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Abstract: Utilizing a large sample, this study aimed to explore the distribution characteristics and

influencing factors of immunoglobulin (Ig) IgG, IgA and IgM during long-term high-intensity training

for elite athletes in Guangdong Province, and to establish the corresponding percentile reference values

and ranges. A total of 2 274 elite athletes from 35 sports events were recruited from 2012 to 2019. The

t-test of one sample was utilized to compare Ig levels between athletes and the general healthy popula-

« WFSHEHEE: 2023-07-10 SHEBH: 2023-08-07 MEEAHE: 2023 -10- 11
HEEWAR: T AARHGTHRIIHE (2019B110210004,2014A070705013 )
EE® N IR (19674E4:), &y MARAE: BaEFR. gGGE . 23)EHEE; E-mail: sallyzhy@126.com



514

AR, A TTARAE LT B 8 0 AR AR PR bR AR AE B R R R R

79

tion, while the #-test of two independent samples compared Ig levels across different gender and types
of sports. Additionally, one-way ANOVA was used to compare Ig levels across different sports event-
groups, seasons, and preparation years for National Games. The generalized estimating equation was
applied to analyze the factors affecting athletes' Ig levels. The skewness-median-coefficient of variation
method established the percentile reference values and ranges for Ig levels. The results indicated that
the levels of IgG (P<0.01), IgA (P<0.001), and IgM (P<0.001) in athletes were (11.50+2.20) ,
(1.92+0.66) , and (1.30+0.58) g/L respectively, significantly lower than those in the general healthy
population. The levels of IgG and IgM in male athletes were significantly lower than those in females
(P<0.001). Athletes dominant in physical sports exhibited significantly lower I1gG levels compared to
those dominant in skill-based sports (P<0.01). Distinct variances were observed in IgG (P<0.001) and
IgM (P<0.01) levels among different sports event-groups, and in IgG levels across various seasons
(P<0.05). The results also indicated that gender ( P<0.001) , sports event-groups ( P<0.05) , and
seasons (P<0.01) were key factors influencing IgG levels, with both gender (P<0.001) and sports
event-groups being key influencing factors of IgM levels. Furthermore, the 95% reference range for
athletes' IgG, IgA, and IgM were 7.34-16.56, 0.82-3.47, and 0.46-2.91 g/L respectively; for males,
they were 7.34-15.71, 0.88-3.47, and 0.46-2.27 g/L, and for females, 7.96-16.56, 0.82-3.36, and
0.63-2.91 g/L. The research suggests that more attention should be paid to the individual evaluations
of different gender and sports events, and the impacts of climatic conditions and temperature when
monitoring of immune function status of athletes. The percentile reference values and ranges of IgG,
IgA , and IgM levels obtained in this study can be accounted in accurately assessing the immune
function status of athletes , providing scientific evidence for monitoring training , evaluating the
immune system, and regulating nutrition in athletes.
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1.3 HiEERSE
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FBHRIC SRR, AR RN EES
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H. f&5if, FF. HFE. KENLEHHE4
1229, 1048, 62311 046 44353 & 5K, %K
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L5 el B N BEAH B, 32 30 51 1gG (24 1H 95%
CI=—0.23~-0.05 g/L) . IgA ( 2 {} 95% CI= -0.91~
-0.85 g/L) FllIgM(2£{H 95% CI=-0.53~-0.48 g/L)/KF-
ZMNBIHE G FE L 183051 1gG. 1gA FlIgM 557
AR 310 2.33%.2.24% F12.81%., 451,
2.2 BEHRIgHEMEZSH
2.2.1 RREM®AHEFH R gRFrrER AFRHE
HE11924, [i52.42%; Zizshbil1 08244, if
47.58%. Fiz 8 R 1gG Al IgM K BE T Lz o))
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b, HZNA g7 L (1gG: 2218 95% C1=-0.86~
-0.50 g/L;IgM: 2211 95% CI=-0.43~-0.34 g/L) , 4%
Rk 2,

2.2.2 RREHEAFREIZFHRABFZ SN [gk
Frus AWK 3541z s H 4 SR E s A Al

Fliz B IREUEAT 0 SR e (22 A 55, 1990) o 2

RIS,
4TI, IARRE 3252808 8h B 19 1gG /K7 B

BALTFHEEESREH R, AENAARIT¥E

X (#1H95% CI1=0.11~0.54 g/L) .
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Table 1 Comparison of Ig levels between athletes and the general healthy population
o pe=soi Dl T e R R EHE SEEAE A NEL /%)
X=SD/(g-L™) (95% AV /(g L) NELCE Ho%) A% ot At
IgG 11. 50+2. 20 11. 64 (6.81~16.48) 2221 (97.67) 5 (0.22) 48 (2.11) 53 (2.33)
IgA 1. 92+0. 66" 2.80 (0.87~4.74) 2223 (97.76) 49 (2.15) 2 (0.09) 51 (2.24)
IgM 1. 30+0. 58" 1.80 (0.48~3.12) 2210 (97.19) 41 (1.80) 23 (1.01) 64 (2.81)
1) “USE A REOY Ig B MEA 95% S (AU, iR BEmI B4t 5 m i He AL, “P<0.01, "P<0.001.
2 R[S B 5 1g 2K e (p=SD) Y
Table 2 Comparison of Ig levels among athletes of different genders (y+SD) g/L
P51 IgG* IgA IgM *
BT (N=1192) 11.18+2. 15 1. 94+0. 67 1. 120. 50
7 (N=1082) 11. 86+2. 20 1. 90+0. 66 1. 500. 60
1) ARFEFERIHLL, "P<0.001.
%3 RIS SHAIHE SR IE B 5T
Table 3 Distribution of athletes by different types of sports and sports event-groups
1BZhAEH B I by E| NECE /%)
PRESEE HE 51 (2.24)
KA I 32k R Wik, AATA, MR, WORBE, M 301 (13.24)
it 734 TERE, BCXIfE, WA 179 (7.87)
RIMESYE g, BT 71 (3.12)
RUMESENE  MRER, Bk, BN, B, R, BAR 184 (8.09)
HReF Tk FERXpLrE  CREEk, HEEk, IRECER, REK 112 (4.93)
RGxtpitt &k, SEek, fitek, Jkek, Rk, #EEk, FER, WRK 1000 (43.98)
R DU E IR B, F#i, WFE, HE, G0, #8dT 376 (16.53)
*4  AFiEEhFAIE ) B 1g K- AL (SD)
Table 4 Comparison of Ig levels among athletes participating in different types of sports (y+=SD) g/L
BEAAY IgG » IgA IgM
SRS 11.26+2. 15 1. 910. 66 1. 28+0. 53
HREERE 11. 5842. 21 1. 920. 66 1. 30+0. 60

1) ANEzEshZERI L, “P<0.01,

S0, ) is Sh RS 80 0 1 1eG
TgA K-, DA% S ok iz sh Wiz o) 51 1gM
Ko 5% . BASELZ shIifE 2 (8] 1gG . IgM 7K
2200 B gi it 24 38 X (1gG: F=6.02, P<0.001;

IgM:F=3.23,P=0.002)

2.2.3 RAE¥EH A ghkTF i KAREY
HAMRN A MEFGB—SH) . EF(6—8H) k3
(O—11 A& F(12—2 H)., 1, FFiz
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Table 5 Comparison of Ig levels among athletes participating in different sports event-groups (j=SD) g/L
B s S IgG” IgA IgM »

Pk 75 11.24+2. 03 1. 95+0. 62 1. 34+0. 55
USRS R 11. 5242. 07 1. 97+0. 68 1. 31+0. 54
[ pARES 10. 8142. 25 1. 79+0. 62 1.23+0. 51
PPN R 11.3142. 13 1. 92+0. 69 1. 28+0. 80
FIMESEAE 11.08+2. 18 1. 88+0. 73 1. 35+0. 64
HpgF Tk I Do X 44 11. 62+2. 49 1. 94+0. 69 1. 35+0. 59
[z X He 11.764+2. 18 1. 93+0. 65 1. 33+0. 59
& 2 XU 11.3742. 18 1. 92+0. 65 1. 19+0. 54

1) ARE2EHAREA ., "P<0.001; 2P<0.01,

5 1gG. FKTRIE 3 51 1gA FI4 223 3 B IgM /K F
A%, HANFEZT ZE6E 8 61 1gG K225 HA 5
8 X (F=6.46, P=0.011).
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A 2012—2019 4R F R AWM, &3 440z
R R T R R M A s BRI
R1432014 F1 2018 4F- Jy £ ik FERBAE, 2015 F12019 4F

ERHZF A, AR ARS8 5L 1g K E 2
B, AH2E5¥ Te4e 24 2 L (BT P>0.05) .

2.2.5 BEHRIgws 2 HaBE o4 HLIgG,
IgM Ay R AR, BEHCR PR R A AT g it 2 S0
PG B ah A B TR ZE T R R (2 4~
S.EDh AR, A UG TR . % IERE D)
KA Z SRR TN, SRS 5 A AR i Dk

X%’

RPEFEAE, 2012 F12016 A N ZEME4AE, 2013 12017 R mdbgikn . 250 %K 6.
(a) IgG (b) IgA (c) IgM
14 isuate s LG T I e rshose
s | 24 T
—~ 13 _ 15
T.Tl 0 T,_x 2.0 * I —‘,_] +——9
2 1] S0 &
Bt Bt 3
1.6 1.0
101
B e s loe—t———— B T
i FE HZE hE  x=F HE HE HZFE 4= HE HE HZE 4£=F
= = =
L IegG BA G237 X, P<0.05,
K1 RFEZETIE3) 50 1g KTl (e£SD)
Fig. 1 Comparison of Ig levels among athletes across different seasons (y+SD)
(a) IgG (b) IgA (c) IgM
1701237 1.92:0,68 1.92:068 i schic 2.0 2940, 1202053 oY
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BB 2.4
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= = ~ L5
‘_‘, 121 . 2.0 \ | o — 0 y i
& ! a8 L &
11 ] S
1.6 1.0°
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BERE REE REE FEF B REE R FEFE B REE R FEFE
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Fig.2 Comparison of Ig levels among athletes across different preparation years (y£SD)
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Table 6 Generalized estimating equation analysis of various factors influencing Ig levels in athletes

*6 1Bl R Ig/KFZ RN EM) AL IR b Y

IgM
AR - 5
B(SE) Z P B(SE) Z P
B 0. 00 0. 00
5]
i@ 0.83 (0.06) 203. 00 <0. 001 0.41 (0.01) 879. 40 <0.001
ifi 73 ® 0. 00 0.15 (0.04) 18.19 <0.001
PR Sk -0.02 (0.26) 0.01 0.939 0.18 (0.05) 13.20 <0.001
P 0.61 (0.18) 11.10 0. 001 0.20 (0.02) 72.37 <0.001
B FIAE T 0.71 (0.26) 7. 48 0. 006 0.14 (0.05) 7.75 0. 005
iz SR
FRIAEIE 0.09 (0.21) 0.19 0. 666 0.20 (0.04) 30. 21 <0.001
[ PR Ko 2k 0.67 (0.27) 5.99 0.014 0.25 (0.05) 23.42 <0.001
EEZRSEi RS 0.54 (0.17) 9.98 0. 002 0.21 (0.02) 162.29 <0.001
RO N 0.12 (0.18) 0. 45 0. 500 0. 00
He 0. 00
. S 0.09 (0.06) 2.00 0.157
2
&= 0.33 (0.10) 11. 10 0.001
PS> 0.34 (0.07) 23.10 <0. 001

1) a: IgGEMKF-; b, IgMBEIKF-; SE: FrifEiR,

TR, YER . 2SR 21 R R
B3 A 1gG /KGR &, Hoh etk b s
A FWHESR; EEME. RAAETTE . FERXT
P AN [) S 0 Pk 42 2h 30 2 Bl D LG ) ki
SIREE 3 B TgGK-Fi, HZERIA G0
X (A P<0.014),

PE I FNZ Sl IR 5 0 TgM K Y B PR 22
HorpLe Wt B s e, ok e .
FIUERRYE . RIMESEVE . FROHCIERRIZ M
S5 1a SRS Bl 51 LA S X2 s R iz 2 Y
IgM/KCFE, HZER S EE LA P<0.005) .
2.3 EHRIgANNESEENSEECEEL

ZIESHRIRS R TR, [gG. 1gA fllgM #
AR IE S 204 (A P<0.001), R T Box-Cox %
e J5 B s B bR e IE A A0 A, ¥IME9<0.000 1, JF
234975 1.000 4, PR R H LMS J7 3 53R [ 1 5
EHR G, IgA. IgM B BS%E (K 3), I
B 2.5%~97.5% J 5 B X (AR S AN R 1 51l iz 2 B3 1g
IKF-95% S HHEHE (R 7).

Bl 3w, ANREENZ R0 IgM, 1gG H 5
NS HHEERER, BHEMTat, 5%k24
w3

MR 7RI, SRR AL, AR dsr

Wiz sl i g S EUREIE, KN 1gG S HEE
Bl R RREE T, IgA FlIgM )2 2 (E 0 BRI

3 W ®

1) AW LI, 58 R 1g KA
bb, 38805 Ig K3 B FRAG 55 8 fd e A
SHHIE R, 1230 5 TgG /K5 % H ) =
TR, 1gA . IgM K-S 3 6 L] 32 258
ARG o $E7R 7512 2h Bl R AT R0
F 7 iz SR, H Tg KPS % 3 4 R AT AR
ILAFFE R 22 5 . A SCHRIRGE , 25 44 B2 32 B0
HSE 3 R ICUIN SR, Tg KV kb 7E 3 fd B AR
225 (5 BN Y R AR R AR (22855 ,2014) 5 53
AiRE, 104 FiEi2sh 5 B EIGME, 1gM ik
A 38 NS 25 (8 90 N 1 B (I K T CIREE,
2014) . ASCHFSE A5 R 5 A SO A BEA— 3

2) ARWFFERT i 5 5 1g K 2 I R T
TGt abr. @R ER, Ml Z s o
FEIEFE IR 1gG /KA SCRER 28, P ANz sh IR 2
S TgM KT S HE R 2 o ARIF 9% 4 1 1gG
IgM /K-8 K T Lok, X AT RE SRR 1 e )
REANTRIA G % 2R T 3% Jin 992 D) 8 (Zeng et al.,
2020 XA 2021), A B AIIAFTE K [ B s
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Fig. 3 Reference values for each percentile of Ig levels among athletes of different genders

K7 msh i SRR g K2 EEH
Table 7 The reference ranges of Ig levels for athletes

and the general healthy population g/L
febr WA Bl URIRARE  AEEE 3 5

5 7.34~15. 71
IgG  6.81~16.48 7.34~16. 56

7. 96~16. 56

0. 88~3. 47
IgA  0.87~4.74 0. 82~3. 47

0. 82~3. 36

0. 46~2.27
IgM  0.48~3.12 0.46~2. 91

100.63~2.91

PR L (Beery,2003), 1 52 AL I 28 WU 1) i 4 928
Uise, A B2 S HAM G S5 HREAL . A
Xif 32 By 54 G R 7K BRI 1 oA LSRR A

3) AWEFE KIS SR R W 1gG . IgM K
RO Z . L ks ) 01 1gG K B AR
THAbZ SR Z 2 05 4 Sk ) B IgM
IKF- B AR F HoAth iz sh Wi B2 2h 51 . A3 OCH8 B
X2 8l B G EHLAE AY 52 I Y SCERRIE AN 2. )
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