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Abstract  38 

Introduction. Polychlorinated biphenyls (PCBs) are known endocrine disrupters. A 39 

potentially causal association of PCBs with vitamin D has been reported. Higher body mass 40 

index (BMI) is associated with lower PCB levels whilst the strongest association of PCBs 41 

with BMI is in non-obese individuals. Therefore, this study examined the association of 42 

PCBs with vitamin D3 (25(OH)D3) and the active 1,25-dihydrovitamin D3 (1,25(OH)2D3) in a 43 

cohort of non-obese women.  44 

Methods. 58 female participants (age 31.9±4.6 years; BMI 25.7±3.7 kg/m2) had seven 45 

indicator PCBs [PCB28, PCB52, PCB101, PCB118, PCB138, PCB153 and PCB180] 46 

measured using high resolution gas chromatography, with total PCB level calculated. 47 

25(OH)D3 and 1,25(OH)2D3 levels were determined by isotope-dilution liquid 48 

chromatography tandem mass spectrometry. 49 

Results. In this cohort, vitamin D3 (25(OH)D3) and 1,25(OH)2D3 levels were 50 

50.7±25.3nmol/L and 0.05±0.02ng/ml, respectively. Of those, 28 had vitamin D deficiency 51 

[25(OH)D3 level <20ng/ml (<50nmol/)]. Total PCBs correlated positively with total group 52 

25(OH)D3 (r=0.22, p=0.04) as did PCB118 (r=0.25, p=0.03). Total PCBs did not correlate 53 

with total group 1,25(OH)2D3; however, PCB180 did correlate positively with 1,25(OH)2D3 54 

(r=0.34, p=0.03) as did PCB153 (r=0.33, p<0.03), with PCB 28 correlating negatively (r=-55 

0.29, p<0.04). In the vitamin D deficient subgroup, total PCBs, PCB153 and PCB180 56 

positively correlated with 25(OH)D3 (p<0.05). 57 

Multilinear regression analysis indicated all associations could be accounted for by BMI. 58 

Conclusion. Though certain PCBs associated with 25(OH)D3 and 1,25(OH)2D3, all 59 

associations could be accounted for by BMI. This study therefore indicates that the 60 

deleterious effects from PCB accumulation are not mediated by effects on 25(OH)D3 or 61 

1,25(OH)2D3. 62 

63 
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Introduction  64 

Polychlorinated biphenyls (PCBs) are organic pollutants that persist in the environment due 65 

to their resistance to biotransformation and high lipophilicity (1). Dietary consumption is the 66 

main route of exposure in humans (2) and they are classified as endocrine disrupters due to 67 

their observed thyroidogenic, estrogenic and antiandrogenic actions (3). Vitamin D 68 

deficiency is a global health issue associated with a range of negative health outcomes, 69 

including osteoporosis, cancer, cardiovascular disease, autoimmune diseases and increased 70 

mortality (4, 5).  71 

Vitamin D3 (25(OH)D3:cholecalciferol) is endogenously produced by UV-B irradiation of 7-72 

dehydrocholesterol and subsequently hydroxylated to 25(OH)D3 by multiple 25-hydroxylases  73 

in the liver (6). 25(OH)D3 is converted to its active metabolite, 1,25-dihydroxyvitamin D3 74 

(1,25(OH)2D3) primarily in the kidneys by 1-alpha hydroxylase. Greenland sledgedogs fed a 75 

high PCB diet from minke whale blubber showed altered vitamin D levels suggesting a 76 

causal effect of PCB on vitamin D levels (7). Though PCBs showed little association with 77 

vitamin D in pilot whales (8), decreased levels of active 1,25(OH)2D3 were found in rats after 78 

exposure to PCBs (9). In pregnant women, there was a negative trend of PCB association 79 

with 25(OH)D3 (10). Higher body mass index (BMI) is associated with lower PCB levels 80 

(11), with the strongest associations with BMI being in normal weight/ non-obese 81 

individuals. Therefore, this study was undertaken to look at the association of PCBs with 82 

25(OH)D3 and 1,25(OH)2D3 in a group of non-obese women prior to them undergoing in 83 

vitro fertilization (IVF). 84 

 85 

Methods  86 

Patient recruitment. Participants were sequentially recruited without knowledge of their 87 

vitamin D status from the Hull IVF Unit, UK, following ethical approval from The Yorkshire 88 
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and The Humber NRES ethical committee, UK (approval number 02/03/043). All gave 89 

written informed consent. Prior to IVF, 58 non-obese Caucasian women underwent 90 

venesection; fasting blood samples were taken at Day 21 during the luteal phase of the 91 

menstrual cycle prior to commencement of IVF treatment. Study participants had no other 92 

condition or illness and were required to be medication-free for nine months preceding study 93 

enrollment. 94 

 95 

Polychlorinated biphenyl measurement. Samples were analyzed for 7 indicator PCBs 96 

[PCB28, PCB52, PCB101, PCB118 (a dioxin-like PCB), PCB138, PCB153 and PCB180], as 97 

previously described (12). Briefly, PCBs were determined using high resolution gas 98 

chromatography (Thermofisher TRACE 1300) coupled with high resolution mass 99 

spectrometry (HRGC/HRMS, Thermofisher DFS) with quality assurance checks using 100 

previously described methods (13). A sum PCB (∑PCB) variable was calculated by adding 101 

the molar concentrations of the PCB congeners analyzed.  102 

 103 

Vitamin D3 and biochemical parameters 104 

Biochemical and hormonal parameters were measured as previously detailed (12). Isotope-105 

dilution liquid chromatography tandem mass spectrometry (LC-MS/MS) was used to 106 

determine vitamin D levels (14) with a 25(OH)D3 cut off of 20ng/ml (50nmol/l) to define 107 

vitamin D deficiency. In brief, vitamin D metabolites (1,25(OH)2D3 and 25(OH)D3 labeled 108 

internal standards (d6-25(OH)D3 an d6-1,25(OH)2D3) were simultaneously extracted from 109 

250 µL serum using supportive liquid-liquid extraction and Diels-Alder derivatization prior 110 

to LC-MS/MS analysis. Chromatographic separations were achieved using Hypersil Gold 111 

C18 column (150x2.1mm; 1.9µ) at flow rate 0.2 ml/min, operated in Electrospray Ionisation 112 
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(ESI) positive mode and analysed by multiple reaction monitoring (MRM) method. The limit 113 

of quantification (LOQ) for 1,25(OH)2D was 10 pg/mL and 25(OH)D3 was  0.5ng/mL.   114 

 115 

Statistics. No previous studies were available to perform a power analysis, therefore this pilot 116 

study was designed according to Birkett and Day (15).  Statistical analysis was carried out 117 

using Prism version 9.5.0 (Graphpad, San Diego, USA). 118 

 119 

Results  120 

Whole cohort analysis. Demographic and biochemical data for this cohort are shown in Table 121 

1. The participants had a mean age of 31.9±4.6 years and a mean BMI of 25.7±3.7 kg/m2. 122 

Thyroid function and C-reactive protein, as a measure of underlying inflammation, were 123 

normal. Mean levels of vitamin D3 (25(OH)D3) and 1,25(OH)2D3 were 50.7±25.3 nmol/L and 124 

0.05±0.02 ng/ml, respectively.  125 

Of the 58 women recruited, 28 had a 25(OH)D3 level less than 20ng/ml (50nmol/). Levels of 126 

PCBs, 25(OH)D3 and 1,25(OH)2D3 are shown in Table 1.  PCB28, PCB52 and PCB101 had 127 

detection frequencies of 26%, 7% and 45%, respectively whilst PCB118, PCB138, PCB153 128 

and PCB180 had 100% detection frequency. 129 

Whole group correlations. Total PCBs correlated positively with total group 25(OH)D3 130 

(r=0.22, p=0.04) as did PCB118 (r=0.25, p=0.03) (Figure 1 A, B) though no correlation was 131 

seen for PCB101, PCB52, PCB153, PCB28, PCB180 or PCB138. 132 

Total PCBs did not correlate with total group 1,25(OH)2D3 (p=ns) (Figure 1C). However, 133 

PCB180 did correlate positively with total group 1,25(OH)2D3 (r=0.34, p=0.03) as did 134 

PCB153 (r=0.33, p<0.03), with PCB 28 correlating negatively (r= -0.29, p<0.04) (Figure 1 135 

D-F); there was no correlation for PCB101, PCB138, PCB118 and PCB52. 136 

 137 
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Subset analysis of women with and without vitamin D3 deficiency. When the subset of 138 

women who were 25(OH)D3 deficient (<20ng/ml) was analyzed, total PCBs, PCB153 and 139 

PCB180 positively correlated with 25(OH)D3 (p<0.05) (Figure 1 G-I); there were no 140 

correlations with 1,25(OH)2D3 in this subset (p>0.05).  141 

Subset correlations. When the subset of women who were 25(OH)D3 sufficient (>20ng/ml) 142 

was analyzed, neither total or individual PCBs correlated with 25(OH)D3 or 1,25(OH)2D3 143 

(p>0.05).  144 

 145 

Correlations with body mass index. Total PCBs and whole group 25(OH)D3 and 146 

1,25(OH)2D3 were not associated with BMI (p>0.05). When BMI was accounted for by 147 

multiple linear regression, then those significant associations between total PCBs and 148 

PCB118 with whole group 25(OH)D3, and between total PCBs, PCB28, PCB153 and 149 

PCB180 with whole group 1,25(OH)2D3, became non-significant (p>0.05). When BMI was 150 

adjusted for in the 25(OH)D3 deficient group, then total PCB, PCB153 and PCB118 no longer 151 

significantly correlated with 25(OH)D3. 152 

 153 

Discussion 154 

These data show that certain PCBs were apparently associated with both 25(OH)D3 and its 155 

active metabolite 1,25(OH)2D3, in accord with the sledgedog study (7), without adjusting for 156 

BMI. Higher BMIs are reported to be associated with lower serum PCB levels due to 157 

sequestering in liquid rich adipose tissue (11), and with lower 25(OH)D3 and 1,25(OH)2D3 158 

levels (16, 17). In addition, obesity is reported to exacerbate vitamin D deficiency through 159 

decreased bioavailability due to deposition of vitamin D in the body fat compartments (18). 160 

In this cohort of non-obese women, PCB levels did not correlate with BMI, in contrast to a 161 

US population (11), nor did 25(OH)D3 and 1,25(OH)2D3. However, when BMI was accounted 162 
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for in regression analysis, PCBs were not related to whole group 25(OH)D3 and 1,25(OH)2D3 163 

levels, or with 25(OH)D3 deficient subjects. BMI is reported to modify associations between 164 

dietary intake and serum PCB levels (11) and in this study was shown to alter the association 165 

between PCBs and vitamin D levels. This further highlights the confounding effects of BMI 166 

in epidemiological studies and the need for such study populations to be BMI matched, as is 167 

the case in this study. The lack of association between BMI and 25(OH)D3 and 1,25(OH)2D3 168 

levels is not surprising given that none of the subjects in this cohort were obese. The lack of 169 

association between PCBs and 25(OH)D3 and 1,25(OH)2D3 levels when BMI was considered 170 

is consistent with the whale data (8). If there were to be an association between vitamin D 171 

and the PCBs, it would have likely manifest with the highly chlorinated congeners that reflect 172 

long term contamination (PCB118, PCB138, PCB153 and PCB180), rather than with PCB28, 173 

a low chlorinated volatile PCB that is degraded relatively fast and thus reflects acute 174 

contamination (19). The reported negative trend for PCB to be associated with vitamin D 175 

(25(OH)D3) in pregnancy may have been confounded by weight change (10) and the 176 

decreased levels of 25(OH)D3 reported in rats may have reflected the dosage of PCBs given 177 

(9).  178 

A multitude of factors affect vitamin D levels in humans. These factors include lifestyle, 179 

smoking, alcohol consumption, exercise, diet, sun exposure, season, atmospheric 180 

components, clothing, sunscreen use and skin pigmentation, as well as age, obesity and the 181 

incidence of several chronic illnesses as has been highlighted in a recent report in Brazilian 182 

women (20). Whilst it was not possible to control for all these factors in the women included 183 

in this study, we did seek to mitigate as many confounders as possible. The women included 184 

were of similar age and BMI; all were Caucasian living in the same geographical area of the 185 

United Kingdom and all were non-smokers. As all of these women were to undergo IVF, then 186 

they all had to stop all alcohol 3 months prior to this study. To circumvent the well-187 
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recognized seasonal fluctuations in vitamin D metabolite levels, vitamin D sampling was 188 

performed in this study during the period between March to September, to ensure that 189 

vitamin D targets would be achieved with just 9 minutes of sunlight exposure daily in 190 

Northern England (21).  Vitamin D supplement consumption was an exclusion criterion of 191 

the study. 192 

Strengths of this study include the state-of-the-art measurement of the PCBs and vitamin D 193 

(25(OH)D3 and 1,25(OH)2D3). Limitations include the small numbers of subjects. That all 194 

subjects were Caucasian females could be considered a limitation, as these findings may 195 

therefore not be generalizable to male subjects or those of differing ethnicities, but in this 196 

case it is also a strength as it avoids the confounding effect of ethnicity as noted above.  197 

In conclusion, our findings show that PCB levels were not associated with 25(OH)D3 levels 198 

once BMI was accounted for, indicating that the deleterious effects from PCB accumulation 199 

are not mediated by effects on 25(OH)D3 or its active metabolite 1,25(OH)2D3. 200 

 201 
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Table 1. Demographics of the 58 female subjects in the population studied.  290 
 291 

 Female subjects 
(n=58) 

 Mean SD 
Age (years) 31.9 4.6 
BMI (kg/m2) 25.7 3.7 
CRP (mg/L) 2.6 2.5 
TSH (mU/L) 2.4 2.2 
Free-T3 (pmol/L) 4.8 0.7 
Free-T4 (pmol/L) 11.3 1.8 
25(OH)D3 (nmol/l) 50.7 25.3 
1,25(OH)2D3 (ng/ml) 0.05 0.02 
PCB28 (ng/g Lipid) 2.6 2.2 
PCB52 (ng/g Lipid) 6.7 11.1 
PCB101 (ng/g Lipid) 2.7 0.6 
PCB118 (ng/g Lipid) 5.6 2.1 
PCB138 (ng/g Lipid) 12.0 5.7 
PCB153 (ng/g Lipid) 15.7 8.4 
PCB180 (ng/g Lipid) 13.5 6.3 
∑PCBs (ng/g Lipid) 49.2 21.3 

 292 
BMI: Body mass index; CRP: C reactive protein; Free-T3: Free Triiodothyronine; Free-T4: Free Thyroxine; 293 

PCB: Polychlorinated biphenyl 294 
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Figure 1. Correlations  of PCBs with vitamin D3 (25(OH)D3)  and 1,25(OH)2D3. Correlations of total PCBs (A) and PCB118 (B) with vitamin 295 
D3 (25(OH)D3). Correlations of total PCBs (C), PCB153 (D), PCB180 (E) and PCB28 (F) with 1,25(OH)2D3. Correlations in the subset of 296 
women who were vitamin D3 (25(OH)D3) deficient with total PCBs (G), PCB153 (H) and PCB180 (I). 297 
 298 
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