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In the process of greenhouse working, labor intensity is high and repetitive work involves multiple body parts such as
limbs, neck, upper back, and lower back. The prevalence and comorbidity of work-related musculoskeletal disorders (WMSDs) in
greenhouse workers are worthy of attention.

This study is conducted to investigate the prevalence and comorbidity, as well as potential influencing factors of WMSDs in
greenhouse workers.

A total of 722 greenhouse workers were selected as the subjects for a cross-sectional epidemiological survey. Through
questionnaire survey and physical examination, basic information of the subjects and the prevalence of WMSDs were collected. The
participants were divided into low, medium, and high cumulative exposure groups by cumulative exposure index matrix. Chi-square test
was used to analyze the difference of prevalence among different cumulative exposure levels, the correlation between the prevalence of
WMSDs in paired sites was calculated as prevalence ratio (PR) by using the log-binomial model, the prevalence of multi-site WMSDs in
each group was compared by Wilcoxon rank sum test, and the influencing factors of multi-site WMSDs were evaluated by multi-
classification logistic regression model.

The prevalence rate of WMSDs in the greenhouse workers was 78.7% (568/722). The main affected sites of body were lower
back, legs, neck, and shoulders, and associated prevalence rates were 47.6%, 46.0%, 27.1%, and 23.8%, respectively. By constructing a
cumulative exposure index matrix, the low, medium, and high cumulative exposure groups contained 121, 196, and 405 workers
respectively. The prevalence rates of WMSDs in lower back, legs, or shoulders were significantly different among groups with different
exposure levels (P <0.05), and the prevalence rates increased with higher cumulative exposure levels (lower back, thrend=11'144l P<0.05;
legs, )(frend=6.767, P <0.05; shoulders, )(f,end=15.666, P <0.05). The results of log-binomial model found that lower back and legs (PR
values were 1.57 and 1.43, respectively) as well as neck and shoulders (PR values were 2.00 and 2.07, respectively) among the main
affected parts have a strong association with comorbidities. The prevalence of multi-site WMSDs showed that 50.4% of the workers had
comorbidity of two or more sites of WMSDs. The results of multi-classification logistic regression analysis indicated that the influencing
factors of WMSDs in two sites involved high-level cumulative exposure (OR=2.41, 95% Cl: 1.34-4.33) and female (OR=3.27, 95% CI: 2.07-
5.16); the influencing factors of WMSDs in three or more sites also included medium-level cumulative exposure (OR=3.78, 95% Cl: 1.70-
8.39), high-level cumulative exposure (OR=7.34, 95% Cl: 3.41-15.80), and female (OR=5.66, 95% CI: 3.48-9.22).

In this study, the prevalence rates of WMSDs in lower back, legs, neck, and shoulders are high among selected solar
greenhouse workers, and WMSDs comorbidity of lower back-legs and neck-shoulders are identified. Greenhouse workers with high
cumulative exposure level and female workers report more WMSDs comorbidities in two or more sites.

solar greenhouse working; work-related musculoskeletal disorders; comorbidity; cumulative exposure
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Table 1 Matrix of cumulative greenhouse working exposure

BEHE
Number of greenhouses

AECEL ML BT jE)/

Experience in greenhouse working/years

1(1°) 2(2%) =3(3%)
1~5 (1) 1¢ 5¢ 3
6~10 (2°) 2° 4° 6°
>10 (3%) 3¢ 6° 9°

REERNBLEERITE PR (E; %I WMSDs BIFE
EXRRREKFHE LR EB Wilcoxon Bl 1a
1o KA %5, logistic BYIERHIT DM, LAFAEB.
BER. EEEP. THEIP. FE6. AREE wMSDs BB RS
U ANETE, H3(B=0, Z=1). £ (>50 % =0,
<50 %=1). WMAIERAE=0, K B RMEE=1). X
B(E=0, =1). REBEEVNERLUT=0, #I#=1,
SRR E=2). RFRBEKF(K=0, =1, 5=2) ~
HETE; BBHEIBALKH 0. 1. 27 3 MR EDF
MH{E 0. 1. 2. 3, Lo fERNESE, Bi[E)IRE, FiR
75> BY @=0.05. B=0.10, ¥ 307K/ a=0.05, PR E ¥ F
SAS 9.4 i+ 8, RS IT I SPSS 26.0 FEfko

2 4R
2.1 HRRIR—ARIE.

ARIRE 722 A, HPEM 310 A(42.9%) . 1%
412 N(57.1%) , FEHi57(48.0149.03) %, BMI A (24.03+
7.77) kg:m™?, XA FE B LAFD A B2 LU 7K T (86.8%) /9
F, iR 2, BEIMBERRBERBIEERHAAINER
DAE PCS=ENBEKTE, 55079 121, 196
405 Ao

®2 BABREFUVE-RER [n(%)]

Table 2 General information of greenhouse workers [n (%)]

Ela HE L 2 M 3P U EREDFIENXNEKFERE. PEKTE
BEENEKTRE, BRREEREIENSHIN 1. 2/ 3, b: T
FRA 1~5. 6~10 F1>10 FNFNEX AKX FERE. PKTRE
MEKTERE, RRNEEHD 51 1. 20 3, ¢ RREKTR
Bo d: ERMHPKFERE. ! ERBKTRE, ERBERU-5
BREHSIEH-BENEIEE, (1B ES I (5

[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 [5].

1.4 SHHESH
TERRFEESTIOMIES S Bt
ERT ITHERBENBEELERT. FRKTERE
¢l WMSDs BFIE RN ESRKBEARE, BRE
HARARABRBEMRIE, SF DS WMSDs 2 8]
BYXBX5RE R A log-binomial IRE I+ BEEINEEA
532 T A B LY (prevalence ratio, PR) T, LL 6
AP 1 NN BREENN T E, HREAINE

RKFREL FKFREEL SKTREA

- ) ) ait
TE Low-level Medium-level High-level —
ota
Variable exposure group exposure group exposure group (n=722)
n=
(n=121) (n=196) (n=405)
4 5!(Gender)
B (Male) 43(13.9) 73(23.5) 194(62.6) 310(100.0)
Z(Female) 78(18.9) 123(29.9) 211(51.2) 412(100.0)
/% (Age/years)
<50 70(15.6) 129(28.7) 250(55.7) 449(100.0)
>50 51(18.7) 67(24.5) 155(56.8) 273(100.0)
THEIRE
Education level
INERIATR
Primary schoolor  46(16.0) 82(28.5) 160(55.5) 288(100.0)
below
e 52(15.3) 89(26.3) 198(58.4) 339(100.0)
Middle school ’ ’ ’ ’
ERRUE
High school or 23(24.2) 25(26.3) 47(49.5) 95(100.0)
above
BMI/(kg:m?)
<18.5 6(17.1) 8(22.9) 21(60.0) 35(100.0)
18.5~ 51(14.2) 105(29.2) 203(56.6) 359(100.0)
24~ 64(19.5) 83(25.3) 181(55.2) 328(100.0)
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8k 2
FKTFREELE FKFERELE SKkTEEA o
T Low-level Medium-level High-level :t |
ota
Variable exposure group exposure group exposure group (n=722)
n=
(n=121) (n=196) (n=405)
% MA (Smoking)
AFRIR 90(18.4) 137(28.0) 262(53.6) 489(100.0)
Non-smoker ’ ’ ’ ’
Mk B RIRE
Current or former  31(13.3) 59(25.3) 143(61.4) 233(100.0)
smoker
IR5E (Drinking)
% (No) 27(16.4) 33(20.0) 105(63.6) 165(100.0)
Z(Yes) 94(16.9) 163(29.3) 300(53.8) 557(100.0)
m = E ML B 8]/
Experience in greenhouse
working/years
1~5 64(75.3) 21(24.7) 0(0.0) 85(100.0)
6~10 57(25.1) 105(46.3) 65(28.6) 227(100.0)
>10 0(0.0) 70(17.1) 340(82.9) 410(100.0)
mEHE
Number of greenhouses
1 97(58.1) 70(41.9) 0(0.0) 167(100.0)
2 24(7.6) 105(33.3) 186(59.1) 315(100.0)
>3 0(0.0) 21(8.8) 219(91.2) 240(100.0)

*& 3 FEKFREEAE WMSDs &

2.2 WMSDs EJHEE)

722 BIRIFR WMSDs BIEIRER (BN 1 MU E
RO H B WMSDs) /9 78.7%(568/722) , 1, T &
Z6. BEER. SMER. BEHBRERS, 2519 47.6%.
46.0%. 27.1%. 23.8%, 3J7E 20.0% L o TE1&. PHS
KFRELHT, T WMsDs BIEFE 51 30.6%.
43.9%F1 54.6%, BE 3P 2 5 73 5 7 35.5%. 45.4%.
49.4%, [BEBBIRE D57 10.7%. 22.4%H] 28.4%, 1£

ARIBREBKFENERYIBERITERENX(P<0.05), I
K3 H—TEABBURKRERER, THEE. B

FMBEER WMSDs BREMRIREBKTEASMAS(T
B8R, x2,=11.144, P<0.05; BREB, x}.,,=6.767, P<0.05;
& EB; x},,=15.666, P<0.05)

2 PR E BRI H BTy 50.4%(364/722) , m7K

TERBEAMN 2FUEBRFESTHKEREAS
(P<0.05), . S/KFREEAHM 3 ML LSS
REE T RKFREH(P<0.05), WK 4,

/H. [n (%) ]

Table 3 Prevalence of WMSDs in different exposure groups [n (%)]

WMSDs R (i1 ait RKFEREA ik EREA EKTREA
Affected St YIS Total Low-level exposure group Medium-level exposure group High-level exposure group Xz P
ected site o S (n=568) (n=121) (n=196) (n=405)
FER(Neck) 196(27.1) 25(20.7) 61(31.1) 110(27.2) 4.140 0.126
JBEB(Shoulder) 172(23.8) 13(10.7) 44(22.4) 115(28.4) 16.275 <0.001
B (Upper back) 106(14.7) 17(14.0) 36(18.4) 53(13.1) 4.205 0.122
T EB(Lower back) 344(47.6) 37(30.6) 86(43.9) 221(54.6) 23.025 <0.001
FE&f(Hand) 128(17.7) 15(12.4) 31(15.8) 82(20.2) 2.357 0.308
BEER(Leg) 332(46.0) 43(35.5) 89(45.4) 200(49.4) 7.226 0.027
22 34 S N o
f“ f’ﬂf“ﬂl WMSfDS E’fﬁﬁ'ﬂs["‘f’(]/“ B9 ABE S R 95 A BEAB L, HLFEE WMSDs B B
Table 4 Prevalence of multi-site WMSDs [n (%
—— BeER 2.07 1&; BIE WMsDs AR SREBRA
SIEIRT RS A=A =0 V= 1=
g CATREE PARRRA BATREA BEAELL, S8 wMsDs B BB R 2 EEM 2.00 fZ,
Number of Low-level Medium-level High-level - - - . -
WSDs affected P51 S0UP EPOSU I0UP XPOIE IO (175 MESBE. LEE. THEBHBXREKEY], PR=2.00.
sites 1.48. 1.35; F'E.B'it“ﬁ MEPRHE B XEKE T,
0 35(28.9) 51(26.0) 68(16.9)° 154(21.3) PR=2.19. 2.07, —de:‘zB 15 nggg E’ﬂ;‘z‘é%\%ﬂ%%ﬂtﬂ,
1 43(35.5) 53(27.0) 108(26.7) 204(28.3) N
. PR=1.38. 1.57; HJEﬁIZ‘E"F“ﬁB FEHHNHEXEKRA
2 32(26.4) 37(18.9) 117(28.9) 186(25.8) By
P -
>3 11(9.1) 55(28.1)° 11227.7)°  178(24.7) 2], PR=1.43\ 1.49

[ £ ]a: SEKTFRELAMLL, P<0.05; b: SH/KFRELHMALL, P<0.05,

[Note] a: Compared with the low-level exposure group, P < 0.05; b:
Compared with the medium-level exposure group, P < 0.05.

2.3 WMSDs ERERiLalaY X< EX
log-binomial #& & 3 T£E RN 5 Fiin, FRATELR
BANTE, MrENBTE, HIi0, BB E WMSDs

2.4 ZERL WMSDs BISZIHEIZR

M2 MELERNEMEERE, Sk FERBEMNL
= OR( 95% CI) 3314 2.41(1.34~4.33) 1 3.27(2.07~
5.16); M 3 MR EZBABHRIEZMEAREKE, F.
SKFERE RN 0R(95% ) 935173 3.78(1.70~
8.39). 7.34(3.41~15.80) F 5.66(3.48~9.22) , W13k 60
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&5 FEIEBI WMSDs HIHEXE (PR)
Table 5 Correlations between selected body sites with WMSDs
(PR)

WMSDsEBBER°  SRE°  BE bIEES TREES FE° BRSPS
Affected site of WMSDs® Neck® Shoulder® Upper back® Lower back® Hand® Leg®

FEB(Neck) = 2.00" 1.48 135 127 112
B EB(Shoulder) 207 — 2.19° 0.98 111 1.28
£ &EB(Upper back) 202" 313 = 1.16 177" 1.77°
T B (Lower back) 138" 098 1.14 = 0.92 157
FE&(Hand) 1700 1.19 1.79" 0.85 — 249
RRED(Leg) 111 112 1.21 143" 149" —

[ ]a: WEE; b: HEE; *: P<0.05
[Note] a: Dependent variables; b: Independent variables; *: P < 0.05.

R 6 ZEBI WMSDs MMEERZ 5 logistic B3
[OR (95% CI)]
Table 6 Multi-classification logistic regression analysis on
influencing factors of multi-site WMSDs [OR (95% Cl)]

WMSDs B R SR EL

e Numbers of WMSDs affected sites
Variable
1 2 3

M 51(Gender)

B (male) 1.00 1.00 1.00

L% (Female) 1.48 (0.96~2.29) 3.27 (2.07~5.16)  5.66 (3.48~9.22)"
RRBRBEKE
Cumulative exposure level

{f(Low) 1.00 1.00 1.00

f1(Medium) 0.87 (0.48~1.57) 0.85 (0.44~1.64) 3.78 (1.70~8.39)"

= (High) 1.41 (0.81~2.43) 2.41(1.34~4.33)" 7.34(3.41~15.80)"
[E£1* P<0.05

[Note]*: P < 0.05.

FAFRFHEIBREEIL AR WMSDs BEBRES
X 78.7%, EHPFER. BEP. FEIBFIBEEE wMmsDs £
REIBTTF 20%, 2 N L EEBfI WMSDs 3 B R =
1K 50.4%, IR E(EW ABHFE S BB E WMSDs
HHHE, ERMBEKFREMZEEL AR 2 ML
L EBAI wmsDs HEFRIRKRZ, SEEEREXIREL
REM. WBEARE" EHRREAWIZR WMsDs #01
REZARF LI MEARRFER B A EER
& WMSDs X ME R, NARAMEBNEE
L EFERMMAMEBENAAEERELSSITENR
MBBEKT, ERMUBEELSHWIABERASAR
RN, B REEIERAVIE KM FEmFRA
WASHERBEKFIIE, &% %L WMSDs
BB EIE NN, logistic [@)IERIB T LN S K
TRMBEERE LI WMSDs B, o] gER R A

R EFEREESRENAKITE, MZESE
AIBARIEENRB M, thid, TETEEEPEE
IMEIE—ENRET1F, IMES KA MM
ABEIRHINRE,

N E R log-binomial AN AT B =R
A 2 DEBI WMSDs BRI ER R (BIFI A PR E
e 2 NEBLBIRYKEX) , HAPIME-B I HEBRX
BEY), IRENBEEILARBE. SEERIRE
BEEXF. RFRAUAFRNZE. TERESTFE
FEREBLL LK. B EWBT 20 kg MEEMIRIE
WHEFRIBIREE XM BRER"Y, &Hx
R REEA RIE WMSDsB BIRER 27.1%,
[BEB WMSDs FIBIRE N 23.8%, F/B WMSDs FHEBX
7 12.5%. FEBFN B BB NTE AR T 45 EAEXEX, B
PR Bt [ BR T ZWERFN /B 3F 2 18] WMSDs RYE B %
B, PIRERY R A R KA EI RSB AT K T B EmHE 8]
B EI1E 00, g B B AN B K I8 K, MMSEI. B
VIR S (. BRItbZ b, B R EMFIIFEE A
R K AR (B MR SR AN LR L) , R E (RIS
RN AR &R N RERERD, (ElEIRERILA
B (B 7K T fa 187 ) sh 7E SR T K BT (8] b F 0B IR,
REERRFEAHNKRE, NS ARESERE

SARERER, TERHNRB(TEHRE. B
Z8) WMSDs EBIRE D A 47.6%F 46.0%0 ZBZ=ANE"
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