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Abstract

Nutrient deficits have been repeatedly linked to cervical human papillomavirus (HPV) persistence, 

cervical neoplasia, and cervical cancer in case-control studies. This study sought to examine the 

relationship between overall diet quality and dietary components with the spontaneous resolution 

of cervical HPV over one year. A prospective observational cohort study was performed. Women 

with low-grade cervical cytology and/or positive HPV test completed a 24-hour dietary recall, 

from which the Healthy Eating Index (HEI)-2010, a score of overall diet quality, and scores in 

dietary categories were calculated. Participants were managed clinically according to national 

management guidelines. Those whose subsequent testing demonstrated normalization of cytology 

and/or HPV testing (“HPV resolution”) were compared to those whose abnormalities persisted 

or progressed (“HPV non-resolution”). Twenty-six women were included in the HPV resolution 

group and 38 in the non-resolution group. They were observed for a median of 428 and 412 days, 

respectively (p=0.09). There was no difference in overall diet quality between the groups. Intake of 

total and whole fruit, and seafood/plant protein were associated with HPV resolution in a logistic 

regression model (all p<0.05). These finding could have important implications for the counseling 

and management of individuals with HPV infection of the cervix.
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Introduction

There are more than 12,000 new cervical cancers each year in the United States and more 

than 570,000 worldwide.1,2 Human papillomavirus (HPV) infection of the cervix causes 

nearly all cases of cervical cancer. HPV infection spontaneously resolves in 90% of cases, 

but persists in the remaining 10%, and may progress to precancerous high-grade cervical 

intraepithelial neoplasia (CIN2+) and, over time, cervical cancer.3

Case-control studies investigating the relationship between nutrition and cervical cancer 

have documented lower odds of cervical cancer in women with higher intakes or serum 

levels of numerous individual nutrients, including vitamins A, C, E, B12, α-carotene, 

β-carotene, lutein, folate, zinc, and dietary fiber.4–10 Total fruit and vegetable intake as 

assessed by food frequency questionnaire was associated with decreased odds of cervical 

cancer in a case-control study of women in New York.8 Higher daily intake of whole 

fruits, again assessed by food frequency questionnaire, was associated with a 17% decreased 

risk of developing invasive cervical cancer in a prospective study of European women 

undergoing cervical cancer screening.11

Further studies have linked individual nutritional factors with a decreased risk of cervical 

intraepithelial neoplasia (CIN) and HPV persistence. Higher serum concentrations of folate, 

lycopene, and α- and γ-tocopherols were associated with decreased odds of high-grade 

cervical dysplasia in case-control studies in China and Brazil. 12–14 A case-control study 

conducted in the United States compared women with persistent HPV infection to those with 

transient HPV infection, and concluded that higher circulating cis-lycopene concentrations 

were protective against HPV persistence.15 Another case-control study conducted in Brazil 

demonstrated that consumption of certain carotenoids (cryptoxanthin, lutein/zeaxanthin) and 

vitamin C, as measured by food frequency questionnaire, was associated with lower odds of 

HPV persistence.16 Certain whole foods, including papaya and dark green and yellow fruits 

and vegetables, were also linked to a decreased risk of high-grade neoplasia and lower risk 

of persistent HPV infection in these case-control investigations.13,17,15,16

A single study has evaluated the relationship of overall diet quality, rather than specific 

individual nutrients or foods, to cervical neoplasia. This cross-sectional study of women 

with abnormal cervical cytology did not show an association between Mediterranean, 

Western, or “prudent” diet patterns with the risk of CIN2 or worse.18 Two randomized trials 

administered vitamin D or folate to women with low-grade CIN for 6 months each. Both 

led to a higher rate of regression of neoplasia compared to placebo.19,20 In another small 

randomized trial, intake of β-carotene and vitamin C did not lead to regression of low-grade 

CIN.21

There is consistent evidence that nutrient deficits are linked to cervical HPV persistence, 

cervical neoplasia, and cancer. However, no single nutrient has emerged as a target for 

further study or therapeutic intervention. We hypothesized that overall diet quality could be 

a better predictor of the behavior of cervical HPV infection than individual nutrient or food 

intakes. We aimed to explore the role of diet quality in the spontaneous clearance of cervical 
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HPV infection in a clinical setting. We assessed the associations of overall diet quality and 

dietary components with clinical resolution of HPV over time.

Materials and Methods

A prospective cohort study was performed. Women aged 21 and older with cervical 

cytology of low-grade squamous intraepithelial lesion (LSIL), atypical squamous cells of 

undetermined significance (ASC-US) with positive high-risk HPV test (hrHPV), or normal 

cervical cytology with positive hrHPV were identified through the electronic health record. 

Participants were a convenience sample of individuals who were subsequently referred to the 

study by their healthcare providers. Participants were enrolled from September 2015 through 

May 2017, within 3 months of cervical cytology being performed. Women had to be able 

to speak and read English to participate. There were no other exclusion criteria. Written 

informed consent was obtained from all participants and maintained by the investigators. 

The Tulane University and Louisiana State University IRBs approved this study prior to 

study start.

At enrollment, height and weight were recorded and body mass index (BMI) was calculated. 

Participants completed an online 24-hour dietary recall. The National Cancer Institute’s 

Automated Self-Administered 24-hour Recall-2014 (ASA24–2014) was utilized in 2015, 

and the ASA24–2016 was used after its introduction in 2016. Participants self-administered 

paper questionnaires which assessed demographic characteristics and substance use. The 

first 60 participants were asked to provide blood samples for vitamin C (ascorbic acid), 

calcium, folate, vitamin D binding protein, vitamin A (retinol), vitamin E (α-tocopherol), 

carotenoids (α-carotene, β-carotene, lutein, lycopene, β-cryptoxanthin, zeaxanthin) and fatty 

acid profile. These were analyzed using commercially available kits.

Participants were followed via electronic medical record review from the date of enrollment 

through the end of the study period in September 2018. Medical history was collected 

from the medical record. Participants were managed clinically by their treating medical 

practitioners according to national management guidelines.22 Cytology, hrHPV results, and 

patient age, presentation and history were considered in determining appropriate follow-up. 

Some participants underwent colposcopy and biopsy following initial cytology (“early 

colposcopy”), while others were observed with repeat cytology with or without hrHPV 

testing at approximately 1 year after initial cytology (“second round testing”). Of individuals 

who underwent early colposcopy, some were diagnosed with CIN2+ on biopsy. These were 

censored at the time of diagnosis of CIN2+ and were not further followed. Participants 

who had CIN1 or less on biopsy at early colposcopy underwent repeat cytology and hrHPV 

testing at approximately 1 year after initial cytology (“second round testing”). Of those with 

persistent abnormalities on second round testing, some underwent colposcopy with biopsy 

at approximately 1 year from index cytology (“late colposcopy”), while others did not, with 

a plan for continued observation with cervical cytology with or without hrHPV testing. 

Results of biopsies performed with late colposcopy were recorded. Participants were not 

further followed after the second round of testing. Cytology was classified according to the 

Bethesda System (2014). The Roche Cobas HPV Test was utilized, which reports results 
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of HPV-16, HPV-18 and HPV-other high risk type. Positive results of any of these were 

considered hrHPV-positive.

The planned primary analysis was to determine if overall diet quality was associated with 

clinical resolution of HPV over one year. Clinical resolution was defined as a negative 

hrHPV test at approximately 1 year (at least 6 months) after prior positive hrHPV test 

or abnormal cytology, or normal cytology without hrHPV testing at approximately 1 year 

(at least 6 months) after prior abnormal cytology. Non-resolution of HPV was defined as 

a positive hrHPV test, abnormal cytology, or CIN1 or worse (CIN1+) on cervical biopsy 

at approximately 1 year (at least 6 months) after prior positive hrHPV test or abnormal 

cytology, or cervical biopsy demonstrating CIN2 or worse (CIN2+) at any time point.

Overall diet quality was determined by calculating the Healthy Eating Index (HEI) score 

from ASA24. The HEI is a dietary index developed by the US Department of Agriculture 

and the National Cancer Institute, which aligns with the US Dietary Guidelines for 

Americans. It is intended to be calculated from the ASA24, and has been extensively 

validated and shown to be a reliable measure of diet quality.23 HEI-2010 was computed 

rather than the more recent HEI-2015, because most participants completed the ASA24–

2014, from which the HEI-2010 is calculated. The HEI-2010 has 12 components that sum 

to a maximum total score of 100. “Adequacy” points are given for adequate consumption 

of food in nine categories: total fruit, whole fruit, total vegetables, greens and beans, whole 

grains, dairy, total protein foods, seafood and plant proteins, and fatty acids; “moderation” 

points are given for sufficiently low levels of intake of three categories: refined grains, 

sodium, and empty calories, which includes solid fats, alcohol, and added sugars. The 

seafood/plant protein category includes seafood, beans, peas, nuts, seeds, and soy products 

excluding beverages.

The relationship of the total HEI-2010 score and each of the 12 dietary components to 

clinical resolution of HPV was assessed. Percentage of participants in the upper half of 

diet quality for each dietary component (percentage that had >50% of maximum points in 

each food category) was compared between the HPV resolution and non-resolution groups. 

Chi-squared analysis was used.

Differences in HPV resolution were examined by potential confounding factors: age, race, 

income, education, HIV status, use of immunosuppressant medications, current or prior 

smoking status, history of abnormal cytology, current use of hormonal contraception, 

and history of sexually transmitted infection (STI), including gonorrhea, chlamydia, 

trichomoniasis, syphilis, or genital warts. Differences in these factors between the HPV 

resolution and non-resolution groups were assessed using Student’s t-test for continuous 

variables and Pearson’s chi-squared test for categorical factors. When the assumptions of 

these tests were not met, the nonparametric Wilcoxon rank sum test and Fisher’s exact test 

were used. Those factors found to have an association with HPV resolution with p<0.10 

were considered to be possible confounders.

The relationship of the following additional clinical factors with HPV resolution were 

similarly evaluated: BMI, obesity (BMI ≥30), category 3 obesity (BMI ≥40), presence 
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of diabetes mellitus, current pregnancy, current or prior alcohol overuse (defined as >3 

drinks/day or >7 days/week),24 and current or prior regular illicit drug use. Participants who 

were pregnant at enrollment or follow up were considered pregnant.

The relationships between HPV resolution and indicators of diet quality (HEI score and 12 

dietary components), and between HPV resolution and the additional clinical factors were 

further assessed using multiple logistic regression models, which included the previously 

identified possible confounders.

Spearman’s correlation coefficient was calculated to measure correlation between serum 

levels and intake levels for each nutrient for which both results were obtained, including 

vitamin C, calcium, folate, vitamin A, vitamin E, α-carotene, β-carotene, lutein and 

zeaxanthin, lycopene, and β-cryptoxanthin.

A sample size calculation showed that inclusion of 75 women would provide 80% power 

to detect a 10-point difference in HEI scores between the clinical HPV resolution and 

non-resolution groups with an alpha of 0.05%. Inclusion of 90 women allowed for an 20% 

loss-to-follow up rate after one year. Due to unanticipated problems with recruitment, 77 

women were enrolled in this study. Only the first 60 were asked to provide blood samples 

due to budgetary limitations.

Results

Seventy-seven women were enrolled. Thirteen participants were removed from the analysis 

due to inadequate or absent follow-up data. This left 64 participants for analysis (Figure 1). 

Of these, 41 underwent early colposcopy, while 23 were observed with second round testing 

alone. Ten of those who underwent early colposcopy were diagnosed with CIN2+ and were 

counted among the HPV non-resolution group and were not further followed. Thirty-one 

were followed after early colposcopy with second round testing. At the time of second 

round testing, 26 individuals demonstrated clinical resolution of HPV, and 28 had persistent 

abnormalities. Of those with persistent abnormalities, 19 underwent late colposcopy. CIN2+ 

was diagnosed in 5 of these individuals. Total number demonstrating CIN2+ from both 

early and late colposcopy was 15. Those with positive hrHPV test, abnormal cytology, 

or CIN1+ on cervical pathology at second round testing, and those that ever had CIN2+, 

were combined to form the non-resolution of HPV group, which ultimately consisted of 38 

individuals (Figure 1).

Duration of follow up was calculated from date of initial cytology until diagnosis of CIN2+, 

or if the individual never developed CIN2+, until the date of biopsies following second 

round testing. If no biopsies were performed, the date of the second round of cytology 

and/or HPV testing was used as the endpoint. Median follow up was 428 days in the HPV 

resolution group and 412 days in the non-resolution group (p=0.09).

Demographics and selected medical history characteristics are listed in Table 1. These 

factors did not differ significantly by HPV status. Early colposcopy with biopsy, which 

could affect HPV clearance, was not associated with clinical resolution of HPV (p=0.61). 

Caloric intake did not differ significantly between the groups (Table 2). In the unadjusted 

Naresh et al. Page 5

Nutr Cancer. Author manuscript; available in PMC 2022 January 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



primary analysis, overall diet quality as measured by total HEI-2010 score was not 

significantly different in the HPV resolution and non-resolution groups: mean score of 50.1 

(standard deviation (SD) 15.6) versus 45.8 (SD 13.6), p=0.24. In the HPV resolution group, 

46% of participants received >50% of the maximum points in the whole fruit category, 

compared to 18% of participants in the non-resolution group (p=0.02). 73% of women in the 

HPV resolution group received >50% of the maximum points in the seafood/plant protein 

category, while 40% of women in the non-resolution group met this target (p<0.01). Results 

were similar when continuous intakes were used (data not shown).

Age, length of follow-up, and education (more than high school versus high school or 

less) were included in regression models as potential confounders, as all had p<0.10 in the 

univariate analysis. In this model, overall diet quality as measured by HEI-2010 was not a 

significant predictor of HPV status (p=0.44). Intake of whole fruit and seafood/plant protein 

each remained associated with clinical resolution of HPV (both p<0.05). In addition, intake 

total fruit (which includes fruit juice) was associated with clinical resolution of HPV in the 

multivariate model. Intake of total vegetables and total dairy were inversely associated with 

clinical resolution of HPV in the multivariate model, but not in the univariate analysis (Table 

2).

Clinical resolution of HPV infection was not significantly associated with BMI, obesity, 

category 3 obesity, diabetes, current pregnancy, current or prior alcohol overuse, or current 

or prior regular illicit drug use (Table 3). BMI was not correlated with caloric intake 

(r=−0.09, p=0.49).

Blood samples were obtained from 51 participants. Nine participants who were asked to 

provide blood samples refused to do so. Correlation between serum nutrient values and 

intake values as assessed by the ASA24 is shown in Table 4. Vitamin C, calcium, folate, 

vitamin A, α-carotene, β-carotene, lutein + zeaxanthin, and β-cryptoxanthin demonstrated a 

very weak correlation; calcium, lycopene had a strong correlation, and vitamin E had a very 

strong correlation. Association between serum nutrient values and HPV resolution was not 

assessed due to small sample size.

Discussion

This small prospective study of dietary factors associated with clinical resolution of HPV 

demonstrated no significant association between overall diet quality and HPV resolution 

over more than a year of follow-up. The mean HEI-2010 scores of 50.1 and 45.8 in the 

groups both fell within the “poor” diet range (<51).25 From 2009–2010, the national average 

HEI-2010 score was 57.8; as such, the diet quality of this population lagged behind the 

national average.24 Estimated caloric requirements for adult women range from 1600 to 

2400 kilocalories per day. As both groups had mean calorie counts of fewer than 1600, 

participants in both groups were at risk of having nutritionally inadequate diets.

One other investigation has evaluated the relationship of overall diet quality with high-

grade cervical intraepithelial neoplasia, and did not find an association between overall 

dietary pattern and CIN2+.18 That study differed significantly in methodology: it was cross-
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sectional, while the present study was prospective. We investigated the dietary milieu prior 

to the development of significant neoplasia, while that study looked for dietary differences 

after the development of CIN2+. Different nutritional assessment tools and dietary quality 

scales were also used. Similar results despite differing methodology may point to the 

conclusion that no relationship exists between overall diet quality and HPV resolution.

Intake of total and whole fruit and seafood/plant protein were associated with HPV 

resolution in this study. In a case-control study of HPV-positive women in Brazil, women 

who consumed papaya once or more per week had a lower risk of persistent HPV 

infection.16 In a later case-control study of the same population of HPV-positive women, 

those who consumed papaya once or more per week were 81% less likely to have incident 

cervical neoplasia.17 In another case-control investigation of women with differing grades 

of cervical neoplasia, participants with the highest consumption of dark green and yellow 

fruits and vegetables were 48% less likely to have CIN3.13 While no linkages between 

seafood and plant protein sources and the behavior of HPV have been described, an inverse 

association between fish intake and colorectal cancer incidence has been documented.26

Intake of total vegetables and total dairy were inversely associated with clinical resolution 

of HPV in the multivariate analysis, but not in the univariate analysis. The finding of the 

multivariate analysis is in conflict with prior evidence of an association between higher 

levels of vegetable consumption and HPV clearance in a population of HPV-positive women 

in Arizona, USA.15 Another population-based study in Europe showed no association 

between vegetable intake and the formation of carcinoma in situ of the cervix.11 No prior 

studies have evaluated the relationship between intake of dairy products and HPV infection 

of the cervix.

Taken together, the findings of this and prior studies suggest that greater intake of fruit, 

and perhaps also seafood and plant proteins, may contribute to the clearance of HPV, or 

prevent the progression of cervical neoplasia. Data regarding vegetable intake has been 

mixed. An inverse association between intake of dairy products and HPV resolution requires 

further investigation. Future prospective studies are needed to confirm these findings, and to 

determine where in the course of cervical HPV infection the increased or decreased intake of 

these food groups is most likely to be effective in altering the clinical outcome.

There are several mechanisms by which these dietary factors could influence the course 

of HPV infection of the cervix. Antioxidant nutrients neutralize the action of reactive 

oxygen species, which damage lipids, proteins, and nucleic acids of epithelial cells. A 

deficiency in these compounds could serve as a cofactor in HPV persistence and malignant 

transformation.27 Carotenoids, tocopherols, and ascorbic acid are potent antioxidants. β-

carotene is also the precursor to retinoid acid, which is crucial in modulating epithelial cell 

growth and differentiation.8 In addition, tocopherols and ascorbic acid may enhance mucosal 

immune responses to infection.11 Folic acid also possesses some antioxidant properties.8,28

This study had several limitations. It was underpowered to detect a difference between the 

groups in the primary outcome. As noted above, participants in both groups had “poor” diet 

quality and low calorie intakes, which may have impacted the outcome. Due to small sample 
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size, results could not be stratified by HPV type at enrollment. Development of CIN2+ 

and HPV persistence without progression to high-grade neoplasia could not be analyzed as 

separate endpoints, and were instead considered together in the HPV non-resolution group. 

The relationship between serum nutrient values and HPV resolution status could not be 

assessed. Performing these multiple analyses would have increased probability of type I 

error.29 The HEI-2010 did not allow differentiation between seafood versus plant protein 

sources. The period of follow-up fell within the window within which some HPV infections 

may not yet have resolved, even if eventually destined to clear. A study with a follow-up 

period extending beyond the 2 years within which HPV is expected to clear would have 

better identified patients with non-resolution of HPV. The rate of current or former illicit 

drug use was high. This may have introduced risk factors for HPV non-resolution which 

were not controlled for in the analysis. Smoking and history of previous cervical neoplasia 

were not associated with HPV resolution, though these are known to be risk factors for HPV 

persistence. Low smoking rates and high rates of previous neoplasia in this population may 

have contributed to these findings.

Though multiple possible confounding factors were considered, it remains a possibility that 

dietary intakes are a marker for socioeconomic factors or health behaviors which were not 

measured in this investigation, but influenced the outcome. Individuals with higher fruit 

intakes may have higher health literacy, improved access to healthcare, lower degree of 

chronic stress or lack of certain environmental exposures; such factors were not assessed and 

may be the underlying cause for the observations in this and previous studies.

The use of a single 24-hour dietary recall questionnaire as the primary assessment of diet 

quality carries some limitations. Multiple assessments would have provided a more complete 

picture of each individual’s dietary habits. Both groups had low energy intakes; this may 

be explained by the fact that users of dietary assessment tools are known to under-report 

their energy intakes by up to 10–20%.30 In this investigation, degree of correlation between 

nutrient intake and serum levels was low. Other studies have had similar findings.31 This 

may be due to incomplete assessment of true dietary intake by the tool utilized in this study, 

faulty recollection on the part of participants, or fluctuation in serum values, which can vary 

from day to day.30 Despite these limitations, self-reported dietary data are still considered a 

valuable tool to assess nutritional intake, and capture information which cannot be captured 

by measurement of biomarkers alone.32,33

The current investigation meaningfully contributes to the literature on diet quality and 

its association with HPV resolution over time. It demonstrated no significant association 

between overall diet quality and clinical resolution of HPV. However, it suggested an 

association between intake of fruit and seafood and plant protein with HPV resolution. 

An inverse association between vegetable intake and HPV resolution was suggested, which 

differs from the findings of prior studies. An inverse association between consumption 

of dairy and HPV resolution was also suggested. Further prospective assessments of the 

relationship between these dietary components and persistent HPV infection, high-grade 

cervical neoplasia, and cervical cancer are needed. If confirmed, these findings could have 

important implications for the counseling and management of women with HPV infections 

of the cervix.
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Figure 1. 
Study flow chart
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Table 1.

Demographic and medical history characteristics

Clinical resolution of HPV
1
 (n=26) Non-resolution of HPV

2
 (n=38) p-value

3

Length of follow up (median, IQR) 428 (211) 412 (320) 0.09

Age (mean ±SD) 34.3 (±9.5) 39.9 (±13.4) 0.07

African-American (%) 11 (42%) 22 (58%) 0.98

Income <$10K/year (%) 5 (23%) 13 (36%) 0.29

Education more than high school(%) 22 (85%) 25 (66%) 0.09

HIV-positive (%) 1 (4%) 3 (8%) 0.64

Use of immunosuppressant medications (%) 0 (0%) 1 (3%) 1.0

Current smoker (%) 2 (8%) 7 (18%) 0.22

Former smoker (%) 5 (19%) 7 (18%) 0.89

History of abnormal cervical cytology (%) 17 (65%) 21 (55%) 0.42

Hormonal contraception user (%) 11 (48%) 12 (35%) 0.34

Ever diagnosed with STI (%) 15 (58%) 15 (40%) 0.15

1
Clinical resolution of HPV was defined as a negative hrHPV test at least 6 months after prior positive hrHPV test or abnormal cytology, or normal 

cytology without HPV testing at least 6 months after prior abnormal cytology

2
Non-resolution of HPV was defined as a positive hrHPV test, abnormal cytology, CIN1 or worse (CIN1+) on cervical pathology at least 6 months 

after prior positive HPV test or abnormal cytology, or cervical pathology results demonstrating CIN2 or worse (CIN2+) at any time point

3
p-values were calculated using Student’s t-test for continuous variables and Pearson’s chi-squared test for categorical factors. When the 

assumptions of these tests were not met, the nonparametric Wilcoxon rank sum test and Fisher’s exact test were used. P<0.05 was considered 
statistically significant. P<0.10 was considered a possible confounder and was included in multivariate regression model
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Table 2.

Association of Healthy Eating Index (HEI) total and component scores and clinical resolution of HPV

HEI value Clinical resolution of 

HPV
1
 (n=24)

Non-resolution of HPV
2 

(n=38)
Unadjusted p-value

3
Adjusted p-value

4

Kilocalories (mean ±SD) 1406.6 (±719.5) 1474.0 (±840.4) 0.74 0.25

HEI total score (±SD) 50.1 (±15.6) 45.8 (±13.6) 0.24 0.44

Participants receiving >50% of maximum points in each category (%)

Adequacy

Total vegetables 11 (42%) 21 (55%) 0.31 0.05

Greens and beans 8 (31%) 10 (26%) 0.70 0.88

Total fruit (includes fruit 
juice) 12 (46%) 11 (29%) 0.16 0.04

Whole fruit 12 (46%) 7 (18%) 0.02 0.03

Whole grain 3 (12%) 7 (18%) 0.46 0.10

Total dairy 6 (23%) 15 (40%) 0.17 0.04

Total protein 23 (89%) 32 (84%) 0.63 0.72

Seafood & plant protein 19 (73%) 15 (40%) <0.01 0.01

Fatty acids 
5 18 (69%) 20 (53%) 0.18 0.09

Moderation

Sodium 12 (46%) 16 (42%) 0.75 0.08

Refined grains 17 (65%) 23 (61%) 0.69 0.86

Solid fats, alcohol, added 
sugars 16 (62%) 24 (63%) 0.90 0.64

1
Clinical resolution of HPV was defined as a negative hrHPV test at least 6 months after prior positive hrHPV test or abnormal cytology, or normal 

cytology without HPV testing at least 6 months after prior abnormal cytology.

2
Non-resolution of HPV was defined as a positive hrHPV test, abnormal cytology, CIN1 or worse (CIN1+) on cervical pathology at least 6 months 

after prior positive HPV test or abnormal cytology, or cervical pathology results demonstrating CIN2 or worse (CIN2+) at any time point.

3
p-values were calculated using Student’s t-test or Pearson’s chi-squared test. p<0.05 was considered statistically significant

4
Data were analyzed using logistic regression. Adjusted models were adjusted for age, education, and length of follow-up p<0.05 was considered 

statistically significant

5
Points given for ratio of polyunsaturated fatty acids (PUFAs) + monounsaturated fatty acids (MUFAs) to saturated fatty acids (SFAs) > 2.5
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Table 3.

Factors not associated with clinical resolution of HPV

Clinical resolution of 

HPV
1
(n=26)

Non-resolution of HPV
2 

(n=38)

Unadjusted p-

value
3

Adjusted p-

value
3

Body mass index (mean ±SD) 30.4 (±7.9) 29.3 (±6.4) 0.53 0.92

Obesity (%) 11 (42.3%) 15 (39.5%) 0.82 0.83

Category 3 obesity (%) 3 (11.5%) 3 (7.9%) 0.63 0.97

Diabetes mellitus (%) 0 (0%) 4 (10.5%) 0.14
4 -----

Pregnancy (%) 2 (7.7%) 4 (10.5%) 0.70 0.63

Current alcohol overuse (%) 3 (11.5%) 1 (2.6%) 0.18 0.55

Prior alcohol overuse (%) 2 (7.7%) 4 (10.5%) 0.70 0.92

Current regular illicit drug use 
(%) 7 (26.9%) 6 (15.8%) 0.28 0.46

Prior regular illicit drug use (%) 14 (53.9%) 13 (34.2%) 0.28 0.21

1
Clinical resolution of HPV was defined as a negative hrHPV test at least 6 months after prior positive hrHPV test or abnormal cytology, or normal 

cytology without HPV testing at least 6 months after prior abnormal cytology

2
Non-resolution of HPV was defined as a positive hrHPV test, abnormal cytology, CIN1 or worse (CIN1+) on cervical pathology at least 6 months 

after prior positive HPV test or abnormal cytology, or cervical pathology results demonstrating CIN2 or worse (CIN2+) at any time point

3
Data were analyzed using logistic regression. Adjusted models were adjusted for age, education, and length of follow-up

4
Logistic model did not converge; p-value from Fisher’s Exact Test
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Table 4.

Correlation between serum and ASA24 nutrient values

Nutrient rho
1 P-value

Vitamin C 0.52 <0.01

Calcium 0.23 0.10

Folate 0.33 0.01

Vitamin A 0.43 <0.01

Vitamin E 0.01 0.94

α-carotene 0.35 <0.01

β-carotene 0.36 <0.01

Lutein + zeaxanthin 0.43 <0.01

Lycopene 0.07 0.64

β-cryptoxanthin 0.36 <0.01

1
Spearman’s correlation coefficient
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