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Cold Air to the Cardiovascular System and Related Influence

Factors of Natural Experiment Research
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Abstract: The effects of cold air on cardiovascular disease were investigated in an experimental research ex-
amining blood pressure and biochemical indicators in humans. Zhangye City, Gansu Province was selected
as the experimental site. After conducting health screening and blood tests, 30 cardiovascular disease pa-
tients and 40 healthy subjects were recruited as case and control groups, respectively. The experiment was
performed during cold air exposure in 27—28 April 2013. Blood lipid, whole blood viscosity, cardiac tro-
ponin I, myoglobin (Mb), and endothelin-1 in all subjects were evaluated 24 h before (morning of 26 April
2013), during the process (temperature dropped to the lowest in 07:00—08.:00 BT 28 April 2013), and 24
h after cold exposure (morning of 29 April 2013). The variations in each biochemical indicator were ana-
lyzed before, during, and after the cold exposure. The results showed that cold air exposure increased the

low and midst shear of whole blood viscosity and the low and high shear of whole blood reduced viscosity.
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This phenomenon led to excessive blood clotting and high aggregation and viscosity state in cardiovascular
disease patients and healthy subjects. In addition, cold air exposure evidently increased serum triglyceride
and very low-density lipoprotein cholesterol but decreased high-density lipoprotein cholesterol and Apo-lip-
oprotein Al. These indicators caused blood viscosity, increasing cholesterol and platelet granules, which
are deposited in the vascular wall, thus further aggravating atherosclerosis. During the cold air exposure,
the concentration of vascular endothelin-1 significantly increased. Moreover, Mb and cardiac troponin I
gradually increased and caused vasoconstriction and damage to myocardial cells. The main conclusions are
that the cold air can affect both cardiovascular disease patients and healthy subjects. Firstly, the effect of
cold air can make excessive blood clotting and high aggregation and viscosity state, impacting the blood
rheology. Secondly, the cold air can promote the occurrence and development of atherosclerosis. Thirdly,
the cold air can vasoconstriction and damage to myocardial cells. In addition, the mechanism of the effect
of cold air on cardiovascular disease risk factors in humans were also investigated from three aspects.
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Table 1 Basic meteorological data of the cold air
event in Zhangye City on April 2013 (unit;C)
AR 26 H 27 H 28 H 29 H
Trnaxzs 26.1 19.4 16.4 26.5
Tmin2a 16. 2 14.9 8.8 10. 4
AT mings 7.4 4.5
TE : Trmaxza A H B @ > Tminza 9 H SRR - ATmings 7 48 h P9 5 G
Z%.

Note: Tmax24 means daily maximum temperature, Tmin24 means daily
mininum temperature, ATminsgg means the difference of minimum

temperature in 48 h.
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Table 2 Gender and age compositions of the patient and control groups

15 o P G / %% F@mﬁjﬁ(n)/% _
5 I 40~ 50~ 60~70 Tts
X 1 40 24(60.0) 16(40.0) 11(27.5) 14(35.0) 15(37.5) 554+9.8
¥ 151 30 15(50.0) 15(50.0)  9(30.0) 9(30.0) 12(40.0) 59+10.0
At 70 39(57.1) 31(42.9) 20(28.6) 23(32.8) 27(38.6) 57+9.6
*3 AESUEMNTERNS O E (R4 mPa - S)XFEE (x£s)
Table 3 Comparison of whole blood viscosity (unit: mPa « S) before and during cold air exposure (x=s)
s ik ) ]
o 5 Fug:ih) it 5% Hif it gy it 5% Hir it B
95 i 21 10.74+1.9% 12.14+1.7 6.1+1.17 7.0£1.07 5.440.8 5.440.7
X B AL 9.2+1.8 12.84+1.9* % 5.34+0.9 6.6£1.0" 5.640.8 5.640.8
e WA G BERTET FL A . P<C0. 05, # [A] — B[]0 1) 5 % B8 4, P<<0. 05,
Note: * means the variations before the process, P<C0.05; # means the vartations between patients and healthy subjects.
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Table 4 Comparison between whole blood reduced viscosity and plasma viscosity

(unit:mPa « S) before and

during cold air exposure (x,*s)

s 4 I3 5 BE AR ) A I J R ) 1fi 3% 78k B2
o B Fug:-ih) i 5% i ik B o B fOR Ay
975 151 41 21.1+£2.6  22.8+1.7"% 7.4+1.1 8.3+1.6** 1.5+0.2 1.4%+0.1
Xf B 21.142.2 22.042.2" 7.6+1.1 8.2+1.1 1.440.2 1.440.2
3,

Note: Same as Table 3.
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B
n

68 LA B 1R A T
AR B AR RZ —.
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W]+ J2 3 A5G I L A5 9

R 5 FroR, ¥ 2 Ak B i 20 i v TC.
TG,LDL-C,VLDL-C #1 ApoB 43 7 bt i 55 57 |
T 0.23,0.34,0.15,0. 16 #1 0. 06 mmol « L7',
HDL-C. ApoAl #1 ApoAl/ApoB N4y 5 F B T
0.03.0. 05 mmol « L' f1 0. 14, =K )G

TC.TG.LDL-C,VLDL-C fil ApoB [y % & F k.

FEE M 0. 04 mmol « L™', ApoAl 54 7. {04
Fb ¥ 25 A2 B8 A A X B4 1 3 TC, TG, LDL-C,
VLDL-C #l ApoB 7 ¥ %5 /<3 Bi i Fo i 55 115 43 1) |
J+7 0.06,0.02,0. 07,0. 09 #l 0. 05 mmol « L',
HDL-C,ApoAl FI ApoAl/ApoB 435I T [ 1 0. 02,
0.08 mmol « L™' 1 0. 13, ¥R IE 5. % B oy
A T A MG AR bR 50 B A A AR R A2 Ak, s
H% 25 K oaf 8 i TG, VLDL-C, ApoAl, ApoAl/
ApoB. 1 B¢ J5 HDL-C 5 o 5557 41 b B A 3 1k 2
St X BREH VS 25 AU B F ApoAl, ApoAl/ ApoB. id 5E
JG TG 5t BEniAH L 2A W38 k25 5 i i AL A8 =
St BERT ApoAl/ ApoB 5 xf B2 [W] i %) AH Lt B A
PR 25 5 L 0 A% 0 1 ZE RO R 4 I B 4 B 1) AR fk 1Y
o E 2 R WA R BoR. %A AN HDL-C,
ApoAl. TG.VLDL-C J ApoAl/ApoB ¥ i # K
Wi, D)0 W3 I, ¥ 25 U X HDL-C, ApoAl, TG,

Hrr TC LA H AR & 5 bn BUE ) L ve 25 it B A VLDL- C } ApoAl/ApoB Y52 M n] BE A 3t i O ik 1
. HDL-CHRZE TR T, 58 K 5Em A ke, T IR FEERNREZ —.
x5 AEEEHNTEMBEAKTE(xLs, 24 :mmol - L)
Table 5 Level of blood lipid during cold exposure (x=s,unit:mmol « L™")
. . I B 41 X Al
ioRILE R 7S ey— e — y— oy oy
% 2 Ul 7% 2 U % Us ¥ 28 SR 1 28 U % Us
TC 5.12#1.31  5.3540.91%  5.01+1.25  4.9540.82  5.0140.84  4.89740.90
TG 1.91+1.42  2.25+1.36%  2.02+1.32  2.21+1.33  2.41+1.68 2.71+3.41*
HDL-C 1.4240.33  1.3940.34  1.3540.31*  1.3340.37  1.3140.40  1.2940.25
LDL-C 2.8440.98  2.9940.60%  2.89+0.87  2.58+0.86  2.65+0.89  2.5940.76
VLDL-C 0.8640.61  1.024+0.64*  0.9740.65  0.9940.54  1.084+0.76  1.0140.55
ApoAl 1.5140.20  1.464+0.23 *  1.5040.31 1.3640.16  1.2840.26*  1.3140.18
ApoB 0.9840.20  1.04-40.23  1.01+0.18  1.0640.17  1.11+0.16  1.0840.19
/X’;Cf}: 1.5440.20 1.4040.23°#%  1.4940.24  1.28+0.17 1.15+0.21*  1.21+0.19
3% 3,

Note: Same as Table 3.

2.5 DABRGHNEREYERERIHT
W

Wk 6 TR AR 2 S SR B R = AN B
T 191 28 OGS AL A LT3R 11 09 K R A T

AL (P<C0. 05) , R IEM K By e, I 53 55
FAE s 191 4 5 5 v R B8 S R WILEL AR 1 43 O
T 124.5 F1 644.1 ng « L~ % BEZH 55 5% v Ak B S
I E A 9T T 163.2 #1768.3 ng« L7, 5
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BT A R B A B S LA B T 519.6
ng « L X RS R R LA T A 1 605. 1 ng
< LY, T il kI 3R JE I L B

S BT B A B A AR B 3 25 5 (P<20. 05)
T 91 2L AR 0 1 2 A v 225 03 gl ] — I 300 A WL 41 2
HEEH I R P22 5 (P>0. 05).,

F6 RESXMFEGAMBAEOCNBRGMBRSWERMAMTR(vLs, Bfing: L)

Table 6 Effects of cold air on serum reflection markers of myocardial injury (¥Zs,unit:ng +« L™")

i ] I3 1 21 (n=30) _ Xof B2 (n=40) A
MALEH ILESEH 1 I R R MLE A ILESE H 1 I N R
i B 1567.44560. 1 301.7+117.6 139.7+55.4 1439.44563. 2 407.74207. 3 159.8+45.9
o 3% B 1691. 94542, 8~ 302.94101. 1 197.7+86.7" 1602. 64+670. 3 411.74+213.9 212.5474.3
e 2211.5+730.6" % 608.24309.3* 7 71.94+69.5" 7 2207.7+869.5" % 604, 84+327.1 90.4+39.7*%
o Bt BT R, P<<0. 055 # Had B s, P<<0. 05,
Note: * means the variations before the process, P<Z0.05; # means the vartations during the process, P<Z0.05.

Wk 6 JoR  7E ¥ 28 Sk SR v A I B e
B FR T BEZH B ILES & 1 T A -F B K M A s 4
{HJC 8. 2 22 5+ (P>>0. 05) , Horp 5 35 55 i He 5 9 191
A AR ES TR 7 L2 A
4.0ng« L', SEBIASBEEMNSERD 1 55
HI A 8 b, SRR RS K 43 0 T 306, 5 AN
305.3 ng e L' ATHRAMREMIESER 1 55
H AR 5 i b, SRR A T 197, 1 AN
193.1ng+ L', WAIASEEMISED TS5
BEHT ol 55 v e B, AR AE 1B 35 25 S/ (P<T0. 05), 1
XTHRZH i 5 e A LS B T 5 0 i L B b F A
T E 2R (P>0.05), £S5 80 A — i)
FILES 26 11 1. 9 1) 41 Fn ok B8 2 G i1 34 0 B 3 1 2
F(P>0.05),

mk 6 Fron  ER S LR s = B
FARIME N ER-1 KR kA TR
Ak, ¥ AT 2SR (P<C0. 05) , 1 85 d 5 it 8%
I EE 2 R34 9 191 4 A0 BR A 4y B BS K T 58 AN
52.7 ng « L', 1L B8 J5 5 3 BE A G BE bbb A B B
1 Hor g 1) 2 43 gk /> T 67. 8 Rl 125. 8 ng -
Lo % IRl 20 9l /b 7 69,4 A1 1221 ng » L7,
TER 25 S0 B [a) — B 309 %) i 480 PN Bz -1, 0 i) 4 A
XT B 2H G it 34 0 18 3 1 25 % (P=>0. 05) ,

b oy A sl R 7R S A B B S
WLl H VS 2 1 TR B FRR 2t 1 B AE v 1)
FxE B 2 — B AT R L 2 S R
15 B T B R IR AR5 2% 1 o R S0l 2 iR B 1) 6 B (1]
SRR AL, Zhang 45 ( 2014 WF 5% 48 H 0 51 2 Ak =
HE N OB AR B IR R Bk R B
IO e IR I A Y 48 L Il I T 5 (Bin Luo et al,
2014) , .0 i IR i K2 7 25 £ fay i ( Seltenrich,
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