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Objectives: To study the effects of running with/without the use of pain killers on 
urinary neutrophil gelatinase-associated lipocalin (uNGAL) and other parameters of 
kidney function in recreational runners.
Methods: Participants of the 10- and 21.1-km Weir Venloop race were enrolled 
and their urine samples collected before and after the run. Urine dipstick and other 
conventional tests used to assess kidney function were performed. The presence of 
ibuprofen, diclofenac, naproxen, and/or paracetamol was assessed by LC-MS/MS. 
uNGAL was measured with a two-step chemiluminescent immunoassay.
Results: NSAIDs/analgesics were detected in urine of 5 (14.4%) 10-km runners 
and 13 (28.9%) 21.1-km runners. Only half-marathon participants showed signifi-
cant increases in uNGAL (pre: 11.7 [7.1-34.3] ng/mL; post: 33.4 [17.4-50.4] ng/
mL; P = .0038). There was a significant effect of NSAID/analgesic use on uNGAL 
increase (F2, 76 = 4.210, P = .004). Post hoc tests revealed that uNGAL increased 
significantly in runners who tested positive for ibuprofen/naproxen compared to run-
ners who did not use any medications (P = .045) or those who tested positive for 
paracetamol (P = .033). Running distance had a significant influence on the increase 
in uNGAL (F1, 53 = 4.741, P < .05), specific gravity (F1, 60 = 9.231, P < .01), urinary 
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1 |  INTRODUCTION

Long-distance running is an increasingly practiced form of 
endurance exercise.1 The popularity of this sport is attributed 
to its multiple potential health benefits and relatively easy 
accessibility. Runners, in addition to having a lower risk of 
diabetes and cancer, demonstrate a 25%-40% reduced risk 
of premature mortality and live approximately 3 years lon-
ger than non-runners.2-4 Distances of 21.1 km and below are 
frequently chosen by recreational athletes due to their chal-
lenging but less physically and mentally demanding nature 
compared with participation in a full marathon (42.2 km).5

Changes in physiological functions during long-distance 
running were shown to promote the development of various 
adverse events involving the kidney.6 Redistribution of the car-
diac output during exercise reduces renal perfusion up to 25% 
compared to the rest levels, which may lead to ischemic dam-
age and transient decrease in the renal function.7 Although such 
a response is commonly regarded as a physiological reaction 
to exercise stress, some cases progress to clinically significant 
acute kidney injury (AKI) or even acute kidney failure.8-10 The 
prevalence of AKI in runners has been traditionally assessed 
by the measurement of serum creatinine (SCr).8,10-12 The major 
criticism of this biomarker is attributed to the fact that it primar-
ily reflects filtration processes and does not give information 
about tubular damage. Moreover, SCr tends to peak rather late 
(48-72 hours) after insult which makes it unsuitable for an early 
detection of AKI and identification of at-risk subjects.13 Several 
novel biomarkers of kidney injury have been proposed,9,11 with 
urinary neutrophil gelatinase-associated lipocalin (uNGAL) 
reported to be reliable for the assessment of renal function in 
long-distance runners.14,15

Intake of non-steroidal anti-inflammatory drugs (NSAIDs) 
was shown to increase the risk of adverse effects in recre-
ational runners.16 NSAIDs further decrease the rate of glo-
merular filtration and compromise renal blood supply during 
exercise via inhibition of the production of the vasodilatory 
prostaglandins (PGI2) in the afferent arterioles of the kidney. 
Use of NSAIDs before/during the race was reported in 45.9%-
49% of the marathoners17,18 and in 60.3%-70% of the ultra-
marathon runners.19,20 Among the half-marathon runners, the 

intake of NSAIDs/analgesics was reported in 8.3% (CI 95%: 
8.1-8.6) of the race entrants.21 These studies involved recall 
questionnaires with various recall windows and presence of 
medication in participant biological fluids was not confirmed. 
Screening for NSAIDs/analgesics in urine during the compe-
tition may provide more accurate information about their use 
by recreational runners and could help to eliminate possible 
recall bias related to low recognition of risks associated with 
those medications.

This study aimed to evaluate the prevalence of NSAIDs/
analgesics use by urine testing in recreational 10- and 21.1-
km runners. Furthermore, it intended to establish the effects 
of running with/without the use of NSAIDs/analgesics on the 
levels of urinary neutrophil gelatinase-associated lipocalin 
(uNGAL) and conventional biomarkers of kidney function.

2 |  MATERIALS & METHODS

2.1 | Participants

The study participants were enrolled from among the runners 
registered for the Weir Venloop contest. Email invitations 
were sent to the contestants by the competition organizers. 
Contestants aged ≥18 years, with at least 2 years of running 
experience and at least two races (>10 km in distance) com-
pleted in the last 3 years, were included in this study. A his-
tory of major running injuries in the 3 months prior to the 
competition and a presence of chronic kidney failure were 
defined as the exclusion criteria. The study was conducted in 
accordance with the Declaration of Helsinki on biomedical 
research involving human subjects. Approval was obtained 
from the institutional review board of the VieCuri Medical 
Centre (Venlo, the Netherlands). Prior to inclusion into this 
study, all participants signed the informed consent.

2.2 | Design and procedures

This was a single-blind cohort study. The runners who con-
sented to participate were asked to fill in a questionnaire 

creatinine (F1, 61 = 10.574, P < .01), albumin (F1, 59 = 4.888, P < .05), and develop-
ment of hematuria (χ2(4) = 18.44, P = .001).
Conclusions: Running distance and use of ibuprofen/naproxen were identified as risk 
factors for uNGAL increase in recreational runners.

K E Y W O R D S

half-marathon, NSAIDs, renal function, running, urinary neutrophil gelatinase-associated lipocalin 
(uNGAL)
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about their demographics, training history, medical history, 
and use of medications over the month before the race. Body 
weight was measured before and after the race, and BMI was 
calculated. Urine samples were collected twice: 30-90 min-
utes before the race (start sample) and shortly after the fin-
ish (finish sample). Immediately upon collection, a fresh 
portion of the urine was taken for analysis with urine dip-
sticks. The rest of the urine was stored at 4-7°C and protected 
from direct sunlight until the last participant delivered the 
finish sample. Subsequently, all samples were transported 
to the Laboratory of Clinical Chemistry and Hematology of 
the VieCuri Medical Centre, where they were aliquoted and 
stored at −80°C for further analysis. The finishing times of 
the participants were obtained from the Weir Venloop web-
site (http://www.venlo op.nl).

2.3 | Laboratory measurements

Specific gravity was measured by the refractometer (UN-
4000 analyzer, Sysmex Corporation, Kobe, Japan). Albumin, 
creatinine, and sodium were assessed by bromocresol purple, 
enzymatic (creatininase/creatinase/sarcosine oxidase), and 
indirect ion-selective electrode assays, respectively, using 
the Architect c8000 analyzer (Abbott Diagnostics, Abbott 
Park, IL, USA) with proprietary reagents. NGAL was meas-
ured with a two-step chemiluminescent immunoassay using 
Architect i2000 analyzer (Abbott Diagnostics).22 Analyses 
with urine dipsticks were performed using meditape UC-10S 
(Sysmex) urinalysis test strips.

Both pre- and post-race urine samples were tested for 
NSAIDs/analgesics. Prior to measurement, the urine sam-
ples were treated with beta-glucuronidase, after which parac-
etamol, ibuprofen, diclofenac, and naproxen were quantified 
by an in-house validated LC-MS/MS method using Acquity 
UPLC H-class system and Xevo TQD mass spectrometer 
(Waters Corporation). A case was considered positive for the 
intake of NSAIDs/analgesics when at least one of two sam-
ples was found to be positive for the tested compounds.

2.4 | Statistics

All statistical tests have been carried out using SPSS (version 
22, IBM Corporation). Only data from the participants with 
start and finish urine sample available were analyzed. The re-
sults for the categorical variables are presented as percentage 
and for numerical data as the mean ± SEM or as median [inter-
quartile range]. Paired Student's t tests (two-tailed) were used 
to test parametric data, Wilcoxon matched-pairs signed-rank 
test was used for non-parametric data, and chi-square test was 
used for the categorical data. Factorial ANOVA was applied 
to reveal effects of NSAIDS/analgesics and distance on the 
changes in uNGAL and other parameters of renal function. For 
this purpose, the “delta” levels were calculated by subtracting 
the start levels from the finish levels for each urinary param-
eter. For NSAID/analgesics, participants were subdivided into 
three categories: paracetamol, NSAID (ibuprofen/diclofenac/
naproxen), or no detection. Age, BMI, and training were ap-
plied as covariates in the factorial ANOVA for those delta 
measures that showed a significant correlation in the Spearman 
analysis (P < .05). The delta urinary analytes were considered 
eligible for ANOVA after a visual assessment of their distribu-
tion histograms. If the factorial ANOVA revealed significant 
effects of NSAID/analgesics or distance, the sample was ac-
cordingly split for one-way ANOVA with Bonferroni post-hoc 
testing for NSAID/analgesics or the Wilcoxon signed-rank test 
for distance. The three-way log linear analysis was used to as-
sess the interaction between the distance, use of NSAIDs/anal-
gesics, and changes in the urine dipstick. The differences were 
considered statistically significant when P < .05.

3 |  RESULTS

3.1 | Participants

For logistic reasons, only 120 participants (60 for 10-km and 
60 for 21.1-km distance) out of the 190 responders of the 
online survey who met the inclusion criteria were included in 
the study (Figure 1). On the day of the Weir Venloop contest, 
the weather was cloudy with no rain, the temperature ranged 
between 4 and 7°C, and the average humidity was 77%. The F I G U R E  1  Enrollment chart of runners into the study cohort

http://www.venloop.nl
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mean age of the study participants was 49 ± 13 years, and 59 
(49.2%) runners were male. Both start and finish urine sam-
ples were available for 35 runners (44 ± 2 years, 51.4% male) 
of the 10-km run and for 45 (55 ± 2 years, 46.7% male) half-
marathoners. Pre-race samples were not collected from three 
of the 10-km runners and by eight half-marathon contestants. 
Post-race urine was not obtained for 25 runners of the 10-km 
distance and for 12 persons participating in half-marathon. 

The reasons for missing samples included an inability to uri-
nate within 90 minutes after the run and poor compliance.

Characteristics of the runners who provided urine both 
before and after the race are summarized in Table  1, and 
data from only these individuals were further analyzed. The 
male participants of the half-marathon were significantly 
older and had higher BMI compared to the female partici-
pants (P < .01), and the 10-km participants were significantly 
younger than the 21.1-km participants (P < .001). No major 
differences in training load between women and men within 
the particular running distance group were noted. Use of 
medication over the one month before the competition was 
reported by 13 (37.5%) runners of the 10-km race and 17 
(37.8%) runners of half-marathon. Interestingly, the use of 
NSAIDs/analgesics tested in this study was noted only by one 
athlete participating in the half-marathon (Supplementary 
Table 1). The weight lost after running 10 km was 1.1 [0.3-
2.0] kg and after running 21.1 km was 1.8 [1.0-2.9] kg.

3.2 | Use of NSAIDs/analgesics

Five (14.4%) of 10-km runners and 13 (28.9%) of the half-
marathoners showed the presence of NSAIDs/analgesics 
in the urine samples (Table  1). Paracetamol was detected 
in eight (17.8%) of the 21.1-km participants and in none of 
the 10-km runners. Naproxen was found in the urine of two 
(5.7%) 10-km runners, and the presence of ibuprofen was 
confirmed in three (8.6%) and four (8.9%) runners of 10 km 
and 21.1 km, respectively. Urine of one half-marathon runner 
was positive for both paracetamol and ibuprofen. No evidence 
of diclofenac use by the study participants was documented.

3.3 | Changes in uNGAL

Running 21.1  km caused a significant increase in uNGAL 
(Figure 2). Interestingly, this increase was not observed in the 
21.1-km runners who tested positive for paracetamol (mean 
difference 11.95 [95% CI: −15.2; 39.8] ng/mL, P = .853) and 
was further potentiated by the intake of ibuprofen/naproxen 
(mean difference 40.2 [95% CI: 6.1; 74.3] ng/mL, P = .022). 

T A B L E  1  Characteristics and post-running outcomes of the study 
participants

Characteristics
10 km 
(n = 35)

21.1 km 
(n = 45)

Male/female 18/17 21/24

Age, y

Male 47 ± 4 62 ± 1* # 

Female 40 ± 2 48 ± 2

BMI, kg/m2

Male 24.8 ± 0.5* 24.4 ± 0.4*

Female 22.6 ± 0.4 22.4 ± 0.4

Training, km/week

Male 15 (4-20) 34 (10-50)

Female 17 (7-50) 29 (10-40)

Post-running outcomes

Weight loss, kg 1.1 [0.3-2.0] 1.8 [1.0-2.9]

NSAIDs/analgesics detected in urine (%)

Paracetamol - 8 (17.8)

Ibuprofen 3 (8.6) 4 (8.9)

Diclofenac - -

Naproxen 2 (5.7) -

Paracetamol and ibuprofen - 1 (2.2)

Total 5 (14.4) 13 (28.9)

Note: Categorical values are presented as number (percentage); values for 
continuous variables are presented as median [range] or mean ± SEM.
Abbreviations: AKI, acute kidney injury; BMI, body mass index; NSAIDs, non-
steroidal anti-inflammatory drugs.
*Difference significant between male and female within 10 or 21.1 km run. 
#Significant difference between 10 and 21.1 km. 

F I G U R E  2  Changes in urinary 
neutrophil-associated lipocalin (uNGAL) 
with running alone (A) and with 
concomitant use of NSAIDs/analgesics 
(B). NSAID stands for ibuprofen and/or 
naproxen. Significance was assessed by 
the Wilcoxon matched-pairs signed-rank 
test (data presented as box, whiskers 10-90 
percentile)
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Completing 10-km run caused an increase in uNGAL only 
when combined with ibuprofen/naproxen use (P  =  .031; 
Figure 2).

There was a significant effect of NSAID/analgesic use on 
uNGAL (F2,53 = 5.335, P < .01). The Bonferroni post-hoc test 
revealed that the levels of uNGAL were significantly higher 
in runners who tested positive for ibuprofen/naproxen than in 
runners who did not use any medication (P = .045) or those 
who tested positive for paracetamol (P = .033). Running dis-
tance had a significant influence on the increase of uNGAL 
(F1,53 = 4.741, P < .05).

3.4 | Changes in the conventional 
parameters characterizing kidney function

Exercise-induced stress on the kidneys was noted from 
changes in the conventional parameters characterizing renal 
function. Runners completing either a 10- or 21.1 km race 
had increased levels of urinary albumin and albumin/creati-
nine ratio (Table 2). Urinary creatinine and specific gravity 
increased only in the 21.1-km runners but not in 10-km run-
ners. No major changes of urinary sodium, uric acid, glu-
cose levels, and ketones (data not shown) were observed 
with running. There was no effect of NSAIDs/analgesics on 

the levels of urinary creatinine, albumin, albumin/creatinine 
ratio, uric acid, and sodium. At the same time, the running 
distance was significantly related to the changes in urine-
specific gravity (F1, 60 = 9.231, P < .01), urinary creatinine 
(F1, 61  =  10.574, P  <  .01), and albumin (F1, 59  =  4.888, 
P  <  .05) observed with running. Urine dipstick testing 
revealed more cases of post-race hematuria in the 10-km 
runners (31 [88.6%] 10-km runners vs. 25 [55.6%] half-mar-
athoners, χ2 (4) = 18.44, P = .001, Table 2). The three-way 
loglinear analysis demonstrated no significant interaction 
between running distance, use of NSAIDs/analgesics, and 
degree of hematuria after the run (χ2(4) = 1.74, P = .783). 
At the same time, the frequency of low grade hematuria was 
similar in the 10- and 21.1-km runners, while high grade 
hematuria was observed only in five (11.5%) half-marathon 
runners.

4 |  DISCUSSION

It is known that recreational long-distance runners frequently 
use NSAIDs/analgesics before/during the competition in 
order to prevent exercise-induced pain and improve perfor-
mance.18,21,23 Self-reported intake of those medications by 
the ultramarathon, marathon, and half-marathon participants 

T A B L E  2  Variation in the conventional parameters characterizing the kidney function before and after 10 and 21.1 km run

10 km, n = 35 21.1 km, n = 45

Before After Before After

Specific gravity, kg/L 1.014 ± 0.002 1.010 ± 0.002* 1.010 ± 0.001 1.015 ± 0.001**# 

Creatinine, mmol/L 5.18 [1.93-11.81] 4.31 [2.46-8.87] 3.45 [1.66-6.62] 7.15 
[4.78-11.22]***# 

Albumin, mg/L 2.5 [2.5-11.5] 11.4 [5.7-35.2]** 2.5 [2.5-5.4] 27.0 
[10.9-77.6]***# 

Albumin/creatinine, U 1.03 [0.67-2.23] 3.95 [2.03-5.56]*** 1.12 [0.65-1.89] 4.09 
[1.59-1.89]***

Uric acid, mmol/L 1.40 [0.65-2.97] 0.82 [0.48-2.15] 1.04 [0.6-2.07] 1.3 [0.85-1.7]

Sodium, mmol/L 52 [29-104] 44 [29-69] 52 [30-81] 47 [34-65]

Hematuria, n (%)

1+ 1 (3.2) 13 (37.1) 4 (8.9) 15 (33.3)

2+ - 15 (42.9) - 4 (8.9)

3+ - 3 (8.6) - 1 (2.2)

4+ - - - 5 (11.1)

Total 1 (3.2) 1 (3.2) 4 (8.9) 25 (55.6)£ 

Note: Data presented as mean ± SEM, median (IQR), or number (%). Difference within groups was tested with Wilcoxon marched-pairs signed-rank test or paired t 
test with *P < .05, **P < .01, ***P < .001.
aP < .05. 
bP < .01. 
cP < .001. 
#Difference significant by factorial ANOVA. 
£Presence of hematuria was compared with chi-square test. 
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varied between 35% and 72%.6,18,24 Interestingly, a recent 
study involving 76,654 race entrants of the 21.1- and 56-km 
runs showed that only 12.2% (CI 95%, 12.0-12.5) of the re-
spondents reported the use of NSAIDs/analgesics before/dur-
ing the running event.21 Thus, the estimated prevalence of the 
NSAIDs/analgesics used in relationship with endurance run-
ning varies significantly among different studies and requires 
further investigation.

This study showed that urine samples of 32.5% half-mara-
thoners and 15.6% of the 10-km contestants were positive for 
the presence of NSAIDs/analgesics. To our knowledge, this 
is the first report to objectively verify the use of pain killers 
by recreational runners.

In contrast to the findings of previous studies, we demon-
strated that ibuprofen or diclofenac were most frequently 
used by runners.18,21,23 At the same time, a surprisingly high 
number of participants in the current study tested positive for 
paracetamol. Low self-reporting levels of NSAIDs/analge-
sics used in relation to the running event in our study may 
be explained by a low perception of risks related to the oc-
casional intake of these medications. This further validates 
the concerns expressed by other researchers about the lack of 
knowledge among runners about the potential side effects of 
pain killers.18,23,25

Another important finding of this study is related to the 
influence of running on the kidney. One of the best novel bio-
markers proposed for the assessment of the kidney damage in 
runners is uNGAL.11,14,26 uNGAL is a disulfide-bridged poly-
peptide with a molecular weight of 25 kDa.27 It is expressed 
in response to stressful conditions and is used to assess the 
presence of acute kidney injury and tubular dysfunction in 
various clinical settings.14,28,29 A variety of tissues and cells, 
including the kidney, neutrophils, intestines, airways, and 
epithelia, have been shown to produce NGAL and contrib-
ute to its levels if the serum.14,15,30 In the kidneys, NGAL is 
produced by tubular epithelium in the loop of Henle, as well 
as collecting ducts, as a response to injury. NGAL is predom-
inately released in the urine and not in systemic circulation. 
Therefore, the levels of NGAL in the urine are regarded as 
a good estimate of tubular damage.31 Systemically produced 
NGAL (eg, by activated neutrophils during strenuous ex-
ercise) is taken up by the proximal renal tubule, but it may 
also appear in the urine with injury to the proximal tubule.32 
Therefore, tubular injury is an essential pathogenetic event 
leading to increased uNGAL. We cannot completely exclude 
the role of exercise-induced neutrophil-associated tissue 
damage and oxidative stress, together with decreased renal 
blood flow, in exercise-induced renal dysfunction.33,34

The superiority of NGAL measurement in urine over 
serum in exercise settings was substantiated by the indepen-
dence of uNGAL and serum creatinine dynamics and, thus, 
less dependence on non-renal factors such as exercise-related 
muscle damage.14 An increase of 29.4 mg/dL or 38.8 mg/dL 

in uNGAL has been demonstrated in marathon runners.10,11 
In ultra-endurance events uNGAL increased from 4.4 mg/dL 
to 35.6 ng/mL after 60 km and from 17 mg/dL to 38 ng/mL 
after 100 km.14,35 The use of various detection methods in 
those studies (eg, electroluminescence, ELISA) may be re-
sponsible for some variability in the results.

The present study showed that running a half-marathon is 
associated with an increase in uNGAL. Use of NSAIDs (ibu-
profen/naproxen), which is a frequent practice in recreational 
and professional athletes, further contributed to the eleva-
tion of uNGAL, confirming that the use of those medica-
tions may increase the risk of kidney damage in runners.16,18 
Interestingly, the intake of the weak cyclooxygenase 1/2 
inhibitor paracetamol did not change the levels of uNGAL 
compared with ibuprofen/naproxen intake. In the previous 
study, which involved exposure of volunteers to stress con-
ditions simulating endurance exercise, paracetamol did not 
influence the kidney function, while ibuprofen caused sig-
nificant reduction in the glomerular filtration rate and urine 
production.36 It can be assumed that, in the settings of vig-
orous exercise, paracetamol may be a relatively safe option 
in situations when the use of a pain killer cannot be avoided.

Post-race hematuria and proteinuria described in this 
study are well-documented metabolic consequences of 
vigorous exercise. While hematuria can result either from 
foot-strike hemolysis, glomerular/urinary tract injury, or ex-
ercise-induced muscle injury, albuminuria results primarily 
from exercise-induced damage to the kidney parenchyma, 
with increased glomerular permeability and impaired tubular 
reabsorption. Previously, it was suggested that the degree of 
exercise-related proteinuria correlates with exercise intensity 
rather than with its duration.7 In our study, increases in uri-
nary albumin levels tended to be more prominent in half-mar-
athon participants compared to athletes running 10  km, 
suggesting that longer duration may also play role in the con-
sequent degree of proteinuria in athletes. It remains unclear 
why the 10-km runners developed hematuria more frequently 
compared to the half-marathoners. Higher levels of physical 
fitness and increased adaptation of kidneys to long-distance 
running may be a plausible explanation for this effect.

The major limitations of this study included a relatively 
small sample size. Moreover, it remains unclear to which 
extent an increase in uNGAL can be predictive of AKI as 
defined by the measurement of conventional biomarker 
serum creatinine. In the population undergoing cardiac 
surgery, the cutoff values of uNGAL suggestive of AKI 
ranged from 17 to 75  ng/mL by the ARCHITECT assay 
(same as used in this study).37 Due to different mechanisms 
contributing to the development of kidney dysfunction 
in these studies (eg, bypass surgery-related hypothermia 
and perioperative thermodilution rather than exercise-in-
duced hyperthermia, hypovolemia, rhabdomyolysis), it is 
difficult to determine to which extent those results can 
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be extrapolated to the runner population. In our opinion, 
the increase in uNGAL may be interpreted as a mild renal 
stress by analogy to the exercise-induced increase in car-
diac troponin that has been interpreted as a sign of mild 
cardiac stress and reversible cardiac injury.38

5 |  PERSPECTIVE

Risks associated with the intake of NSAIDs before/during 
long-distance running are well recognized by medical profes-
sionals but not always by athletes. Evidence from this question-
naire-based research suggests that a relatively large proportion 
of recreational runners use painkillers before/during the com-
petition in order to prevent exercise-induced pain and improve 
performance. Our study showed a discrepancy between the 
reported use of NSAIDs/painkillers and the results of urine 
testing, which might be attributed to the unawareness among 
runners about the potential adverse effects of those over-the-
counter medications. Additional efforts should be taken by 
coaches, sports physiologists, and public health services to in-
crease knowledge about the risks related to NSAID use while 
running. Importantly, the intake of NSAIDs further contributed 
to the development of renal stress during running. In situations 
when the use of painkiller before/during long-distance running 
cannot be avoided, paracetamol must be the preferred option 
in terms of its sparing effect on the kidney. However, its safety 
must be further investigated in clinical trials.

ORCID
Khrystyna O. Semen   https://orcid.
org/0000-0002-2209-3653 
Monique van der Lugt   https://orcid.
org/0000-0003-2355-4607 
Davy G. H. A. van Dam   https://orcid.
org/0000-0003-0823-2351 
Paddy K. C. Janssen   https://orcid.
org/0000-0002-3050-2728 

REFERENCES
 1. The Statictics Portal. Number of participants in running/jogging 

and trail running in the U.S. from 2006 to 2017 (in millions). 
https://www.stati sta.com/topic s/1743/runni ng-and-joggi ng/ 
Accessed October 18, 2019.

 2. Lee DC, Brellenthin AG, Thompson PD, Sui X, Lee IM, Lavie CJ. 
Running as a key lifestyle medicine for longevity. Prog Cardiovasc 
Dis. 2017;60(1):45-55.

 3. Lippi G, Schena F, Guidi GC. Health benefits of physical activity. 
CMAJ. 2006;175(7):776.

 4. McMullen CW, Harrast MA, Baggish AL. Optimal run-
ning dose and cardiovascular risk. Curr Sports Med Rep. 
2018;17(6):192-198.

 5. Lippi G, Banfi G, Montagnana M, Salvagno GL, Schena F, Guidi 
GC. Acute variation of leucocytes counts following a half-mara-
thon run. Int J Lab Hematol. 2010;32(1 Pt 2):117-121.

 6. Page AJ, Reid SA, Speedy DB, Mulligan GP, Thompson J. 
Exercise-associated hyponatremia, renal function, and nonsteroidal 
antiinflammatory drug use in an ultraendurance mountain run. Clin 
J Sport Med. 2007;17(1):43-48.

 7. Poortmans JR. Exercise and renal function. Sports Med. 
1984;1(2):125-153.

 8. Lipman GS, Krabak BJ, Rundell SD, Shea KM, Badowski N, Little 
C. Incidence and prevalence of acute kidney injury during multi-
stage ultramarathons. Clin J Sport Med. 2016;26(4):314-319.

 9. Hewing B, Schattke S, Spethmann S, et al. Cardiac and renal func-
tion in a large cohort of amateur marathon runners. Cardiovasc 
Ultrasound. 2015;13:13.

 10. Mansour SG, Verma G, Pata RW, Martin TG, Perazella MA, Parikh 
CR. Kidney injury and repair biomarkers in marathon runners. Am 
J Kidney Dis. 2017;70(2):252-261.

 11. McCullough PA, Chinnaiyan KM, Gallagher MJ, et al. Changes 
in renal markers and acute kidney injury after marathon running. 
Nephrology. 2011;16(2):194-199.

 12. Niemela M, Kangastupa P, Niemela O, Bloigu R, Juvonen T. 
Individual responses in biomarkers of health after marathon and 
half-marathon running: is age a factor in troponin changes? Scand 
J Clin Lab Invest. 2016;76(7):575-580.

 13. Parikh CR, Mansour SG. Perspective on clinical application of bio-
markers in AKI. J Am Soc Nephrol. 2017;28(6):1677-1685.

 14. Lippi G, Sanchis-Gomar F, Salvagno GL, Aloe R, Schena F, Guidi 
GC. Variation of serum and urinary neutrophil gelatinase asso-
ciated lipocalin (NGAL) after strenuous physical exercise. Clin 
Chem Lab Med. 2012;50(9):1585-1589.

 15. Haase-Fielitz A, Haase M, Devarajan P. Neutrophil gelatinase-as-
sociated lipocalin as a biomarker of acute kidney injury: a crit-
ical evaluation of current status. Ann Clin Biochem. 2014;51(Pt 
3):335-351.

 16. Lipman GS, Shea K, Christensen M, et al. Ibuprofen versus pla-
cebo effect on acute kidney injury in ultramarathons: a randomised 
controlled trial. Emerg Med J. 2017;34(10):637-642.

 17. Whatmough S, Mears S, Kipp C. The use of non-steroidal anti-in-
flammatories (NSAIDs) at the 2016 London marathon. Br J Sports 
Med. 2017;51:284-413.

 18. Kuster M, Renner B, Oppel P, Niederweis U, Brune K. Consumption 
of analgesics before a marathon and the incidence of cardiovascu-
lar, gastrointestinal and renal problems: a cohort study. BMJ open. 
2013;3(4):e002090.

 19. Joslin J, Lloyd J, Kotlyar T, Wojcik SM. NSAID and other anal-
gesic use by endurance runners during training, competition and 
recovery. S Afr J Sports Med. 2013;25(4):101-104.

 20. Martinez S, Aguilo A, Moreno C, Lozano L, Tauler P. Use of 
non-steroidal anti-inflammatory drugs among participants in a 
mountain ultramarathon event. Sports (Basel). 2017;5(1):11.

 21. Rotunno A, Schwellnus MP, Swanevelder S, Jordaan E, Janse Van 
Rensburg DC, Derman W. Novel factors associated with analgesic 
and anti-inflammatory medication use in distance runners: pre-
race screening among 76654 race entrants-SAFER study VI. Clin J 
Sport Med. 2018;28(5):427-434.

 22. Grenier FC, Ali S, Syed H, et al. Evaluation of the ARCHITECT 
urine NGAL assay: assay performance, specimen han-
dling requirements and biological variability. Clin Biochem. 
2010;43(6):615-620.

 23. Rudgard WE, Hirsch CA, Cox AR. Amateur endurance athletes' 
use of non-steroidal anti-inflammatory drugs: a cross-sectional 
survey. Int J Pharm Pract. 2019;27(1):105-107.

https://orcid.org/0000-0002-2209-3653
https://orcid.org/0000-0002-2209-3653
https://orcid.org/0000-0002-2209-3653
https://orcid.org/0000-0003-2355-4607
https://orcid.org/0000-0003-2355-4607
https://orcid.org/0000-0003-2355-4607
https://orcid.org/0000-0003-0823-2351
https://orcid.org/0000-0003-0823-2351
https://orcid.org/0000-0003-0823-2351
https://orcid.org/0000-0002-3050-2728
https://orcid.org/0000-0002-3050-2728
https://orcid.org/0000-0002-3050-2728
https://www.statista.com/topics/1743/running-and-jogging/


   | 1895SEMEN Et al.

 24. Didier S, Vauthier JC, Gambier N, Renaud P, Chenuel B, 
Poussel M. Substance use and misuse in a mountain ultramara-
thon: new insight into ultrarunners population? Res Sports Med. 
2017;25(2):244-251.

 25. Feucht CL, Patel DR. Analgesics and anti-inflammatory medications 
in sports: use and abuse. Pediatr Clin North Am. 2010;57(3):751-774.

 26. Alge JL, Arthur JM. Biomarkers of AKI: a review of mechanistic 
relevance and potential therapeutic implications. Clin J Am Soc 
Nephrol. 2015;10(1):147-155.

 27. Kjeldsen L, Johnsen AH, Sengelov H, Borregaard N. Isolation and 
primary structure of NGAL, a novel protein associated with human 
neutrophil gelatinase. J Biol Chem. 1993;268(14):10425-10432.

 28. de Geus HR, Woo JG, Wang Y, et al. Urinary neutrophil gelatinase-as-
sociated lipocalin measured on admission to the intensive care unit 
accurately discriminates between sustained and transient acute kidney 
injury in adult critically ill patients. Nephron Extra. 2011;1(1):9-23.

 29. de Geus HR, Bakker J, Lesaffre EM, le Noble JL. Neutrophil 
gelatinase-associated lipocalin at ICU admission predicts for 
acute kidney injury in adult patients. Am J Respir Crit Care Med. 
2011;183(7):907-914.

 30. Clerico A, Galli C, Fortunato A, Ronco C. Neutrophil gelati-
nase-associated lipocalin (NGAL) as biomarker of acute kidney 
injury: a review of the laboratory characteristics and clinical evi-
dences. Clin Chem Lab Med. 2012;50(9):1505-1517.

 31. Shang W, Wang Z. The update of NGAL in acute kidney injury. 
Curr Protein Pept Sci. 2017;18(12):1211-1217.

 32. Wettersten NW, Maisel AS.NGAL for the detection of AKI: more 
questions than answers. https://www.acc.org/latest-in-cardi ology/ 
artic les/2017/03/30/10/45/ngal-for-the-detec tion-of-aki. Accessed 
October 6, 2019.

 33. Suzuki K, Nakaji S, Yamada M, et al. Impact of a competitive mar-
athon race on systemic cytokine and neutrophil responses. Med Sci 
Sports Exerc. 2003;35(2):348-355.

 34. Sugama K, Suzuki K, Yoshitani K, et al. Changes of thioredoxin, 
oxidative stress markers, inflammation and muscle/renal dam-
age following intensive endurance exercise. Exerc Immunol Rev. 
2015;21:130-142.

 35. Kao WF, Hou SK, Chiu YH, et al. Effects of 100-km ultramarathon 
on acute kidney injury. Clin J Sport Med. 2015;25(1):49-54.

 36. Farquhar WB, Morgan AL, Zambraski EJ, Kenney WL. Effects of 
acetaminophen and ibuprofen on renal function in the stressed kid-
ney. J Appl Physiol (1985). 1999;86(2):598-604.

 37. Zhou F, Luo Q, Wang L, Han L. Diagnostic value of neutrophil 
gelatinase-associated lipocalin for early diagnosis of cardiac 
surgery-associated acute kidney injury: a meta-analysis. Eur J 
Cardiothorac Surg. 2016;49(3):746-755.

 38. Hickman PE, Potter JM, Aroney C, et al. Cardiac troponin may 
be released by ischemia alone, without necrosis. Clin Chim Acta. 
2010;411(5–6):318-323.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Semen KO, van der Doelen 
RHA, van der Lugt M, et al. Non-steroidal anti-
inflammatory drugs increase urinary neutrophil 
gelatinase-associated lipocalin in recreational runners. 
Scand J Med Sci Sports. 2020;30:1888–1895. https://
doi.org/10.1111/sms.13755

https://www.acc.org/latest-in-cardiology/articles/2017/03/30/10/45/ngal-for-the-detection-of-aki
https://www.acc.org/latest-in-cardiology/articles/2017/03/30/10/45/ngal-for-the-detection-of-aki
https://doi.org/10.1111/sms.13755
https://doi.org/10.1111/sms.13755

