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Abstract

Background—Environmental exposures are associated with a number of outcomes including 

adverse pregnancy outcomes. Although inflammation is hypothesized to play a role, the 

mechanistic pathways between environmental exposures and adverse health outcomes, including 

associations between exposures and longitudinal measures of systemic and reproductive tract 

inflammation, need elucidation.

Objectives—This study was conducted to evaluate whether exposure to air pollution is 

associated with immunologic responses in the systemic circulation and lower reproductive tract, 

and to evaluate whether systemic and reproductive tract immunologic responses are similar.

Methods—We quantified repeated measures of cytokines from cervico-vaginal exudates and 

serum obtained concurrently among 104 women with term pregnancies and estimated PM10 and 

CO exposure using the monitor nearest each participant’s residence. Serum and cervico-vaginal 

cytokines were compared using Wilcoxon signed-ranks test and Spearman rank correlations for 
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select gestational months. We used intraclass correlation coefficients (ICCs) to quantify 

reproducibility of cytokine measurements, and Tobit regression to estimate associations between 

air pollution and cytokines.

Results—Median cervico-vaginal levels of IL-6, Eotaxin, IP-10, MCP-1, MIP-1α, MIP-1β, and 

TNFα were higher than corresponding serum cytokines, significantly so for IL-6 and IP-10. 

Cervicovaginal and serum cytokines were not correlated, but cytokines from the same fluid were 

correlated. ICCs for most serum cytokines were ≤ 0.40, while ICCs were higher in cervicovaginal 

cytokines (range 0.52–0.83). IP-10 and Eotaxin had the highest ICCs for both cytokine sources. In 

adjusted models, PM10 was positively associated with serum cytokines IL-6, IP-10, MIP-1β and 

Eotaxin but inversely associated with cervico-vaginal cytokine TNFα, IP-10, MIP1β, MCP-1 and 

Eotaxin, controlling for false discovery rate. CO was inversely associated with cervico-vaginal 

TNFα, IL-6, MIP-1β, MCP-1 and Eotaxin.

Conclusions—Inflammatory processes are compartment-specific. Systemic inflammatory 

markers may provide information on immunologic processes and response to environmental 

exposures, but are not proxies for lower reproductive tract inflammation.
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1. Introduction

Pregnant women are exposed to environmental toxicants, including air pollution, but few 

epidemiologic perinatal studies have evaluated the effect of these agents on systemic and 

reproductive tract inflammation levels; preterm birth studies using data from cohorts with 

individual biological measures (versus birth registries) are even fewer(Ferguson et al., 2013). 

Air pollution is associated with systemic inflammation (van Eeden et al., 2001; Eeden and 

Hogg, 2002) and oxidative stress (Hansen et al., 2006; Kannan et al., 2006). Additionally, air 

pollution has been posited to play a role in affecting maternal susceptibility to infection 

(Hertz-Picciotto et al., 2005; Sagiv et al., 2005; Slama et al., 2008). Air pollution has been 

associated with premature rupture of membranes (PROM) – rupture of membranes at least 

an hour before the start of contractions (Pereira et al., 2014), and an increase in preterm 

premature rupture of membranes (PPROM) – PROM which occurs before 37 weeks of 

gestation (Dadvand et al., 2014). Reproductive tract infection is an established risk factor for 

PROM, PPROM and preterm birth (French and McGregor, 1996). Alveolar macrophages are 

believed to be one of the links between inhaled pollutants and inflammation in the lungs, and 

the subsequent systemic inflammatory response (Hiraiwa and van Eeden, 2013) that may 

cross the placental barrier through hematogenous dissemination (Yeo et al., 2005).

Physiologic inflammation plays an important role during normal pregnancy, but 

dysregulated inflammation, which may result from abnormal response to infection, air 

pollution and other factors, is posited to be involved in the pathology of preterm birth. The 

degree to which exposure to air pollution affects inflammatory markers, particularly 

systemic and reproductive tract inflammatory markers, is poorly understood. A current 
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limitation is identifying the relevant tissue for measurement, as it is uncertain whether 

systemic inflammatory markers and lower reproductive tract inflammatory markers in 

pregnancy reflect the same or different pathways. A systematic review and meta-analysis of 

studies up to 2010 on inflammatory markers and preterm birth in asymptomatic women 

found that elevated levels of IL-6 obtained from amniotic and cervico-vaginal fluids, and C-

reactive protein from amniotic fluid but not plasma, were strongly associated with 

spontaneous preterm birth among asymptomatic women, potentially suggesting different 

pathways (Wei et al., 2010). This is important for understanding the role of air pollution in 

local and systemic inflammation, and if air pollution might affect pregnancy outcomes 

through one or both inflammatory pathways.

Mexico City, a mega-city where distinctive geographic features and manmade sources 

contribute to high pollution levels (O’Neill et al., 2002), represents a useful setting to 

examine the effects of air pollution on inflammatory markers such as cytokines. The aims of 

this study were i. to evaluate whether exposure to air pollution is associated with systemic 

and lower reproductive tract inflammation levels, and ii. to evaluate whether systemic and 

reproductive tract immunologic responses are similar.

2. Material and Methods

2.1. Study participants

Study participants were selected from women participating in the Pregnancy Research on 
Inflammation, Nutrition, & City Environment: Systematic Analyses (PRINCESA), a 

longitudinal study based in Mexico City (O’Neill et al., 2013). The parent study included 

participants with singletons who: lived and or worked in the Mexico City metropolitan area, 

a requirement that was necessary to obtain air pollution data from the Mexico City 

Atmospheric Monitoring Network, and did not have an existing diagnosis of a medical or 

obstetric condition at enrollment. Participants were individuals from the general obstetric 

population who were included without regard to infection status at enrollment or 

participation in the remainder of the study. Participants concluded clinic visits when they 

developed medical or obstetric complications. Demographic and obstetric characteristics of 

participants in the current study were similar to participants enrolled in the parent study. In 

order to evaluate the aims of current study, participants in the study were selected based on 

whether cytokines from serum and cervico-vaginal samples were available for a given visit. 

Participants were followed at approximately monthly intervals. In addition to other 

enrollment requirements (O’Neill et al., 2013), informed consent was obtained from each 

participant. Women in the study agreed to provide clinical, microbiological, and behavioral 

data at each visit. The University of Michigan Institution Review Board and the Ethics 

Committees from the Secretaría de Salud del Gobierno de la Ciudad de México (Mexico), 

and the School of Medicine of the National Autonomous University of Mexico (UNAM) 

granted approval for the study.

These analyses were limited to participants who delivered at term and for whom same day 

cervico-vaginal and serum cytokines were available at the time of data analysis (N=104). 

Gestational months used in the analysis were selected to include one month from each 

trimester; since cytokine data for all participants were not available, a decision was made to 
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select the gestational months from each trimester that had the highest number of cytokines 

quantified. We also ensured that none of the selections was consecutive (i.e. we used a skip 

pattern to have an even spread across pregnancy). Therefore, if the month with the highest 

number of samples in a trimester was consecutive, we used the month with second highest 

number of samples. This dataset was used for all analyses. The median number of visits was 

3 for this dataset. The median (standard deviation) gestational weeks at sample collection for 

months 3, 5, and 7 were: 11.5 (1.7), 19.4 (2.5) and 29 (2.6). Samples were collected 

throughout the day, hour-specific data regarding time of sample collection were not 

available.

2.2. Assessment of lower reproductive tract infection

Assessment of infection status utilized culture count and clinical sign and symptoms 

recorded during clinical exams. Points were assigned according to clinical sign and 

symptoms and patients were classified as infected or non-infected using the following cut-

off in the sum of points, a total of 3 points or less was classified as non-infected and 4 or 

more points was classified as infected. Lactobacillus spp. was classified as follows: absent (3 

points), scarce (2 points), intermediate (1 point) and abundant (0 points). Other 

microorganisms were classified as absent (0 points), scarce (1 point), intermediate (2 points) 

and abundant (3 points). The opposite classification between Lactobacillus spp. and other 

microorganisms takes in to account the different effects that each group of microorganisms 

has on lower reproductive health (Fontaine et al., 1996; Aleshkin et al., 2006). 

Microorganisms included Bacillus spp., Bifidobacterium spp., Candida albicans, Escherichia 

coli, Gardnerella vaginalis, Haemophilus spp., Neisseria gonorrhoeae, Proteus spp., 

Staphylococcus aureus, Staphylococcus spp., Streptococcus spp., and Streptococcus 

agalactiae.

2.3. Air pollution

We used air pollution data collected by the Mexico City Atmospheric Monitoring System 

known as SIMAT. (Ministry of the Environment (Federal District)) SIMAT routinely collects 

air pollution information on carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), 

particulate matter less than ten microns in aerodynamic diameter (PM)-10, PM 2.5, and sulfur 

dioxide (SO2). Data are collected hourly by 34 automatic monitors located throughout 

Mexico City and surrounding areas.

We chose to analyze PM10 in micrograms per cubic meter (μg/m3) and CO in parts-per-

million (ppm), because each one represents a different type of air pollution (particle versus 

gaseous) and have been previously evaluated during pregnancy (Reviewed in (Vadillo-

Ortega et al., 2014)). In addition, spatial and temporal differences among air pollutants have 

been reported(Chai et al., 2014). We used daily averages for PM10 and CO estimated from 

the monitor nearest each participant’s address for the day before each clinic visit. Because 

all monitors did not collect information on each pollutant, when data from the nearest 

monitor were not available, data from either the second or third nearest monitor were used 

(Rivera-González et al., 2015). The selection of an exposure window for air pollution 

estimates for the day prior was based on previous studies on the effects of air pollution on 

systemic inflammation that used the same day or the preceding 24-hour period prior to 
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collection of blood (van Eeden et al., 2001; Ruckerl et al., 2007). We used average air 

pollution estimates for the day prior instead of the day of visit because the exact time of 

sample collection from study participants was not known.

2.4. Cytokine Quantification

The Millipore MILLIPLEX® MAP human cytokine/chemokine magnetic bead system 

(Millipore Corporation, Billerica, MA, USA) was used to measure 15 pro-inflammatory, and 

5 anti-inflammatory cytokines obtained from monthly serum and cervico-vaginal 

samples(Millipore). The Millipore MILLIPLEX® MAP system simultaneously quantify 

various cytokines from a single sample(Millipore). We measured 20 cervico-vaginal 

cytokines (Eotaxin, Interferon gamma (IFNγ), IL-10, IL-12p40, IL-12p70, IL-17, IL-1rα, 

soluble IL-2 receptor alpha (sIL-2rα), IL-1α, IL-1β, IL-2, IL-4,Il-6, IL-8, Interferon gamma 

inducible protein (IP-10), monocyte chemoattractant protein-1 (MCP-1), macrophage 

inflammatory protein 1 alpha (MIP-1α), macrophage inflammatory protein-1 beta (MIP-1β), 

TNFα, and vascular endothelial growth factor (VEGF). If no value was detected for a 

cytokine, we used in the analysis a value less than the limit of detection (LOD) as 

determined by the manufacturer. The LODs varied for each cytokine, and undetected 

observations were substituted with LOD/√2 in all analyses, except where indicated. 

Observations at the upper limit of detection (> 10,000 pg/mL) were assigned a value of 

10,010 for analysis.

2.5. Statistical analysis

The study population was first characterized using standard descriptive statistics. The 

trimester specific probability of clinician-diagnosed lower reproductive tract infection was 

estimated by taking an overall average of the number of infections per participant for each 

trimester divided by the number of visits the participant made during that trimester. The 

Wilcoxon signed-ranks test, which evaluates whether the median difference between groups 

is zero, was used to compare cervico-vaginal and serum cytokine concentrations obtained 

from the same set of participants for gestational months 3, 5 and 7. Because of the very high 

percent of observations below the LOD, especially among serum cytokines, only pairs of 

cytokines with 50% or more values observed were evaluated, as was done in a previous 

study by Vogel et al (Vogel et al., 2007).

To determine the relationships between pairs of cervico-vaginal and serum cytokines across 

pregnancy, we used Spearman rank correlations for select gestational months. The Spearman 

correlation coefficients were illustrated in heat maps with a color gradient to indicate the 

strength and direction of the association between cytokine pairs (Hemedinger, 2013).

Intraclass correlation coefficients (ICCs) were used to provide summary measures across 

participants of how similar cytokine concentrations were within each participant. Values of 

the ICC < 0.40; 0.40–0.75; and ≥ 0.75 indicate poor, fair to good, and excellent 

reproducibility, respectively (Rosner, 2006). The ICCs were calculated for each serum and 

cervico-vaginal cytokine using log-transformed and inverse fourth root transformation along 

with the average of the two types of data transformation. These transformations were 

previously identified using a Box-Cox procedure to accommodate the fact that our cytokine 
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data was not normally distributed, a key assumption for ICCs (Buxton et al.). To calculate 

the ICCs, we used a maximum likelihood estimation for lognormally distributed data which 

accounted for values below the limit of detection (Jin et al., 2011).

Finally, we used Tobit regression to estimate associations of the air pollutants PM10 and CO 

with select cervical and serum cytokine levels (Tobin, 1958). Tobit regression accounts for 

both undetected values at the lower and upper ends of the data and can be used for repeated 

measures (Breton et al., 2007). False discovery rate (FDR) was set at 10% and used to adjust 

the p-values from Tobit regression models to account for multiple testing (Benjamini and 

Hochberg, 1995). Statistical analyses were performed using SAS Statistical Software version 

9.3 (SAS Institute Inc. Cary, NC, USA) and R version 3.2.2 (R Foundation for Statistical 

Computing, Vienna, Austria).

3. Results

3.1. Descriptive statistics

The majority of participants were between 20–35 years of age and were either normal 

weight or overweight before the start of pregnancy (Table 1). Most participants had 

previously given birth to at least one child. The probability of lower reproductive tract 

infection increased from the first trimester to the second trimester and then decreased in the 

third trimester. The median gestational age at enrollment was around 13 weeks of gestation.

PM10 averaged 56.0 µg/m3 (SD=21.8) and CO averaged 1.5 ppm (SD=0.5) across the 582 

days of observation (table 2).

3.2. Description of cervico-vaginal and serum cytokines

The percent of observations below the limit of detection (LOD) varied across cytokines and 

the variation was even greater across cytokine source (i.e. serum versus cervico-vaginal 

samples) (Supplemental table S1). Due to this variability, especially among the serum 

cytokines where the percent below LOD ranged from 0–97.8% (data not shown), further 

analyses were restricted to cytokines with at least 50% of observations above the LOD in 

both cervico-vaginal and serum samples. The seven cytokines that met this criterion were: 

IL-6, Eotaxin, IP-10, MCP-1, MIP-1α, MIP-1β, and TNFα. All cervico-vaginal cytokine 

levels were substantially higher than the corresponding serum cytokines, but significant 

median differences between cervico-vaginal and serum cytokines were found only for IL-6 

and IP-10 across all months evaluated (gestational months 3, 5, and 7) (Table 3).

3.3. Reproducibility of cervico-vaginal and serum cytokines

Serum cytokines showed poor to good reproducibility over the course of pregnancy. (Table 

4) Average ICCs for most serum cytokines were less than 0.40, indicating poor 

reproducibility, except IP-10 and Eotaxin which exhibited fair and good reproducibility, 

respectively (Rosner, 2006). Reproducibility was better for the corresponding cervico-

vaginal cytokines; ICC values were higher and reproducibility ranged from fair to excellent 

(average ICCs 0.52–0.83) Similar to serum ICCs, IP-10 and Eotaxin had the highest ICC 

values. (Table 4)
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3.4. Correlation between cervico-vaginal and serum cytokines

Overall and individually, and at every time point, cervico-vaginal and serum cytokines were 

not correlated, even between matching pairs (for example, serum IL-6 vs. cervico-vaginal 

IL-6). Heat maps of these correlations are presented in figures 1, S1, and S2 (asterisks 

indicate significant Spearman correlation coefficients p ≤ 0.05). Even for the few serum/ 

cervico-vaginal pairs with a statistically significant association, correlations were very weak. 

By contrast, cytokines from the same biological compartment tended to correlate. The 

strongest correlations were among cervico-vaginal cytokines TNFα and MIP-1β for months 

3 (rho=0.86), 5 (rho=0.89), and 7(rho=0.92). MIP-1α and MIP-1β had the strongest 

correlations among serum cytokines for all time points evaluated (rho = 0.76, 0.84, 0.77 for 

month 3, 5, and 7, respectively).

3.5. PM10 and CO association with cervico-vaginal and serum cytokines

Overall standard deviations for cervico-vaginal cytokines were 2.15, 2.38, 1.78, 2.48, 1.96, 

2.22 and 2.02 for TNFα, IL-6, IP-10, MIP-1α, MIP-1β, MCP-1 and Eotaxin, respectively. 

Standard deviations for the corresponding serum cytokines were lower. In Tobit models 

adjusted for age, lower reproductive tract infection status, pre-pregnancy body mass index, 

gestational age at sample collection, education, maximum temperature for the day prior to 

clinic visit and season, air pollutants were positively associated with serum cytokine 

concentrations (table 5). PM10 was marginally or significantly associated with serum 

cytokines IL-6 Tobit regression estimate (standard error) 0.19 (0.09), IP-10 0.09 (0.03), 

MIP-1β 0.07 (0.03), and Eotaxin 0.09 (0.05) after adjusting for FDR. Associations were 

mostly negative for CO and serum cytokines, but MIP-1β −0.16 (0.09) was the only 

cytokine that was significant (p≤ 0.1) . On the other hand, PM10 and CO were negatively 

associated with cervico-vaginal cytokines. This negative association was marginally 

significant or significant for PM10 and the following cytokines: TNFα −0.22 (0.12), IP-10 

−0.25 (0.10) MIP-1β −0.21 (0.11), MCP-1 −0.26 (0.12) and Eotaxin −0.29 (0.13) while 

significant negative associations were seen for CO and cervico-vaginal cytokines TNFα 
−0.54 (0.31), IL-6 −0.79 (0.42), MIP-1β −0.60 (0.28), MCP-1 −1.01 (0.31) and Eotaxin 

−0.62 (0.30).

4. Discussion

We compared cervico-vaginal and serum cytokines obtained over the course of term 

pregnancy and evaluated their associations with outdoor particulate matter and carbon 

monoxide levels measured on the day prior to specimen collection. The relationship between 

inflammatory markers from these two compartments is of fundamental interest in perinatal 

epidemiology because of the important role inflammation plays throughout healthy 

pregnancy, and because dysregulated inflammation, in response to infection, oxidative stress, 

and other factors, is suspected to be involved in the pathology of preterm birth.

Our first key finding was that serum and cervico-vaginal cytokines were not correlated, and 

cervico-vaginal cytokines concentrations were substantially higher than the corresponding 

serum cytokines. These findings indicate that inflammatory processes are compartment 

specific, with minimal crossover between compartments, at least when evaluated at the same 
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point in time. Vogel et al. also found no correlation between cervico-vaginal and serum 

cytokines in a study of 57 pregnant women in Birmingham, Alabama with a previous 

preterm birth (Vogel et al., 2007). Similarly, cervico-vaginal and serum cytokines were not 

correlated among 26 post-menopausal women with and without vaginal symptoms (Stute et 

al., 2014). This suggests that compartmentspecific immunologic response is not an anomaly 

of pregnancy but rather a normal physiologic process across conditions and/or stages of life.

Our second key finding was cervico-vaginal and serum cytokines had different associations 

with PM10, and carbon monoxide, suggesting that the biological mechanisms associated 

with systemic versus localized immunologic response to air pollution and other 

environmental exposures leading to oxidative stress/inflammation may differ.

Our finding reinforces the importance of a recommendation by Ferguson and colleagues. In 

a repeated measures study evaluating the association between exposure to six phthalates 

(estimated from urinary metabolites) and five inflammatory markers obtained from plasma 

during pregnancy (in 30 individual models), they found only one significant and three 

marginally significant associations. Ferguson et al. concluded that inflammatory markers 

from more specific sources might be important to evaluate the association between phthalate 

exposure and the subsequent inflammatory response that can lead to preterm birth (Ferguson 

et al., 2015). These results have implications for studies using biomarkers to evaluate the 

effects of inflammation on pregnancy outcomes: namely, that inflammation measured from a 

source contiguous to the site of the developing fetus might be more representative of the 

environment to which the fetus is exposed, compared to inflammation measured in the 

systemic circulation. Georgiou and colleagues, in a recent review of advances made in the 

use of biomarkers to predict preterm birth, also concluded that because of its compositional 

characteristic of being a mixture of secretions from gestational and reproductive tissues, 

cervico-vaginal fluid is ideal for consideration of biomarkers related to labor (Georgiou et 

al., 2015). By contrast, biomarkers obtained from blood components (plasma and serum) 

have been reported to be non-specific due to peripheral blood availability across body tissues 

and the potential that these biomarkers are either diluted or lack information about the exact 

source from which inflammation originated. The idea that cytokines obtained from serum/

plasma are non-specific is supported by the ICCs obtained for serum cytokines in this study. 

Serum cytokines exhibited more variability compared to cervico-vaginal samples and this 

may be an indication of the myriad factors capable of influencing cytokine levels in the 

peripheral circulation. Interestingly, ICCs for the corresponding cervico-vaginal cytokines 

were higher than serum cytokines among the same participants for samples collected during 

the same visit, again suggesting different processes occurring during these same time points 

and that these processes are compartment specific. Increases in serum cytokines linked with 

air pollution were expected but the negative association of estimated air pollution exposure 

with cervico-vaginal cytokines was surprising. The mechanisms associated with the opposite 

expression of cytokines from systemic and lower reproductive tract and air pollution are 

unclear and need to be further evaluated. However, one possible explanation is that 

immunologic response may vary by pollutant type and part of the body being evaluated, and 

may be categorized in two ways: direct or indirect. For example, response to physical coarse 

particles in the lungs is direct and is associated with the release of pro-inflammatory 

cytokines (van Eeden et al., 2001) while remote locations such as the reproductive tract 

Buxton et al. Page 8

Sci Total Environ. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



might operate through other reported “sequelae pathways” such as the suppression of certain 

cell types (CDC, 2010). Although inconsistent across studies and not well defined, the 

immunosuppressive effects of smoking have been associated with a decrease in response by 

lymphocytes to mitogen, which is needed for the start of cell division, (mitogen., (n.d)) and 

also with impaired chemotactic activities of polymorphonuclear leukocytes. (Reviewed in 

(CDC, 2010)). Leukocytes are producers of pro-inflammatory chemokines such as MIP-1a, 

MCP-1, and IP-10; these cytokines are involved in recruitment of monocytes and 

macrophages, which are producers of other pro-inflammatory cytokines (Ryckman et al., 

2009). Another example of an indirect pathway is the postulated link between air pollution 

and intestinal inflammation, where movement of large PM particles from one part of the 

body (lungs) to another (intestines) occurs through mucociliary clearance. (reviewed in 

(Beamish et al., 2011)) Similar pathways might be at play in more distal compartments of 

the body such as the reproductive tract, but may be associated with a lagged response. Future 

studies should evaluate whether a lagged response to “secondary exposure” in parts of the 

body that are further away from the lungs exists. Consideration should also be given to 

whether reduced cytokine levels seen in this study reflect a competition for cytokine-

producing cells during active inflammation in the lungs.

Finally, the use of inflammatory markers collected longitudinally on the same participants 

on the same dates to evaluate median differences, reproducibility, and correlation between 

local and systemic sources is a major strength of this study. However, some limitations 

should be considered. The data used in the study contained values below and above the 

LOD. Except for the Tobit regression models which properly accounted for all censored 

observations and ICC calculations, which only accounted for observations below the LOD, 

censored values were replaced with common substitution methods. Simple replacement 

methods are commonly used for censored data but are known to have limitations especially 

when the percent below the LOD reaches 25 percent (Croghan and Egeghy, 2003). Another 

limitation is that other sources of inflammation and anti-inflammatory medication use were 

not accounted for.

5. Conclusion

In summary, inflammatory markers obtained from peripheral blood are not specific and may 

represent different as well as remote processes. Therefore, they should not be used as 

proxies of lower reproductive tract inflammation. These findings also imply that 

environmental pollutants may impact health and human physiology through different 

pathways and inflammatory mechanisms, depending on which compartment or organ system 

is being evaluated.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

Median cervico-vaginal cytokines were higher than corresponding serum cytokines.

Cervico-vaginal and serum cytokines were not correlated.

Cytokines from the same source (cervico-vaginal or serum) were correlated.

Cervico-vaginal cytokines exhibited better reproducibility than serum cytokines.

Air pollution and cytokine associations suggest different inflammatory mechanisms.
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Figure 1. 
Correlation map based on Spearman coefficients for cervico-vaginal and serum cytokines for 

women who delivered at term using data from gestation month 3, PRINCESA cohort 2009–

2014.

*p ≤ 0.05

c prefix indicates cervico-vaginal cytokines

s prefix indicates serum cytokines
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Table 1.

Demographic and obstetric characteristics of pregnant women who delivered at term (N=104), PRINCESA 

cohort, 2009–2014

Characteristic n (%)

Age

 <20 18(17.3)

 20–35 75(72.1)

 >35 11(10.6)

Pre-pregnancy BMI

 <18.5 kg/m2 7(6.7)

 18.5–24.9 kg/m2 36(34.6)

 25–29.9 kg/m2 37(35.6)

 ≥30 kg/m2 17(16.4)

 Missing 7(6.7)

Parity

 Nulliparous 30(28.9)

 Parous 58(55.8)

 Missing 16(15.4)

Probability of reproductive tract infection
a,b

 Trimester 1 0.3

 Trimester 2 0.37

 Trimester 3 0.31

Note: BMI, body mass index.

a
Mean of (number of infection per trimester/number of visits for each participant per trimester)

b
Microorganisms included Bacillus spp., Bifidobacterium spp., Candida albicans, Escherichia coli, Gardnerella vaginalis, Haemophilus spp., 

Neisseria gonorrhoeae, Proteus spp., Staphylococcus aureus, Staphylococcus spp., Streptococcus spp., and Streptococcus agalactiae
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Table 2.

Summary statistics for air pollutants PM10
a
 (μg/m3) and carbon monoxide (CO) in ppm from the monitor 

nearest each participant’s home for the day prior to each clinic visit for participants in Mexico City, 2009 

−2014.

Mexico City Standard Mean SD Minimum Maximum Number of days

CO 11 ppm (8hr avg) 1.48 0.54 0.4 4.32 582

PM10 50 μg/m3 (annual mean) 56.03 21.81 15.06 139.69 582

a
Particulate matter less than ten microns in aerodynamic diameter
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Table 4:

Intraclass correlation coefficients for serum and cervico-vaginal cytokines among term births, PRINCESA 

cohort, 2009–2014 (n=104).

Cytokine N Log Inverse Fourth Root

Serum

sIL6
a 402 0.28 0.13

sTNFα 402 0.20 0.23

sIP-10 402 0.57 0.59

sMCP-1 402 0.38 0.33

sMIP-1α 402 0.32 0.25

sMIP-1β 402 0.24 0.24

sEotaxin 402 0.71 0.69

Cervico-vaginal

cIL6
b 405 0.58 0.55

cTNFα 405 0.61 0.54

cIP-10 405 0.64 0.69

cMCP-1 405 0.53 0.50

cMIP-1α 405 0.57 0.54

cMIP-1β 405 0.64 0.56

cEotaxin 405 0.84 0.81

a
s prefix indicates serum cytokine

b
c prefix indicates cervico-vaginal cytokine
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