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Special column: Solar greenhouse workers' health
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Abstract:

[Background] Due to long working time and complex and changeable lighting conditions,
greenhouse workers' anisometropia is an issue of concern.

[Objective] This study is conducted to evaluate the relationship between solar greenhouse
working and anisometropia of workers.

[Methods] Subjects of a solar greenhouse group and a non-greenhouse group in northwest area
of China were selected. Questionnaire survey was used to collect general demographic
information. Standard Logarithmic Visual Acuity Chart (GB 11533—2011) was used to measure
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naked eye vision before working, the absolute value of binocular visual acuity difference was calculated and converted into classification
variables, and both anisometropia absolute value and classification variables of anisometropia were used as indicators to compare the
difference of the two groups. A cumulative exposure index that multiplies exposure time and number of greenhouses was further
introduced to evaluate cumulative exposure levels of the greenhouse workers and was used to divide them into low, medium, and high
cumulative exposure subgroups. Generalized linear model and logistic regression model were used to analyze possible risk factors
associated with anisometropia.

A total of 1002 subjects were enrolled in this study, including 739 workers in the greenhouse group and 263 workers in the
non-greenhouse group. The medians (interquartile intervals) of anisometropia of the greenhouse group and non-greenhouse group were
0.1 (0, 0.2) and 0 (0, 0.1) respectively, and the difference was statistically significant (P <0.05). The proportions of anisometropia=0,
<0.2, and>0.2 in the greenhouse group were 34.2%, 55.2%, and 10.6%, respectively, and those in the non-greenhouse group were
58.2%, 34.6%, and 7.2%, respectively. The difference of anisometropia distribution between the two groups was statistically significant
(P<0.05). According to the cumulative exposure index, the greenhouse group was divided into low, medium, and high cumulative
exposure subgroups, with 154 (21.0%), 188 (25.6%), and 392 (53.4%) workers, respectively. There was no statistical significance in
anisometropia among workers with different cumulative exposure levels (P> 0.05). The results of multiple generalized linear analysis
showed that greenhouse working was a risk factor of anisometropia (b=0.053, P<0.05), and the results of multiple logistic regression
analysis showed that greenhouse working was associated with an increased risk of anisometropia (OR=2.586, 95% CI: 1.473-4.539). The
results of multiple generalized linear analysis showed that medium exposure level increased the degree of anisometropia after adjusting
age, gender, and other factors (b=0.054, P < 0.05).

Solar greenhouse working may be a risk factor for increasing anisometropia in workers.

solar greenhouse working; anisometropia; cumulative exposure; eyesight
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T RANFHEBRAT A (1) Fi=18 %, () EHME
F=215F; 3) ZHAFIFFIRA. FIERARNRIYE
EHNBERIEPR, AHRBE TEREEREEZERSED
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Table 1 Matrix of cumulative greenhouse working exposure

N=—) ~ ;‘DEHE* % N
REEL ML B El/EF Number of greenhouses ait
Experience in greenhouse work/years All
1(1%) 2(2%) >3(37)
1~5 (1°) 19(62)  2°(25)  39(22) 109
6~10 (2°) 2°(67) 4°(100) 6°(57) 224
>10 (3°) 39(66) 6°(189) 9°(146) 401
&1t (All) 195 314 225 734

Ela HE L 2 M 3PN UEREDFIENXNEKFERE. PEKF
BEENEKTRE, BRREEREIENSAIN 1. 2/ 3, b: T
FRA 1~5. 6~10 F1>10 FNFNEX AKX FERE. PKTRE
MEKTERE, RRNEIEHDF1 1. 20 3, ¢ RREKTR
B. d: ERHPKFERE. ! ERBKTRE, ERBERU-5
BREHSIEH-BENEIEE, tEHES I [11]

[Note] a: Having 1, 2, and 3 and more greenhouses are defined as low,

moderate, and high levels of exposure, and corresponding number
of exposed greenhouse indexes are 1, 2, and 3, respectively. b:
Working 1-5, 6-10, and > 10 years are defined as low, moderate,
and high levels of exposure, and corresponding exposure time
indexes are 1, 2, and 3, respectively. c: Cumulative low-level
exposure. d: Cumulative medium-level exposure. e: Cumulative
high-level exposure. Cumulative exposure index=number of
exposed greenhouse index x exposing time index. See reference
[11].

1.5 FHitFEDH

HERANFEESHHRER + KT, &R
ENER M(Pyss Ps) TIN5 TTEE R LAGIER (HA A% EL)
KT FEESHHNITERF RRRAE LLRE
BtiRHFEDT, RHEESHHER Mann-
Whitney U 2388} Kruskal-Wallis H #0238, K AR F &
"X &EMRB(RE )MEBRET XNEMER(EE
D DMBEASENEMAR, HPRE 1 LEEME
BEEVABTE, ZE 2 LEETMNEREMEIL(ZR.
B FR(<50% . >50% ) MHI(E. ). RIE
(B BB (R.B) RBEREUNERUT. ¥
. B L) FEATTRENEMERMNERE, #
—TREASEENHNNDETE(0. <02 >0.2),
DEKIBAITHRMARNNIBERIT. REEERFM
ZAE logistic Bl)IRB D HEASED LT ENFE
MEAZR, EFBEEAZE logistic @)FBRUIREMNEEE
I NBETE, ZEAZE logistic B)FIER UZEMNER
=Rl F8E. MR A VB, SBERESEER
O RER R MMER R NIEEYL, A MLk BY (B AR = £K
ENEASENEM, URREBER VBT EHTT
BRE XEMREMEREE logistic [, #H—
TRIEERE. M5 KA. B SHBERER, #1T
[ XA MERBF Z A X logistic [B]Y3 5 #7, BY a=0.05.
$=0.10 A F{E, KILKE a=0.05,

2 4
2.1 HRRIR—ARIE

LA ANBEERL . BMI. IRIR. TBD R ER TSI
FEMN(P>0.05), H5). RBABREESHERBLRIT
FENX(P<0.05)0 mELAMILBYIE] 1~5. 6~10 > 10 F
B AR EL) 99 59 119(16.1%) . 229(31.0%) F1
391(52.9%), #BHE 1. 2 =3 MEEMATR(HALLL)
53579 195(26.6%) « 314(42.8%) 225(30.6%), ¥ Il
xR 2, RIBERRBEIEHTMGEEARE KT, BEH
ARAPRRE. F. S KFEERENHE(MMELL) 55!
79 154(21.0%) . 188(25.6%) 1 392(53.4%), Tl & 1.

&2 HAWNKR—RER [n(%)]

Table 2 General information of study subjects [n (%)]

TE JRZEH(n=739) PR =2 (n=263)

Variable Greenhouse group Non-greenhouse group

1451 (Gender) <0.001
5 (Male) 311(42.1) 77(29.3)
% (Female) 428(57.9) 186(70.7)

£EH8/% (Age/years) 0.551
<50 386(52.2) 143(54.4)
>50 353(47.8) 120(45.6)

BMI/(kg-m™) 0.179
<18.5 32(4.3) 5(1.9)
18.5~23.9 371(50.2) 131(49.8)
>24 336(45.5) 127(48.3)

ZHBEERE (Education level) 0.004
IJ\.A?&LX—F 304(41.1) 101(38.3)
Primary school or below
#)9(Middle school) 337(45.6) 104(39.7)
%._EP&LXJ: 98(13.3) 58(22.0)
High school or above

TRA® (Smoking) 0.642
JFIR MR (Non-smoker) 608(82.3) 213(81.0)
IMIEH BIRIAE
Current or former smoker 131(17.7) 50(19.0)

T3 (Drinking) 0.179
7 (No) 167(22.6) 49(18.6)
ZE (Yes) 572(77.4) 214(81.4)

BECEL MBI/

Experience in greenhouse working/years
1~5 119(16.1) — —
6~10 229(31.0) = =
>10 391(52.9) = =

BEHE

Number of greenhouses’
1 195(26.6) — —
2 314(42.8) = =
>3 225(30.6) - —

[ ]a: 5 BARNRERRK,

[Note] a: Five subjects have incomplete information.
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22 EBHRBERNR
RIEMENSEBEINEREXLE >1.0D)4 A, 1
BEAEWVAR, REAR LS ELIERAIL

(0.1) 5IFREH0) ML ERERITFEREN(P<0.05),
BEXSEEADEZENIT, ERER, BEAS

EEEHENBEDTNESEARITFEN(P<0.05),
BEHBNBE<0.2 1 >0.2 BEMALL 5179 55.2%.
10.6%, m T IEREBMALLL( D579 34.6%. 7.2%), I
* 3

*®3 BEAMIFEEAREKXSEKTLLER

Table 3 Comparison of anisometropia between greenhouse
group and non-greenhouse group

RAKFEEBAL, ERTKFEERBARABNEE
(b=0.054, P<0.05), M3 6, EREFMZEE logistic
El)IREBY TSI F RN (P>0.05), IL&K 7,

x4 BOREELAREXRSESBEELXEN
logistic ElVItEE 547 (n1=1002)
Table 4 Logistic regression analysis on correlation of greenhouse
working and anisometropia in greenhouse workers (n=1002)

— BEL(n=263
SBEE4H(n=739) AR E 4 (n=263)
Non-greenhouse P

Greenhouse group

ErsE

Anisometropia

group
| BRI I-BEERE A |
| Left vision-right vision| [M(Pss, P;s)] 0.1(0,0.2) 0(0,0.1) SULOE
MATLLER 0.001
Comparison of visual acuity [n(%)] <0

| =BRAL1-B R AT | =0 S e

| Left vision-right vision|=0 ’ ’

| EBRMF1-RERI A | <0.2 208(55.2 01346

| Left vision-right vision| <0.2 B2 (GLE)

| EBRAL - BRI A7 1>0.2

78(10.6) 19(7.2)

| Left vision-right vision|>0.2

23 EBABENFMEAER

BREASEBENELETE, UIEREEIIER
SR, WREEWENBEEE, #HITERRENZAR
"X &SRB DM, RIYKRP, NEBHREMIE
Rl S5 EHBEIBKRE K (bprz=0.058, bzrz=0.053,
¥ P<0.05),

BEASEENDELTE, LIFREELERS
B, LLREEWERNBZE, #ITREE logistic [2]Y3
BRI, ERKRAE, BELRLERE NS E<02 K

o RIERZEAHM 2.715 1&(P<0.05), BREHKERE N

?%% >02 FIX PGB IR EHAY 2.486 1% (P<0.05)
RIBZEZE logistic BT, BELBLERENSE
<0.2 XL BIEBELHRMY 2.553 1£(P<0.05), ‘RELH
EERABE>02HRNKREBIEFEREAHD 2.586 13
(P<0.05)0 3 4o
24 BFRBKIRENSEZNEMR

BREAPRRR. PAEKFEREHBELL RS
B, & ﬁ‘éﬁ%ﬂ’\]ﬁ@iﬂﬁ*mﬁﬁ‘ﬁﬁ%ﬁiﬁ’ﬂﬁﬁ%ﬁ
E=ZHEBIEHITFEREN(P>0.05), &K 5, #H—F
DI EEHARIRRERBIENASENT I, 58

1&E (Model) b OR (95%Cl) P
| ZEBRAT/I-HRERM AT <0.2
| Left vision-right vision|<0.2
1B 1(Model 1) 1.002 2.715(2.002~3.678) <0.001
1&E12(Model 2) 0.940 2.553(1.872~3.496) <0.001
| ZEBRAT1-HER A7 [>0.2
| Left vision-right vision |>0.2
=81 (Model 1) 0.912 2.486(1.453~4.265) 0.001
1EE12(Model 2) 0.953 2.586(1.473~4.539) 0.001
[F I B EXRBAKTEYR | ZRMI-GIRMT|=0; W 1: BRE

logistic [B])3; #RAY 2: ZEZ logistic [@!)3, WIEMEF. FEHE. SH
BREE. AMIE,

[Note] The reference variables are |left vision-right vision|=0; Model 1:
Logistic regression model with only one explanatory variable;
Model 2: Multiple logistic regression model with adjustment for
gender, age, education level, smoking, and drinking status.

x5 TRARMBEKFARBNSEKFLLER (n=734)

Table 5 Comparison of anisometropia across different
cumulative exposure levels (n=734)

RIRREAKT

BxsE Cumulative exposure level
Anisometropia f(Low) H(Medium) Ei(High)
(n=154) (n=188) (n=392)
| =R I-HERE AT |
| Left vision-right vision| [M(P,s, P;5)] 01(0,02) 0.1(0,02) 0.1(0,013) 0110
MR

0.296
Comparison of visual acuity [n(%)]

| =R -HERM S | =0

| Left vision-right vision | =0 5133.1) H{ETY )
lEEE?WjJ_EEE?ij <02 91(59.1 106(56.4 207(52.8
| Left vision-right vision| <0.2 ) (54} (525}
| EEBRMF1-H BRI ST [>0.2

12(7.8) 25(13.3) 41(10.5)

| Left vision-right vision|>0.2

xR6 BASESEREFULRRBEXRBN AR SR
(n=734)
Table 6 Generalized linear model on anisometropia across
different cumulative exposure levels (n=734)

o n
g LS e N

Dependent variable and b P
g model Independent variable  Reference group

| BRI A- BRI
| Left vision-right vision |

PKFERE BATRE
0.048 0.012

#EE1(Model 1) )
Medium-level exposure Low-level exposure
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8K 6
HERRIEE o S
Dependent variable and = . = b P
del Independent variable ~ Reference group
mode
) BKERE RRFRE
1551 (Model 1) o 0.026 0.211
High-level exposure  Low-level exposure
kRS Bk PRE
1=22(Model 2) ) 0.054 0.013
Medium-level exposure Low-level exposure
BKTERE Rk TRE
1RE2(Model 2) = 0.023 0.212

High-level exposure  Low-level exposure

ERE 1 N BRART XAMER, EE 2 RERART XEMER
(RIEMSI. Fi. SBEERE. RIBMIE .
[Note] Model 1: Single-factor generalized linear model (GLM); Model 2:
Multi-factor generalized linear adjusted for gender, age, education
level, smoking, and drinking status.

R7T BEXSESEEMFULRMBEXBN logistic B])IHEEY
3 (n=734)
Table 7 Multiple regression analysis on anisometropia across
different cumulative exposure levels (n=734)

VRS- SEit] ——
BTE
Dependent SHRH
) Independent b OR (95%Cl) P
variable and i Reference group
variable
model

| ERRMD-HERMA | <0.2

| Left vision-right vision| <0.2

PkFERE  EKTERE 1863

& 1(Model 1) Medium-level Low-level  0.629 0 ssé P 0.123
exposure exposure ’ ’
BATRE EATRE 1o

A1 (Model 1) High-level Low-level 0.198 © 59é~2 489) 0.605
exposure exposure ’ ’
FkFERE  BKERE L1076

1EAI2(Model 2) Medium-level Low-level 0.065 © 66‘;>~1 713) 0.794
exposure exposure ’ ’
=KTRE  (HKTRE 0.798

1#HY2(Model 2)  High-level Low-level  -0.243 © 534.1~1 193) 0.255
exposure exposure ’ ’

| BRI -RERAL A1 |>0.2
| Left vision-right vision | >0.2

HPkFRE  EKTRE 1044

1811 (Model 1) Medium-level Low-level 0.043 0 654.1~1 673) 0.868
exposure exposure ’ ’
BKTERE MK TRE 0.819

1A (Model 1)  High-level Low-level  -0.228 n 54é~1 i 0.296
exposure exposure ’ ’
FkFERE  BKTERE 1888

1EA2(Model 2) Medium-level Low-level 0.633 © 85_;>~4 143) 0.123
exposure exposure ’ )
BKTFRE MK FERE L

1EHY2(Model 2)  High-level Low-level 0.153 © 56(;~2 403) 0.685
exposure exposure ’ ’

I NEEWRKTEYRN|ARAA-GRMA|=0; HE 1: BFAXR
Logistic [2]Y3; &Y 2: Z A Logistic [A])3, KWIEMFI. Fhé. =
BERRE. RIS,

[Note] All reference groups are |left vision-right vision|=0; Model 1:
Logistic regression model with only one explanatory variable;
Model 2: Multiple logistic regression analysis with adjustment for
gender, age, education levels, smoking, and drinking status.

AR IEENFE AL X ER 739 BANXEE
EA ABF] 263 BRIFEABEMFWARAARIR,
BEN—RAOZREE. RIERBEASEEZES,
ERRRDITHNEM b, F—PRAT &SRR
logistic [B])E R FF /5 /AT 247, HPFIEXTITE
ARENESERMBRE, GEERTERTENDE
TENHIE. AARPEASEREBARSESS
B, EBRTFI XEMERE, §SEZERTERK IS
RTEFEAT logistic [B)IAEEL, gIE A DHTEH
SESEMREARZBINXE, EEITERNASER
MAZENLLEL. SARERER, BEAMIFEE
HEABEEZERAERITFERN BERRRRBEK
FANBEBNABSEKENERERITERN; " XE&HE
B3 D #rFZ EZ logistic B)FDERY B RA N
BEMEVSEABSENKRIEINEG X, BS RFREKF
BB, P TRBESENASEREENE X,

REERENXRSZAER . BREREN. R
MEKESZMAREMY, BXSERRE R, BF%
HEARESEASEEX, BREASE. RUERKK
FPEFREFESTEREEEY, BERIERBEE
EXSENFEER. FIERRSEKNEZERNE
o SEEEBTENEEBSEEmEXLE",
BX—RABRENSEKFERER D W,

IERRIWEREXSERBLVEIRE, 1998 F
Kudriashova " 3Ri& FR ek BR AN MR EA R KHAVE L
S5BABEBX, #HMmwmMAFMMINEE. Mambetov
£P989 FMIAEE RMBRFERIIENEAE TA
I A0%HIENFRE, HPENXSESE & 5.3% MR
M ITHF B ARENRE R EREE, EXNHEALSE
FIMAZRRE, XIRTEFRWITE A FERUE
HEBENAR. BABREFIIFEEERRERS
T, ARIEREEYER, BAREXABRIFIEETEM
HERRE. KRN, ABRTE DG ARELSEH
TIAEY AMRF AN ERERNXERNE- Y@
&, ZEBREFARS, REEILARAALREE
FR/, BFIDRERBHHERERIR, RS
EiRE" B EBEEFLARTHSEREZERES
F2. B&. k. ROEEMT, BEMEIFIEFRITE
BEEAL B RIB AL T AR I BE B AL, mI BN BREE
AU ZE UL SHEY = AR I RABSE, B XXERER
MEAKKEARASE, JEBIEKEASENRERAZ —
ok, BEMEWIFIFE R BERIYS. HahE (B8]
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BS5ERBEEHEX, XASEHE-THRRILEA
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