VOLUME 36 -

JOURNAL OF CLINICAL ONCOLOGY

Author affiliations and support information
(if applicable) appear at the end of this
article.

tDeceased.
Published at jco.org on January 22, 2018.

Processed as a Rapid Communication
manuscript.

P.E.C. and M.S. contributed equally to this
work.

Corresponding author: Megan Clarke,
PhD, MHS, Division of Cancer
Epidemiology & Genetics, National
Cancer Institute, 9609 Medical Center Dr,
Rm 6E552, Rockville, MD 20892; e-mail:
megan.clarke@nih.gov.

© 2018 by American Society of Clinical
Oncology

0732-183X/18/3612w-1184w/$20.00

ASSOCIATED CONTENT

Appendix
@ DOI: https://doi.org/10.1200/JCO.

2017.75.3442

DOI: https://doi.org/10.1200/JC0O.2017.
75.3442

NUMBER 12

- APRIL 20, 2018

RAPID COMMUNICATION

Epidemiologic Evidence That Excess Body Weight Increases

Risk of Cervical Cancer by Decreased Detection of Precancer

Megan A. Clarke, Barbara Fetterman,t Li C. Cheung, Nicolas Wentzensen, Julia C. Gage, Hormuzd A. Katki,
Brian Befano, Maria Demarco, John Schussler, Walter K. Kinney, Tina R. Raine-Bennett, Thomas S. Lorey, Nancy E.
Poitras, Philip E. Castle, and Mark Schiffiman

Purpose

Obgsity has been inconsistently linked to increased cervical cancer incidence and mortality;
however, the effect of obesity on cervical screening has not been explored. We investigated the
hypothesis that increased body mass might decrease detection of cervical precancer and increase
risk of cervical cancer even in women undergoing state-of-the-art screening.

Methods

We conducted a retrospective cohort study of 944,227 women age 30 to 64 years who underwent
cytology and human papillomavirus DNA testing (ie, cotesting) at Kaiser Permanente Northern
California (January 2003 to December 2015). Body mass index was categorized as normal/
underweight (< 25 kg/m?), overweight (25 to < 30 kg/m?), or obese (= 30 kg/m?). We esti-
mated 5-year cumulative risks of cervical precancer and cancer by category of body mass index
using logistic Weibull survival models.

Results

We observed lower risk of cervical precancer (n = 4,489) and higher risk of cervical cancer (n = 490)
with increasing body mass index. Specifically, obese women had the lowest 5-year risk of precancer
(0.51%; 95% ClI, 0.48% to 0.54% v 0.73%; 95% Cl, 0.70% to 0.76% in normal/underweight
women; Ptrend < .001). In contrast, obese women had the highest 5-year risk of cancer (0.083%;
95% Cl, 0.072% t0 0.096% v 0.056%; 95% Cl, 0.048% to 0.066% in normal/underweight women;
Ptrend < .001). Results were consistent in subgroups defined by age (30 to 49 v 50 to 64 years),
human papillomavirus status (positive v negative), and histologic subtype (glandular v squamous).
Approximately 20% of cervical cancers could be attributed to overweight or obesity in the women in
our study who underwent routine cervical screening.

Conclusion

In this large, screened population, overweight and obese women had an increased risk of cervical
cancer, likely because of underdiagnosis of cervical precancer. Improvements in equipment and/or
technique to assure adequate sampling and visualization of women with elevated body mass might
reduce cervical cancer incidence.

J Clin Oncol 36:1184-1191. © 2018 by American Society of Clinical Oncology

lacked cervical precancer end points and failed
to account for an effect of obesity on cervical
cancer screening, which is less frequent among

The obesity epidemic is a significant, worldwide
public health challenge, with important impli-
cations for global cancer rates.' This problem is
particularly acute in the United States, where
obesity rates have tripled over the past three
decades.” Although some studies have reported
an association of obesity with increased cervical
cancer incidence and mortality, findings have
been inconsistent, and the mechanism is un-
known.” ' Importantly, previous studies have
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obese women.'' Even among women who do
undergo routine screening, cervical cancers
uncommonly occur'?; whether obesity is associ-
ated with decreased efficacy of screening as
a mechanism of increased cervical cancer risk is
unknown.

Difficulties in screening and imaging obese
patients have been reported for a number of
different clinical modalities.'>'* It is plausible
that obesity may similarly be a risk factor for
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Evidence That Excess Body Weight Increases Cervical Cancer Risk

cervical cancer because of decreased efficacy of cervical visuali-
zation and sampling during routine screening'>'®; however, to our
knowledge, the effect of excess body weight on the sensitivity of
cervical cancer screening has not previously been reported. Thus,
we conducted a large-scale, retrospective cohort study to in-
vestigate the hypothesis that increased body mass might decrease
detection of cervical precancer and increase the risk of cervical
cancer in women undergoing routine screening.

Patients

This study was conducted at Kaiser Permanente Northern California
(KPNC), a large, integrated health care system that implemented an in-
tensive program with triennial cervical cytology and human papilloma-
virus (HPV) cotesting in 2003 among women age = 30 years. We
conducted a retrospective cohort study within KPNC of 1,659,496 women
who had undergone screening by conventional cytology and/or SurePath
(BD Diagnostics, Burlington, NC) liquid-based cytology combined with
Hybrid Capture 2 (Qiagen, Hilden, Germany) HPV testing since January
2003, as previously described.!” For each woman, the baseline screen was
defined as the first available screening test in the study period. Histopa-
thology outcomes were abstracted from electronic medical records through
December 2015. For the main analysis, women were excluded if they were
outside the recommended age range for cotesting (30 to 64 years) at
baseline (n = 503,109; 30.3%), were missing body mass index (BMI) data
(n = 211,736; 12.8%), or had a BMI measure outside the range of 10 to
80 kg/m” (n = 415; 0.03%). Cancer cases with uncertainty as to whether the
tissue origin was endocervical or endometrial (n = 9) were also excluded,
resulting in a total of 944,227 women included in the analysis. As an
ancillary validation step, we also tested our hypothesis in women age 25 to
29 years with atypical squamous cells of undetermined significance (ASC-
US) cytology (n = 32,668) who underwent cotesting. This study was
approved by the KPNC institutional review board and was exempted from
institutional review at the National Cancer Institute by the Office of
Human Subjects Research Protections.

Cervical Cancer Screening and Management at KPNC

Conventional Papanicolaou (Pap) testing was performed until 2009,
when KPNC switched to liquid-based cytology, which has similar clinical
performance as conventional cytology.'® Cytology was categorized according to
the 2001 Bethesda System.' Presence or absence of endocervical cells was
generally noted in the cytology report. HPV testing was performed at a single
KPNC regional laboratory per manufacturer instructions.

KPNC management guidelines generally mirror consensus guidelines
of the American Society for Colposcopy and Cervical Pathology.® Women
who cotest as HPV positive with ASC-US or more severe cytologic ab-
normalities (ASC-US+; ie, Pap positive) are referred to colposcopy,
whereas women who are HPV-positive with normal cytology undergo
repeat cotesting after 12 months and are referred to colposcopy if either test
is positive. Histologic evaluations of colposcopy-directed biopsies at KPNC
are based on the cervical intraepithelial neoplasia (CIN) classification, and
women diagnosed with cervical CIN grade = 2 (= CIN2) are considered to
have precancer and undergo treatment or intensive follow-up per national
guidelines.

BMI and Other Covariates

Clinical measures of height (in meters) and weight (in kilograms),
documented in electronic medical records consistently beginning in 2007,
were used to calculate median BMI from values recorded within the
preceding 5 years. We categorized BMI as underweight (< 18.5 kg/m?),
normal (18.5 to < 25 kg/mz), overweight (25 to < 30 kg/mz), or obese (30
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to 80 kg/m?) in accordance with standard cutpoints.”’ Because few women
were underweight (1.2%), we combined underweight with normal BMI
(normal/underweight) and performed a sensitivity analysis excluding the
underweight group. Information on race/ethnicity, baseline age, age at
diagnosis, and cancer stage was abstracted electronically. To assess the
validity of using 5-year median BMI at enrollment, we evaluated the effect
of potential misclassification using the full range of longitudinal BMI
values in a random subset of approximately 15,000 women with available
data (Appendix Table Al, online only).

Statistical Analysis

We evaluated two primary clinical end points—cervical precancer
(including CIN grade 3 [CIN3] and adenocarcinoma in situ [AIS]) and
cervical cancer (including squamous cell carcinoma [SCC], adenocarci-
noma [ADC]/adenosquamous carcinoma, and microinvasive cancer). We
focused on risk of CIN3/AIS rather than CIN2 because CIN2 may not
accurately reflect true cervical precancer and is unreliably diagnosed by
pathologists.”>"** However, because CIN2 remains the typical consensus
treatment threshold in most places,zo we evaluated the risk of this end
point in a sensitivity analysis. We estimated the 5-year cumulative risks
(CRs) and 95% ClIs of disease end points using the logistic Weibull
model,?® which accounts for prevalent disease at baseline (odds ratio [OR])
and incident (interval-censored) disease detected during screening (hazard
ratio [HR]), and for the possibility that some disease found in follow-up
may have been undiagnosed prevalent disease.”> Models are presented as
unadjusted; however, we explored the potential for confounding by
continuous baseline age and race/ethnicity in adjusted analyses. We also
stratified analyses by age group (30 to 49 v 50 to 64 years, as a proxy for
menopausal status), HPV status (positive v negative), and histology
(squamous v glandular).

We calculated the population attributable fraction (PAF) to estimate
the proportion of patients with CIN3/AIS and cervical cancer attributed to
overweight and obesity. To derive these estimates, we calculated the CRs of
CIN3/AIS and cancer, respectively, for the 944,227 women in our study.
From this, we subtracted the CR in the normal/underweight group and
expressed this quantity as a percentage of the CR in our study population
(CRStudyPopulation - CRNormal/Underweight/CRStudyPopulation X 100)'

In ancillary analyses, we examined differences in age at precancer and
cancer diagnosis and in cancer stage by BMI. Additionally, we evaluated
associations of BMI with different components of the cervical cancer
screening process, including baseline cotest results by worst histologic
diagnosis, potential for mediation by sampling inadequacy using presence
of endocervical component as a crude measure, and distribution of col-
poscopy outcomes by the preceding abnormal screening result. For these
ancillary analyses, we combined CIN2 and CIN3 (CIN2/3) because women
diagnosed with = CIN2 usually undergo treatment at KPNC. Analyses
were conducted using R software (version 3.3.1), and logistic Weibull
models were estimated using the PIMixture package (R Foundation).?> All
significance tests were two sided.

Table 1 lists the baseline characteristics of the 944,227 women in
this study. Most women were age 30 to 49 years, and approximately
one third were obese. A majority were white; however, overweight
and obese women were more likely to be black or Hispanic and less
likely to be Asian compared with normal/underweight women. On
average, women had 4.4 years of follow-up and 2.9 screening tests;
we did not observe meaningful differences by BMI. Approximately
6.3% of women were HPV positive, with a trend toward decreasing
HPV prevalence with increasing BMI (P trend < .001), irrespective
of age (data not shown).
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Table 1. Demographic and Clinical Characteristics of Women in KPNC Study, Overall and by BMI (N = 944,227)
No. (%)
Characteristic Total Normal/Underweight Overweight Obese

Total 944,227 (100.0) 364,239 (38.6) 284,754 (30.2) 295,234 (31.3)
Baseline age, years

30-49 668,920 (70.8) 265,550 (72.9) 197,897 (69.5) 205,473 (69.6)

50-64 275,307 (29.2) 98,689 (27.1) 86,857 (30.5) 89,761 (30.4)
Race/ethnicity

White 376,243 (39.8) 137,025 (37.6) 111,987 (39.3) 127,231 (43.1)

Black 56,264 (6.0) 8,892 (2.4) 15,700 (5.5) 31,672 (10.7)

Asian 145,711 (15.4) 80,942 (22.2) 43,952 (15.4) 20,817 (7.1)

Hispanic 114,650 (12.1) 23,735 (6.5) 39,635 (13.9) 51,380 (17.4)

Other 28,753 (3.1) 10,736 (3.0) 9,065 (3.2) 8,952 (3.0

Missing data 222,606 (23.6) 102,909 (28.3) 64,515 (22.7) 55,182 (18.7)
Follow-up, years

Mean 4.4 4.3 4.4 4.4

SD 35 35 3.5 3.4
No. of screening visits

Mean 29 3.0 29 2.9

SD 1.6 1.6 1.6 1.5
Baseline HPV test result

Positive 59,764 (6.3) 26,131 (7.2) 17,500 (6.2) 16,133 (5.5)

Negative 875,175 (92.7) 335,302 (92.0) 264,391 (92.8) 275,482 (93.3)

Missing data 9,288 (1.0) 2,806 (0.8) 2,863 (1.0) 3,619 (1.2)
Baseline cotest result

HPV negative/Pap negative 854,521 (90.5) 327,607 (89.9) 258,172 (90.7) 268,742 (91.0)

HPV negative/Pap positive 20,654 (2.2) 7,695 (2.1) 6,219 (2.2) 6,740 (2.3)

HPV positive/Pap negative 33,440 (3.5) 14,198 (3.9) 9,904 (3.5) 9,338 (3.2)

HPV positive/Pap positive 26,324 (2.8) 11,933 (3.3) 7,596 (2.7) 6,795 (2.3)

Missing data 9,288 (1.0) 2,806 (0.8) 2,863 (1.0) 3,619 (1.2)
NOTE. Kruskal-Wallis (continuous) or Cochran-Armitage (categorical) P trend < .05 for all comparisons.
Abbreviations: BMI, body mass index; HPV, human papillomavirus; KPNC, Kaiser Permanente Northern California; Pap, Papanicolaou; SD, standard deviation.

Risk of CIN3/AIS and Cancer by BMI

A total of 4,489 women (0.48%) developed CIN3/AIS. Of these,
1,998 patients were classified as normal/underweight (44.4%), 1,339
as overweight (29.8%), and 1,152 as obese (25.6%). A total of 490
women (0.05%) were diagnosed with cancer. Of these patients with
cancer, 149 were classified as normal/underweight (30.4%), 154 as
overweight (31.4%), and 187 as obese (38.2%).

The risk of CIN3/AIS was lower with increasing BMI (P trend
<C.001). This association was consistent for both prevalent (overweight:
OR, 0.86; 95% CI, 0.78 to 0.94 and obese: OR, 0.72; 95% CI, 0.66 to
0.79) and incident CIN3/AIS (overweight: HR, 0.80; 95% CI, 0.70 to
0.90 and obese: HR, 0.66; 95% CI, 0.58 to 0.76). Obese women had the
lowest 5-year CR of CIN3/AIS (0.51%; 95% CI, 0.48% to 0.54%),
followed by overweight women (0.61%; 95% CI, 0.58% to
0.64%), whereas normal/underweight women had the highest
5-year CR of CIN3/AIS (0.73%; 95% CI, 0.70% to 0.76%; Fig 1).
We observed similar trends when adjusting for age and race/ethnicity
and excluding underweight women. Findings were also consistent
for risk of CIN2 (data not shown). In a subset of approximately
15,000 women, we observed similar trends of lower CIN3/AIS risk
with increasing BMI among women who changed BMI category at
least once during the study period (54.5%) and among women who
remained in the same BMI category over time (45.5%). Stronger
associations were observed among women with stable BMI category
(Appendix Table Al, online only).

In contrast to CIN3/AIS, the 5-year CR of cancer was higher
with increasing BMI (P trend < .001). This association was

1186 © 2018 by American Society of Clinical Oncology

consistent for both prevalent (overweight: OR, 1.22; 95% CI, 0.94
to 1.57 and obese: OR, 1.48; 95% CI, 1.16 to 1.89) and incident
cancer (overweight: HR, 1.64; 95% CI, 0.96 to 2.78 and obese:
HR, 1.77; 95% CI, 1.06 to 2.96). Obese women had the highest
5-year CR of cancer (0.083%; 95% CI, 0.072% to 0.096%),
followed by overweight (0.071%; 95% CI, 0.060% to 0.082%)
and normal/underweight women (0.056%; 95% CI, 0.046% to
0.064%; Fig 1). We observed similar trends when adjusting for
age and race/ethnicity and excluding underweight women (data
not shown).

In stratified analyses, results were consistent in subgroups
defined by age group (Fig 2), HPV status (Fig 3), and histology,
with stronger associations observed for squamous compared with
glandular disease, respectively (Fig 4). As a validation step, we
evaluated the association of BMI with risk of CIN3/AIS (n = 894)
and cancer (n = 14) among 32,668 women age 25 to 29 years with
ASC-US cytology. The 5-year CR of CIN3/AIS was lowest in obese
women (3.62%; 95% CI, 3.15% to 4.17%), followed by overweight
(3.94%; 95% CI, 3.46% to 4.48%) and normal/underweight
women (4.85%; 95% CI, 4.43% to 5.31%; P trend < .001). We
lacked sufficient power to estimate the 5-year CR of cancer in this

group.

PAF of Cervical Cancer for Overweight and Obesity
Overall, the 5-year CR of CIN3/AIS for the patients in our
study was 0.62%. The estimated reduction of CIN3/AIS risk

JOURNAL OF CLINICAL ONCOLOGY
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study was 16.6%. In contrast, on the basis of an overall 5-year CR of

0.07%, the percentage of cervical cancer attributable to being
overweight or obese was 20.0%.

Fig 1. Five-year cumulative risk of (A) cer-
vical intraepithelial neoplasia grade 3 and ad-
enocarcinoma in situ (CIN3/AIS) and (B) cancer
by body mass index (BMI). Five-year cumu-
lative risks were estimated using logistic
Weibull models. Note that the j-axes have
different scales for the left and right panels.
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Fig 2. Five-year cumulative risk of (A)
cervical intraepithelial neoplasia grade 3 and
adenocarcinoma in situ (CIN3/AIS) and (B)
cancer by body mass index (BMI), stratified
by baseline age group. Five-year cumulative
risks were estimated using logistic Weibull
models. Note that the y-axes have different
scales for the left and right panels.
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contrast, there were no significant differences in age at cancer
diagnosis by BMI. We observed similar stage distributions by
BMI for cancers with available data (n = 342; 70%; data not
shown).

HPV and cytology cotesting. The joint distribution of HPV
and cytology cotest results by worst histologic diagnosis and
BMI is summarized in Appendix Table A2 (online only).
Among HPV-positive women with < CIN2, the percentage
with ASC-US+ cytology was lower with increasing BMI
(Ptrend < .001). Among women with < CIN2 or CIN2/3 with
ASC-US+ cytology, the percentage with HPV-negative results
increased with increasing BMI (P trend < .01). We observed
similar, although nonsignificant, trends in women with cancer
(Appendix Table A2).

Endocervical component. Overweight and obese women
were more likely to have an endocervical component-negative
Pap test compared with normal/underweight women (P trend
<.001); however, BMI was still associated with decreased risk of
CIN3/AIS and increased risk of cancer after adjusting for
endocervical component status (data not shown).

Abnormal screening results and subsequent colposcopy
outcomes. Among those with an available colposcopy result,
overweight and obese women were significantly less likely to
be diagnosed with CIN2/3 compared with normal/underweight
women (P trend < .001; Appendix Table A3, online only). This
pattern was consistent across abnormal screening results. In con-
trast, overweight and obese women were consistently more likely
to be diagnosed with cancer compared with normal/underweight
women within these groups (P trend < .001).

1188 © 2018 by American Society of Clinical Oncology

In this analysis of data from a large and state-of-the-art cervical
cancer screening program, we present novel and important evi-
dence that suggests that overweight and obese women have
a higher risk of cancer, but a lower risk of precancer, compared
with normal/underweight women. These findings were consistent
irrespective of age, race/ethnicity, HPV status, and histology. Any
risk factor associated with increased cervical cancer risk would also
be expected to increase precancer risk, and likewise, a decreased
precancer risk should lead to a corresponding decreased risk of
cancer.”® Thus, the apparent paradoxical association of excess BMI
with decreased risk of precancer, but increased risk of cancer, is
likely related to underdiagnosis of cervical precancer in overweight
and obese patients who were screened for cervical cancer.

To date, the influence of BMI on cervical cancer risk has not been
well understood. Obesity has been associated with increased cervical
cancer incidence and mortality in a few prospective, population-based
studies; however, other studies have reported no association.”®'**”
Importantly, most studies have lacked screening information and/or
have not separately analyzed precancer end points, which, according
to our results, would attenuate risk estimates. Indeed, only one
moderately sized cross-sectional study reported on the association of
obesity with cancer precursors among women who are HPV-positive,
showing a similar association of BMI with reduced risk of CIN2/3 but
increased risk of cervical cancer.” It has been previously suggested that
obesity may be a risk factor for ADC, potentially through hormonal
mechanisms.” Although much less is known about the natural his-
tory of ADC precursors compared with SCC, there is some evidence
that suggests that cervical cancer screening may be less effective for

JOURNAL OF CLINICAL ONCOLOGY
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detecting glandular compared with squamous lesions.”* In
support of this hypothesis, we found stronger associations of
BMI with CIN3 and SCC compared with AIS and ADC, re-
spectively, suggesting that BMI may have less influence on
detection of precursors of ADC.

A majority of studies that evaluate the association of BMI
with cervical cancer screening have been focused on issues
related to frequency and compliance, with most reporting re-
duced screening rates among obese women.'' In our study of
women who attended at least one screening visit, the number of
screening tests was similar across BMI categories, and our main
findings were consistent for both prevalent and incident pre-
cancer and cancer end points. Moreover, although obese women
tended to be older at CIN3/AIS diagnosis, we observed similar
ages at cancer diagnosis and similar distributions in cancer stage
by BMI, which suggests that differences in frequency and
compliance among screening participants did not strongly in-
fluence our findings.

To our knowledge, ours is the first study to evaluate the in-
fluence of BMI on the efficacy of cervical cancer screening in
a large, routinely screened population of women. This study has
implications regardless of whether the screening program uses
cytology, HPV testing, or both. By evaluating the joint distribution
of baseline cotest results by worst diagnosis and BMI, we found that
reduced sensitivity of both HPV and cytology testing may con-
tribute to underdiagnosis of precancer in overweight and obese
women. We hypothesized that the absence of endocervical cells,
a crude indicator of inadequate cervical sampling,” could help
explain our findings; however, we failed to find evidence to support
causal mediation.

jeo.org

In addition to cervical sampling, it is plausible that visuali-
zation of the cervix during colposcopy may be more challenging in
overweight and obese women because of a lack of appropriately
sized equipment and/or vaginal side-wall retraction. In our study,
overweight and obese women who attended colposcopy were less
likely to be diagnosed with CIN2/3 compared with normal/
underweight women, which suggests that colposcopy may also
be less sensitive for detecting CIN2/3 in women with elevated BMI.

Although much attention has been paid to the negative health
consequences of obesity, less is known about the influence of excess
body weight on the feasibility and accuracy of screening and di-
agnostic testing, with some studies suggesting an association of
obesity with underdiagnosis of prostate cancer'*** and with poor
quality of radiologic imaging."” By calculating the PAF, we esti-
mated that approximately 20% of cancers in our population could
potentially be prevented if the sensitivity achieved for detecting
cervical precancer in normal/underweight women could be
reached for those who are overweight and obese.

Our analysis has several important strengths. The KPNC
cohort represents the longest and largest experience with routine
cotesting for cervical cancer screening.'” Women enrolled in
KPNC represent a generally well-screened population and are
observed through an active tracking system to ensure timely
management of abnormal test results,”>*** thereby reducing the
likelihood that our findings could be explained by differences in
access to care. Finally, we used clinically measured height and
weight and 5-year median BMI to limit misclassification. There are
also some important limitations. First, because we do not know the
exact timing of cancer development versus detection, our ability to
attribute specific false-negative cotest and/or colposcopy results to

© 2018 by American Society of Clinical Oncology 1189
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cancer diagnosis was limited. Second, approximately 13% of
women in KPNC were missing BMI data. Although it is possible
that BMI may be differentially measured for obese women com-
pared with nonobese women, BMI category distributions in our
population were in line with national estimates.®® It is possible that
use of 5-year median BMI at enrollment may have introduced
misclassification. Women generally tend to gain weight over time,**>*
and in general, misclassification would tend to underestimate
a true association. Results from our validation analysis support
this hypothesis, demonstrating stronger associations in women
with stable BMI over time. Finally, we lacked information about
comorbidities; however, women were healthy enough to attend
routine screening.

In conclusion, in this large study of more than 900,000 women
undergoing cervical cancer screening using state-of-the-art
cotesting, excess BMI was associated with an increased risk of
invasive cervical cancer, likely because of underdiagnosis of cer-
vical precancer. Although HPV vaccination holds great promise,
screening will remain the mainstay of cervical cancer prevention
for decades to come.” Considering this, along with the worldwide
obesity epidemic, our findings have significant implications for the
secondary prevention of cervical cancer and signify the need for
greater awareness and possibly the development of specific clinical
recommendations for screening overweight and obese women.
Going forward, it will be important to validate which components

of the cervical cancer screening process are failing. Currently, there
are no standard quality indicators for cervical sampling in clinical
practice, and specimen collection techniques have remained un-
changed over the past decade.” Whether existing equipment (eg,
speculum size) and procedures are adequate for visualization and
sampling of the cervix in overweight and obese women requires
further evaluation.

Disclosures provided by the authors are available with this article at
jco.org.
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Appendix

Ancillary Analysis of the Validity of 5-Year Median Body Mass Index

Rationale. In our main analysis, we focused on the 5-year median body mass index (BMI) preceding the screening visit to
minimize the concern for reverse causality and to approximate a relevant time window for when BMI might affect screening (ie,
when precancer should be present and detectable, before cancer develops); however, we acknowledge that using 5-year median BMI
at enrollment could potentially lead to misclassification if women were changing BMI categories over time.

Methods. To assess the validity of using 5-year median BMI at enrollment, we evaluated the effect of potential misclassification
of BMI using the full range of longitudinal BMI values in a random subset of approximately 15,000 women in our Kaiser
Permanente Northern California study population. BMI was categorized as normal/underweight, overweight, or obese for each
time point, and women were then classified into two categories—those who changed BMI categories at least once during the study
period (n = 8,609; 54.5%) versus those who remained in the same BMI category throughout the study period (ie, stable; [n = 7,188];
44.5%). We analyzed the effect of potential misclassification of BMI by stratifying our analysis by change in BMI category versus
stable BMI category.

Results. As shown in Appendix Table Al, we observed similar trends, indicating a lower risk of CIN3/AIS with increasing BMI
in both strata, with stronger associations among women with stable BMI throughout the study period.

Discussion. Results of this validation analysis demonstrate that our results were stronger among women with a stable BMI
category over the entire study period, which suggests that our findings may be further strengthened if misclassification were not
present.

Table A1. Five-Year Risk of CIN3/AIS by BMI, Stratified by BMI Category
Change
Total CINS/AIS CR
BMI Category No. (%) (No.) (95% ClI)
Change (n = 8,609)
Normal 2,967 (34.5) 73 2.891 (2.3 to 3.6)
Overweight 3,736 (43.4) 83 2.554 (2.1 t0 3.2)
Obese 1,906 (22.1) 42 2.522 (1.9 to 3.4)
No change (n = 7,188)
Normal 3,108 (43.2) 71 2.703 (2.1 to 3.4)
Overweight 3,736 (14.6) 18 2.243 (1.4 to 3.5)
Obese 3,029 (42.1) 52 2.143 (1.6 t0 2.8)
Abbreviations: BMI, body mass index; CIN3/AIS, cervical intraepithelial neo-
plasia grade 3 and adenocarcinoma in situ; CR, cumulative risk.
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