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Special column: Mechanisms underlying human health effects of climate change
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Abstract:

[Background] In recent years, the incidence of metabolic syndrome (MS) is increasing
significantly in China. Some studies have found that temperature is related to single metabolic
index, but there is a lack of research on associated mechanism and identifying path of the
influence of temperature on MS.

[Objective] Based on the data of Guangdong Province, to investigate the effect of temperature
on MS and its pathway.

[Methods] A total of 8524 residents were enrolled by multi-stage random sampling from
October 2015 to January 2016 in Guangdong. Basic characteristics, behavioral characteristics,
health status, and physical activity level were obtained through questionnaires and physical
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examinations, and meteorological data were obtained from meteorological monitoring sites. We matched individual data both with the
temperature data of the physical examination day and of a lag of 14 d. A generalized additive model was used to explore the exposure-
effect relationship between temperature and MS and its indexes, calculate effect values, and explore the effects of single-day lag
temperature. Based on the literature and the results of generalized additive model analysis, a path analysis was conducted to explore the
pathways of temperature influencing MS.

The association between daily average temperature on the current day or lag 14 day and MS risk was not statistically
significant. When daily average temperature increased by 1 °C, the change values of fasting blood-glucose (FBG), systolic blood pressure
(SBP), diastolic blood pressure (DBP), and high density lipoprotein cholesterol (HDL-C) were -0.033 (95%Cl: —0.040--0.026) mmol-L™,
-0.662 (95%Cl: -0.741--0.583) mmHg, -0.277 (95%C!: -0.323--0.230) mmHg, and -0.005 (95%C/: -0.007--0.004) mmol-L™* respectively.
The effects of average daily temperature on FBG, blood pressure, HDL-C, and waist circumference lasted until lag 14 day. The effects of
daily average temperature on SBP and DBP were the largest on the current day. Daily average temperature of current day had direct and
indirect effects on FBG and SBP. Temperature had an indirect effect on TG, and the intermediate variables were waist circumference and
FBG, with an indirect effect value of -0.011 (95%C/: -0.020--0.002). The indirect effects of daily average temperature on SBP, FBG, and

TG were weak.

There is no significant correlation between temperature and risk of MS, and daily average temperature of current day could
significantly affected blood pressure and FBG with a lag effect. Daily average temperature of current day has indirect effects on FBG and

TG.

ambient temperature; metabolic syndrome; path analysis; exposure-effect relationship; generalized additive model
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A FREZIFRIRFEEENREG RERENSHD
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R 1 HAARANKHELNFE (n=8 524)
Table 1 Basic characteristics of the study population (n=8 524)

HIREEL/% 80X + 5

FEAR(Index
S ) Proportion/% or X + s

M51)(Gender)

5 (Male) 3789 44.5

Z(Female) 4735 55.5
FEi%/% (Age/years)

<65 5782 67.8

265 2742 32.2
IR MR 1 52 (Smoking)

INTE MR MR (Current smoker) 2250 26.4

ARIRIAEE (Non-smoker) 6274 73.6
TRIBIE 5 (Drinking)

LR 3286 38.6

Drinkers within 12 months

AEREE (Non-drinker) 5236 61.4
{K137EBh(Physical activity)

=7k F(High level) 4340 50.9

K (Middle level) 2323 27.3

KK (Low level) 1861 21.8
MS

=(Yes) 1544 18.1

% (No) 6980 81.9
S ME(Hypertension)

=(Yes) 1084 12.7

Z(No) 7440 87.3
¥EFR % (Diabetes)

=(Yes) 305 3.6

Z(No) 8219 96.4
= IMAE(Hyperlipidemia)

=(Yes) 503 5.9

Z(No) 8021 94.1
1% (Blood pressure)/mmHg

SBP 8524 130.2+21.5

DBP 8524 77.3+11.4
IMAS7KF (Serum lipid level)/(mmol-L™)

TG 8524 1.3£1.0

HDL-C 8524 1.30.4
BE[E|(Waist circumference)/cm 8524 80.3+9.9
BMI/(kg:m™) 8524 23.3#3.5
FBG7KIF(FBG level)/(mmol-L™) 8524 5.5+1.7
FR4LBYB] (Sedentary time)/h 8524 4.9%2.9

www.jeom.org


www.jeom.org

256

#445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

2.2 PEHEISKREER

2015 FF 10 BE 2016 FF 1 B H®YRBEE THEE
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(95%C/:-0.040~-0.026)mmol-L"\-0.662(95%Cl:-0.741~
-0.583) mmHg #1-0.277(95%C/: -0.323~-0.230) mmHgo
HYSURS HOL-C. BEHNRE- N X AZEmETE&ME
X FR, RBFE 1°C, HDL-C AR T 14 9-0.005( 95%CI:
-0.007~-0.004) mmol-L™, FEEEREAN 0.069( 95%CI: 0.027~
0.110) cmo A%¥ TG 5HHHMYRENEE-MN KR
BNELTHITFERE o

*2 FAERESKERER

Table 2 Meteorological factors during the survey period

I E(Variable) 9% (Mean) =/ ME(Minimum) Pys {1 $X(Median) Pys B A{E(Maximum)
H1J<E(Daily mean temperature)/°C 18.4 3.6 143 18.8 23.2 27.4
H 5%k 2 (Daily precipitation)/mm 2.2 0.0 0.0 0.0 1.0 67.4
B2 E (Daily humidity)/% 80.5 35.0 74.0 80.0 87.0 99.0
H 15 X3E (Daily wind speed)/(m-s™) 2.1 0.6 1.3 1.9 2.5 6.2
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[Note] A, B, C, D, E, and F are the change values of SBP, DBP, FBG, TG, HDL-C and waist circumference affected by daily average temperature, respectively.

B 1 AYKES MS IERHRE-ME X R ihk

Figure 1 Exposure-effect curves of daily mean temperature and components of metabolic syndrome

1~14d HRES MS RERZBIEXRNMEL

FIHFE X, SBXT FBG. ME. HDL-C FAEE R F2H

Daily average temperature/°C

B8 EEE 14 d(lagld) . iBEHSES FBG FILNE
2R, ERSES Vs BRENRHMNEYT  BR/)\BIEE, lagl3 SEXT FBG M lE/), HSE
5= 1°C BY, FBG JRET{{E/9-0.011(95%C/: -0.020~

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

257

-0.006) mmol-L™, & H HIYSEXY SBP H DBP FYFZM
=Ko G 2~7d RS 16 ZIEMEX, MNEK/NE
“5] U BTk, lagd BSUBRIRNBRA, lagd SUEAS
1°C, TG ZX(EN 0.013(95%CI: 0.008~0.018) mmol-L ™

1.04
m1402 % i i % % %
o
ISR RFERFXER]
R A L SN R R R R R A A
7BfEH (Lag days)
gCJD 0.00
~ .00 Mo E——————————————————r—r—r—r———v—v—r—r=r=r—>—
27001 § § .
SE2 om * %04 .
W5 §
DEEom e ®
>y 3 E -0.
Eg?”—o.os R S
w )Y Py
\'a%0 \a%\’\'a%’)’\'a%% 2% \'5%6 \'a%b \2\?:\ \a%% \3%9\3‘2}0\3%9{3%\,7{3%ﬁ’< a,;&
J#EH (Lag days)
(9]
2 -0.2
& E 0.4 ¢ ° LK)
O 2 w-0.
@S E g6 §§§§§ §§§§
29 E ¢ o
e 08,
o
X Py
2 \%%0 \3%’\/\'5?;)’\3%’5 oY \’a%c’ \%%6 \'eR;‘ \'a%% \a@\a%\g\agxkaﬁq\'a%\?&}
JBfEH (Lag days)
&
S~ 0.0 p E=——————————————
S
éémwat] ; ¢ *
W5 E-02 L)
STElile s e LB
E..[i.(‘:"—m“““““““‘
DY DY
e \’a%g\a%\’\%%l\a@\a% \3?96\'5%6\@‘2:\ \'a%%\%%9\3%30\3%3\'\3%\7{3%\?%%3
7B H (Lag days)
2= _oos
2o
SE oo % % %
a3 éo.oos % % % ; % % %
N~ = Il ®_ - < _ ________________+__T_e__T__e__|__1__<="_
%ggvo'oo“}”””” e
© N N AR R I O e P A A
7HEH (Lag days)
%
ET  0.0000 fF|roc-mm o
S
wr B = —0.0025
S & 2-0.0050 é % % é + %
<o g7 % ;
2 E o075 % i é ; ; ; %
L f_>U Il Il Il Il Il Il Il Il Il Il Il Il Il Il
2 \'A%0 \a%\’\'a%’,'\a%% \z%b‘ \'5%6 \'a%% \'a?:\ \'a%% \3%9\3%\0\3%3}3%\13%\’33%\b‘

7EH (Lag days)

 RERSEATIRERERT

00 [ Sy G Sy Sy )y Wy Gy Yy

of Waist)/cm

BETKE
(Change value

\'A"oQ \a%'\ \'a%’)’\'a%’b \'a%b‘ \?&fa \'a%b \a‘%:\ \'a%q" \3@\3%,&0\3%’&}3%’0\'3@?3%0‘
7E A (Lag days)

CEIA A%E 14 d WEYSES Ms KRN oR 1E;; B~G K314
BiE 14 d WAYSIRS FBG. SBP. DBP. TG. HDL-C FAEEIRI R
LVVAIEN

[Note] A is the OR value between daily average temperature with a lag of

14 days and the risk of MS; B-G are the effect values of daily
average temperature with a lag of 14 days on FBG, SBP, DBP, TG,
HDL-C, and waist circumference respectively.

2 |E5 MS KREM TSR IRR

Figure 2 Lag effects of temperature on MS and its components
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241 BREBRBEBRENEASEETN RILREE
WE 3 Fw, A A SURIN G E R E R RITEN IR
B, KIARGER 7L ERERITE. EEERESR
ITENBENERESAITERTNIUNGHIRE, BB
®AHEARN 1.759, P {EH 0.185, SZFREIESIBICIEAIIN
BRF. KEDEEEEFINS B RIESE, ERG It
HARENSELEITENT 1, IREYHEYKTF 0, #
XN ESHAITELTENT 1, ALIERELE
[ =S 5

BSE
Daily average
temperature

SBP <—«

CE] &k ERRE R EREEITE, TEA LANSERXANT
F1E; el~ed NEEMNEIRE,

[Note] The estimated value of standardized path coefficient is on the

arrow, the square value of multiple correlation coefficient is on

the upper right corner of the variable, and el-e4 are the

measurement errors of variables.
El 3 SIEX MS ZMmpYREEE
Figure 3 A path model of temperature affecting MS

242 BREFRIEITRMNITE BREERERBER
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TG X B EHZEE M, BN NZE2 5 HEEH FBG,
SUBXT sBp B EHIEMEIERF N, SREE & EE
F20m SBP, SR 7N I8 1T &2 M BE [E %219 FBG %211 SBP,
R’=14.7%. SURXT MS ZIsrE RS [B)iZ A
R 3 TR, SEEMMNAEEL, SURXT SBP. FBG. TG Y
B35, SUBXT SBP MEIEFMELRITFER N,
SURXT FBG BYIBERM R XY H BN A R E .
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Table 3 Path effect values of daily average temperature on MS components

BN (95%CH)

=1 .
Variables
e ) Direct effect

(B3R R (95%C1)

Indirect effect

SRR (95%CI)
Total effect

(Temperature)->SBP -0.191(-0.211~-0.171)*

Pt

S B(Temperature)->FERE|(Waist) 0.033(0.012~0.056)*
N=]
/!

oo

(Temperature)->FBG -0.108(-0.127~-0.088)*

S8 (Temperature)>TG _

-0.004(-0.011~0.004) -0.195(-0.215~-0.174)*
— 0.033(0.012~0.056)*
0.006(0.002~0.010)* -0.102(-0.122~-0.082)*

-0.011(-0.02~-0.002)* -0.011(-0.020~-0.002)*

[FE(Note)] *: P<0.050

HEF 2015 F 10 B—2016 F 1 B RRIEHR
S5EFENRAENABER, fRLAIKES MSHY
EENRTHITFEER. XERFHR—, NEF
BV 3 ZEEFEBENNBRAREIEHIT T EH S
M, RIMSESE MSIIEBRNREXEETAITER
Yo Bt 5 —LmRgE RARME, Carlstrom F* 535
Fe Bl 12 A BEABMHITTRERE, KWL
ZANEEMS BERESTES, £RERNERTEER
MRMXFABNERM, MS A FER MM
XESR, MS mEAE %%, MMYZRIFERI M, A8
WEEEZZRMEER FRAMXHNSKBEESFATREEM
A VS BRERANSEREESHUHNRNAR,. BRISE
TRENR, BRIEMHREBHRE LF, MBS SN
ABE Ms BIRIE R, UREUEEEH AR, Fia
DITRISEXT I EF FBG B BN, LA E EN
M E XK, TSR TR A1 8 TN A i £ X f g7k
FRUR AN, XERIFSE TS ME. ¥EREE
ENBENEE. SRABEREHEBEERNRAE—E
RN,

DAY B HYSBRK, MEM FBG EF
=, MS R X I IN; M HDL-C K FFH &=, BRI/,
MS BIRX (T FIE BT WA, MS AL 73 BRI
HWEEEINMAL, BBESTEEBRIMNENRE AL
SEXNMENEMRA, AR BT LR, £
MERBAE, NRSERERK, MEERTEHREARS, 1
nms BERNK, B ARBREZIFES=EMNER
RIEBH RN, EBRRNBESE M Ms BER
X, AHFEEE L, HREBEHYS[EBERS
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