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Historic case series data on workplace 
Pb exposure & pregnancy loss

Hertz-Picciotto, Am J Ind Med 2000;38:300-309; Legge, J Hyg 1901;1:96-108; Paul, Archives Generale de Medecine 1860;15:513-533; Torelli, Med Lav 
1930;3:110-1213

Area, time Maternal (paternal) exposure
Losses/

Pregnancies
Infant deaths/

Births

France, mid-1800s (Paul, 1860) Prior to work in Pb factory 0.0 0.0

During/after work in Pb factory 72.2/100 900/1,000

Paternal work in Pb factory 34.4/100 400/1,000

All exposure 59.3/100 400/1,000

England, late 1800s (Legge, 1901) During work in Pb factory 52.4/100 -

During/after work in (Pb)
china/earthenware factory

15.5/100 -

Italy, early 1900s (Torelli, 1930) General population 4.0-4.5/100 150/100

Work in (Pb) printing industry 24/100 320/1000

Paternal work in (Pb) 
printing industry

14/100 -

Italy, early 1900s (Torelli, 1930) Work in Pb mine 22.1/100 469/1000

Paternal work in Pb mine 276/100 -



Pb-based pills used as abortifacients in 
19th-20th Century England

Hall & Ransom, Br Med J 1906;1:428-430.4



Pb associated biologic events relevant 
to reproduction & development

Endocrine 
disruption

Agarwal et al., Reprod Biol Endocrinol 2005;3:28; Colborn et al. Environ Health Perspect 1993;101:378-384; Fragou et al., Toxicol Mech Methods 
2011;21:343-352; Walker & Gore, Nat Rev Endocrinol 2011;7:197-2075

Epigenetic 
reprogramming

Oxidative 
stress



Leydig & Sertoli cells:
LH-receptors

StAR
P450scc
HSD3β

CYP45017α (P450c17)

Pb impacts gonadotropin & sex-steroid 
hormone function

Bloom et al., Fertil Steril 2016;106:857-863; Choe et al., Sci Total Environ 2003;312:15-21; Dyer in Gore,  2007 “Endocrine-Disrupting Chemicals: From 
Basic Research to Clinical Practice”; Iavicoli et al.,  J Toxicol Environ Health B Crit Rev 2009;12:206-2236
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Blood Pb for U.S. women 16-49 yrs 
relative to U.S. median (1999-2004)

CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables, March 2018”
Thompson & Koekelheide, Environ Res 2013;121:23-30; Woodruff et al., Environ Health Perspect 2011;119:878-8857

57.8% > U.S. median (~1.47 µg/dL)

Pregnant < non-pregnant (33%), 2003-2004



Pb crosses the placenta (~1.0) & 
mobilizes from skeletal compartment

8
Al-Saleh et al., Int J Hyg Environ Health 2011;214:79-101; Butler Walker et al., Environ Res 2006;100:295-318; Hu et al., J Reprod Med 2015;60:21-29;  
Hu et al., Arch Environ Health 1996;51:52-58; Hu et al., Am J Public Health 1991;81:1070-1072; Raghunath et al., Sci Total Environ 2000;250:135-141; 
Sakamoto et al., Ecotoxicol Environ Saf 2012;84:179-184

Author Area n
Maternal 

blood
Cord
blood

C:M 
ratio

Al-Saleh et al., 2011
Saudi
Arabia

1,572 2.54 µg/L 2.06 µg/L 0.81

ButlerWalker et al., 2006
Canadian

Arctic
324 26.7 µg/L 21 µg/L 0.79

Hu et al., 2015 China 81 23.1 ng/g 22.0 ng/g 0.95

Hu et al., 1996
U.S.

(postpartum)
41 3.0 µg/L 1.0 µg/L 0.33

Raghunath et al., 2000 India 148 6.4 µg/dL 5.1 µg/dL 0.80

Sakamoto et al, 2012
Japan 

(RBCs)
16 24.5 ng/g 14.8 ng/g 0.60



Moderate-high level environmental & 
workplace exposure studies

Lindbohm et al., Scand J Work Environ Health 1991;17:95-103; Scand J Work Environ Health 1992;18:37-39; McMichael et al., J Epidemiol Community 
Health 1986;40:18-25 9

Endpoint Outcome (n) Maternal bld Pb (µg/dL) Cord bld Pb (µg/dL) P-value

Loss (<20 wks.) Case (23) 11.3 - >0.05

Referent (721) 10.8 - -

PTB (<37 wks.) Case (30) 12.5 12.7 <0.05

Referent (527) 11.2 10.0 -

Exposure Bld Pb level (µg/dL) Spontaneous loss (n) Birth (n) OR (95% CI)

Maternal (n=229) <10.4 23 45 0.9 (0.5, 1.7)

≥20.7 5 11 0.8 (0.2, 2.5)

Paternal (n=513) 20.7-29.0 36 51 1.3 (0.5, 3.4)

≥39.3 11 11 1.6 (0.6, 4.0)

Port Pirie, South Australia (Pb smelter community)

Finnish worker cohorts, 1973-1983 (1st trimester maternal, spermatogenesis paternal)

OR=2.2 for ≥20.7 µg/dL with wife <27 yrs
(95% CI=1.2, 4.1)



Maternal blood Pb & pregnancy loss in 
Mexico City, 1994-1996 (n=95)

Borja-Aburto et al., Am J Epidemiol 1999;150:590-597; Hertz-Picciotto, Am J Ind Med 2000;38:300-30910

OR=1.84 per 5 µg/dL
(95% CI =1.05, 3.71, P=0.03)

Mean=11.0 µg/dL

Adj maternal age, clinic type, 
gestational age at sample, 
prior loss & calendar date



Municipal water supply “Pb crisis” in 
Washington, DC (2000-2003)

11 Edwards, Environ Sci Technol 2013;48:739-746

EBL >10 µg/dL



Teratozoospermia among men with 
occupational Pb exposure & controls

Lancranjan et al., Arch Environ Health 1975;30:396-40112

74 µg/dL 53 µg/dL 42 µg/dL 23 µg/dL NR

P<0.001

P<0.001



Higher workplace Pb associated with 
lower sperm concentration (n=149)

Telisman et al., Environ Health Perspect 2000;108:45-5313

(5.5 µg/dL) (18.2 µg/dL)

(10.0 µg/dL)



Higher workplace Pb associated with 
male infertility (n=4,146)

Sallmen et al., Epidemiology 2000;11:148152 14

(51.75 µg/dL)

(≤10.35 µg/dL)

(≥10.35 µg/dL)

(≥31.06 µg/dL)



Female infertility in Taiwan, 2000-
2001 (n=147)

Chang et al., Environ Res 2006;101:380-3815

OR=2.94 for women >2.5 µg/dL
(95% CI =1.18, 7.34; P=0.02)

P=0.01

P=0.003

Adj age, BMI, smoking, Rx 
use, Chinese herb use, 
irregular menses



Cord blood Pb & birth outcomes in 
Boston, 1979-1981 (n=4,354)

Bellinger et al., Environ Res 1991;54:151-15816

Outcome
0-4.9 

µg/dL
5.0-9.9 
µg/dL

10.0-14.9 
µg/dL

≥15.0 
µg/dL

RR (95% CI)
per µg/dL

LBW 7.7% 7.0% 8.4% 9.8%
1.05 

(1.00, 1.10)

SGA 9.4% 10.9% 12.3% 17.7%
1.02 

(0.98, 1.05)

IUGR 1.5% 2.0% 2.4% 3.9%
1.06 

(1.00, 1.13)

PTB 7.8% 6.3% 8.2% 5.9%
0.98 

(0.93, 1.02)

 Longer GA with higher Pb (P=0.0002), no association with BW (P=0.21)

 Adj maternal age, marital & working status, education, race, PI, parity, smoking, 
EtOH & coffee consumption, diabetes & delivery hematocrit & mode



Longitudinal Investigation of Fertility 
and the Environment (LIFE)

Louis et al., Paediatr Perinat Epidemiol 2011;25:413-424; https://www.nichd.nih.gov/about/org/diphr/od/research/longitudinal, accessed 10/30/1817

 Prospective 
preconception 
pregnancy cohort with 
longitudinal data 
collection:
 501 couples planning a 

pregnancy in 2005-
2009, Michigan & Texas 
(U.S.)

 Identify environmental 
influences on human 
reproduction

https://www.nichd.nih.gov/about/org/diphr/od/research/longitudinal


Median bld Pb for women (19-40 yrs) 
& men (19-51 yrs) vs U.S.

Bloom et al., Environ Res 2015;138:118-129; CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables, 
March 2018”18



Associations for pre-conception bld Pb 
(1 SD) with fecundability

Buck Louis et al., Chemosphere 2012;87:1201-120719

 Adj partner bld Cd, Hg, parental ages, BMI, serum cotinine & lipids, parity & study site

1st tertile solid line, 2nd tertile broken line, 3rd tertile dotted line

FOR=0.82 per SD higher paternal Pb (µg/dL)
(95% CI=0.68, 0.97)



Associations for pre-conception bld Pb 
(tertiles) with birth outcomes

Bloom et al., Environ Res 2015;138:118-129; Environ Res 2015;142:760-76120

Parent Tertile
HR for GA, wks. 

(n=195)
β for BW, g 

(n=232)
β for BL, cm 

(n=231)
β for HC, cm 

(n=182)

Maternal 2nd 0.78 
(0.37, 1.62)

81.80
(-74.94, 238.55)

0.43
(-0.48, 1.35)

0.03
(-0.68, 0.74)

3rd 0.89 
(0.43, 1.84)

-34.85 
(-197.76, 128.06)

0.14 
(-0.81, 1.09)

-0.33 
(-1.04, 0.41)

P-trend 0.77 0.20 0.67 0.13

Paternal 2nd 1.18 
(0.61, 2.31)

20.46
(-134.17, 175,09)

0.19 
(-0.70, 1.08)

0.12 
(-0.57, 0.80)

3rd 1.05
(0.55, 2.01)

62.91 
(-94.73, 220.55)

0.61 
(-0.31, 1.53)

-0.03 
(-0.72, 0.67)

P-trend 0.89 0.88 0.42 0.97

 Adj partner Pb, parental ages, smoking, income, race & serum lipids

Infant sex interaction (P=0.03):
HR=1.94 for boys (95% CI =1.06, 2.09)
HR=0.81 for girls (95% CI=0.52, 1.27)



Study of Metals & Assisted 
Reproductive Technologies (SMART)

Bloom et al., Reprod Toxicol 2010;29:298-30521

 Prospective cohort of IVF 
couples using fresh, non-
donor oocytes 

 Initiated in response to the 
knowledge gap concerning 
environmental pollutants & 
periconceptual events

 Generate specific testable 
hypotheses concerning 
background exposures to 
toxic trace elements & IVF 
endpoints:
 2007-2008 – n=59 

couples
 2015-2017 – n=65 couples



E2

Impl

MII

HCG

Transfer

ECN EFS

Selection

Fert

Insemin

Bld Uri

SP

Semen 
donation

SMART enrollment & specimen 
collection protocol

Bloom et al., Reprod Toxicol 2010;29:298-30522

Bld Uri
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Oocyte 
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stimulation
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evaluation
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Median (95% CI) bld Pb for women (28-
44 yrs) & men (31-48 yrs) vs U.S.

23
Bloom et al., Reprod Toxicol 2010;29:298-305; CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables, 
March 2018”

♀ & ♂
rSp=0.48; P=0.09; n=14



Odds for higher maternal bld Pb (1 
µg/dL) with embryo quality (n=24:190)

Bloom et al., Reprod Toxicol 2011;31:164-17024 Adj bld Hg, urine Cd & creatinine, age, race, smoking & day of transfer 

OR 95% CI P

0.25 0.07, 0.86 0.03 Reference: <6



Odds for higher paternal bld Pb (1 
µg/dL) with embryo quality (n=15:123)

Bloom et al., Reprod Toxicol 2011;31:164-17025

OR 95% CI P

1.47 1.11, 1.94 0.01

Adj bld Hg, urine Cd & creatinine, age, race & smoking

Reference: 0%



Associations for higher bld Pb (1 ln 
µg/dL) & IVF endpoints

Bloom et al., Reprod Toxicol 2012;34:471-481; Reprod Toxicol 2012;33:126; Reprod Toxicol 2010;29:298-30526

Adj bld Hg, urine Cd 
& creatinine, age, race 
& smoking

RR=3.95; P=0.24



Association for bld Pb with FF Pb & SP 
Pb

Bloom et al., J Assist Reprod Genet 2012;29:1369-1379
27

♀: rSP=0.19;
P=0.40; n=21

♂: rSP=0.45; 
P=0.19; n=10



Associations for SP Pb (1 µg/L) with 
semen quality (n=30)

28 Kim et al., Environ Res 2014;133:334-337

Effect 95% CI P

-47.2% -3.4%, -71.1% 0.04

Adj bld Hg, urine Cd & creatinine, age, race & smoking



Associations for FF Pb (1 √µg/L) & IVF 
outcomes (n=46)

Bloom et al., J Assist Reprod Genet 2012;29:1369-137929

RR=0.68, P=0.03

Adj FF Hg, Cd, age, race & smoking



Association between women’s bld Pb 
& COL1A2_P407 % methylation (n=24)

Hanna et al., Hum Reprod 2012;27:1401-141030

 Illumina GoldenGate Methylation Cancer Panel (1505 CpG sites) confirmed with pyrosequencing 
 Col1A2 product is a component of collagen/connective tissue

P=0.0004

r=-0.45, P=0.03



Environment & Congenital Heart 
Defects Study

Ou et al., Environ Int 2017;106:127-13431

 Guangdong 
Cardiovascular Institute, 
Guangzhou, China

 Hospital-based case-
control study (2013-
2014):
 n=120 cases of ultrasound 

-& clinically confirmed 
CHDs

 n=108 controls
 Maternal bld at 17-40 

wks gestation
 Assess associations 

between bld Pb & CHDs

Canton Tower, Guangzhou, China



Median (IQR) bld Pb for women (19-43 
yrs) vs U.S.

32

P<0.0001

CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables, March 2018”; Ou et al., Environ Int 
2017;106:127-134



Risk for CHDs with maternal blood Pb 
(n=219)

Ou et al., Environ Int 2017;106:127-13433

Tert2: 5.89
Tert3: 12.09

Tert2: 1.10
Tert3: 7.06

Tert2: 12.89
Tert3: 162.94

Adj bld Cd, Cr, Cu, Hg, Se, maternal age, BMI, education, smoking, 
migrant & folic acid/multivitamin use, infant sex & time of collection 

Tert2: 4.18
Tert3: 15.28



Interactions among blood Pb, Cd & Se 
on total CHDs risk (n=219)

Ou et al., Environ Int 2017;106:127-13434 Adj bld. Cd, Cr, Cu, Hg, Se, maternal age, BMI, education, smoking, 
migrant & folic acid/multivitamin use, infant sex & time of collection 



Three for the road…

35

1. Impact of low level 
(<10 µg/dL), 
“background” Pb 
exposure unclear
 Vulnerable populations?

2. Mixtures of low-level 
Pb, other trace 
elements, other 
pollutants

3. Critical windows & 
timing for biologic 
effects & for measuring 
exposure to investigate 
human health effects

Restored Roman Roadway, Alba Iulia, Romania



Thank you for your time this morning!

36
Questions, Comments, Concerns?

University at Albany,
Main Fountain, Albany, NY


	“Background” Level Lead Exposure: A Reproductive Toxicant?”
	Outline
	Historic case series data on workplace Pb exposure & pregnancy loss
	Pb-based pills used as abortifacients in 19th-20th Century England
	Pb associated biologic events relevant to reproduction & development
	Pb impacts gonadotropin & sex-steroid hormone function
	Blood Pb for U.S. women 16-49 yrs relative to U.S. median (1999-2004)
	Pb crosses the placenta (~1.0) & mobilizes from skeletal compartment
	Moderate-high level environmental & workplace exposure studies
	Maternal blood Pb & pregnancy loss in Mexico City, 1994-1996 (n=95)
	Municipal water supply “Pb crisis” in Washington, DC (2000-2003)
	Teratozoospermia among men with occupational Pb exposure & controls
	Higher workplace Pb associated with lower sperm concentration (n=149)
	Higher workplace Pb associated with male infertility (n=4,146)
	Female infertility in Taiwan, 2000-2001 (n=147)
	Cord blood Pb & birth outcomes in Boston, 1979-1981 (n=4,354)
	Longitudinal Investigation of Fertility and the Environment (LIFE)
	Median bld Pb for women (19-40 yrs) & men (19-51 yrs) vs U.S.
	Associations for pre-conception bld Pb (1 SD) with fecundability
	Associations for pre-conception bld Pb (tertiles) with birth outcomes
	Study of Metals & Assisted Reproductive Technologies (SMART)
	SMART enrollment & specimen collection protocol
	Median (95% CI) bld Pb for women (28-44 yrs) & men (31-48 yrs) vs U.S.
	Odds for higher maternal bld Pb (1 µg/dL) with embryo quality (n=24:190)
	Odds for higher paternal bld Pb (1 µg/dL) with embryo quality (n=15:123)
	Associations for higher bld Pb (1 ln µg/dL) & IVF endpoints
	Association for bld Pb with FF Pb & SP Pb
	Associations for SP Pb (1 µg/L) with semen quality (n=30)
	Associations for FF Pb (1 √µg/L) & IVF outcomes (n=46)
	Association between women’s bld Pb & COL1A2_P407 % methylation (n=24)
	Environment & Congenital Heart Defects Study
	Median (IQR) bld Pb for women (19-43 yrs) vs U.S.
	Risk for CHDs with maternal blood Pb (n=219)
	Interactions among blood Pb, Cd & Se on total CHDs risk (n=219)
	Three for the road…
	Thank you for your time this morning!

