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Special column: Solar greenhouse workers' health
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FEEREABEERE(LLC) . ZEME(GLU) FIEEH(ALB) . ML AFRERARREREER
D SHIEMESAFIBE R AR SERE DT, UIEIEE R, [LERFIEITE %52 549N 80 3¢t
M 327 BIAFRITR,

(R EREH RS, BEH HDLC KR E [(1.61£0.34) mmol-L '] 1 F JEB = 4 [(2.09+
0.37) mmol-L"*](P<0.05), ;B2 = 48 TG/HDLC(1.17+0.74) & F Ik 8 = £H(0.78+0.47) (P < 0.05),
JBZE2H LDLC/HDLC(1.8740.36) B FIERE2H(1.39£0.27) (P<0.05) , ERIBIMARI ER TSR
HEEN(1Y P>0.05), FIELEHFTH, ZTEERTDTERET, BN EEFIL S

F&h#E HDLC f&{fK. TG/HDLC ] LDLC/HDLC A =B *(3 P<0.05),

[“5it] BXOREFI A RS Sl shE MAEMIBRAE B X, NINSEN &l 55 50 BIER L
fERR P,

FHE  BYCREMF; SiR5EEhE ; MEWL; lEAE; RIVRE

Relationships between solar greenhouse working and selected blood biochemical indexes of
elderly workers YAN Tenglong', YANG Siwen®, WANG Yugian®, ZHU Xiaojun?, ZHOU Xingfan®,
MA Wenjun®, TANG Shichuan®, LI Jue', LI Tao® (1. Beijing Institute of Occupational Disease
Prevention and Treatment, Beijing 100093, China; 2. National Center for Occupational Safety and
Health, National Health Commission of the People's Republic of China, Beijing 102308, China;
3. Institute of Urban Safety and Environmental Science, Beijing Academy of Science and
Technology, Beijing 100054, China; 4. School of Public Health, Peking University, Beijing 100191,
China; 5. National Institute of Occupational Health and Poison Control, Chinese Center for
Disease Control and Prevention, Beijing 100050, China)

Abstract:

[Background] The aging of the labor force has become a global trend, and various occupational
activities can affect blood biochemical indexes and increase the risk of metabolic diseases.
Elderly workers are the main laborers in the solar greenhouse industry, and their blood
biochemical indexes need more attention.

[Objective] The purpose of this study is to explore the alternation of selected blood biochemical
indexes and provide clues for conducting management programs of metabolic diseases in the
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elderly solar greenhouse workers.

The research subjects of the greenhouse group and the non-greenhouse group were selected from a vegetable production
base in Northwest China. The elderly workers were selected from a recruited subjects pool for an earlier project by means of matching
and non-matching respectively. The matching conditions were gender (consistent), age (2 years old), body mass index (BMI) (+1 kg:m™),
education level (1 level), smoking (consistent), and drinking (consistent). Routine clinical tests were used to detect serum total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDLC), low-density lipoprotein cholesterol (LDLC), fasting blood
glucose (GLU), and albumin (ALB), and single-factor and multi-factor analyse were used to identify different indexes in matching and non-
matching samples, respectively. The matching and the non-matching samples included 80 pairs of subjects and 327 subjects,
respectively.

In the matching sample set, the greenhouse group's HDLC [(1.61+0.34) mmol-L™'] was lower than the non-greenhouse group's
[(2.09+0.37) mmol-L™"] (P< 0.05), the level of TG/HDLC in the greenhouse group was (1.17+0.74), higher than that in the non-greenhouse
group (0.78%0.47) (P<0.05), and the level of LDLC/HDLC in the greenhouse group was (1.87+0.36), also higher than that in the non-
greenhouse group(P < 0.05), while there was no statistical difference of the other indexes between the two groups (all Ps>0.05). In the
non-matching sample set, the results of multiple linear regression analysis showed that solar greenhouse working correlated with

decreased HDLC, and increased TG/HDLC and LDLC/HDLC among the elderly workers (all Ps < 0.05).

Solar greenhouse working may correlate with variations of selected blood biochemical indexes in elderly workers, and the
occupational health surveillance of elderly workers should be strengthened.

solar greenhouse working; elderly workers; blood biochemistry; lipid metabolism; occupational exposure
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RUEEXAE®FEY, EERS TASR
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SIKF W TFIIER R 36 %, T 2020 Fi8id 40 %,
It E 2030 FERHRAE 42 %, FohHAOBRKE
R ASEKEEY, L, HE 50~59 F AB LA R
15%°, BLERBABEL A, Mt R RKEKEHKEES
=R FohEER T TIENL SiRFSE LM
MEREN SR, RV EKYMZHERLEER
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WK ZHAEEERRERNRH—FFAE A0
FIEEN S S & (B WHO TR, KT 40 %)
RERRK. AR ERREXEESNEEEME >
55 %, &M >50 %) AR R, RALE(ER. F
RHF) A XANBIBREFWRIERFREFLA
B, B oA IEtRekE M B YCRE (R VER L E
MR R, FH—F UIFLEERIELERRER,
MURABRSEI D MENIBRNTSNERX
mZERAERI K Ro

ATHATE R E A LR B /OR EEMIRIRIN T A7 &

EEMANKR: (DEHMEE=1F,; (2)18 T KLU
E; (3) FTFZER, HEEIBREFEINIERE
EdL Mk 1071 Ao 3B AT ED A FNEITED A Bk
SRS ohE(EM>55% L4 >50%), LEHR
B, RABMERRIGITEERAETERR n=(222)?,
BIFIRE(6) TR AEZE (o) D HIEX 2 71 8, EEM KT
AWM 0.05, I+ EAIEAMER/IMEEREN 62, REH
MAEBEACERZ G AER(—) . Fif (2 $) =
HERE(+1 NER) . RIE(—30 « OE(—0) &
E154( body mass index, BMI) (+1 kg-m™) , TEZA N 80 X
ARSI R; JECLEEARAE, AN 327 BEIEH
&, FIEMANRYEEZERNBERER. SAREES
EXRPERREZRIVZE2TERARPOERLCES
RREHL(HES: 2021006) .

XFEE R#HITRKEIE, mXE I REAIRERA R
NRMWAOZE BREME. FRAKAGEFEER.

1% F 2 BB [E EZ (total cholesterol, TC). H H =8
(triglyceride, TG) . &% E 5% B BEE EZ (high-density
lipoprotein cholesterol, HDLC) . X% E i & B FE[E B2
(low-density lipoprotein cholesterol, LDLC) . Z= & [0 ¥
(glucose, GLU) #1 B & B (albumin, ALB)6 ™ 5 15 17
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ERRARKRESEBNEERELEEE. REEH
8o
1.3 FrESH

85 EpiData 3.1 RNEIE, SPSS 24.0 #HITHITF
e BUBWEMEIRE S EZS5BEE B A RH [8-9]
—H, MR RMER GIE( MR EL) T, LUBSST 48
W TAEILLE; £k, ItE2RRIYRNES S,
PSR A E IR, AiE M4 (bistnE R E A XY
t K030, AIIEILEDIGITPRISLEER, L 327 RStk
ENRRNR, HIANBRBBIEH, BERREHEE
FiES AT [10] —F #H—F KA Lokt
PNERDTAAE SRS B MEMIETHNEMAE,
PMENRIEITANEE, LS. FE5E. BMI. S
BREE. KA. B, BEELST(HEITREE
). FRARAMEREZNETE, HPMF ZHE
RE. A IUEIREMTE, RARITHNE, Hib
TERBZLHNE, UL a=0.05. B=0.10 N FRE, 1L
JKAE =0.05,

2 4R

2.1 [TEERR

2101 —RIER REAPRBKRRBEEE LA IFRE
HAPERFREE 2 A, MAABERERBEREYR
Ko HELLRE R, BEAMIFBREHAAOZLEE
FHEARITFERX(3I P>0.05). LK 1o

2.2 MAEWIER  SYMAEMIBSIREITRITED, &
RER, RE4 HDLC /RE [(1.61£0.34) mmol-L '] 1K F
BB =4 [(2.09+0.37) mmol-L')(P<0.05) , ;R =R TG/
HDLC(1.17+0.74) #0 LDLC/HDLC(1.8740.36) 3= TIiER

Z=40 [(0.78+0.47) #1(1.39+0.27) (39 P<0.05) . HE1E
IMERYIERITFRNX(IY P>0.05), IR 2

*1 LEMRBIFENR—RER

Table 1 The general characteristics of subjects in matching

sample set
TE i 2= 26 (n=80) JER = 4H(n=80)
Variable Greenhouse group Non-greenhouse group

451(Gender)[n(%)] 1.000

%(male) 19(23.7) 19(23.7)

Z(Female) 61(76.3) 61(76.3)
R/ % (Age/year)(Rts) 57.20+3.93 57.06+3.82 0.380
BMI/(kg-m’z)()TiS) 24.3743.12 24.48+3.16 0.255
S B FZRE (Education level) [n(%)] 0.639

e 53(66.2) 48(60.0)

Primary school or below ’ (60.

#IH(Middle school) 14(17.5) 15(18.7)

ML 13(16.3 17(21.3

High school or above P (21.3)
%4 (Smoking) [n(%)] 1.000

JEMR 4R (Non-smoker) 67(83.7) 67(83.7)

Mk & R E

13(16.3) 13(16.3)

Current or former smoker
%58 (Alcohol drinking) [n(%)] 1.000

7 (No) 75(93.7) 75(93.7)

=(Yes) 5(6.3) 5(6.3)

2.2 JELECERSE

220 —fRIEN TEIFLERRA, HEHN 327 BHA
RIR. BEAMIFEFTAFN D (58.47+4.01)
$F(57.214¢3.78) %, ERERITFEN(P<0.05), &
MAOZEFEERIERITERNX(Y P>0.05), W
= 3,

K2 LEMRPFEREASIFEEHA RS MEHIBIFLE (x £+ 5)

Table 2 Comparison of selected blood biochemical indexes between greenhouse and non-greenhouse groups in matching sample set

(x£5s)
Bt (Male) 2t (Female) = \)]
15tT BEl iER=a BEl 13| BEa ER=A
Index Greenhouse Non-greenhouse P Greenhouse Non-greenhouse P Greenhouse Non-greenhouse P
group(n=19)  group(n =19) group(n=61) group(n=61) group(n=80)  group(n =80)
Crof (mmol-L) 4.39:0.93 4.691.07 0.143 4.89+1.26 4.94+1.15 0.937 4.77+1.21 4.88+1.13 0.543
Cro/(mmol-L) 1.31£0.49 1.36+1.08 0.218 2.06£1.44 1.78+1.22 0.099 1.88+1.32 1.68+1.19 0.329
Cuoic/(mmol-L™) 1.55+0.39 1.99+0.39 0.002 1.62+0.33 2.13+0.36 <0.001 1.61+0.34 2.09+0.37 <0.001
Ciowd/ (mmol-L™) 2.62+0.35 2.71£0.53 0.202 3.09+0.80 2.94+0.68 0.105 2.98+0.74 2.890.65 0.380
TG/HDLC 0.88+0.31 0.65%0.35 0.833 1.26+0.81 0.8210.50 <0.001 1.17+0.74 0.78+0.47 <0.001
LDLC/HDLC 1.75£0.29 1.40+0.36 0.005 1.910.37 1.38£0.23 <0.001 1.87+0.36 1.39£0.27 <0.001
Cew/(mmol-L) 5.11£1.18 5.02+0.72 0.811 5.19+0.62 5.22+1.83 0.916 5.17+0.78 5.17+1.63 0.988
Pusl (817 43.87+2.63 44.22+2.18 0.289 43.24+5.84 43.4445.76 0.723 43.3945.25 43.63£5.14 0.770
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Table 3 The general characteristics of subjects in non-matching

222 MAEWKFZMEAZ U327 BREAMIEE
ZEASRFHENAARNR, U MEMIEIT AL E

sample set
- sEE= IEEE=A 2, #H1TZ &ML AP MERER, NEEXEE
T8
Variable Greenhouse Norgreenhouse P el 5 HDLC F#{E. TG/HDLC # LDLC/HDLC & H %
group(n=242) group(n=85)

451 (Gender)[n(%)] 0.118 (i’l\/] P< 005) ) JI_IL:ie 4y ﬁ ﬁ*ﬁﬂ?)‘/&% E It /ml:lzﬂsll_
% (Male) 85(35.1) 22(25.9) 5B ML MEHK HDLC FE{E. TG/HDLC #1 LDLC/HDLC
%Z(Female) 157(64.9) 63(74.1) L

FEli%/% (Age/years)(xts) 58.47+4.01 57.21#3.78 0.012 HEEX(Y P<0.05), W& 4,

iMl/il;g:f )(xts) _ 24.10+3.54 24.67+3.38 0.198 Bl 242 % E éﬂ —l;J— ﬁ’q\ ;;," EjJ % jj Eﬁ 5(‘] % , = %,E!

ZHBEFEE (Education level) [n(%)] 0.367
IERT . e & B BKTREARIALL) 5319 67 A(27.7%).
Primary school or below : : . -
#)H (Middle school) 41(16.9) 15(17.7) 89 A(36.8%)# 86 A(35.5%), W& 5, LARFAZERK
BRI E -

e 41(16.9) 20(23.5) FTHEZE, AANZTEERRE SR, ERETR, 5
fBsmoline) ) o RIUEAKFREMAL, RRBKTRBS 1cH%

JEIR A (Non-smoker) 194(80.2) 71(83.5) N N - L

o LR IAE w8(158) . (P<0.05), BREAMERINEITFER, EREKF

Current or former smoker ’ : == ¥ 4

TRE(Alcohol drinking)[n(%)] 0.086 E‘g’—a% |‘$ ALB BEFfEEﬁ;é; m% 60
Z(No) 204(84.3) 78(91.8)
2(Yes) 38(15.7) 7(8.2)

K4 FLEHAARPFANXEBERESO MENMIBIRHIXER
Table 4 Relationship between solar greenhouse exposure and selected blood biochemical indexes in non-matching sample set
e FE ¥ (Male)(n=107) % (Female)(n=220) &1t (All)(n=327)
Variable b 95%CI P b 95%CI P b 95%Cl p

Cre -0.150 -0.332~0.035 0.112 0.001 -0.129~0.131 0.993 -0.551 -0.150~0.084 0.582

Cre -0.057 -0.185~0.099 0.549 0.016 -0.123~0.156 0.817 -0.006 -0.106~0.105 0.995

Cuowc -0.577 -0.842~-0.413 <0.001 -0.541 -0.615~-0.400 <0.001 -0.538 -0.628~-0.448 <0.001

Coowe -0.160 -0.350~0.057 0.156 0.023 -0.110~0.156 0.735 0.252 -0.903~0.120 0.801

TG/HDLC 0.188 0.003~0.316 0.046 0.205 0.079~0.350 0.002 0.199 0.094~0.304 <0.001

LDLC/HDLC 0.408 0.077~0.196 <0.001 0.162 0.035~0.342 0.016 0.170 0.063~0.278 0.002

Cow 0.047 -0.170~0.276 0.638 0.084 -0.051~0.210 0.230 0.074 -0.044~0.192 0.216

Pas -0.192 -0.250~0.022 0.099 0.002 -0.146~0.151 0.972 -0.014 -0.123~0.096 0.805

x5 BREARNBEISHUER
Table 5 Matrix of cumulative exposure indexes in greenhouse group
B E (Number of greenhouse)
BEEL ML BT8]/ZE (Experience in greenhouse working/years) A1t (Al)
1 2 >3°

1~5b 19° 8° 4° 31
6~10° 40° 60° 20° 120
>10° 25° 44° 22° 91
A1t (Al 84 112 46 242

/I ]a A\E/EI** E?r

L8 10, 2 123 NEEDEXAEKT. Rk FHEKTRE, RREHRIF7 1. 2 7 3. b: FEMEEY, B

= ML BY{E] 1~5 £ 6~10 F£FM>10 F£23 5 E X HEKF. EM@HDWHZ%%, ZEIEHDF 1.2 3, ¢: RFVEKFRE, d: BFRFRK

TRE, e RNBKTRE. RREREY-FE EEUERH-REREREH

ARBIEIOTE A ES IS (105

[Note] a: Having 1, 2, and 3 and more greenhouses are defined as low, moderate, and hlgh 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 [10].
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Table 6 Relationship between accumulated exposure level and selected blood biochemical indexes in greenhouse group

N8 BT 8 F1%(Male)(n=85) 1% (Female)(n=157) A1t (All)(n=242)
Dependent variable Independent variable b 95% (I P b 95% (I P b 95% (I P
Cre/(mmol-L™) 7K (Low level) = = = = = = = = =
FR7K I (Moderate level) -0.150 -0.767~0.206 0.255 0.027 -0.329~0.441 0.773 -0.055 -0.415~0.188 0.458
=7k F(High level) -0.183 -0.818~0.136 0.158 -0.146 -0.693~0.089 0.129 -0.162 -0.635~-0.034 0.029
Cro/(mmol-L7) 7K (Low level) = = = = = = = = =
7K (Moderate level) -0.087 -0.438~0.224 0.523 0.064 -0.281~0.573 0.500 0.027 -0.244~0.356 0.715
= 7K F (High level) -0.072 -0.421~0.243 0.596 -0.080 -0.611~0.246 0.402 -0.072 -0.446~0.154 0.339
Crore/(mmol-L™) 7K (Low level) — — _ _ _ _ _ _ _
A7k (Moderate level) -0.112 -0.689~0.284 0.409 0.073 -0.180~0.406 0.446 -0.020 -0.286~0.219 0.792
27K F(High level) -0.185 -0.821~0.153 0.176 -0.058 -0.389~0.207 0.547 -0.125 -0.464~0.041 0.100
Cioie/(mmol-L™) 1K 7KF(Low level) — — _ _ _ _ _ _ _
A7k I (Moderate level) -0.194 -0.810~0.127 0.151 0.082 -0.221~0.570 0.386 -0.001 -0.310~0.304 0.985
= 7KF(High level) -0.163  -0.757~0.181  0.225 -0.039 -0.481~0.314  0.680 -0.065  -0.443~0.172  0.386
TG/HDLC 7K (Low level) = — — — — _ — _ _
FR7K S (Moderate level) -0.125 -0.637~0.228 0.349 0.105 -0.194~0.696 0.267 0.044 -0.230~0.422 0.562
=7k (High level) -0.061 -0.534~0.335 0.649 -0.031 -0.522~0.372 0.740 -0.037 -0.406~0.246 0.629
LDLC/HDLC fERIKF (Low level) = = = = = = = = =
A7k 3 (Moderate level) -0.147 -0.252~0.076 0.288 -0.107 -0.861~0.233 0.258 -0.106 -0.613~0.111 0.174
= 7K F (High level) -0.001 -0.163~0.165 0.993 -0.109 -0.869~0.229 0.251 -0.093 -0.585~0.141 0.230
Ceu/(mmol-L?) {EE7K T (Low level) = = = = = = = = =
7K (Moderate level)  0.128 -0.355~0.530  0.966 0.078  -0.151~0.374  0.404 0.092 -0.115~0.450  0.245
=7k (High level) -0.088 -0.851~0.433 0.518 0.117 -0.100~0.434 0.218 0.033 -0.223~0.341 0.680
pas/lgL™) {EE 7K F(Low level) = = = = = = = = =
A7k (Moderate level) -0.102 -0.434~0.194 0.451 -0.073 -0.614~0.267 0.438 -0.074 -0.338~0.288 0.877
=7k (High level) -0.326 -0.690~-0.066 0.018 0.068 -0.280~0.604 0.470 -0.012 -0.338~0.288 0.877
HREMBL, NEHXEEFRINSRSZhEME
B, SSEERLVREERANEZNAHT UREUERENERE, LEMRERET, B

Gin@, IEEEERIR I %2 T4 R Fr(National
Institute for Occupational Safety and Health, NIOSH) #&
B, S ELERFEEZHNITHEEHRE
FeEM, thoh, SiRFHhE S ANEERIR, iR
T, WIFEEERRZ RIIER, MZEERLR
A, ZMEENELE. BOREELVEEPSER
HohELFIE, ML ARRE, B R SRS sh#E M
FIEM T ERRPANER A,

58 —MmAEFFEWHELL, T6/HDLC I LDLC/HDLC
58 0EEOMERKRE BRNBXEE, TR
TlIaRAERREEREXY, AL AHRAN LR
BE¥E51T0

KA RELEIGITRRRSITAVEM b, #—F
KAXREARZRAZRDIHITRIE, ITHIFER. M3,
BMI. IRMEFIBE R RERRRER, RIAS—RS

JEETIR

Z= 40 HDLC R FIE/R=4H, M TG/HDLC F LDLC/HDLC
KESFIEREA. UMESIRFZHE AR
SHNZERES MBI TIMER R {Ell 5 HDLC.
TG/HDLC # LDLC/HDLC 7KFH X, ZiFHAREEHAT
EXRABNXEEFIE—RKFERBLEHKFEHRT
A%, B HDLC. TG/HDLC ] LDLC/HDLC NS T L5
¥, Kt R RASKE B R EEL ABERLHNR
TE5—MREFIABEBEMZL, BEAHRPIE
B R R A HohE, BREUVNMEZR 1:1 [LAZIE
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