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Assessing Hematological Change Associated with Cardiovascular Disease Risk
among Korean Taxi Drivers Using Data from the Second (2012-2014) Korean
National Environmental Health Survey: A Propensity Score Matching Approach

Kiook Baek”

Department of Occupational and Environmental Medicine, Korea University Medical Center, Ansan Hospital

ABSTRACT

Objectives: Taxi drivers are exposed to various hazards, such as long periods of sedentary work and
traffic—related air pollutants. However, studies on the health effects among taxi drivers in South Korea are
insufficient.

Methods: To assess subclinical hematologic change related to cardiovascular disease among male taxi drivers,
we analyzed data from the second Korean National Environmental Health Survey. Fifty—nine taxi drivers and
1,912 controls were included in the analysis. Propensity score matching was performed to adjust for age, body
mass index, and urinary cotinine. A total of 295 subjects were matched with 59 taxi drivers. Leukocyte count,
platelet count, hematocrit, triglyceride, total cholesterol, HDL cholesterol land total IgE of the taxi drivers were
compared with the control groups.

Results: Taxi drivers showed significantly elevated blood leukocytes and platelets. Serum total IgE was
significantly reduced in taxi drivers. However, blood leukocytes, platelets, and serum total IgE were not
significantly correlated with work period among taxi drivers.

Conclusions: Regarding the change of the blood leukocyte count, platelet count, and serum total IgE, taxi driving
has the possibility to be associated with peripheral inflammation, humoral immunity and cardiovascular risk.
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AETA 2] 9 QIAo|H(Martin et al.,, 2016;
Moller et al., 2016), A|&H0 2 L 2E= T2 9 3
HeRELdE E3 AE83A A T (Bourdrel et
al., 2017)°l FdF= & 5 Q= UdAITh FHA oy
AoflA &4 7IARe] AE3A A3kt TRo] Q= <l
A= Wit A7 EaEdE, =2 d€9, 7K
Adbsio] 59 AdaA AEAAE AEH A 3
o A= 4 7|AtlA H HIds] HiE| ] om(Belkic
et al., 1998) 1A EZF, G, JARESH(Sangaleti et
al., 2014), ¥9t 2 SA(Elshatarat & Burgel, 2016)
9] Hlgo] EA] 7|AMfA] =t AQl 7]E EHE0A
BHygy Qo

ojZ|gt AEH < AETALS AFAA L} AR
o= A &Y AATE AEHA dE A
TE =9 & Stk o8 ABA8YEH, AFY
EH|5H4 (Belki¢ et al., 1994) 7]7o] AAHI 1o
o, AEdA A% W Ay dE ot 945
AHE9 Hale R 1= QT Brucker et al., 2013).
Chen et al.(2005)2 ©jA] 7|Ake] 4 A|7Ht wiE L,
ot 5 AEEA dght 3RS Hole N
AAFEC] Y AT BAZ vk AL Bargk v 9l
om, oo 2Rlste] & AolA= Ayt QI+t ek
ElA] 7|4 Al TA Aeka A A xS0 gt €
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1) HEXA
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A271(2012-2014) FNSHEZ 7| 2RA= &
RPAEA dutslsbaAl, SAL AEAAL S &
WAAL WEH] HARE Alstelen, 11 5 AgaA
2% A BATE A= AR AF AolA B
= QAR EF F FHAHE(eong et al., 2018), T
A" (Nordestgaard & Varbo, 2014), HDL =g
AHE(Rader & Hovingh, 2014), €% WdEL 4
(Sabatine et al., 2002), €% dA % 4(Sloan et al,,
2015), A+ &4 WME8(Gagnon et al., 1994), &
% & IgB(Criqui et al., 1987)& AAslo] LHl A+
Ayt vwstoct

BAANESS FHEL 7| 22A AAA = B
A ARt A Aol whEt A4 = ATHNIER, 2012).
75| QOoFstAtH, N AR} QA= YA A=
stofl Z+zF 23 mL, 80 mL ol AFHsIRH AfHH
AE= AQF 24417 W 2-6 °CE Eiisto] J87]ie
2 o]¥Eo] BASIAUTHChoi et al., 2017).
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g3 F IgEY EAL Chemiluminescene

immunoassay W& ARESFY O™ Immulite2000
(Diagnostic Products Corporation, USA, CA) #H]
2 BAotlon A= (87 IU/mLAt % A&
of ojgt 4L HAHES ARESIor ADVIAIS00
(Siemens, Germany)Z 333t FiAE= F 29
2HE <200 mg/dL, HDL 40-60 mg/dL, S/3X%
(250 mg/dLA. @5 W3 &, A &4 Wi
&, 8% 94 o AVATHS ARSI ADVIA
2120i(Siemens, Germany)® 24590 H FiX|+=
217} 3.8-10.7x10° /uL, 34.5-52.0%, 147-372%10°
me:\=g
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Aot TAE HeES S
WL 95t QAR /\}%oh_x} 5t o™ (Brookhart et
al., 2000), olol] AZaA AFol FF2 vl 5= 3
= TS AFHS WA Sof 24 Ao A=
Je Hasshua s

AR ZARR}F AA ASA AR AAFATE 5
Astelon FAo digt A #E 35 IEUIS AMESH

Aot 8% FEUY 542 VA A=ntE TN T-d=
24712 Foity. 8% FEHUS WHHASIHA
(method detection limit)}= 0.3 pg/LoloH, A=
SHAIZE whe] g2 HAESSHAC] V2 E U g2
2 QA5 85 FEHY B4 2 A27| =9
AR 7| 2Z2A EARARTIEREE)Ol T &
A g JtHChoi et al., 2017: NIER, 2015).

4) S 24

@A) AL A Pl s Aol 3 Qb B4
o Hfol7} Qo P MAME S £ AT
oML WS Wat oo AATA W FFalR
& $A% 2348 A shglon, ol A7 AS
o AuA B4 F A A2 AR Lzl
AAES WeHSEA FASL AU, 2F 2

d(ug/e). AIFARe/m)E BET HFES o
He AYoAE. 2F TEUS TS BAS|
3t W AgIGon, 8% TeUL aF Feo}
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22w 7oA Hi3K(bias)E E°171 fsl 1:5
2 Fsiglon =4 d1gjEo R EXAEH IHE,
Wiy duEEoREs 2 ol ZA7|M(nearest
neighbor matching)S A&t Rassen et al., 2012).

S wiAS Bl A8 HluTd "A] T)ARE
o] dutd B4 9 AGHARE vttt &Y W
=9 F & H2E 99 independent t-testE Yo}
o] P valueE A4 8% FEJL HFAS 9
w5t (Shapiro-Wilk test p<0.0001) SHIFH Ex
£ 5to2E Mann-Whitney testS sttt
Al Z1Atl A Fofet §st Sl EEol thel "4l
A 22 271 ARERRol Wt ] R BRS
of Zpol7} Sli=A] ERlstaAl s3It BA|Z|AL 9] E
2 571 9 12-1782 =% Hof L2 FAHES
Kruskal-Wallis test& AM&st] P valued AHEoFS
o 54 ZEI3O0ZE= R project(version 3.6.3,
https://www.r-project.org)s AR&stgom AJFH
& WS o H71A “matchit” AME-SFIT

i

b) w2l 1o
2 A=

= 7701 Aol E7Fsgt 5'0—7H;<}§E ol &
4 AFEA, 1 e e
L] A9 HAGS HITHIRB No. 2021AS0252).

Toll A ElstaAl she YAFAA 9 AAAIS 2

A7F Q= Q1Y 84S AQJstdon, 1 AY F o
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Total participants in the second KoNEHS (N = 6.478)

- Female subjects (N = 3.704)

4

Male participants (N = 2.774)

Subjects with missing values (N = 84)

! !

Taxi drivers (N = 59) Controls (N =2.631)

Professional driver other than taxi (N =117)

!

Controls (N =2.513)

Subjects without occupation (N = 602)

!

Controls (N =1.912)

!

Propensity score
matched controls

(N =295)

Figure 1. Flow chart of subject inclusion and exclusion criteria

Table 1. Characteristics and hematologic features of taxi drivers and propensity score matched controls

Matched general population Taxi drivers P value”
(N = 295) (N = 59)

Age (years) 585 + 85" 53.6 + 8.7 0.95
Height (cm) 167.4 £ 5.8 1676 £ 5.9 0.80
Weight (kg) 69.9 £ 89 69.4 £ 84 0.67
Body mass index (kg/m?) 249 + 2.7 247 + 25 0.50
Total cholesterol (mg/dL) 184.9 + 34.1 189.2 + 39.5 0.39
Triglyceride (mg/dL) 2095 + 1515 1989 + 112.0 0.54
HDL cholesterol (mg/dL) 499 + 124 490 * 144 0.62
Serum total IgE (IU/mL) 368.5 + 928.3 216.0 £ 284.6 (0.05
Leukocyte count (10%/uL) 70+ 18 76+ 20 { 0.05
Hematocrit (%) 442 + 3.9 446 + 3.0 0.35
Platelet count (10%/ul) 250.5 + 59.8 276.3 + 78.6 { 0.05
Urinary cotinine (ug/g creatinine) 3.8 [1.1; 871.2]F 3.2 [0.9; 926.2] 0.55

“N: Number of samples

" P values were calculated by independent test except urinary cotinine. P value for urinary cotinine was calculated by
Mann-Whitney test due to violation of normality; P value <0.0001 for Shapiro-Wilk normality test.

T Mean * Standard deviation
T Median [25 percentile; 75 percentile]

sl FooHAl =%THp<0.0001). BF F IgE7F HA|
ZIARIA - fofrfelA W2 ATE EAoH(p<0.05),
g3 AT e FosH EUTHp0.05).

AFES S T a2 AL T oR
&3 A0 544 bt 4= AeH, 5
A

N

S4holgol 8078(27.1%), AlEYe] 257(8.5%), 5
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Table 2. Propensity Score Matching and Covariate Balance
Means Means Standardized ~ Variance  eCDF" CDF Max
(taxi drivers) (controls) mean differences  ratio’ Mean
Distance 0.04 0.03 0.72 0.71 0.22 0.41
Al dat Body mass index (kg/m?)  24.66 24.74 -0.03 0.62 0.05 0.10
ata
Age (years) 58.56 47.93 1.23 0.36 0.16 0.40
In (cotinine (ug/g)) 2.72 3.06 -0.09 1.03 0.03 0.11
Distance 0.04 0.04 0.00 1.01 0.00 0.03
Body mass index (kg/m?  24.66 24.92 -0.10 0.86 0.04 0.13
Matched data
Age (years) 58.56 58.48 0.01 1.04 0.01 0.05
In (cotinine (ug/g)) 2.72 2.89 -0.05 1.06 0.03 0.09
" Variance ratio close to one indicate good balance.
" eCDF: empirical cumulative density function. Values close to zero indicate good balance.
Distribution of Propensity Scores
Unmatched Treated Units
Matched Treated Units
O o]
© 0n B Selomed om o ©
Matched Control Units
e &5 e
Unmatched Control Units
g0 00 o
o]
T T T T
0.00 0.05 0.10 0.15
Propensity Score
Figure 2. The distriution of propensity score before and after 1:5 propensity score matching
g5 $= 76 + 2.0 x 10° /uL, BlEFAAE 7.0 2 A &4 WMESdARIAE F 29 FoJRt Ao
+ 1.8 x 10° /pl2 BAH o= Folgt Zpo|7} AU + 818l

(p€0.05). ESH €Al 7|4} FolA EF AT 7
2763 + 786 x 10° /ul, ¥]|@o)A= 250.0

¥ 8T

9% viAo] Aol WelAlo] WSk Table 20
AN Aeas MH A% SRS Slels AE

508 x 10° /uL.o& 9A] 7|A} FojA] BAF R Qo5 9l Variance ratio2} empirical cumulative density
Al =UHp0.05). B3 F Ighe= €A 7|AF 18004 functions(eCDF) Z+ZF 0.71°14 1.01&, 0.22914
216.0 = 284.6 1IU/mL=& H]ﬂ% 368.5 + 9283 0.002% 7HdE Hon 53] AR5t dg

[U/mLe]l ®lsf folstA @2 d3E EAHp<0.05).  ditt A&7t /WA= BFEF

19 8% 344, & SYLHE, HDL E94HE  Figure 2914 ER1E 4 Sl
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Table 3. Blood leukocyte, platelet, serum total IgE by work period among Korean taxi drivers

1st quartile 2nd quartile 3rd quartile 4th quartile
Work period (months) (0-75) (76-204) (205-300) > 300 P value”
N=15 N=15 N=17 N=12
Leukocyte count 8.2 N 7.3 7.2 6.4 088
(10° /ub) [6.1; 8.6] [6.2; 8.8] [6.3; 8.7] [5.9; 8.3]
Platelet count 270.0 283.0 215.5 192.3 0.66
(10%/uL) [225.0; 341.0] [250.0; 318.0] [266.0; 325.5] [254.0; 276.8]
Serum total IGE (U/mL) 15 055 (1480, 40591 [148.0: 405.] [104.29?70.5] 0.40
P values were calculated by Kruskal-Wallis test
" Median [25 percentile; 75 percentile]
3. EHAl 7|AfQ] 22 FHo| ME ¥F gy, Al S FE6IenE 32 25 9 AT A% 2
4 2 SN |gE =X A 2 Aol Hazt she RIS ALBsHA] ggte s
SA ZIAIA fOE g0l HRlE B3 WET 2 BE 3E Bl 97 4 9L AL b
%, v 50t B 5 Ighol s @A A2 el 8L Atk deut 25 oM F U 2 BES §
A 2Rrste] BAE BAt Sk BAVIAe) 2 o) A7 %S FFeE Pt g
DA ARE|E o] U] ZO HESon v @X 94 7S A4H A4 £ Bed
FZI Golst 2jolE HQl EF wiEL Faw 49 e U HaEo] glom & HFTA AR

3 Igb7t 548 ThE A7t eA] iz
Aot A AHRe A4 7570, 204714,
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Z23E Tho] 71&5k YthKurosaka et al., 2000;
Chen et al., 2005; Nasri & Moazenzadeh, 2010;

Rahimpour et al.,, 2016; Rezaei Hachesu et al.,
2017). & A4 Aol "A] 7|AE2 Blawto] H]
off AEIA HEJA F oA EF AT F
291 @5 W =0F FAu 7} vl H|s -2
u|stA| =34t o= 7]+°ﬂ By dfgtofl A $=345 g
A7t BA] 714 A YollA Bt G734 Azto]
ZojA4E FF gy, 40 ¢, HEL &5 e

80| Z7Fol= A3 Chen et al, 2005 B9l AT
FARE Aatott, 4 AP FAIZE gotba LRSHA|
o, ojgt 4] A Al7to] ZojA|H o] thAl &
At ASHEZ %10%_‘ 757301 UtHLeon- Latre
et al., 2014). 4T Tz oA A 58 59
71 9ot ‘:} 1ot A5 ARIEZIRIY EH|et
o] ArkHFranco et al., 2015). v]=+9] =147
FRARE 24 A+olA F5EY AlA E50] 4
o] 7HAael ko] okl HiE o] glow, 4 S
Azt WRE S S=0}0] oFo] A TA = HEarH v
(Willis et al., 2018). B1A] 7|AFE0] G EAAT AA

=

71 24 BEL 5ot o] Q) B2E U 4F
Aeo] WSt AR AOR AzHET B3 202 4

BT o) cleret AE
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By v} Qlom(Bellet et al, 1969; Evans &
Carrére, 1991), 7H|Eotl2 EF WEF9 Ak
(Benschop et al., 1996)3 W% Ho=g9o] o]x
(Ince et al., 2018)2 EXIgttal A A Uct. &HA] 7]
AFEZ Al Bt S 43R0 AEH A LEEEE
(Belki¢ et al., 1994) o]&gt AEFHAZF vtk JAFH
cato] W@l 4 Ay B Zjoof| 7]ofstlS Alo]
ok AEEA dg @] glo] S S48 A
9 Zgo] FFZ m|A= 8T JIXE, WES= 1
AA 2 ooFet A88A AFAAS(Farhangi et al.,
2013)3 Aol B8 A lom T AFH A=
Bl 1 AARAME JEJAZ Q1w QJrKSabatine
et al., 2002; Haim et al., 2004). 49| &7} Est
gz ZSE Ao o7 tE AETA AR
(Sloan et al, 2015) 3 AE8A FAgo =
(Vinholt et al., 2016)2} S Hol= A7 Bl
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o oigt AP =7t ASdl= A(BJovanovié et al.,
1998; Hannerz & Tiichsen, 2001; Bigert et al., 2003)
< FsF= dytoltt, E3F & Ao = HEE
Ql AEH AEA AFUAR] EF A& (Mortensen
& Nordestgaard, 2020)FA52 949, H|9, &9
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2019; Lim et al., 2021), 7|29 &2 3¢ &
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2t 2= O k(Salvi, 2007; Rage et al., 2009),
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WE B9 [gEY] FH%So] AAETkY g
AT LRSS ABTA W JraTe gL A

ZQl A& Qo= T A&HoZ & QoA ¢

LE5o] QtkBelki¢ et al., 1994). o]3st AEHA
7t BA] 7IAEY] 25 3ol AMHIAA O E It
A 84 & IgEY ¥sks FE3E 7hsAdol Sith
JEy "A] 7IARE ZERE AdFo s g st
= JAoA9 8 F 1gEQ] ®ig}o] sl E gt 3kA
A A= 3] ofgleH, % AT} IgEQ] TAO
A= F7HQ 714 A7 B8 Aotk E
% IgE T3 JAIAAlo] gt =22 UATHLippi et
al., 2014), 1980, 90|Ath+E 2000dt] FRE7}A] of
THE Aol A&H o2 AEeA deke] Iy d F
TEoko] o] A7 = QoKCriqui et
al., 1987; Langer et al., 1996; Min & Min, 2019).
ohit AdF Aoa= @3 IgEe] Aol 5184 4
o YFEE 9]y ASAXItE Hik 3lo]
(Magen et al., 2015) IgEe} AEHA Ag TAjol
Aloll tiet 713t 1ol A= BEetA HeA
UA] Gt B AFoAE EF Ighe gA] 7|AREolA
FoloHA W2 AIE HRl Ao|7t AEHA AE Ay
AFEe} ATIS 7HA=A0 gt BEdt A2
g 5 glon} sldsky AT 9 4P ATES £
25 A7s) 2 7B} 9k Bl

2 AFoldE WA Ja 7o) 9% wET, dan
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Appendix A. Characteristics and hematologic features of study subjects

General population except drivers Taxi drivers P value™
(N =1,912) (N = 59)
Age (years) 479 + 1447 58.6 + 8.7 < 0.0001
Work period for taxi drivers (months) - 201.8 + 128.6 -
Height (cm) 169.8 £ 6.4 1676 + 5.9 { 0.05
Weight (kg) 714 £ 111 694 + 84 0.07
Body mass index (kg/m? 247 + 3.2 247 £ 25 0.81
Serum total IgE (IU/mL) 2955 + 6224 216.0 £ 284.6 (0.05
Total cholesterol (mg/dL) 184.6 + 34.7 189.2 + 395 0.32
Triglyceride (mg/dL) 203.3 + 160.6 198.9 £ 112.0 0.77
HDL cholesterol (mg/dL) 50.8 £ 12.1 400 = 144 0.34
Leukocyte count (10° /ul) 72+18 76 %20 0.06
Hematocrit (%) 450 t 34 446 + 30 0.37
Platelet count (10° /uL) 258.2 + 61.7 276.3 + 78.6 0.08
Urinary cotinine (ug/g creatinine) 45 [1.0; 943.3]7 3.2 [0.9; 926.2] 0.54

" P values were calculated by independent test except urinary cotinine. P value for urinary cotinine was calculated by
Mann-Whitney test.

T Mean + Standard deviation

T Median [25 percentile; 75 percentile]
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