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Abstract

Purpose—Results from previous sero-epidemiologic studies of Trichomonas vaginalis infection 

and prostate cancer (PCa) support a positive association between this sexually transmitted 

infection and aggressive PCa. However, findings from previous studies are not entirely consistent, 

and only one has investigated the possible relation between T. vaginalis seropositivity and PCa in 

African-American men who are at highest risk of both infection and PCa. Therefore, we examined 

this possible relation in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial, 

including separate analyses for aggressive PCa and African-American men.

Methods—We included a sample of participants from a previous nested case-control study of 

PCa, as well as all additional Caucasian, aggressive and African-American cases diagnosed since 
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the previous study (total n=438 Gleason 7 Caucasian cases, 487 more advanced Caucasian cases 

(≥Gleason 8 or stage III/IV), 201 African-American cases, and 1,216 controls). We tested baseline 

sera for T. vaginalis antibodies.

Results—No associations were observed for risk of Gleason 7 (odds ratio (OR)=0.87, 95% 

confidence interval (CI)=0.55–1.37) or more advanced (OR=0.90, 95% CI=0.58–1.38) PCa in 

Caucasian men, or for risk of any PCa (OR=1.06, 95% CI=0.67–1.68) in African-American men.

Conclusions—Our findings do not support an association between T. vaginalis infection and 

PCa.
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INTRODUCTION

Although accumulating evidence from several different disciplines supports an inflammatory 

contribution to prostate cancer (PCa) risk, responsible cause(s) of prostate inflammation 

have not yet been identified [1]. One possible, responsible cause is Trichomonas vaginalis 
infection, the most common non-viral sexually transmitted infection (STI) worldwide [2]. 

This STI has been proposed as a possible risk factor for PCa for several reasons, including 

its known prostatic tropism; its ability to elicit inflammation and damage prostate 

epithelium; its identification near foci of inflammation and hyperplastic prostate lesions, 

similar to those proposed as early PCa lesions; and its tendency to cause chronic, subclinical 

infections [3]. T. vaginalis has also been shown to alter polyamine levels, which have been 

linked to PCa in some studies [3]; and more recently, to upregulate expression of anti-

apoptotic and other proto-oncogenes, and to increase the growth and invasiveness of benign 

and malignant prostate cells in some, but not all, in vitro studies [4–7].

Based on this rationale, T. vaginalis infection has been investigated in relation to PCa in a 

growing number of studies. The first of these studies, a nested case-control study in the 

Health Professionals Follow-up Study (HPFS), observed a modest positive association 

between T. vaginalis seropositivity and PCa risk (odds ratio (OR)=1.43, 95% confidence 

interval (CI)=1.00–2.03) and a slightly stronger association for high-grade disease 

(OR=1.76, 95% CI=0.97–3.18) [8]. Although the second study observed no association for 

risk of early-stage disease (OR=0.97, 95% CI=0.70–1.34 [9]), the third study, a nested case-

control study in the Physicians’ Health Study (PHS), observed a non-significant positive 

association for risk of any PCa (OR=1.23, 95% CI=0.94–1.61), and stronger significant 

associations for risks of extraprostatic and metastatic/lethal disease: OR=2.17 (95% 

CI=1.08–4.37) and 2.69 (95% CI=1.37–5.28), respectively [10]. Taken together, these results 

suggested that T. vaginalis might be associated with risk of aggressive, but not non-

aggressive, PCa. Raising doubts about this hypothesis, however, are findings from a recent 

case-control study that observed a protective association for metastatic or fatal PCa 

(OR=0.51, 95% CI=0.28–0.93 [11]) in Washington State residents. These contradictory 

findings highlight the need for additional studies to resolve discrepancies by disease 

Marous et al. Page 2

Cancer Causes Control. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



aggressiveness. In addition, as only one study has examined African-American men 

(OR=1.12, 95% CI=0.76–1.66 [12]), who are at highest risk of both T. vaginalis infection 

[13] and PCa [14], additional studies are necessary in this high-risk group of men.

To address these remaining questions, we performed a nested case-control study of T. 
vaginalis infection and PCa risk in the Prostate, Lung, Colorectal, and Ovarian Cancer 

Screening Trial (PLCO), with enrichment for both aggressive PCa and African-American 

men. This study built upon findings from a previous study of STIs and PCa in PLCO, in 

which a suggestive positive association was observed for a history of any STIs, but not for 

any of the individual STIs studied. These non-specific findings suggested a possible 

association between another unmeasured STI and PCa risk in this group of men [15]. Given 

previous positive findings for T. vaginalis infection in other study populations, we sought to 

determine whether T. vaginalis might explain these suggestive positive findings for 

cumulative STI history in PLCO.

MATERIAL AND METHODS

Parent study population and design

The PLCO Trial was a large randomized controlled trial designed to investigate the effects of 

prostate, lung, colorectal, and ovarian cancer screening on cancer-specific mortality [16, 17]. 

Men 55–74 years of age with no reported histories of PCa or prostatectomy were eligible. 

Between 1993–2001, 76,705 men were enrolled at 10 screening centers across the U.S. Half 

of these men (n=38,350) were randomized to the intervention arm, which consisted of 

prostate-specific antigen (PSA) testing for five years and digital rectal examinations (DREs) 

for three years, and half (n=38,355) were randomized to the control arm, which consisted of 

usual medical care. Only men randomized to the intervention arm were included in the 

present study, as only these men provided a blood sample for study purposes.

At baseline, participants in the intervention arm completed a self-administered 

demographics and lifestyle questionnaire, and a food frequency questionnaire. Participants 

also underwent a DRE by a trained examiner and had their blood drawn for PSA testing as 

part of their baseline PCa screen. Blood samples were centrifuged, separated into serum and 

clot, aliquotted, and frozen at −70°C within 2–4 hours of collection. One aliquot was 

shipped to the central laboratory for PSA testing, and the remaining aliquots were shipped to 

the PLCO Biorepository for future research.

PCa diagnoses were ascertained in several different ways in PLCO. First, men with positive 

findings on their PCa screen (i.e., suspicious DRE characteristics or PSA values >4 ng/mL) 

were notified of their results and advised to visit their primary care providers for diagnostic 

follow-up. Relevant portions of participants’ medical records were then obtained by PLCO 

staff, and information related to diagnostic and initial treatment procedures (within one year 

of diagnosis) was abstracted. Certified tumor registrars ascertained the stage (Tumor-Node-

Metastasis system), Gleason grade, and type of all diagnosed cancers. These procedures 

were repeated for each PSA test and DRE. In addition to these screen-detected cancers, PCa 

diagnoses were also ascertained by: 1) self-report on study update questionnaires, which 

were mailed annually and asked about type and date of cancers diagnosed in the previous 
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year; and 2) periodic linkage to the National Death Index with subsequent death certificate 

request. Prostate cancers identified by these methods were investigated in the same way as 

for screen-detected PCa. Information on vital status was obtained by the annual study update 

questionnaires and linkage to the National Death Index.

Nested case-control study design

For the present nested case-control study, we included a large subset of participants from the 

previous nested case-control study of STIs and PCa in PLCO [15], as well as all additional 

aggressive Caucasian cases and African-American cases diagnosed since or not included in 

the previous study (diagnosed from 6/1994–9/2010). These additional cases were required to 

meet the same eligibility criteria as previous participants, including: 1) randomization to the 

intervention arm; 2) non-Hispanic African-American or Caucasian race/ethnicity; 3) having 

a valid baseline screen for PCa (DRE or PSA test); 4) completing the baseline questionnaire; 

5) providing a baseline blood sample; and 6) reporting no history of PCa at baseline.

Cases for the previous study were defined as men diagnosed with pathologically-confirmed 

prostate adenocarcinoma ≥1 year after their first valid PCa screen for Caucasian men, and at 

enrollment or later for African-American men (i.e., without the restriction to one year after 

PCa screen to increase the number of African-American cases). Controls were selected by 

incidence-density sampling with replacement, and were frequency-matched to cases by age 

(5-year categories), race/ethnicity, and year of blood draw (1-year categories). From this 

original group of participants, we selected all Caucasian cases diagnosed with Gleason 7 

cancer or worse, all African-American cases, and all original controls. We did not select 

Caucasian cases diagnosed with Gleason ≤6 cancer because of financial constraints and 

because these cases contributed less to our hypothesis. Instead, we enriched our study 

population with Gleason 7 Caucasian cases (n=255), more advanced Caucasian cases 

(Gleason ≥8 or stage III/IV; n=357), and African-American cases (n=83) diagnosed since the 

previous study to bring the total numbers of Caucasian Gleason 7 cases up to 438, more 

advanced Caucasian cases to 487, African-American cases to 201, and controls to 1,216. We 

then grouped newly selected and existing cases and controls into new incidence-density 

sampled clusters with individual-matching by age, race/ethnicity, and year of blood draw. 

This new study design resulted in the ability to make three main comparisons: 1) Gleason 7 

Caucasian cases to matched Caucasian controls; 2) more advanced Caucasian cases to 

matched Caucasian controls; and 3) African-American cases (with any grade or stage PCa) 

to matched African-American controls. We did not perform our main African-American 

analyses separately by disease aggressiveness because of the smaller number of cases.

This study was approved by the Institutional Review Board at the National Institutes of 

Health. Specimens and data were de-identified before release from the National Cancer 

Institute.

Assessment of T. vaginalis serostatus

T. vaginalis antibody testing was performed using the same enzyme-linked immunosorbent 

assay (ELISA) and protocol as in all previous studies of T. vaginalis serostatus and PCa [8–

12]. This ELISA, which detects IgG antibodies against recombinant T. vaginalis α-actinin 
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protein, had 85% sensitivity, 94% specificity [8], and 90–94% reproducibility [8–11] in 

previous studies.

Similar to the previous nested case-control study of STIs and PCa in PLCO [15], we tested 

baseline specimens for antibody seropositivity. Samples were tested in duplicate and 

inferences were made based on the mean duplicate absorbance (or optical density) value for 

each specimen. To standardize testing, we included a control panel of five specimens of 

increasing absorbance (0, 1+, 2+, 3+, and 4+) on each plate (approximately 42 specimens 

each). We obtained control specimens with scores ≤2+ from individuals without a history of 

T. vaginalis or other STIs, and specimens with scores ≥3+ from patients with known T. 
vaginalis infection [18]. Specimens with scores ≥2+ had no detectable reactivity to 

trichomonad proteins blotted onto nitrocellulose after SDS-PAGE of total T. vaginalis 
proteins and immunoblotting, whereas those with scores ≥3+ readily detected trichomonad 

proteins [19, 20]. Specimens with scores of 1+ and 2+ exhibited non-specific reactions 

above baseline by ELISA.

We included a separate control panel on each plate (n=58 plates). This panel was used to 

determine plate-specific cut-off points for seropositivity by dividing the mean absorbance 

for each control specimen (1+, 2+, 3+, and 4+) by the mean absorbance for the 0 score 

specimen to create a positive to negative (P/N) ratio. We then derived cut-off points by 

taking the mid-point between each P/N ratio – for instance, the cut-off point for the 3+ score 

was derived by taking the mid-point between the P/N ratios for the 2+ and 3+ control 

specimens. Scores were then assigned to each participant by comparing their P/N ratio (i.e., 

their mean absorbance divided by the plate-specific mean 0 score absorbance) to the plate-

specific control panel cut-off values. Participants with scores ≥3+ were considered 

seropositive [10–12, 21].

Specimens were tested in random order with blinding of laboratory personnel to the case-

control status of each specimen. To assess assay reproducibility, we distributed 89 blinded 

duplicate samples of unknown serostatus randomly across the testing sequence (% 

agreement=85.4%, 95% CI=78.1%–92.7%, Kappa=0.61, 95% CI=0.42–0.80). We also 

tested 47 blinded pairs of specimens from control participants collected one year apart to 

assess intra-individual variability over time. Of these men, 44 were seronegative at baseline, 

42 (95.5%) of whom remained seronegative one year later and two (4.5%) of whom 

seroconverted. The three men who were seropositive at baseline remained seropositive one 

year later (100%; % agreement=95.7%, 95% CI=85.5%–99.5%, Kappa=0.73, 95% 

CI=0.37–1.00).

Assessment of other STIs

Self-reported histories of physician-diagnosed gonorrhea and syphilis were assessed on the 

baseline questionnaire, and serologic evidence of Chlamydia trachomatis, human 

papillomavirus (HPV) types 16 and 18, herpes simplex virus type 2 (HSV-2), human 

herpesvirus type 8 (HHV-8), and cytomegalovirus (CMV) infection were measured as part 

of the previous nested case-control study of STIs and PCa [15].
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Statistical analysis

To inform confounding, we compared participants’ baseline characteristics by case-control 

status within each stratum of race/ethnicity. Estimates were adjusted for age and year of 

blood draw by linear mixed models to take into account the matched design. We calculated 

global p-values (comparing controls, Gleason 7 cases, and more advanced cases) by 

competing risks Cox proportional hazards regression with data augmentation [22] in 

Caucasian men, and by conditional logistic regression in African-American men. We 

compared the distribution of baseline characteristics by T. vaginalis serostatus among 

controls using linear mixed models.

To explore the relation between T. vaginalis serostatus and PCa risk, we compared 

participants’ T. vaginalis antibody absorbance values, P/N ratios, scores, and serostatus by 

case-control status within each stratum of race/ethnicity. Estimates were adjusted for age and 

year of blood draw by linear mixed models. Global p-values and p-values for heterogeneity 

(comparing the relation between controls and Gleason 7 cases to the relation between 

controls and more advanced cases) were calculated by competing risks Cox proportional 

hazards regression in Caucasian men, and by conditional logistic regression in African-

American men. These same methods were used to calculate matched ORs and 95% CIs.

We explored potential confounding by including variables found to be associated with case-

control status at an α-level of 0.25 in race/ethnicity-specific analyses, as well as more fine 

categories for age (1-year categories) and histories of gonorrhea and syphilis. Next, we 

investigated the potential for detection bias by including variables hypothesized to influence 

the likelihood of PCa investigation or detection (self-reported physician diagnosis or 

previous surgery for “an enlarged prostate or benign prostatic hypertrophy (BPH)” and 

nocturia). We also included self-reported physician diagnosis of “an inflamed prostate or 

prostatitis”, as we hypothesized this variable might mediate the association between T. 
vaginalis serostatus and PCa. Inclusion of each of these sets of variables was performed in a 

sequential fashion.

To examine the influence of re-grouping participants into incidence-density sampled, 

matched clusters, we repeated the re-grouping process nine additional times and compared 

the results to our main findings. We also examined the influence of our case definitions by: 

1) repeating the analyses redefining Caucasian cases by clinical variables only rather than by 

pathologic variables when these were available and by clinical variables otherwise, as is 

typically done in PLCO; 2) defining Caucasian cases by grade (Gleason ≥8) or stage only 

(III or IV); and 3) examining African-American Gleason 7 and more advanced cases 

separately.

Finally, as suggestive positive findings were observed for serologic evidence of ≥1 STI in 

Caucasian men and for ≥2 STIs in African-American men in the previous nested case-

control study, but not for any of the individual STIs tested [15], we investigated whether 

these findings might be explained by T. vaginalis serostatus. First, we re-examined these 

findings in our different sub-sample of participants (excluding Gleason 6 participants not 

sent for T. vaginalis testing) to confirm that we could replicate the original suggestive 

positive findings, after which we: 1) adjusted them for T. vaginalis serostatus; and 2) added 
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T. vaginalis serostatus to the previous cumulative STI history variables to examine the 

combined influence of all eight STIs on PCa.

Analyses were performed using SAS® software v.9.4 (SAS Institute, Cary, NC) and a two-

sided α-level of 0.05.

RESULTS

We included 2,342 participants (or participant observations) in our analysis, 1,786 of which 

were from Caucasian men and 556 were from African-American men. Of the Caucasian 

men, 861 were controls, 438 were Gleason 7 cases, and 487 were more advanced cases 

(Gleason ≥8 or stage III/IV). Of the African-American men, 355 were controls and 201 were 

cases, 92 of whom had Gleason 7 grade disease or worse. Compared to Caucasian controls, 

cases were more likely to have a family history of PCa, to have never smoked cigarettes, and 

to have higher PSA at baseline. Compared to their respective controls, African-American 

cases consumed non-significantly less alcohol, had higher baseline PSA, and were more 

likely to report a physician diagnosis of an enlarged prostate/BPH, nocturia, and a previous 

biopsy at baseline. Otherwise, cases and controls were similar (Table 1). With respect to T. 
vaginalis serostatus, Caucasian controls were considerably less likely to be seropositive than 

African-American controls (9.5% versus 21.0%, p<0.0001). In analyses stratified by race/

ethnicity, T. vaginalis seropositive Caucasian controls were non-significantly older, more 

likely to be married, less likely to consume alcohol or smoke cigarettes, had higher baseline 

PSA (although these findings attenuated after adjustment for BPH), were more likely to 

report a prior prostate biopsy, and were less likely to report a vasectomy or gonorrhea than 

seronegative controls. African-American seropositive controls were less likely to be married 

or to report a family history of PCa, more likely to report nocturia and a history of syphilis, 

and less likely to report a vasectomy than seronegative controls (Supplemental Table 1).

Considering T. vaginalis antibody levels, although Caucasian cases had lower geometric 

mean absorbance values, P/N ratios, and antibody scores than controls, no differences were 

observed by serostatus. For African-American participants, similar distributions of 

absorbance values, P/N ratios, antibody scores, and serostatus were observed for cases and 

controls (Table 2). In crude analyses, no associations were observed for T. vaginalis 
seropositivity and Gleason 7 or more advanced disease in Caucasian participants, or for total 

PCa in African-American participants. Similar null findings were observed after adjustment 

for variables identified as potential race/ethnicity-specific confounders, variables that might 

influence the likelihood of PCa detection, and a physician diagnosis of prostatitis (Table 3); 

as well as in all sensitivity analyses (data not shown). Combining results for Caucasian and 

African-American participants yielded an OR of 1.02 (95% CI=0.73–1.42) for Gleason 7 

disease, 0.88 (95% CI=0.59–1.30) for more advanced disease, and 0.97 (95% CI=0.73–1.27) 

for any PCa.

When we limited the sample to participants from the previous nested case-control study of 

STIs and PCa, we confirmed that suggestive positive associations were still observed for ≥1 

STI and risk of more advanced PCa in Caucasian men and for ≥2 (versus ≤1) STIs and PCa 

risk in African-American men. These findings were largely unaltered by adjustment for T. 
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vaginalis serostatus or by addition of T. vaginalis serostatus to the cumulative STI history 

variable, with the exception of a slight strengthening of the findings for African-American 

men when T. vaginalis serostatus was added to STI history (OR=1.83, 95% CI=0.79–4.28 

versus OR=1.54, 95% CI=0.71–3.31, Supplemental Table 2).

DISCUSSION

In our large nested case-control study of T. vaginalis infection and PCa, no associations were 

observed for T. vaginalis seropositivity and risk of aggressive PCa in Caucasian men, or for 

T. vaginalis seropositivity and risk of any PCa in African-American men. Additionally, 

adjustment for T. vaginalis did not influence previous estimates for other STIs, suggesting 

that this infection did not confound or explain previous findings for cumulative STI history 

in PLCO. Finally, addition of T. vaginalis to our cumulative STI history variable did not 

influence study findings, with the exception of a slight strengthening of the findings for 

African-American men.

T. vaginalis infection and PCa risk

Our null findings for T. vaginalis seropositivity and PCa are generally consistent with 

findings from two previous studies [9, 11], but differ from those from two others [8, 10]. Our 

findings are consistent with those from the Prostate Cancer Prevention Trial (PCPT), a large 

study of predominantly Caucasian men that observed no association between T. vaginalis 
seropositivity and risk of generally earlier-stage PCa [9], and with those from a recent, small 

case-control study that observed a protective association between T. vaginalis seropositivity 

and metastatic and fatal PCa in predominantly Caucasian men [11]. Our findings differ, 

however, from those from two additional studies. These two studies, which were nested in 

cohorts of predominantly Caucasian health professionals, observed positive associations for 

T. vaginalis seropositivity and risk of aggressive PCa, including risks of high-grade [8], 

extra-prostatic, metastatic, and lethal disease [10]. These positive findings motivated our 

current analysis of aggressive PCa in Caucasian men in PLCO. With respect to our results 

for African-American men, our null findings are consistent with those from the only 

published study to date to include a sizeable number of African-American men. This nested 

case-control study observed no association between T. vaginalis seropositivity and PCa risk 

in African-American men in the Southern Community Cohort Study [12].

Reasons for differences between our findings and those from previous studies of Caucasian 

men are not immediately apparent. Our study used a similar prospective study design as 

three of the four previous studies (i.e., a nested case-control study design); it was at least as 

large or larger than all previous studies, giving it similar or greater power to detect 

associations; and it measured T. vaginalis exposure by the same assay as in all previous 

studies. In addition, although our assay reproducibility was lower than in previous studies 

that observed positive findings (85% versus 90–91%), we do not believe this difference is 

sufficient to explain our null versus significantly positive findings. Finally, differences in 

participant characteristics are unlikely to explain our null findings because our study 

population had a similar demographic composition as most previous populations studied to 
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date – i.e., it had a higher educational and socio-economic status than the general 

population.

Despite use of common methodology and similar study populations, one place where our 

findings differed from previous studies of Caucasian men is in our estimate of T. vaginalis 
exposure. We estimated a prevalence of 9.5% in Caucasian controls (similar to the HPFS 

study: 9.4% [8]), whereas the PCPT, PHS, and King County studies estimated prevalences of 

15.0–23.2% in their controls [10, 11]. However, these types of differences are not unusual 

for serologic testing [23, 24] and should not have affected our relative comparisons between 

cases and controls. We were also able to detect an expected association between T. vaginalis 
seropositivity and African-American race/ethnicity in our study, supporting the criterion 

validity of our serologic results. Therefore, we do not believe that differences in 

seroprevalence across studies likely explain our findings. Finally, a further possible reason 

for differences between our study findings and those from previous studies is chance.

Cumulative STI history and PCa risk

Another one of the goals of our nested case-control study was to examine the contribution of 

T. vaginalis infection to previous positive findings for cumulative STI history in PLCO. 

When we adjusted these findings for T. vaginalis seropositivity, we observed no change in 

the estimates for STI history, suggesting that T. vaginalis infection did not explain previous 

positive findings. Additionally, incorporation of T. vaginalis seropositivity into our STI 

history variable resulted in no change to the findings, except for a slight strengthening of the 

results for African-American men. These findings suggest that either another unmeasured, 

but correlated, STI may be responsible for the suggestive positive associations for STI 

history and PCa risk, or that the cumulative burden of these infections is important.

Considering our findings for all eight measured STIs in the context of the broader STI 

history literature, our suggestive positive findings for Caucasian men are consistent with 

those from two previous prospective studies of predominantly Caucasian men, one of which 

observed a non-significant, positive finding for seropositivity against C. trachomatis, HPV, 

HSV-2, and HHV-8 infection in Scandinavian men [25], and the other observed a suggestive 

positive association for seropositivity against C. trachomatis, HPV, and HSV-2 infection in 

predominantly Caucasian-American men [26]. Our suggestive positive findings are also 

consistent with those from a cohort study of Taiwanese men that observed a positive 

association for medical-record documented, later-life STIs (gonorrhea, syphilis, C. 
trachomatis, genital warts, genital herpes, and epididymitis/orchitis) and PCa risk [27], and 

with those from several previous retrospective case-control studies that observed positive 

associations for self-reported cumulative STI history in men of various race/ethnicities [28, 

29]. In contrast, our findings differ from those from a recent cohort study that observed no 

association for self-reported STIs (gonorrhea, syphilis, C. trachomatis, genital warts, and 

genital herpes) in older Caucasian- and African-American participants from the California 

Men’s Health Study [30], as well as from those from several other case-control studies that 

observed null associations for cumulative STI history in Caucasian or African-American 

men [28]. However, given the methodologic differences across these studies, it is unclear 

whether their differing findings are explained by recall bias in the case of retrospective case-
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control studies of self-reported STIs; differences in the cumulative burden of STIs across 

study populations (e.g., differing number and type of STIs, repeat or untreated infections, or 

infections of longer duration); or chance. Additional large prospective studies with more 

detailed exposure information will be necessary to resolve these discrepancies.

In summary, findings from our large nested case-control study of T. vaginalis seropositivity 

and PCa risk provide no evidence to support a role for T. vaginalis infection in PCa 

development in either Caucasian or African-American men. However, findings for all eight 

measured STIs combined continue to support a link between another unmeasured STI or 

possibly the cumulative burden of these infections and PCa. These possibilities should be 

explored further in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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