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Abstract

Objective—Examine whether the acute kidney injury (AKI) commonly observed among
ultramarathon participants places the individual at risk for subsequent AKI of worse magnitude.

Design—Observational.

Setting—Western States Endurance Run.

Participants—Race finishers with post-race blood studies.
Independent Variable—AKI following one race.

Main Outcome Measures—Extent of AKI in subsequent race.

Results—Among 627 finishes in which serum creatinine values were known, 36.2% met “risk”
or “injury” criterion with this group characterized by having faster finish times, greater body
weight loss during the race and higher post-race serum creatine kinase and urea nitrogen
concentrations when compared with those not meeting the criteria. We identified 38 runners who
had undergone post-race blood analyses at multiple races among which 16 (42.1%) met the “risk”
or “injury” criterion at the first race. Of those 16 runners, 12 (75%) met the criteria at a subsequent
race, an incidence that was higher (p=0.0026) than the overall 36.2% incidence. For most (56.2%)
of the 16 runners meeting the criteria at the first race, the subsequent race caused less increase in
serum creatinine concentration and decrement in estimated glomerular filtration rate than the first
race.

Conclusions—Muild AKI is common in 161-km ultramarathons, but there was no evidence that
prior AKI caused greater renal dysfunction from a subsequent exercise stimulus of similar
magnitude. This offers some reassurance to runners and their physicians that mild to moderate
AKI in the setting of an ultramarathon is not cumulative or without complete recovery of kidney
function when stressed.

CORRESPONDENCE: Martin D. Hoffman, M.D., Department of Physical Medicine & Rehabilitation (117), Sacramento VA Medical
Center, 10535 Hospital Way, Sacramento, CA 95655-1200, Phone: 916-843-9027, Fax: 916-843-7345, mdhoffman@ucdavis.edu.
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Introduction

Methods

Some degree of acute kidney injury (AKI) is relatively common in ultramarathon races, with
documented incidence being 30-80%.12 In the vast majority of cases, such incidents go
unnoticed, although hospitalization for AKI after an ultramarathon, albeit rare, does occur.34
Due to the nature of these athletic events, the most common etiology of AKI is
rhabdomyolysis caused by muscle damage arising from the extraordinary levels of
continuous exertion. In fact, in 161-km ultramarathons it is not uncommon to see serum
creatine kinase (CK) concentrations well over 20,000 U/L,>~7 which are at the level in which
general guidelines not specific to ultramarathon runners would recommend treatment.8 The
muscle breakdown products from rhabdomyolysis cause renal arteriolar vasoconstriction
(20).10 Increased sympathetic tone, intravascular volume depletion and the vasoconstrictive
effect of nonsteroidal anti-inflammatory drugs may also contribute to reduced renal
perfusion and further increase the risk of AKI during an ultramarathon.

Given the high frequency of mild AKI during an ultramarathon, we asked whether such
insults place a runner at risk for a subsequent similar event of the same, or perhaps higher,
magnitude. Prior studies have suggested full recovery of resting renal chemistries overnight
following a 56-km ultramarathon (Irving et al. MSSE 1990),1! and after 40-80-km stages of
a multi-stage ultramarathon with no apparent cumulative effect observed.? However, other
studies have shown abnormalities of resting renal chemistries persisting the day following
100-km12 and 56-km?3 ultramarathons, and for several days after a 90-km ultramarathon.14
It is possible that greater kidney insult could result from longer ultramarathons such as the
race studied here.

Furthermore, it is possible that resting renal chemistries may not fully reflect renal function
under stressed conditions and in the presence of decreased intravascular volume.

In this study, we utilized data from multiple years of post-race blood analyses performed at
the 161-km Western States Endurance Run (WSER) in order to track post-race serum
creatinine concentrations in runners who met the criteria for AKI at the completion of one
race. Our premise was that those with AKI at one race would have greater impairment in
renal function after a subsequent race if such injuries are cumulative and without complete
recovery of normal renal function during stress. Additionally, we examine the overall
incidence of AKI using this large data set to expand upon our prior work.:

The study utilized data collected at the 2011, 2012 and 2014 WSER. Post-race blood
analyses were not performed at the 2013 event resulting in exclusion of this year from the
study. The WSER is a 161-km point-to-point foot race which takes place during the last
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weekend in June. The course is almost entirely on single track mountain trails with 5500 m
of cumulative climb and 7000 m of cumulative descent, and a 30 hour time limit for
completion. Additional details of the race are provided elsewhere.1>-17 Ambient temperature
data from weather stations near the course were used to determine the maximum
temperature during each race. Institutional review board approval was obtained from the VA
Northern California Health Care System with a waiver of consent.

All runners underwent pre-race body weight measurement during registration in the morning
on the day before race start. Post-race body weight was measured immediately upon
completion of the race. All measurements were made with calibrated battery-operated digital
scales (Health o meter, model 349KL X, Boca Raton, FL) placed on solid level surfaces.
Each measurement was made with the runner clothed in running wear and shoes, and care
was taken to assure that other items, such as jackets, waist packs and hydration vests, were
removed and nothing was in the runner’s hands.

Within a few minutes after finishing the race, those runners who were willing to provide a
blood sample had blood drawn while seated into heparinized tubes via an antecubital vein. A
clinical laboratory performed analyses for serum creatinine, CK and urea nitrogen.

On-line pre-race and post-race questionnaires were used to gather information about running
background and recent training of race participants in 2011 and 2014, respectively. With
regard to information about years of regular running and years of running ultramarathons,
information provided one year was used to generate missing data for other years when
possible.

The present study used the RIFLE (Risk, Injury, Failure, Loss and Endstage kidney disease)
criteria for AK1.18 Measured post-race serum creatinine at least 1.5 and 2.0 times baseline
creatinine defined the “risk” and “injury” criteria, respectively. Since blood was not taken
prior to the run, we estimated pre-race serum creatinine concentration. An expected
glomerular filtration rate (GFR) of 100 ml/min was used when age was <40 years, and 140
minus age was used for those >40 years of age.19 The pre-race expected GFR was then used
in the ‘modification of diet in renal disease’ equation?C to back-calculate expected pre-race
serum creatinine concentration. Rearrangement of the same equation allowed calculation of
post-race estimated GFR. Then, from these calculated GFR values, the pre-race to post-race
difference in GFR (AGFR) was determined.

Analyses were performed on the full group of runners with post-race blood results as well as
the subset with post-race blood results from multiple races. Continuous data underwent
normality testing with the D’ Agostino-Pearson test. Characteristics of those meeting the
criterion for “injury”, those meeting the criterion for “risk” and those not meeting these
criteria were compared with the Kruskal-Wallis test followed by Dunn’s Multiple
Comparison test when an overall significant effect was identified since all of these variables
had skewed data. Comparison of paired data were made with the paired t-test or Wilcoxon
matched-pairs signed rank test depending on whether or not the data passed normality
testing. Two-way (group x race number) were used to compare the subgroup of runners with
data for two races who met the AKI “risk” or “injury” criterion both races with those who

Clin J Sport Med. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoffman and Weiss

Page 4

only met the criteria the first race. Categorical data were analyzed with the Chi-square or
Fisher’s exact test. Correlations were performed with Pearson or Spearman correlation
analyses depending on whether or not the data passed normality testing. Statistical
significance was set at p<0.05.

Ethical Considerations

Results

This work was based upon data collected during research approved by our institutional
review board. No consenting specifically for the present analyses was required.

Among all three races, post-race blood was obtained for 627 (accounted for by 585 different
runners) of the 922 race finishes. The “risk” criterion was met by 227 (36.2%) among which
31 (4.9%) also met the “injury” criterion. Selected characteristics of those meeting the
“injury” criterion, those meeting the “risk” criterion, and those not meeting either criterion
are shown in Table 1. Those meeting the “injury” criterion lost more weight during the race
and were faster than the others, and those meeting the “risk” criterion lost more weight than
those not meeting either criterion. As expected, post-race serum creatinine concentrations
varied among groups, as did post-race serum and urea nitrogen. But age, sex, post-race
serum CK concentration, running experience and recent training did not vary among groups.
Post-race serum CK and creatinine concentrations were significantly correlated (Figure 1).

There were 38 finishers who had undergone post-race blood analyses after at least two races.
For four runners having three races with post-race blood studies, the first race and the other
race with the most comparable finish time were selected for comparison. Among these 38
runners, 16 (42.1%) met the “risk” criterion of which 2 (5.3%) also met the “injury”
criterion in the first race, and 18 (47.4%) met the “risk” criterion of which 3 (7.9%) also met
the “injury” criterion in the second race. These incidences for this subset of 38 runners
meeting the “risk” or “injury” criteria were similar (p=0.49 and 0.17) to the 36.2% meeting
the criteria when considering the full group of 627 finishes.

Considering the 16 runners meeting the “risk” or “injury” criterion in the first race, mean
(xSD) age at the time of the first race was 41 + 10 years, 75% were men, and the mean
interval between the two races was 1.5 years. Of these 16 runners who met the “risk” or
“injury” criterion in the first race, 12 (75%) met the “risk” criterion (including 3 who met
the “injury” criterion) in the second race. This 75% incidence of meeting the “risk” or
“injury” criterion was higher than the 36.2% meeting the criteria when considering the full
group of 627 finishes (p=0.0026) and the 42.1% meeting the criteria in the first race among
the subset of 38 runners with post-race blood analyses after at least two races (p=0.038).

Individual data from the two races for AGFR and post-race serum creatinine for the 16
runners meeting the “risk” or “injury” criterion in the first race are compared in Figure 2.
There were no statistical differences between races for either variable (p>0.3). Furthermore,
it is evident from these plots that most (56.2%) of the individuals showed a lower AGFR at
the second race compared with the first, and that both runners meeting the “injury” criterion
in the first race showed a lower AGFR and serum creatinine concentration at the second race.
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Correlation analyses revealed no association between races for AGFR (p=0.16) but a strong
direct association for post-race serum creatinine concentration (r=0.72, p=0.003).

Among the 16 race finishers meeting the AKI “risk” or “injury” criterion in the first race, the
group who met either criterion in the second race were compared with those not meeting
either criterion in the second race (Table 2). There were no statistical group, race number or
interaction effects for maximum race temperature, finish placing or time, percentage body
weight change, and post-race serum CK concentration. As expected, there were significant
race number effects for age and years of running experience, but no group or interaction
effects. For serum urea nitrogen, the interaction effect was nearly significant (p=0.06) but
group and race number effects were not evident.

Discussion

The unusual degree of stress of an ultramarathon, even on the body of a healthy individual,
puts the participant at risk for harm to several organ systems. The renal system seems
particularly vulnerable for injury in these events given the extent of muscle damage,132 the
prevalent use of nonsteroidal anti-inflammatory drugs,®22:23 and the ravages of intravascular
volume shifts resulting from sweating and frequent occurrences of gastrointestinal fluid
losses and inadequate fluid replacement. Since elevated serum creatinine, and hence
attenuated GFR, occurs at least transiently in a relatively high percentage of ultramarathon
runners, it is valuable to know whether such an event puts these individuals at risk for a
similar or worse event during subsequent exercise. This has practical importance in that a
runner may wish to limit his or her ultra-endurance sports participation if it is known that
each insult causes successive and cumulative renal damage.

The primary purpose of the current study was to determine whether runners who showed
some renal dysfunction at the conclusion of an ultramarathon were more likely to have
similar or worse dysfunction in a subsequent ultramarathon of similar stress. While several
studies have shown resting renal chemistries normalize after an ultramarathon, 21114 it is
possible that resting renal chemistries may not fully reflect kidney function under stress. We
are unaware of any prior work that has examined renal function after an ultramarathon in
athletes who had AKI after a prior ultramarathon of similar stress. We now show, in a
relatively small group of runners taking part in a 161-km ultramarathon, evidence that those
with renal dysfunction (as assessed by serum creatinine) after one ultramarathon are more
likely than other runners to have dysfunction of a similar magnitude after a subsequent
ultramarathon of comparable stress, but that there is no evidence of dysfunction of higher
magnitude occurring in the subsequent race. This finding should be reassuring to athletes
and clinicians caring for endurance athletes. The findings also provides further rationale for
avoiding overzealous rehydration due to concern for the renal system, which can place
athletes with mild hyponatremia at risk for becoming acutely symptomatic.24-26

There are several likely reasons for our findings, the most obvious being that the post-race
elevation in serum creatinine in the runners meeting the “risk” or “injury” criterion was due
to transient changes in renal perfusion from intravascular volume depletion, and
vasoconstrictive effects of increased sympathetic tone and nonsteroidal anti-inflammatory
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drugs (if used). It is also possible that some of the runners can be undergoing acute renal
arteriolar vasoconstriction as a result of muscle breakdown products from rhabdomyolysis.10
This seems to be supported by a direct relationship between post-race serum CK and
creatinine concentrations as identified in our present study and past work.! Since there is no
intrinsic renal damage in this scenario, the creatinine change is reversible and would not be
expected to reflect a permanent change in kidney function.

The present work also reports on a large data set (n=667) of 161-km ultramarathon finishes
showing the AKI “risk” criterion was met in 36.2% of the finishes, among which 4.9% also
met the “injury” criterion. This was comparable to our prior analysis reporting that 34% met
either AKI criterion among a subset of 207 of these finishes.2 A comparison of selected
characteristics of those meeting the AKI criteria showed that these individuals finished
faster, had greater body weight loss during the race and had higher post-race serum CK and
urea nitrogen concentrations when compared with those not meeting the AKI criteria.
However, among the subset of runners with data for multiple races, there were no statistical
differences in finish time or place, weight change and post-race serum CK and urea nitrogen
concentrations between those meeting the AKI criteria both races and those only meeting the
criteria the first race, probably owing to the small sample size.

We acknowledge some limitations to this study, the most significant being that pre-race
serum creatinine concentration was not measured, thus we were required to impute the
values expected of normal individuals from the GFR formulae.2? Given the healthy state
required of these runners, it is highly likely that the vast majority had a normal serum
creatinine at the start of each race as supported by prior evidence for normal resting renal
chemistries in ultramarathon runners.211-14 We recognize that since creatinine (but not
GFR) is roughly proportional to muscle mass,2’ highly muscular individuals could have
confounded the data in that an underestimation of pre-race serum creatinine concentration
could have resulted in an incorrect determination that a runner met the “risk” or “injury”
criterion for AKI. In other words, if pre-race creatinine was actually higher than estimated at
the first race, then some runners might have been incorrectly included in the group meeting
the “risk” or “injury” criterion after that race.

This is not likely to have been a common issue since the typical ultramarathon runner in this
event is not overly muscular.28:2% Furthermore, we interpret the lack of any apparent change
in post-race serum creatinine concentrations between the first and second races, which
appeared to be of similar stress given statistically similar maximum ambient temperatures
and race finish times, as important support for our conclusion that runners had full recovery
from AKI of the first race. Of course, another limitation is the small sample size for the
multiple year comparison component of this study and our lack of knowledge about the use
of nonsteroidal anti-inflammatory drugs by each specific runner. We also have no knowledge
of the extent of prior AKI or intervening episodes of AKI that might have occurred between
the first and second races examined in this study.
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Conclusions

From this work, we conclude that it is common for 161-km ultramarathon runners to meet
AKI criteria after a race. Those most likely to meet the criteria finish faster, have greater
body weight loss during the race and have higher post-race serum CK and urea nitrogen
concentrations when compared with those not meeting the criteria. Most importantly though,
there was no evidence that those with prior AKI had greater renal dysfunction with a
subsequent exercise stimulus of similar magnitude. This should offer some reassurance to
runners and their physicians that mild to moderate AKI in the setting of an ultramarathon is
not cumulative and is likely associated in the majority of cases with complete recovery not
necessitating aggressive intervention. A prospective study with baseline pre-race parameters
would be the optimal approach for confirmation of our findings.
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Figure 1.

Relationship between serum CK and creatinine concentrations for 667 161-km
ultramarathon finishes.

Clin J Sport Med. Author manuscript; available in PMC 2017 September 01.

Page 9



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoffman and Weiss

Page 10

0- S
-E '1 0- "'l'
a [ J ""
é '20- ' "'0
o -30- «
L Y ’,'
2 -40- x &
N X /c'.
8 -504 el A
4 [ J
© S’ @
m '60- 'l" °

-60 -50 -40 -30 -20 -10 O
Race 1 AGFR (mg/min)

Race 2 Creatinine (mg/dL)
[ J
X

1.0 1.5 2.0 2.5
Race 1 Creatinine (mg/dL)

Figure 2.
Relationship between the change in GFR (AGFR = post-race estimated GFR - pre-race

expected GFR) and post-race serum creatinine concentration between two races for 16
runners meeting the “risk” (@) and “injury” (x) criteria in the first race. The line of identity
is indicated by the dashed line. Note that a less adverse effect on renal function for race 2
compared with race 1 is denoted by individual data points above the line of identity for
AGFR and below the line of identity for post-race creatinine.

Clin J Sport Med. Author manuscript; available in PMC 2017 September 01.



Page 11

Hoffman and Weiss

uoLIRIIO Ysu,, Bunesw dnoib yum pasedwod 700 0>d

uowuo Ainfur, 10 su,, Bunassw jou dnoib ayy yum patedwod 700 0>d
x

1
“T0°0>d
._”oovt

¥¥

‘10°0>d
*

x

‘50°0>d
*

"3e 3y} 0} Jowid SyIuoW € By} 0} a1am ddurISIP una 31Buls 1sabuo| pue saouelsip Yaam Buiures) 1sayBiy pue abelane ay | “afelusaiad 1o abuel ajirenbisiul pue uelpaw se paiodal e eleq

(evv'ce —00T'6) 00T'ST
(9z-81) 2
(92T-€0T)ST'T
(0T-91-) v0-
(0982 - €1°€2) ¥8'9¢
(vvz - 10T) €8T
(ST - 08) 90T
(TT - 08) 00T
(eTT-08) 26
(T-00
(9-1m¢
(6-¢)5
(ez-L €1
Ges
(67 — G€) ¥

*.

£x(90-92-) 670~

(005's€ — 00€'8) 058'ST
vnx (9E—€2) 82

(¥9'82 - 98'T2) ¥9'S2

(rvz —89) 85T
(6GT - 98) 12T
(6T - 08) 00T
(eTT-2L) 16
(T-0o0
(9-2¢
(oT-7)9
(ez-0zet
T8L
(8% — 9¢) e

L (T9T—6ET) OV'T

(002'9G — €9T'0T) 008'€C
U4 wnx EG—VE) TV

JLd o (LST—58T) 86T
1/ sy (€0-—8€-) 872~
. (96'22 - 08'6T) £5°€2
. (Lgz—8¢g) L0T

(0ST - v8) 00T
(221 -08) 62T
(6eT-22) L6
T-0T1
w-1¢
(6-%)9
(zz-9) o1
6'€8
(61 —8¢) ¢

(1/N) 8seury auluieald WnJas

(1p/Bw) usbouiu eaIN WinIes

(Ip/Bw) sulue8Id WNIBS

(%) abueyd ybram Apog

(sanoy) swin ystui4

(4aqwinu) Buroeid ysiui4

(w) souelsip unu ajbuis 1s8buo]

(w>y) souelsip Buruuni saam Bururesy 1saybiH
(w) asuelsip Buiuun yaam Buiuresy abelany
(Jaguunu) paysiul 10U suoyreewe N WX-T9T
(Jaquinu) paajdwiod suoyresewenn WY-T9T
(sJeak) suoyresewren|n Buiuuni jo uoneing
(s4eak) Buiuuni sejnbai jo uoneing

(usw 9p) XoS

(s1eak) aby

eLIg1D 48y Bunssiy 10N

UOIBIID iS1Y,, Bunasn

uowgiD Aunluy,, Bunssiy

ansiIeI0RIRYD

'sdnoJb saiy)

8yl Jo} pue /42—-002 PUe LTT-¥6 ‘v'¢—T2 8Jam alreuuonssnb Ag paurelqo erep sy 1oy sazis sjdwies *(00y=Uu) euaio Jayis Hunasw Jou asoy) pue ‘(96T=u)
uonaa Ainful,, ayr 1ou Ing . su,, 3yl Bunsaw asoyy ‘(Te=u) uoud1o  Ainful,, 1M ayl Bunsaw siaysiuly a9e. J0 $I1SLIB1oRIRYI Pa1da|as JO uostiedwo)

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin J Sport Med. Author manuscript; available in PMC 2017 September 01.



Page 12

Hoffman and Weiss

"paIngLIsIp Ajfewlou aJam s1as eyep Auew ybnoyy usns ajdwies 1abie| ayp 1oy elep yim uostiedwod mojfe o3 abuel ajisenbiaiul pue ueipaw se Jo abejuaslad se paiiodal ae eleq

(00£'se —280'TT) ¥2T'6T  (GLT'62—G26'2) 0SE'VT  (S06'€Z — S2v'S) 000'ST  (0S8've — G2G'G) 0SS'8 (71/n) 8seuny auluIeald WINIAS
(82-02) ve (9e - 22) 62 (vv —82) 9¢ (tr-ca) L (Tp/Bu) usbopu eain wnies
(cz-r2-)vo- (Tz-v1-)T0 (zo--g¢-)0e- (ro--8¢-) v'i- (%) abueyd yBram Apog
(58'9¢ - T6'LT) ¥8'6T (6v'vZ —8€'9T) 29'6T (eL'22-vL11) 86T  (S2'L2—9S°LT) 9€°02 (snoy) awm ystuiy
(96T - 02) G (zz1-8) 9t (9ez - 81) ¥ (00z - LT) ¥ (Jaquinu) Burdeyd ystuid
(e62-022) 0'CC (08z-0'82) 082 (L1€-022) 0'CC (08z-082) 0'8¢ (D,) aunyesaduwa) 0Bl WINWIXEN
(IT-%)9 6-v) L (s1eak) suoyeewrnjn Butuuni jo uoneing
(sT-6)€T (92-8) 11 (s1eak) Buiuuni sejnbai jo uoneing
74 72 (uswi 9p) x8S
(Tr-82) 9¢ (05 -9¢) 2v (s1eak) aby
Z 9%ey T 90ey Z 90ey T 90ey o13s1810eIRYD

30eY PU0IAS Ul BLIBIID MV Bunesn 10N 80eY pU0IaS Ul BLIBNID MV Bunssy

"9oualIadxe

Buiuuni Jo sieaA pue abe 10J $19a)Ja JaquUnu aJeJ pa1oadxa ayl 1daoxa ‘S199)18 UOIJRISUI IO Jaquinu adel ‘dnoib [eansiels ou alam atayl 'sdnoib
0M] 38U} 10} 7 pue TT 8Jam alreuuonsanb Aqg paurelqo elep ayj 1oy sazis ajdwres *(=u) adeJ puodas ayl Ul UOLIBID Jays Bunaaw 1ou asoyl Yim paledwod
(2T=U) 30BJ PUOIBS B Ul UOLISILID JaYIIa 19W OYM 3384 ISI1J Y} Ul UoLIdd  Aunful,, 10 Msu,, MV 8yl Buneaw siaysiuly adel Jo SonsLIsloeIeyd pajis|es

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin J Sport Med. Author manuscript; available in PMC 2017 September 01.



	Abstract
	Introduction
	Methods
	Ethical Considerations
	Results
	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

