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Abstract

Only a subset of women with human papillomavirus (HPV) infections will become seropositive, 

and the factors influencing seroconversion are not well-understood. We used a multiplex serology 

assay in women with mildly abnormal cytology results to examine seroreactivity to oncogenic 

HPV genotypes. An unbiased subset of women in the atypical squamous cell of undetermined 

significance /low-grade squamous intraepithelial lesion Triage Study (ALTS) provided blood 

samples at trial enrollment for serological testing. A Luminex assay based on GST-L1 fusion 

proteins as antigens was used to test seroreactivity against eight carcinogenic HPV genotypes (16, 

18, 31, 33, 35, 45, 52, 58). We analyzed the relationship between seroprevalence in women free of 

precancer (N=2464) and HPV DNA status, age, sexual behavior, and other HPV-related risk 

factors. The overall seroprevalence was 24.5% for HPV16 L1 and ~ 20% for 18L1 and 31L1. 

Among women free of precancer, seroprevalence peaked in women less than 29 years and 

decreased with age. Type-specific seroprevalence was associated with baseline DNA detection for 

HPV16 (OR= 1.36, 95%CI: 1.04–1.79) and HPV18 (OR= 2.31, 95%CI: 1.61–3.32), as well as for 

HPV52 and HPV58. Correlates of sexual exposure were associated with increased seroprevalence 

across most genotypes. Women who were current or former smokers were less likely to be 

seropositive for all eight of the tested oncogenic genotypes. The multiplex assay showed 

associations between seroprevalence and known risk factors for HPV infection across nearly all 
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tested HPV genotypes but associations between DNA- and serostatus were weak, suggesting 

possible misclassification of the participants’ HPV serostatus.
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INTRODUCTION

Human papillomavirus (HPV) infections are a necessary cause of cervical cancer.1, 2 

Women with persistent infections with one of thirteen different types of HPV (16, 18, 31, 

33, 35, 39, 45, 51, 52, 56, 58, 59, 68) are at increased risk of developing precancer that may 

ultimately progress to malignancy.3 HPV 16 and HPV 18 account for the majority (~70%) 

of the cervical cancer burden worldwide.1 The prevalence of HPV infection is high among 

young women in the years following sexual debut but the majority of infections, even those 

caused by carcinogenic HPV genotypes, will resolve within two years.3–5

A subset of women with HPV infections will become seropositive, and antibody responses 

can take at least 18 months to develop.6, 7 The mechanisms that influence whether a woman 

mounts a detectable antibody response to HPV (seroconvert) are currently unclear; HPV 

infects epithelia that have limited interaction with the immunological environment and the 

virus has several immune-evading strategies.8–10 Some studies have indicated that age and 

correlates of sexual behavior are associated with HPV seroprevalence11–16, suggesting 

seroconversion may be influenced partly by cumulative exposure to HPV, in terms both of 

chance of exposure and repeated exposures over time. Concurrent infection with multiple 

HPV genotypes occurs frequently, and the distribution of HPV genotype frequencies varies 

across histological and cytological diagnoses.17 Most studies of seropositivity to HPV 

antigens have examined antibody response to the HPV L1 antigen, a component of the viral 

capsid, for only a small number of HPV genotypes. Natural antibody titers may be important 

in preventing future HPV infection18, 19 and might be a useful measurement of previous 

HPV exposure.

There is currently no standardized assay for detection of HPV antibodies. VLP ELISA 

assays are most commonly used and measure total concentration of antibody that binds to 

laboratory-synthesized virus-like particles (VLPs) using optical density measurements20. 

Multiplex HPV serology assays that can measure multiple antigens at the same time have 

been developed and tested with both VLP antigen targets and glutathione s-transferase 

fusion protein targets.21, 22 The goal of this study was to use a Luminex-based serology 

assay with GST-fusion protein antigen targets measuring serum responses against eight 

carcinogenic HPV types to examine factors associated with seropositivity in the ASCUS-

LSIL Triage Study.
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MATERIALS AND METHODS

The ASCUS/LSIL Triage Study for Cervical Cancer (ALTS)

The ASCUS/LSIL Triage Study for Cervical Cancer (ALTS) was a multicenter, randomized 

clinical trial conducted from 1996–2000 by the National Cancer Institute to compare three 

clinical management strategies for women referred with a community Pap smear cytological 

interpretation of ‘atypical squamous cells of undetermined significance’ (ASCUS, N=3488) 

or ‘low-grade squamous epithelial lesion’ (LSIL, N=1572) cytology. At trial enrollment, 

women were randomized into one of three different management strategy arms and were 

followed every six months for a period of two years. Women in the immediate colposcopy 

(IC) arm were randomized to receive a colposcopy ideally within three weeks of their 

enrollment visit. Participants in the HPV triage arm (HPV) were referred for colposcopy if 

1) HPV-positive at enrollment or 2) if they were missing their HPV result. Women in the 

conservative management arm (CM) were only referred to colposcopy in the case of a 

cytological diagnosis of high-grade squamous intraepithelial lesion (HSIL) or carcinoma. 

Randomization arm was not relevant to our analysis as we use data from the enrollment visit 

only and exclude women with a diagnosis of CIN2 or greater.

ALTS procedures have previously been described in detail23 and are summarized below in 

brief: women with a cytologic diagnosis of ASCUS or LSIL were referred to ALTS from 

four U.S. clinical centers. If enrolled, participants completed a questionnaire and underwent 

a pelvic examination. Cervical specimens for cytological evaluation and human 

papillomavirus testing were collected, and digital photographs of the cervix were taken 

(cervicography), and there was a voluntary blood draw at the enrollment visit only. Women 

were eligible for inclusion in the trial if they had a cytological interpretation of ASCUS or 

LSIL on a Pap test within the previous six months of enrollment, and were excluded if they 

had a history of hysterectomy, ablative or excisional therapy to the cervix, were less than 18 

years of age, or were currently pregnant. Follow-up visits for all trial arms included a pelvic 

exam, collection of cervical cells for cytological testing and HPV screening, and 

cervicography.

Study Population

This analysis includes 2464 women drawn from the 5,060 women in ALTS. Women from 

all trial arms were included in the analysis if they were free of pre-cancer (< cervical 

intraepithelial neoplasia grade 2 or CIN2) at trial baseline and if they had an available serum 

specimen (55 % of participants) for serological testing. Serum availability was not 

associated with baseline histological diagnosis or worst two-year histological outcome, HPV 

status, age at trial enrollment, smoking status, lifetime number of sex partners, race, 

education level, or age at sexual debut.

Assay Methods

This project used a glutathione S-transferase fusion protein multiplex serology assay to 

measure seroreactivity to human papillomavirus antigens.21 The HPV major capsid (L1) 

proteins for eight different oncogenic HPV genotypes (16, 18, 31, 33, 35, 45, 52, and 58) 

were expressed as fusion proteins with N-terminal GST and a C-terminal epitope tag.24 

Wilson et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2014 November 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Glutathione crosslinked to casein serves as a capture protein for the GST, and was bound to 

fluorescence-labeled polystyrene beads (SeroMap, Luminex, Austin, TX). Bead sets were 

individually loaded with different GST-X-tag fusion proteins, with each antigen loaded onto 

a bead set with a specific color. Serum specimens were diluted to 1:100 and incubated with a 

bead mixture. Antibodies that bound to beads were stained using biotinylated anti-human-Ig 

and streptavidin-R-phycoerythrin. The bead mixtures were analyzed in a Luminex 100 

system which quantifies the fluorescence intensity associated with the antibodies bound to 

the viral antigens on each bead. Results are reported as median fluorescence intensity (MFI) 

of a minimum of 100 beads analyzed per bead set/antigen. The MFI of empty GST-tag-

loaded beads was used to define the background fluorescence level, and specific reactivity 

(net MFI) for a given HPV protein was calculated by subtracting the background level from 

the MFI of the antigen-loaded beads21. Seropositivity threshold MFI levels were defined 

using data from 125 women who reported no lifetime sex partners in a study in Busan, South 

Korea;25 the positivity threshold was set at three standard deviations above the mean level of 

MFI reactivity in these women, excluding positive outliers.

Statistical Analysis

We performed a cross-sectional analysis of data from the enrollment visit of ALTS. We 

described the seroprevalence and seroepidemiology across age groups of HPV L1 antigens 

in the ALTS population for eight high-risk HPV genotypes and used standard contingency 

table methods, chi-squared tests, and t-tests to evaluate differences between subgroups. We 

compared genotype-specific seroprevalence in relation to HPV DNA genotype prevalence, 

and described characteristics of seropositive and seronegative women grouped by HPV 

DNA status (+/−).

Chi-square testing, logistic regression analyses and multivariate generalized estimating 

equation regression were used to assess the association between a number of selected 

demographic, behavioral, and biological factors and HPV serology measures. Variables that 

showed a Chi-square association with seroprevalence with a significance value of p <0.2 

were then used in univariate and multivariate logistic regression models to identify which 

factors remained statistically significantly associated with seropositivity. Multivariate 

models of factors associated with seropositivity for each genotype were explored using both 

forward and backward variable selection methods. We also used univariate and multivariate 

logistic regression analyses to evaluate factors associated with having a seropositive result 

for more than one HPV genotype among seropositive women. Analyses were conducted 

using STATA11 and R.

RESULTS

Characteristics of type-specific HPV DNA and L1 serology concordance and discordance

Population characteristics are described both at the at the woman-level in Table 1 and at the 

infection level in Supplemental Table S1; concordance between DNA positivity and 

seropositivity can only be examined on the genotype-specific infection level as women are 

often infected with multiple types of HPV and the concordance status can be different for 

each type. Table 1 shows data on the woman level and does not take type-specific 
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concordance or multiple infections into account. In our study population there were 1) 590 

(23.9%) women who were DNA positive and seropositive for at least one of the eight tested 

HPV genotypes (DNA+/Sero+), 2) 472 (19.1%) instances of seropositivity without DNA 

positivity (DNA−/Sero+), 3) 667 (27.1%) instances of DNA positivity without seropositivity 

for all tested genotypes (DNA+/Sero−), and 4) 735 (29.8%) of women tested were DNA-

negative and seronegative for all eight tested genotypes (DNA−/Sero−). Women who were 

DNA+ were younger compared to the other groups; 62% of DNA+/Sero+ results and 62% 

of DNA+/Sero− results occurred in women under 25, while only 36% of DNA−/Sero− 

results and 36.4% of the DNA−/Sero+ results were in the under 25 group (p<0.001).

A similar age distribution pattern was observed on the infection level when genotype 

concordance and discordance between DNA status and serostatus was taken into account 

(Supplementary Table S1). 74% of positive concordant infections (DNA+/Sero+) were 

found in women under age 25, compared to 48% of the observed concordant negative 

infections (DNA−/Sero−).

Seroprevalence and DNA prevalence across age groups

Most genotypes showed a similar pattern of seroprevalence and DNA prevalence across age 

at enrollment (Figure 1A): a peak seroprevalence between ages 20–25, with high-risk HPV 

DNA prevalence appearing to peak at an age earlier than 18. DNA prevalence declined and 

appeared to plateau around age 35, while no plateau was observed for our distribution of 

seroprevalence. When analyzed by years since reported sexual debut (Figure 1B), DNA 

prevalence peaked 1 to 5 years after debut, and seroprevalence for most genotypes peaked 

between 4 and 8 years after debut. While the absolute prevalence differed across genotypes, 

the patterns appeared to be largely similar aside from HPV types 52 and 58. HPV16 also 

showed the highest DNA and seroprevalence among the HR-HPV types, reflective of its 

known high prevalence in the general population.

Seroprevalence is associated with baseline DNA prevalence and correlates of sexual 
activity

A multivariate GEE regression conditioned on genotype indicated associations between 

DNA positivity, age, and seropositivity (Table 2), with DNA positivity increasing the odds 

of seropositivity (OR 1.49, 95% CI 1.29–1.73) and increasingly older age decreasing the 

odds of seropositivity. Baseline DNA prevalence was univariately associated with baseline 

seroprevalence for 4 tested HPV types (Table 3). HPV16 and 18 showed ORs of 1.36 (95% 

CI 1.04– 1.79) and 2.31 (95% CI 1.61–3.32) respectively. After age stratification, these 

associations persisted only in women under the age of 25. Older age at sexual debut (17 and 

up) was associated with decreased risk of baseline seroprevalence for all HPV genotypes 

except HPV58 (Supplemental Table 2). In univariate analyses, increasing numbers of 

lifetime sex partners showed an association with increased risk of baseline seropositivity, 

and older age at enrollment and older age at sexual debut were associated with decreasing 

risk of seropositivity (Table 4).

In multivariate models, number of lifetime sex partners was associated with increased risk of 

seropositivity for all genotypes except HPV35 and HPV58. The association observed 
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between seropositivity and age at enrollment or age at sexual debut only remained 

statistically significant for some genotypes, though one of the two age-related variables 

remained statistically significantly associated with seropositivity for all genotypes except 

HPV58. Our multivariate modeling also indicated that history of sexually transmitted 

disease was associated with increased odds of seroprevalence across all genotypes, and 

smoking remained consistently associated with decreased odds of seroprevalence across 

genotypes (Supplemental Table S2).

Smoking is associated with decreased HPV seroprevalence

Women who were current or former smokers were less likely to be seropositive for all eight 

of the tested oncogenic genotypes, and this association persisted in multivariate models 

adjusting for age at enrollment, time since sexual debut, and number of sex partners (Table 

5). Current smokers showed increased odds of HPV16 DNA detection at baseline compared 

to women who reported never smoking (Table 5), which is consistent with the observation in 

Table 1 that the group of women who were DNA-positive for one of the eight genotypes but 

were seronegative for all eight genotypes included the largest proportion of current smokers 

and the lowest proportion of never smokers.

Multiple seropositivity

Approximately 25% of our study population was seropositive for more than one of our 

tested HPV types (Supplemental Table S3). Among seropositive women, the presence of 

HPV DNA increased the risk of having more than one prevalent HPV seropositive result. 

Having more than one lifetime sexual partner and a younger age at sexual debut was 

associated with increased odds of seropositivity for multiple types in seropositive women.

Univariate logistic regression analysis indicated that older seropositive women were less 

likely to be positive for multiple genotypes compared to seropositive women under 25 

(women 45+ OR 0.72 95% CI 0.63–0.95).

DISCUSSION

Substantial gaps remain in the understanding of the natural humoral immune response to 

HPV. Most existing work on this topic focused on a limited number of HPV genotypes, and 

with evidence that multiple HPV genotypes are involved in carcinogenesis, exploration of 

the natural history of a broader range of genotypes is needed. In this study we used a 

multiplex serology assay and showed associations between seroprevalence and known risk 

factors for HPV infection across nearly all of the tested HR-HPV genotypes (16, 18, 31, 33, 

35, 45, 52, and 58) in a population of women referred for low-grade cytological 

abnormalities who were free of precancer. Our results indicated that risk factors for HPV 

infection including younger age and correlates of sexual behavior were associated with 

increased seroprevalence for nearly all tested HPV genotypes in these women. HPV58 

seropositivity did not show associations with most expected risk factors.

Similar DNA prevalence and seroprevalence patterns by age were observed across most of 

the HPV genotypes tested, with six genotypes displaying a peak seroprevalence between 

ages 20 and 25 in women referred for equivocal or mildly abnormal cytology. In our 
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analysis, DNA prevalence peaked within 5 years of sexual debut and seroprevalence peaked 

4–8 years after debut for most genotypes. This is consistent with the prevalence age 

distribution observed in our study as the median age of sexual debut was 16, as the DNA 

prevalence was highest below age 20, while seroprevalence was highest in women aged 20–

30. We observed an earlier peak of HPV16 seroprevalence in the ALTS population 

compared to the observed peak HPV16 seroprevalence measured by VLP ELISA in a 

population-based study of approximately ten thousand women conducted in Costa Rica;26 

HPV16 and 18 seroprevalences peaked in women aged 30–39, a decade post-DNA 

prevalence peak. This difference may be explained by the overall young age at sexual debut 

for women in this study and for the oversampling for HPV infection due to women being 

referred into the study based on equivocal or mildly abnormal cervical cytology. Women 

were referred to ALTS for low-grade cytological abnormalities which can indicate a current 

or recent infection with the virus, so participants likely have higher levels of recent HPV 

exposure than studies that drew population-based samples, which may oversample for 

HPV.27 HPV seroconversion has been reported to occur up to 18 months after initial HPV 

infection, but the much-delayed seroprevalence peak observed in studies of HPV 

seroprevalence could be due to the low risk of seroconversion in general.

Women who were enrolled into the study at ages 30–44 and 45+ showed decreasing odds of 

DNA prevalence and seroprevalence compared to women enrolled under the age of 25 for 

nearly all of the oncogenic genotypes in this study, possibly indicating waning of 

seropositivity over time though antibody decay has not been observed in short-term 

longitudinal studies of the natural immune response to HPV.28

Concordance between genotype-specific HPV DNA detection and seropositivity was 

relatively infrequent and occurred most frequently in women under age 25. Low 

concordance of type-specific positivity between DNA and serologic measures of HPV has 

been reported in other studies using VLP ELISA as well as multiplex serological assays for 

multiple genital HPV genotypes including HPV16.28–30 Younger women were more likely 

to be both DNA positive and seropositive for at least one of the eight high-risk genotypes 

than women who had seropositive-only detections, presumably because seropositivity 

persists after the more rapid clearance or immune control of the replicating virus and DNA 

prevalence was highest in the youngest women in this analysis. A study of HPV DNA 

positivity and seropositivity concordance for HPV6, 11, 16, 18, and 45 in 323 pregnant 

women enrolled in the Finnish Family study, which measured seropositivity with the GST-

fusion protein multiplex assay used here, did not show strong concordance between DNA 

positivity and seropositivity either at the same visit or when using seropositivity outcomes 

from a visit 12 months later to account for the lag time between HPV infection and 

seroconversion.28 The observed low rates of positive concordance between DNA status and 

serostatus could result from misclassification due to lower accuracy of the multiplex 

serology assay compared to the VLP ELISA assay, though experimental validation of the 

assays suggest similar epitope reactivity and antibody titers for GST-fusion protein targets 

and VLP targets when used in an ELISA.31 In experimental studies, HPV16 GST-fusion 

proteins used in ELISA assays have shown a similar sensitivity and specificity to VLP 

assays24, and direct comparisons between GST-ELISA and GST-multiplex assays have 

indicated greater sensitivity for the multiplex method than the ELISA method.21 However, 
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there have been no direct comparisons of VLP ELISA and the GST-fusion protein multiplex 

assay performance in human serum, these studies are necessary to better understand the 

differences observed between VLP-based and multiplex Luminex assays.

Correlates of sexual behavior were associated with increased odds of seroprevalence for 

most of the tested high-risk HPV genotypes except for HPV58, including younger age at 

sexual debut, higher numbers of lifetime sex partners, and history of a sexually transmitted 

disease. The magnitudes of the associations were similar across genotypes, suggesting that 

the factors driving seropositivity are similar across types; a limited number of studies have 

looked at determinants of seroprevalence for multiple high risk genotypes together so these 

results help to clarify that there do not appear to be significant genotype differences in the 

relationships between risk factors and seropositivity for seven of these HPV types. However, 

HPV58 seroprevalence did not show any association with multiple expected sexual risk 

factors of HPV exposure aside from history of sexually transmitted diseases (STDs); it is 

unclear whether or not this issue is assay-related as there is little work on HPV58 

seroprevalence to which to compare our results. Another study using VLP ELISA detection 

methods only observed an association between number of sex partners and HPV58 

seropositivity when analyses were limited to women older than age 4532 and did not see this 

effect in their younger women, so it is possible that HPV58 acts differently from the other 

genotypes included in our study in terms of age and sexual exposure risk. For most 

genotypes, increasing numbers of sexual partners showed increasing odds of seropositivity, 

likely reflecting the greater cumulative exposure to HPV and potential for multiple instances 

of antigenic exposure for the immune system.

Current smokers were less likely to be seropositive for all eight oncogenic genotypes 

regardless of DNA status and had increased odds of HPV16 DNA detection after controlling 

for age and sexual behavior variables. Some cross-sectional studies using other assays 

including VLP ELISA have observed similar negative associations between HPV 

seroprevalence and smoking for several HPV genotypes (16, 18, 31, 58), while others have 

not or have shown increased risk of seropositivity associated with smoking11, 15, 32. 

Decreased risk of seroconversion and decreased persistence of seropositivity for HPV16 and 

18 in current smokers compared to non-smokers was observed in a small (N=191) 

prospective study of young HPV-infected women in Finland,33, which is consistent with the 

decreased seroprevalence for all eight HPV genotypes we observed in smokers in this study. 

The mechanism through which cigarette smoking might be associated with HPV antibody 

response specifically is unknown. However, there is substantial evidence that cigarette 

smoke exposure decreases the magnitude of T-cell responses and can result in decreased IgG 

antibody response to various pathogens. Long-term smoking and nicotine exposure have 

been associated with decreased T-cell and natural killer cell activity and with decreased 

serum titers of overall IgG antibodies in otherwise healthy individuals, as well as with lower 

rates of antigen-specific IgG antibodies.34–41 Decreased innate and T-cell responses may 

help to explain smoking’s observed association with increased incidence and persistence of 

oncogenic HPV DNA detection in immunocompetent women42, 43 as well as the decreased 

seroprevalence we observe in this study.
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Seropositivity to multiple genotypes was common: nearly a quarter of the women in this 

analysis were seropositive for more than one of the eight tested genotypes. In women who 

were seropositive for at least one genotype, while the presence of HPV DNA increased the 

risk of having more than one prevalent HPV seropositive result, we did not observe a dose-

response relationship between the number of HPV genotypes a women was DNA-positive 

for and risk of multiple seropositivity; this is consistent with the idea that serology results 

represent cumulative exposure, and may give some indication of what HPV genotypes a 

women has been exposed to in her lifetime but not necessarily the genotypes she is currently 

detectably infected with.

A limitation of this study is its cross-sectional design, which prevents examination of 

prospective seroconversion and seropersistance. We were unable to determine whether the 

decreased seroprevalence in older age groups results from waning antibody titers or from a 

cohort effect, nor could we examine whether time between infection and seroconversion 

differed across genotypes, which might help with understanding of some of the differences 

observed for HPV58. However, the glutathione S-transferase fusion protein multiplex 

serology assay showed seroprevalence age distributions for nearly all genotypes that are 

consistent with current understanding of HPV natural history in the cervix.

In summary, seropositivity as determined by the glutathione S-transferase fusion protein 

multiplex serology assay was associated with known HPV infection risk factors for seven 

high-risk oncogenic HPV genotypes (HPV 16, 18, 31, 33, 35, 45, and 52) and resulted in age 

distribution DNA prevalence and seroprevalence patterns for those genotypes that were 

similar, though shifted to an earlier age, to those generated by VLP ELISA assays in other 

studies for HPV16 only. Prevalence age curves indicated that for HPV 16, 18, 31, 33, 35, 

and 45, peak seroprevalence lags behind peak DNA prevalence, with the highest DNA 

prevalence observed in women 1–5 years since their sexual debut and the highest 

seroprevalence observed in women 5–15 years from their sexual debut. While smoking 

either increased or had no detectable effect on the odds of HPV DNA detection at trial 

enrollment, current smoking was associated with decreased odds of HPV seroprevalence for 

all eight genotypes and the association was not affected by controlling for HPV DNA status, 

age, or reported sexual behavior. There appear to be differences in the magnitude of some 

observed associations between risk factors and seropositivity compared to studies conducted 

with other assays for HPV16 and HPV18 as well as low rates of concordance between DNA 

positivity and seropositivity; this may result from misclassification due to differences in 

assay sensitivity and specificity, or from the make-up of our study population due to 

oversampling for recent HPV infections and the limitation to women who were <CIN2 at 

enrollment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HPV human papillomavirus

ALTS ASCUS/LSIL Triage Study for Cervical Cancer

ASCUS atypical squamous cells of undetermined significance

LSIL low-grade squamous epithelial lesion

CIN cervical intraepithelial neoplasia

GST gluthatione s-tranferse

ELISA enzyme-linked immunosorbent assay

VLP virus-like particle
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Figure 1. 
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Table 2

Multivariate generalized estimating equations regression conditioned on genotype to examine association 

between DNA positivity, age, and L1 seropositivity at ALTS baseline in 2464 women referred for mildly 

abnormal or equivocal cervical cytology.*

HPV L1 seropositivity
Odds Ratio (95% Conf. Interval)

HPV DNA positivity 1.49 (1.29–1.73)

Age at study enrollment

<25 Ref.

25–29 1.02 (0.92–1.13)

30–44 0.74 (0.67–0.82)

45+ 0.45 (0.36–0.56)

*
Statistically significant results (p value <0.05) shown in bold type.
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