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All a low protein diet does is to shrink the patient
down to the size of his kidneys.

F. Parsons

The Guidelines
In 2020, the Kidney Disease Quality Outcomes Ini-

tiative (KDOQI) guidelines on nutrition in CKD
patients stated: for “Protein Restriction, CKD Patients
Not on Dialysis and Without Diabetes. In adults with
CKD (stages) 3–5 who are metabolically stable, we
recommend, under close supervision, protein restric-
tion with or without keto acid analogs, to reduce risk
for end stage kidney disease (ESKD)/death (1A) and
improve quality of life (2C)” (1).

The guideline went on to define a low-protein diet
(LPD) as 0.55–0.60 g of dietary protein per kilogram of
body weight (g/kg) and very low protein intake as
0.28–0.43 g/kg. This was similar, although stronger,
than the guideline published in 2010 by the Academy
of Nutrition and Dietetics, which recommended
0.6–0.8 g/kg for patients with a GFR of ,50 ml/min
per 1.73 m2 (2). In contrast, the Kidney Disease Improv-
ing Global Outcomes (KDIGO) 2012 CKD guideline
recommended protein restriction with advanced CKD
“suggest lowering protein intake to 0.8 g/kg/day in
adults with diabetes (2C) or without diabetes (2B) and
GFR of 30 ml/min/1.73 m2 (GFR categories G4–G5),
with appropriate education” (3). Of note, the recom-
mended daily allowance of protein in the United States
is 0.8 g/kg per day, so there was not much restriction
in this guideline (4). Similarly, in 2019, the UK Kidney
Association recommended a normal protein intake (i.e.,
no restriction) of 0.8–1 g/kg per day for patients with
CKD stages 4 and 5. See Figure 1 for a summary of this
differing and somewhat conflicting guidance.

Asking individuals with CKD to change their diet
substantially and reduce protein intake is a big ask
and has the potential to force patients to change cul-
tural norms. It can even separate people from commu-
nal meals and experiences, potentially reducing their
quality of life. In the case of CKD stage 3, according to
Turin et al., the lifetime risk of kidney failure for a
middle-aged person is 8% for men and 3% for women
(5). Thus, patients will need to make and maintain

this dietary change for decades to see a small benefit
and, for the $90% of people who will never reach
dialysis, no benefit at all. We believe that the dietary
recommendations from KDOQI are creeping to higher
GFRs without adequate evidence of benefit.

The Science
Whether high-protein intake causes or accelerates

preexisting kidney disease is a long-standing debate in
nephrology. The origin comes from the 1920s when
researchers found that amino acid infusions increased
GFR, proteinuria, and glomerular sclerosis on biopsy in
animal models (6,7). The presumed mechanism for the
increased GFR is afferent arteriolar vasodilation from
nitric oxide (8,9). It is interesting that this presumed
mechanism of afferent vasoconstriction in response
to low-protein diets aligns with one of the primary
glomerular effects of sodium-glucose co-transporter 2
inhibitors (10).
Several randomized controlled trials have tackled

this question with mixed results, summarized in Table
1. The KDOQI guidelines rely heavily on a single trial
from 1991 where Locatelli et al. enrolled 456 adult
patients who were randomized to either a LPD
(0.6 g/kg body weight daily; n5226) or a “normal”
controlled-protein diet (NPD; 1 g/kg body weight
daily; n5230) and were stratified into three groups by
baseline plasma creatinine concentrations (group A:
1.5–2.5 mg/dl; group B: 2.5–5 mg/dl; group C:
5–7 mg/dl) (11). Notably, the investigators specifically
avoided the use of angiotensin-converting enzyme
inhibitors in all patients. The overall difference between
the dietary groups in cumulative renal survival
(27 LPD, 42 NPD) did not reach traditional levels of sig-
nificance with a P value of 0.06, and the authors relied
on splicing to suggest a benefit in certain subgroups
without adjusting for multiple comparisons. Notably,
14% of patients withdrew because they could not toler-
ate the LPD. Also of note, the loss of kidney function
was greater in the LPD groups as was the rise in serum
creatinine (NS).
Before Locatelli et al., in the 1980s, Rosman et al. (12)

randomized 248 patients to a LPD (0.4–0.6 g/kg per
day) versus usual care. Although the authors report
that a LPD was only helpful in patients with primary
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glomerulonephritis, this was not a prespecified analysis,
and clear numbers about event counts across subgroups
are not reported. Overall, there was no difference in ESKD
(6 versus 11), and self-reported acceptance was “bad” in a
third of patients. In the longer-term follow-up, the authors
tempered their original conclusions further, stating “after
four years of follow-up, we are only moderately optimistic
about DPR [dietary protein restriction] as a general mea-
sure for the management of the progression of chronic
renal insufficiency” (13).
Another 4-year randomized controlled trial from 2002

compared the effects of a LPD (0.6 g/kg per day) with a
NPD in 82 patients with type 1 diabetes and diabetic
nephropathy, with a mean decline in GFR of 7.1 ml/min
per 1.73 m2 per year in the year before enrollment. Against
the planned 0.6 g/kg per day, the achieved protein intake
in the LPD group was 0.89 (0.83–0.95) g/kg per day, again
highlighting the low adherence. The rate of GFR decline
was 3.9 ml/min per 1.73 m2 per year in the NPD group
and 3.8 ml/min per 1.73 m2 per year in the LPD group
(P50.87). Although ESKD or death occurred in 27% of
patients on a NPD compared with 10% on a LPD (P50.04),
this difference was largely driven by a difference in death
between the groups, with seven deaths in the NPD group
and only two deaths in the LPD group, and was significant
within the first year of follow-up. The causes of death were
heart failure (4) and myocardial infarction (5), which is
likely the effect of chance and not the LPD.
In 2009, Cianciaruso et al. (14) randomized 423 patients

with CKD stages 4 and 5 to either a LPD (0.55 g/kg per day)
or a NPD (0.8 g/kg per day). After a median follow-up of 32
months, the LPD had no effect on any of the outcomes,
protein-caloric malnutrition, dialysis, death, or the compos-
ite outcome of dialysis and death. In the KDOQI discussion,
the guideline authors attribute the negative result to “a rela-
tively small sample size,” despite having the second highest
sample size among the five trials discussed so far.
In summary, the trials used to justify the KDOQI guide-

line do not support that a LPD lowers the risk of ESKD or

slows the progression of kidney disease unless one relies
on isolated subgroups and ignores the totality of the evi-
dence. These diets are also poorly tolerated, and adherence
falls short of the goal, even in these trial settings.

Evidence Synthesis
The other incongruity is the fact that the KDOQI guide-

line states that low protein is able to delay dialysis while
simultaneously saying that it is unable to reduce the pro-
gression of GFR. As stated in the guideline, “Results from
all the studies indicated that an LPD (0.55–0.6 g/kg body
weight) had no significant effect on GFR compared with the
control group (0.8 g/kg protein).” The same year in which
the 2020 KDIGO guidelines were published, a Cochrane sys-
tematic review was published examining the same question
(15). In regard to initiating dialysis, they reported no effect
(six studies, 1814 participants; relative risk 1.05, 95% confi-
dence interval, 0.73 to 1.53). Similarly, they reported no sig-
nal for rate of loss of GFR. However, the meta-analysis did
find that a very LPD was likely to prevent dialysis compared
with a LPD, although again there was no effect on GFR, and
no attempt was made to reconcile these apparently contra-
dictory findings. The inability of a LPD to prevent loss of
GFR was most famously demonstrated in the Modification
of Diet in Renal Disease study (16). The Modification of Diet
in Renal Disease also had the advantage of not using serum
creatinine or and creatinine clearance to determine GFR but
rather used iothalamate clearance to insulate measurement
from changes in muscle mass that may occur with uremia
and dietary changes. The inability to slow loss of GFR while
possibly being able to prevent the initiation of dialysis sug-
gests that a LPD may prevent some symptoms of uremia
and hence delay doctors from pulling the trigger to initiate
dialysis. If this turns out to be the explanation for the appar-
ent contradiction, then there would be no advantage to start-
ing a LPD early in CKD when there are no symptoms of
uremia and that it should be reserved for advanced CKD
where patients are near dialysis.
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Figure 1. | Summary of various guidelines on nutrition in CKD patients.
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Table 1. The major protein restriction randomized controlled trials

Trial Population Planned Intervention
Achieved Protein

Intake ESKD Outcome
Change in GFR or Creatinine

Clearance
Adherence/Tolerance of

Low-Protein Diet

Rosman et al.
1989 (13)

228 patients with
CrCl 10–60 ml/
min

118 patients were
randomly assigned to
a LPD group (0.4 or
0.6 g/kg per day); 110
patients were
assigned to a control
group

Not provided Dialysis or transplant 6 in
LPD group versus 11 in
control group

Significant decline in control
group versus LPD group
based on reciprocal of
serum creatinine analysis

Subjective acceptance of
LPD was rated “bad”
by one third of
patients at 3 and 6
months

Locatelli et al.
1991 (11)

456 patients with
diabetes CKD

NPD (1 g/kg per day)
versus LPD (0.6 g/kg
per day), follow-up
for 2 years

Dietary protein intake
higher than required
in LPD: 21%
(interview) to 40%
(24 hour urine urea
calculation)

Doubling in serum
creatinine or ESKD
development, 27 in
LPD group compared
with 42 in NPD group
(P50.06)

Change in creatinine
0.029 mmol/L per month
in NPD group versus 0.036
mmol/L per month in LPD
group

64 participants
withdrew (“lack of
cooperation” for 58,
“intolerance of low
protein food” for 6)

Klahr et al.
(MDRD) 1994
(16)

Study 1: 585
patients with
GFR 25–55 ml/
min per 1.73 m2

Study 2: 255
patients with
GFR 13–24 ml/
min per 1.73 m2

LPD (0.58 g/kg per day)
versus NPD (1.3 g/kg
per day)

Very LPD (0.28 ml/kg
per day) versus LPD
(0.58 g/kg per day)

Follow-up 18–45 months

Mean 1.1 g/kg per
day (1–1.3) versus
mean 0.7 g/kg per
day (0.6–0.8)

Mean 0.5 g/kg per
day (0.4–0.6) versus
mean 0.7 g/kg per
day (0.6–0.8)

The relative risk of ESKD
or death was 0.93 (95%
CI, 0.65 to 1.33) for the
patients assigned to the
very LPD compared
with those assigned to
the LPD

No difference in GFR decline Differences in protein
intake between the
dietary groups were
achieved by the
fourth month of
follow-up and
remained relatively
constant throughout
the follow-up period

Hansen et al.
2002 (19)

82 patients with
type 2 diabetes
and progressive
diabetic
nephropathy
(prestudy GFR
decline of 7.1
ml/min per
1.73 m2 per year)

NPD versus LPD
(0.6 g/kg per day)
based on dietitian
advice every 3
months

LPD group achieved
mean 0.89 g/kg per
day versus
prescribed 0.6 g/kg
per day

2 Dialysis or transplant
need in 4 in NPD
group versus 2 in LPD
group

GFR decline was 3.9 ml/min
per 1.73 m2 per year in
the NPD group and
3.8 ml/min per 1.73 m2 in
the LPD group (P50.87)

Tolerance or quality of
life not reported

Cianciaruso
et al. 2009
(14)

423 patients with
CKD stages 4–5

LPD (0.55 g/kg per day)
versus MPD (0.8 g/kg
per day)

Follow-up 32 months

Average protein
intakes were
0.7360.04 g/kg per
day for the LPD
group and 0.960.06
g/kg/d for the
MPD

Effects of LPD on death,
ESKD, or the composite
outcome of both were
1.01 (95% CI, 0.57 to
1.79), 0.96 (95% CI, 0.62
to 1.48), and 0.98 (95%
CI, 0.68 to 1.42),
respectively

No difference between
the two groups

3 (0.7%) patients met the
criteria for protein-
caloric malnutrition

CrCl, creatinine clearance; LPD, low-protein diet; NPD, normal protein diet; CI, confidence interval; MPD, moderate-protein diet.

K
ID

N
EY

360
3:

1611
–1615,

Septem
ber,

2022
Protein

R
estriction

in
C
K
D
,
O
beid

et
al.

1613



Another possible explanation for the conflicting signals
is that we are looking at the wrong aspect of dietary pro-
tein. It may not be the quantity of protein but rather the
quality of protein. Not all proteins produce the same
amount of acid that needs to be neutralized. Animal pro-
tein, specifically red meat, tends to be higher in methionine
and cysteine, both of which generate sulfuric acid in their
catabolism. Lew et al. used the Singapore Chinese Health
Study to look at total protein and the types of protein in
more than 63,000 people and examined the risk of ESKD
with 15.5 years of follow-up (17). Although total protein
was related to the risk of ESKD, it was not dose related.
However, there was a strong dose-dependent relationship
with red meat intake and increased risk of ESKD. This
wasn’t seen with other protein sources (poultry, fish, eggs,
or dairy products). In an associated editorial, Wesson and
Goraya speculated that the cause of this may be increased
metabolic acidosis associated with red meat (18).
One last point that must be kept in mind when evaluat-

ing these data was that the majority of the studies were
done in a pre-renin-angiotensin system blockade era. Now,
we have those drugs, as well as flozins and mineralocorti-
coid antagonists, which are not just effective but much less
complicated to implement. Thus, dietary protein restriction,
which has an imperfect evidence base, will also likely have
a much smaller benefit (if any) when added to these foun-
dational therapies.

Conclusion
Good food and dietary variety are some of the great joys

of life. The data supporting a LPD were largely collected
before widespread adoption of renin-angiotensin system
blockade and entirely before the addition of sodium-
glucose co-transporter 2 inhibitors in the management of
CKD. We believe that given the commitment required of
patients, dietary restrictions should only be made when
there is clear, conclusive, coherent, and consistent evidence.
As we describe, this is not true in any respect. The current
KDOQI guideline, with an evidence grade of 1A, overstates
the evidence, and we advise practitioners only to imple-
ment dietary changes after shared decision making and a
critical review of the evidence.
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