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ABSTRACT

Background. Patients with stage 4/5 chronic kidney disease (CKD) suffer from various symptoms. The retention of
uremic solutes is thought to be associated with those symptoms. However, there are relatively few rigorous studies on
the potential links between uremic toxins and symptoms in patients with CKD.
Methods. The EQUAL study is an ongoing observational cohort study of non-dialyzed patients with stage 4/5 CKD.
EQUAL patients from Germany, Poland, Sweden and the UK were included in the present study (n = 795). Data and
symptom self-report questionnaires were collected between April 2012 and September 2020. Baseline uric acid and

Received: 9.9.2021; Editorial decision: 6.12.2021

© The Author(s) 2021. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

798

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfab262
https://orcid.org/0000-0001-8650-5795
https://orcid.org/0000-0001-9507-5301
mailto:ziad.massy@aphp.fr
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


Uremic toxins and symptoms 799

parathyroid hormone and 10 uremic toxins were quantified. We tested the association between uremic toxins and
symptoms and adjusted P-values for multiple testing.
Results. Symptoms were more frequent in women than in men with stage 4/5 CKD, while levels of various uremic toxins
were higher in men. Only trimethylamine N-oxide (TMAO; positive association with fatigue), p-cresyl sulfate (PCS) with
constipation and 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid (negative association with shortness of breath)
demonstrated moderately strong associations with symptoms in adjusted analyses. The association of
phenylacetylglutamine with shortness of breath was consistent in both sexes, although it only reached statistical
significance in the full population. In contrast, TMAO (fatigue) and PCS and phenylacetylglutamine (constipation) were
only associated with symptoms in men, who presented higher serum levels than women.
Conclusion. Only a limited number of toxins were associated with symptoms in persons with stage 4/5 CKD. Other
uremic toxins, uremia-related factors or psychosocial factors not yet explored might contribute to symptom burden.
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INTRODUCTION

Patients with stage 4/5 chronic kidney disease (CKD) suffer from
various symptoms, including anorexia, nausea, pruritus, fatigue,
excessive daytime sleepiness, difficulty concentrating and pain
[1]. This uremic symptom burden is known to increase with age
[2]. In the EQUAL study, including elderly patients with advanced
(stage 4/5) CKD, more than half of the patients reported fatigue,
dry skin, bone or joint pain, loss of strength, muscle cramps, dry
mouth, itching and decreased interest in sex, with a median of
12 (of 33) symptoms per patient [3]. The EQUAL investigators also
reported a substantially higher symptom burden in women ver-
sus men and a marked impact of symptoms on the quality of
life (QoL), recommending that this impact should have a more
prominent role in clinical decision-making [3, 4].

As defined by the European Uremic Toxins Work Group [5],
uremic toxins are harmful compounds that accumulate in the
body during periods of renal function decline. Uremic toxins
can be classified according to their molecular weight, water
solubility and protein-binding status [5]. These toxins may
constitute important non-traditional risk factors and are known
to be associated with morbidity and mortality in patients with
CKD [6]. The retention of uremic solutes is thought to be associ-
ated with the symptoms. Even though symptoms have clinical
significance, there are relatively few rigorous studies on the po-
tential links between uremic toxins and symptoms in patients
with CKD. In one recent study, indoxyl sulfate (IS), p-cresol and
uremic serum affected (either directly or indirectly) protease-
activated receptor 2 expression in the skin of patients with CKD,
suggesting that these compounds might have an important role
in the pathogenesis of uremic pruritus [7]. In another study,
total p-cresyl sulfate (PCS), but not IS, was independently asso-
ciated with pruritus, after adjustment for known biomarkers [8].
Kynurenine, indole-3-acetic acid (IAA) and IS have been shown
to alter skeletal muscle mitochondria in mice and might accen-
tuate skeletal muscle fatigue, weakness and atrophy in CKD [9].
In a rat model, accumulation of IS led to behavioral alterations,
including apathetic behavior, increased stress sensitivity and
reduced locomotor and exploratory activity [10]. Moreover, the
kynurenine pathway appears to be a key factor in promoting
bone-aging phenotypes and bone breakdown and in interfering
with stem cell function and osteogenesis; kynurenine might
lead to detrimental effects in bone, with a lower bone mineral
density and an elevated fracture risk [11, 12]. Several studies
have demonstrated that trimethylamine N-oxide (TMAO) can
promote atherosclerosis, thrombosis, heart failure, insulin
resistance and kidney disease via tissue or cell type–specific
reprogramming [13]. Hence TMAO might be involved in the

genesis of certain symptoms. The observation that symptoms
improve markedly or resolve completely after kidney trans-
plantation has led to the long-standing view that symptoms are
due, at least in part, to retained uremic toxins [14–16]. Since the
levels of several uremic toxins such as IS, PCS and TMAO have
been normalized or largely ameliorated after kidney transplan-
tation [6], we were wondering whether these uremic toxins are
responsible, at least in part, for the improvement of symptoms
after kidney transplantation. The development and validation
of a sensitive and robust assay for the simultaneous quantifi-
cation of concentrations of 10 uremic toxins by our laboratory
[17] allowed us to include these 10 uremic toxins in addition to
urea, uric acid and parathyroid hormone (PTH) in this study.

In the present cross-sectional study, we sought to assess the
relationship between levels of several uremic toxins and a range
of symptoms in the EQUAL cohort of older patients with stage
4/5 CKD.We also sought to determinewhether the levels of these
uremic toxins might explain the sex difference in symptoms.

MATERIALS AND METHODS

Study design and population

The EQUAL study is an ongoing observational cohort study of
non-dialyzed patientswith stage 4/5 CKD receiving routinemed-
ical care in Germany, Italy, the Netherlands, Poland, Sweden and
the UK. The main inclusion criteria were age ≥65 years and
an incident estimated glomerular filtration rate (eGFR, as calcu-
lated using the Modification of Diet in Renal Disease equation)
<20 mL/min/1.73 m². Patients were excluded if the decrease in
eGFR resulted from an acute event or if they had previously
been dialyzed or had received a kidney transplant. The study
was approved by the appropriate independent ethics commit-
tees in each country. All the patients gave their written informed
consent. The study has been described in detail elsewhere [18].
EQUAL patients fromGermany, Poland, Sweden and the UKwere
included in the present study (n = 795).

Data collection

Clinical data (primary renal disease and cardiovascular risk
factors including smoking status, bodymass index, hemoglobin,
blood pressure, cholesterol and diabetes mellitus), demographic
data and laboratory data were collected between April 2012 and
September 2020. Data on the following pre-existing cardiovascu-
lar comorbidities were also collected; cerebrovascular disease,
peripheral vascular disease, myocardial infarction, angina
pectoris, congestive heart failure, left ventricular hypertrophy,
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hypertension and cardiac arrhythmias. Data on the presence
or absence of symptoms were obtained via self-report ques-
tionnaires at each visit. The list of symptoms was based on the
Dialysis Symptom Index [19] (which comprises 30 symptoms),
together with bleeding, weight loss and loss of strength. The
overall symptom burden was scored as the total number of
symptoms present and thus ranged from 0 to 33. The eGFR was
calculated from the serum creatinine level (as standardized
against isotope dilution mass spectrometry) using the Chronic
Kidney Disease Epidemiology Collaboration equation. The
albumin:creatinine ratio (ACR) was estimated via routine 24-h
urine collection or (if 24-h data were not available) from a single
sample. The primary kidney disease was coded according to
the European Renal Association–European Dialysis and Trans-
plantation Association’s classification and grouped as glomeru-
lonephritis, diabetes mellitus, tubulointerstitial disease, hyper-
tension and miscellaneous kidney diseases. For the purposes of
the current study, we only included patient data at baseline.

Collection and analysis of uremic toxins

Upon enrollment of the patients, serum samples were collected
and immediately frozen. The samples were thawed immedi-
ately prior to analysis. Uric acid, urea and PTH were assayed in
onsite biochemistry laboratories, using standard autoanalyzer
techniques. The following 10 uremic toxins were assayed in
serum samples using a validated ultra high-performance liquid
chromatography tandem mass spectrometry (UHPLC-MS/MS)
technique: 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid
(CMPF), hippuric acid, IAA, IS, kynurenic acid, kynurenine, p-
cresyl glucuronide (PCG), PCS, phenylacetylglutamine (PAG) and
TMAO [17]. To determine total concentrations, serum samples
were first precipitated with methanol. The supernatant was
evaporated with nitrogen and then reconstituted in 80 μL of
water. The assay’s limit of quantification was between 10 and
50 ng/mL, depending on the compound. The intra- and inter-
assay variabilities (evaluated at three different concentrations:
150, 8000 and 40000 ng/mL) for the 10 compoundswere all<13%.

Statistical analysis

The patient characteristics were reported overall and by sex
as the mean [standard deviation (SD)] for normally distributed
continuous variables, the median [interquartile range (IQR)] for
skewed continuous variables and the frequency (percentage) for
categorical variables. Skewed variables were log-transformed
to obtain a more normal distribution. Outliers in uremic toxin
measurements were identified and capped using the IQR
method, which defines an outlier as a value above the 75th
percentile or below the 25th percentile by a factor of 1.5 times
the IQR. Logistic regression was used to model the association
between each biomarker and the odds of a patient reporting the
presence of a symptom at baseline. Symptoms were selected
from the Dialysis Symptom Index by prioritizing those with an
overall prevalence >25%. In addition to individual symptoms,
we tested the association between uremic toxins and groups
of symptoms (Supplementary data, Table S1). Effect sizes were
reported as the standardized odds ratio for a 1 SD increment
in the biomarker level. Sex-specific effects were assessed by
including an interaction term for patient sex and the biomarker
of interest. Uremic toxins were standardized and centered to
improve the model’s fit and enable the comparison of effect
sizes from one biomarker to another. The models were adjusted
for confounders defined a priori [20]. To reduce the probabil-

ity of observing a significant effect by chance as a result of
multiple testing, the threshold for statistical significance was
set to P < 0.01. In addition, we adjusted P-values for multiple
testing using the Benjamini–Hochberg procedure for false
discovery rates [21]. Missing values in covariates were imputed.
All analyses were performed with SAS software (version 9.4;
SAS Institute, Cary, NC, USA) and R software (version 4.0.2; R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient characteristics

Demographic and clinical characteristics at baseline are sum-
marized for all 795 patients and by sex in Table 1 and for uremic
toxin concentrations in Table 2. The eGFR was lower in men
than in women,whichmight explain (at least in part) the higher
levels of uremic toxins observed in men. The overall prevalence
of symptoms at inclusion was high (54.1%; Table 3) with a
median number of 13 (IQR 8–18) symptoms: 14 (IQR 9–19) in
women and 12 (IQR 8–17) in men (P < 0.001). All symptoms were
more frequent in women than in men (except for decreased
interest in sex and difficulty becoming sexually aroused).

Associations between uremic toxin
levels and symptoms

Symptoms were selected from the Dialysis Symptom Index
by prioritizing those with an overall prevalence >25%. For the
cohort as a whole, the associations between uremic toxin levels
and symptoms adjusted for age, primary renal disease, Charl-
son comorbidity index, ACR and eGFR are presented in Figure 1
(Supplementary data, Tables S2 and S3). Uric acid and PCS were
positively associated with swelling in the legs and constipation,
respectively, and CMPF was inversely associated with shortness
of breath.Hippuric acid was inversely associatedwith decreased
appetite and positively associated with bone or joint pain. PAG
was positively associated with both constipation and headache.
TMAOwas positively associatedwithmuscle cramps, swelling in
the legs and fatigue. Kynurenine was inversely associated with
constipation and positively associated with cough and itching.
Ureawas positively associatedwith both swelling in the legs and
bone or joint pain. PTH, IS, IAA, kynurenic acid and PCGwere not
associated with any of the selected 21 symptoms. While study-
ing symptom groups, uric acid was found to be associated with
symptoms related to fluid overload and TMAO was found to
be associated with musculoskeletal symptoms (Supplementary
data, Table S4). After P-value adjustment for multiple testing,
the associations TMAO–fatigue, PCS–constipation and CMPF–
shortness of breath remained statistically significant. Associa-
tions between baseline levels of uremic toxins and longitudinal
symptoms measured provided similar results (data not shown).

Sex-specific associations between uremic toxin levels
and symptoms

The sex-specific associations between uremic toxins and symp-
toms adjusted for age, primary renal disease, Charlson co-
morbidity index, ACR and eGFR are presented in Figure 2
(Supplementary data, Tables S5 and S6). PCS was positively as-
sociated with constipation and headache, but only inmen. Simi-
larly, PAG was positively associated with constipation, headache
and restless legs only in men, as was TMAO for muscle cramps,
fatigue (Figure 3) and bone or joint pain. On the other hand,
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Table 1. Patient characteristics at baseline, by sex

Characteristics Overall (N = 795) Female (n = 285) Male (n = 510) P-value

Age (years), mean (SD) 76.16 (6.68) 76.32 (6.91) 76.07 (6.56) 0.61
Primary renal disease, n (%)

Glomerular disease 91 (11.4) 25 (8.8) 66 (12.9) 0.02
Tubulo-interstitial disease 79 ( 9.9) 40 (14.0) 39 ( 7.6)
Diabetes 159 (20.0) 49 (17.2) 110 (21.6)
Hypertension 276 (34.7) 102 (35.8) 174 (34.1)
Miscellaneous renal disorders 190 (23.9) 69 (24.2) 121 (23.7)

Weight (kg), mean (SD) 81.47 (16.93) 74.76 (16.17) 85.22 (16.18) <0.001
Height (cm), mean (SD) 168.64 (9.81) 159.67 (7.22) 173.66 (7.13) <0.001
BMI (kg/m2), mean (SD) 28.60 (5.39) 29.26 (6.12) 28.23 (4.90) 0.01
SGA, n (%) 0.41

2 6 ( 0.8) 3 ( 1.1) 3 ( 0.6)
3 10 ( 1.3) 3 ( 1.1) 7 ( 1.4)
4 58 ( 7.3) 27 ( 9.5) 31 ( 6.1)
5 166 (20.9) 55 (19.3) 111 (21.8)
6 269 (33.8) 101 (35.4) 168 (32.9)
7 286 (36.0) 96 (33.7) 190 (37.3)

eGFR (mL/min/1.73 m2), mean (SD) 17.70 (5.42) 18.47 (5.44) 17.28 (5.37) 0.003
ACR, median (IQR) 38.85 (7.36, 173.48) 31.90 (4.84, 165.32) 46.45 (9.04, 179.32) 0.04
Systolic blood pressure (mmHg), mean (SD) 146.49 (22.22) 146.35 (23.46) 146.57 (21.53) 0.90
Diastolic blood pressure (mmHg), mean (SD) 74.72 (11.43) 74.07 (11.63) 75.08 (11.32) 0.23
Smoking status, n (%) <0.001

Current smoker 59 ( 7.4) 23 ( 8.1) 36 ( 7.1)
Ex-smoker 410 (51.6) 111 (38.9) 299 (58.6)
Never 312 (39.2) 146 (51.2) 166 (32.5)

Cholesterol (mmol/L), mean (SD) 4.67 (1.35) 4.98 (1.44) 4.49 (1.27) <0.001
Hb (g/dL), mean (SD) 11.6 (1.5) 11.5 (1.5) 11.6 (1.6) 0.25
Calcium (mmol/L), mean (SD) 2.28 (0.16) 2.32 (0.15) 2.26 (0.15) <0.001
PO4 (mmol/L), mean (SD) 1.31 (0.33) 1.30 (0.30) 1.31 (0.35) 0.84
Albumin (g/dL), mean (SD) 37.56 (5.48) 37.73 (5.33) 37.46 (5.57) 0.51
Potassium (mmol/L), mean (SD) 4.59 (0.60) 4.55 (0.60) 4.61 (0.60) 0.17
Sodium (mmol/L), mean (SD) 140.36 (3.24) 140.16 (3.47) 140.47 (3.11) 0.20
Bicarbonate (mmol/L), mean (SD) 22.48 (3.86) 23.28 (4.01) 22.03 (3.71) <0.001
Charlson comorbidity score, mean (SD) 7.10 (1.92) 6.85 (1.81) 7.24 (1.97) 0.01
Hypertension, n (%) 698 (87.8) 248 (87.0) 450 (88.2) 0.70
Diabetes, n (%) 318 (40.0) 101 (35.4) 217 (42.5) 0.06
Cerebrovascular disease, n (%) 121 (15.2) 41 (14.4) 80 (15.7) 0.70
Peripheral vascular disease, n (%) 104 (13.1) 28 ( 9.8) 76 (14.9) 0.05
Chronic heart failure, n (%) 142 (17.9) 50 (17.5) 92 (18.0) 0.94
Myocardial infarction, n (%) 139 (17.5) 37 (13.0) 102 (20.0) 0.02
Left ventricular hypertrophy, n (%) 141 (17.7) 41 (14.4) 100 (19.6) 0.08
Atrial fibrillation, n (%) 148 (18.6) 51 (17.9) 97 (19.0) 0.77
Country, n (%)

Germany 133 (16.7) 55 (19.3) 78 (15.3) 0.04
Poland 69 ( 8.7) 22 ( 7.7) 47 ( 9.2)
Sweden 286 (36.0) 86 (30.2) 200 (39.2)
UK 307 (38.6) 122 (42.8) 185 (36.3)

SGA: subjective global assessment; Hb: hemoglobin; PO4: serum phosphate; BMI: body mass index.

kynurenine was positively associated with cough and dry skin
only in women. CMPF was inversely associated with decreased
appetite, shortness of breath and headache in men and posi-
tively associated with fatigue in women. Hippuric acid was in-
versely associated with itching and dizziness in women and
positively associated with bone or joint pain in men. PTH was
inversely associated with trouble staying asleep in women and
IS and kynurenic acid were positively associated with difficulty
in becoming sexually aroused and shortness of breath in men,
respectively. In women, urea was positively associated with
swelling of the legs and inversely associated with difficulty be-
coming sexually aroused. IAA, uric acid and PCG were not as-
sociated with any symptoms. Studying symptom groups, TMAO

was only associatedwithmusculoskeletal symptoms and symp-
toms related to sexuality in men (Supplementary data, Table
S7). After P-value adjustment for multiple testing, only the asso-
ciations in men between TMAO–fatigue, PAG–constipation and
PCS–constipation remained statistically significant. The sex-
specific associations between eGFR and symptoms and eGFR
and uremic toxins are provided in Supplementary data, Table S8.

DISCUSSION

The present study assesses, for the first time to our knowledge,
the potential overall and sex-specific associations between ure-
mic toxins and symptoms in a large cohort of older patients with
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Table 2. Uremic toxin levels, by sex

Biomarker Overall (N = 795) Female (n = 285) Male (n = 510) P-value

TMAO (ng/mL), median (IQR) 1538 (972–3014) 1254 (855–2282) 1706 (1061–3228) <0.001
Kynurenine (ng/mL), median (IQR) 580 (460–719) 553 (441–700) 598 (470–736) 0.014
Hippuric acid (ng/mL), median (IQR) 2680 (1246–5178) 2020 (939–4230) 2884 (1650–5534) <0.001
PAG (ng/mL), median (IQR) 3478 (1936–6020) 2992 (1701–5070) 3694 (2036–6489) 0.002
IS (ng/mL), median (IQR) 3917 (2204–7615) 3440 (1797–5708) 4352 (2448–8516) <0.001
Kynurenic acid (ng/mL), median (IQR) 50 (41–65) 45 (37–56) 54 (43–69) <0.001
PCG (ng/mL), median (IQR) 128 (72–271) 127 (72–246) 130 (72–285) 0.65
PCS (ng/mL), median (IQR) 24 441 (16 196–36 951) 21 682 (14 386–32 698) 27 438 (17 106–40 276) <0.001
IAA (ng/mL), median (IQR) 451 (320–694) 406 (297–662) 477 (338–702) 0.004
CMPF (ng/mL), median (IQR) 2451 (870–5090) 2189 (657–4372) 2525 (1115–5264) 0.012
Uric acid (μmol/L), median (IQR) 443 (375–537) 434 (360–539) 446 (381–537) 0.012
PTH (pmol/L), median (IQR) 16 (9–24) 14 (8–21) 17 (10–27) 0.003
Urea (mmol/L), median (IQR) 18 (15–23) 17 (14–22) 19 (16–23) <0.001

For the references uremic solutes, please consult the database at https://database.uremic-toxins.org/home.php.

Table 3. Prevalence of symptoms at baseline, by sex

Symptoms Overall Women Men P-value

Constipation 33.5 41.9 28.8 <0.001
Decreased appetite 29.3 34.2 26.6 0.03
Muscle cramps 57.1 59.5 55.8 0.35
Swelling in legs 56.5 63.7 52.4 0.003
Shortness of breath 46.8 52.5 43.6 0.02
Dizziness 37 40.8 34.8 0.11
Restless legs 32.3 41.5 27.2 <0.001
Tingling in feet 34.5 40.5 31.1 0.01
Fatigue 76.2 79.9 74.2 0.082
Cough 38.6 38.7 38.6 0.99
Dry mouth 55.8 62.3 52.3 0.01
Bone or joint pain 58.6 69.0 52.8 <0.001
Headache 25.7 34.9 20.5 <0.001
Muscle soreness 35.6 42.6 31.7 0.003
Dry skin 57.9 69.4 51.5 <0.001
Itching 54.6 55.6 54.0 0.71
Trouble falling asleep 40.3 49.3 35.2 <0.001
Trouble staying asleep 54.1 61.6 49.9 0.002
Decreased interest in sex 58.9 50.7 63.4 0.001
Difficulty becoming sexually aroused 57.9 45.4 64.8 <0.001
Loss of strength 64.3 67.6 62.4 0.17

Significant differences between women and men are in bold.

stage 4/5 CKD. We found that only a limited number of toxins
were associated with symptoms in persons with stage 4/5 CKD.
Other uremic toxins, uremia-related factors or psychosocial
factors not yet explored might contribute to symptom burden.
Our hypothesis that a higher level of uremic toxins in women
or a greater sex-specific effect of uremic toxins in women might
explain the higher frequency of symptoms in women compared
withmenwasnot confirmed,at least for the uremic toxins under
investigation, as we found no clear pattern between the sexes.

Only TMAO (positive association with fatigue), PCS with
constipation and CMPF (negative association with shortness
of breath) demonstrated moderately strong associations with
symptoms in adjusted analysis.

Unfortunately there is no clear answer if sex influences
TMAO concentrations. Some studies indicate a relationship be-
tween sex and metabolite concentration in healthy individuals,
while others do not [22]. A correlation between increased TMAO
levels and neurological disorders has also been hypothesized,

but the role of TMAO in the central nervous system has not been
fully explored. Due to the importance of TMAO as a mediator
of inflammatory processes, the possible participation of this
compound in the etiology of neurological disorders is presumed
[22]. This neurological alteration could be one explanation for
the association between TMAO and fatigue observed in the
present study.

Gut-derived uremic toxins such as PCS cause oxidative
stress and proinflammatory responses, which may contribute
to gut epithelial integrity and could generate constipation in
CKD patients [23]. However, it has been shown that constipation
may lead to production of PCS in nondiabetic nondialysis CKD
patients [24].

It has been demonstrated that the effects of CMPF appear
to contribute to the increase in the free fraction of furosemide
during hemodialysis [25]. Therefore we could consider that the
increase CMPF levels in CKD patients may be a compensatory
mechanism to overcome shortness of breath in these patients.

Our results did not confirm the associations between uremic
toxins and symptoms described previously in preclinical stud-
ies and in CKD cohorts [7–9, 11, 12]. This discrepancy may be
partly due to the differences in the study population (e.g. Asian
patients versus European patients) and/or to the fact that in our
study we did not evaluate the free levels of some uremic toxins
(e.g. IS and PCS). Free and bound toxins may have different clini-
cal impacts in terms of symptoms,whichmight explain the lack
of an overall association. Indeed, it has been reported that free
PCS (but not total PCS, i.e. free + protein-bound) is associated
with cardiovascular outcomes in nondialyzed patients with
CKD [26, 27]. We previously reported that cognitive impairment
was independently associated with high serum levels of PTH
and uric acid but not IS or PCS [28]. However, we did not observe
a significant association between serum PTH and uric acid levels
and symptoms in the present study. The fact that serum PTH
determination was assayed in onsite biochemistry laboratories,
whichmay have different assay types,would explain the present
negative results. Recently, metabolomic analysis of hemodialy-
sis patients did not identify any solutes associated with pruritus
[29]. Furthermore, in the Choices for Health Outcomes in Caring
for ESKD (CHOICE) study, no clinical or laboratory parameter was
strongly associated with multiple symptoms [30]. The potential
roles of other uremic toxins not examined in the present study
remain to be explored. Finally, limitations of the present study
include the investigator-selected symptom groupings, which
may not be optimal and the lack of exploration of the potential

https://database.uremic-toxins.org/home.php
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FIGURE 1. Heat map of the ORs for the association between uremic toxins and symptoms, adjusted for age, primary renal disease, Charlson comorbidity score, ACR
and eGFR (Supplementary data, Figure S1: unadjusted heat map). Bold ORs indicate statistical significance (P < 0.01) and green borders indicate statistical significance

after adjustment for multiple testing.

side effects of drugs used in CKD patients, which could be one
of multiple factors inducing the symptoms.

Most symptoms were more frequent in women than in
men, despite higher uremic toxin levels in men. However, the
absence of significant associations between uremic toxins
and symptoms in the present study may suggest that other
factors related to low kidney function are involved in this sex
difference. For example, anemia may be associated with fatigue.
However, in this study, hemoglobin levels were similar in men
and women. Furthermore, heart failure may induce shortness
of breath. Again, there was no difference between men and
women in the prevalence of chronic heart failure. We reported
previously that uremic mice and nonuremic mice do not differ
significantly in terms of anxiety [31]. It has been reported that
anxiety and depressive symptoms increase over time in dialysis

patients from families with conflictual relationships [32]. It may
be that the self-administered questionnaires used here did not
capture all the symptoms and missed certain environmental
and psychosocial factors, such as poor family relationships,
potentially explaining the variation in symptoms.

Indeed, other psychosocial differences between men and
women may better explain the higher symptom burden found
in women. First, it has been shown that men are more likely to
deny perceived signs of physical weakness due to sociocultural
norms (such as masculinity) [33]. Second, men and women ap-
ply different coping strategies to deal with the disease burden,
which may affect the perception and reporting of symptoms
[34,35]. Last, women seem to be more sensitive to symptoms
compared with men [36], and this difference persists even after
excluding gynecologic and reproductive symptoms [37].
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FIGURE 2. Heat map of ORs for the association between uremic toxins and symptoms in (A) men and (B) women, adjusted for age, primary renal disease, Charlson
comorbidity score at baseline, ACR and eGFR (Supplementary data, Figure S2: unadjusted heat maps). Bold ORs indicate statistical significance (P < 0.01) and green

borders indicate statistical significance after adjustment for multiple testing.
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FIGURE 3. The sex-specific effect of TMAO on the probability of reporting fatigue.

CONCLUSION

In conclusion, symptoms are frequent in patients (especially
in women) with stage 4/5 CKD and we observed high levels of
different uremic toxins, particularly in men. However, we did
not observe any consistent patterns between uremic toxins and
symptoms in the cohort as a whole or by sex. Other uremic
toxins or uremia-related factors such as depression, gastro-
paresis and medications can contribute to symptom burden. In
addition, various psychosocial factors may explain the overall
and sex-specific burden of symptoms, but these are still to be
determined.

SUPPLEMENTARY DATA
Supplementary data are available at ckj online.
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