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Highlights  

 Assessed the effect of DDT exposure (via IRS) on immune markers among 

reproductive-aged women 

 Plasma DDE and DDT were positively associated with pro-inflammatory 

biomarkers 

 Associations with plasma DDE and DDT were not consistent across all immune 

markers assessed 

 Study participants had higher concentrations IgG than US black females 
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Abstract 

Background. Evidence from animal studies suggests that DDT and DDE can adversely affect 

immuno-competence while human data are less conclusive. We aimed to assess the association of 

plasma concentrations of DDT and DDE with biomarkers of inflammation among reproductive-

aged women residing in homes sprayed with DDT through Indoor Residual Spraying (IRS). 

Methods. This study included 416 women from the Study of Women and Babies, South Africa 

(2010-2011). DDT, DDE, and biomarkers of inflammation (immunoglobulins A, G and M, 

interleukins 1β, 6, and 8, tumor necrosis factor-α, C-reactive protein, serum amyloid-A, 

intercellular adhesion molecule-1, vascular cell adhesion molecule-1) were quantified in plasma. 

Linear regression was used to assess associations of DDT and DDE with each natural log-

transformed biomarker. Models were adjusted for age, body mass index, parity, income, and 

season; beta estimates were expressed as percent differences.  

Results. Compared to women with the lowest plasma concentrations of DDT and DDE, those 

with the highest concentrations of both compounds had higher levels IL-1β, IL6, and TNF- α. 

While associations were statistically significant for both DDT and DDE, the magnitude of the 

associations was slightly stronger for DDT. Compared to women in the lowest quintile of DDT, 

women in the highest quintile were estimated to have 53.0% (95%CI: 21.7%, 84.4%), 28.1% 

(95%CI: 6.4%, 49.8%), and 26.6% (95%CI: 12.0%, 41.1%) higher levels of IL-1β, IL6, and 

TNF- α, respectively.  

Conclusions. Our results suggest that increased plasma concentrations of DDT and DDE 

resulting from exposure to IRS may increase concentrations of pro-inflammatory biomarkers 

among reproductive-aged women in South Africa.  

Key words: Africa, DDE, DDT indoor residual spraying, immune biomarkers, reproductive-aged 

women.  
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Abbreviations:  

p,p’-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene 

p,p’-DDT, 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane 

I-CAM1, Intercellular Adhesion Molecule 1 

IgA, immunoglobulin A 

IgG, immunoglobulin G 

IgM, immunoglobulin M 

IL-1β, Interleukin-1β 

IL-6, Interleukin-6 

IL-8, Interleukin-8 

IQR, interquartile range 

IRS, Indoor residual spraying  

SAA, Serum Amyloid A 

TNF-α, Tumor Necrosis Factor-α 

V-CAM1, Vascular Cell Adhesion Molecule 1 
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INTRODUCTION 

Generally, results from animal studies suggest that exposure to DDT (1,1,1-trichloro-2,2-

bis(4-chlorophenyl)ethane) and its main breakdown product, DDE (1,1-Dichloro-2,2-bis(p-

chlorophenyl)ethylene), can adversely affect an animal’s ability to produce a normal immune 

response (ATSDR 2002). However, human studies are less conclusive regarding DDT’s 

immunosuppressive effects or inappropriate immune-stimulation, although the potential for 

adverse effects on the human immune system cannot be disregarded (Corsini et al. 2008; 

Eskenazi et al. 2009; WHO 2011a). Alterations of cell-mediated immune response includes 

decreased production of cytokines (i.e., tumor necrosis factor-α [TNF-α], interleukin [IL]-10, and 

IL-2) as well as increased production of pro-inflammatory cytokines (i.e., TNF-α, IL-1β and IL-

6) in vitro; greater serum concentrations of TNF-α and IL-10; and lower plasma concentrations of 

IL-4 in relation to DDE or DDT exposure (Bilrha et al. 2003; Cardenas-Gonzalez et al. 2013; 

Corsini et al. 2013; Gascon et al. 2013; Martin et al. 2019a; Martin et al. 2019b). Decreased cell 

counts (e.g., T-cells, white blood cells, lymphocytes, and neutrophils) have also been related to 

DDE exposure (Hermanowicz et al. 1982; Karmaus et al. 2005; Nagayama et al. 2007; Schaalan 

et al. 2012). Among the few human studies that evaluated humoral response, measured by 

immunoglobulin (Ig) concentrations, increasing IgA and IgM (Karmaus et al. 2005; Vine et al. 

2000; Vine et al. 2001) were observed with high levels of DDE; whereas, increasing and 

decreasing IgG (Cooper et al. 2004; Karmaus et al. 2005) have been reported in relation to DDE. 

However, most of these studies have largely reported null findings (Cooper et al. 2004; Dewailly 

et al. 2000; Karmaus et al. 2005; Vine et al. 2000; Vine et al. 2001) for some of these 

immunoglobulins in relation to DDE exposure. These inconsistencies in study findings might be 

related to heterogeneity of exposure levels, sample sizes, and ages of the participants.  
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DDT is an organochlorine pesticide that was extensively applied to crops and used to 

eradicate malaria and other diseases (starting from the 1950’s) around the world; its widespread 

use ended around 2001 when the Stockholm Convention on Persistent Organic Pollutants (POPs) 

was implemented (Rogan and Chen 2005; WHO 2011a). Present use of DDT is restricted to 

vector-borne disease control, particularly in malaria-endemic regions, including some countries 

in Africa (Eskenazi et al. 2009; Rogan and Chen 2005) where the World Health Organization 

(WHO) has approved the use of DDT for indoor residual spraying (IRS) (WHO 2006). Thus, 

identifying potential health risks associated with DDT in countries where IRS is ongoing 

provides valuable information when reassessing the need to continue use of DDT for vector-

borne diseases control. Our objective was to assess the association of plasma concentrations of 

DDT and DDE with biomarkers of inflammation among reproductive-aged women residing in 

homes sprayed with DDT through IRS for malaria control.  

 

 

MATERIAL AND METHODS 

We analyzed data collected at baseline from the South African Study of Women and 

Babies (SOWB), which has been described elsewhere (Whitworth et al. 2014). Briefly, the 

SOWB was carried out in 2010-2011 and enrolled 427 women from eight villages in the 

Limpopo Province, South Africa. Women were eligible if they were: 20 to 30 years of age, not 

using contraception, with regular menstrual periods, not pregnant at the enrollment, without 

previous difficulty getting pregnant, planning to reside in the same village during the study 

period, and without a previous pregnancy in the study. All woman gave their written informed 

consent before participation. Women provided a blood specimen collected in EDTA 

(Ethylenediaminetetraacetic acid) tubes at recruitment; the samples were kept in coolers with 
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cold packs at the collection site and shipped the same day to the field office (~5 miles) where 

plasma was extracted and immediately stored at -20°C. Frozen samples were shipped on a 

weekly basis to the University of Pretoria in specialized freezers powered by the transportation 

vehicle, where they remained frozen at -80°C until shipment for analysis.  

The study was approved by the institutional review boards at the University of Pretoria 

(IRB number: 76/2009), South Africa and at the National Institute of Environmental Health 

Sciences (IRB number: 09-E-N115), National Institutes of Health, Department of Health and 

Human Services, USA. For the present analysis, we excluded women without blood samples 

(n=1) and those who reported ever being told by doctor, nurse or staff member at a clinic or 

hospital as having and HIV infection (n=2). Additionally, eight women who reported smoking 

cigarettes or other items (n=8) in the past 12 months were excluded, leaving a sample size of 416 

women for statistical analysis.  

 

DDT and DDE  

Concentrations of p,p’-DDT and p,p’-DDE were measured using gas chromatography-

mass spectrometry (GC-MS) at the Institute National de Sante Publique du Quebec (INSPQ), 

Canada in plasma samples collected from women at enrollment. A detailed description of the 

analytical methods are described elsewhere (Whitworth et al. 2014). The limit of quantification 

(LOQ) was 0.02 µg/L for both DDT and DDE; values below the LOQ were assigned a value 

equal to one half of the LOQ. The between-assay coefficient of variation was 5% for DDT (at 1.9 

μg/L) and 7.8% for DDE (at 9.4 μg/L). Total plasma lipids were calculated based on triglycerides 

(TG, mg/dL) and total cholesterol (TC, mg/dL) measured using standard enzymatic methods, 

with the following equation: TL = 1.3*(TG + TC) + 90 mg/dL (Rylander et al. 2006). 
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Concentrations of plasma p,p′-DDE and p,p′-DDT were expressed as nanograms per gram of 

lipid (ng/g). 

 

Biomarkers of inflammation 

Biomarkers of inflammation were quantified from plasma samples at the National 

Institute of Environmental Health Sciences (NIEHS) using reagents from Meso Scale Discovery 

(MSD, Gaithersburg, MD). Interleukin (IL)-1β, IL-4, IL-6, IL-8, and tumor necrosis factor-α 

(TNF-α) were determined (pg/ml) with the human pro-inflammatory II 4-plex ultrasensitive kit. 

C-reactive protein (CRP), serum amyloid A (SAA), vascular cell adhesion molecule-1 (VCAM-

1), and intercellular adhesion molecule-1 (ICAM-1) were determined (mg/L) with the human 

vascular injury panel II kit. Immunoglobulins (Ig) A, G, and M (mg/dL) were determined with 

the isotyping Panel-1 human non-primate kit. All assays were conducted following the protocols 

from the manufacturer; quantitative measures of the analytes in these samples were obtained by 

measuring the intensity of the emitted light. The within- and between-batch coefficients of 

variation (CV) of the analytical method were all <5%. These biomarkers of inflammation had 

right-skewed distributions and were natural log transformed before the analyses. 

 

Covariates  

Information on women’s sociodemographic, economic, health, and reproductive history; 

lifestyle; as well as detailed characteristics of households and IRS were obtained at enrollment 

during in-person interviews conducted by specially trained personnel. The questionnaire was 

translated into Tshivenda and back to English, certified by professional translators, and pretested 

to assure accurate comprehension and cultural appropriateness. Education was reported as the 

highest degree completed; total monthly family income was recorded in Rands and categorized in 



9 
 

quartiles. While a detailed section on alcohol consumption was included in the questionnaire, few 

women reported ever drinking alcohol (n=67), thus, we only report ever having an alcoholic 

drink. A composite variable for ever having an infection was generated from a list of infections 

self-reported by the women during the interview (i.e., tuberculosis, malaria, syphilis, gonorrhea, 

herpes, and other sexually transmitted diseases) as few woman reported ever having each specific 

infection. A total of 61 women reported having any of the above listed infections; the most 

common infection reported was herpes (n=33). Height and weight were measured three times by 

specially trained personnel at the local clinics during enrollment. Body mass index (BMI, kg/m2) 

was calculated from the averaged weight in kilograms divided by averaged height in meters 

squared; cut points from the WHO were used to identify overweight (BMI 25.0-29.9 kg/m2) and 

obese (BMI ≥30.0 kg/m2) women (WHO 2011b). Only few women (n=14) were underweight 

(BMI <18.5 kg/m2) in the present study and therefore were included in the normal BMI group 

(BMI <25.0 kg/m2) for analysis. 

The eight villages from which women were recruited for the SOWB included those where 

IRS spraying occurred as well as villages where no IRS occurred. Moreover, individual homes 

within IRS villages may have been sprayed with DDT or with other pesticides (primarily 

pyrethroids). The identification of households in IRS villages sprayed with DDT was based on 

the housing characteristics that best predicted women’s DDT concentrations. Detailed 

information about the construction of this variable has been published previously (Whitworth et 

al. 2014). Based on our previous work, women were classified into three groups: 1) non-IRS 

households (i.e., women living in villages where IRS did not occur, n=170); 2) non-DDT IRS 

households (i.e., women living in an IRS village and in a home with a low likelihood of DDT 

spraying, n=129); and 3) DDT IRS households (i.e., women living in an IRS village and in a 

home with a high likelihood of DDT spraying, n=117).  
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Statistical analyses 

The relationship of p,p’-DDT and p,p’-DDE with each biomarker of inflammation (log 

transformed) was assessed separately with linear regression models. Because all outcomes were 

natural log transformed before modeling, the beta estimate for the exposure represents the percent 

difference in concentrations of the outcome between the exposure groups being compared. 

Plasma concentrations of DDT and DDE (ng/g) were modeled in quintiles; the cut-points for 

DDT were: 61.26 (20th centile); 155.76 (40th centile); 377.95 (60th centile); and 1,120.90 (80th 

centile). The cut-points for DDE were: 345.04 (20th centile); 972.76 (40th centile); 2,011.87 (60th 

centile); and 3,633.32 (80th centile). Linearity of both DDE and DDT with each outcome (log- 

transformed) were confirmed in unadjusted and fully adjusted models using the Stata module 

nlcheck (Ben 2008). For all models, a 1-df (degree of freedom) trend test was conducted by 

coding DDE or DDT concentration as the median level within each quintile. 

All regression models were adjusted for age (years), BMI (kg/m2: <25.0, 25.0-29.9, and 

30.0+), parity, household monthly income (Rands), and season of sample collection. These 

variables were selected a priori based on directed acyclic graphs (DAGs) as the minimal 

sufficient adjustment set for confounding (Greenland et al. 1999; Textor et al. 2011). To assess 

potential residual confounding from variables not included in the DAG (i.e., education, alcohol 

consumption, and use of medication), we implemented a stepwise backwards selection starting 

with all variables in the model and using change-in-estimate as the selection criterion (Greenland 

1989). Variables that changed the coefficients by >10% were alcohol consumption (IgM, IL-1β, 

and IL-6 models), medication use in the past 24 hours (IL-6 model), and education (TNF-α 

model).  
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In sensitivity analyses, we assessed the potential interaction between IRS with our DDE 

and DDT exposure variables because, as mentioned, some households were likely sprayed with 

pesticides other than DDT; a p-interaction <0.20 was defined as relevant a priori. We also 

conducted sensitivity analyses excluding women who reported having diabetes (n=1) or high 

blood pressure (n=7), given that metabolic abnormalities and cardiovascular disease might be 

related to chronic inflammation (Gonzalez-Quintela et al. 2008; Ridker et al. 2000). We assessed 

the effect of adjustment for ever having an infection on the associations between DDE or DDT 

exposure and each biomarker of inflammation. Finally, we assessed the association of the sum of 

DDT+DDE with each outcome. All statistical analyses were conducted using STATA (release 

15.1; StataCorp, College Station, TX, USA). 

 

 

RESULTS 

Characteristics of the women are presented in Table 1. Median age was 24 years; less than 

one-fifth (16.8%) of the women reported having a high school diploma and ever having 

consumed an alcoholic drink (16.1%); 79.5% had had a previous child and a similar proportion 

(78.4%) reported ever breastfeeding. A little more than a half of the women (59.1%) lived in 

households with IRS, which is expected as the original study intentionally included both IRS and 

non-IRS villages. Almost half (48.1%) of the women were overweight or obese; and very few 

reported taking any medication in the previous 24 hours from enrollment (5.8%). The median 

plasma concentrations of p,p’-DDT and p,p’-DDE among women in this study were 238.41 ng/g 

lipid (IQR: 695.53)  and 1,528.95 ng/g lipid (IQR: 2,497.37), respectively. As expected, 

concentrations of DDE (median: 2,442.7; IQR: 3,134.4) and DDT (median, 705.9; IRQ: 1,312.5) 

were significantly higher (p-value<0.01) among women living in houses with DDT-IRS than 
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those from houses with non-DDT IRS (DDE: 2,110.0; IQR: 2,334.2 and DDT: 336.4; IQR: 

639.5) and from unsprayed houses (DDE: 485.5; IQR: 1,443.1 and DDT: 84.1, IQR: 210.2). 

The distributions and geometric means (GM) of biomarkers of inflammation across all 

participants are shown in Table 2. GM were similar across quintiles of DDE (p-value≥0.37) and 

DDT (p-value≥0.15) exposure (data not shown). GMs of all biomarkers of inflammation were 

similar among women from unsprayed and IRS sprayed dwellings; although IgA was slightly 

higher whereas IgM and CRP were slightly lower among women living in IRS households 

compared to women living in non IRS households, nonetheless, such differences were not 

statistically significant (Supplemental Table 1).  

Crude results showed no clear associations between DDE exposure and each biomarker of 

inflammation (Supplemental Table 2). In adjusted models, positive trends for IL-1β, IL-6, and 

TNF-α across quintiles of DDE (p-trends <0.05) were observed. Compared to women from the 

lowest quintile, those in the highest quintile had greater concentrations of IL-1β (adjusted β [aβ]= 

46.3%; 95%CI: 15.6, 76.9), IL-6 (aβ= 21.4%; 95%CI: 0.4, 42.4), and TNF-α (aβ= 14.9%; 

95%CI: 0.5, 29.4). Greater concentrations of IL-8 were observed among women in the third (aβ= 

28.4%; 95%CI: 4.3, 52.4) and top (aβ=24.7%; 95%CI: 0.0, 49.3) quintile compared to women 

from the lowest quintile of DDE exposure. No clear associations were observed between DDE 

exposure and the other biomarkers of inflammation (immunoglobulins, CRP, SAA, I-CAM and 

V-CAM) in adjusted models (Table 3).  

Unadjusted associations between DDT exposure and each biomarker of inflammation are 

shown in Supplemental Table 3; similar to our DDE findings, no clear association emerged. After 

adjustment, we also observed positive trends for IL-1β, IL-6 and TNF-α across quintiles of DDT 

(p-trends<0.05) (Table 4). Higher concentrations of IL-1β were observed among women from the 

third (aβ= 31.8%; 95%CI: 1.8, 61.7), fourth (aβ= 33.7%; 95%CI: 3.6, 63.7), and fifth (aβ= 
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53.0%; 95%CI: 21.7, 84.4) quintiles compared to those in the lowest quintile of DDT exposure 

(Table 4). Having the same reference group for DDT, women in the top quintile had also greater 

concentrations of IL-6 (aβ= 28.1%; 95%CI: 6.4, 49.8) and TNF-α (aβ= 26.6%; 95%CI: 12.0, 

41.1). Consistent with our DDE results, we found no evidence that DDT exposure was related to 

the other biomarkers of inflammation (immunoglobulins, CRP, SAA, I-CAM and V-CAM) in 

adjusted models ; the lower concentrations of CRP observed among women in the third quintile 

of DDT exposure (aβ= -49.5%; 95%CI: -98.3, -0.8) appears to be an isolated finding.  

In sensitivity analysis, our results remain unchanged after excluding women that reported 

having diabetes (n=1) or high blood pressure (n=7) (data not shown). Further adjustment for ever 

having an infection did not result in a change of our overall conclusions (data not shown). No 

interaction was observed between IRS with our DDE or DDT exposures (all p-interaction>0.20). 

Results examining associations between the sum of DDT+DDE and biomarkers of inflammation 

were also similar (data not shown). 

 

 

DISCUSSION 

Overall, our results provide little evidence of consistent associations between plasma 

concentrations of DDT or DDE and altered immune response or inflammation among 

reproductive aged women living in areas with active IRS spraying for malaria control. We did 

observe isolated associations between DDE and DDT with increased concentrations of pro-

inflammatory biomarkers IL-1β, IL-6, and TNF-α, though our estimates were imprecise as shown 

by the wide confidence intervals. 

Concentrations of IgA and IgM among women in the present study (Table 2) were within 

the range of those reported for healthy US black females aged 20 to 40 years; nonetheless, IgG 
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tended to be higher among our participants (5th, and 95th percentiles from US healthy black 

females: 900.5 and 2,396 mg/dL) (Maddison et al. 1975). We also observed somewhat higher 

levels of CRP (medians: 7.6 vs. 2.7 mg/L), IL-6 (medians: 2.2 vs. 1.3 pg/ml), SAA (medians: 

15.3 vs. 5.2 mg/L) and I-CAM (GM: 0.83 vs. 0.32 mg/L) in our sample relative to those reported 

for adult US black and Caucasians females (Ridker et al. 2000; Woloshin and Schwartz 2005); no 

data was available to directly compare our results with only US back females.  

Very few earlier studies have assessed the association of non-occupational exposure to 

DDE with immunoglobulins and cytokines measured in the present study, none of these however, 

assessed its relation to DDT (Corsini et al. 2013; Gascon et al. 2013). Prior studies have reported 

equivocal results regarding associations between DDE and some immunoglobulins (i.e., IgA, IgG 

and IgM) in various populations, including US adults living near a pesticide dump site (Vine et 

al. 2000; Vine et al. 2001), male African American farmers (Cooper et al. 2004), and German 

children (Karmaus et al. 2005). As in these prior studies, we did not observe clear associations 

between exposure to DDE and immunoglobulin concentrations in the present study. Our results 

are in agreement with a previous study that reported no associations of DDE (measured in breast-

milk) with immunoglobulin concentrations (i.e., IgA, IgG and IgM), though this was a study 

among Inuit infants (Dewailly et al. 2000). 

Unlike earlier studies that reported decreased in vitro production of TNF-α with prenatal 

exposure to DDE and lower serum levels of TNF-α in relation to lactational exposure to a mix of 

eight contaminants including DDT (Bilrha et al. 2003; Schaalan et al. 2012), we did observed 

greater levels of TNF-α with increasing levels of DDE and DDT in the present study. Increased 

in vitro production of TNF-α, IL-1β and IL-6 in peripheral blood mononuclear cells with very 

high levels of DDE exposure was reported previously (Cardenas-Gonzalez et al. 2013; Martin et 

al. 2019a; Martin et al. 2019b). Our results are in line with a recent study that reported a slight 
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increase in TNF-𝛼 secretion in peripheral blood mononuclear cells from healthy adult women in 

relation to DDE and DDT exposure (Dominguez-Lopez et al. 2017). Additionally, in a study of 

4-year old Spanish children, positive, albeit not statistically significant, associations were 

observed between DDE measured in cord blood and IL-6, IL-8, and TNF-𝛼 (Gascon et al. 2014); 

which are in agreement with our results.  

Taken together, previous epidemiologic studies show little consistency regarding the 

association between DDE exposure and plasma biomarkers of inflammation. These 

inconsistencies however, might be related to different samples sizes across the studies (n= 72 to 

360), different ages of the participants (1 to 88 years), and possibly the diverse range of exposure. 

Women in the present study had higher levels of DDE exposure (median: 5.3 ng/mL; IQR, 9.5) 

compared to earlier studies, in which the median concentrations of DDE in plasma or whole 

blood ranged from 0.32 to 4.05 ng/mL (Bilrha et al. 2003; Karmaus et al. 2005; Vine et al. 2000; 

Vine et al. 2001). In only one previous study, among US male African American farmers, DDE 

concentrations were higher (median: 7.7 ng/mL) (Cooper et al. 2004) than observed among 

women in the present study. On the other hand, most prior studies included male and female 

participants; thus, the effect of having only females in the present study is unknown, though 

heterogeneity by sex was generally not assessed in these prior studies. Other alterations of the 

immune system reported in association with high levels of DDT and DDE in adults include an 

increase in plasma interleukin-4 (IL-4) and decrease in IL-2 (Daniel et al. 2002) and mitogen 

proliferation (Vine et al. 2000; Vine et al. 2001). These results also points towards the potential 

modulatory effect of DDT on the immune response, which cannot be disregarded.  

A limitation of the present study, like many previous studies (Bilrha et al. 2003; Cooper et 

al. 2004; Karmaus et al. 2005; Vine et al. 2000; Vine et al. 2001), is inherent to its cross-sectional 

nature. Biomarkers of inflammation were measured at the same time of the exposure, thus 
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temporality cannot be established nor can we infer a causal relationship; however, given that 

DDE has a half-life of approximately 10 years in humans (Longnecker 2005), it is likely that 

exposure preceded the outcome in this case. In addition, our study included relatively young, 

healthy women because the parent study (SOWB) was designed to assess the association between 

DDT exposure and pregnancy outcomes (e.g., clinically recognized pregnancy loss) (Whitworth 

et al. 2014); thus, our results have limited generalizability. A strength of the study, however, is 

the standardized determination of biomarkers of inflammation. Laboratory personnel were 

unaware of subjects’ DDT and DDE concentrations. Although random errors in measurement of 

both biomarkers of inflammation or DDT and DDE may have occurred, these would be non-

differential in nature. While the clinical relevance of our findings is not clear, it is possible that 

changes in inflammatory cytokine concentrations could be related to more frequent infections. 

Nonetheless, our results remain similar after adjusting for previous infections, although only a 

few women reported ever having infections (n=61). Given the lack of detailed information on 

infections (e.g., frequency and date of diagnosis) however, residual confounding remains an issue 

in the present study; our composite variable of ever having infections was only related marginally 

to IL-8, but not to other biomarkers of inflammation in fully adjusted models of DDE and DDT 

(data not shown).  

 

Conclusions 

Our results based on reproductive-aged women living in areas with ongoing DDT-IRS 

suggest that increasing plasma concentrations of DDE and DDT might be associated with higher 

plasma concentrations of pro-inflammatory biomarkers, suggesting some degree of chronic 

inflammation. However, given the nature of our study, findings should be replicated in other 

settings.  
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Table 1. Characteristics of 416 reproductive-aged women from the South African Study of 

Women and Babies (SOWB), 2010-2011. 

Characterístics n % 

Age (years)   

20-22 157 37.7 

23-25 125 30.0 

26-28 91 21.9 

29-30 43 10.3 

Education (years)   

≤ 11 217 52.2 

12 129 31.0 

> 12 70 16.8 

Body mass index (kg/m2)   

<25.0 216 51.9 

25.0 - 29.9 123 29.6 

30.0+ 77 18.5 

Parity   

Nulliparous 85 20.4 

1 206 49.5 

2+ 125 30.0 

Ever consumed alcohol 67 16.1 

Monthly household income (Rands)   

<1,250 103 24.8 

1,250 - 1,999 103 24.8 

2,000 - 3,000 110 26.4 

>3,000 100 24.0 

Indoor residual spraying   

Non IRS household 170 40.9 

Non-DDT IRS household 129 31.0 

DDT IRS household 117 28.1 

Season when sample was drawn   

Winter 170 40.9 

Spring 134 32.2 

Summer 112 26.9 

Any medication use in previous 24 hours 24 5.8 
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Table 2. Plasma concentrations of biomarkers of inflammationa among reproductive-aged women 

from the South African Study of Women and Babies (SOWB), 2010-2011 (n=416), by selected 

percentiles. 

 
Geometric 

means 

Percentiles 

 5th 10th 25th 50th 75th 90th 95th 

IgA  193.92 111.00 123.00 154.00 196.00 249.00 293.00 341.00 

IgG  1589.48 1133.50 1207.90 1341.00 1533.85 1801.00 2125.50 2723.40 

IgM  166.26 92.70 101.10 126.35 159.50 217.65 298.70 347.70 

IL-1β  0.56 0.06 0.15 0.30 0.62 1.35 2.47 3.24 

IL-6  2.22 0.47 0.69 1.23 2.23 4.02 7.04 9.82 

IL-8  2.14 0.45 0.57 1.06 2.04 4.62 8.76 11.04 

TNF-α  8.80 3.03 3.89 5.82 8.48 13.82 20.79 25.28 

CRP  7.15 0.41 0.77 2.64 7.60 23.50 62.80 93.88 

SAA  14.98 1.47 2.77 5.97 15.29 39.47 97.86 170.00 

I-CAM  0.83 0.27 0.33 0.51 0.78 1.32 2.19 2.93 

V-CAM  1.17 0.40 0.47 0.66 1.18 1.92 2.86 3.76 

Abbreviations: CRP, C Reactive Protein; Ig, immunoglobulins; I-CAM1, Intercellular Adhesion 

Molecule-1; IL-1β, Interleukin-1β; IL-6, Interleukin-6; IL-8, Interleukin-8; SAA, Serum Amyloid 

A; TNF-α, Tumor Necrosis Factor-α; V-CAM1, Vascular Cell Adhesion Molecule-1.  

a IgA, IgG and IgM: mg/dL; IL-1β, IL-6, IL-8, and TNF-α: pg/ml; CRP, I-CAM, SAA and V-

CAM: mg/L.  
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Table 3. Percent change in plasma concentrations of biomarkers of inflammation in relation to 

quintilesa of p,p’-DDE (ng/g lipids) exposure among 416 reproductive-aged women from the 

South African Study of Women and Babies (SOWB).  

Biomarkersb 

(nat log) 

Adjustedc coefficients (95% CI) 

Quintile 2 Quintile 3 Quintile 4 Quintile 5 

IgA 0.7 (-10.3, 11.6) 4.0 (-7.1, 15.0) 2.9 (-8.2, 14.0) -0.8 (-12.2, 10.5) 

IgG 1.2 (-6.8, 9.3) 5.4 (-2.7, 13.5) 4.2 (-3.9, 12.4) 5.4 (-2.9, 13.8) 

IgM -0.7 (-13.3, 11.9) 1.8 (-10.9, 14.5) 4.9 (-7.8, 17.7) 8.7 (-4.4, 21.8) 

IL-1β 16.9 (-12.6, 46.4) 16.6 (-13.1, 46.4) 23.4 (-6.4, 53.3) 46.3 (15.6, 76.9) 

IL-6 9.8 (-10.6, 30.2) -1.1 (-21.6, 19.5) 14.8 (-5.8, 35.3) 21.4 (0.4, 42.4) 

IL-8 11.5 (-12.3, 35.3) 28.4 (4.3, 52.4) 20.4 (-3.7, 44.5) 24.7 (0.0, 49.3) 

TNF-α -1.3 (-15.2, 12.5) 1.2 (-12.9, 15.2) 10.0 (-4.0, 24.1) 14.9 (0.5, 29.4) 

CRP -14.0 (-62.3, 34.3) -16.4 (-65.2, 32.4) -9.7 (-58.5, 39.2) -17.6 (-67.6, 32.4) 

SAA 5.2 (-37.1, 47.6) -15.0 (-57.7, 27.8) -4.2 (-47.0, 38.7) -21.3 (-65.1, 22.5) 

I-CAM -6.8 (-29.2, 15.6) 4.1 (-18.6, 26.7) 5.4 (-17.3, 28.1) -8.1 (-31.3, 15.1) 

V-CAM -1.8 (-24.5, 20.8) 1.3 (-21.5, 24.1) 3.9 (-18.9, 26.8) -10.4 (-33.8, 13.0) 

Abbreviations: CRP, C Reactive Protein; Ig, immunoglobulins; I-CAM, Intercellular Adhesion 

Molecule-1; IL-1β, Interleukin-1β; IL-6, Interleukin-6; IL-8, Interleukin-8; SAA, Serum Amyloid 

A; TNF-α, Tumor Necrosis Factor-α; V-CAM, Vascular Cell Adhesion Molecule-1.  

a Cut-points: quintile-1, ≤345.04 (reference); quintile-2, 345.05 to 972.76; quintile-3, 972.77 to 

2,011.87; quintile-4, 2,011.88 to 3,633.32; and quintile-5, >3,633.32 ng/g lipids.  

b IgA, IgG and IgM: mg/dL; IL-1β, IL-6, IL-8, and TNF-α: pg/ml; CRP, I-CAM, SAA and V-

CAM: mg/L 

c Adjusted for age, BMI, parity, income, and season of sample collection. IgM, IL-1β, and IL-6 

models were additionally adjusted for alcohol consumption; IL-6 was additionally adjusted 

medication use in the past 24 hours; and TNF-α additionally adjusted for education. P-trend 

<0.05 for IL-1β, IL-6 and TNF-α models. 
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Table 4. Percent change in plasma concentrations of biomarkers of inflammation in relation to 

quintilesa of p,p’-DDT (ng/g lipids) exposure among 416 reproductive-aged women from the 

South African Study of Women and Babies (SOWB).  

Biomarkersb 

(nat log) 

Adjustedc coefficients (95% CI) 

Quintile 2 Quintile 3 Quintile 4 Quintile 5 

IgA 2.0 (-8.9, 12.9) -1.3 (-12.5, 9.8) 1.0 (-10.1, 12.1) 2.4 (-9.1, 13.9) 

IgG -1.6 (-9.6, 6.4) 2.4 (-5.8, 10.6) -0.7 (-8.9, 7.5) 5.4 (-3.0, 13.9) 

IgM 9.6 (-2.9, 22.1) 4.6 (-8.3, 17.4) 5.4 (-7.5, 18.2) 3.0 (-10.4, 16.4) 

IL-1β 25.9 (-3.3, 55.1) 31.8 (1.8, 61.7) 33.7 (3.6, 63.7) 53.0 (21.7, 84.4) 

IL-6 16.8 (-3.5, 37.1) 14.5 (-6.3, 35.2) 19.9 (-0.9, 40.7) 28.1 (6.4, 49.8) 

IL-8 14.9 (-8.9, 38.7) 14.6 (-9.7, 39.0) 13.2 (-11.1, 37.5) 23.7 (-1.5, 48.8) 

TNF-α 6.0 (-7.7, 19.7) 9.7 (-4.3, 23.7) 11.9 (-2.2, 25.9) 26.6 (12.0, 41.1) 

CRP 6.4 (-41.2, 54.0) -49.5 (-98.3, -0.8) 7.1 (-41.6, 55.7) -23.2 (-73.6, 27.1) 

SAA 20.5 (-21.5, 62.5) -19.9 (-62.8, 23.1) -2.0 (-44.9, 40.9) 8.9 (-35.5, 53.3) 

I-CAM 9.5 (-12.7, 31.8) 0.6 (-22.2, 23.3) 17.1 (-5.6, 39.9) 1.4 (-22.2, 25.0) 

V-CAM 12.1 (-10.4, 34.5) -6.1 (-29.0, 16.9) 8.0 (-14.9, 30.9) 0.0 (-23.8, 23.7) 

Abbreviations: CRP, C Reactive Protein; Ig, immunoglobulins; I-CAM, Intercellular Adhesion 

Molecule 1; IL-1β, Interleukin-1β; IL-6, Interleukin-6; IL-8, Interleukin-8; SAA, Serum Amyloid 

A; TNF-α, Tumor Necrosis Factor-α; V-CAM, Vascular Cell Adhesion Molecule.  

a Cut-points: quintile-1, ≤61.26 (reference); quintile-2, 61.27 to 155.76; quintile-3, 155.77 to 

377.95; quintile-4, 377.96 to 1,120.90; and quintile-5, >1120.90 ng/g lipids. 

b IgA, IgG and IgM: mg/dL; IL-1β, IL-6, IL-8, and TNF-α: pg/ml; CRP, I-CAM, SAA and V-

CAM: mg/L. 

d Adjusted for age, BMI, parity, income, and season of sample collection. IgM, IL-1β, and IL-6 

models were additionally adjusted for alcohol consumption; IL-6 was additionally adjusted 

medication use in the past 24 hours; and TNF-α additionally adjusted for education. P-trend 

<0.05 for IL-1β, IL-6 and TNF-α models.  

 

 


