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Abstract: The World Health Organization recommends a minimum requirement of 0.8 g/day
protein/kg ideal weight. Low protein diets are used against kidney failure progression. Efficacy and
safety of these diets are uncertain. This paper reviews epidemiological studies about associations
of protein intake with kidney function decline and mortality. Three studies investigated these
associations; two reported data on mortality. Protein intake averaged >60 g/day and 1.2 g/day/kg
ideal weight. An association of baseline protein intake with long-term kidney function decline was
absent in the general population and/or persons with normal kidney function but was significantly
positive in persons with below-normal kidney function. Independent of kidney function and other
confounders, a J-curve relationship was found between baseline protein intake and mortality due
to ≈35% mortality excess for non-cardiovascular disease in the lowest quintile of protein intake, a
quintile where protein intake averaged <0.8 g/day/kg ideal weight. Altogether, epidemiological
evidence suggests that, in patients with reduced kidney function, protein intakes of ≈0.8 g/d/kg
ideal weight could limit kidney function decline without adding non-renal risks. Long-term lower
protein intake could increase mortality. In most patients, an intake of ≈0.8 g/day/kg would represent
a substantial reduction of habitual intake considering that average intake is largely higher.
Keywords: dietary protein; kidney function; mortality; epidemiology

1. Introduction
The theoretical relationships between diet and health, for proteins as for other essential nutrients,
could be described by a U-curve where intakes below the minimum requirement should associate with
under-nutrition diseases, intakes between the minimum requirement and the tolerable upper limit
should associate with good health, and intakes above the tolerable upper limit should associate with
over-nutrition diseases (Figure 1).
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Figure 1. Theoretical relationship for essential nutrients between the level of dietary intake and
Figure prevalence.
1. Theoretical relationship for essential nutrients between the level of dietary intake and
disease
disease prevalence.
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and related complications up to increased mortality risk [8–10]. Available data do not allay these
doubts. Moreover, new studies are unlikely due to difficulties in granting and in realizing long-term
controlled dietary interventions with adequate statistical power.
Epidemiological studies investigated the possible effects of dietary protein intake with the use of
a longitudinal observational design, that is analysing the incidence of outcomes among individuals
with different levels of protein intake while on their own diet under free-living conditions. The present
paper aims to review the results of the epidemiological studies that investigated protein intake focusing
primarily on changes in kidney function over time and secondarily, if data were collected, on mortality.
2. Epidemiologic Studies on Dietary Protein and Kidney Function
Three epidemiologic studies reported longitudinal data on the association of protein intake
with changes in kidney function over time: The Nurses’ Health study, the Prevention of Renal and
Vascular End-stage Disease (PREVEND) study, and the Gubbio Study [11–13]. The design of all these
three studies consisted of two exams: The first exam for baseline assessment of protein intake and
kidney function and the second exam for the assessment of kidney function change over baseline after
long-term follow-up. The Nurses’ Health study was realized in the US and enrolled female nurses
from several populous US states. The cohort for investigation on protein intake and kidney function
consisted of about 1600 women with ages from 42 to 68 years. The PREVEND study was done in
the Netherlands and enrolled a microalbuminuria-enriched population-sample residing in the city of
Groningen. The sample consisted of about 8400 individuals, both sexes, with ages from 28 to 75 years.
The Gubbio study was done in Italy and enrolled a sample of the whole general population consisting
of residents in the city of Gubbio, both sexes, with ages from 5 to 99 years. About 4300 adults, men and
women with ages from 18 to 97 years made up the cohort for investigation on protein intake and kidney
function. Duration of follow-up was approximately 11 years in the Nurses’ Health study, 7 years in
the PREVEND study, and 16 years in the Gubbio study. The PREVEND Study and the Gubbio Study
reported data not only on kidney function change over time but also on mortality and causes of death.
3. Dietary Protein Intake: Assessments and Descriptive Statistics
The protein intake of persons on their own diet under free-living conditions can be assessed by
two different methods: The collection of reported information, such as food records and questionnaires;
the measurement of urine markers as total nitrogen or urea nitrogen. The use of questionnaires—either
self-compiled, or self-administered, or administered by trained or specialized personnel—as well as
the use of food records inevitably implies the major bias of the gap between the reported information
and the true intake. The pro of questionnaires and food records is that they give the possibility to
collect information on the habitual intake and on the relative percentage of vegetal and animal proteins.
Urine markers as nitrogen and urea nitrogen have been extensively used as objective indices of protein
intake, because urea is the end-product of protein catabolism and appears in serum and urine soon
after the dietary intake of protein [14,15]. There are two cons of urine markers: They are affected by the
day-to-day intra-individual variability in protein intake and cannot differentiate the intake of vegetal
proteins from the intake of animal proteins. The main pro of urine markers is that, at variance with
questionnaires and food records, they are objective measurable indices and can be easily converted to
protein intake by a simple multiplier.
Dietary protein intake was assessed by questionnaires in the Nurses’ Health study and by urine
urea nitrogen in the PREVEND study and the Gubbio Study. The estimates of protein intake averaged
about 75 g/day in the Nurses’ Health study, 62 g/day in the PREVEND study, and 66 g/day in the
Gubbio study. The inter-individual variability of protein intake was large in all studies. Protein intake
ranged from less than 20 g/day to more than 130 g/day in the Nurses’ Health study that focused on
habitual intake. The coefficient of variation, assessed as the standard deviation/mean ratio, was above
13% in all studies. Only the PREVEND study and the Gubbio study reported data about protein intake
per kg of ideal weight that averaged the identical value of 1.2 g/day in both studies.
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Overall, data about protein intake of the three studies substantially agreed. On average, in all
studies, protein intake was higher than 60 g/d and higher that the minimum requirement, as expected
in individuals living in industrialized countries. Nevertheless, in all studies, protein intake below
the minimum requirement was found in a sizeable number of individuals, even when data collection
targeted habitual intake. As far as the differences among the studies, the lower mean of estimated
intake in the PREVEND study could reflect the fact that urine urea nitrogen is approximately 10%
lower than urine total nitrogen and thus slightly underestimates protein intake, a bias which was
partially compensated in the Gubbio study by the use of overnight urine instead of 24-hour urine [16].
4. Kidney Function: Assessments and Descriptive Statistics
Since 2003 the international guidelines have recommended the use of the estimated glomerular
filtration rate (eGFR) for the assessment of kidney function, because eGFR is more accurate than other
non-invasive indices of kidney function and can be easily calculated by readily available variables
as serum creatinine, sex, age, and ethnicity [17]. For eGFR calculation, the initial recommendations
suggested the use of the Cockcroft and Gault formula or of the equation developed by the Modification
of Diet in Renal Disease (MDRD). The Cockcroft & Gault formula is the less accurate method for eGFR
calculation due to systematic biases associated with underweight, overweight, and age [18]. The MDRD
equation eliminated the influence of these confounders but had low accuracy in the range of eGFR ≥
60 mL/min × 1.73 m2 , because it was developed in a cohort of nephropathic patients where only a
few individuals had eGFR values in the normal-high range [19]. Nowadays, the current guidelines
recommend that the standard method for eGFR calculation should be the equation developed in 2009
by the Chronic Kidney Disease Epidemiology Collaboration (CKD-Epi) study [20]. This equation
solved the problem of accuracy for eGFR ≥60 mL/min × 1.73 m2 having been developed in a large
cohort, including both patients and healthy individuals of the general population.
eGFR at the first exam (baseline) averaged 93 mL/min × 1.73 m2 in the Nurses’ Health study
(MDRD equation), 81 mL/min × 1.73 m2 in the PREVEND study (MDRD equation), and 86 mL/min
× 1.73 m2 in the Gubbio study (CKD-Epi equation). The prevalence of low kidney function, defined
as eGFR <60 mL/min × 1.73 m2 , was not reported in the Nurses’ Health study whereas was 5.9%
and 5.8% in the PREVEND study and the Gubbio study, respectively. After normalization for the
duration of the interval, from baseline exam to follow-up exam, eGFR change per year averaged
−1.19 mL/min × 1.73 m2 in the Nurses’ Health study, −0.45 mL/min × 1.73 m2 in the PREVEND
study, and −0.74 mL/min × 1.73 m2 in the Gubbio Study.
5. Mortality: Assessments and Descriptive Statistics
As stated above, only the PREVEND Study and the Gubbio Study reported data on mortality.
In both studies, data derived from death certificates and causes of death were coded by the International
Classification of Diseases. The total number of deaths was 443 in the PREVEND study and 871 in the
Gubbio study. Non-cardiovascular disease accounted for 69% and 52% of these events, respectively.
6. Relation of Protein Intake to Kidney Function Decline
The results of the Nurses’ Health study, the PREVEND study, and the Gubbio study are
comparable, because all of them included analyses by quintiles of baseline protein intake. In the
Nurses’ Health study, primary outcomes of interest were an eGFR decrease from baseline exam to
follow-up exam of at least 15%, 20%, or 25% of baseline eGFR. The conclusion of the Nurses’ Health
study was that an association of protein intake with kidney function change over time was not
detectable in the whole sample but was present only among women who had already at baseline
mildly reduced kidney function. The left panel of Figure 2 shows in fact that the association between
the baseline protein intake and the incidence of eGFR decrease ≥15% was flat among women with
baseline eGFR ≥80 mL/min × 1.73 m2 but had a linear steep trend among women with baseline eGFR
<80 mL/min × 1.73 m2 .
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With data expression per kg of ideal weight, protein intake of quintile 1 averaged 0.61 g/day in the
PREVEND study and 0.62 g/day in the Gubbio study indicating a consistent association with higher
long-term mortality of protein intakes <0.8 g/kg of ideal weight, that is of intakes below the threshold

Nutrients 2019, 11, 196

7 of 9

recommended by the World Health Organization as a minimum requirement [1]. The mortality excess
in quintile 1 of protein intake was detectable also after 10-year follow-up excluding the possibility that
protein intake had been reduced secondary to disease(s) present already at baseline (13). In both studies,
findings were independent of sex, age, smoking, cardiovascular risk factors, and other confounders.
The mortality excess associated with low protein intake was independent of baseline kidney function
also and, more importantly, was consistent in persons with eGFR ≥90 mL/min × 1.73 m2 and in
persons with eGFR <90 mL/min × 1.73 m2 [13]. Findings of the PREVEND study and the Gubbio study
were consistent also with regard to causes of death because non-cardiovascular mortality accounted
for the mortality excess associated with low protein intake in both studies. Moreover, a multi-variable
competing-risks regression analysis of the Gubbio study indicated a 33% excess risk of death for
neoplastic disease in persons with protein intake in the lowest quintile.
8. Conclusions
Low protein diets have been for years a therapeutic intervention to slow down the progression
of chronic kidney disease toward kidney failure. However, consistent long-term research data are
missing on the efficacy and safety of low protein diets. Epidemiological observational data indicate
that, only in persons with kidney function below the optimal level, the level of protein intake is linearly
related to the incidence of the decline of kidney function over time. Given the association of protein
intake with mortality also, a competing risk analysis should be the method for investigation about the
possible effects of dietary protein on kidney function. In the sole study with relevant data, non-dairy
animal proteins accounted for this effect more than vegetal proteins. Thus, the epidemiological
evidence supports the view that high protein intake could be an unhealthy habit in persons with
kidney disease, even in the early stages of the disease when kidney function is only slightly reduced.
Cause-effect relationships are difficult to assess in observational studies. However, with regard
to possible mechanisms linking high protein intake to kidney function decline, epidemiological
data indicate also a cross-sectional association of high protein intake with high eGFR [21]. Thus,
the epidemiological evidence is in agreement also with the hypothesis that chronic or repeated
up-regulation of glomerular filtration secondary to high protein intake could be one of the factors
hastening the progression of kidney disease toward kidney failure [2–4].
On the other hand, epidemiological data do not allay and actually reinforce the doubts that a
chronic reduction in protein intake below the minimum requirement could be dangerous for overall
health. Findings of population-based studies performed in two European countries with different
dietary habits—the first one in northern-central Europe and the second one in the Mediterranean area
—indicate in fact that persons with protein intake <0.8 g/day per kg of ideal weight have an increased
long-term risk of mortality mainly due to an excess risk of non-cardiovascular disease. Similar
observations were reported by clinical studies also in kidney transplant and non-renal-diseases [22–25].
Both the available population-based studies suggest that no excess risk was detectable when protein
intake ranges above the threshold of 0.8 g/day per kg of ideal weight, that is above the threshold
recommended by the World Health Organization for prevention of protein malnutrition. With regard
to mechanisms, the association of low protein intake with a mortality excess for non-cardiovascular
diseases could reflect a protective effect against these diseases of protein-rich vegetable foods [26,27].
Other possibilities cannot be excluded.
Altogether, epidemiological evidence indicates two important relationships of the level of protein
intake with health: A linear relation to the long-term risk of kidney function decline limited to persons
with below-normal kidney function; a non-linear relation to the long-term risk of mortality in the
presence and in the absence of kidney dysfunction. One limitation of this review was the lack of
a meta-analysis of individual data that would represent the best method to investigate these two
relationships. Nevertheless, the combination of the two relationships suggests that, in persons with
progressive kidney disease, protein intake should be restricted to limit the kidney function decline but
should not approach the levels associated with long-term risk of mortality. In this view, the minimum
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requirement recommended by the World Health Organization of 0.8 g/day of protein per kg of ideal
weight appears as a reasonable dietary regimen theoretically capable to avoid not only the acceleration
of kidney function decline over time, due to high protein intake but also non-renal risks, due to
low protein intake. This dietary regimen should include more vegetal protein than animal protein
considering the evidence of more untoward effects of animal protein. A diet with 0.8 g/day of protein
per kg of ideal weight could hardly be defined as low-protein although it would represent in the large
majority of persons a substantial reduction of their habitual protein intake. As a matter of fact, protein
intake ranged well above that level in most of the examinees of all epidemiological studies. Regardless
of kidney dysfunction, the epidemiological evidence supports the recommendation that protein intake
should not be lower than 0.8 g/day per kg of ideal weight. Unless new research data solve the doubts
about the safety of low protein diets, physicians and patients should be aware that long-term intake of
protein below that threshold could imply severe unfavourable effects for the health.
Author Contributions: Each one of the authors contributed to the conception of the review, to the interpretation
of data, and to the writing of the manuscript. All authors have approved the submitted version and agree to be
personally accountable for the author’s own contributions and for ensuring that questions related to the accuracy
or integrity of any part of the work, even those in which the author was not personally involved, are appropriately
investigated, resolved, and documented in the literature.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.

5.
6.

7.
8.

9.

10.

11.

12.

Institute of Medicine of the National Academies of Sciences. Protein and Amino Acids. In Dietary Reference
Intakes for Energy, Carbohydrates, Fiber, Fat, Protein, and Amino Acids (Macronutrients); The National Academies
Press: Washington, DC, USA, 2005; pp. 589–768.
King, A.J.; Levey, A.S. Dietary protein and renal function. J. Am. Soc. Nephrol. 1993, 3, 1723–1737.
Martin, W.F.; Armstrong, L.E.; Rodriguez, N.R. Dietary protein intake and renal function. Nutr. Metab. 2005,
2, 25. [CrossRef]
De Santo, N.G.; Anastasio, P.; Cirillo, M.; Spitali, L.; Capazzo, G.; Santoro, D. Sequential analysis of variation
in glomerular filtration rate to calculate the haemodynamic response to a meat meal. Nephrol. Dial. Transplant.
1995, 10, 1629–1636. [PubMed]
De Santo, N.G.; Perna, A.; Cirillo, M. Low protein diets are mainstay for management of chronic kidney
disease. Front. Biosci. 2011, 3, 1432–1442. [CrossRef]
Klahr, S.; Levey, A.S.; Beck, G.J.; Caggiula, A.W.; Hunsicker, L.; Kusek, J.W.; Striker, G. The effects of dietary
protein restriction and blood-pressure control on the progression of chronic renal disease. Modification of
Diet in Renal Disease Study Group. N. Engl. J. Med. 1994, 330, 877–884. [CrossRef] [PubMed]
Hahn, D.; Hodson, E.M.; Fouque, D. Low protein diets for non-diabetic adults with chronic kidney disease.
Cochrane Database Syst. Rev. 2018, 10, CD001892. [CrossRef]
Shinaberger, C.S.; Greenland, S.; Kopple, J.D.; Van Wyck, D.; Mehrotra, R.; Kovesdy, C.P.; Kalantar-Zadeh, K.
Is controlling phosphorus by decreasing dietary protein intake beneficial or harmful in persons with chronic
kidney disease? Am. J. Clin. Nutr. 2008, 88, 1511–1518. [CrossRef] [PubMed]
Menon, V.; Kopple, J.D.; Wang, X.; Beck, G.J.; Collins, A.J.; Kusek, J.W.; Greene, T.; Levey, A.S.; Sarnak, M.J.
Effect of a very low-protein diet on outcomes: Long-term follow-up of the modification of diet in renal
disease (MDRD) Study. Am. J. Kidney Dis. 2009, 53, 208–217. [CrossRef] [PubMed]
Kovesdy, C.P.; Kopple, J.D.; Kalantar-Zadeh, K. Management of protein-energy wasting in
non-dialysis-dependent chronic kidney disease: Reconciling low protein intake with nutritional therapy.
Am. J. Clin. Nutr. 2013, 97, 1163–1177. [CrossRef]
Knight, E.L.; Stampfer, M.J.; Hankinson, S.E.; Spiegelman, D.; Curhan, G.C. The impact of protein intake on
renal function decline in women with normal renal function or mild renal insufficiency. Ann. Intern. Med.
2003, 138, 460–467. [CrossRef]
Halbesma, N.; Bakker, S.J.L.; Jansen, D.F.; Stolk, R.P.; De Zeeuw, D.; De Jong, P.E.; Gansevoort, R.T. PREVEND
Study Group. High protein intake associates with cardiovascular events but not with loss of renal Function.
J. Am. Soc. Nephrol. 2009, 20, 1797–1804. [CrossRef] [PubMed]

Nutrients 2019, 11, 196

13.

14.
15.
16.

17.

18.
19.

20.

21.

22.

23.

24.

25.
26.
27.

9 of 9

Cirillo, M.; Cavallo, P.; Bilancio, G.; Lombardi, C.; Terradura Vagnarelli, O.; Laurenzi, M. Low protein intake
in the population: Low risk of kidney function decline but high risk of mortality. J. Renal. Nutr. 2018, 28,
235–244. [CrossRef] [PubMed]
Bankir, L. Urea and the Kidney. In The Kidney, 5th ed.; Brenner, B.M., Ed.; W.B. Saunders: Philadelphia, PA,
USA, 1996; pp. 571–606.
Bingham, S.A. Urine nitrogen as a biomarker for the validation of dietary protein intake. J. Nutr. 2003, 133
(Suppl. 3), 921–924. [CrossRef] [PubMed]
Cirillo, M.; Lombardi, C.; Chiricone, D.; De Santo, N.G.; Zanchetti, A.; Bilancio, G. Protein intake and kidney
function in the middle-age population: Contrast between cross-sectional and longitudinal data. Nephrol.
Dial. Transplant. 2014, 29, 1733–1740. [CrossRef] [PubMed]
Levey, A.S.; Coresh, J.; Balk, E.; Kausz, A.T.; Levin, A.; Steffes, M.W.; Hogg, R.J.; Perrone, R.D.; Lau, J.;
Eknoyan, G.; et al. National Kidney Foundation practice guidelines for chronic kidney disease: Evaluation,
classification, and stratification. Ann. Intern. Med. 2003, 139, 137–147. [CrossRef]
Cirillo, M.; Anastasio, P.; De Santo, N.G. Relationship of gender, age, and body mass index to errors in
predicted kidney function. Nephrol. Dial. Transplant. 2005, 20, 1791–1798. [CrossRef] [PubMed]
Levey, A.S.; Bosch, J.P.; Lewis, J.B.; Greene, T.; Rogers, N.; Roth, D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: A new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann. Intern. Med. 1999, 130, 461–470. [CrossRef]
Levey, A.S.; Stevens, A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F., 3rd; Feldman, H.I.; Kusek, J.W.; Eggers, P.;
Van Lente, F.; Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009,
150, 604–612. [CrossRef]
Cirillo, M.; Zingone, F.; Lombardi, C.; Cavallo, P.; Zanchetti, A.; Bilancio, G. Population-based dose-response
curve of glomerular filtration rate to dietary protein intake. Nephrol. Dial. Transplant. 2015, 30, 1156–1162.
[CrossRef]
Said, M.Y.; Deetman, P.E.; de Vries, A.P.; Zelle, D.M.; Gans, R.O.; Navis, G.; Joosten, M.M.; Bakker, S.J. Causal
path analyses of the association of protein intake with risk of mortality and graft failure in renal transplant
recipients. Clin. Transpl. 2015, 29, 447–457. [CrossRef]
Ney, M.; Abraldes, J.G.; Ma, M.; Belland, D.; Harvey, A.; Robbins, S.; Den Heyer, V.; Tandon, P.
Insufficient protein intake is associated with increased mortality in 630 patients with cirrhosis awaiting liver
transplantation. Nutr. Clin. Pract. 2015, 30, 530–536. [CrossRef] [PubMed]
Courand, P.Y.; Lesiuk, C.; Milon, H.; Defforges, A.; Fouque, D.; Harbaoui, B.; Lantelme, P. Association
between protein intake and mortality in hypertensive patients without chronic kidney disease in the
OLD-HTA cohort. Hypertension 2016, 67, 1142–1149. [CrossRef]
Milne, A.C.; Potter, J.; Vivanti, A.; Avenell, A. Protein and energy supplementation in elderly people at risk
from malnutrition. Cochrane Database Syst. Rev. 2009, CD003288. [CrossRef] [PubMed]
Pudenz, M.; Roth, K.; Gerhauser, C. Impact of soy isoflavones on the epigenome in cancer prevention.
Nutrients 2014, 6, 4218–4272. [CrossRef]
Chen, X.; Wei, G.; Jalili, T.; Metos, J.; Giri, A.; Cho, M.E.; Boucher, R.; Greene, T.; Beddhu, S. The associations
of plant protein intake with all-cause mortality in CKD. Am. J. Kidney Dis. 2016, 67, 423–430. [CrossRef]
[PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

