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. 2 ala Runners {N= unners [Nx
n the BOStOn Marathon Reporting Not Reporting Repotting Net Reporting
at Firish Line  at Finish Line atFinishfime  at Finish Lins
Chugiopher 5 D, Almond, MO, M P.H , Andrew Y. Shin, 8.0 . {N=336) (N=137} (N=175) [NuL15)
Ehzabath 8 Formescue, M.D, Rebekah € Manni, M D, David Wypy, Ph.0. Age—yt 04288 404100 363:48 357288
Bryee A. Binstadt, M.D. PR.D, Chnstine M Duncan, M D, Nanwhite race —% H I & 8
David P Olson, 8.D., PR.D,, Ann E. Safetno, M D Prerece weight — kg 746485 76.6£107 58.826.7 587471
Jane W Newburger, M D, M P.H, and David 5. Greenes, M.D Body-mass indexf 7426 24.550.7 114620 N.4:21
“Training pace — minisez/mi Fi53+1:02 8:04+1:09 8:40¢1:01 :4121:02
Previous marathons — medlan no. 5(2-13) 4{1~-12) 4 2-8) 3 (1-6)
ABSTRACT {interquartile range}
Selfreported water foacing - %% 75 75 70 85
Selfreparted use of NSAIDs —%§ 51 54 £0 61
NACKGRGUHD Race duration — hrming 3:37:0:42 2:4540:40 4:0240:36 4502532
Hyponatremia has emerged a5 an imporiant cause of race-related death and life-threat-

ening iliness among marathon mnners. We studied a cohort of marathon ruoners to
estimate the incidence of hyponatremia and to identify the principal risk factars.

METHODY

Participants in the 2002 Boston: Marathon were recruited one ot two daps before the
race. Subjects completed 2 survey describing demographic information and maining
history, After the race, ranners provided a blood sample and completed a questionnaire
Aetailing their fluid constemption and urine output during the race. Prerace and post-
race welghts were recorded, Multivariate regression analyses wete performed o iden-

* Plus—tminus values are means £50. Tha tamperature and humidity at noon, at the start of the race, were 53*F (12'C) and
96 percent, respectively, at 2 p.m, at the firtish lins, they wete 55°F (13°C) and €3 percent.

 The bedy-mass indsx s the weight in kiagrams divided by the square of the height in meters.

1 Wate: leading was defined as ar increate I fluid consumption aboue baseline specifically In preparation for running the

Boston Marathon,

§ NSAIDs denctes nonsteroldal antiinflarmmatory drugs. Use of NSALDs was defined as any use within the week before the

Suston Marthon.

§ Race times of runners whe did not repart st the finish line were obtained by means of the Bosion Merathon tracking

Wek site.

tify sk factors associated with hyponatremia,
Flgure 2. Adjusted Odds Ratios for Welght Change A
RESULTS {Panel A}, Race Duration {Panel B], and Body-Mirs Incmc T TR PRI
Of 766 runners enrolled, 488 runners (64 percent} provided a usable blood sample at gfqmﬁﬂmdﬂwm smong Runness "
the finish lise, Thiricen percent had hyponatremia (a serum sodine conesntration of . ::&o" B“'""Eﬂ:“"" "‘;_ ot showwing the i 4000
135 mmol per liter or less); 0.6 percent had critical byponatremia (120 mmeoi per liter E:":l m:":::‘fw s;:g;: ;:: :: duratia mfiﬁm,w £ smo
ot less). On univariate analyses, hyponatremnia was associated with substantial weight atrenmia, and the quadratic relationship of body-mass index 2 w0
gain, consumption of mote than 3 liters offluids during the race, consumption of flu- with hypanatremia, were overkid ¢n the plot of the gener- § 0500
ils every mile, 2 tacing time of 4:00 hours, female sex, and jow body-mass index. On alized additive model, demonstrsting that the shmpler 0250
rultivatiate analysis, hyponatremia was associated with weight gain (odds ratio, 4.2; ;’;"‘;‘“;L’:Td; e the it ﬂ&:‘:" mﬁlmd’f' .25
95 percent confidence interval, 2.2 to 8.2), a racing time of >4:00 heurs (odds ratio for e Mel": d::ﬁ:“:lm ent the Pai;mm: o ,
;];e 1c)c||np:1|:hi1?;1wish aﬁ;ne of «3:30 hous, 7.4; 95 percent confidence interval, 2.9 to glstie regression it {quadentic for body i .d 4 by 5 3 I
,1), an y-mass-index extremes. linear for race durstion and waight change). Dotted lines Cha
piesent pointwise 95 pareent canfidence fimits for the Welght Changs (el
CONCLUSIONS parametsic fits. Pvalues denote the overall effect of the B
H N . - . . 1 late I predicling h ia in the p i
2 h mas‘}bmn?al& . naf_nanel.m‘. N o 3 s and can logistic-regression fit. ﬂr.i marks above the odds-ratic I L L R TR
be severe. Considerable weight gain while running, 2 long racing time, and body- curve repmasent runsers with hyponatrensa {defined as 4
mass-index extremes were assoctated with hyponatremia, whereas female sex, compe- serum sodium concenteationof 135 mmot ar less),
sition of fluids i g d. and vse of vidal antiinflammatory drugs Wete hot, wherazs tick mstks beloay the odds-ratic curve represent
rinners without kypenatramia, Al medsls wers con-
stralned to erots st an odds ratie of Unity.
Table 2. tate and Muttivariste Predictars of Hyp o, *
Variable Univatiste Predictors Muhtivatiate Pradictars
Hyp ia  No Hyp Odds Ratlo
(N=52) (Nemd26} Pvaluet  (95%CI P Vaiuet
Cemographic characteristics p
Age (1) 181205 39.0:8.4 052 - -
Homwhite race {562 2 H 100 — —
Fernale sex (%) £0 30 <0001 — —_
Body-mags index 228:37 o2 5 .68 — —
Categery of bady-mass |rdex 0.0l
<20 (%} P 3 — 25 (1158 003
2025 (%} 54 7 - 10§ -
»15 {%) 2 19 - M@zl s
Tratning and performance i - i LLIL LN
Previous marathans {no} ¥ H 0.008 — — 175 me 5 Bo M5 00
Training pace (min:sec/mi) 8:52:1:11 #:02+1:01 <0.001 — — Bady.Mass Index
Race duration (hr:mis} 41240:47 Zi42elead <0.001 —_ -
Categery of race duration (hr:min) 0.001
<3:30 (4} 13 44 - 108 - 80-) P<0.001 {Hyporatremsid)
3:30-4:00 (%) 35 3 — 3.5 (04115 004 70 ? P01.001 (Severe hyponatremial
>4:00 (%) 52 4] - 14 (20-231) <0001 z ol
Fluids and efectrolytes
Self-reported fluid intake 50 %
Frequency (%) <0.001 40
Every mile 7% 54 - — —_ %‘ 104
Evary other mile 25 35 — —_ — E 204 6 -
[ —
Evary third mile or less often 0 § — — a 10 0 g 1 Sy
Yolume, =3 liters (7€ 42 26 oel -— — o 54
Composition, 1009 water (%} 3 i 0.56 - - '@e . 3 RIS
Self.isportad water loading ()4 82 n 0.16 — — WS4 ;v“ﬁ ;‘9‘5’ b_g" 5< A
Self-reported frequancy of voiding
during race (3) 0.047 Waight Change feg)
None 51 £3 — - —
on 27 5 _ _ _ Figure 1, Risk of Hyp in wnd Severe Hyponsts Y »E‘L"
.n= mix According t Welght Chiange pmong Runners
Twice 8 & - - - In the 4002 Boston Merathon.
Thres thmes of fors 4 H — — - The 1524 height of the bar rapresents the percentage of
Pastrace weight = prerace weight (96} 71 ] DO 42(2287) <0001 TUAARTS in(a gnm:idmum af weight changa with hypa:
_ _ nairemia (serum sedium concentraticn at race comple.
Selfeported use of NSAIDS (%)} 5L 5 034 tion, <135 mmal per fiter), whereas the black area ofthe
b recents th entege of runi X .
+ Hyponatreia was defined as a serumt sedium concentration of 135 mmal per liter or less. Plus—minus valuss are means p:fr:tremin (!e:uirf::dim?;m::::ﬁr::;i:m:mh?
45D, €} Ganatas confidence interval, and NSAIDs nonsteroidal antiinflammatory drugs. Dashes indicate not applicable, letian, 130 mmok per iter), The numbers sbovs each
Percantages may hot sum to 100 because of rounding. E derote fhe !p”i e} &5 bote ¢!
+ Far the univariate anzlysis, il continuoue variables were analyzed with the use of i-1ests, ali categorical data were ana- 3 gen sample size in each weight-change category.
iyzed with the use of Fisher's exack test, and the number of previous rnarathans was analyzed with the use of the Wilcox The numbers do not sum to 48 because of missing
an rank-stts test. For the multivasiate analysis, P values were determined by Wald tests, and profils-likelibood confi- data. Onthe % axis, positive numbers denote weight gain,
dence Intervals ware determined with the use of logistic regression. and negative numbers weight loss, P valires wevs dater-
£ Race=was seif-reported. rained by 9 test for trend,
§ This group served as the raference group @ the muliple logistic-regression analysis.
§Water luading was definad as in ing fluid iah abave baseline specifically in preparation far running the
Boston Marathon.

| Use of NSAIDS was defined a8 any usewithin the week before the Baston Marathah.




