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Abstract



          
Objective This study aimed to describe characteristics of cervicovaginal cytokines obtained during pregnancy from women who subsequently delivered at term.



          
Study Design We used repeated measures of 20 cervicovaginal cytokines, collected on average on a monthly basis, from the second to the ninth month of gestation among 181 term pregnancies in the Mexico City Pregnancy Research on Inflammation, Nutrition, & City Environment: Systematic Analyses cohort (2009–2014). Cytokines were quantified using multiplex assay.



          
Results Cytokine distributions differed more between than within cytokines. Across trimesters, cytokines interleukin (IL)-1Ra, IL-1α, and IL-8 consistently had high concentrations compared with other measured cytokines. Cytokine intraclass correlation coefficients ranged from 0.41 to 0.82. Spearman's correlation coefficients among cytokine pairs varied but correlation directions were stable; 95.3% of the 190 correlation pairs remained either negative or positive across trimesters. Mean longitudinal patterns of log-transformed cytokines from Tobit regression varied across but less within cytokines.



          
Conclusion Although mean concentrations of cervicovaginal cytokines among term pregnancies were high, they were largely stable over time. The high cytokine concentrations corroborate that pregnancy is associated with an active inflammatory state. These characterizations may serve as a baseline for comparison to other obstetric outcomes, which may be helpful in understanding deviations from normal gestational inflammation.




        
[bookmark: N10CEC]
Keywords

appropriate statistical methods - 
cytokines - 
inflammation - 
patterns - 
longitudinal data - 
pregnancy - 
PRINCESA cohort - 
Tobit regression - 
term birth
      




[bookmark: N11A35]
Supplementary Material


	
Supplementary Material











 

[bookmark: ]

[bookmark: N11A4C]
	
References


	
[bookmark: JR180589-1]1 

Romero R, 


Gotsch F, 


Pineles B, 


Kusanovic JP. 

Inflammation in pregnancy: its roles in reproductive physiology, obstetrical complications, and fetal injury. Nutr Rev 2007; 65 (12 Pt 2): S194-S202 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-2]2 

Romero R, 


Espinoza J, 


Gonçalves LF, 


Kusanovic JP, 


Friel L, 


Hassan S. 

The role of inflammation and infection in preterm birth. Semin Reprod Med 2007; 25 (01) 21-39 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180589-3]3 

Romero R, 


Miranda J, 


Chaiworapongsa T. 

, et al.  Sterile intra-amniotic inflammation in asymptomatic patients with a sonographic short cervix: prevalence and clinical significance. J Matern Fetal Neonatal Med 2014; 28: 1-17 





PubMedGoogle Scholar





	
[bookmark: JR180589-4]4 

Sacks GP, 


Studena K, 


Sargent K, 


Redman CW. 

Normal pregnancy and preeclampsia both produce inflammatory changes in peripheral blood leukocytes akin to those of sepsis. Am J Obstet Gynecol 1998; 179 (01) 80-86 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-5]5 

Sargent IL, 


Borzychowski AM, 


Redman CW. 

NK cells and human pregnancy--an inflammatory view. Trends Immunol 2006; 27 (09) 399-404 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-6]6 

Genc MR, 


Witkin SS, 


Delaney ML. 

, et al.  A disproportionate increase in IL-1beta over IL-1ra in the cervicovaginal secretions of pregnant women with altered vaginal microflora correlates with preterm birth. Am J Obstet Gynecol 2004; 190 (05) 1191-1197 





PubMedGoogle Scholar





	
[bookmark: JR180589-7]7 

Chandiramani M, 


Seed PT, 


Orsi NM. 

, et al.  Limited relationship between cervico-vaginal fluid cytokine profiles and cervical shortening in women at high risk of spontaneous preterm birth. PLoS One 2012; 7 (12) e52412 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-8]8 

Walter J, 


Fraga L, 


Orin MJ. 

, et al.  Immunomodulatory factors in cervicovaginal secretions from pregnant and non-pregnant women: a cross-sectional study. BMC Infect Dis 2011; 11: 263 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-9]9 

O'Neill MS, 


Osornio-Vargas A, 


Buxton MA. 

, et al.  Air pollution, inflammation and preterm birth in Mexico City: study design and methods. Sci Total Environ 2013; 448: 79-83 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-10]10 

Aleshkin VA, 


Voropaeva EA, 


Shenderov BA. 

Vaginal microbiota in healthy women and patients with bacterial vaginosis and nonspecific vaginitis. Microb Ecol Health Dis 2006; 18 (02) 71-74 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-11]11 

Fontaine EA, 


Claydon E, 


Taylor-Robinson D. 

Lactobacilli from women with or without bacterial vaginosis and observations on the significance of hydrogen peroxide. Microb Ecol Health Dis 1996; 9 (04) 135-141 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR180589-12]12 Millipore.  MILLIPLEX MAP HUMAN CYTOKINE/CHEMOKINE MAGNETIC BEAD PANEL KIT. Boston, MA: Millipore Corporation; 2011 





Google Scholar





	
[bookmark: OR180589-13]13 NADA: Nondetects And Data Analysis for environmental data. R package version 1.5–6. [computer program].  2015 





PubMed





	
[bookmark: OR180589-14]14 

Hemedinger C. 

How to build a correlations matrix heat map with SAS.  The SAS Dummy A SAS® blog for the rest of us 2013. Available at:  http://blogs.sas.com/content/sasdummy/2013/06/12/correlations-matrix-heatmap-with-sas/ . Accessed November 5,  2014 





PubMedGoogle Scholar





	
[bookmark: JR180589-15]15 

Benjamini Y, 


Hochberg Y. 

Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R Stat Soc B 1995; 57 (01) 289-300 





PubMedGoogle Scholar





	
[bookmark: OR180589-16]16 

Osborne J. 

Improving your data transformations: applying the Box-Cox transformation.  Pract Assess, Res Eval  2010 ; 15(12) 





PubMedGoogle Scholar





	
[bookmark: JR180589-17]17 

Jin Y, 


Hein MJ, 


Deddens JA, 


Hines CJ. 

Analysis of lognormally distributed exposure data with repeated measures and values below the limit of detection using SAS. Ann Occup Hyg 2011; 55 (01) 97-112 





PubMedGoogle Scholar





	
[bookmark: OR180589-18]18 

Therneau T. 

A Package for Survival Analysis in S. Version 2.38.  2015 





PubMed





	
[bookmark: JR180589-19]19 

Tobin J. 

Estimation of relationships for limited dependent variables. Econometrica 1958; 26 (01) 24-36 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-20]20 

Breton CV, 


Kile ML, 


Catalano PJ. 

, et al.  GSTM1 and APE1 genotypes affect arsenic-induced oxidative stress: a repeated measures study. Environ Health 2007; 6: 39 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR180589-21]21 

Rosner B. 

Fundamentals of Biostatistics, 6th ed. Belmont, CA: Thomson-Brooks/Cole; 2006 





Google Scholar





	
[bookmark: JR180589-22]22 

Mitchell C, 


Marrazzo J. 

Bacterial vaginosis and the cervicovaginal immune response. Am J Reprod Immunol 2014; 71 (06) 555-563 





PubMedGoogle Scholar





	
[bookmark: JR180589-23]23 

Du MR, 


Wang SC, 


Li DJ. 

The integrative roles of chemokines at the maternal-fetal interface in early pregnancy. Cell Mol Immunol 2014; 11 (05) 438-448 





PubMedGoogle Scholar





	
[bookmark: JR180589-24]24 

Donders GG, 


Vereecken A, 


Bosmans E, 


Spitz B. 

Vaginal cytokines in normal pregnancy. Am J Obstet Gynecol 2003; 189 (05) 1433-1438 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-25]25 

Hanna N, 


Hanna I, 


Hleb M. 

, et al.  Gestational age-dependent expression of IL-10 and its receptor in human placental tissues and isolated cytotrophoblasts. J Immunol 2000; 164 (11) 5721-5728 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-26]26 

Kutteh WH, 


Franklin RD. 

Quantification of immunoglobulins and cytokines in human cervical mucus during each trimester of pregnancy. Am J Obstet Gynecol 2001; 184 (05) 865-872 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-27]27 

Amabebe E, 


Chapman DR, 


Stern VL, 


Stafford G, 


Anumba DOC. 

Mid-gestational changes in cervicovaginal fluid cytokine levels in asymptomatic pregnant women are predictive markers of inflammation-associated spontaneous preterm birth. J Reprod Immunol 2018; 126: 1-10 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-28]28 

Tanaka Y, 


Narahara H, 


Takai N, 


Yoshimatsu J, 


Anai T, 


Miyakawa I. 

Interleukin-1beta and interleukin-8 in cervicovaginal fluid during pregnancy. Am J Obstet Gynecol 1998; 179 (3 Pt 1): 644-649 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-29]29 

Ryckman KK, 


Simhan HN, 


Krohn MA, 


Williams SM. 

Cervical cytokine network patterns during pregnancy: the role of bacterial vaginosis and geographic ancestry. J Reprod Immunol 2009; 79 (02) 174-182 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-30]30 

Imseis HM, 


Greig PC, 


Livengood III CH, 


Shunior E, 


Durda P, 


Erikson M. 

Characterization of the inflammatory cytokines in the vagina during pregnancy and labor and with bacterial vaginosis. J Soc Gynecol Investig 1997; 4 (02) 90-94 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-31]31 

Ryckman KK, 


Williams SM, 


Kalinka J. 

Correlations of selected vaginal cytokine levels with pregnancy-related traits in women with bacterial vaginosis and mycoplasmas. J Reprod Immunol 2008; 78 (02) 172-180 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180589-32]32 

Vogel I, 


Goepfert AR, 


Thorsen P. 

, et al.  Early second-trimester inflammatory markers and short cervical length and the risk of recurrent preterm birth. J Reprod Immunol 2007; 75 (02) 133-140 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supplementary Material











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 107.20.76.243
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  