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Abstract: Background: Our aim was to associate serum uric acid (UA) with muscle mass, strength
and functional capacity in kidney transplant patients (KTPs). Methods: A cross-sectional study
was performed on 113 KTPs. The fat-free mass and total and appendicular muscle mass were
estimated by performing a bioelectrical impedance analysis. The strength was evaluated using the
handgrip strength test (HGS) and the five times sit to stand test (5STS). The functional capacity was
evaluated using the 4 m walk test and the short physical performance battery (SPPB). Results: Linear
regression showed that the UA levels were positively associated with the muscle mass, fat-free mass,
appendicular muscle mass, muscle mass index and appendicular muscle mass index. The 5STS
results (seconds) were inversely associated with the UA levels, showing that individuals with higher
UA were more likely to have more strength. However, UA was not associated with the HGS, 4 m
walk test and SPPB results. Conclusion: UA levels were positively associated with muscle mass and
strength, but not with functional capacity, in KTPs.
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1. Introduction

Chronic kidney patients may present decreased muscle mass, strength and functional capacity [1],
which impacts their general health [2] and increases the risk of mortality [3]. Recently, our research
group showed that ~19% of kidney transplant patients (KTPs) attended an outpatient clinic presenting
with sarcopenia [4], which is defined as a loss of strength, decreased muscle mass, and low functional
capacity [5]. For individuals without kidney disease, the main causes of muscle mass and strength
losses are aging, hormonal changes, increased inflammation, lack of physical activity and low protein
intake [6]. However, individuals with chronic kidney disease present additional causes for muscle
depletion, such as uremia, medicine use (with proteolytic action [7]), metabolic acidosis, a loss of
nutrients in dialysis, and increased oxidative stress [8].

Indeed, KTPs may have an impaired glomerular filtration rate, which decreases uric acid (UA)
excretion, increasing the serum UA levels [9]. Additionally, UA is the end product of purine metabolism
in humans and is a powerful antioxidant—responsible for more than half of the total plasma antioxidant
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capacity [10]. In this regard, the increased UA levels that are commonly observed in KTPs would have
an effect on muscle mass because oxidative stress seems to be one of the causes of muscle mass and
strength loss [11,12]. Nevertheless, to date, the associations that link serum UA levels to muscle mass
and strength loss have not been evaluated in KTPs.

Several studies have associated UA with muscle mass, strength or functional capacity in
non-KTPs [13–22]. The relationship between UA and muscle mass is unclear because positive
associations were observed in healthy Asian individuals [16] and in hemodialysis Israeli patients [14],
whereas negative associations were noted in the American population [13] and in Brazilian individuals
with a moderate prevalence of Metabolic Syndrome [15]. Regarding the associations between UA
and muscle strength/function, the conclusions are also unclear. Huang et al. [20] showed that muscle
strength was lower in middle-aged men with high plasma UA levels. Controversially, other studies
showed a positive association between muscle strength and hyperuricemia in older adults [17–19,21,22].
Collectively, these results show that it is still unclear whether UA is positively associated with muscle
mass, strength and muscle function in non-KTPs. Considering that KTPs may present increased
UA levels due to decreased glomerular filtration and medicine use [23,24] (and can have different
causes for the loss of muscle mass and strength, compared with the non-renal disease population),
the associations of UA with muscle mass, strength and muscle function are unknown in this population.
Therefore, the aim of this study was to associate serum UA levels with the muscle mass, strength and
functional capacity in KTPs.

2. Methods

2.1. Participants

A cross-sectional study was conducted at the Hospital of the Federal University of Uberlandia
(Minas Gerais, Brazil), which has a kidney disease ambulatory clinic. The inclusion criteria were
subjects older than 18 years with at least 3 months of kidney transplantation, who were able to
answer the questions and perform the physical tests. The exclusion criteria were kidney graft rejection
and/or failure and KTPs on dialysis. In total, 360 subjects attended the Kidney Disease Ambulatory;
113 volunteers were included in the study (Figure S1). This research was approved by the Federal
University of Uberlandia Research Ethics Committees (protocol number: 1688246), and all participants
signed a consent form.

2.2. Anthropometric Assessment

The body weight was measured with a portable digital scale (Líder®), and the height, by a vertical
mobile stadiometer (Welmy®). After obtaining body weight and height measurements, the body mass
index (BMI) was calculated. The waist circumference was measured with a non-elastic tape (Cescorf®),
which was positioned at the midpoint between the last rib and the iliac crest [25]. The mean from the
three measurements was used.

2.3. Dietary Assessment

The dietary assessment was performed by 24 h dietary recalls on two different occasions—one,
a face-to-face interview and the other, a phone call (4 to 10 days after the first dietary recall) [26].
A trained nutritionist interviewed each volunteer following the 5-step multiple pass method [27].
The data collected were analyzed and calculated by the Nutrition Data System for Research (NDS-R©),
software version 2014.

2.4. Physical Activity Level

The short version of International Physical Activity Questionnaires (IPAQ) was applied to
determine the physical activity level [28]. This questionnaire was validated for the Brazilian population
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and provided knowledge about the duration, frequency and intensity of physical activities performed
in the last week.

2.5. Body Composition

Body composition was evaluated using bioimpedance (Biodynamics® 450, Seattle, WA, USA)
with a frequency of 50 kHz. To ensure their adequate hydration, the participants were asked to avoid
consuming caffeine and alcoholic beverages and not to perform intense physical activity one day before
the test. The participants were evaluated after a 12 h overnight fast. The participants were advised
to empty their urinary bladders 30 min prior to the test and were instructed to remain in the supine
position for five minutes to ensure their body fluids balanced. The HeartBeat (HeartBeat, Biotronik
Comercial Médica Ltd., São Paulo, Brazil) electrodes were positioned on the right side of the body at
the wrist, hand, ankle and foot, after each site was cleaned with alcohol. Values between 69 and 75% of
the total body water per lean mass were considered acceptable for a reliable bioimpedance test [29].
For the women of childbearing age, the evaluation was conducted outside of their menstrual periods.

We used the raw bioimpedance data to estimate the body fat, fat-free mass and total body water.
Janssen et al.’s equation [30] was used to estimate the total muscle mass in kilograms. The muscle
mass index was calculated, which consisted of the muscle mass (in kilograms) divided by the square
of the height (in meters). The appendicular skeletal muscle mass was calculated following the new
sarcopenia consensus recommendations [5], using Sergi et al.’s equation [31]. The appendicular skeletal
muscle mass index equation was adopted (Appendicular skeletal muscle mass (kg)/Height (m2)) [5].

2.6. Strength and Functional Capacity

The handgrip strength (HGS) test and the five times sit to stand test (5STS) were performed to
assess the muscle strength [5]. The HGS was measured three times by the use of the dominant hand in
a hydraulic dynamometer Jamar®. Each subject was seated with their arm in a neutral rotation and a
flexed elbow at 90◦, in order that the dynamometer could be squeezed with maximum power, and the
highest value was considered. Regarding 5STS, the participant was instructed to sit and get up from
the chair five times, as fast as possible—with this test time being recorded [1,5].

The functional capacity was evaluated using the short physical performance battery (SPPB)
and the 4 m walk speed test. The SPPB included balance tests, walk speed and the 5STS, assessed
together. Each test had 4 points maximum, which were totalized as 12 points by the end of the test [32].
The balance test has the purpose of evaluating if the participants can stay in three positions for ten
seconds each: the feet together, the semi-tandem position and the tandem. The 4 m walk test consists
of: 1 m to the acceleration zone, 4 m in which the subject should walk at the usual gait speed they
achieve during their daily activities, and 1 m to the deceleration zone. The walk test was repeated
without rest, and the attempt performed in a shorter time was used to calculate the speed in meters per
second [33]. All subjects received a voice command from the evaluator to start the test.

2.7. Blood Sample Analysis

The blood samples were collected after a 12 h overnight fast, on the same day that the bioimpedance
was performed. The electrochemiluminescence method was employed to analyze the plasma levels of
creatinine, urea, C-Reactive Protein, glucose, triglycerides, and total and fraction cholesterol levels.
Low density lipoprotein (LDL-c) was calculated using the Friedewald equation. The glomerular
filtration rate was estimated by the chronic kidney disease epidemiology collaboration (CKD-EPI)
equation [34]. The tacrolimus and cyclosporine levels were measured using micro-particle-based
immune aggregation. The enzymatic colorimetric method was used to assess the UA serum levels.
The cutoff point to classify elevated UA was > 7.0 mg/dL for men and UA > 6.0 mg/dL for women [10].
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2.8. Statistical Analysis

The participants were characterized according to the UA classification (elevated vs. normal).
For the continuous variables, the t-Student test or Mann–Whitney test was performed, and the data
were described as mean and standard deviation, or median, minimum and maximum. The chi-squared
test was used to compare the data in percentages (the categorical variables). A multiple linear regression
model was performed to associate the UA levels with the muscle mass, strength, and functional
capacity. Uric acid (the independent variable) was inserted in the model, with the confounder’s
variables, to evaluate the prediction of the variances of the muscle mass, strength or functional capacity
(the dependent variables). The R2 value of each statistical model was generated, and then, a second
analysis was performed, removing the UA from the model. The difference between the R2 values of
the two models was used to estimate the prediction of muscle mass, strength or functional capacity
values by the UA levels in an isolated form. The confounders added in the statistical model were sex,
age, physical activity level, protein intake (g/kg), glomerular filtration rate, allopurinol use and waist
circumference. These analyses were also performed by evaluating men and women separately. For the
total sample, we performed an additional linear regression analysis adjusting for the following: sex,
age, physical activity, protein intake, glomerular filtration rate, allopurinol use, waist circumference,
triglyceride levels, diabetes, hypertension, tacrolimus and cyclosporine blood levels, smoking status
and loop diuretic use (Table S1). Stata 14 (StataCorp, College Station, TX, USA) was used to perform
the analysis. A p value ≤ 0.05 was considered as significant.

3. Results

The participants with the elevated UA levels presented higher values of triglycerides, urea and
creatinine levels. They used higher doses of loop diuretics (18.7 ± 24.5 vs. 8.6 ± 20.1 mg/day) and had
a lower glomerular filtration rate than those individuals with normal UA. No difference was observed
between the groups in terms of demographics, physical activity, anthropometric measurements, body
composition, physical performance, strength, medicine use, tacrolimus and cyclosporine blood levels,
kidney transplantation and biochemical parameters, and dietary intake (Table 1). The use of drugs is
also described as mean values in Table S3.

Table 1. Characteristics of the participants according to uric acid levels.

Normal Uric Acid
(n = 66)

Elevated Uric Acid
(n = 47) p-Value

Uric Acid (mg/dL) * 5.4 (3.1–7.0) 7.9 (6.1–13.4) <0.001
Demographic Parameters and Physical Activity

Age (y) 47.9 ± 12.4 47.4 ± 12.6 0.841
Sex (men/women) (n) 45/21 30/17 0.629

Physical activity (min/week) * 145 (0.0–780) 80 (0.0–840) 0.446
Anthropometric Parameters

Height (m) 1.63 ± 0.08 1.64 ± 0.09 0.684
Weight (kg) 68.3 ± 15.2 73.9 ± 14.2 0.052

Body mass index (kg/m2) 25.6 ± 5.6 27.6 ± 5.3 0.060
Waist circumference (cm) * 90.1 (63.0–179) 93.1 (73.5–135) 0.117

Body Composition
Total body water (liter) 35.8 ± 6.5 38.0 ± 6.5 0.073

Total body water/lean mass (liter/kg) * 72.1 (69.7–75.3) 72.0 (69.4–75.8) 0.224
Muscle mass (kg) * 25.3 (15.3–34.2) 27.0 (12.9–36.0) 0.322
Fat-free mass (kg) 49.3 ± 9.3 52.6 ± 9.1 0.058

Appendicular skeletal muscle mass (kg) 18.8 ± 3.4 19.8 ± 3.6 0.115
Fat mass (kg) * 17.2 (5.2–47.5) 19.2 (9.4–50.1) 0.210
Fat mass (%) 27.0 ± 8.6 28.2 ± 7.8 0.443

Muscle mass index (kg/m2) 9.12 ± 1.43 9.35 ± 1.67 0.442
Appendicular skeletal muscle mass index (kg/m2) 7.00 ± 0.94 7.30 ± 1.01 0.120
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Table 1. Cont.

Normal Uric Acid
(n = 66)

Elevated Uric Acid
(n = 47) p-Value

Physical Performance and Strength
Short physical performance battery * (score) 11.0 (7.0–12.0) 11.0 (2.0–12.0) 0.960

4 m walking test (m/s) 1.1 ± 0.2 1.1 ± 0.3 0.214
Five times sit to stand test (s) * 11.1 (7.5–31.6) 10.7 (7.4–16.9) 0.222

Handgrip strength (kg) * 14.5 (4.0–40.0) 16.0 (4.0–62.0) 0.436
Drugs

Allopurinol (mg/day) * 0.0 (0.0–200) 0.0 (0.0–200) 0.260
Prednisone (mg/day) * 5.0 (0.0–10.0) 5.0 (0.0–50.0) 0.839
Tacrolimus (mg/day) * 2.0 (0.0–16.0) 2.0 (0.0–10.0) 0.447

Tacrolimus blood levels (ng/mL) * 3.5 (0.0–19.8) 4.0 (0.0–20.9) 0.835
Cyclosporine (mg/day) * 0.0 (0.0–150) 0.0 (0.0–200) 0.701

Cyclosporine blood levels (ng/mL) * 0.0 (0.0–411) 0.0 (0.0–921) 0.980
Everolimus (mg/day) * 0.0 (0.0–2.0) 0.0 (0.0–1.5) 0.745
Sirolimus (mg/day) * 0.0 (0.0–2.0) 0.0 (0.0–0.0) 0.140

Azathioprine (mg/day) * 0.0 (0.0–100) 0.0 (0.0–100) 0.202
Mycophenolate sodium (mg/day) * 0.0 (0.0–1440) 0.0 (0.0–1440) 0.546
Mycophenolate mofetil (mg/day) * 0.0 (0.0–2000) 0.0 (0.0–2000) 0.829

Loop diuretics (mg/day) * 0.0 (0.0–80.0) 0.0 (0.0–80.0) 0.008
Thiazide diuretics (mg/day) * 0.0 (0.0–50.0) 0.0 (0.0–50.0) 0.399

Corticoids drugs, n (%) 61 (92.4) 42 (89.4) 0.572
Calcineurin inhibitor use, ** n (%) 44 (66.7) 31 (66.0) 0.937

Cell proliferation inhibitor use, † n (%) 57 (86.4) 39 (83.0) 0.850
mTOR inhibitor use, ‡ n (%) 13 (19.7) 8 (17.0) 0.719

Loop diuretic use, § n (%) 13 (19.7) 20 (42.5) 0.008
Thiazide diuretic use, ¶ n (%) 2 (3.0) 3 (6.4) 0.393
Kidney Transplantation Data

Urea (mg/dL) * 39.6 (15.0–141.2) 50.2 (24.9–156.5) <0.001
Creatinine (mg/dL) * 1.3 (0.7–6.1) 1.6 (0.8–8.7) <0.001

Glomerular filtration rate CKD-EPI (ml/min/1.73) m2) 61.8 ± 20.6 45.8 ± 19.6 <0.001
C-reactive protein (mg/dL) * 0.3 (0.03–22.4) 0.3 (0.03–11.7) 0.546

Time since transplantation (months) * 66.0 (3.0–336) 74.0 (8.0–444) 0.893
Pre-transplant body mass index (kg/m2) * 21.7 (15.6–33.2) 23.0 (17.7–34.6) 0.290

Dialysis time before transplantation (months) * 36.0 (4.0–195) 36.0 (5.0–192) 0.741
Type of dialysis before transplant n (%)

Peritoneal dialysis 4 (6.1%) 3 (6.4%) 0.349
Hemodialysis 54 (81.8%) 42 (89.4%)

Peritoneal dialysis and hemodialysis 8 (12.1%) 2 (4.3%)
Type of Donor n (%)

Living 23 (34.8%) 19 (40.4%) 0.545
Deceased 43 (65.2%) 28 (59.6%)

1st Transplant/2nd Transplant (n) 61/5 42/5 0.572
Biochemical Parameters

Glucose (mg/dL) * 92.0 (70.0–407) 94.0 (63.0–193) 0.894
Triglycerides (mg/dL) * 148.1 (43.0–618) 165.5 (93.5–715) 0.040

Total cholesterol (mg/dL) 185.1 ± 45.9 189.7 ± 37.6 0.571
HDL cholesterol (mg/dL) * 48.0 (24.0–87.4) 44.0 (24.0–99.0) 0.244
LDL cholesterol (mg/dL) * 101 (26.0–239) 102 (39.0–210) 0.917

Health Conditions and Habits
Hypertension n (%) 52 (78.8) 39 (83.0) 0.579

Diabetes n (%) 16 (24.2) 10 (21.3) 0.712
Smoking/non-smoking (n) 4/62 2/45 0.673

Dietary Assessment
Energy (kcal) * 1600 (592–2862) 1575 (924–3021) 0.904

Carbohydrates (g) * 215 (77.2–426) 210 (49.6–353) 0.459
Protein (g) * 78.1 (30.6–196) 72.1 (22.8–174) 0.843

Protein (g/kg) * 1.14 (0.4–3.4) 1.10 (0.3–4.8) 0.875
Fat (g) * 60.2 (18.0–124) 48.3 (23.4–132) 0.193

Notes: CKD-EPI, chronic kidney disease epidemiology collaboration equation; HDL, high density lipoprotein;
LDL, low density lipoprotein; * Non-parametric data. Data described as the median and minimum and maximum;
** Calcineurin inhibitor: tacrolimus or cyclosporine; † Cell proliferation inhibitors: azathioprine, mycophenolate
sodium and mycophenolate mofetil; ‡mTOR inhibitors: everolimus and sirolimus; § Loop diuretics: furosemide;
¶ Thiazide and thiazide-like diuretics: hydrochlorothiazide and chlorthalidone.
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The multiple linear regression showed that the UA levels were positively associated with the
muscle mass, fat-free mass, appendicular muscle mass, muscle mass index and appendicular muscle
mass index. The UA predicted the variances of these muscle parameters by 1.58–3.61%. The 5STS (s)
was inversely associated with the UA levels, showing that individuals with higher UA were more
likely to have more strength. However, the UA was not associated with the HGS, 4 m walk test and
SPPB scores (Table 2). All these associations remained the same after additional adjustments were
made for diabetes, triglyceride levels, hypertension, tacrolimus and cyclosporine blood levels, smoking
status and loop diuretic use (Table S1).

Table 2. Linear regression analysis of uric acid with muscle mass, strength and functional capacity.

β (Uric Acid Value) R2 % * R2 % p-Value

Fat-free mass (kg) 0.219 70.72 3.43 <0.001
Muscle mass (kg) 0.160 76.88 1.84 0.005

Appendicular skeletal muscle
mass (kg) 0.224 73.99 3.61 <0.001

Muscle mass index (kg/m2) 0.149 67.34 1.58 0.027
Appendicular skeletal muscle

mass index (kg/m2) 0.220 69.33 3.49 <0.001

Short physical performance
battery (score) 0.108 29.09 0.84 0.270

4 m walk test (m/s) −0.129 20.11 1.19 0.216
Handgrip strength (kg) 0.147 42.64 1.55 0.097

Five times sit to stand test (s) −0.245 15.79 4.31 0.023

Notes: Adjusted for sex, age, physical activity, protein (g/kg), glomerular filtration rate, allopurinol and waist
circumference; * R2% = R2 value of the uric acid plus adjustments minus the R2 value of the statistical model with
only the adjustments variables.

In a sub-analysis, which evaluated men and women separately, the UA was associated with the
muscle mass and 5STS results (s) in men (as was observed for the total sample); whereas no significant
associations were observed for women (Table S2).

4. Discussion

We found that the serum UA levels were positively associated with the muscle mass in the KTPs.
The linear regression analyses showed that UA levels explained the variances of fat-free/muscle mass
by ~1.5–3.6%. In addition, the UA was positively associated with strength when it was evaluated by
5STS, but no association was observed when it was assessed by the HGS. Collectively, these results
suggest that UA seems to be a factor in protecting the muscle mass and the strength of the lower limbs
in KTPs.

In a sub-analysis, which was separated by sex, the UA was associated with the muscle mass
and strength in men, but not in women, which suggests that these associations can be sex-specific.
However, we cannot ignore the fact that the limited number of women who were evaluated in the
present study could also explain the absence of this association. Future studies should be performed to
evaluate a higher number of women, in order to confirm whether the association between UA and
muscle mass/strength in KTPs is sex-dependent.

The exact mechanism that explains the positive associations of UA with muscle mass and strength
in KTPs remains unclear, but it is possible to suggest that it could be related to the antioxidant properties
of UA [10]. Particularly in KTPs, oxidative stress is higher than in other populations (for example,
healthy individuals) [8], and the excess of reactive oxygen and nitrogen species seems to affect muscle
size, fiber activation and excitation–contraction [11]. In this way, the KTPs with higher UA levels could
have greater protection against the excesses of reactive oxygen species, preserving their higher muscle
mass and strength.
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We did not observe an association between UA and functional capacity. Although the exact
mechanism is unknown, it can be possibly explained due to the age range of the KTPs evaluated in
the present study. Most of the KTPs were middle-aged individuals (mean age value ~47 y) who had
a normal functional capacity. Although the decreases in functional capacity begin at approximately
the age of 40 y, important decreases in functional capacity occur mainly in individuals aged 70 y
or more [35]. Elevated oxidative stress is associated with a low gait speed, but this association is
observed mainly in older adults [36]. In middle-aged individuals, such as most of the participants in
the present study, the effects of increased oxidative stress on the decreases in gait speed are in their
infancy. Therefore, these individuals probably have sufficient reserve capacity for short-term walking,
despite the excessive oxidative stress induced by renal disease. Thus, future studies that associate UA
and functional capacity exclusively in older adults with renal disease should be performed.

The present study has limitations. We evaluated body composition using bioimpedance;
the muscle mass was estimated using equations that were not validated for KTPs. However, to minimize
this limitation, we included several forms (and equations) to estimate muscle/fat-free mass; the linear
associations were statistically significant for all the muscle variables. It shows that although there
is not a valid equation that can estimate the muscle mass of KTPs, our results are trustworthy.
In addition, the cross-sectional design does not allow us to determine the cause–effect relationship.
As for strength, this research is the first to report a positive association between the UA levels and the
muscle mass/strength in KTPs. Elevated UA is usually considered a risk factor for the progression of
reduced kidney function and the loss of transplantation [37], and, therefore, drug interventions are
often performed to reduce the UA levels; however, these deleterious effects are not a consensus [38,39].
Thus, the results of the present study may have important clinical implications because we showed
that UA can be a potential protective factor for muscle mass and strength in KTPs. Future randomized
clinical trials should be performed, in order to investigate the possible causal effect of UA on the muscle
mass and strength in this population. This may show that it would not be beneficial to decrease the
UA levels in KTPs, at least where muscle mass is concerned.

In conclusion, UA levels were positively associated with muscle mass and strength, but not with
functional capacity, in KTPs.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/8/2390/s1.
Figure S1: Flow-chart of the participants, Table S1: Linear regression analysis of uric acid with muscle mass,
strength, and functional capacity, Table S2: Linear regression analysis of uric acid with muscle mass, strength,
and functional capacity according to sex, Table S3: Characteristics of the participants according to uric acid levels.

Author Contributions: J.P.F. and P.C.N. equally contributed to this article. They wrote the manuscript and
participated in the analysis of the data. F.M.S.d.B. and L.T.R. wrote the manuscript and participated in the analysis
of the data; L.S.L., H.O.S. and A.S.d.R. wrote the manuscript and participated in the collection and analysis of the
data; S.R.F.-F. participated in the interpretation of the data and contributed with the revision of the manuscript;
E.P.d.O. carried out the conception and design of the study, participated in the interpretation of the data, and wrote
and contributed to the revision of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by FAPEMIG, CAPES and CNPq.

Acknowledgments: We are thankful for the patients that participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. dos Reis, A.S.; Santos, H.O.; Limirio, L.S.; de Oliveira, E.P. Phase Angle Is Associated With Handgrip Strength
but Not With Sarcopenia in Kidney Transplantation Patients. J. Ren. Nutr. 2019, 29, 196–204. [CrossRef]
[PubMed]

2. Takahashi, A.; Hu, S.L.; Bostom, A. Physical Activity in Kidney Transplant Recipients: A Review. Am. J.
Kidney Dis. 2018, 72, 433–443. [CrossRef] [PubMed]

http://www.mdpi.com/2072-6643/12/8/2390/s1
http://dx.doi.org/10.1053/j.jrn.2018.10.005
http://www.ncbi.nlm.nih.gov/pubmed/30583912
http://dx.doi.org/10.1053/j.ajkd.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29482935


Nutrients 2020, 12, 2390 8 of 9

3. Kittiskulnam, P.; Chertow, G.M.; Carrero, J.J.; Delgado, C.; Kaysen, G.A.; Johansen, K.L. Sarcopenia and its
individual criteria are associated, in part, with mortality among patients on hemodialysis. Kidney Int. 2017,
92, 238–247. [CrossRef] [PubMed]

4. Limirio, L.S.; Santos, H.O.; dos Reis, A.S.; de Oliveira, E.P. (Dis) Agreement between the first and the
recent European consensus on definition and diagnosis for sarcopenia in kidney transplant patients. Eur. J.
Clin. Nutr. 2020, 74, 1104–1108. [CrossRef] [PubMed]

5. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.;
Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48,
16–31. [CrossRef]

6. Walston, J.D. Sarcopenia in older adults. Curr. Opin. Rheumatol. 2012, 24, 623–627. [CrossRef]
7. Sato, A.Y.; Richardson, D.; Cregor, M.; Davis, H.M.; Au, E.D.; McAndrews, K.; Zimmers, T.A.; Organ, J.M.;

Peacock, M.; Plotkin, L.I.; et al. Glucocorticoids Induce Bone and Muscle Atrophy by Tissue-Specific
Mechanisms Upstream of E3 Ubiquitin Ligases. Endocrinology 2017, 158, 664–677.

8. Nafar, M.; Sahraei, Z.; Salamzadeh, J.; Samavat, S.; Vaziri, N.D. Oxidative stress in kidney transplantation:
Causes, consequences, and potential treatment. Iran. J. Kidney Dis. 2011, 5, 357–372.

9. Mazzali, M. Uric acid and transplantation. In Seminars in Nephrology; Elsevier: Amsterdam, The Netherlands,
2005; pp. 50–55.

10. de Oliveira, E.P.; Burini, R.C. High plasma uric acid concentration: Causes and consequences. Diabetol.
Metab. Syndr. 2012, 4, 12. [CrossRef]

11. Fulle, S.; Protasi, F.; Di Tano, G.; Pietrangelo, T.; Beltramin, A.; Boncompagni, S.; Vecchiet, L.; Fanò, G.
The contribution of reactive oxygen species to sarcopenia and muscle ageing. Exp. Gerontol. 2004, 39, 17–24.
[CrossRef]

12. Sanchez, A.M.; Candau, R.B.; Bernardi, H. FoxO transcription factors: Their roles in the maintenance of
skeletal muscle homeostasis. Cell. Mol. Life Sci. 2014, 71, 1657–1671. [CrossRef] [PubMed]

13. Beavers, K.M.; Beavers, D.P.; Serra, M.C.; Bowden, R.G.; Wilson, R.L. Low relative skeletal muscle mass
indicative of sarcopenia is associated with elevations in serum uric acid levels: Findings from NHANES III.
JNHA J. Nutr. Health Aging 2009, 13, 177–182. [CrossRef] [PubMed]

14. Beberashvili, I.; Sinuani, I.; Azar, A.; Shapiro, G.; Feldman, L.; Stav, K.; Sandbank, J.; Averbukh, Z. Serum
uric acid as a clinically useful nutritional marker and predictor of outcome in maintenance hemodialysis
patients. Nutrition 2015, 31, 138–147. [CrossRef] [PubMed]

15. de Oliveira, E.P.; Moreto, F.; Silveira, L.V.d.A.; Burini, R.C. Dietary, anthropometric, and biochemical
determinants of uric acid in free-living adults. Nutr. J. 2013, 12, 11. [CrossRef]

16. Dong, X.W.; Tian, H.Y.; He, J.; Wang, C.; Qiu, R.; Chen, Y.M. Elevated Serum Uric Acid Is Associated with
Greater Bone Mineral Density and Skeletal Muscle Mass in Middle-Aged and Older Adults. PLoS ONE 2016,
11, e0154692. [CrossRef]

17. Kawamoto, R.; Ninomiya, D.; Kasai, Y.; Kusunoki, T.; Ohtsuka, N.; Kumagi, T.; Abe, M. Serum Uric Acid
Is Positively Associated with Handgrip Strength among Japanese Community-Dwelling Elderly Women.
PLoS ONE 2016, 11, e0151044. [CrossRef]

18. Lee, J.; Hong, Y.S.; Park, S.-H.; Kang, K.Y. High serum uric acid level is associated with greater handgrip
strength in the aged population. Arthritis Res. Ther. 2019, 21, 73. [CrossRef]

19. Wu, Y.; Zhang, D.; Pang, Z.; Jiang, W.; Wang, S.; Tan, Q. Association of serum uric acid level with muscle
strength and cognitive function among Chinese aged 50–74 years. Geriatr. Gerontol. Int. 2013, 13, 672–677.
[CrossRef]

20. Huang, C.; Niu, K.; Kobayashi, Y.; Guan, L.; Momma, H.; Cui, Y.; Chujo, M.; Otomo, A.; Guo, H.;
Tadaura, H.; et al. An inverted J-shaped association of serum uric acid with muscle strength among Japanese
adult men: A cross-sectional study. BMC Musculoskelet. Disord. 2013, 14, 258. [CrossRef]

21. Macchi, C.; Molino-Lova, R.; Polcaro, P.; Guarducci, L.; Lauretani, F.; Cecchi, F.; Bandinelli, S.; Guralnik, J.M.;
Ferrucci, L. Higher circulating levels of uric acid are prospectively associated with better muscle function in
older persons. Mech. Ageing Dev. 2008, 129, 522–527. [CrossRef]

22. Molino-Lova, R.; Sofi, F.; Pasquini, G.; Vannetti, F.; Del Ry, S.; Vassalle, C.; Clerici, M.; Sorbi, S.; Macchi, C.
Higher uric acid serum levels are associated with better muscle function in the oldest old: Results from the
Mugello Study. Eur. J. Intern. Med. 2017, 41, 39–43. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.kint.2017.01.024
http://www.ncbi.nlm.nih.gov/pubmed/28318630
http://dx.doi.org/10.1038/s41430-019-0535-5
http://www.ncbi.nlm.nih.gov/pubmed/31767990
http://dx.doi.org/10.1093/ageing/afy169
http://dx.doi.org/10.1097/BOR.0b013e328358d59b
http://dx.doi.org/10.1186/1758-5996-4-12
http://dx.doi.org/10.1016/j.exger.2003.09.012
http://dx.doi.org/10.1007/s00018-013-1513-z
http://www.ncbi.nlm.nih.gov/pubmed/24232446
http://dx.doi.org/10.1007/s12603-009-0054-5
http://www.ncbi.nlm.nih.gov/pubmed/19262948
http://dx.doi.org/10.1016/j.nut.2014.06.012
http://www.ncbi.nlm.nih.gov/pubmed/25466658
http://dx.doi.org/10.1186/1475-2891-12-11
http://dx.doi.org/10.1371/journal.pone.0154692
http://dx.doi.org/10.1371/journal.pone.0151044
http://dx.doi.org/10.1186/s13075-019-1858-2
http://dx.doi.org/10.1111/j.1447-0594.2012.00962.x
http://dx.doi.org/10.1186/1471-2474-14-258
http://dx.doi.org/10.1016/j.mad.2008.04.008
http://dx.doi.org/10.1016/j.ejim.2017.03.014
http://www.ncbi.nlm.nih.gov/pubmed/28342714


Nutrients 2020, 12, 2390 9 of 9

23. Bellomo, G. Asymptomatic hyperuricemia following renal transplantation. World J. Nephrol. 2015, 4, 324–329.
[CrossRef]

24. Clive, D.M. Renal Transplant-Associated Hyperuricemia and Gout. J. Am. Soc. Nephrol. 2000, 11, 974–979.
[PubMed]

25. Norgan, N. A Review of: “Anthropometric Standardization Reference Manual”. Edited by T. G. lohman, A.
F. Roche and R. Martorell. (Champaign, IL.: Human Kinetics Books, 1988.) [Pp. vi+ 177.] £ 28 00. ISBN
087322 121 4. Ergonomics 1988, 31, 1493–1494. [CrossRef]

26. dos Reis, A.S.; Limirio, L.S.; Santos, H.O.; de Oliveira, E.P. Intake of polyunsaturated fatty acids and ω-3
are protective factors for sarcopenia in kidney transplant patients. Nutrition 2020, 81, 110929. [CrossRef]
[PubMed]

27. Moshfegh, A.J.; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, J.C.; Rumpler, W.V.; Paul, D.R.; Sebastian, R.S.;
Kuczynski, K.J.; Ingwersen, L.A.; et al. The US Department of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes. Am. J. Clin. Nutr. 2008, 88, 324–332. [CrossRef]

28. Matsudo, S.M.; Matsudo, V.K.; Araújo, T.; Andrade, D.; Andrade, E.; Oliveira, L.; Braggion, G. Nível
de atividade física da população do estado de São Paulo, análise de acordo com o gênero, idade,
nível socioeconômico, distribuição geográfica e de conhecimento. Rev. Bras. Ciênc. Mov. 2002, 10,
41–50.

29. Reis, B.C.; de Branco, F.; Pessoa, D.F.; Barbosa, C.D.; dos Reis, A.S.; de Medeiros, L.A.; de Oliveira, E.P. Phase
angle is positively associated with handgrip strength in hospitalized individuals. Top. Clin. Nutr. 2018, 33,
127–133. [CrossRef]

30. Janssen, I.; Heymsfield, S.B.; Baumgartner, R.N.; Ross, R. Estimation of skeletal muscle mass by bioelectrical
impedance analysis. J. Appl. Physiol. 2000, 89, 465–471. [CrossRef]

31. Sergi, G.; De Rui, M.; Veronese, N.; Bolzetta, F.; Berton, L.; Carraro, S.; Bano, G.; Coin, A.; Manzato, E.;
Perissinotto, E. Assessing appendicular skeletal muscle mass with bioelectrical impedance analysis in
free-living Caucasian older adults. Clin. Nutr. 2015, 34, 667–673. [CrossRef]

32. Cruz-Jentoft, A. European Working Group on Sarcopenia in Older People: Sarcopenia: European consensus
on definition and diagnosis. Report of the European Workign Group on Sarcopenia in Older People.
Age Ageing 2010, 39, 412–423. [CrossRef] [PubMed]

33. Guralnik, J.M.; Ferrucci, L.; Simonsick, E.M.; Salive, M.E.; Wallace, R.B. Lower-extremity function in persons
over the age of 70 years as a predictor of subsequent disability. N. Engl. J. Med. 1995, 332, 556–561. [CrossRef]
[PubMed]

34. Levey, A.S.; Stevens, L.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] [PubMed]

35. Lauretani, F.; Russo, C.R.; Bandinelli, S.; Bartali, B.; Cavazzini, C.; Iorio, A.D.; Corsi, A.M.; Rantanen, T.;
Guralnik, J.M.; Ferrucci, L. Age-associated changes in skeletal muscles and their effect on mobility:
An operational diagnosis of sarcopenia. J. Appl. Physiol. 2003, 95, 1851–1860. [CrossRef]

36. Liu, C.K.; Lyass, A.; Larson, M.G.; Massaro, J.M.; Wang, N.; D’Agostino, R.B.; Sr Benjamin, E.J.; Murabito, J.M.
Biomarkers of oxidative stress are associated with frailty: The Framingham Offspring Study. Age 2016, 38, 1.
[CrossRef]

37. Huang, Y.; Li, Y.L.; Huang, H.; Wang, L.; Yuan, W.M.; Li, J. Effects of hyperuricemia on renal function of renal
transplant recipients: A systematic review and meta-analysis of cohort studies. PLoS ONE 2012, 7, e39457.
[CrossRef]

38. Zhang, K.; Gao, B.; Wang, Y.; Wang, G.; Wang, W.; Zhu, Y.; Yao, L.; Gu, Y.; Chen, M.; Zhou, H.; et al. Serum
Uric Acid and Renal Transplantation Outcomes: At Least 3-Year Post-transplant Retrospective Multivariate
Analysis. PLoS ONE 2015, 10, e0133834. [CrossRef]

39. Park, C.; Obi, Y.; Streja, E.; Rhee, C.M.; Catabay, C.J.; Vaziri, N.D.; Kovesdy, C.P.; Kalantar-Zadeh, K. Serum
uric acid, protein intake and mortality in hemodialysis patients. Nephrol. Dial. Transplant. 2017, 32, 1750–1757.
[CrossRef]

© 2020 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/).

http://dx.doi.org/10.5527/wjn.v4.i3.324
http://www.ncbi.nlm.nih.gov/pubmed/10770978
http://dx.doi.org/10.1080/00140138808966796
http://dx.doi.org/10.1016/j.nut.2020.110929
http://www.ncbi.nlm.nih.gov/pubmed/32745708
http://dx.doi.org/10.1093/ajcn/88.2.324
http://dx.doi.org/10.1097/TIN.0000000000000135
http://dx.doi.org/10.1152/jappl.2000.89.2.465
http://dx.doi.org/10.1016/j.clnu.2014.07.010
http://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://dx.doi.org/10.1056/NEJM199503023320902
http://www.ncbi.nlm.nih.gov/pubmed/7838189
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://dx.doi.org/10.1152/japplphysiol.00246.2003
http://dx.doi.org/10.1007/s11357-015-9864-z
http://dx.doi.org/10.1371/journal.pone.0039457
http://dx.doi.org/10.1371/journal.pone.0133834
http://dx.doi.org/10.1093/ndt/gfw419
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants 
	Anthropometric Assessment 
	Dietary Assessment 
	Physical Activity Level 
	Body Composition 
	Strength and Functional Capacity 
	Blood Sample Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	References

