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ABSTRACT

Background: Case studies and reviews have shown that creatppesnentation can
affect kidney function.

Objective: The objective of this study was to verify the effeof eight weeks of
creatine supplementation on renal function (cr@airtlearance — primary outcome)
in patients with symptomatic peripheral arteriaedise.

Methods. Twenty-nine patients, of both genders, were randech{1:1) in a double-
blind manner for administration of Placebo (PLA1B¥or creatine monohydrate (Cr,
n = 14). The supplementation protocol consisteB0gfday for one week divided into
four equal doses (loading phase), followed by sindhily doses of 5g in the
subsequent seven weeks (maintenance phase). Befdrafter the supplementation
period, markers of renal function, serum creatinioeatinine excretion rate, and
creatinine clearance were evaluated. The Geneddligémation Equation Model was
used for comparison between groups. The levelgmifstance was P <0.05.

Results: No significant differences were found between gsobpfore and after the
intervention for serum creatinine (Cr - pre 1.0@.25 ml/dl vs. post 1.07 + 0.16
mi/dl; PLA pre 1.30 + 0.53 ml/dl vs. post 1.36 #®D.ml/dl, p = 0.590), creatinine
excretion rate (Cr - pre 81.73 + 43.80 mg/dl vsstp02.92 + 59.57 mg/dl; PLA pre
74.37 £ 38.90 mg/dl vs. post 86.22 + 39.94 mg/df, @.560), or creatinine clearance
(Cr pre 108 + 59 ml.min41.73 m? vs. post 117 + 52 ml.mih1.73 m?; PLA pre 88 +
49 ml.min1.73 m? vs. post 82 + 47 ml.mif1.73 nm?, p = 0.366).

Conclusions: Eight weeks of creatine supplementation is safe dods not

compromise the renal function of patients with pleeral arterial disease
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INTRODUCTION

Peripheral arterial disease (PAD) affects moren tB@0 million individuals
worldwide'. In Brazil, PAD affects 10.5% of individuals oveé8 years of age and is
higher in the age group above 50 yéaPatients with symptomatic PAD present a
high prevalence of chronic kidney disehsehich has been associated with increased
hospitalization and a high mortality rfskThe main recommendation for reducing
these impacts is to carry out walkinghese patients present reduced capaeityl
barriers to the practice of physical actiVityherefore, one of the primary therapeutic
targets in these patients is improvement in walkiagacity® °.

Creatine (Cr) and phosphocreatine are naturallyert®ogetic compounds,
essential for adenosine triphosphate homeostagsgioRs studies have shown that Cr
supplementation improved neuromuscular performaimcepatients with chronic
diseases, including McArdle's disedseamyotrophic lateral sclerodfs and heart
failure®.

Despite these positive effects, concerns have leeed regarding the
potential adverse effects of Cr supplementatiorresral functior’®, given that some
case reports describe impairments in renal functfter Cr supplementatioft *> For
example, Kuehl et & reported impairment in renal function after regu@r
supplementation for 3 months, which was revertezlmonth after discontinuation of
the supplementation. Pritchard and K&lreeported deterioration in renal function
after two months of Cr supplementation in a 25-ya@drman with a previous history
of renal dysfunction.

Studies have reported the potential effects of tereasupplementation on
functional capacitlf, mainly in improving walking capacity, and increas the

supply of muscle oxygéh and microcirculatiotf. However, patients with PAD
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present impaired renal functin Therefore, although a potential therapeutic &ffec
might occur in PAD patients, as suggested by aevestudy®, it is necessary to
understand the effects on the renal function ofehpatients, who usually present
comorbidities. In fact, investigating the safetytbis supplement will contribute to
future studies related to improvement in functionapacity in PAD patients. Our
hypothesis was that creatine supplementation wooldffect renal function. Thus, in
the present study we report the effects of eighekseof oral Cr supplementation on

renal function (creatinine clearance) in symptomB#D patients.

METHOD

Experimental design

An 8-week double-blind, placebo-controlled studwswconducted from
December 2016 to October 2017 in Sado Paulo, Bfeagjistered at clinicaltrials.gov
as NCT02993874). This manuscript is reported adogrth the CONSORT
guidelineé™. The present study is part of a clinical trial ad@rprimarily at exploring
the effects of creatine supplementation on funefia@apacity (in particular walking
capacity) in patients with arterial disease andpms of intermittent claudication.

Patients were randomly assigned to the experimard, 1:1 ratio, in blocks of
4-6 considering sex and total walking distancegt®ive either Placebo (PLA; n=15)
or Creatine monohydrate (Cr; n= 14) supplementatcnording to a computer-
generated treatment sequence in a double-blindgnieSihe primary outcome was
creatinine clearance. Secondary outcomes were semaatinine and creatinine
excretion rate. The control variable was plasmatare. Participants were assessed at

baseline (pre) and after eight weeks (post).
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Participant recruitment and screening

Patients were recruited from a specialized vascekmter. The sample
consisted of 29 patients of both sexes (aged 48ed4s) diagnosed with PAD and
symptoms of intermittent claudication. The inclusicriteria were: presence of
intermittent claudication symptoms during the sixate walking test, ankle brachial
index <0.90 in one or both lower limbs, and absewnfcehronic renal insufficiency
(creatinine clearance <30ml/min). Exclusion craenere: musculoskeletal disorders
that could prevent participation and adverse effeaiused by supplementation (i.e.,
gastric discomfort or diarrhea). This study wasraped by the Ethics Committee of
the Hospital Israelita Albert Einstein, Brazil (pess 62601416.7.0000.0071). All

patients gave informed consent prior to particgoati

Creatine supplementation protocol and blinding procedure

Patients received plain packages containing placéPbA) (dextrose)
(Probiotica, Sao Paulo, Brazil) or creatine monohtel (Cr) supplementation
(Creapure, AlzChem Trostberg GmbH, Germany), 2Ggfdaone week divided into
four equal doses (loading phase), followed by srddily doses of 5g for the next
seven weeks (maintenance phase). During the loagiage, supplements were
presented in four packages and patients were gtstiuto ingest the supplement
packages at breakfast, lunch, dinner, and befodetibge. During the maintenance
phase, patients consumed the supplement as a siogke with their lunch. The
supplement packages were coded so that neithembstigators nor the participants
were aware of the contents until completion of dhalyses. Quality control and the

purity of creatine were guaranteed by the manufactuThe supplements were
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provided by a staff member of our research team gitianot participate in the data
acquisition, analyses, or interpretation (figure 1)
**INSERT FIGURE 1 HERE***

Preliminary assessment

Clinical characteristics were obtained during acuée consultation. Body
mass (kg) and stature (m) were measured (Welmy,Pa&do, Brazil) and the body
mass index was calculated. The ankle brachial ivdex calculated by the quotient
between ankle systolic and brachial systolic blpogssure. Arm blood pressure was
measured using the auscultation technique, whikéedsiood pressure (in the dorsalis
pedis artery or posterior tibial artery) was meaduwith a Doppler ultrasound
(Martec DV600, Ribeirdo Preto, Brazil). An anerogphygmomanometer was
employed in both measurements, as previously desgriA trained experienced

assessor performed all measurements.

Renal function

The markers of renal function, serum creatinirreatinine excretion rate,
and creatinine clearance were analyzed throughdbkamples collected from the
antecubital vein and stored in 10 ml tubes (BD Vaitier®) containing separator clot
(Z Serum separator clot). Urine was collected duar24-hour period, neglecting the
first collection. For measurement of urinary volyrbeakers of 500 to 1000 ml were
used. Blood and urinary creatinine levels were rdeteed by the Jaffé method
without deproteinizatioff. A blind assessor in a specialized laboratoryqeeréd all

evaluations. All patients were in a fasted state.
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Plasma creatine

Adherence to the supplementation was determinea sub-sample of nine
patients through plasma creatine levels, using HiBerformance Liquid
Chromatography (HPLC) (FL SPD-20A Shimadzu®, Kyalapan), as previously

described’.

Dietary intake

Food intake was assessed by means of a 24-hourdégcal performed before
and after the intervention period. Protein intakaswanalyzed by the software
(Nutripad 2.0, Brazil). Participants were instrutt®® maintain their eating habits

throughout the study. The water intake \adsibitum.

Satistical analysis

Based on a previous stddywith an effect size of 0.5@,= 0.05, and power
of 80%, the sample size for detecting a signifidatdraction was 26 patients (13 per
group)(GPower software 3.19). Normality of the dat@s analyzed by the Shapiro-
Wilk test. The comparison between the general dbenatics of the sample was
performed using the t-test for independent sammesMann-Whitney U test,
depending on data distribution. The categoricah eadre compared by the Chi-square
test. Comparisons between groups at baseline wstedt by the Mann-Whitney U
test. The Generalized Estimation Equation Model wsead to compare adherence,

dietary intake, and markers of renal function bemveroups. All analyzes were
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performed using SPSS (Statistical Package for $8ciances), version 21. Statistical

significance was defined as P<0.05.

RESULTS

Initially, 160 patients were interviewed for ehgity in this study; of these
118 did not meet the inclusion criteria, 5 refusedparticipate, and 5 were not
included for other reasons such as: difficulty iomenunication (two subjects),
difficulty in traveling because they lived far awé&me patient), being involved in
another study (two patients). Thirty-two patientarted the study, with 17 being
allocated in the PLA group and 15 in the Cr groDpring the intervention period,
three patients were excluded for the following ozess withdrawal after preliminary
examinations due to personal problems (n = 1) rigadiscomfort (n = 1), and pleural
effusion (n = 1). Twenty-nine patients completeé gtudy (PLA n= 15 and Cr
n=14)(figure 2).

***INSERT FIGURE 2 HERE***

No significant statistical differences were id&atd in the general

characteristics of study participants (Table I).
**INSERT TABLE | HERE***

Patients taking Cr presented higher plasma ced¢wvels than the placebo
group (PLA - pre30.4 (12.2 — 48.@nol/l vs. post 48.9 (18.5 — 79.gnol/l; Cr — pre
39.3 (11.0 — 67.7pmol/l vs. post136.0 (93.6 — 178 ¢dmol/l; P= 0.042) (figure 3). In
addition, both groups demonstrated similar amoahfwotein intake before and after
the intervention period (PLA - pre 49.7 (32.6 -9 vs. post 61.1 (43.4 — 78.9) g;

Cr—pre 59.2 (39.2 — 79.3) g vs. post 52.6 (388.2) g; P=0.133)



197 **INSERT FIGURE 3 HERE***

198 Figure 4 presents the results of Cr on the gemeaakers of renal function.
199  No significant differences were found between geofgr serum creatinine (PLA —
200 pre (1.25 (0.98 — 1.52) mg/dl vs. post 1.29 (1.a454) mg/dl; Cr — pre 1.02 (0.89 —
201 1.16) mg/dl vs. post 1.10 (1.01 — 1.19) mg/dl, B.499), creatinine excretion rate
202 (PLA —pre 71.7 (52.1 — 91.3) mg/dl vs. post 8%2.2 — 104.5) mg/dl; Cr - pre 74.2
203  (50.2 — 98.4) mg/dl vs. post 100.5 (70.2 — 130.8)g® = 0.387), or creatinine
204 clearance (PLA — pre 87.2 (62.1 — 112.2) ml.Min?3 n¥® vs. post82.8 (59.2 —
205  106.4) ml.min*1.73 n; Cr - pre 98.8 (66.8 — 130.9) ml.min-73 m? vs. post113.4
206 (86.5 — 140.2) ml.mif1.73 m? P = 0.310). Regarding individual responses to
207  creatine supplementation, changes in general nserenal function were within
208 the normal range for all patients.

209

210 ***INSERT FIGURE 4 HERE***

211

212 Discussion

213

214 The results of the present study showed that 8 sve€lCr supplementation,
215 composed of 1 week of loading and 7 weeks of maartee, did not alter markers of
216  renal function in patients with symptomatic PAD.

217 The results of plasma creatine demonstrated tha¢mis adhered to the Cr
218 supplementation, as the plasma creatine levelgased from 40.5 ml/dl to almost
219 160 ml/dl. These results were similar to H&rrissho also reported increases in

220 muscle creatine to values close to 160 mmol/kgrgfrduscle, after a period of Cr
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supplementation. In addition, both groups presesteular intakes of protein, which

was not an intervening factor in our findings.

In the present study, creatinine clearance, thd gtandard marker of renal
function was not altered after Cr supplementat®imilar results were observed in
healthy young individuaf& %, and patients with diabef&s”® chronic heart failuré:
29 and kidney disead® Gualano et &f performed Cr supplementation in patients
with diabetes at doses of 5g for 12 weeks. Addatilynthe same group of researchers
performed a Cr supplementation protocol in a singiney patient for 35 days
(20g/day for 5 days, followed by 5g/day for the n&0 days}’. These findings
demonstrate that regardless of protocol, time, sardple, creatine supplementation
does not affect renal function. In addition, theules expand the current knowledge,

showing that Cr supplementation is considered saém in patients at high risk of

renal and cardiovascular disease.

A key point of the present study is the method sdeasing renal function.
Other studies with creatine supplementation hawed uglomerular filtration rate
(GFR)?** " as a marker of renal function. However, GFR hasesbmitations. One of
these is that the equations used to estimate gldandiltration cannot be generalized
to all populations due to variations in muscle masg, sex, and ethnicity Thus,
our findings strengthen the knowledge on the sabétyreatine supplementation for
renal function in PAD patients, as creatinine @deae is considered the gold standard

in the evaluation of renal functidh

Individual analyzes of renal function markers destmated that there was
large intra-individual heterogeneity in both grougds is well established that

variability in markers of renal function is a rigkctor in the progression of chronic
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kidney disease and dedtt?® A recent study showed that diabetic patients lzavés
higher risk of dialysis/death due to variability nenal function marketd It is
noteworthy that half of the participants in thegqamet study (Cr 50% and PLA 60%)
were diabetic, which is one of the possible factesponsible for the intra-individual
heterogeneity. Based on this, our findings sugtest creatine supplementation, in
addition to being safe for renal function, may be important strategy in PAD
patients with diabetes, since it promotes potefi@cts on glucose uptake, reducing

the risk of mortalit§”.

From a practical point of view, the results of thtady indicate the safety of
creatine supplementation for patients with periphaartery disease. Therefore,
interventions based on Cr supplementation can bd usorder to improve muscular
performance in PAD patients, as occurs in othamiadi population known to

present muscle atropftyreduced strength and walking impairmefit®”.

The present study has some limitations. Our resul restricted to patients
with PAD without chronic renal failure, and wheth@ese results are replicable in
patients with PAD with renal impairment, needs te Imvestigated. Creatine
supplementation was performed for 8 weeks, amglnibt known if longer periods of
Cr supplementation affect markers of renal functitinis worth noting that our
findings are restricted to the proposed Cr suppigai®n protocol (loading and
maintenance phase) and cannot be applied for ofleses in patients with
symptomatic peripheral arterial disease.

The patients in the present study were using godittensive drugs, which
may affect renal responses. However, since theribaf PAD patients are under
hypertension drug therapy, our findings increase pghactical applicability of the

results.
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Conclusion
Eight weeks of creatine supplementation does nigr aharkers of renal

function in patients with symptomatic PAD.
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FIGURE LEGEND

Figure 1. Study design

Figure 2. Flow diagram

Figure 3. Creatine plasma before and after the supplementgt@yiod in a sub-

sample (n=9 - PLA =5, Cr =4).

Figure 4. General markers of renal function PLA (n=15); @=14) and individual

PLA (n=12); Cr (n=11) of renal function data: (A@ram creatinine, (B) creatinine
excretion rate, and (C) creatinine clearance. Rafer value Brazilian Society

Cardiology and Nephrolog$ dashed line.



PLA (N=15)  Cr (N=14) p-value
Women (% 54 46 0.56
Age (years) 64 +8 64 + 10 0.54
Weight (kg§ 77 £10 68 + 17 0.18
Height (m} 1.64 + 0.09 1,60 + 0.06 0.21
Body mass index (kg/ff 28.7+3.1 26.7 £6.5 0.43
Ankle-brachial index (mmHg) 0.50+0.13 0.51+0.16 1.00
Claudication onset distance (m) 143 + 84 143 £ 65 0.88
Total waking distance (rf) 371 +81 344 + 82 0.65
Serum creatinine (mg/dl) 1.25+0.5 1.02+£0.2 0.23
Creatinine excretion rate (mg/dl) 71.7+35.4 74.2 £41.7 0.78
Creatinine clearance (ml.min

87.2+45.2 98.8 £ 55.5 0.50

11.73m%)°
Related comorbidities (%)
Hypertensioh 86.7 78.6 0.67
Diabete§ 60.0 50.0 0.43
Dyslipidemid 6.7 7.1 0.74
Current smoking 78.6 78.6 0.68
Coronary artery disease 46.7 28.6 0.26

Data are presented as mean and standard deviationumerical variables and
frequency for categorical variablég-test for independent sampl&8ann-Whitney

U test.“Chi-square test. PLA — placebo group. Cr — creajioep.



Placebo Placebo

(Loading) (Maitenance)
Or
Assessments Creatine| [Creatine] Assessments
- (Loading) (Maitenance)
Screening Renal function marker 1 week 7 weeks Renal function marker
Plasma creatine Randomization Plasma creatine

Pre-intervention 8 weeks Post-intervention



Assessed for eligibility (n = 160)

Excluded (n = 128)
- Not meeting inclusion (n = 118)

- Declined to participate (n = 5)

- Other reasons (n=5)
Difficulty in communication (n=2)
Difficulty in traveling (n = 1)
Involved in other studies (n = 2)

Randomized (n = 32)

Allocated for PLA group (n=17)
Received PLA supplementation (n = 16)
Did not attend the experimental protocol
(gave up participating) (n=1)

Allocated for Cr group (n =15)
Received Cr supplementation (n = 15)
Did not attend the experimental protocol (n = 0)

Lost to follow-up (health problems -
pleural effusion) (n= 1)
Discontinued intervention (n = 0)

Lost to follow-up (n=0)
Discontinued intervention (gastric
discomfort) (n = 1)

Analyzed (n =15)
Excluded from analysis (n = 0)

Analyzed (n = 14)
Excluded from analysis (n = 0)
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