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Is there a relationship between tryptophan dietary intake 
and plasma levels of indoxyl sulfate in chronic kidney disease 
patients on hemodialysis?
Há relação entre ingestão alimentar de triptofano e níveis plasmáticos 
de indoxil sulfato em pacientes renais crônicos em hemodiálise?

Introdução: A microbiota intestinal está 
envolvida na geração de toxinas urêmicas 
presentes nos pacientes com doença re-
nal crônica (DRC) em hemodiálise (HD) 
como indoxil sulfato (IS), formado a partir 
da fermentação do aminoácido triptofano. 
Objetivo: Avaliar a ingestão de triptofano 
alimentar pelos pacientes renais crônicos 
em HD e sua possível relação com os níveis 
plasmáticos de IS. Métodos: Participaram 
do estudo 46 pacientes com DRC em pro-
grama regular de HD (56,5% homens; 52,7 
± 10,3 anos; 63 (32,2-118,2) meses em HD; 
IMC 25,6 ± 4,9kg/m2). A ingestão de tripto-
fano foi avaliada por meio do recordatório 
alimentar de 24 (R-24h) realizado em três 
diferentes dias. Exames bioquímicos de ro-
tina, bem como a avaliação antropométrica 
foram avaliados. Os níveis plasmáticos de IS 
foram determinados por cromatografia lí-
quida de alto desempenho (HPLC) com de-
tecção fluorescente e as concentrações plas-
máticas de interleucina-6 (IL-6) pelo método 
imunoenzimático (ELISA, Enzyme Linked 
Immunosorbent Assay). Resultados: A in-
gestão média de triptofano estava dentro do 
recomendado, já os níveis plasmáticos de IS 
(35,0 ± 11,9mg/L) estavam elevados, porém 
de acordo com os valores da EUTox para 
indivíduos urêmicos. Não houve correlação 
entre a ingestão de triptofano e os níveis plas-
máticos de IS. Contudo, houve correlação 
positiva entre ingestão de proteína e tripto-
fano e variáveis que avaliam massa magra e, 
além disso, os níveis IS foram positivamente 
associados com os de IL-6 (r = 0,6: p = 0,01). 
Conclusão: O presente estudo sugere que a 
ingestão alimentar de triptofano pode não 
ser um fator determinante dos níveis de IS. 
No entanto, sugere que o intestino pode ter 
importante papel na inflamação sistêmica 
presente nos pacientes com DRC.

Resumo

Palavras-chave: diálise renal; falência re-
nal crônica; triptofano.

Introduction: Gut microbiota is involved 
in generation of uremic toxins in chronic 
kidney disease (CKD) patients on hemo-
dialysis (HD), like indoxyl sulfate (IS) 
that is originated from tryptophan amino 
acid fermentation. Objective: To evalu-
ate the tryptophan intake by chronic re-
nal failure patients on HD and its pos-
sible relationship with IS plasma levels. 
Methods: Participated of the study 46 
patients with CKD on HD regular pro-
gram (56.5% men; 52.7 ± 10.3 years; 63 
(32.2-118.2) months on HD; BMI 25.6 
± 4.9 kg/m2). The tryptophan intake was 
evaluated by a 24-hours dietary recall 
(R-24h) performed on 3 different days. 
Routine biochemical tests and anthropo-
metric measurements were evaluated. IS 
plasma levels were determined by High 
Performance Liquid Chromatography 
(HPLC) with fluorescent detection and 
the interleukin-6 (IL-6) plasma levels 
by immunoenzymatic method (ELISA, 
Enzyme Linked Immunosorbent Assay). 
Results: The average of tryptophan in-
take was according to recommendation, 
but IS plasma levels (35.0 ± 11.9 mg/L) 
were elevated, however according to the 
EUTox values for uremic individuals. 
There was no correlation between the 
tryptophan intake and IS plasma levels. 
However, there was positive correlation 
between protein intake and tryptophan 
and variables used to evaluate lean body 
mass, and moreover, IS levels were posi-
tively associated with IL-6 (r = 0.6: p = 
0.01). Conclusion: The present study sug-
gests that tryptophan dietary intake may 
not be a determinant factor to IS levels. 
However, it suggests that gut microbiota 
may play an important role in systemic 
inflammation in patients with CKD.
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IntRoductIon

Patients on hemodialysis (HD) accumulate risk 
factors for cardiovascular disease (CVD) and, in 
fact, cardiovascular death rates are higher in this 
population.1,2 In addition to traditional risk factors 
(obesity, hypertension, diabetes, dyslipidemia, 
etc.) and the conditions typically seen in 
individuals with kidney disease (hypervolemia, 
anemia, altered calcium-phosphorus metabolism, 
etc.), these patients also have a high prevalence of 
emerging risk factors (high levels of homocysteine 
and lipoprotein a, oxidative stress, and 
inflammation).1,3

Studies published in the 1990s discussed the 
emergence of a new risk factor possibly related to 
inflammation and atherosclerosis: gut microbiota 
imbalance.4-8

Gut bacteria have different metabolic roles 
and promote the conversion of nutrients into a 
wide array of components, both beneficial and 
harmful to human health.9 Thus, imbalances in 
the composition of the gut microbiota (dysbiosis) 
may lead to the production of greater amounts of 
uremic toxins.

Patients with CKD are affected by changes 
in gut microbiota, characterized by the growth 
of bacterial species that increase the production 
of toxic gases, uremic toxins, amines, ammonia, 
and elevate the concentrations of pathogen-
associated molecular patterns (PAMPs) such as 
lipopolysaccharides (LPS).

Furthermore, dysbiosis compromises intestinal 
barrier function, making it more permeable to toxic 
elements.10,11 Increased intestinal barrier patency may 
allow for greater influxes of urea from blood into the 
bowel lumen, favoring the growth of certain bacteria 
to the detriment of others.12

Patients with CKD are often advised to follow 
diets low in fermentable fibers due to the fact that 
these foods also serve as sources of potassium. The 
ensuing change in the supply of prebiotic substrates 
may contribute to dysbiosis in CKD.13

In addition, these patients are constantly exposed 
to factors such as malnutrition, edema, emotional 
stress (caused by the disease and psychological or 
pharmacological factors), constipation, and uremia, 
which further compromise the integrity of the 
intestinal barrier. This combination of factors makes 
these patients susceptible to increased absorption of 
substances that promote oxidative stress and systemic 

inflammation characterized by elevated levels of 
inflammatory cytokines, such as interleukins (IL) and 
tumor necrosis factor α (TNF-α).14

Several uremic toxins may be produced by the 
gut microbiota from the fermentation of nutrients 
reaching the intestines. For example, the synthesis 
of indoxyl sulfate (IS) is initiated by enterobacteria 
converting amino acid tryptophan to indole, which 
is then absorbed by the gastrointestinal tract; in the 
liver, hydroxylation and sulfation processes produce 
IS. Patients with CKD are known for having elevated 
serum IS levels, and such increase appears to be 
directly related to the progression of the disease.15

During dialysis the levels of these toxins increase, 
since dialysis cannot efficiently remove them.16 IS 
seems to promote the progression of CKD because 
of its pro-fibrotic effects on glomeruli,17,18 and for 
its role in the induction of endothelial dysfunction, 
vascular19 smooth muscle cell proliferation, and 
atherosclerosis;20 it also appears to be associated with 
bone disease in individuals with CKD.19,21

Tryptophan is often present in one’s diet. 
Intake levels of this amino acid may be related 
to the determination of IS serum levels, as 
metabolites derived from tryptophan such as IS 
result from the metabolism of dietary tryptophan 
by gut bacteria.

Considering that this uremic toxin has been related 
to increased risk of cardiovascular disease in patients 
with CKD, and that cardiovascular disease is the main 
cause of death of individuals with CKD, this study 
aimed to assess tryptophan intake levels in patients 
with CKD on HD and the possible correlations with 
IS serum levels. Additionally, the possible correlations 
between food intake, anthropometric parameters, 
and inflammatory marker interleukin-6 (IL-6) were 
assessed.

mAteRIAls And methods

Patients

This cross-sectional study enrolled 46 male and female 
patients with CKD prescribed regular HD seen at the 
Vida Kidney Care Clinic in Rio de Janeiro, Brazil. The 
participants gave written consent to joining the study 
after being informed that their biological materials 
would be used in the study. Study participants had 
to be aged between 18 and 74 years and use an 
arteriovenous fistula (AVF) for vascular access.

HD sessions were held three times a week and 
lasted for three to 4.5 hours on average; blood flow 
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levels were higher than 250 ml/min; dialysate flow 
was set at 500 ml/min; the dialysis solution was 
buffered with bicarbonate. Patients with autoimmune 
or infectious disease; cancer; AIDS; pregnant women; 
patients on catabolic drugs; individuals taking 
prebiotic, probiotic or symbiotic supplements; and 
patients treated with antibiotics three months before 
the start of the study were excluded. Demographic, 
clinical and routine biochemical data were obtained 
from patient charts, interviews, and blood tests.

ethics

The study design was approved by the Research 
Ethics Committee of the School of Medicine and the 
Antonio Pedro University Hospital and was assigned 
permit no. 083/11.

Food intake analysis

The daily energy intake of macronutrients and 
tryptophan was estimated from a 24-hour dietary 
recall (24HR) carried out in three different days - one 
on a day of dialysis, one on a day the patient was 
off dialysis, and one weekend day. Mean intake levels 
were calculated with the aid of dietary assessment 
software NutWin®-UNIFESP. The daily intake of 
energy, protein, and tryptophan was normalized for 
patient bodyweight. The nutrient composition of the 
foods not included in the database of the analytical 
software was obtained from the Brazilian Food 
Composition Chart.22

nutritional status assessment

Nutritional status was assessed by means of the 
following anthropometric parameters: bodyweight; 
height; arm circumference; waist circumference; 
and skinfold thickness. The measurements were 
performed after HD sessions with the aid of a 
Lange Skinfold Caliper (Cambridge Scientific 
Industries Inc.). The patients were categorized in 
accordance with the criteria of the World Health 
Organization (WHO) for body mass index (BMI), 
calculated using the formula weight over the 
squared height.23,24

The corrected arm muscle area (CAMA) adjusted 
for bone was calculated to assess muscle mass. Fat 
tissue was estimated through body fat percentage 
(BFP) calculations. The thicknesses of the biceps, 
triceps, subscapular, and suprailiac skinfolds were 

measured and summated to estimate body density 
(BD) with the Durnin and Womersely equations.25

BD values were used to infer total body fat from 
the Siri equation.26 The BFP reference values proposed 
by Lohman27 were adopted in this study. The patients’ 
body fat distribution profiles were defined based on 
waist circumference (WC) measurements and the 
cutoff points suggested by the WHO.28

Blood collection

Blood samples were taken in the morning, with 
patients fasting for 12 hours. Blood was collected 
in tubes with ethylenediaminetetraacetic acid 
(EDTA) as an anticoagulant (1 mg/mL). The 
samples were then centrifuged at 2500 rpm for 10 
minutes at 4 °C to separate the plasma portion. 
Plasma was then placed in 1.5 ml polypropylene 
Eppendorf tubes, and stored at - 80° C for further 
analysis.

determination oF serum il-6 and indoxyl sulFate 
levels

Enzyme Linked Immunosorbent Assay (ELISA) 
kit Boster Immunoleader (Boster Biological 
Technology Co. Ltd.) was used to measure serum 
IL-6 levels.

The blood samples were processed as described 
above before total IS levels (free and protein-bound 
fractions) were measured.29 The samples were 
briefly diluted in water and heated to 95°C for 
30 minutes. Then they were cooled down (10 min 
on ice) and ultrafiltrated (Amicon Ultra 30 kDa - 
Millipore, Billerica, MA). The ultrafiltrate (10uL) 
was analyzed.

The serum levels of toxin IS were determined 
by high performance liquid chromatography 
(HPLC) - Shimadzu Prominence - with a pump 
(LC-20AD Shimadzu) controlled by software 
program LC Solution and a fluorescence detector 
(RF-20A Shimadzu), and a manual injector (7125 
Rheodyne).

Chromatographic separation was performed 
with a C8 column (Phenomenex, Luna 5μm, 100A, 
150x4.6 mm) eluted with 50 mM ammonium 
formate, pH 3.0, and a methanol gradient ranging 
from 35% to 70% at a flow rate of 0.7 ml/min at 
room temperature. IS was detected by a fluorescence 
detector (λex = 280 nm; λem = 383nm). Calibration 
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tAble 1 General characteristics and    
 anthroPometric measurements oF Patients  
 with chronic kidney disease on hd

Parameter Patients (n = 46)

Age (years) 52.8 ± 10.3

Time on HD (months) 63 (32.2 - 118.2)

BMI (kg/m2) 25.6 ± 4.9

CAMA (cm2) 42.2 ± 11.2

FFM (Kg) 48.8 ± 11.4

BFP 29.4 ± 7.9

WC (cm) 93.0 ± 13.6
HD: hemodialysis; BMI: body mass index, CAMA: corrected arm 
muscle area; BFP: body fat percentage; WC: waist circumference; 
FFM: fat-free mass.

tAble 2 enerGy, macronutrient, and tryPtoPhan  
 intake

Parameter Patients (n = 46)

Energy (kcal/day) 1,194.6 ± 456.5

Energy (Kcal/Kg/day) 16.5 ± 6.6

Protein (g/day) 62.7 ± 23.5

Protein (g/Kg/day) 0.9 ± 0.3

PNA (g/Kg/day) 1.07 ± 0.3

Lipids (g/day) 30.0 ± 13.0

Carbohydrates (g/day) 165.2 ± 66.8

Total fiber (g/day) 13.5 ± 6.1

Tryptophan (mg/Kg/day) 8.5 ± 4.1

curves were built for each set of processed samples. 
Calibration samples were prepared with serum 
from healthy donors and processed with the 
studied samples.

Measurements were validated in terms of the 
following parameters: precision, accuracy, calibration 
curve, residual effect, calibration sample effect, 
selectivity, and stability, according to the guidelines 
of ANVISA Resolution RDC 27/2012. The relative 
retention of IS was assessed by the ratio between the 
mean and normal levels of indoxyl sulfate as defined 
by the European Uremic Toxin Work Group (EUTox; 
0.6 mg/L).

statistical analysis

The Kolmogorov-Smirnov test was used to assess 
the distribution of the variables; the results ensuing 
from the analysis were expressed in the form of mean 
values ± SD (standard deviation), median values 
(interquartile range), or percent values whenever 
appropriate. Pearson’s correlation coefficient or 
Spearman’s rank correlation coefficient was used 
to assess the correlations between variables. A 
confidence interval of 95% was adopted and p-values 
< 0.05 were deemed statistically significant. Statistical 
analyses were performed on SPSS (19.0).

Results

Table 1 shows the patients’ general characteristics 
and anthropometric parameters. Forty-six 
individuals on dialysis for a mean of 63 (32.2-
118.2) months were included in the study; 26 were 
males. The main cause of CKD was hypertensive 
nephrosclerosis (68.9%).

Mean macronutrient and tryptophan intakes are 
shown in Table 2. All patients had energy intake levels 
below the recommended weight maintenance daily 
values (30-35 kcal/kg). None of the patients was able 
to reach the protein intake levels recommended for 
individuals on HD (1.2-1.4 g/kg/day). Interestingly, 
the mean intake of tryptophan was 8.5 mg/kg/day, a 
level similar to the Dietary Reference Intake (DRI) of 
8 mg/kg/day.

Table 3 shows the serum levels of routine 
biochemical parameters, IL-6, and IS. The mean IS 
serum level observed in our group of patients was 
consistent with the levels seen in uremic subjects 
described by the EUToX. The relative retention of IS 
in the patients in our study was equivalent to 58.4 
times the normal retention levels.

Anthropometric measurements revealed that 
the majority of the patients (57.1%) had normal-
range BMIs (18.5 - 24.9 kg/m2), while 28.6% 
were overweight (25 - 29.9 kg/m2) and 14.3% 
were obese (≥ 30 kg/m2). According to the BMI, 
none of the patients was malnourished (< 18.5 
kg/m2).

Although most patients had normal-range 
weight according to the BMI, BFP revealed 
that 35.5% of them were obese and 22.6% had 
above-average body fat levels. According to waist 
circumference (WC) measurements, 51.6% of the 
patients were within normal range; 22.6% had high 
WC; and 25.8% had very high WC. Corrected arm 
muscle area (CAMA) adjusted for bone indicated 
that 78.8% of the patients had normal values; 
15.2% were moderately malnourished; and 6.1% 
were severely malnourished.
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tAble 3 Biochemical Parameters oF Patients on  
 hd

Parameter Patients (n = 46)

Pre-HD urea (mg/dL) 148.8 ± 65.9

Creatinine (mg/dL) 10.4 ± 3.3

Albumin (g/dL) 4.2 ± 0.3

Hematocrit (%) 34.9 ± 3.6

Hemoglobin (g/dL) 11.5 ± 1.3

IL-6 (pg/ml) 38.2 (21.3 - 57.1)

IS (mg/L) 35 ± 11.9
HD: hemodialysis; IL-6: interleukin-6; IS: indoxyl sulfate.

No correlation was found between IS levels and 
tryptophan intake. However, the levels of the uremic 
toxin correlated positively with IL-6 serum levels (r 
= 0.6; p = 0.011). A positive association was also 
observed between protein intake and indices used 
to assess lean mass, such as CAMA (r = 0.521; p = 
0.008) and fat-free mass (FFM; r = 0.492; p = 0.017). 
The same was seen for tryptophan intake in relation 
to these variables (tryptophan vs. CAMA: r = 0.558, 
p = 0.004; tryptophan vs. FFM: r = 0.470; p = 0.008).

dIscussIon

Since tryptophan is metabolized by gut bacteria into 
a substrate for the synthesis of uremic toxin indoxyl 
sulfate, the present study aimed to verify whether the 
intake of this amino acid by patients with CKD on 
HD was correlated with total IS serum levels. The 
observed results failed to reveal such correlation. 
However, the IS levels were positively associated with 
levels of inflammatory marker IL-6, and that protein 
and tryptophan intake were positively correlated with 
lean mass parameters.

Despite the low levels of food intake reported by 
the patients, mean tryptophan intake lay within the 
range recommended in the Dietary Reference Intakes 
(DRI). Food intake was estimated from 24-hour 
dietary recalls - a fast, low-cost, easy-to-apply method 
nonetheless dependent on respondent memory and 
cooperation, also known for lacking accuracy at 
recording the exact amounts of food the patients 
ingested.

However, in the absence of simple and accessible 
biomarkers to determine food intake, assessment 
methods obtained by self-report have been widely 

used to evaluate energy intake in clinical and 
epidemiological trials. Thus, the 24HR was applied 
in three different occasions with the purpose of 
increasing accuracy.

Despite the patients’ low levels of protein intake, 
tryptophan intake was found to be within the 
recommended thresholds. This occurred because 
the main dietary sources of tryptophan were high 
biological value proteins (such as meat and dairy 
products).

Tryptophan intake is unquestionably involved in 
the production of IS in the gut, since it is a substrate 
required for the formation of indoxyl sulfate; 
nonetheless, this study demonstrated that tryptophan 
intake does not alter the circulating levels of IS, thus 
reinforcing the idea that gut bacteria play a dominant 
role in the production of IS and other toxic solutes. 
In addition to nutrition, individuals with CKD have 
several associated conditions that might interfere with 
these variables.14

Protein and tryptophan intake levels correlated 
positively with indicators of lean body mass in 
patients with CKD, demonstrating the importance 
of protein intake, and high biological value 
protein in particular, in maintaining the nutritional 
status of individuals exposed to various catabolic 
factors.30

The correlation observed between IS and IL-
6 serum levels suggests that the gastrointestinal 
tract, as it produces toxic metabolites such 
as IS, may contribute to the onset of chronic 
inflammation frequently found in patients with 
CKD.31

Thus, our results suggest that nutritional 
management practices designed to modulate IS serum 
levels in patients with CKD should not be based on 
the reduction of food sources of tryptophan, as such 
an approach does not appear to affect IS serum levels 
and may jeopardize the nutritional status of these 
individuals.
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