure and glomerular damage. In contrast, a high-protein
diet dilates the afferent arteriole and elevates intraglomerular pressure, leading to an increased glomerular filtration
rate over a short period, but the glomerular hyperfiltration ultimately stimulates mesangial-cell signaling, leading to
increased TGF-B release and subsequent progressive fibrosis and renal damage. CKD denotes chronic kidney disease.

hypertension,® but its net effect on kidney health
is unclear.

Why should the amount and type of protein
intake influence the risk of chronic kidney dis-
ease? Animal models have shown that low pro-
tein intake constricts the glomerular afferent
arterioles and lowers intraglomerular pressure,
whereas a high-protein diet dilates the afferent
arterioles, which increases glomerular filtration.’
Over time, glomerular hyperfiltration itself may
damage the remaining glomeruli.'® Thus, a low-

protein diet has a preglomerular effect that may
enhance the postglomerular effect of angiotensin-
pathway modulators that dilate the efferent ar-
terioles and consequently lower intraglomerular
pressure (Fig. 1).1!

Findings from studies of dietary protein re-
striction in humans, however, have been less
consistent. The Modification of Diet in Renal
Disease (MDRD) study showed that the progres-
sion of kidney disease is only minimally deceler-
ated by a low-protein diet,'*> though several rele-

N ENGLJ MED 377,18 NEJM.ORG NOVEMBER 2, 2017

The New England Journal of Medicine

Downloaded from negjm.org at Irvine (UCD) on July 25, 2022. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.



NUTRITIONAL MANAGEMENT OF CHRONIC KIDNEY DISEASE

vant limitations of the MDRD study, such as the
relatively small sample and short follow-up time,
should be noted (Table S1 and Fig. S1 in the
Supplementary Appendix).’* Most other controlled
trials have confirmed the beneficial effects of
restricted protein intake (Table S2 in the Supple-
mentary Appendix), as did several meta-analyses
that included the MDRD study. Dietary protein
sources may influence the outcome. A recent
cohort study using a food-frequency question-
naire showed that a high intake of red and pro-
cessed meat was associated with an increased
risk of chronic kidney disease, whereas a lower
risk was observed with a diet rich in nuts, le-
gumes, and low-fat dairy products.

Altogether, the current evidence suggests that
a low-protein diet mitigates proteinuria in both
experimental models® and human kidney dis-
ease.’® The amelioration of proteinuria is proba-
bly related to the reduction in intraglomerular
pressure (Fig. 1),!* which is a favorable effect that
is independent of angiotensin-pathway modula-
tion.” Such a reduction in pressure also is rele-
vant in any range of proteinuria” and when kid-
ney disease is in a relatively early stage, before
the development of renal insufficiency, particu-
larly in a patient who was previously consuming
a high-protein diet.'"!8

Restricting dietary protein also results in a
proportional reduction in urea generation.” After
protein breakdown, individual amino acids are
deaminated by removal of an a-amino group,
leaving a carbon skeleton of ketoacids, which
can be recycled to form other amino acids and
proteins or can be used for energy generation
through the tricarboxylic acid cycle,” while urea
is generated through the urea cycle (Fig. 2). A per-
sistently high blood urea level, termed azotemia,
which is a commonly used marker for uremia,
may enhance protein carbamylation and generate
reactive oxygen species, leading to oxidative stress,
inflammation, endothelial dysfunction, and ulti-
mately, cardiovascular disease.”’ Ameliorating
azotemia by reducing protein intake results in
parallel reductions of other nitrogenous com-
pounds that are thought to act as uremic toxins.*
Although uremic symptoms diminish by the
consumption of less protein, only limited stud-
ies have examined the effectiveness and safety
of a low-protein diet as a means of deferring or
avoiding the transition to dialysis therapy.**

Of the various ranges of low protein intake

(Table S3 and Fig. S2 in the Supplementary Ap-
pendix), 0.6 to 0.8 g per kilogram of body weight
per day is the most frequently recommended
target for adults with moderate-to-advanced kid-
ney disease (estimated glomerular filtration rate
[eGFR], <45 ml per minute per 1.73 m? of body-
surface area) and for the management of sub-
stantial proteinuria (urinary protein excretion,
>0.3 g per day). However, the so-called very-low-
protein diet (<0.6 g of protein per kilogram per
day), supplemented with essential amino acids
or their ketoacids, is also used.” People at in-
creased risk for kidney disease, such as those
who have undergone nephrectomy for kidney
donation or for cancer treatment or who have
diabetes mellitus or hypertension or polycystic
kidneys, may benefit from modest protein intake
(<1 g per kilogram per day) in order to maintain
a moderately low intraglomerular pressure.*

The safety and feasibility of low protein intake
are among the main concerns associated with a
low-protein diet, along with the risk of protein—
energy wasting and adherence to dietary restric-
tions (Table 1).” For healthy persons, the recom-
mended dietary allowance for protein is 0.8 g per
kilogram per day, whereas 0.66 g per kilogram
per day is the estimated average requirement for
adults who have chronic kidney disease but are
otherwise healthy. Hence, a diet consisting of
0.6 to 0.8 g of protein per kilogram per day ful-
fills dietary needs, especially if half the protein
is of “high biologic value” (e.g., dairy products);
the other half may be plant proteins. In clinical
trials of low-protein diets administered at the
lower threshold (0.6 g of protein per kilogram
per day), deterioration of nutritional status has
rarely, if ever, been reported.’>* However, for
most children, as well as adults who are at in-
creased risk for malnutrition, protein intake
closer to 0.8 g per kilogram per day may be
necessary to ensure appropriate growth and de-
velopment and to prevent or correct protein—
energy wasting. The safety of and adherence to
a low-protein diet can be improved by providing
adequate energy (30 to 35 kcal per kilogram per
day) and ongoing nutritional education and sur-
veillance.?®?

SODIUM AND FLUIDS

The association between dietary sodium intake
and blood pressure is most pronounced in per-
sons who consume a high-sodium diet (>4 g of
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Figure 2. Pathways Involved in Protein and Amino Acid Metabolism in Chronic Kidney Disease.

The tricarboxylic acid (TCA) cycle comprises a series of chemical reactions that can metabolize amino acids. Amino groups are the
products of amino acid deamination. Urea is synthesized through the urea cycle in the liver from the oxidation of amino acids or from
ammonia. These mechanisms serve to trap and neutralize the highly volatile and toxic ammonia that is released from a-amino groups
on transamination of amino acids in the liver. (Fig. S2 in the Supplementary Appendix provides more details on the intestinal tract.)
Acetyl-CoA denotes acetyl-coenzyme A.
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Table 1. Potential Benefits and Challenges of a Low-Protein Diet (LPD) in the Nutritional Management of Chronic Kidney Disease (CKD).*

Measure Potential Benefits of LPD Challenges and Risks of LPD Comments

CKD progression Synergistic effect with angiotensin-  In first several months, slight drop in  Inconclusive results in MDRD study,
pathway modulators to lower GFR may be observed, as shown but small effect size in meta-
intraglomerular pressuref in MDRD study: analyses§

Proteinuria Consistent antiproteinuric effect, LPD is contrary to notion that DPI Some data suggest that even larger
which may mitigate hypo- must be increased to replace effect may be achieved with DPI
albuminemia urinary protein loss of <0.6 g/kg/day

Uremia management and Supported by consistent and bio-  Unlikely to worsen uremia but Patients at increased risk for PEW

deferral of dialysis logically plausible data for potential risk of resurfacing may benefit from supplements
almost a century or exacerbating PEW (e.g., EAA or KA)

Metabolic acidosis H* generation decreased in pro- The need for >50% HBV protein Although >50% HBV protein is rec-
portion to reduction in DPI, may prompt higher intake of ommended, the remainder can
especially with larger proportion non—plant-based foods that are be from plant-based foods
of plant-based food more acidogenic

Mineral and bone disease  The lower phosphorus content Higher calcium content in some Additional improvements in bone
of LPD improves measures of KA preparations may increase health are possible by alleviating
mineral bone disease, including calcium load acidosis
sHPT and high FGF-23

PEW Ameliorating hypoalbuminemiain  Weight loss may occur; the habit Half of dietary protein source should
patients with proteinuria may of LPD intake may continue after be HBV protein; liberalize diet
help neutralize circulating in- starting thrice-weekly hemodialy- during correction of PEW
flammatory compounds sis, when higher protein intake is

recommended
Cardiovascular and Lower protein intake is associated ~ Higher dietary fat intake (to achieve Higher proportions of unsaturated
metabolic health with lower dietary salt and satu- DEI of 30-35 kcal/kg/day) may fat and complex carbohydrates
rated fat intake and may be less confound the goal of achieving recommended
atherogenic, given higher pro- a heart-healthy diet
portion of plant-based food
Glycemic control and Improvement in insulin resistance  With LPD or VLPD, higher carbohy-  Given increased insulin half-life and
insulin response is likely drate and fat intake (to achieve “burnt-out diabetes” with CKD
DEI 30-35 kcal/kg/day) may progression, preventing hypo-
worsen glycemic control glycemic episodes is prudent
Quality of life and Enhanced patient-centeredness, Challenges with adherence; diet Recommend creative recipes and
adherence to LPD given that many patients seek fatigue, poor palatability, and strategies to engage patients
nutritional therapies and dietary cravings reported
advice

Mortality There are no convincing data to Increased mortality highly unlikely ~ Consider supplements or other cor-
suggest reduced mortality, with DPI of 0.6-0.8 g/kg/day rective strategies whenever PEW
although dialysis deferral is a unless severe PEW emerges is suspected or diagnosed
potential mechanism, given high and is uncorrected
mortality during early dialysis

Hypertension MDRD and other data suggest Reduction in BP is more likely are-  Higher potassium intake from more

management improved BP control sult of concomitant lower salt plant-based foods may be a poten-
intake than of LPD itself tial mechanism

Microbiome modulation  Improved microbiome profile may  Possibility of promoting unfavorable Uremia itself can lead to unfavorable
be achieved through reduced microbiome milieu cannot be microbiome
uremic toxin generation excluded

* A diet that provides 0.6 to 0.8 g of protein per kilogram of body weight per day is recommended most frequently. BP denotes blood pres-
sure, DEI dietary energy intake, DPI dietary protein intake, EAA essential amino acids, FGF-23 fibroblast growth factor 23, GFR glomerular
filtration rate, HBV high biologic value, KA ketoacids, MDRD Modification of Diet in Renal Disease, PEW protein—energy wasting, sHPT
secondary hyperparathyroidism, and VLPD very-low-protein diet.

7 Angiotensin-pathway modulators include angiotensin-converting—enzyme inhibitors and angiotensin-receptor blockers. See Tables S4 and
S5 and Box S2 in the Supplementary Appendix for additional data and examples of meals.

& The MDRD study data were originally presented by Klahr et al.,'* with an additional analysis by Levey et al."?

§ A meta-analysis by Kasiske et al. showed a significant but rather small effect size of an LPD in slowing the CKD progression rate.*
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sodium per day), have underlying hypertension,
or are over the age of 55 years.*® In patients with
established chronic kidney disease, dietary sodi-
um restriction is invariably recommended to con-
trol fluid retention and hypertension and to im-
prove the cardiovascular risk profile.! However,
it is not clear that dietary sodium chloride re-
striction can slow the progression of established
kidney disease. Since cardiovascular trials involv-
ing dietary sodium restriction often exclude pa-
tients with renal disease, there are limited rele-
vant interventional data for such patients.’> A
reduced sodium intake enhances the effects of
a low-protein diet and angiotensin-modulation
therapy in decreasing intraglomerular pressure
(Fig. 1)® and may also decrease proteinuria and
slow the progression of kidney disease.**
Observational studies using urinary sodium
excretion as a surrogate for sodium chloride in-
take have yielded inconsistent data, with some
studies showing no association between dietary
sodium intake and renal disease progression®
and others showing a positive association.*® A
longitudinal study published in 2016, which in-
volved serial 24-hour urine collections from 3939
patients with chronic kidney disease, suggested
that the highest quartile of urinary sodium ex-
cretion (24.5 g per day), as compared with the
lowest quartile (<2.7 g per day), was associated
with 45% higher mortality and a 54% higher risk
of disease progression.* Incrementally worse car-
diovascular outcomes were observed when dietary
sodium intake exceeded 4 g per day.”” Observations
in the general population suggest a J-shaped asso-
ciation; dietary sodium intake that is higher than
5 g per day and intake that is lower than 3 g per
day are each associated with an increased risk of
cardiovascular disease and death.® Although a
daily dietary allowance of less than 2.3 g of so-
dium (<100 mmol) is often recommended for
patients with cardiovascular disease, there is no
evidence that patients with kidney disease will
benefit from this very low level of sodium restric-
tion. Therefore, a daily dietary sodium intake of
less than 4 g (<174 mmol) is recommended for
the overall management of chronic kidney dis-
ease and its associated risks, with a sodium in-
take of less than 3 g (<131 mmol) for the spe-
cific management of symptomatic fluid retention
or proteinuria. Evidence supporting a sodium in-
take of less than 1.5 g per day (<87 mmol per day)
for patients with renal insufficiency is lacking,

given the risk of hyponatremia and adverse out-
comes,® and patients with certain conditions,
such as salt-losing nephropathies, should not be
subjected to such stringent sodium restriction
(Table 2).

Whereas adequate fluid intake may mitigate
the risk of kidney disease,” patients with renal
insufficiency generally have isosthenuria. This is
the basis for the recommendation that patients
with stage 3 chronic kidney disease limit fluid
intake to less than 1.5 liters per day in order to
avoid hyponatremia®’; adjustment of that limit
for a hot climate and other conditions associated
with high insensible fluid losses is imperative.
Adjunctive therapy with loop diuretics is often
prescribed, particularly for patients who tend to
have symptomatic fluid retention or hyponatre-
mia, given the association of such conditions in
chronic kidney disease with poor outcomes.*

POTASSIUM

Many potassium-rich foods, such as fresh fruits
and vegetables, are considered healthy choices for
most people, given the high fiber and vitamin
content and low acidogenicity of such foods.* In
some large population cohorts at high risk for
cardiovascular disease® or diabetes,” higher uri-
nary potassium excretion is associated with a
lower likelihood of all renal complications except
for hyperkalemia. Given the well-established as-
sociation of higher dietary potassium with lower
sodium intake and lower incidences of hyperten-
sion, stroke, nephrolithiasis, and kidney disease,
a relatively high daily potassium intake, 4.7 g
(120 mmol), is recommended for healthy adults,
including those at high risk for kidney disease.**
A higher dietary potassium intake, however, may
be associated with a higher risk of kidney dis-
ease progression.** Among patients with very ad-
vanced chronic kidney disease, the highest quar-
tile of dietary potassium intake, as compared
with the lowest quartile, is associated with an
increase in the risk of death by a factor of 2.4;
the association is independent of the plasma
potassium level and other nutritional measures.®
In epidemiologic studies, both moderately low
plasma potassium levels (<4.0 mmol per liter)
and high levels (>5.5 mmol per liter) are associ-
ated with more rapid kidney disease progres-
sion.* Dietary potassium restriction is often
recommended in patients with hyperkalemia,
especially those with more advanced stages of

N ENGL) MED 377,18 NEJM.ORG NOVEMBER 2, 2017

The New England Journal of Medicine

Downloaded from negim.org at Irvine (UCD) on July 25, 2022. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.



"juswaSeueLU pIny pue ‘sysui Je|NdSeAOIpIEd puk yS1am Jo Jusw
-93BUBW ‘SIUSLUBID 9DBJ] ‘SUILUBHA JBY10 ‘Q UIWEIIA JOJ SUOIIBpUaLILIODaL sapiroid xipuaddy Aiejuswaddns ayi ul S 9|qe] paradiel aq ued sadues A31aus Jamo) ‘sjuaited 3saqo u|
“Jua1u02 Jaqu-y31y e yum xa|dwod pue (pauiaiuou) |einjeu aq pjnoys ‘@xeiul A3iaus Ajiep ay1 Jo 9409 01 Oy apiroid ydiym ‘saielpAyoqgied
‘elwareydsoydiadAy o1 1padsas yum sniels sjuaired ayi jo ssajpiedau paldllsas aq pinoys snioydsoyd Aieaiqg
"9eaul winisselod J1ayn Suisealdul Jjo |eod e aney pnoys elwa|eyodAy aaey pue sisk|eip [eauolliad ulodiapun ase oym sjusned |
‘(1897 1mpNoys—winipos~ydnw—moy/Si10 ueay dnyeaiquinipos//:sdny) Aep uad wnipos
10 8 6T Jo nwi| |eap! ue s15933ns pue (1jes Jo uoodseay T 01 Jus|eAINDS) Aep Jad WNIPOS Jo 3 ¢'Z UBY] 2JOL OU SPUSLLILLIODAI UOIBIDOSSY 1BIH UBDLIBWY Y1 ‘ain|ie) Leay yum sjuained jo4  §
"UOI1DL1SI WINIPOS 0} padalgns aq jou pinoys saiyledosydau Suisoj-3es se Yons SUOIHPUOD UIBL3D YHUM Sjudlled I
‘Juawadeuew Aieialp o1 10adsal yum Ajiejiwis payoeosdde aq ued syusied jo sdnoi3qns 2aiyy asay] uolresedaid siskjelp |eruswaidul sapnjdul 93e1s sisA|elp-01-Uuoils
-ued} ay3 'siskjeip o1 Buluonisued} g Kew 4o ,w ¢/°T J4od dnuiw 4ad jw Og ueyl ss3] 40 LW ¢/°T Jad dInuiw Jad W 09 UBY) SS3| 0 OF JO ¥4 UE dAeY Aew sjuaididal juedsuen-Asupry L
‘uoisuapadAH dois 01 sayoeoiddy Aieaig sajousap HSYQ “S6+20°0 Aq A|dinw ‘Aep uad ssjow
-I][lw 03 winid[ed WaAU0d 0] ‘67z¢0° Aq Aldinjnwi ‘Aep 4ad sajowijiw 03 snioydsoyd 1SAUOD O] "} G J9AO YdUl Yded 4oy 33 ¢'7+3Y G Gy Se sajeway ul pue (Wd 4°ZGT J9A0 WD G°Z Yded)
14 G J3A0 YUl Yoea 4oy By ¢'7+3% 00§ Se Sa|elu ul pateLilsa aq ued Md| YL "0g dA0qe (sia1aw ul 1ydiay sy jo asenbs ayy Aq papiaip swesSo|ny ul 1ydiam ay3 ‘[N g) xepul ssew-Apoq
e yum suosiad Joy A|enadsa ‘(Mgl) 1ySiem Apoq [eap! ayi sajouap 3y ‘A31aua pue ularoad 1oy SUOITEPUSILLIODAL AIBIBIP B JO JOJBUILLOUDP dY) U| o, WISI|OQEIDJN PUE UOILINN [EUDY
10 £191005 [BUOIIBUIDIU| 3Y1 JO BLIDILD 3Y) 01 Sulpiodde paulap si (M3d) Sunsem A3iaua—u1ai0.d ‘uonduny Asupny [enpisas pood aaey A|jensn Adesays siskjeip 01 Suiuonisuesl sjualied
“(Aep 4ad 8 ¢'0<) euNUIBI0Id [B1RUEISQNS 4O LW ¢/°T 42d dINUIW Jad W OF UBY) SS3] JO YD UB dABY QYD PEOUBAPE UIM siudlied *(Kep uad uisioid jo 8 ¢°0>) eunuislold [eiueIsqns Ino
-Yum ,wi ¢/°T 42d a3nuiw uad |wi 09 UBLY SSI| 03 0€ JO Y42 UB SE Paulyap SI gyD 93eI9pow-03-p|IN (JusLIeal} J9OUED JO LOIIRUOP 104 AWo3daIydau 03 anp Jalie| 3y} YHm ‘d3e3s palinb
-Dk Jo [e11Ua3U0D B aq ued Aaupiy Kiell|os ) “Aaupiy Kielljos e Jo (Kaupny 213sAdk|od Jo ‘uoisuaniadAy ‘saraqelp “3'9) uoiIpuod Jayloue JO 3SNBISQ YD 404 Sl PaSeaIdUl 1B 3k INg BLIN
-u1a301d [e13UBISGNS 2ABY JoU Op K1083D SIY} Ul SJUBIEd "BAJE 92B4NS-APOq JO Wi ¢/°T 4od nuiw uad |w 09 ISE3| 1B JO (Y4D3) ¥4D PIIELUIISS UB SEB PaULIP SI UOIdUNY AUPD| [BWUON

$'3'3

4

el
uaj04d-mo| yum uoiniodoud

ejul u1j04d-mo|

spioe yum uoipodoud aseasdul

1771

NUTRITIONAL MANAGEMENT OF CHRONIC KIDNEY DISEASE

spioe A13ey ¢—u Suipnpul
‘spidi| pajesnjesunijod
pue pajeniesunouowu A1sojN

jusulwwi 4o uasaid MId
Jraxerur sayiy 128.e1 1660

191p uedan us 3ul
-p1oAe 1s933ns ‘auow 4o 0€-Gz

008>
papaau se Japulq sni

-oydsoyd ppe ‘snioydsoyd
o1uediour pappe aziwiuiw ‘008>

el 1aqy-ydy 1984ey fg>
&>
sdojanap a1e3s d1joqeiedsad

-Ay §1 G 1< adinbas Kew 4 1-7'1

M3d wauiwwy 4o Sunsixg yum
aSe1s Auy Jo siskjeig SuioSuQ

Axey g—u Suipnpul ‘spidy|
pajeiniesunkjod pue
pajenjesunouow Aso

Se-0¢

2Jow 10 0§-GZ
$$9] 40 000T-008

Japuiq
snioydsoyd Japisuod
‘snioydsoyd diuedio

-Ul pappe dziwiulw :008>
eIUI I3qY

-y31y Suunp Appuanbayy

s1n220 elwajessadAy J1 ¢>

>
skep sisA[elp uo o'T< pue

skep sisAjeipuou uo 8'0-9°Q

LsisAjeiq o1 uonisuesy

aseaunul ‘spide A1) ¢—u 3ul
-pnppul ‘spidi| pajeaniesunijod
pue pajeiniesunouow AI1SoN

adl
yum uoiiodoid aseasdul (Ge—0¢

spooj paseq-jue|d
90/ < 19pISUOD ‘aJ0W 4O 0g—GT
0001008
Spooj paseq
-jue|d asow jo uondwinsuod
a3einodus pue snioydsoyd
J1uedioul pappe aziWwiulWw ‘008>
eIul
12qu-y31y Sunnp Ajpuanb
-4} $4N220 elWa|e)IadAY JI ¢>
A9y B1wan
-euodAy Ji ¢'T> Jo 931Ul ploAe (>
VI 40 vv3
JO UOIIPPE Y1IM §°0> IO ‘U1d)
-04d AgH 9506 SuIpnPUl ‘8°0-9°0

Layio pasueapy

‘spioe A13e4 ¢—u Suipnpul
‘spidi| pajesniesunijod pue
pajeinjesunouow Kj3so N

adiyim
uolodoud aseasnul Ge—0¢

spooy
paseq-1ue|d Jo (9406<) uon
-1odoud uaydiy ‘asow Jo 0E-5z
0001-008
spooy paseq-jue|d aiow Jo
uondwnsuod adeinodus
pue snioydsoyd oiued
-loul pappe aziwliulw 008>
Aoy
SUOISINDXa elLa|ey4adAy
249A3S 10 Juanbauy ssajun £y

Aj23)1] B1wa3eUOdAY
J1 G'T> JO BIUI PIOAE (>
(uoissai3oud pides
10w g/ T/uw/|w >
4499 41 8°0—9°0 49pIsuod) 01>

LayiD s1esvpop-01-piiN

spioe A13ey ¢—u Suipnpu
‘spidi| pajeiniesunijod pue
pajeiniesunouow Kj3soN

0€< NG J! uoldNpal
S1om 128,83 03 3snlpe ‘ge—0¢

(p

HSvQ “8-9) spooj paseq

-1ueld Jo (9406<) uon
-1odoud 1ay3iy 1981e1 \0€—G7

(8e 104 passnipe) 00£T-0001

spooy
passadoid pue saAljeAlas
-24d u1 snioydsoyd oiued
-loul pappe aziwiuiw 000>

(uonendod |esauagd uoy
PapUILLILLIODAI SB SLES) /'
§(uoisua
-19dAy yyum syuaned ur ¢>) >

suiajo.d paseg-jue|d
Jo uoiodoud aseaudul (o 1>

ASId XD paseasnu] yum
uoipung Asupry| [ewioN

.,....wwmam aid=yiol Mc_v‘_OUU< .Mu_3v< ul a)jeju| JusiiinN pue bﬁuw_ﬁ papusawiwoday ‘Z 9|qe L

NOVEMBER 2, 2017

¢ (kep/3yy/|e2y) ABsau3

NEJM.ORG

(kep/3) spooy paseq
-ueld pue ‘jexjje ‘siaqi4

(Kep/3w) wndjed

The New England Journal of Medicine
Downloaded from negim.org at Irvine (UCD) on July 25, 2022. For personal use only. No other uses without permission.

| (Kep/Bwi) snioydsoyq

N ENGL J MED 377,18

Copyright © 2017 Massachusetts Medical Society. All rights reserved.

b (Kep/3) winisseioq

I (kep/3) wnipos

(Kep/3y/3) urar04d
juanyisuo) Kiepiq




1772

The NEW ENGLAND JOURNAL of MEDICINE

kidney disease. However, excessive dietary re-
strictions can expose patients to less heart-
healthy and more atherogenic diets* and worsen
constipation, which may actually result in higher
gut potassium absorption.*® Despite a higher risk
of hyperkalemia with the progression of kidney
disease, few studies have examined the effects
of dietary potassium restriction or methods of
extracting potassium during food preparation
and cooking. It is not clear whether potassium-
binding agents can allow liberalization of dietary
potassium intake with the inclusion of healthier
potassium-rich foods.* In patients with a tendency
toward hyperkalemia (>5.5 mmol of potassium
per liter), a dietary potassium intake of less than
3 g per day (<77 mmol per day) is recommended,
with the stipulation that a balanced intake of
fresh fruits and vegetables with high fiber should
not be compromised (Table 2).

PHOSPHORUS
In the general population, higher plasma phos-
phorus levels have been associated with an in-
creased risk of incident kidney disease.* Overt
hyperphosphatemia is infrequent in stages 1, 2,
and 3 of chronic kidney disease, given the high
circulating and tissue levels of parathyroid hor-
mone and fibroblast growth factor 23 (FGF-23)
in renal insufficiency, which promote urinary
phosphorus excretion.>® Elevated parathyroid hor-
mone and FGF-23 levels can cause renal bone
disease, left ventricular hypertrophy, vascular
calcification, and accelerated progression of kid-
ney disease from vascular and tubulointerstitial
injury (Fig. 2), highlighting the importance of
dietary phosphorus management, even in patients
without apparent hyperphosphatemia.”® Although
a low-protein diet also decreases phosphorus
intake, the quantity and bioavailability of phos-
phorus differ according to the type of protein.
For instance, the phosphorus-to-protein ratio of
egg whites and egg yolks (which have 3.6 and
2.7 g of protein per egg, respectively) is 1 to 2 mg
and 20 to 30 mg per gram, respectively.’> The
gastrointestinal absorption of phosphorus, most-
ly in the form of phytates, is lower from plants
(along with fibers) than from meat (30 to 50%
vs. 50 to 70%).>® Since food additives include
readily absorbable inorganic phosphorus, inges-
tion of processed foods results in an even higher
phosphorus burden (Table S4 in the Supplemen-

tary Appendix).>* Restricting dietary phosphorus
intake to less than 800 mg per day (26 mmol per
day) is recommended for patients with moderate-
to-advanced kidney disease, and processed foods
with a high phosphorus-to-protein ratio should
be minimized. However, in patients with stage 5
chronic kidney disease who receive dialysis thera-
py or who are at increased risk for protein—energy
wasting, excessively stringent restriction of pro-
tein intake to control hyperphosphatemia may
be associated with poor outcomes.” Thus, an in-
dividualized dietary approach that incorporates
ample use of phosphorus binders is optimal.>®

CALCIUM AND VITAMIN D
The renal insufficiency—associated decline in
1,25-dihydroxyvitamin D diminishes gastrointes-
tinal absorption of calcium; however, passive
diffusion of ionized calcium continues and may
lead to a positive calcium balance, aggravated by
diminished urinary calcium excretion due to sec-
ondary hyperparathyroidism.”” Increased calcium
release from bone in hyperactive renal bone dis-
ease (increased bone resorption because of sec-
ondary hyperparathyroidism) enhances the posi-
tive calcium balance and may worsen vascular
calcification.® Gut calcium absorption varies be-
cause of differences in dissociation and bioavail-
ability from one type of elemental calcium to
another; for instance, calcium citrate is more
readily absorbable than calcium acetate.”” Two
studies suggested that an intake of 800 to 1000 mg
of elemental calcium per day (20 to 25 mmol per
day) can result in a stable calcium balance in peo-
ple with stage 3 or 4 chronic kidney disease.’”*
Hence, whereas the suggested calcium intake for
persons without kidney disease is 1000 to 1300 mg
per day (25 to 32 mmol per day),”” in patients
with moderate-to-advanced chronic kidney dis-
ease, 800 to 1000 mg of elemental calcium per
day from all sources should suffice (Table 2).°>>
Native vitamin D supplementation (cholecalcif-
erol or ergocalciferol) may be offered to patients
with chronic kidney disease in whom circulating
vitamin D levels have been documented as low.
In some studies, vitamin D analogues have been
associated with decreased proteinuria in addition
to healing of renal osteodystrophy.®® Notwith-
standing inconsistent data on the requirement
for and effect of vitamin D in certain subpopula-
tions of patients with chronic kidney disease,
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including black Americans, who have lower total
vitamin D levels and higher parathyroid hormone
levels than white Americans,* hydroxylated vita-
min D agents may be needed in addition to native
vitamin D to control progressive secondary hyper-
parathyroidism.®

VEGETARIAN DIET, FIBER,
AND THE MICROBIOME

Comparisons of data from populations with
largely vegetarian diets and data from popula-
tions with meat-based diets do not clearly distin-
guish a difference in the risk of kidney disease
between plant-based and animal-based protein.®
Plant-based foods are recommended as part of
many strategies for the prevention and manage-
ment of kidney disease, since these foods con-
tain smaller amounts of saturated fatty acids,
protein, and absorbable phosphorus than meat,
generate less acid, and are rich in fibers, poly-
unsaturated and monounsaturated fatty acids,
magnesium, potassium, and iron. In patients
with chronic kidney disease, a diet with a higher
proportion of plant sources (>50%) has been
associated with better outcomes.®* Constipation
can lead to higher retention of uremic toxins
and hyperkalemia, whereas loosening stools may
enhance fluid loss and removal of nitrogenous
products.® The protein in a vegetarian diet is
less fermentable and has high fiber content, in-
creasing peristalsis and the number of bowel
movements, and is associated with less uremic
toxin production, exposure, and absorption.®
Uremia itself, as well as dietary restrictions
and pharmacotherapy, including antibiotics, may
alter the gut microbiome, and this change may
have a bearing on the symptoms and progression
of kidney disease (Fig. S3 in the Supplementary
Appendix).” Microbiome modulation through
dietary interventions such as probiotics may
offer an opportunity to control the production,
degradation, and absorption of certain uremic
toxins that are fermentation by-products of gut
microbial activities, including indoxyl sulfate,
p-cresol, and trimethylamine.*” As an example,
in a study involving 40 patients with moderate-to-
advanced chronic kidney disease, a lower ratio of
dietary fiber to protein was associated with higher
blood levels of indoxyl sulfate and p-cresol.®®
Nutritional and pharmacologic interventions,

including the use of absorbent ingestible agents
and high-fiber or vegetarian diets, are being
tested as a means of reducing gut absorption of
uremic toxins in order to control uremic symp-
toms and slow disease progression.®”

CARBOHYDRATES, FATS,
AND DIETARY ENERGY

Unrefined carbohydrates account for half the
usual daily energy intake, and the proportion
may be even higher with a low-protein diet. In
patients with kidney disease, carbohydrates
should be complexed with high fiber content
(e.g., whole-wheat breads, multigrain cereal,
oatmeal, and mixed fruits and vegetables) to
help reduce dietary phosphorus and protein as
well as urea and creatinine generation.” Such a
diet is thought to promote a more favorable micro-
biome™ with less constipation.®® Nonsaturated
fat is the preferred lipid in the diet. Replacement
of butter with flaxseed, canola, or olive oil, all of
which are rich in n-3 fatty acids, may be worth-
while.*” For example, a recent study suggested
that dietary n-3 fatty acid supplementation in
patients with diabetes and hypertriglyceridemia
may reduce albuminuria and preserve renal func-
tion.”? There is currently no evidence that low-fat
diets, recommended by some guidelines, improve
kidney disease outcomes. In a low-protein diet,
fat and carbohydrate should together account for
more than 90% of the daily energy intake re-
quirement of 30 to 35 kcal per kilogram to avoid
protein—energy wasting.”” Obviously, in patients
with diabetic kidney disease, proper glycemic
control should be maintained, but adequate
energy intake is needed to mitigate the risk of
protein—energy wasting and hypoglycemia, which
increases with worsening kidney function.

DIETARY MANAGEMENT OF ACIDOSIS
IN KIDNEY DISEASE

Daily acid production results from bicarbonate
losses in the gut (20 to 30 mmol of bicarbonate
per day), breakdown of amino and nucleic acids
from proteins (20 to 30 mmol per day), and oxi-
dation of carbohydrates and fats to lactic acid
and ketoacids (10 to 20 mmol per day).”® The
kidneys regenerate the bicarbonate used for
buffering by excretion of both net acid and acid
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buffers, including phosphate, and by ammonia-
genesis through deamination of glutamine in the
proximal tubule and its synthesization to ammo-
nium in the collecting ducts, with subsequent
urinary excretion (Fig. 2).”> Hence, kidney disor-
ders, including renal tubular defects, are often
associated with chronic metabolic acidosis, which
leads to glucocorticoid overproduction with resul-
tant muscle wasting, worsens uremia-associated
insulin resistance, and increases parathyroid hor-
mone release.” An increase in the dietary acid
load may be associated with glomerular hyper-
filtration.” Metabolic acidosis is associated with
more rapid kidney disease progression and an
increase in the overall risk of death. Hyperpara-
thyroidism, along with chronic buffering of acid
by bone, leads to progressive loss of bone min-
eral and worsening renal osteodystrophy. Hence,
reduced protein intake with a greater proportion
of diet from plant-based foods to correct acido-
sis improves bone mineralization and may slow
protein breakdown and disease progression.”
Adjunctive alkali therapy can also be considered
to mitigate acidosis in patients with chronic kid-
ney disease.”

TRACE ELEMENTS AND VITAMINS

Patients with kidney disease often have an im-
balance of several critical trace elements and
vitamins. Inadequate food intake may result in
insufficient ingestion of antioxidant vitamins,
including vitamins C and E and carotenoids,
and in patients with advanced renal disease, fo-
late, vitamin K, and calcitriol become deficient.”®
A micronutrient imbalance in patients with kid-
ney disease may contribute to a higher burden of
oxidative stress, inflammation, and cardiovascu-
lar disease.”®”® Among the trace elements, iron
deficiency is most problematic, given the high
frequency of gastrointestinal blood loss in pa-
tients with chronic kidney disease.?® Deficiencies
of zinc, copper, and selenium may occur, whereas

aluminum and magnesium levels may increase.”
A recent study showed that 800 ug of folic acid
per day, when added to enalapril, led to slower
disease progression than enalapril given alone.®!
Experimental models of chronic kidney disease
suggest that vitamin K supplementation may
blunt the development of vascular calcification.®?
Daily intake of other vitamins and trace ele-
ments at conventional doses is often recom-
mended both for persons at high risk for kid-
ney disease and for those with established renal
insufficiency.”®”

PRACTICE STRATEGIES

Dietary protein, energy, and micronutrient intakes
should be assessed regularly. Also, 24-hour urine
collections should be performed to estimate di-
etary intakes of protein (based on urinary urea
nitrogen), sodium, and potassium; to measure
creatinine clearance and proteinuria; and to evalu-
ate adherence to dietary recommendations, with
suggestions for improving adherence if necessary
(Fig. S4 in the Supplementary Appendix). Exces-
sive restrictions may be harmful and should be
avoided.

CONCLUSIONS

Given the high incidence and prevalence of
chronic kidney disease and an urgent need for
alternative disease management strategies, nutri-
tional interventions with disease-specific dietary
ranges that are patient-centered and cost-effec-
tive may help increase longevity and prolong the
dialysis-free interval for millions of people world-
wide. Additional studies are needed to ensure a
more robust, evidence-based approach to the nu-
tritional management of chronic kidney disease.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Dr. Connie M. Rhee for her review of an earlier ver-
sion of this article and Ms. Vanessa Rojas-Bautista for assistance
with the menu examples in the Supplementary Appendix.
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