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Abstract

Background

Proteinuria after kidney transplantation (KTx) has been a frequent problem due to several

factors, high protein intake being one of them. Individualized nutritional intervention in the

late post-KTx period can promote the improvement or the reduction of risks associated with

the parameters of evaluation of kidney function, body composition, and quality of life in indi-

viduals submitted to KTx.

Methods

This is a single-center, randomized and stratified clinical trial. The study will be conducted in

a university hospital in northeastern Brazil with 174 individuals aged�19 years submitted to

KTx and followed up for 12 months. Assessments will take place at 3-month intervals (T0,

T3, T6, T9, and T12). The patients will be allocated to intervention and control groups by ran-

dom allocation. The intervention group will receive individualized nutritional interventions

with normoproteic diets (1.0 g/kg) after 60 days of KTx whereas the controls will receive the

standard nutritional guidance for the post-KTx period. The primary efficacy variable is the

change from baseline in log proteinuria assessed with the urinary albumin/creatinine ratio.

Secondary efficacy variables include body composition, anthropometry, quality of life

assessment and physical activity, lipid profile and glycemic control. Ninety-two subjects per

group will afford 70% power to detect a difference of 25% between groups in log proteinuria.
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Primary efficacy analysis will be on the modified intention-to-treat population with between-

groups comparison of the change from baseline in log proteinuria by analysis of covariance.

Discussion

The study will assess the effects of an individualized nutritional intervention on proteinuria

12 months after KTx.

Trial registration

REBEC (RBR-8XBQK5).

Introduction

Nutritional interventions in all stages of kidney transplantation (KTx) play important roles in

individual care and in preventing common comorbidities that may arise in the post-KTx

period, such as obesity or malnutrition, hypertension, diabetes, cardiovascular diseases [1],

and clinical conditions such as proteinuria [2].

Proteinuria is an indicator of kidney function and, when present, it is associated with a

higher incidence of acute rejection, hypertension, graft dysfunction, cardiovascular risk, and

long-term mortality [3, 4]. This clinical condition may be due to several factors, such as the

nephrotoxicity of immunosuppressive therapy, recurrent glomerulonephritis, glomerulopa-

thies, ischemic damage from surgery, diabetic or hypertensive nephropathy, presence of native

kidneys, and other indirect factors such as high sodium and protein intakes in the diet [2].

Although this perception exists, there are few studies that have assessed the impact of

dietary protein in the late post-KTx period (> 6th week after surgery), making it difficult to

construct guidelines for dietary recommendations for the nutritional management of these

patients based on scientific evidence [5, 6]. Currently, only generalized nutritional guidelines

are known that focus on preventing complications after KTx [7, 8]. Studies that consider nutri-

tional interventions are still limited and inconclusive, mainly because they do not suggest evi-

dence of long-term results [6, 9].

In the immediate post-KTx period (< 6th week after surgery), a high-protein (1.3 to 2.0 g/

kg/day)and hypercaloric (30 to 35 kcal/kg/day) diet should be recommended to meet the

needs caused by the resultant metabolic stress after surgery and the use of high doses of immu-

nosuppressive therapy [10]. However, in the late post-KTx period, the characteristics of the

diet are changed to normoproteic (1.0 g/kg/day) and normocaloric (25 to 30 kcal/kg/day) in

order to meet the individual needs of each patient [11]. In addition, the choice of foods to be

recommended is conditioned to the risks of non-surgical complications, requiring strict con-

trol over blood pressure, lipid and glycemic profile, weight gain, and the influence that these

variables have on patients’ quality of life [6, 8, 10, 12].

The average weight gain after the first year of surgery is close to 5–10 kg or 5%–10% of the

initial body weight [13, 14]. Likewise, the body composition analysis shows a higher percent-

age of adiposity in relation to lean mass, which is associated with obesity and other factors

[15], and may suggest a negative influence on kidney function, especially in the success of the

graft [20]. In addition to immunosuppressive therapy, increased appetite, change in lifestyle

and reduced dietary restrictions as well as reversal of uremia and limited physical activity con-

tribute to this scenario [13].
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The patient’s quality of life and renal graft survival depend directly on post-KTx clinical

care. Multiprofessional follow-ups help in the maintenance and early identification of abnor-

malities or signs of kidney function regression. Possibly, adequate intake of energy and protein

in the diet could contribute to control lipid levels and to maintain the balance of micronutri-

ents such as sodium, calcium, iron, potassium and phosphorus in the late post-KTx period

that favors the maintenance of kidney function, especially in the reduction or prevention of

proteinuria, decreasing the risk of complications, helping to maintain a favorable body compo-

sition, and improving the quality of life of patients undergoing KTx [1, 2, 6, 10].

Considering the scarcity of nutritional guidelines and the heterogeneity of experimental

studies on dietary recommendations after KTx, this study aimed to evaluate the effect of an

individualized nutritional intervention on the parameters of assessment of kidney function,

body composition, and quality of life in individuals submitted to KTx followed for 12 months

in a nephrology clinic at an university hospital in northeastern Brazil.

Materials and methods

This is a single center, stratified and randomized clinical trial to evaluate the efficacy of indi-

vidualized nutritional intervention considering normal protein diet with consumption of 1.0

g/kg versus standard nutritional guidelines in chronic kidney disease patients submitted to

KTx in the previous two months. The trial site will be the Onofre Lopes University Hospital/

Federal University of Rio Grande do Norte (UFRN), Rio Grande do Norte, Brazil.

The study was submitted to and approved by the Research Ethics Committee of Onofre

Lopes University Hospital/UFRN with authorization number 3,127,266 and registered with the

CAAE: 02445018.7.0000.5292. Eligible patients will be informed verbally and in written about

the objectives, procedures and potential risks of the study. Those agreeing to participate will be

asked to sign an informed consent form. The clinical trial was registered on the Brazilian Clini-
cal Trials Registry (REBEC) online platform, obtaining the registration RBR-8XBQK5 and UTN

(Universal Trial Number) U1111-1231-6000, linked to the World Health Organization (WHO).

Trial design

The clinical trial groups will be evaluated at Time 0 (T0) or immediate post-KTX and every

three months thereafter, until to complete 12-months post-KTx. At each study visit, the

patients will be evaluated for kidney function and other biochemical parameters, food con-

sumption, anthropometric measurements, body composition, and quality of life, as shown in

Fig 1. Fig 2 depicts the study diagram according to the Standard Protocol Items: Recommen-

dations for Interventional Trials–SPIRIT [16].

Inclusion and exclusion criteria

The study will include individuals of both sexes aged 19 years and older who underwent KTx

in the previous two months, with exclusively on oral feeding, and be literate or have a literate

caregiver. The exclusion criteria will be patients with diagnosis of focal segmental glomerulo-

sclerosis, systemic lupus erythematosus, IgA nephropathy, with multiple organ transplanta-

tion, with a history of recurrent transplantation due to chronic rejection, patients on

immunosuppressive therapy of everolimus or sirolimus, and with hospital stay longer than 60

days after surgery.

Primary and secondary efficacy variables

The primary and secondary efficacy variables defined for the study are described in Table 1.
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Sample size and recruitment

The sample calculation was performed using the software Stata 15.1 (Stata Corp., College Sta-

tion, TX), based on a published study of patients who had undergone KTx with a mean log

proteinuria of 2.36 mg (standard deviation of 1.55) at 6 months, by the urinary albumin/

Fig 1. Flowchart in months with the design of the study from the recruitment of patients to data collection,

considering the time of transplantation. DXA, double-beam X-ray absorptiometry; SF-36,Medical Outcomes Study
36-Item Short-Form Health Survey; SRQ-20, Self-Reporting Questionnaire; IPAQ, International Physical Activity
Questionnaire.

https://doi.org/10.1371/journal.pone.0272484.g001
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creatinine ratio [17]. To demonstrate a difference of 25% in the geometric mean of proteinuria

at 6 months between the trial groups, with α error of 5% (α� 0.05) and statistical power of

70%, 87 patients per study group will be needed. Assuming a drop-out rate of 5% prior to the

first follow-up visit, the sample size is set at 92 subjects per group. Recruitment is scheduled to

take place from May 1, 2019 through to December 31, 2022.

Fig 2. SPIRIT diagram. �Time-points of the protocol: -T0, enrolment; T0, baseline; T60, 60th day after transplant; T3, month 3; T6,

month 6; T9, month 9; T12, month 12. DXA, double-beam X-ray absorptiometry; SF-36,Medical Outcomes Study 36-Item Short-
Form Health Survey; SRQ-20, Self-Reporting Questionnaire; IPAQ, International Physical Activity Questionnaire.

https://doi.org/10.1371/journal.pone.0272484.g002

Table 1. Description of the primary and secondary efficacy variables for patients who have received a KTx and

participated in the study.

Primary efficacy variable Secondary efficacy variable

• Change from baseline in log proteinuria

(urinary albumin/creatinine ratio)

• Change from baseline in the body adiposity percentage

• Change from baseline in lean body mass

• Change from baseline in body mass index

• Difference in quality of life and physical activity

• Change from baseline in lipid profile (triglycerides, total

cholesterol, high-density lipoprotein cholesterol and low-density

lipoprotein cholesterol)

• Change from baseline of glycemic control (fasting glucose and

glycated hemoglobin).

https://doi.org/10.1371/journal.pone.0272484.t001
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Randomization

Randomization will be by permuted blocks of varying size and stratified by diagnosis of Diabe-
tes mellitus. Two randomization lists, one for each stratum, will be generated from the random-
ization.com website [18]. From the randomization lists, two sets of sequentially numbered

opaque envelopes will be created, containing the identification of the trial groups. As the nutri-

tional intervention will be tailored to the treatment group, there is no possibility of blinding.

Nutritional intervention

Participants randomized to the intervention group will be subjected to an individualized nutri-

tional intervention prescribed after 60 days of KTx by a professional nutritionist participating

in the research through an individualized plan with a two-option substitution rate calculated

with the aid of the Virtual Nutri Plus 2.0 software, using nutritional recommendations for the

late post-KTx period, according to Table 2 [10, 11]. The foods and preparations on the plan

will be presented in the form of weights and conventional homemade measures [19, 20] that

the patients are familiar with in their routines. In order to gain a better understanding of the

diet plan, photographic records of portions of food [21] and real-sized food models made of

silicone will be used as illustrations for demonstrating the portions suggested in the menu.

Patients randomized to the control group will receive nutritional guidance for the post-

transplant period as offered by the hospital. The guidelines manual will be prepared based on

literature [10, 11] and will have information and suggestions for weight and blood lipid and

glucose control, attention to the intake of foods that are sources of fat, sodium and general

guidelines on healthy, safe eating and food recipes.

Treatment adherence

Patients who receive the nutritional intervention will be followed up in the same period as the

patients in the control group, with adherence to the food plan being verified through a 3-day

Table 2. Nutritional recommendations for food planning in the late post-KTx period.

Nutrient Nutritional recommendation

Energy 25–30 kcal/kg/day

Protein 1.0 g/kg

Total lipids < 30% of the total kcal

Saturated fatty acids < 10% of total calories

Monounsaturated fatty acids 10–15% of total calories

Polyunsaturated fatty acids � 10% of total calories

Cholesterol < 300mg

Carbohydrates 50% of total kcal

Fiber 25–30 g

Sodium 3–4 g

Potassium Restricted (1–3g) only if hyperkalemia and/or oliguria are present

Phosphorus 1200–1500 mg

Calcium 800–1500 mg

Iron The need for supplementation depends on the body reserves

Magnesium Supplementation, if required, while using cyclosporine

Water-soluble vitamins Usually no need for supplementation

Vitamin D3 1 a 2 μg, if required

Source: Martins; Pecoits-Filho; Riella [10]. Riella; Martins [11].

https://doi.org/10.1371/journal.pone.0272484.t002
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food record (applied during all evaluation periods) for the evaluation of food consumption.

In addition, the frequency of individuals in face-to-face consultations will also be assessed

during these meetings, and the difficulties and doubts of patients about the diet plan will be

addressed.

Patients, who during the course of the clinical trial, have the introduction of mammalian

target of rapamycin (mTOR) inhibitors (everolimus or sirolimus) in their immunosuppressive

regimen, initiate a protein food supplementation, or who abandon and withdraw the consent

to participate will have their trial prematurely terminated.

Evaluation and analysis of biochemical parameters

The urinary albumin/creatinine ratio will be evaluated from the first morning urine samples to

assess albuminuria. Urinary albumin and creatinine concentrations will be determined using

Wiener kits using the CMD-800 (Wiener Laboratories, Rosario, Argentina).

Blood samples will be taken after a 12-hour fasting period. Blood biochemical parameters

will be performed by means of urea, creatinine, uric acid, triglycerides, total cholesterol, high-

density lipoprotein cholesterol, low-density lipoprotein cholesterol, as well as, fasting glucose,

basal insulin, and glycated hemoglobin will be evaluated. Other parameters will be evaluated,

such as serum concentrations of total proteins, albumin, total calcium, phosphorus, sodium,

potassium, magnesium, total alkaline phosphatase activity, parathyroid hormone (PTH),

25-hydroxyvitamin D [25(OH)D] and tacrolimus concentrations.

The urea, creatinine, uric acid, triglycerides, total cholesterol, high-density lipoprotein

cholesterol, low-density lipoprotein cholesterol, fasting glucose, glycated hemoglobin, total

proteins, albumin, total calcium, phosphorus, sodium, potassium, magnesium, total alkaline

phosphatase will be evaluated in blood samples usingWiener kits according to the methodol-

ogy described by the manufacturer, using the CMD-800 biochemical analyzer (Wiener
Laboratories, Rosario, Argentina). Further, PTH, 25(OH)D, basal insulin and tacrolimus con-

centrations will be measured by the chemiluminescence method with ABBOTT1 kits, using

the ARCHITECT i2000SR Immunoassay Analyzer (ABBOTT Diagnostics, Illinois, USA).

All biochemical analyzes will be performed at all the time points in the study (T0, T3, T6,

T9, and T12 after KTx).

Assessment of dietary intake

Dietary intake will be assessed using the 3-day food record method completed by the patient

himself, if literate, or by a caregiver who follows their daily routine, for 3 consecutive days that

include a weekend day. Information about the food consumed, the amount and details of the

type of the preparation, the times and places of meals, and the consumption of vitamin, min-

eral, and food supplements, will be collected. In periods T0, T3, T6, T9, and T12 after KTx, all

the patients will be instructed on how to fill in the requested information and, to facilitate col-

lection, all of them will receive a manual of home measurements prepared by the authors with

images of utensils and conventional measures of food. The 3-day food record annotation form

was adapted to facilitate the filling of meal-related information, by including information in a

“step by step” form for a better understanding by patients or companions (S1 Appendix).

The analysis of the food records will be made in a qualitative way by observing the type and

quality of the food consumed. The quantity of each food item and drink will be converted into

grams or milliliters using a measurement chart for food consumed in Brazil. The foods will be

converted into energy and nutrients using the Virtual Nutri Plus1 2.0 (São Paulo, Brazil).

Nutritional information from industrial food labels will also be included in the software data-

base, as necessary, along with their nutrient composition obtained from the Brazilian food
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composition tables and the United States Department of Agriculture database, as appropriate

[22–25]. For each patient, the average consumption of the 3 days will be considered in all the

evaluated components.

Anthropometric and body composition assessments

Anthropometric measurements such as weight, height, waist circumference (WC), and hand-

grip strength (HGS) will be collected. The current weight will be obtained using a digital plat-

form scale from Balmak1 (São Paulo, Brazil), calibrated with accuracy class III, with a

minimum capacity of 1 kg, and a maximum capacity of 150 kg. Height will be measured using

an anodized aluminum stadiometer with a rectangular cursor from Sanny1 (São Paulo, Bra-

zil), with wall-fixation with screws, a scale from 50 to 211 cm, and a resolution of 0.1 cm. To

measure the WC, an inelastic measuring tape from Sanny1 (São Paulo, Brazil), with an exten-

sion of 200 cm and an accuracy of 1 mm will be used. The HGS, used to verify a reduction in

muscle function, will be assessed based on the measurement of isomeric contraction of the

hand muscles through an analog manual dynamometer from Crown1, with a scale from 0 to

100 kg and a resolution of 1 kg. The measurement will be conducted in triplicates, with the

highest value being adopted between repetitions.

Body composition will be assessed at T0, T6, and T12 months after KTx using the double-
beam X-ray absorptiometry (DXA)method, performed by the LUNAR-GE1 device (Lunar
Radiation Corporation, USA). For this, the measurements of lean mass (LM% and LM Kg), fat

mass (FM% and FM/kg), body fat (%BF), bone mineral content (BMC), and fat-free mass (Kg)

will be conducted.

Assessment of the presence of sarcopenia

The presence of sarcopenia will be assessed through the recommendations of the European

Group Working Sarcopenia Older People (EGWSOP) [26], considering the HGS data, to assess

muscle mass function and body composition using DXA, verified by the Appendicular Muscle

Mass Index (AMMI), to assess muscle mass.

Quality of life assessment and physical activity

Participants in the case and control groups will be assessed for quality of life, using the generic

questionnaireMedical Outcomes Study 36-Item Short-Form Health Survey (SF-36) translated

and validated into Portuguese and applied in three periods T0, T6, and T12 after KTx [27].

The instrument consists of 36 items or questions, encompassed in eight domains and summa-

rized into physical and mental components. The score for each domain ranges from 0 (worst

health) to 100 (best health). The data analysis for tabulation will be performed through regis-

tration on an online platform through the website qualipes.com.br [38] by the same evaluator

in all the stages of the study.

Considering that depression, anxiety, and other mental disorders can directly affect the

quality of life of individuals, an interview will be conducted with the Self-Reporting Question-
naire (SRQ-20) [28], which is the Brazilian version of a psychiatric screening questionnaire

that assesses non-psychotic mental disorders in the primary health care system, consisting of

20 items that can be answered as “Yes” or “No” with scores ranging between 7 and 8 points for

men and women, respectively.

In addition to the previous parameters, the levels of physical activity of the patients will be

assessed using the full version of the International Physical Activity Questionnaire (IPAQ),
translated and validated in Portuguese [29]. The IPAQ considers the activities carried out in

the last seven days under four domains: means of transport, housework and recreation, sports,
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and leisure. The final score will be converted to MET-minutes/week. Assessment of physical

activity will always be carried out by the same evaluator.

Statistical analysis

The study will be analyzed by the modified intention-to-treat method, whereby all randomized

patients who had at least one post-baseline measurement of proteinuria will be included in the

primary analysis population. Data will be presented descriptively by means and standard devi-

ations, or with absolute and relative frequencies, according to the respective scale of measure-

ment. The difference between the groups in the change from baseline in the primary efficacy

variable will be tested by analysis of covariance with a multiple linear regression model, with

the baseline value entered as covariate, Diabetes mellitus entered as stratification variable, and

study group as independent variable. For secondary efficacy variables, in those measured in an

interval scale, the change from baseline will be compared between groups with the same

method. For those variables that are related to patient sex (e.g., WC, sarcopenia), sex will be

included as independent variable. For variables measured in ordinal scales, only the values

observed in the last valid observation will be considered and will be compared between groups

with the Wilcoxon-Mann-Whitney U test. No multiplicity correction of p-values will be

applied to the secondary variables.

Statistical analyses will be performed using Stata 15.1 (Stata Corp., Collegue Station, TX).

Tests with two-sided p values < 0.05 will be considered statistically significant.

Trial status

The study started recruiting patients on May 1, 2019 and is expected to end on December 31,

2022.

Discussion

The main clinical relevance of this randomized trial is to provide information on the impact of

an individualized nutrition intervention with a defined amount of protein intake on the 25%

reduction in proteinuria levels in the late post-KTx period. In addition, this study will allow to

evaluate other relevant parameters related to metabolic and quality of life outcomes, since this

study raises the hypothesis that this balanced diet may improve parameters of body composi-

tion, lipid and glucose profiles, as well as quality of life of patients in the post-KTx.

Patients with KTx in the present clinical trial will undergo an individualized nutritional

intervention for 12 months after surgery. This period of nutritional intervention was selected

based on previous studies, which demonstrated that protein intake is associated with mainte-

nance of kidney function in the first year post-KTx [30–32]. However, studies on the assess-

ment of the impact of dietary protein intake in post-KTx patients remain scarce and

controversial [33–36].

A study conducted by Deetman et al. [33], including patients with more than 6-months

post-KTx, identified that a higher protein intake would have a protective effect against renal

graft failure. Another study in patients with 1 year of KTx, also suggested that the restriction of

protein intake should not be advised after KTx, as low protein intake would be associated with

an increased risk of mortality and graft failure [34]. Other studies that evaluated the impact of

dietary intervention on the post-KTx also showed conflicting results, mainly due to limitations

in their methodological designs [35, 36].

Thus, due to the lack of data with high quality of evidence on the influence of dietary inter-

vention on post-KTx, there are no guidelines or recommendations for a specific nutritional

intervention in the late post-KTx period [37]. In addition, in post-KTx, there is insufficient
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evidence to recommend a particular protein type (plant vs animal) in terms of the effects on

nutritional status or the blood lipid profile [8].

The primary efficacy variable evaluated will be proteinuria as it is a recognized marker of

kidney injury [4, 38]. Post-KTx proteinuria is associated with worse outcomes, being a strong

risk factor in predicting graft survival and mortality [4]. Fernández-Fresnedo [39] also demon-

strated that proteinuria at 1 year after KTx is an excellent marker of poor long-term graft

prognosis.

Furthermore, research indicates that post-KTx proteinuria can be controlled through the

diet [40]. A nutritional intervention to control protein intake could contribute to reduce the

overload of protein levels in the glomerular capillaries and renal tubules [41–45]. As a result,

hyperfiltration and glomerular pressure decrease, reducing the urinary protein excretion rate

[44, 45].

Therefore, as the reduction in proteinuria may favor better kidney function, as well as a lon-

ger graft survival and reduced mortality, the present study will use proteinuria as a primary

efficacy variable in order to assess whether the intervention individualized nutrition may have

an antiproteinuric effect post-KTx. And, thus, assess whether the patient can benefit in guaran-

teeing the success of KTx and a better quality of life.

The present clinical trial was concerned with outlining exclusion criteria that could be possi-

ble biases in the assessment of the benefit of individualized nutritional intervention in the man-

agement of proteinuria in the late post-KTx period. Among the exclusion criteria are focal

segmental glomerulosclerosis, systemic lupus erythematosus and IgA nephropathy, which are

underlying diseases recognized for developing recurrent proteinuria after KTx due to deposi-

tion of immune complexes in the kidneys that lead to progressive renal failure [46–48]; multiple

organ transplantation and a history of recurrent transplantation due to chronic rejection that

may increase the risk of kidney injury and lower graft survival [49, 50]; immunosuppressive

therapy with mammalian target of rapamycin (mTOR) inhibitors (everolimus or sirolimus)

which has proteinuria as an adverse effect [51, 52]; and hospitalization after KTx longer than 60

days, as it is associated with complications that can lead to lower survival and graft loss [53, 54].

One of the possible limitations of this protocol will be the impossibility of blinding, which

may imply risks of bias. To reduce these risks, in this study, standardized measurements and

tests of anthropometric assessments, quality of life and laboratory tests will be adopted. In

addition, to reduce the potential for confounding due to the variability of the measures evalu-

ated, the same nutritionist will carry out the nutritional intervention protocol.

Given the above, the results of this study may serve as a basis for food education and nutri-

tion actions in the late post-KTx period. Since the consumption of a controlled diet in the

post-KTx may represent a benefit in the maintenance of kidney function in the long term,

reducing tendencies towards negative reflexes, such as proteinuria, overweight and imbalance

in lipid and glucose profile, thus collaborate with the improvement of renal graft survival and

quality of life of KTx patients.
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