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Associations of morning urinary 1-bromopropane metabolite with peripheral blood
parameters in a community-based population LIANG Ruyi, FAN Lieyang, YANG Shijie, LIU Wei,
YU Linling, WANG Bin, CHEN Weihong (Department of Occupational and Environmental Health/
Key Laboratory of Environment and Health, Ministry of Education & Ministry of Environmental
Protection/State Key Laboratory of Environmental Health (Incubating), School of Public Health,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei 430030)
Abstract:

[Background] As an environmental pollutant, 1-bromopropane (1-BP) is ubiquitous in the living
environment. However, its health effects on the general population are still unclear.

[Objective] To assess the associations between urinary 1-BP metabolite and blood routine
indices in a Chinese community population.
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A total of 3512 community residents aged 18-80 years from the baseline of the Wuhan-Zhuhai cohort were included in our
study. The demographic characteristics, disease history, and lifestyles of the participants were collected through questionnaires. Height,
weight, blood pressure, and other anthropometrics were collected through physical examination. Blood routine indicators were tested
using an automated hematology analyzer. Urinary 1-BP metabolite N-Acetyl-S-(n-propyl)-L-cysteine (BPMA) was measured by ultra-high-
performance liquid chromatography coupled with electrospray ionization tandem mass spectrometry. Generalized linear models and
logistic regression models were used to assess the associations of urinary BPMA with blood routine indices and the risks of abnormal
blood routine indices, respectively. Besides, stratified analysis and effect modification analysis were further conducted to investigate the
effects of individual characteristics and lifestyles on the associations of urinary BPMA with blood routine indices. All models were
adjusted for gender, age, and other potential confounders.

The mean age of the study population (30.1% male) was (52.78+12.77) years. The median (P,s, P;s) level of urinary BPMA
adjusted for urinary creatinine was 0.90 (0.50, 1.73) mg-mol™. In the analysis with target indicator as continuous variable, each 1-unit
increase in natural logarithm-transformed urinary BMPA level was associated with a 0.078x10° L™*, 0.031x10° L™}, 0.307%, 3.518 g-L’l, and
2.469x10° L™ decrease in white blood cell, lymphocyte, lymphocyte percentage, mean corpuscular hemoglobin concentration, and
platelet levels, respectively (all Ps<0.05); and with a 0.440%, 1.140 fL, 0.014 fL, and 0.020 increase in hematocrit, mean corpuscular
volume, and natural logarithm-transformed levels of mean platelet volume and mean platelet volume/platelet, respectively (all Ps < 0.05).
The categorical analysis across quartiles of BPMA level showed that BPMA was inversely associated with lymphocyte percentage, mean
corpuscular hemoglobin concentration, and platelet levels in a dose-dependent manner (all P,.,4<0.05), and positively related to
hematocrit, mean corpuscular volume, mean platelet volume, and mean platelet volume/platelet levels in a dose-dependent manner (all
Piend <0.05). Body mass index, smoking, and drinking modified the associations of urinary BPMA level with red blood cell, mean
corpuscular hemoglobin concentration lymphocyte percentage, and hemoglobin (all Ps < 0.05). In addition, urinary BPMA was associated
with an increased risk of abnormal increase in mean corpuscular volume (OR=1.316, 95%C/: 1.171-1.478) and red blood cell volume
distribution width (OR=1.255, 95%C/: 1.030-1.528), and abnormal decrease in mean corpuscular hemoglobin concentration (OR=1.200,
95%Cl: 1.035-1.392).

Exposure to 1-BP of the general population is associated with decreased white blood cells and platelets, as well as abnormal
change of blood cell morphology or function.

1-bromopropane; N-Acetyl-S-(n-propyl)-L-cysteine; blood routine index; hematotoxicity; cross-sectional study
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RAEIRIER, tLoh, AR RIRIEME M S ESEEY, iF
AN RINENZEJ/ R, FEEA logistic [O])FHEE
RITIR BPMA 5 EFF BB R XL Hit2H3
K F SAS 9.4 BR{IF#H1T, WML KKE a=0.05,

3512 B RN RINFUR F(52.78+12.77) %, B
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FRBPMAZ R AL EF B IE 5 B9 M(Py, P) iR FEE A
0.90(0.50, 1.73) mg-mol™, JLAI¥I{E A 0.94 mg-mol™s

®1 ARABNESHKIE (n=3512)

Table 1 Basic characteristics of study participants (n=3 512)

AER(HORREL/%)

R 5
Variable
=25 ) Number (Proportion/%)

I (City) X (Wuhan) 2114(60.2)
k8 (zhuhai) 1398(39.8)
145!(Gender) B4 (Male) 1058(30.1)
4 (Female) 2454(69.9)
/% (Age/years)(X £ 5) 52.78+12.77
F#E/% (Age/years) <45 928(26.4)
45~59 1543(43.9)
>60 1041(29.6)
BMI/(kg:m™)(x 5) 23.97+3.46
BMI/(kg-m™) <24 1875(53.4)
224 1637(46.6)
S B EPR(Schooling years) <9 2110(60.1)
10~12 968(27.6)
>13 434(12.4)
Fdk(Employment) 1278(36.4)
IRMRIE 5L (Smoking status) M (Never) 2805(79.9)
i 2 (Ever) 171(4.9)
IWTE (Currently) 536(15.3)
TREIE R (Drinking status) M7 (Never) 2965(84.4)
& 2 (Ever) 93(2.6)
TLE (Currently) 454(12.9)
R MESRIE (Regular exercise) 1705(48.5)
B RS M/E (Self-reported hypertension) 1431(40.7)
B4R /0 M B &SR (Self-reported cardiovascular diseases) 239(6.8)
B FAZ4(Self-reported taking medicine) 1532(43.6)
BRI (Self-reported allergy) 564(16.1)

R ABERV IS A ARAHIE IR 2, BB AL
£ MR AN M/ AR B9 E 59 31 /9(5.9242.13) x10° L
(4.52+0.67)x10" L™* #1(222.2064.55)x10° L™ & T B
AR, MBI ARAER D HEEIN HFR
MEFIEFRERIYKT 10%( WA FTMRIER s1), 7
ARIEEMERAZB R T, AL HEHEEL.
MEBAEE S, FHMAERREMN /MR EEES

FR BPMA SREH S MK P, onq < 0.05) , TILIAAREEL A
LT ARRARFR. S M/ MRIRTRFD MPvp K FEE
FR BPMA JREF ST E( Pyeng < 0.05) o TLFR 26

RIEEZFEERRG, AR AR BPMA RESME
FIEtRBIREETL R 3. B4MREAE XIS, IR BPMA 5
HARHBMMEARBLE D2 AR XEKGY
P<0.05); FK BPMA JRE BAN IR IRESIEN 1 D
B4, BAMRBAMNE MR RS D25 LD
0.078x10° L'\ 0.031x10° L™ #1 0.307%, 7 B /R BPMA
S5HEHRE DL Z2ABFIE-BLIKFR(Pyeny < 0.05) 0
TR FIEART, R BPMA S54I4AM EL BFF 194
HRARZERAFIZE-RNXR, STFHMAEFRE
EAAFE-MNRXER; K BPMA KE BAXT #iik it
EEIEM 1 MR, AL A M AT D
B 810 0.440%F0 1.140 fL, FIY ML E H R E D
3.518 g'L™(3¥Y P<0.05 #1 P,.,4<0.05), M/NRABK$E
A, FR BPMA S/ MREZ BIZ i AFIE- MR R,
5/ MRAFIF] MPvp 2 8] 2 IE M 8 -85 X
&, IR BPMA K E BANT IR IRESIE 0 1 A,
M/REURD 2.469x10° L, SIS M/ MR EFRFD MPVP
B B A XT #4 5% 1 {8 9 5350 0.014 fL A 0.020(39
P <0.05 # Pyeng < 0.05) 6

H—F DI LM, K BPMA 54T RS RFIA
TARAERDHREZENEE LA URFIIMmMT
ERRENEE TRIXIEINMEX, 88N OR &
H 95%C1 93 B 9 1.316(1.171~1.478), 1.255(1.030~
1.528) 1 1.200(1.035~1.392) , TLANFEAARIER 526

DEDWMERERE 1, 45 M E 37K
BPMA 5ME MBI X BN EBIMIERA LA ITERX
(¥ P>0.05) o BMI STER BPMA JRE S4T4RREERAY X EX
BERMNEMHER(P<0.05), BMI<24 kg:m™ A
IARKFETREABE, WMEXTR BPMA RE S
REL A TIAAMARAN T M ERRENX
Bt BB MNASIHIER (1Y P<0.05) , IR ABEHLIA
LB FHIIMEAR EARFHYMOIERKE
TREENEE, TUEXFR BPMA JRE S iHE B
Bttt MAEH. FYTMEEIR. FHYMOIER
REE . M/ MRIEFIFN MPVP B X BEEY BB RN &
IRIER(38 P<0.05), INB AT MEARE S L. I
RPN FHMAEBREKF TERFHOTHEE
ARF0, I/ MRIFFIF] Mpvp K F EFEANBER,
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R 2 R ABNIEMIEIRFE (n=3 512)
Table 2 Blood routine profiles of study participants (n=3 512)

FRBPMAT 3 iI /K F 534 (Quartiles of urinary BPMA level)

Sy
2 (Variable) o r;;ré::ig:ants Q1 Q2 Q3 Q4 ;ﬁi
(<0.50 mg-mol™)  (0.50~0.89 mg:mol™)  (0.90~1.73 mg:mol™)  (>1.73 mg:mol™)
B 4RAEAEX 5T (Leukocyte-related index)
H4RpEk(WBC)/(10° L) 5.9242.13 6.013.18 5.95+1.69 5.85+1.71 5.86+1.53 0.025
RELRRE(LYM)/(10° L) 2.16+0.70 2.18+0.64 2.20+0.87 2.1640.62 2.08+0.61 <0.001
WE RS 53 Eb(LYMPER)/%" 37.2148.21 37.68£8.19 37.5248.34 37.49£8.01 36.1418.23 <0.001
LT AARAAR X 3SR (Erythrocyte-related index)
TAARBER(RBC)/(107 LYY 4.52+0.67 4.55%0.74 4.530.62 4.510.64 4.5040.67 0.104
MATEH(HGB)/ (gL 137.28+18.86 137.73+18.97 137.33+18.31 137.16+19.97 136.89+18.15 0.221
THRRLL A (HCT)/% 41.1049.65 40.37+10.57 40.08+8.44 41.2949.50 42.68+9.80 <0.001
SEIGLT AR ATR(MCV)/fL° 91.27416.63 89.04+15.89 88.95+15.98 91.8116.23 95.27+17.58 <0.001
TR RE(MCHC)/ (gL 337.88+52.21 342.98+48.43 343.68+45.82 337.8362.80 327.08+48.59  <0.001
LTARRIATR ) 7R B FE (RDW-CV)/%° 13.14£2.70 13.21+4.47 13.13+1.77 12.99+1.61 13.24+1.86 0.612
/) iR B X 354R (Platelet-related index)
M/ MRER(PLT)/(10° LY 222.20464.55 227.67+64.26 224.52+69.58 219.07+61.94 217.58461.67 <0.001
I/ VRAF(MPV) /L 8.70(7.42,11.40)  8.70(7.30, 10.00) 8.60(7.30, 9.65) 8.70(7.42, 11.50) 8.90(7.80,12.00)  <0.001
IR AR S f1/ MR T E(MPYP)° 0.04(0.03,0.05)  0.04(0.03,0.05) 0.04(0.03, 0.05) 0.04(0.03, 0.05) 0.04(0.03,0.06)  <0.001

Ela: BEAx+sRE; bl BEMA M(Pys, Prs) RiRo

[Note] WBC: White blood cell count; LYM: Lymphocyte count; LYMPER: Lymphocyte percentage; RBC: Red blood cell count; HGB: Hemoglobin; HCT:
Hematocrit; MCV: Mean corpuscular volume; MCHC: Mean corpuscular hemoglobin concentration; RDW-CV: Red blood cell volume distribution
width; PLT: Platelet count; MPV: Mean platelet volume; MPVP: Mean platelet volume/platelet. a: Expressed as x +s; b: Expressed as median

(Pas, Pss).
* 3 W5 ABR BPMA 51E#SHRAVXEE (n=3 512)
Table 3 Associations of urinary BPMA with blood routine indices among study population (n=3 512)
Z MUK TS BB B AR %
by continuous urinary BPMA (<o.5o§;-mol'1) (0.50~O.8C:ng-mol'1) (O.90~1.7Q3?ng-mol'1) (>1.73r32-m0|'1) -
B 4AAE4E X 35T (Leukocyte-related index)
B 4BREER(WBC)/(10° L) -0.078(-0.152~-0.004)" o(ref.) -0.035(-0.234~0.164) -0.140(-0.341~0.060) ~ -0.118(-0.320~0.084) 0.159
WERAEL(LYM)/(10° L) -0.031(-0.055~-0.008)° 0(ref.) 0.028(-0.035~0.090) -0.005(-0.068~0.059)  -0.046(-0.109~0.018) 0.100
MBS 53 LL(LYMPER)/% -0.307(-0.587~-0.026)" 0(ref.) -0.212(-0.962~0.539) -0.023(-0.780~0.734)  -0.928(-1.689~-0.168)"  0.035
LTARARAR X 3EHR (Erythrocyte-related index)
LTHRRRER(RBC)/(210 L) -0.007(-0.030~0.015) 0(ref.) -0.018(-0.079~0.043) -0.033(-0.094~0.028)  -0.019(-0.081~0.042) 0.461
M4TEH(HGB)/ (gL ™) -0.443(-1.045~0.158) o(ref.) 0.362(-1.244~1.968)  0.238(-1.384~1.859)  -1.055(-2.685~0.574) 0.212
THRRREL R (HCT)/% 0.440(0.130~0.750)" o(ref.) -0.182(-1.011~0.647)  0.570(-0.265~1.406) 1.198(0.359~2.038)" 0.001
EILTARRAET(MCV)/fL 1.140(0.685~1.596)" o(ref.) -0.020(-1.239~1.199)  1.730(0.502~2.959)" 3.095(1.861~4.329)" <0.001
T ML T FREMCHC/(gL")  -3.518(-5.200~-1.836)" ofref.) 1.293(-3.208~5.793) -1.591(-6.128~2.945)  -9.139(-13.697~-4.581)" <0.001
iﬁiﬂfﬁjﬂﬁ%ﬁﬁrﬁ -0.022(-0.113~0.069) 0(ref.) -0.048(-0.291~0.195)  -0.215(-0.460~0.030)  -0.114(-0.360~0.132) 0.201
/)R AB <3547 (Platelet-related index)
/R EL(PLT)/(10° L) -2.469(-4.666~-0.272)" 0O(ref.) -2.788(-8.672~3.096) -6.891(-12.822~-0.961)" -5.113(-11.071~0.846)  0.044
F /MR AT (MPY) /L 0.014(0.008~0.019)" ofref.) 0(-0.015~0.015)  0.022(0.007~0.037)" 0.037(0.022~0.052)°  <0.001
;Egﬁ ﬁﬁfﬂ'—%[ﬂld\*&ﬁ 0.020(0.008~0.033)" 0(ref.) 0.018(-0.016~0.052)  0.048(0.014~0.082) 0.055(0.021~0.089)°  <0.001

AV RBURE MR e, BMI. REEER. MR, TRIRER. IOBER. SRR, B Uk EIRE0E. OMERRKR. AZFE S ref.:
S8, al MPV Fl MPVP 2 BAXTEREZIR; *: P<0.05,

[Note] The models are adjusted for gender, age, BMI, schooling years, employment, smoking status, drinking status, regular exercise, city, and self-

reported hypertension, cardiovascular diseases, taking medicine, and allergy. WBC: White blood cell count; LYM: Lymphocyte count; LYMPER:

Lymphocyte percentage; RBC: Red blood cell count; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCHC: Mean

corpuscular hemoglobin concentration; RDW-CV: Red blood cell volume distribution width; PLT: Platelet count; MPV: Mean platelet volume;

MPVP: Mean platelet volume/platelet. ref.: Reference; a: MPV and MPVP are natural logarithm-transformed; *: P<0.05.
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RS ME. OMERK. BEAMEE; MPv Hl MPVP 22 B AT EELIR; P. 1§ BPMA 57 R L BFANMMNE R PSRN E P (E.
[Note] The models are adjusted for gender, age, BMI, schooling years, employment, smoking status, drinking status, regular exercise, city, and self-
reported hypertension, cardiovascular diseases, taking medicine, and allergy, excluding stratified variables; MPV and MPVP are natural logarithm-
transformed; P for modification is calculated by including a product term of urinary BPMA with each stratified characteristic in the models.
WBC: White blood cell count; LYM: Lymphocyte count; LYMPER: Lymphocyte percentage; RBC: Red blood cell count; HGB: Hemoglobin;
HCT: Hematocrit; MCV: Mean corpuscular volume; MCHC: Mean corpuscular hemoglobin concentration; RDW-CV: Red blood cell volume

distribution width; PLT: Platelet count; MPV: Mean platelet volume; MPVP: Mean platelet volume/platelet.

B 1 R AR BPMA 5inEREtRXER5IE S (n=3 512)

Figure 1 Stratified analyses for associations of urinary BPMA with blood routine indices among study population (n=3 512)

3 318 BPMARES B4, MEMAMEH KRB ZEL. F15
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RitT 1-8P BRESMEMIEITAXEL, ARAEKR 1- FHOMAMRETE. FHYMm/NMETRF mpvp 21EME
BP X1 74 BPMARE R UM LAE S8 KB
0.90 mg:mol™ (Bl 10.89 pgL™)F01 0.94 mg-mol™( Bl B XIE R o] R BRI AR, B RED
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