eAPPENDIX

This document was revised on 22nd July 2013 to replace incorrectly labelled x-axes in e-Figures 1 and 2.
The C8 Short-Term Follow-up Study

The C8 Short-Term Follow-up Study comprises a nested sample of adults who had taken part in The C8 Health Project, which has been described in detail previously.1 Just over 69,000 people participated in the C8 Health Project, their eligibility dependent on having drunk water from a contaminated public supply, or from a private well with documented evidence of contamination with perfluoroctanoic acid (PFOA), for at least one year before 3rd December 2004.  Of these, approximately 2/3 consented to give their name and contact details to the C8 Science Panel for further studies.  An age- and sex-stratified subset of consenting participants, aged between 20 and 60 years at the time of the C8 Health Project, was contacted to take part in the C8 Short-Term Follow-up Study in 2010.  This was restricted to residents of three Ohio and five West Virginia ZIP code areas in the region affected by PFOA contamination, including but not restricted to those with the highest exposure (public water districts Belpre, Lubeck, Little Hocking and Tupper’s Plain).  Participants were not eligible if they had had cancer, were taking anti-inflammatory medication, or had an infection.  Of the 1199 people contacted, 135 (11.3%) refused, 55 were deemed ineligible, and 36 failed to complete the interview, leaving 973 who completed a telephone interview. Of these, 755 (77.9%) gave blood samples for laboratory analyses.  

Interview dates for the first survey (C8 Health Project) were between August 2005 and July 2006.  C8 Short-Term Follow-up Study blood samples were taken between March and July 2010.  Lipid-lowering drug (LLD) use was reported, in a separate follow-up study, between March 2008 and December 2010; the majority of these interviews took place later than their second blood samples.

Measurement of perfluoroctanoic acid (PFOA) and perfluoroctanesulfonic acid (PFOS)
At the first survey, the detection limit for both perfluoralkyl acids was 0.5 ng/mL and concentrations below this were assigned a value of 0.25 ng/mL.  At the follow-up survey, the detection limit for PFOA was unchanged and for PFOS was 0.2 ng/mL.  There were only two individuals with undetectable PFOA concentrations, both at the second survey. An intra-laboratory quality assurance program was carried out by analysis of duplicate samples at AXYS Analytical Service Ltd., Sidney, BC, Canada. The intra-laboratory coefficient of variation for both PFOA and PFOS measurements was 0.1; the inter-laboratory comparison coefficient of variation was 0.2 for PFOA and 0.1 for PFOS.1  For the lab performing the 2010 assays, interday precision, calculated as the relative standard deviation % of 60 repeated measurements in a 6-month period, was below 8% (PFOA: 7.6% [3.1 ng/mL] and 5.8% [11.7 ng/mL]; PFOS: 7.3% [8.2 ng/mL] and 7.6% [27.5 ng/mL]). Intraday precision, calculated as the relative standard deviation % of 5 repeated measurements within one day, ranged from ~2% to ~6% (PFOA: 2.8% [3.1 ng/mL] and 1.7% [11.7 ng/mL]; PFOS: 5.8% [8.2 ng/mL] and 4.9% [27.5 ng/mL]).
Regression to the mean

Assuming there were no true association between X and Y, which represent the true values of the predictor and response, we considered the scenario that the only differences in observed measurement of X and Y at the two time points were due to chance, so that an association between change in observed X and change in observed Y would be due to regression to the mean.  We based parameter estimates and sample sizes on the data used for the log(PFOA) versus log(LDL) model.  

Basing our simulated distributions on the mean and variance parameters estimated in our sample, we found that if there were no true association between X (log10 PFOA) and Y (log10 LDL), and if the only change in observed values of X and Y was due to regression to the mean, the regression of difference in Y on difference in X would lead to no or trivial artefactual associations.  In this scenario, 1000 simulations of a data set of size 521 gave an expected value for the coefficient of change in X of -0.00019 (sd=0.00898); that is halving X predicts a change in Y of 0.013% (95% confidence interval -1.20%, 1.24%). Moreover, we did not observe evidence of associations for triglycerides or HDL cholesterol, which would also likely give rise to spurious associations if regression to the mean were an issue.  

Model without log transformation

Although the logarithmic transformation gave more credence to the assumptions of the linear regression model, this does not necessarily imply an underlying logarithmic association.  As a sensitivity analysis, and for comparison with previous studies, we fit models for the untransformed difference in response versus the difference in PFOA and PFOS, adjusted for possible time-varying confounders. The difference model is
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Where (αd, βd, δd) are the parameters of the model.

Also, as a transparent exploration of whether  the association between change in PFOA and change in LDL differed by level of PFOA, as suggested by the previous analysis of the C8 Health Project population,2 we stratified the results by initial PFOA concentrations (in tertiles) and tested the interaction between initial PFOA tertile and PFOA change.

eFigures 1 and 2 (below), based on raw data, illustrate the mean difference in response by tertile of PFOA/PFOS difference. 
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eFIGURE 1.  Mean follow-up – baseline (F-B) difference (95% confidence interval) in each lipid measurement (mg/dL), by tertile of decrease in perfluorooctanoic acid (ng/mL).
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eFIGURE 2.  Mean follow-up – baseline (F-B) difference (95% confidence interval) in each lipid measurement (mg/dL), by tertile of decrease in perfluorooctanesulfonic acid (ng/mL).

The results of the sensitivity analysis in which (untransformed) difference in response was regressed on (untransformed) difference in PFOA and PFOS are shown in Table 3 (below). Here we observed evidence of an association between PFOS difference and both LDL difference and total cholesterol difference, but no association between difference in PFOA and differences in any lipids. 
	eTABLE 1. Estimated change from 2005/6 to 2010 (95% confidence interval) in differencea in  lipid response by differencea in perfluorooctanoic acid  or perfluorooctanesulfonic acid    

	Predictor
	Response
	Estimateb (95% CI)

	Perfluorooctanoic acid 
	Low-density lipoprotein cholesterol 
	-0.10 (-1.86,1.67)

	
	Total cholesterol 
	-0.72 (-2.34,0.90)

	
	High-density lipoprotein cholesterol 
	0.11 (-0.39,0.61)

	
	Triglycerides 
	-0.27 (-5.97, 5.43)

	Perfluorooctanesulfonic acid
	Low-density lipoprotein cholesterol
	0.44 (0.21,0.66)

	
	Total cholesterol 
	0.41 (0.15,0.67)

	
	High-density lipoprotein cholesterol 
	0.01 (-0.07,0.09)

	
	Triglycerides 
	0.46 (-0.46,1.39)

	a Difference is follow-up - baseline

b Estimates adjusted for age, sex, interval and fasting status. Estimates are mg/dL in response per 100 ng/mL for perfluorooctanoic acid and per 1 ng/mL for perfluorooctanesulfonic acid


Including an interaction term between initial PFOA tertile and PFOA difference (Table 4, below) suggests a much larger effect in those whose initial  PFOA was in the lowest tertile (<44.4ng/mL), but the confidence intervals for the slopes in the stratified model are wide.  There was little evidence for a similar pattern for PFOS.
	eTABLE 2. Slope (95% confidence interval) for difference in low-density lipoprotein cholesterol versus difference in perfluorooctanoic acid and perfluorooctanesulfonic acid, by tertile of initial concentration.

	Predictor
	Tertile of initial concentration
	Estimatea (95%CI)

	Perfluorooctanoic acid
	
	

	
	  <44.4 ng/mL
	31.04 (-2.60,64.68)

	
	  44.4  ng/mL to 118.6 ng/mL
	4.43 (-2.45,11.32)

	
	  >118.6 ng/mL
	-0∙51 (-2.76,1.73)

	Perfluoroctanesulfonic acid
	
	

	
	  <15.8 ng/mL
	2.23 (1.06,3.40)

	
	  15.8 ng/mL-24.7 ng/mL
	0.24 (-0.72,1.20)

	
	  24.7-90.5 ng/mL
	0.53 (0.20,0.87)

	a Estimates are mg/mL in LDL cholesterol per 100 ng/mL perfluorooctanoic acid or 1 ng/mLperfluorooctanesulfonic acid change.


In contrast to the findings from our primary hypothesis, we did not find evidence of association in a linear model for the untransformed difference in serum lipids versus difference in serum PFOA. This is in contrast to the results for PFOS, where there was evidence of associations for both the transformed and untransformed changes. Logarithmic transformation of  serum PFOA was decided a priori, largely based on the results of the cross-sectional analysis of 46,494 adults not taking LLDs in the 2005-6 survey, which suggest a relative plateauing above about 40 ng/mL in the relationships between LDL and total cholesterol and PFOA (for PFOS there was little suggestion of a similar plateau).2  If the pattern suggested by the cross-sectional analysis is correct, a person whose initial PFOA was higher than ~40 ng/mL could have a large absolute decrease in serum PFOA but (on average) little change in LDL, whereas someone whose initial PFOA was relatively low, and whose absolute decrease was small, would on average have a large decrease in LDL.  A power relationship, hence the logarithmic transformation, is one way to model this. Alternatives include splines, polynomials or piecewise linear fits – but for LDL and PFOA the linear model for untransformed changes does not appear to be as good a fit as the linear model for log-transformed changes. This is not true for LDL and PFOS, where the linear model for untransformed changes does appear to fit slightly better. 

In summary: to illustrate the contrasting findings for PFOA and PFOS, we fit a model for untransformed difference in LDL versus difference in PFOA, stratified by tertile of initial PFOA. The estimated effects were larger for people with the lowest initial PFOA, but confidence intervals were very wide.  Replacing PFOA with PFOS, this pattern was less evident.  This needs larger numbers to confirm, and mechanistic studies to illuminate if the flattening of this relationship is related to a saturation of pathways.
Sensitivity analyses for unidentified lipid-lowering drug use

It is possible that some people who were taking lipid-lowering drugs (LLD) at the time of the follow-up were not identified, as some were asked about this before the blood sample and may have been prescribed LLD in the interim.  As a sensitivity analysis, we excluded (1) all individuals who were asked about their LLD use in the months prior to the follow-up blood test or (2) also had at least one total cholesterol measurement of >240 mg/dL, and thus were at increased likelihood of being prescribed LLDs.

The sensitivity analysis allowing for unidentified use of LLDs continued to show an association between change in LDL and change in PFOA.  We identified 22 individuals who reported, before the follow-up blood test, not taking LLDs, and had at least one total cholesterol measurement > 240 mg/dL; exclusion of these resulted in a predicted decrease in LDL of  3.7% (95% confidence interval 1.6%,5.8%) for a halving of PFOA. Excluding all people who were asked about their LLD use before the follow-up blood test (n=150), we found a corresponding decrease in LDL of 2.9% (95% confidence interval 0.4%,5.4%), close to the estimate for the entire sample of 3.6% (95% confidence interval 1.5%,5.7%), in spite of the reduction in numbers. 
Correlations between perfluoralkyl acids and lipid concentrations in serum

These are shown in eTable 3 (below).
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	eTABLE 3. Spearman correlation matrix for perfluoroalkyl acids and lipids in serum at baseline (B) and follow-up (F).

	
	PFOA

(B)
	PFOA 

(F)
	PFOS

(B)
	PFOS 

(F)
	LDL 

(B)
	LDL

(F)
	Total cholesterol

(B)
	Total cholesterol 

(F)
	HDL

(B)
	HDL 

(F)
	Triglycerides

(B)
	Triglycerides

(F)

	PFOA 

(B)
	1.00
	
	
	
	
	
	
	
	
	
	
	

	PFOA

(F)
	0.89
	1.00
	
	
	
	
	
	
	
	
	
	

	PFOS

(B)
	0.25
	0.28
	1.00
	
	
	
	
	
	
	
	
	

	PFOS

(F)
	0.29
	0.45
	0.79
	1.00
	
	
	
	
	
	
	
	

	LDL

(B)
	0.17
	0.18
	0.16
	0.18
	1.00
	
	
	
	
	
	
	

	LDL

(F)
	0.15
	0.19
	0.07
	0.16
	0.67
	1.00
	
	
	
	
	
	

	Total cholesterol

(B)
	0.19
	0.19
	0.12
	0.13
	0.88
	0.60
	1.00
	
	
	
	
	

	Total cholesterol 

(F)
	0.17
	0.20
	0.03
	0.12
	0.62
	0.89
	0.68
	1.00
	
	
	
	

	HDL

(B)
	-0.01
	-0.04
	-0.17
	-0.20
	-0.03
	0.02
	0.09
	0.15
	1.00
	
	
	

	HDL 

(F)
	-0.02
	-0.04
	-0.19
	-0.20
	-0.07
	0.04
	0.00
	0.16
	0.81
	1.00
	
	

	Triglycerides

(B)
	0.10
	0.10
	0.12
	0.13
	0.13
	0.07
	0.38
	0.17
	-0.53
	-0.49
	1.00
	

	Triglycerides

(F)
	0.12
	0.12
	0.16
	0.18
	0.23
	0.13
	0.35
	0.36
	-0.37
	-0.54
	0.62
	1.00


