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Relationship between high body selenium load and eyesight CHEN Juan®, HE Wei', ZHU Xiao-
jun®, YANG Si-wen*, LIU Ya-giong*, XIE Qing*, MA Wen-jun® (1.School of Public Health, Peking
University, Beijing 100191, China; 2.National Institute of Occupational Health and Poison Control,
Chinese Center for Disease Control and Prevention, Beijing 100050, China)

Abstract:

[Objective] The biological effects of selenium have two sides. Proper intake of selenium
maintains nutrient metabolism and visual function of eyes, but insufficient or excessive intake
results in visual dysfunction. Studies have found that insufficient intake of selenium increases the
risk of shortsightedness, but there are few reports on the effects of excessive selenium intake on
shortsightedness. This study is designed to investigate the relationship of eyesight with selenium
levels in blood, urine, and hair, as well as serum selenoprotein P (SEPP-1) level in populations
with proper and excessive intake of selenium.

[Methods] A cross-sectional study was used to select residents living in Enshi of Hubei Province
with a high soil selenium level (exposed group) and Xiantao of Hubei Province with normal soil
selenium level (control group). According to the principle of cluster random sampling and the
inclusion criteria, the study finally recruited 303 subjects, including 154 residents in the exposed
group and 149 residents in the control group. The basic information of subjects were collected
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through questionnaire. Eyesight was detected with international standard visual acuity chart. Blood, urine, and hair samples were
collected to measure respective selenium levels and serum SEPP-1 level. The eyesight and selenium load were compared between the
exposed and control groups. Binary logistic regression analysis was applied to explore the relationships of selenium in blood, urine, and
hair and serum SEPP-1 with eyesight.

[Results] The selenium levels in blood, urine, and hair in the exposed group were significantly higher than those in the control group
(P<0.05), but the serum SEPP-1 level was significantly lower (P<0.05). There was a significant difference in the distribution of blood
selenium grades between the two groups (Z=-11.42, P<0.05). The results of visual acuity test showed that there were 40 cases with
shortsightedness out of 149 subjects (26.8%) in the control group and 80 cases with shortsightedness out of 154 subjects (51.9%)
in the exposed group, and the rate of shortsightedness in the exposed group was higher than that in the control group (P<0.001).
The levels of selenium in blood, urine, and hair were moderately correlated between each other (0.4<r<0.7, P<0.001), but had no
significant relationship with the level of serum SEEP-1 (P>0.05). The levels of selenium in blood, urine, hair were significantly higher
in the shortsightedness group than those in the normal eyesight group (P<0.01). Moreover, there was a significant difference in the
distributions of selenium in blood, urine, and hair among different eyesight grades, and the selenium levels increased with the severity of
eyesight impairment (r values were 0.207, 0.160, and 0.171, and P values were <0.001, 0.006, and 0.003, respectively). The binary logistic
regression analysis results turned out that the risk of shortsightedness was higher with the increase of the levels of selenium in blood,
urine, and hair (ORs were 7.838, 2.431, and 6.896, and 95%Cls were 2.533-24.252, 1.148-5.146, and 2.080-22.831 respectively) after
adjusting for factors such as sex, age, education level, body mass index, smoking, and drinking.

[Conclusion] High selenium load will increase the risk of shortsightedness, and higher selenium load is associated with more severe
eyesight impairment.

Keywords: selenium; shortsightedness; environmental exposure; blood selenium; urine selenium ; hair selenium; selenoprotein P
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Table 1 Basic characteristics and eyesight of study subjects
SERA (n=149) REA (n=154)

AEX R

FEASWRAM R AFESEULME

rE Conuolgroup_Bxposed growp SEPP-1 /KM D MIERINER 2, IFBHNRERER
Variabl 4] % A % —= kS AL B 73
e R i cn KBEAM. R KBSESTIRA (P<0.05), B8
1451 (Gender) * 1.836  0.175 =28 M7 SEPP-1 K FEHMEFXFEBLE (P<0.05) 0
% (Male) 73 493 64 41.6 %[ﬂlﬁﬁ”ﬁ%Eﬁfﬁzﬁ?9100"‘340p.g/L, &m
2Z (Female) 75 507 90 58.4 - . - .
AR (%) * voos oo I Im R S 7= K B S8 F 9 100~200 pg/L, s i
s FRMBAMRBAMPREES M 100ug/L.
INF F
Primary school or lower 7L 483 75 a8.7 >100~200 pg/L. >200~340 ug/L I Xz >340 pg/L 7
L\ % — |73 == S — | —
e e 76 517 79 513 =4, BRET, WRASSEANHAS BERH
BMI (kg/m’) w607 o014 MIAFRENDHEFEER (2=-11.42, P<0.05),
o~ 3 2.0 5 33 e
() o
18.5~ 50 336 74 490
2~ 62 416 54 358 2.3 M fEfstnz BevE X
28 3w 28 18 119 MEXDWERER, M. R, AFEEEZEHE
TRJR (Smoking, %) 3.014 0.083
& (N:)O K 103 691 120 779 FEMEX (0.4<r<0.7) (P<0.001) , Tl SEPP-1 7K 5 M.
2 (Yes) 46 309 34 691 FR. RIS E2ZEI¥ARMEX (P>0.05), L& 4,
T}GE (Drinking, %) 0.512 0.474 2.4 FEMRRABFE AT
% (No) 110 73.8 108 70.1 . e s e -
2 (Yes) 39 262 46 29.9 MHOEESEMARED. R, KESERME
IEAR (Shortsightedness) 19.950 <0.001 SEPP-1/KEM N HIEBERINEKS, IESHMWRBERE
g oA TOEMAEN, R, AW BRESFANEZA
=2 (Yes) 40 26.8 80 51.9
[E] « : BURTFETRK, [Note] *: Missing data. B (P<O-01)°

®2 MWREASRBEHAM. R, KFARIMNE SEPP-1KFRIELIR

Table 2 Comparison of selenium in blood, urine, and hair and SEPP-1 in serum between control and exposed groups

FRHE (Urine selenium, pg/g Cr)

SEPP-1 (mg/L)

M#% (Blood selenium, ug/L) K (Hair selenium, ug/g)
i Pas Pso P35 Max Min Pys Pso P Max

4151 (Group)

Min Py Pso P;s  Max Min

Pas Pso Ps Max

JHBZ =
SYFREH (n=149) 72.50 115.10 131.00 156.70 239.70 0.02 0.43 0.55 0.71 1.23
Control group

ZA (n=
REA (1=154) o) 35 166,65 23850 365.35 95720 029 055 070 099 311

5.71 2334 3442 4892 22875 0.13

5.82 28.06 46.44 113.89 978.46 0.15

3.24 556 10.51 64.34

262 421 778 69.32

Exposed group
z -11.37 -8.599 -5.370 -2.373
P <0.001 <0.001 <0.001 0.018
%3 WRESRBARRMAESRNS T
Table 3 Distribution of blood selenium grades between control and exposed groups
< 100pg/L >100~200 pug/L >200~340 pug/L >340pg/L
285! (Group)
n  #AELL (Proportion, %) n  #IAELL (Proportion, %) n  AEEL (Proportion, %) #ALEL (Proportion, %)
SFEBH (Control group) (n=149) 25 16.80 116 77.86 8 5.40 0
54 (Exposed group) (n=154) 1 0.60 50 32.50 52 33.80 33.10
x4 M. R XESERME SEPP-1 KFEZEMEXXR (1)
Table 4 Correlations among levels of selenium in blood, urine, and hair and serum SEPP-1

= (Variable) &HH (Hair selenium) %A (Blood selenium) FRHA (Urine selenium) SEPP-1
& (Hair selenium) 1.000
Im#% (Blood selenium) 0.660™" 1.000
FRHA (Urine selenium) 0.576"" 0.623" 1.000
SEPP-1 -0.004 -0.008 0.068 1.000

[3* (Note)] # : P<0.0010
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Table 5 Comparison of selenium in blood, urine, and hair and SEPP-1 in serum between shortsighted and normal eyesight populations

IM## (Blood selenium, pg/L) &HF (Hair selenium, pg/g) FRHF (Urine selenium, pg/g Cr) SEPP-1 (mg/L)

MITKR
Eyesight Min P Po  Ps  Max Min Ps Py  Ps Max Min  Ps  Ps  Ps Max Min  Ps  Po  Ps  Max

Jil (g
UNER (nA 183) 73.80 121.30 152.70 209.60 957.20 0.02 0.43 0.55 0.71 231
Normal eyesight

IR (n=120)

5.71 23.34 3442 4892 466.28 0.71 3.13 536 9.20 69.32

72.50 135.70 193.40 284.10 871.00 0.23 0.50 0.61 0.84 3.11 5.82 27.88 40.06 76.88 978.46 0.13 238 437 9.28 64.34

Shortsightedness
z -3.565 -2.943 -2.605 -1.255
P <0.001 0.003 0.009 0.210

H—BRITRAEBFD NEERTIHB AR ERS
BADN, ERETAENRM. R KREEMHEE
MAAIZERNMEZ W EFES (. {EH5170.207,

0.160#00.171, P{E%7 %! <0.001, 0.003 #1 0.006) - M
075 SEPP-1 K FEARRMAFRE D HHNESAFER
FITEENX (r,{E9-0.074, P{E}90.202), K6,

®6 FEMAOFRABM. R, RIFEXRME SEPP-1 & 82LLIR

Table 6 Comparison of selenium in blood, urine, and hair and SEPP-1 in serum between populations with different eyesight levels

IM## (Blood selenium, pg/L) ZHF (Hair selenium, pg/g) FRH# (Urine selenium, pg/g Cr) SEPP-1 (mg/L)

MOER

Eyesight levels Min Pys Pso P;s  Max  Min Py Pso

Max Min Pas Pso Ps Max Min Pas Pso P35 Max

m (o
HIER (n‘ 183) 73.80 121.30 152.70 209.60 957.20 0.02 0.43 0.55
Normal eyesight

BE#M% (n=105)
Mild injury

FREERS (n=15)

Moderate injury

72.50 134.45 185.60 278.45 871.00 0.23 0.49 0.61

132.20 138.80 220.30 430.10 732.50 0.46 0.51 0.63

231 5.71 23.34 34.42 4892 466.28 0.71 3.13 536 9.20 69.32

Sl 5.82 27.48 39.36 74.44 52354 0.13 225 469 930 64.34

1.89  20.40 29.49 60.25 189.00 978.46 0.14 249 3.79 843 23.00

rs 0.207 0.171

P 0.000 0.003

0.160 -0.074

0.006 0.202

2.5 EMAREEMARS T

¥ F Z 7T logistic Bl)37 4, AR T EMEAN T
£ (0=1FE& ; 1=8f), B34 MFRREB =T logistic
ElADIRE, DIDEMEAENE AR, FRA
ERHAEZMAZREN, SEREHRKREUKRAK
HREIED, S MEREEMS. Eid. XHEE.
BMI. IRJA. IUBERIENBEEMN DI, RE—F
Mo AN M. AEFAR ESRYPRIA. &, SEPP-1
SHHKFEENBTE. 5. XHEE. BMI. TRE.
MBRADEETE,

PMERETR, M. R ALK SEPP-1 K F—
ERE LT MAEN RN (P<0.05), M.
FRAFE. RIEHISTHUKESHE 124, NEME
JEXF TS, OR R H 95%CI /3 7.838 (2.533~24.252) |
2.431 (1.148~5.146). 6.892 (2.080~22.831) ; SEPP-1
SHEOKFESHR 1 NEA, NHEMAY R HXEGREE,
OR K2 H 95%C1 79 0.454 (0.235~0.878) , FRltb =z 4h, 4
IREBN D AT R B R FIR AT 20t J1 7K, Tk
X, BB BHEX LS (P<0.05). &K 7,

=7 EMEMEZEL T logistic B3N
Table 7 Binary logistic regression analysis of factors for
shortsightedness

EAIFE S

Influencing factor b S Wald)(l P OR 95%c1
1A —

M#% (Blood selenium) 2.059 0.576 12.765 0.000 7.838 2.533~24.252

FH? (Age) 0.075 0.019 15228 0.000 1.078 1.016~1.105
MR

FRH#A (Urine selenium) 0.888 0.383 5391 0.020 2.431 1.148~5.146

FEE (Age) 0.062 0.019 11.090 0.001 1.064 1.026~1.104
HR=

&K (Hair selenium) ~ 1.930 0.611 9.976 0.002 6.892 2.080~22.831

Fie (Age) 0.073 0.019 14.565 0.000 1.076 1.036~1.117
A

SEPP-1 -0.789 0.336 5.511 0.019 0.454 0.235~0.878

FEE (Age) 0.075 0.019 15.366 0.000 1.078 1.038~1.119
3 itie

DZ/T 0295—2016 { L FREM KL FEIFNFE)
P IERERK D IEINE, TIEEEE>3mg/kg I
WP RIX, TEAS ST 0.4~3mg/kg AEHEX, T
ERES 8N F0.175~0.4 mg/kg NIAIEE X 1), #Adt
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MERRES, MR HREEL", EEeFEY
B REATRX. SfX U KRAEE X+ I1ER
BEHTN, HHEWMFIYEE9 517 6.02. 0.75.
0.45mg/kgo RIARFTIEBNEBRZALHAEREME
HMXTIEWEEIKTF0.4mg/kg, s EIXE
15.17mg/kgo TS ETEHIZE MK IEYHH S
£, BtXREMES EWAENERS, XZMEY
Hm#TRIBEMEMEYHESERENHAX
HILERELTFEY, AEBELF2BRETESR,
I B RIEYEERERFANK, FEILLE]
B IR A 2 ARSI T S it B RIFR N KT,
TIE KSR, KEWRERIEE S0 REETEIN
R|REKF, M. K. AFBESENERHTEARE
KRR B, MR BT 2 BRAFIR N K AR LA R AR RY
Mg, X FHIFRZME, FRAEFLOETNE
MR APHFFRERIUN ; RIESEBRFRANEG X,
= REAEIFKFEREIREY) ; AR BUE EREK
NEINREBAE, BT A KPHEBERS, 40
REBHBRM. R. RPHETEREEVHRES TN

R, HER SRt T REIEZRHEY S,
KNIARFTERNBREALASRAABETFR. 5

HEERTE). 5. XWEE. A, TUEEARIBR
FEYFTEBESR (P>0.05), MAABYEFTER
M, EEFFRARARIIBREAREN, FREEAST
BB ANBEMA— IR, H—FRRBOESIER
X Fo P AILEMABM., R APHESES5 TN
HIEE AR, BiIEMABMAAREFE (193.40 ug/L)
e TEREEE ATNEEM T EE MAEFY
B (128.00pg/L) , KW REFE (0.61ug/e) HET
HAAREY BENELTIESEMN I/ NEE LT TS
18 (0.44pg/g) o BN MGEERTOR, ERET
FEEMNDRBIEENME, AR ABM. R, KB
SEENHEASHE (P<0.05), BAalHEmSE
MR KR, EIRAET E5). Fid. XHRE.
BMI. IRJE. IUBERERRE, HMLMM. R. £FS
ENA SR ILEME & £ X (P<0.05) , {BFRIF
KIS ANEMER N BAEATAERR, 2%
RAEEWMBAT NI BERFEK R RTRE
BMER, BRIXTFIREMAENFIRIRITEEEFRTF
BEMKEREZERAAE ™, 4555 Z 7T logistic []
3 MR B IYFREA 25 % LU _E AR EE A BT AL AY KBS e
EFERMIEKMAS, X5FZFENARERE—

By e 1020 (BAHFARE BE AR RIS
e, XtERHREEREZL,

[ SEPP-1 7 AR NFFMR T 55 pg/d BY 0] iz BRAK
AIEKTE, FitbE B FFEHEBATE. BHREAI
A FE £9 1 8~80 pg/LSE B A AY, 1M SEPP-1 5 I
WRESEIEAEX, 83 miAKETE 80150 ug/L3E
BT, [N SEPP-1REAEFE, HAERFESS“6mg/L
KA, FREmERENEMMmEEBEERH 2, &
RT3 PR 2B A B¥ M AR B SE E 1 72.5~239.7 ug/L 2
i8], If0SEPP-1;KESEETE0.13~64.34mg/L 28] ; £
B A BEIMAF R ESE B 7E 92.3957.20 ug/L Z i8], [
SEPP-1 3R EE B E 7£0.15769.32mg/L 2 18], B A& 1
B R EE i F 80~150 ug/L Z (8] B9 Il SEPP-1 7K EESE I TE
0.71~61.59mg/L, F & BB TREFHEIFE 6 mg/L,
X5 FAREINMARER T — &7 T logistic
B3P HERETR, FEEIE SEPP-1 K FHHA S, b
LAY B R XL PR (P<0.05) . B aiiH R I SEPP-1 5
ITMAEE X ANEXIRE, SEAROERES D
SEPP-1/REXARBLR, XIF it logistic BN HT1F
FIB sepP-1 K F 5iE M E AKX 2 (8] X R0 E
B ARABEAE R R R E— P IER,

BEFEBREAGRELFHNEEE0.36 mg/kg F
0.5mg/kg, B S H S 9L R E N 3mg/kg?,
MARRNEEAE 1 ARFKFSTF 3mg/kg. dT/1
FEMREY, ANIMRIEEERNREFIZEK
TR AR NAR HEER 2>, tREERR
B3t F R BN REEF R NETEE 30770 pg/d,
RARESBNEHZFECEE I 3007400pug/d, ATE
B 15 H Y B N = £ 250~300 pg/d A, BNET1E 02
BUNEFREI B RN, HaHINE MBI &M R K E
el MAHRE R ER, BMES MAFAF A& K
FRFIRKRIEZETCEAN, HESRAWNMAOER —E
HFa, BARFKTEES, ORGEERE™E,
EHNFES L, BFENRINNRGEEMPSIE
REMWE—ME™, BFMAONEMRRRE, B
ERTEE, RZAESERIRIEFTESHBALE
Bx, FEILBINABXRE I ZRE B sl xR
ANBHEBRMN IR, EMTIEMmAESHREERE,
RAJgERRRIE 2B A EERISERIRE.
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