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Male Reproductive Toxicity  
3 Epidemiologic Studies 

Cross-sectional study in Zhejiang Province, China (Xiao et 
al., 1999 and 2001)   

• Benzene, toluene, xylene (BTX) in blood and semen  
• Semen parameters and indicators of sex gland function 
  

Retrospective cohort study in Finland (Sallmén et al., 
1998) 

• Self-reported occupational exposure 
• Time to pregnancy (TTP) as an indicator of fecundability 

   FDR = fecundabilityexposed
fecundabilityunexposed

 

   
 

 
 
 

 
 

Presenter
Presentation Notes
Two epidemiologic studies examined associations between male reproductive outcomes and exposure to xylene and other organic solvents. I will first very briefly outline these, plus another study of paternal exposure in relation to pregnancy outcome, and then summarize their results.

One study was a cross-sectional study conducted in China by Xiao and colleagues.  Xiao et al. measured benzene, toluene, and xylene, or BTX in Blood and semen. Semen was also analyzed for outcomes, which were semen parameters and indicators of effects on accessory sex gland function. 
 
A Retrospective cohort study was conducted in Finland by Sallmén et al.  The authors were interested in whether paternal exposure to xylene and 5 other organic solvents (styrene, toluene, xylene, tetracholoroethylene, tricholoroethylene, and 1,1,1‑trichloroethane) is associated with delayed conception, a measure of decreased fecundability, as indicated by time to pregnancy or TTP among their wives.  In this study, fecundability is the probability of clinically recognized pregnancy during a menstrual cycle. 

The cohort for this study comprised cases and controls from a previous study of birth outcomes.  Each man’s occupational exposure to solvents the year of the pregnancy was assessed based on self-reported occupation, job description, and solvent or other chemical usage, and biomonitoring data (available for 69% of the subjects), from the previous study. 

TTP and related information were collected by questionnaires mailed to the wives 8 - 18 years after the pregnancies ended.  Data were analyzed using discrete proportional hazards regression, with fecundability density ratio or FDR, as the outcome. The  FDR is analogous to an incidence density ratio and is defined as [fecundability of the exposed]/[fecundability of the unexposed].  An FDR less than one indicates reduced probability of conception. 




Male Reproductive Toxicity  
 

Nested case-control study in Finland (Taskinen et al., 
1989)   

• Paternal occupational exposure to xylene and other organic 
solvents, based mainly on job descriptions and reported 
solvent use 

• Spontaneous abortion (SAB) or child with malformation 
  

 
 
 

 
 

Presenter
Presentation Notes
In addition to the 2 studies of male-specific outcomes, a third study, this one by Taskinen et al. – the same group of authors in Finland that authored the last study I outlined - examined paternal exposure to xylene and potential effects on pregnancy outcomes. The study by Sallmen et al drew its cohort from this nested case-control study by Taskinen et al.

The authors conducted this study to investigate the effects of paternal exposure to xylene and five other organic solvents (styrene, toluene, xylene, tetracholoroethylene, tricholoroethylene, and 1,1,1‑trichloroethane) on pregnancy outcomes of wives of workers who had been biomonitored for solvent exposure. 

Again, exposure classification was based mainly on job descriptions and reported solvent use in the 80 days preceding the pregnancy. Questionnaires were mailed to both spouses to obtain detailed data on occupational exposures during the year of conception, earlier employment, chronic diseases, smoking, and alcohol consumption.  Wives were also asked for information on pregnancy history, heavy lifting, and febrile diseases. 

A case was either a woman who had a SAB treated in a hospital or outpatient clinic (in 1973-1983) or a child with a malformation registered in the Finnish register of congenital malformations (in 1973-1982).  Controls were age-matched to cases (at ratios of 3:1 for SAB and 5:1 for malformations).  



Male Reproductive Toxicity 

Study Sample & exposure Findings 
Xiao et al., 
1999 & 2001 
 

• 24 exposed (shoemaking, 
spray painting, paint 
manufacturing) 

• 37 unexposed (managers) 

Blood xylene: ↓ semen 
γ-glutamyltransferase 
activity 

Sallmén et 
al., 1998  
 

282 men 
• 70 low/intermed exp. 
• 51 high/frequent exp. 

Adjusted FDRs (95% C.I.) 
0.75 (0.52, 1.09) 
0.91 (0.61, 1.36) 

Taskinen et 
al., 1989 

SAB: 120 cases,   
251 controls  
 

Malformations: 25 cases,  
96 controls 

SAB - high/freq. exp:  
Adj. OR = 1.6 (0.8, 3.2)  
 

Malformations:  
Crude OR = 1.6 (0.4, 5.7)  
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Presenter
Presentation Notes
Here I’ll highlight the relevant findings of the 3 studies.
For all of these studies, the authors reported that those exposed to xylene were usually exposed to other solvents as well, making it difficult to distinguish effects of xylene from those of other solvents. 
 
Xiao: The sample included 24 exposed men working in shoemaking, spray painting, or paint manufacturing, and 37 managers, who were considered unexposed. Blood xylene was statistically significantly associated with decreased seminal γ-glutamyltransferase (γ-GT) activity, indicating poorer prostate function. (p=0.0002) - statistics were reported but it’s not clear what they meant (e.g., both a beta and a B) 
Semen benzene was also associated with γ-GT activity, and the analysis does not appear to adjust for exposure to other solvents such as benzene. (The authors state that the solvents were usually used in mixtures, the specific role of xylene is not clear. )

(Solvent exposure (as defined by occupation) was significantly associated with several parameters, including lower sperm activity, lower acrosin activity, lower γ-GT activity, and lower lactose dehydrogenase C4 activity. )
The interpretation of the reported statistics (Beta=-30.2810, B=7.5835, and Constant=-0.4086) is unclear.  Solvent exposure (as defined by occupation) was significantly associated with several parameters, including lower sperm activity, lower acrosin activity, lower γ-GT activity, and lower lactose dehydrogenase C4 activity.  The authors note that BTX are used mostly in mixed form.  The reports do not provide some important details, such as subject selection and recruitment, variables in the statistical models, and the interpretation of the statistics.)  

The 1998 study of fecundability by Sallmen et al included 282 couples, with 70 men in the low/intermediate xylene exposure category and 51 in the high/frequent exposure category. The FDRs for xylene were 0.75  with a 95% confidence interval of 0.52-1.09 for low/intermediate exposure and 0.91 with a confidence interval of 0.61-1.36 for high/frequent exposure, and as you can see, they were not statistically significant. These estimates were adjusted for menstrual cycle length and regularity, older age at menarche, frequency of intercourse, maternal age, maternal exposure to organic solvents, and missing information. 

(Xylene exposures may have been too low to detect an effect of xylene if one exists: 2 men in the low/intermediate group had biological measurements.  For these 2; methylhippuric acid was not detected.)
(The authors note that simultaneous exposure to multiple solvents was common and risks cannot be attributed to specific solvents.) 

In the Taskinen 1989 study of SAB and malformations, there were 120 SAB cases and 251 controls. The adjusted OR for SAB and likely paternal exposure to xylene was 1.6 (0.8, 3.2) when likely paternal exposure to other organic solvents and dusts, maternal exposure to solvents, maternal heavy lifting, and history of previous SAB.

In the malformations part of the Taskinen study, there were 25 cases and 96 controls. The unadjusted OR for xylene and malformations was 1.6  and N.s. (0.4-5.7).  No adjusted analyses were reported for malformations.

(Most exposed workers were exposed to combinations of solvents.  Of the 48 men highly/frequently exposed to xylene, 11 (23%) were thought to be exposed to xylene alone and 37 were exposed additionally to toluene and/or “miscellaneous” solvents.)




Female Reproductive Toxicity  
2 Epidemiologic Studies 

Retrospective cohort study in Finland (Sallmén et al., 
1995)  
• 1st trimester exposure based on descriptions of work 
• TTP as an indicator of fecundability 

    FDR = fecundabilityexposed
fecundabilityunexposed

 
 

Cross-sectional study in China (Cho et al., 2001) 
• Petrochemical industry exposures to benzene, toluene, 

styrene, and xylene 

• Menstrual patterns  
 

Presenter
Presentation Notes
Now I’m going to describe the epidemiologic studies with female reproductive outcomes. 

First, I want to reiterate that outcomes such as SAB may be mediated through toxicity to the reproductive system of the mother, or may be manifestations of direct toxicity to the conceptus only.  That is, the effect may be directly on the female reproductive system, on the conceptus, or both. Mechanistic data can clarify this, but such data are not available for xylene.  Thus, the studies I’ll describe later, under developmental toxicity, can also be considered in the context of identifying female reproductive toxicity. 

Now I will outline the 2 studies with female reproductive outcomes. 

A retrospective cohort study of TTP and maternal solvent exposure was conducted by Sallmen and colleagues in Finland. Similar to the male repro study by the same group, this cohort was made up of cases and controls from earlier studies of SAB and congenital malformations. Exposure classification was based on work description and reported solvent use.  (For xylene, the measured levels were low, with no levels exceeding the Finnish Threshold Limit Value.)

Information about TTP, contraceptive use, menstrual cycles, lifestyle, and other potentially related factors was collected from subjects by mailed questionnaires. 
Sallmén et al. used discrete proportional hazards regression to estimate the fecundability density ratios of clinically recognized pregnancies for exposed vs. unexposed women, same as the in the 1998 study of TTP and paternal exposure. 


Another study in China, conducted by Cho et al. examined petrochemical industry exposures to benzene, toluene, styrene, and xylene, based on classification of workshops and women’s self-reports of chemicals handled, and the possible relationship with Menstrual patterns.  



Female Reproductive Toxicity 

Study Sample Findings 

Sallmén et al., 
1995 

197 women 
• 31 low exposure 

 

• 10 high exposure 

Adjusted FDRs  
1.41 (0.91, 2.20) 
 

0.93 (0.47, 1.84) 

Cho et al., 2001 
 

1,408 nulliparous, 
married women, age 
20-40 years 

Adjusted* OR for 
oligomenorrhea =  
1.63 (1.04, 2.53) 
 
*not adjusted for exposure to 
other aromatic solvents 
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Presentation Notes
This slide highlights the findings of the 2 female reproductive studies. Again, for both studies, most women exposed to xylene were also exposed to other solvents.

First Sallmen et al. Of their cohort of 197 women, 31 were assessed as having had low exposure, and 10 as high exposure. The FDRs for xylene were 1.41 (CI 0.91-2.20) for low exposure, and 0.93 (CI 0.47-1.84) for high exposure, compared to no xylene exposure, and adjusted for other solvents, recent contraceptive use, and age at menarche. 

CHO et al. 2001: The OR (CI) for oligomenorrhea and xylene was 1.63 (1.04-2.53), adjusted for age, body mass index, enrollment cohort, passive smoking, and exposure to chemicals other than aromatic solvents, but not other aromatic solvents. Oligomenorrhea was defined as an average cycle length greater than 35 days.  In this study no women were exposed to xylene alone. 



Developmental Toxicity 

Outcomes 

• Congenital malformations 

• Spontaneous abortion (SAB) 

• Birth weight 

• Cord blood T cells 

Presenter
Presentation Notes
Developmental toxicity in humans included studies on congenital malformations, spontaneous abortion, birth weight, and cord blood T cells. As I said before, some of these outcomes could indicate female reproductive toxicity.




Congenital Malformations 
4 epidemiologic studies 

 

Case-control study of maternal exposure and neural 
tube defects (NTDs) in Texas (Lupo et al., 2011)  
• Environmental BTEX (benzene, toluene, ethylbenzene, and 

xylene) for each mother’s census tract 
• Spina bifida & anencephaly 

 

Nested case-control study of paternal occupational 
exposure in Finland (Taskinen et al., 1989) 
• Exposure based on job descriptions, reported solvent use 
• Any malformations from the Finnish register 

 
 

Presenter
Presentation Notes
I’ll start with studies of congenital malformations. 

The recent case-control study by Lupo et al. examined the association between maternal exposure to environmental BTEX – that is, benzene, toluene, ethylbenzene, and xylene - and spina bifida and anencephaly in offspring.  Benzene was the primary pollutant of interest.  Data on birth outcomes (1999-2004) were obtained from the Texas Birth Defects Registry. Cases were live births, stillbirths, and electively terminated fetuses with spina bifida (n=533) or anencephaly (n=303) (delivered 1999-2004). Closed NTDs and chromosomal anomalies or syndromes were excluded. 
Controls were a stratified random sample of unaffected live births, selected four to a case and frequency matched by year. This was the only xylene study to focus on a single class of defects. 

The other malformation studies included all reported malformations.
  
There is the nested case-control study of paternal exposure and birth outcomes by Taskinen et al. (1989), which I’ve already briefly described the in the context of male reproductive toxicity.  



Congenital Malformations 

Case-control study of maternal laboratory 
occupational exposure in Finland (Taskinen et al., 
1994) 
• Exposure based on job descriptions, reported solvent use 
• Any malformations recorded in the Finnish register 
 

Cohort study of maternal laboratory work in Sweden 
(Axelsson et al., 1984) 
• Exposure based on reported solvent use 
• Minor and major malformations from the Swedish 

malformation register   
 
 
 

 

Presenter
Presentation Notes
The same researchers - Taskinen et al. (1994) conducted another case-control study of the possible risks of maternal laboratory work on birth outcomes, including malformations, SAB, and reduced birth weight.  Exposure assessment was based on job descriptions and reported solvent use in those jobs. Malformations were ascertained from the Finnish register of congenital malformations. The women  provided information on occupational exposures, potential confounders, and child’s sex and birth weight by mailed questionnaire. For each malformation case, 4 controls were selected from women who had no SAB and had given birth to a child with no registered malformation, and matched to cases by age and year. 

Axelsson et al. (1984) studied the relationship between laboratory work, particularly exposure to solvents, and pregnancy outcomes among a cohort of female laboratory employees at a university in Sweden.  Information on occupational exposure to solvents, pregnancy outcomes, and potential confounders was collected by mailed questionnaires. Information on malformations was also obtained from birth and malformation registries, and hospital data. The prevalence of malformations among births to women exposed to solvents was similar to that among unexposed women, and although xylene was specifically named in the questionnaire, no specific results for xylene were reported. This study is therefore not included on the results table that follows.   



Congenital Malformations 

Study Sample Exposure Findings 
Lupo et 
al., 2011 

533 spina bifida 
303 anencephaly 
3,695 controls 

Environmental 
BTEX 

n.s. ↑ risk of 
NTDs 

Taskinen 
et al., 
1989 

25 cases  
96 controls 

Paternal 
occupational 

Crude OR = 
1.6 (0.4, 5.7) 

Taskinen 
et al., 
1994 

36 cases 
105 controls 

Maternal 
laboratory work 

No association 
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Presentation Notes
Again, exposures to multiple solvents was highlighted  by the authors of all three studies. 

The study of NTDs by Lupo et al. included 533 spina bifida cases, 303 anencephaly cases, and 3,695 controls (delivered 1999-2004).  Estimates of annual ambient BTEX concentrations for each mother’s census tract were obtained from a U.S. EPA modeling system (1999 Assessment System for Population Exposure Nationwide (ASPEN)), which uses emissions data, meteorological conditions, and other information. 5 exposure levels were compared for each type of NTD. 
After adjusting for year of birth, maternal race/ethnicity, and parity, xylene exposure at each of the 2nd thru 5th exposure levels, compared to the lowest, was consistently associated with non-significant increases in risk for both spina bifida and anencephaly. 
However, due to very highly correlated levels of BTEX, multiple pollutant models were not assessed. The only significant associations noted were for benzene and spina bifida.

The Taskinen 1989 study included 25 malformation cases and 96 controls. The unadjusted OR for paternal xylene exposure and malformations was 1.6  but was n.s.s. (0.4-5.7).  No adjusted analyses were reported for malformations.

The 1994 paper reported by Taskinen et al included 36 malformation cases and 105 controls, and reported no associations between maternal occupational exposures to xylene and malformations.



Spontaneous Abortion 
6 Epidemiologic Studies 

 

• Nested case-control study, Finland (Taskinen et al., 
1989) 
– Paternal occupational exposure 

 

• Case-control study, Finland (Taskinen et al., 1994) 
– Maternal occupational exposure 

 

• Cohort study, Sweden (Axelsson et al., 1984) 
– Maternal laboratory solvent exposure  

Presenter
Presentation Notes
The next 4 studies - including the 3 listed on this slide -  have already been described, in the context of male reproductive toxicity and/or malformations.

Listed first is the study by Taskinen et al., 1989, which examined paternal exposure. 

The remaining studies of spontaneous abortion examined maternal exposures. 

The Taskinen 1994 case-control study and the Axelsson cohort study were both described in the context of malformations.



Spontaneous Abortion 
• Case-control study in Finland (Lindbohm et al., 1990) 

– Maternal occupational exposure to organic solvents 

• Case-control study in Santa Clara County (Windham 
et al., 1991) 
– Solvent exposure, including occupational and non-

occupational 

• Retrospective cohort study in U.S. semiconductor 
industry (Swan et al., 1995) 
– Maternal occupational exposures in semiconductor 

fabrication 

Presenter
Presentation Notes
The next 3  studies I’ll describe focused on SAB specifically. 

The Lindbohm et al. (1990) case-control study is another study by the same researchers in Finland and it examined the effects of maternal occupational exposure to different types of solvents on risk of spontaneous abortion.  Data on women who were biomonitored for xylene and five other organic solvents were linked with hospital, clinic, and registry data to identify pregnancies and spontaneous abortions.  A case was a woman who had a spontaneous abortion.  For each case, the authors tried to select 3 age-matched controls from women who’d had neither a spontaneous abortion or child with a malformation. Detailed data on first trimester occupational exposure and other potential risk factors for SAB were collected via mailed questionnaires. Likelihood and level of exposure was based mainly on each woman’s occupation, work description, and reported use of solvents (and biological exposure measurements when available - only 5% of workers had been measured during the first trimester). 

A case-control study in Santa Clara County by Windham et al. examined the risks of spontaneous abortion associated with solvent exposure defined on different levels, including occupational and specific solvent exposure. Cases were women who had a SAB by 20 weeks gestation, for which a pathology specimen was submitted to one of 11 hospital laboratories in Santa Clara County.  Controls were live births frequency matched to cases (by last menstrual period and hospital), 2 to 1. Respondents were asked for detailed information about jobs and occupational exposure to 10 specific solvents, solvent-containing products, and other solvents and degreasers during the first trimester.  Women were also asked about non-occupational use of 8 solvent-containing products and any other solvent. 

Swan et al. (1995) conducted a retrospective cohort study to examine occupational exposures in semiconductor manufacturing.  The authors used company records to identify 506 current and 385 former female employees who became pregnant while working at one of 14 semiconductor companies.  Job activities at conception and first trimester exposures to specific agents were used to classify exposures.  Exposure scores were grouped into four levels ranging from 0 for no exposure, to 3 for highest.  






Spontaneous Abortion 
Study Sample Exposure Findings 
Taskinen et 
al., 1989 

120 cases 
251 controls 

Likely paternal 
occupational 

n.s. ↑ risk of SAB 
 

Taskinen et 
al., 1994 

206 cases 
329 controls 

Maternal lab 
work  

Expos. ≥ 3d/wk in 
1st trimester: 
Adjusted OR =  
3.1 (1.3, 7.5) 

Axelsson et 
al., 1984 

556 pregnancies 
194 exposed 
20 SAB 

Maternal lab 
work  

No association 
 

Lindbohm 
et al., 1990 

73 cases 
167 controls 

Maternal 
occupational 

Adjusted OR =  
1.3 (0.4, 4.5) 
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Taskinen 1989: ORs & CIs for SAB and likely paternal exposure, adjusted for potential paternal exposure to xylene (yes), likely paternal exposure to other organic solvents and dusts, maternal exposure to solvents, maternal heavy lifting, and history of SAB, were all greater than one but n.s.:
-  Low/rare 1.2 (0.4-3.3); cases/referents 7/13
Intermediate 1.7 (0.7-4.2); cases/referents 11/19 
High/frequent 1.6 (0.8-3.2) cases/referents 19/29  (total 37/61) 

Taskinen et al., 1994 study had 206 cases SAB, 329 controls and examined maternal exposure to xylene in laboratory work. 1st trimester exposure ≥ 3 days/wk: OR = 3.1, (1.3-7.5), adjusted for employment, smoking, alcohol use, parity, previous miscarriages, failed birth control, and fever during pregnancy - but not other solvents. 
(Adjusted ORs for SAB and 1st trimester xylene exposure 1-2 days/wk: 1.3 (0.7-2.5) 
This is a concern because exposure to multiple solvents was common; only 2 cases and 2 referents were exposed to xylene alone. In fact, the risk of SAB associated with exposure to aromatic hydrocarbons was also increased (OR 2.7, CI 1.3-5.6)

The Axelsson cohort included 556 pregnancies, including 194 exposed, and 20 SABs. The authors found no association between maternal exposure to xylene in laboratory work, and SAB.

Lindbohm et al. (1990.) had 73 SAB cases and 167 controls. Of these, 5 cases and 7 controls were exposed to xylene. The OR for 1st trimester occupational xylene exposure and SAB was 1.3 (0.4-4.5), adjusted for previous SAB, parity, smoking, use of alcohol, and exposure to other solvents.  




Spontaneous Abortion 

Study Sample Exposure Findings 
Windham 
et al., 1991 

626 cases, 
1,300 
matched 
controls  
(9 cases, 
12 controls 
exposed) 

Occupational 
and other  

Crude OR =  
1.6 (0.66, 3.8) 

Swan et al., 
1995 

506 current & 
385 former 
employees  

Semiconductor 
fabrication 

2nd, 3rd exposure 
levels, vs. 
unexposed,  
Adjusted RR =  
2.31 (1.39, 3.58) 
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Presentation Notes
In the Windham study, there were 626 cases and 1,300 matched controls, but few subjects -  9 cases and 12 controls  - reported exposure to xylene.  The unadjusted OR for xylene and SAB was 1.6 (0.66-3.8).  No adjusted OR for xylene was reported.  
(for lower intensity exposure (OR=1.5, p=0.52), For xylene exposures that involved skin contact, odor, or symptoms, the OR was 1.6 (p=0.23))

In the Swan semiconductor study, xylene was one of 7 agents identified as strongly associated with SAB.  Compared with unexposed workers, women at the 2nd and 3rd exposure levels were at increased risk of SAB, with RRs of  2.31 (1.39-3.58) for all women, adjusted for smoking, age, education, income, ethnicity, pregnancy history, pregnancy start year, and stress.  RRs were somewhat higher for women working in masking (including photolithography and etching; 2.72 (1.51­-4.37) ), and lower for women working with dopants and thin film (2.01 (0.42-­5.86) ).  
However, due to simultaneous exposures to xylene, n-butyl acetate, and ethylene-based glycol ethers (EGE; which are also associated with SAB), Swan and colleagues state the associations observed for xylene may reflect EGE exposure.  






Birth weight 
Case-control study of maternal occupational 
exposure (Taskinen et al., 1994) 
 
Cohort study of maternal laboratory solvent exposure 
(Axelsson et al., 1984) 

 
Retrospective cohort study of traffic-related air 
pollution (including BTEX), Los Angeles County 
(Ghosh et al., 2012)  
• Term low birth weight (LBW) 
• Exposure assessed throughout pregnancies 

 

Presenter
Presentation Notes
For birth weight there were 3 epidemiologic studies, 2 of which I have already outlined.

Taskinen et al. (1994) – Finnish occupational case-control study which also examined SAB and malformations.
 
Axelsson et al. (1984) study of female laboratory workers in Sweden, which also examined SAB and malformations. Xylene was specifically named in the questionnaire, but no specific results for xylene and BW were reported,  so this study is not included on the results table that follows.   

Ghosh et al used air pollution data from the California Air Resources Board (CARB) for Los Angeles County in 1995-2006  to study the effects of BTEX in air pollution, on term low birth weight. Exposure was assessed throughout the pregnancies. 
Only the 27.3% of women who resided less than 5 miles from at least 1 of 4 CARB air toxics stations were included in the study. This was still more than 400k women. (415,531) 





Birth weight 

Study Sample Exposure Findings 
Taskinen et 
al., 1994 

Not reported Maternal lab 
work 

Exposure ≤ 2 days 
a week assoc. w/ 
↑ birth weight 

Ghosh et 
al., 2012 

8,181  term 
LBW,  
370,922 normal 
weight infants 

3rd trimester 
(m+p)-xylenes 
 

o-xylene 

Adjusted ORs  
1.03 (1.01-1.06)  
 

1.03 (1.01-1.05) 
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Taskinen reported a significant association between increased birth weight and exposure to xylene “at most 2 days a week”. However, they did not report data or statistics for this finding.

Ghosh et al. found that term LBW was associated with (IQR) increases in 3rd trimester exposure to [m+p]-xylenes and o-xylene. The OR for 3rd trimester exposure to [m+p] xylenes was 1.03, with a 95% confidence interval of 1.01-1.06,  and the OR for o-xylene was 1.03, with a CI of 1.01-1.05, adjusted for maternal age, race/ethnicity, education, parity gestational age, and the square of gestational age. 
Exposures to xylenes in the last month of pregnancy were also associated with term LBW.  
However, the BTEX compounds were strongly inter-correlated, with correlation coefficients between 0.79-0.92, and for this reason, the authors state that the results for xylenes must be interpreted with caution. Higher exposure to other air toxics, including carbon monoxide, nitric oxide, nitrogen dioxide, and nitrogen oxides, and particulate matter (2.5 and 10) in the 3rd trimester and entire pregnancy, “also increased the odds of term low birth weight.”




Umbilical cord blood T cells 

Cross-sectional study of exposure to volatile organic 
compounds (VOCs) in relation to cytokine secretion profile of 
cord blood T cells (Lehman et al., 2002)  
• 85 healthy, full-term neonates  
• Cord blood T cell function analyzed 
• Possible VOC exposure and family atopy history assessed 
• VOCs sampled continuously in homes for 4 weeks after 

birth   
• (m+p)-xylene: ↑ cytokine-producing T cells (unadjusted) 
• No associations with xylene in multivariate analyses 

Presenter
Presentation Notes
The last study I will describe examined the relationship between the cytokine secretion profile of umbilical cord blood T cells and exposure to volatile organic compounds (VOCs) (incldu.

This was a cross-sectional study that drew its sample from an ongoing study of maternal exposure to VOCs and immune status at birth.  

The authors randomly selected 85 healthy, full-term neonates whose mothers did not suffer autoimmune diseases or infectious disorders during pregnancy. �
Cord blood samples were taken at delivery, and T cell function was analyzed.

The authors assessed possible sources of VOC exposure (including painting, flooring, and smoking in the home) and family atopy history by administering a questionnaire to parents.
 
VOCs were collected by continuous passive sampling in children’s homes for 4 weeks after birth.  

Elevated (m+p)-xylene was significantly associated with increases in cytokine-producing cord-blood T cells in unadjusted analyses. Specifically, the median numbers of Interferon-gamma T cells and interleukin-4-producing T cells were higher when (m+p)-xylene > 75th percentile (p<0.05).  
However, in multivariate analyses, xylenes were not associated with cord blood cytokine-producing T cells.  


[median number of Interferon-gamma T cells was 3.0 for (m+p)-xylene < 75th percentile vs. 4.8 for (m+p)-xylene > 75th percentile (p<0.05).  )  
And the median number of interleukin-4-producing (IL-4) T cells was 0.71 for (m+p)-xylene < 75th percentile, vs. 1.37 for (m+p)-xylene > 75th percentile (p<0.05). 

No significant associations were observed for o-xylene in unadjusted analyses.]   

Authors acknowledged that the clinical relevance of their findings wasn’t clear.



Summary of Epidemiologic Evidence  
for Reproductive and Developmental  

Toxicity of Xylene 
• Multiple Exposures a Concern for All Endpoints 
• Male Reproductive Toxicity 

– 3 studies; 1 finding of ↓ semen γ-glutamyltransferase activity 
(prostate function) 

• Female Reproductive Toxicity 
– ↑ oligomenorrhea in 1 of 2 studies (not including embryo/fetal 

viability)  
• Developmental Toxicity 

– Malformations: 0 of 4 studies found effects 
– SAB: ↑ risk in 2 of 6 studies 
– Birth weight: ↑ BW w/ ≤ 2 days/wk exposure in 1 study, ↑ risk 

LBW in 1 air pollution study 
– No effect in 1 study of umbilical cord blood T cells 

 
 
 

 

Presenter
Presentation Notes
Male Reproductive Toxicity
3 studies; 1 finding of ↓ semen γ-glutamyltransferase activity (prostate function)

Female Reproductive Toxicity
2 studies (not including embryo/fetal viability); ↑ oligomenorrhea *not adjusted for exposure to other aromatic solvents

Developmental Toxicity
Malformations: 0/4 studies found effects
SAB



Summary of Animal Evidence for 
Reproductive and Developmental  

Toxicity of Xylene 
• Male Reproductive Toxicity 

– 1/3 inhalation studies reported effects; study limited by lack of 
quantitative dosing 

– 1 i.p. study found ↑ abnormal sperm only in treated animals kept 
between 24 and 30ᵒC 

• Female Reproductive Toxicity 
– 1 inhalation study ↓ progesterone and 17ß-estradiol  
– ↓ embryo-fetal viability in 2/12 inhalation studies, and 1 oral study; 

interpretation complicated by excessive maternal mortality 
• Developmental Toxicity 

– ↓ embryo-fetal viability (as above) 
– ↓ birth or fetal weight in 7/11 studies  
– ↑ minor skeletal or total anomalies in 6/8 studies 
–  evidence of neurobehavioral effects in 3/4 studies 



Questions? 
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