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Cervical cancer screening (CCS) and human papillomavirus (HPV) vaccination are at the 

heart of the global cervical cancer elimination movement. However, in the United States (US), 

less than two thirds of age-eligible adolescents are up to date for HPV vaccination, and screening 

coverage among minorities and immigrants is still low. This dissertation addressed critical 

knowledge gaps in CCS adherence among East African immigrants and the association of 

maternal screening adherence with adolescent HPV vaccination. In addition, it predicted the 

impact of screening by self-sampling on the burden of cervical cancer among East African 

immigrants in Washington State. 

The first chapter examined cervical cancer screening adherence and its correlates among 

1,664 East African immigrant females aged 25-65 years with ≥1 primary care clinic visit(s) 

between 2017 and 2018, using electronic health record (EHR) data from University of Washington 

(UW) Medicine. It also included an analysis of the screening uptake of overdue women who were 

retrospectively followed for 12 months. Adherence to cervical cancer screening was 63%, and 

older age, longer duration of care, higher visit frequency, index visit in an obstetrics and 
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gynecology clinic, having an assigned primary care provider, and breast and colorectal cancer 

screening adherence were associated with higher CCS adherence. Low body mass index was 

associated with lower screening adherence. Only 9% of overdue women were screened within 12 

months of follow-up, and having commercial health insurance compared to having 

Medicare/Medicaid was associated with higher screening uptake.  

The second chapter also used EHR data and assessed the association between maternal 

CCS and adolescent HPV vaccination among adolescent-mother pairs who had ≥1 primary care 

visit at UW Medicine between 2018 and 2020. It also assessed the associations between maternal 

breast cancer screening adherence and HPV vaccination, and maternal receipt of a recent 

wellness visit with HPV vaccination. For the association of maternal CCS and adolescent HPV 

vaccination, effect modifications by adolescent sex, maternal language interpreter use, and 

provider characteristics were further evaluated. Of 4,121 identified adolescents, 3,395 (82%) 

initiated HPV vaccination, and 2,020 (49%) completed the series. CCS adherence and recent 

maternal wellness visit were associated with higher HPV vaccination. There was no statistically 

significant association between maternal breast cancer screening and HPV vaccination. The 

associations of maternal CCS and adolescent HPV vaccination were stronger for male vs. female 

adolescents, adolescents with a primary care provider with a specialty in Family Practice vs. 

Pediatrics, and adolescents with the same primary care provider as their mother’s vs. not.  

The third chapter estimated the impact of screening by self-sampling relative to primary 

HPV testing via provider collection as the standard of care on cervical cancer incidence and 

mortality among East African immigrants using a Markov cohort state-transition model for the 

natural history of high-risk HPV. A hypothetical cohort of 10,000 East African immigrant women 

aged 25 years was followed until age 80, and outcomes for various scenarios of screening 

coverage and colposcopy adherence were compared across the screening strategies. Keeping 

the colposcopy adherence for self-sampling lower than the standard of care based on empirical 

evidence balanced out the potential gains in screening coverage; cancer incidence and mortality 
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were not significantly different across the strategies except when self-sampling coverage 

increased to 100%. Screening by self-sampling yields lower incidence and mortality of cervical 

cancer relative to the standard of care when both strategies have equal colposcopy adherence.  

Overall, cervical cancer screening adherence among East African immigrants was lower 

than the national average of 80%, and patients with frequent and long-term connections to the 

health system had higher screening coverage. As our model predicted, self-sampling can be a 

better alternative for CCS if followed by increased screening coverage and high compliance for 

follow-up testing. Nevertheless, it can still be an option for under-screened people who could not 

get screened otherwise. More importantly, since maternal adherence to cervical cancer screening 

along with attendance to wellness visits had a positive association with HPV vaccination, 

leveraging healthcare encounters in addition to designing culturally tailored interventions could 

potentially improve both CCS adherence and adolescent HPV vaccination.  
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Chapter 1: Adherence and correlates of cervical cancer screening among East African 

immigrants in Washington State 

 

Abstract 

Introduction: East African immigrants in the United States have persistently low cervical cancer 

screening (CCS) rates. To inform future interventions to increase screening, we investigated 

adherence and correlates of adherence to CCS among East African immigrants in western 

Washington State.  

Method: University of Washington (UW) Medicine electronic health records were examined to 

identify females aged 25-65 years with ≥1 primary care clinic visit(s) between 2017 and 2018. 

East African immigrants were identified based on self-reported language, country of birth and/or 

ethnicity. CCS adherence was defined as a documented Pap test within ≤3 years or human 

papillomavirus (HPV) and Pap co-testing within ≤5 years. Potential correlates of adherence 

included age, requiring a language interpreter, comorbidity, social vulnerability, provider sex, 

duration of care, primary care visit frequency, body mass index (BMI), health insurance type, type 

of clinic for the index visit, having an assigned primary care provider (including provider type and 

specialty), and (if age-eligible) screening for breast and colorectal cancers. We further assessed 

screening uptake by following overdue women for 12 months. We imputed missing data using the 

Multiple Imputation by Chained Equation method. We used Poisson regression with robust 

standard errors to identify correlates of adherence and uptake and explore effect modification by 

provider sex.  

Results: We identified 1,664 women, including 851 (57%) born in Ethiopia, 458 (30%) born in 

Somalia, and 156 (10%) born in Eritrea. About two-thirds (63%) were adherent to cervical cancer 

screening. Variables associated with higher CCS adherence included older age (adjusted 

prevalence ratio (APR) - 1.47: 95% confidence interval (CI) 1.14, 1.90 and 1.38: 95%CI: 1.05, 

1.80, respectively, for patients ages 30-39 and 40-49 vs 25-29 years), longer duration of care 
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(APR - 1.22: 95%CI: 1.03, 1.45, comparing >10 vs <5 years), higher visit frequency (APR - 1.23: 

95%CI: 1.04, 1.44 and 1.46: 95%CI: 1.24, 1.72, respectively, for 3-5 and ≥6 vs 1-2 visits), index 

visit in an obstetrics and gynecology clinic (APR - 1.26: 95%CI: 1.03, 1.55, compared to family 

practice), having an assigned primary care provider (APR - 1.35: 95%CI: 1.02, 1.79), breast 

cancer screening adherence (APR - 1.66: 95%CI: 1.27, 2.17), and colorectal cancer screening 

adherence (APR - 1.59: 95%CI: 1.24, 2.03). Low BMI was associated with lower screening 

adherence (APR - 0.50: 95%CI: 0.26, 0.96, comparing <18.5 kg/m2 vs 18.5-24.5 kg/m2). The use 

of a language interpreter was associated with lower screening adherence in the crude model 

(crude prevalence ratio (CPR) - 0.85: 95%CI: 0.75, 0.96), but not when it was adjusted for the 

duration of care (APR - 0.91: 95%CI: 0.79, 1.05). There was no effect modification by provider 

sex. In the analysis for correlates of screening uptake among the 608 (37%) overdue women, 

only 9% were screened in 12 months. Only health insurance type – having commercial health 

insurance compared to having Medicare/Medicaid was associated with higher uptake (adjusted 

risk ratio (ARR) - 2.44: 95%CI: 1.15, 5.18). 

Conclusion: More than one third of East African immigrants were overdue for CCS. Women who 

interacted more frequently or had longer-term relationship with the healthcare system were more 

likely to get screened. Interventions focused on increasing healthcare access and utilization could 

potentially increase CCS, as could leveraging health encounters to address barriers faced by 

younger patients or those who have less familiarity with the health system.  
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Introduction 
 

As a result of widespread expansion of cervical cancer screening programs, cervical cancer in 

high-income countries has decreased by 80% over the last several decades (1,2). In the US, 

80.5% of women are up to date for cervical cancer screening, close to the 84.3% target of the 

Healthy People 2030 plan (3). However, of the more than 13,000 cases and 4,000 deaths 

annually, most are diagnosed among under-screened or never screened people (4). Also, 

screening coverage is inconsistent across subpopulations, and ethnic minorities and immigrants 

have lower healthcare utilization and the highest disease burden (5,6). Reducing disparities in 

cervical cancer screening in these populations will be essential to eliminating the burden of 

cervical cancer. 

 

Evidence shows that cervical cancer screening adherence among Black or African American 

women is 85% - higher than the national average of 80% (7). However, non-US-born Black 

women are less likely to be screened for cervical cancer than US-born Black women (8,9). Amuta-

Jimenez et al reported that US-born African American women are seven times more likely to 

adhere to cervical cancer screening than Black immigrant women (9). Black immigrants also have 

the lowest screening uptake compared with other immigrants (10), and immigrants from East 

Africa have the lowest screening uptake compared with other Black immigrants (11). A 

community-based survey done in Minnesota has reported that cervical cancer screening uptake 

among Somali immigrants was 32% lower than among other African immigrants and other studies 

conducted among Somali immigrants reported that only 45-50% of age-eligible women are ever 

screened for cervical cancer (12–14). Nevertheless, most of the evidence has been largely 

qualitative, based on surveys and self-reports, conducted among people in refugee camps, 

focused on only the Somali community, and/or limited by small sample sizes (13–16) 
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Prior studies have reported that barriers to screening for East African immigrants (EAIs) include 

language, acculturation, health insurance/cost, fear of abnormal results, poor awareness, cultural 

beliefs and traditions, and gender of healthcare providers (17–22). However, since most of these 

studies have involved people who had recently immigrated, there is a substantial gap in 

knowledge of barriers and facilitators of cervical cancer screening among EAIs who established 

their lives in the US and access health care. Most studies that have assessed the association 

between race and screening uptake have ignored participants' immigration status, and others that 

have considered immigration tend to merge people irrespective of their differences in country of 

origin (10,23). Importantly, immigrants are expected to be healthier during the early periods of 

immigration, but health benefits decline over time living in the US (24) . EAIs come from a region 

of the world with the highest cervical cancer incidence (40 cases per 100,000 per year (25)), a 

high HPV prevalence, and without routine screening (16,26,27). Due to the possibly high HPV 

infection rate, they have an increased risk of developing cervical cancer while staying longer in 

the US (28,29). As a result, there is a critical need to specifically target this population with 

interventions to increase screening and reduce the burden of cervical cancer.  

 

However, few studies have evaluated cervical cancer-related prevention efforts specifically 

addressing EAI women (10,30), and EAIs have been underrepresented in most studies and 

national surveys. Therefore, estimating cervical cancer screening adherence and identifying 

barriers is crucially important to inform decision-making. In this study, using electronic health 

record (EHR) data from a large healthcare system in Washington State, we estimated adherence 

to cervical cancer screening among EAI women and identified possible barriers and facilitators.  
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Methods 

 
We used both cross-sectional and retrospective cohort designs to evaluate cervical cancer 

screening adherence among 25- to 65-year-old EAI women. Using 2017-2019 electronic health 

record (EHR) data from the University of Washington (UW) Medicine, a large healthcare system, 

we first conducted a cross-sectional study to estimate adherence to cervical cancer screening 

and its correlates. Then, as a secondary analysis, we used a retrospective cohort study to 

evaluate 12-month screening uptake among overdue women. (Figure 1).  

 

 

Figure 1. 1. Depiction of the study design for adherence and correlates of CCS among EAIs 
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Study setting, population, and procedure  
 
UW Medicine is the largest health system in Washington State, incorporating three hospitals and 

16 neighborhood clinics encompassing over 300 outpatient care sites, providing over 1.6 million 

annual outpatient visits (31). We identified EAI women aged 25-65 who had ≥1 primary care visit 

at the UW Medicine hospitals and neighborhood clinics between January 1, 2017, and December 

31, 2018. A primary care clinic visit was defined as a completed in-person visit in either obstetrics 

and gynecology (OBGY), family medicine, or internal medicine and provided by an MD (Medical 

Doctor), DO (Doctor of Osteopathic Medicine), MBBS/ MBChB/ MBBCH (Bachelor of Medicine, 

Bachelor of Surgery), NP (Nurse Practitioner), DNP (Doctor of Nursing Practice), or PA (Physician 

Assistant). The last primary care visit was considered the index visit. Our operational definition of 

EAI included meeting ≥1 of the following criteria: country of birth recorded as Somalia, Ethiopia, 

or Eritrea; primary language as Amharic, Oromo, Somali, Tigrigna, Maay Maay, Afar, Hadiyya, 

Harari, Kunama, Saho, or Ethiopian (unspecified dialect); or self-identified ethnicity as Ethiopian, 

Somali, Eritrean, Amhara, Oromo, or Tigre. Individuals who had documented hysterectomy were 

excluded. The study was approved by the Institutional Review Board (IRB) of the University of 

Washington. 

 

Outcome and correlates 
 

We identified cervical cancer screening status from the EHR using the Current Procedure 

Terminology (CPT) and International Classification of Disease (ICD)-10 diagnostic codes. The 

recommendation for cervical cancer screening per the contemporary guideline was cytology (Pap 

test) every three years for women aged 25-65 or co-testing (Pap test and HPV testing) every five 

years for women aged 30-65 years (32). Therefore, the outcome for the cross-sectional analysis, 

screening adherence, was defined as a Pap test within three years or a co-test (Pap and HPV 

tests) within five years before the index visit. For individuals with HIV, screening adherence was 
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defined as co-testing or Pap within three years (33). Women who had no screening record, or no 

Pap test within three years and no co-test within five years (within three years in the case of HIV 

positive patients) prior to the index visit were considered overdue. The outcome of the secondary 

longitudinal analysis was the uptake of cervical cancer screening within 12 months after the index 

visit among women who were overdue.  

The correlates of interest were sociodemographic variables including age (25-29, 30-39, 40-49, 

and 50-65 years), using a language interpreter (yes/no), and neighborhood socioeconomic status 

(NSES - defined based on the participant's address linked with the 2018 CDC estimated 

geocoded neighborhood deprivation index, classified in terciles as poorest, middle, and least poor 

(34)); health-related variables including body mass index (BMI) (<18.5, 18.5-24.9, 25-29.9, and 

≥30 kg/m2), HIV status, comorbidity (0, 1, 2, 3+; based on Charlson's comorbidity index) (35); 

healthcare access-related variables including health insurance type (Medicare/Medicaid, 

commercial, self-pay or other), duration of care at UW Medicine (time since intitial encounter 

classified as <5 years, 5-10 years, and >10 years), frequency of clinic visits within the prior two 

years (classified as 1 to 2, 3 to 5, and more than 5), type of clinic visited during the index visit 

(family medicine, internal medicine, infectious diseases, or OB/GYN), and having an assigned 

primary care provider (PCP) (yes, no); and primary care provider-related variables including 

primary care provider sex (male, female, unknown), provider type (physician, nurse practitioner, 

physician assistant), and specialty. The primary care provider was either most recently assigned 

or the index visit provider if there was no assigned primary care provider.  

We also explored associations of guideline-recommended screening for breast cancer (adherent 

if had mammography within two years, restricted to age ≥52 years) and colorectal cancers (Fecal 

Occult Blood Test (FOBT) or Fecal Immunochemical Test (FIT) within one-year, flexible 

sigmoidoscopy or colonography within 5 years, or colonoscopy within ten years, restricted to age 

≥51 years) (36,37). 
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Statistical analysis 

For the cross-sectional analysis, we fitted Poisson regression models with robust standard errors 

to estimate prevalence ratios for the associations of screening adherence with the correlates. We 

fitted a model incorporating all the correlates. The only exception was for HIV/AIDS and 

comorbidity where we fitted separate adjusted models for comorbidity that included all the other 

correlates except HIV/AIDS and vice versa. We also separately fitted models for the association 

of breast cancer and colorectal cancer screening adherence with CCS adherence among age-

eligible women, adjusting for all the correlates. 

 

Variables with missing observations were identified, and Multiple Imputation by Chained Equation 

(MICE) method was used to impute the selected variables with missing observations (38). We ran 

the imputation to get 10 imputed datasets for 50 iterations. Before the imputation was run, 

categorical variables were labeled as factors. The imputed variables were NSES and BMI 

(Supplemental Table 1.1). The analysis from the multiple imputation datasets was considered the 

primary approach. We also conducted a complete case analysis and compared estimates as a 

sensitivity analysis.  

 

As part of the sensitivity analysis, we evaluated associations after redefining the outcome – CCS 

adherence – as having a Pap test in 3.5 years or a co-test within 5.5 years of the index visit (i.e., 

adding a 6-month grace period). We also did additional analysis restricting the population to only 

individuals who received care from UW Medicine for at least five years. 

 

For the retrospective cohort analysis, we calculated the uptake of screening within 12 months 

after the index visit among overdue women. We fitted Poisson regression models with robust 

standard errors to assess the association of uptake with the correlates. We applied the same 



 19 

approach as the cross-sectional analysis, except we adjusted for baseline cervical cancer 

screening history (categorized as ever screened or never screened).  

 

In all analyses, we used an alpha value of 0.05 to determine statistical significance. 

 

Results  
 

Sociodemographic characteristics 

 

We identified 1,664 EAI women aged 25-65 who had at least one primary care visit between 

2017 and 2018 and no documented history of hysterectomy (Figure 2). 

 

 

 

Figure 1. 2. Flow diagram for the selection and inclusion of eligible EAI women 
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The mean age of patients was 44 (standard deviation (SD) ±11) years. More than two thirds 

(69%) received care from UW Medicine for at least five years. The majority (57%) were born in 

Ethiopia, 30% in Somalia, and 10% in Eritrea. More than half of the patients (53%) used a 

language interpreter to get medical care (Table 1). 

 

Cervical Cancer Screening Adherence 

 

Of the 1,664 women, 1,056 (63%) were adherent to cervical cancer screening (95%CI: 61%, 

66%) . Among the 608 who were overdue for screening, 397 (65%) had no prior history of 

screening documented - 60% of those without documented history of screening received care 

for less than 5 years. Women aged 25-29 had the lowest CCS adherence (45%), and those 

aged 40-49 had the highest adherence (71%). Fifty-nine percent of women who used a 

language interpreter were adherent, compared to 69% of those who did not use a language 

interpreter (Table 1). 

 

Table 1. 1. Sociodemographic and healthcare-related characteristics of individuals  

 

Characteristic N = 1,664 Up to date***, 

      N = 1,05 6 

Age  
 

 

25-29 159 72 (45%) 

30-39 528 365 (69%) 

40-49 414 294 (71%) 

50-65 563 325 (58%) 

 NSES quintile*   

Least poor 146 98 (67%) 

Middle 1,090 692 (63%) 

Poorest 329 202 (61%) 

Missing 99 64 

Language interpreter flag  
 

No 790 544 (69%) 
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Yes 874 512 (59%) 

Country of birth   

 Ethiopia 851 574 (67%) 

 Somalia 458 288 (63%) 

 Eritrea 156 97 (62%) 

 Others 39 21 (54%) 

 Missing 160 76 

Body mass index (BMI)   

<18.5 Kg/m2 26 7 (27%) 

18.5-24.5 Kg/m2 365 238 (65%) 

24.5-30 Kg/m2 601 390 (65%) 

>30 Kg/m^2 524 340 (65%) 

Missing 148 81 

Charlson’s comorbidity index   
 

0 1,099 702 (64%) 

1 387 249 (64%) 

2 123 69 (56%) 

3+ 55 36 (65%) 

HIV/AIDS  
  

No 1,578 996 (63%) 

Yes 86 60 (70%) 

Health insurance type  
 

Medicare/Medicaid 876 558 (64%) 

Commercial 454 306 (67%) 

Self-Pay/Other 334 192 (57%) 

Duration of care at the UW  
 

< 5 years 512 266 (52%) 

5-10 years 385 247 (64%) 

>10 years 767 543 (71%) 

Frequency of primary care visits in prior two 
years  

 

1 to 2 586 311 (53%) 

3 to 5 520 333 (64%) 

≥6 558 412 (74%) 

Index visit clinic type   

Family Medicine 667 398 (60%) 

Infectious Diseases 78 49 (63%) 

Internal Medicine 326 207 (63%) 

International Medicine 284 180 (63%) 

Obstetrics and Gynecology 309 222 (72%) 
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Have assigned primary care provider  
 

No 148 70 (47%) 

Yes 1,516 986 (65%) 

Sex of primary care provider  
 

Female 1,317 858 (65%) 

Male 347 198 (57%) 

Primary care provider type   

Physician 1,390 880 (63%) 

Nurse Practitioner 183 115 (63%) 

Physician Assistant 49 32 (65%) 

Other 42 29 (69%) 

Primary care provider specialty  
 

Family Practice 729 447 (61%) 

Internal Medicine 594 403 (68%) 

Obstetrics/Gynecology 131 92 (70%) 

Other 210 114 (54%) 

 
* Neighborhood socioeconomic status (34) 
**Charlson's comorbidity index (35); 
***The percentages are row percentages for adherence to cervical cancer screening for categories under each 
variable. 

 
 
Associations with cervical cancer screening adherence 

The variables that had a statistically significant association with CCS adherence in the adjusted 

model were age, duration of care at UW Medicine, BMI, frequency of primary care visits in the 

prior two years, clinic type and having an assigned primary care provider. Compared to individuals 

aged 25-29, those aged 30-39 had a 42% higher adherence (APR - 1.42: 95% CI:1.10, 1.83), and 

those aged 40-49 had a 41% higher adherence (APR - 1.41: 95% CI: 1.08, 1.85). Compared to 

individuals who had established care for less than five years, those who had received care for 

more than 10 years had a 22% higher adherence (APR - 1.22: 95% CI: 1.03, 1.45). Individuals 

with a BMI of less than 18.5 Kg/m2 had 50% lower adherence than those with a normal BMI (18.5-

24.5 kg/m2) (APR - 0.47: 95% CI: 0.24, 0.93). Compared to individuals who had 1 to 2 primary 

care visits in the prior two years, those who had 3 to 5 visits had a 23% higher adherence (APR - 

1.23: 95% CI: 1.03, 1.45) and those with more than five visits had a 47% higher adherence (APR 
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- 1.47: 95% CI: 1.25, 1.74). Individuals whose index visit was in an obstetrics and gynecology 

clinic had a 27% higher adherence (APR - 1.27: 95% CI: 1.03, 1.55) than those who visited a 

family medicine clinic. Individuals with an assigned primary care provider had a 35% higher 

adherence (APR - 1.35: 95% CI: 1.02, 1.79) than those without an assigned provider. Language 

interpreter flag had a statistically significant association with adherence in the crude model (CPR 

- 0.85: 95% CI: 0.75, 0.96), but in the adjusted model, the association became attenuated and 

nonsignificant (APR - 0.91: 95% CI: 0.78, 1.05) (Figure 3). 
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Figure 1. 3. Correlates of CCS adherence among EAIs in western Washington State. 

*The adjusted model was fitted by including all the variables in a single model.  
**In the adjusted models for HIV and comorbidity, one was not included on the adjusted model of the other, but all the 
other variables were included. 
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In a separate analysis among age-eligible women, breast cancer and colorectal cancer screening 

adherence each had a statistically significant association with CCS adherence. Among women 

aged ≥52 years (n=484), breast cancer screening adherence was associated with a 65% higher 

CCS adherence (APR - 1.65: 95% CI: 1.25, 2.17), and colorectal cancer screening adherence 

(n=524, age ≥51) was associated with a 56% higher CCS adherence (APR – 1.56: 95% CI: 1.21, 

2.00) (Table 2). 

 

Table 1. 2. The association of breast and colorectal cancer screening with CCS adherence 

Characteristic Overdue Up to date CPR 95% CI APR 95% CI 

Breast cancer screening (N=484, Age≥52)     

Overdue 153 (57%) 117 (43%) ref. ref. ref. ref. 

Up to date* 56 (26%) 158 (74%) 1.70 1.34, 2.16 1.65 1.25, 2.17 

Colorectal cancer screening (n=524, Age≥51)     

Overdue 168 (54%) 142 (46%) ref. ref. ref. ref. 

Up to date** 56 (26%) 158 (74%) 1.61 1.28, 2.02 1.56 1.21, 2.00 
CPR= Crude prevalence ratio; APR = Adjusted prevalence ratio (adjusted for age, language interpreter flag, duration 
of care, NSES, health insurance, comorbidity, HIV, BMI, frequency of visit, index visit clinic type, having an assigned 
primary care provider sex, provider type, and provider specialty).  
*Women who had mammography within two years were considered up to date for breast cancer screening.  
**Women who had Fecal Occult Blood Test (FOBT) or Fecal Immunochemical Test (FIT) within one-year, flexible 
sigmoidoscopy or colonography within 5 years, or colonoscopy within ten years were considered up to date for 
colorectal cancer screening (36,37). 

 

Sensitivity analysis 

There was no substantial difference in the estimates from the complete case analysis and the 

multiple imputation models (Figure 1.4). Likewise, estimates for cervical cancer screening 

adherence and correlates were not different when the definition of adherence was extended with 

a six-month grace period (Supplemental Table 1.2). The estimates for adherence to cervical 

cancer screening in the analysis restricted to individuals who received care for at least 5 years 

was 68%, and except for minimal changes in the effect sizes, there was not substantial difference 

in the correlates associated with screening adherence (Supplemental Table 1.3) 
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Figure 1. 4. Comparing estimates of complete case analysis and multiple imputation models for 

the correlates of cervical cancer screening adherence. 
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Uptake of screening among overdue women 

Women who were overdue during the initial assessment at the index visit were further followed 

for 12 months after the index visit to assess cervical cancer screening uptake. Among the 608 

overdue women, only 54 (9%) received screening within 12 months (Figure 5).  

 

 

 

Figure 1. 5. Kaplan Meier curve for the uptake of cervical cancer screening over time since the 

index visit.  

NB. Time 0 is the index visit, and the dotted lines show the 95% confidence interval. 

 

Stratifying by screening history, 9% of the 397 never screened women and 9% of the 211 ever-

screened women were screened within 12 months (Figure 6). 
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Figure 1. 6. Uptake of cervical cancer screening over a 12-month period comparing overdue 

(ever-screened) and never-screened women. 

NB: The p-value is from a Kaplan Meier test comparing the two curves. 

 

Individuals with no comorbidity had the lowest uptake of screening (6.5%) compared to those 

with 1 or more comorbidities (11% to 17%). Most screened individuals (68%) had more than 

three primary care visits within two years before the index visit. About 35% of HIV-positive 

individuals were screened over the 12-month follow-up period, but only 8% of the HIV-negative 

individuals were screened (Table 3). 
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Table 1. 3. Correlates of uptake of screening among overdue women 

Characteristic 

Total 
overdue 
N = 
608  

Screening uptake 
(Yes),  

N = 54 (row %) 

Age     

25-29 87 7 (8%) 

30-39 163 11 (7%) 

40-49 120 13 (11%) 

50-65 238 23 (10%) 

Neighborhood socioeconomic status 
quintile 

  
  

Least poor 48 4 (8%) 

Middle 398 32 (8%) 

Poorest 127 16 (13%) 

Missing 35 2 

Language interpreter flag    
No 246 17 (7%) 

Yes 362 37 (10%) 

Body mass index (BMI)    
<18.5 Kg/m^2 127 2 (11%) 

18.5-24.5 Kg/m^2 19 9 (7%) 

24.5-30 Kg/m^2 211 17 (8%) 

>30 Kg/m^2 184 21 (11%) 

Missing 67 5 

Charlson’s comorbidity index    
0 397 26 (7%) 

1 138 17 (12%) 

2 54 9 (17%) 

3+ 19 2 (11%) 

HIV/AIDS 0  
No 582 45 (8%) 

Yes 26 9 (35%) 

Health insurance type    
Medicare/Medicaid 318 19 (6%) 

Commercial 148 20 (14%) 

Self-Pay/Other 142 15 (11%) 

Duration of care at the UW    
< 5 years 246 26 (11%) 
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5-10 years 138 9 (7%) 

>10 years 224 19 (9%) 

Frequency of primary care visits in two 
years 

  
 

1 to 2 275 17 (6%) 

3 to 5 187 19 (10%) 

≥6 146 18 (12%) 

Index visit clinic type    
Family Medicine 269 18 (7%) 

Infectious Diseases 29 9 (31%) 

Internal Medicine 119 7 (6%) 

International Medicine 104 12 (12%) 

Obstetrics and 
Gynecology 

87 8 (9%) 

Have assigned primary care provider    
No 78 8 (10%) 

Yes 530 46 (9%) 

Sex of primary care provider    
Female 459 40 (8%) 

Male 149 14 (9%) 

Provider type    
Physician 510 44 (9%) 

Nurse Practitioner 68 6 (9%) 

Physician Assistant 17 1 (6%) 

Other 13 3 (23%) 

Primary care provider specialty    
Family Practice 282 18 (6.4%) 

Internal Medicine 191 21 (11%) 

Obstetrics/Gynecology 39 3 (7.7%) 

Other 96 12 (12%) 

 

Correlates of screening uptake  

In the model that included all the correlates, only health insurance type had a statistically 

significant association with screening uptake. Compared to individuals with Medicare/Medicaid, 

those with commercial health insurance had a 144% higher uptake (ARR - 2.44: 95%CI: 1.20, 

4.97) (Figure 7). 
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Figure 1. 7. Correlates of the uptake of cervical cancer screening within 12 months after the 

index visit of overdue women. 

*The adjusted model was fitted by including all the variables in a single model. The exception was for HIV and 

comorbidity where one was not included on the adjusted model of the other. 
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In a separate analysis among age-eligible women, breast cancer and colorectal cancer 

screening adherence were not significantly associated with uptake of CCS over a 12-month 

period among overdue participants (Table 4). 

 

Table 1. 4. Association of adherence to breast and colorectal cancer screening with CCS uptake 

 Uptake of screening     

Characteristic No Yes CRR 95%CI ARR 95%CI 

Breast cancer screening (N=209, Age≥52)    

Overdue 139 (91%) 14 (9%) ref. ref. ref. ref. 

Up to date* 52 (93%) 4 (7%) 0.78 0.26, 2.37 0.34 0.05, 2.14 

Colorectal cancer screening (n=224, Age≥51)    

Overdue 152 (90%) 16 (10%) ref. ref. ref. ref. 

Up to date** 51 (91%) 5 (9%) 0.94 0.34, 2.56 0.45 0.08, 2.62 
CRR= Crude risk ratio; ARR = Adjusted risk ratio(adjusted for age, language interpreter flag, duration of care, NSES, 
health insurance, comorbidity, HIV, BMI, frequency of visit, index visit clinic type, having an assigned primary care 
provider sex, provider type, and provider specialty).  
*Women who had mammography within two years were considered up to date for breast cancer screening.  
**Women who had Fecal Occult Blood Test (FOBT) or Fecal Immunochemical Test (FIT) within one-year, flexible 
sigmoidoscopy or colonography within 5 years, or colonoscopy within ten years were considered up to date for 
colorectal cancer screening (36,37).  
 

Discussion 
 

This study estimated cervical cancer screening adherence and its correlates among East African 

immigrants in Washington state who are engaged in primary care. We found that 63% of women 

aged 25-65 were up to date for cervical cancer screening. Older age, longer duration of care 

within the healthcare system, more frequent clinic visits, having an assigned primary care 

provider, getting care at a gynecology and obstetrics clinic and adherence to screening for breast 

and colorectal cancers each had a positive association with higher adherence. We also estimated 

screening uptake among overdue women and found that only 9% were screened over 12 months. 

Having commercial health insurance was associated with higher screening uptake as compared 

to having Medicare/Medicaid coverage. 
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Our estimated screening adherence of 63% (95%CI: 61%, 66%) is higher than prior studies done 

among East African immigrants. Based on two studies that Morrison et al conducted in 2008 

among Somali immigrants attending primary care clinics in Minnesota, 49% and 51% of 18-65-

year-old women were adherent for cervical cancer screening (12,13). A community-based survey 

by the New Americans Community Services (NACS) from 2006-2007 also reported that only 37% 

of 18-65-year-old Somali immigrants in Minnesota were ever screened for cervical cancer (14). 

Excluding Ethiopian and Eritrean immigrants, Somali immigrants in our study had a CCS 

adherence of 60%. All the previous studies were done in Minnesota - more than a decade ago – 

indicating possible differences associated with the settings and time of the studies. Including 

women who have been actively accessing primary care clinics and aged 25 years or above 

(instead of 18 in the previous studies) could also explain some of the differences. Even if 

estimates from the current study are higher than the previous few studies, it is still lower than the 

US national average. Based on CDC data, CCS adherence among Black or African American 

women in the US is 85% – showing that aggregating African immigrants with US-born African 

American could obscure important differences (7). In addition, our study may have included 

individuals with better access to and familiarity with the health system. About 69% of the 

individuals in our study had established care for at least five years; similarly, the prior studies 

conducted among Somali immigrants have also reported that the majority of the participants lived 

in the US for at least five years (12,13). Nevertheless, the estimates could be lower among the 

large pool of immigrants who do not have access to primary healthcare due to limited healthcare 

awareness, lack of acculturation, and/or immigration-related issues.  

 

The way acculturation impacts adherence to cervical cancer screening was also observed in our 

study. Adjusted for all possible confounders, a longer duration of care was associated with higher 

cervical cancer screening adherence. The duration of care is a proxy indicator of acculturation 

and familiarity with the health system. Prior studies among African immigrants had also reported 
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that people who lived in the US longer and had established care for longer periods have higher 

adherence to cervical cancer screening (13,14). People receiving care for longer periods are more 

likely to have an assigned primary care provider, better trust in the health system, and improved 

knowledge of recommended preventative healthcare services. In addition, the longer they live in 

the US, there may be fewer immigration-related barriers that impact their access to healthcare, 

and they may be more likely to have learned English or to have figured out comfortable ways of 

using a language interpreter service. The latter scenario was suggested in our study, where using 

a language interpreter had a statistically significant association with lower cervical cancer 

screening adherence in the crude analysis, but it was not significant when adjusted explicitly for 

the duration of care - indicating possible mitigation of language interpreter use by the duration of 

care. On the contrary, newcomers may struggle with adapting to the health system, including 

scheduling clinic visits, communicating with providers, and using English or a language interpreter 

service (39). More importantly, the absence of similar preventive health services in their home 

countries may influence them to perceive the US health system likewise, and they may continue 

to be unaware of and not seek preventive health services (40,41).  

 

Patients’ connection with the health system is also important for adherence to cervical cancer 

screening. We found that women who had more frequent clinic visits had better screening 

adherence. Frequent clinic visits are opportunities to interact with healthcare providers and get 

more health-related information. People who frequently visit healthcare facilities may have 

comorbidities, may be pregnant, or be seeking contraception, all of which may increase 

opportunities for screening. In general, the more frequent visits the patients have, the more likely 

they are to establish a conducive and enabling environment and feel at ease to accept healthcare 

provider recommendations (42–44). Also, they are more likely to have an assigned primary care 

provider who takes care of their overall well-being (42,45). Our analysis also showed that women 

with an assigned primary care provider had higher CCS adherence. Regardless of the 
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participant’s chief complaint or diagnosis, assigned primary care providers are more likely to offer 

and undertake preventive health services (46,47). The specialty of the providers where patients 

seek care also appears to matter for their patients’ adherence to cervical cancer screening. We 

found that women who had their index visit in an obstetrics and gynecology clinic had higher 

screening adherence than those who had a visit in a family medicine clinic. About 80% of women 

with an index visit in a gynecology clinic had a primary care provider specializing in gynecology 

and obstetrics. This suggests that the primary reason for seeking medical care for this group of 

patients might have been issues related to gynecology and obstetrics, including prenatal care, 

post-natal care, or family planning services. Providers who have specialized in women’s health 

may be more likely to recommend and perform CCS than general practitioners (48). Although 

having a female provider was mentioned as an important factor in prior studies (21,22), we did 

not observe a significant difference in screening adherence by provider sex in this study.  

 

Health-seeking behavior in utilizing other preventative services was also an important correlate 

of cervical cancer screening adherence. Women who were adherent to breast and colorectal 

cancer screenings had higher adherence to cervical cancer screening. This association has been 

observed by multiple other studies that evaluated the association across adherence to screenings 

for these malignancies (36,49–51). As a behavior, screening may indicate increased knowledge 

and awareness of possible health risks (45,52). As a result, people screened for one type of 

cancer may better understand the benefit of screening and could be more likely to get screened 

for others. In addition, people adherent to a specific type of cancer screening may have a family 

or personal history of cancer-related issues that could alert them to identify problems earlier 

through better adherence to recommended screening services (53,54). In addition, the analysis 

for breast and colorectal cancer was restricted to women aged at or above 51 years for both 

analyses. This includes older women who may be more likely than younger women to have 
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comorbidities and to be adherent to screening and other health care recommendations by 

providers(55). 

Compared to women aged 25-29 years, those in the older age categories – 30-39 and 40-49 – 

had higher CCS adherence. Younger women may have a lower perception of risk leading to a 

lower likelihood of seeking screening (56). Alternatively, women in the middle age category 30-

50 might have more exposure to the health system due to other health issues, including 

pregnancy and other reproductive health encounters, making them more knowledgeable about 

cervical cancer screening. In addition, risk perception may increase with age and additional 

familial and societal responsibilities. However, the risk estimate in the oldest age category (50-

65) was not statistically significantly different from the youngest age category, suggesting that 

other factors may be responsible for the age associations with screening observed in this study. 

Women in the oldest age category could be less sexually active and might have an 

underestimation of the risk of cervical cancer and lesser recommendation for screening by 

providers (57,58). Also, frequent normal findings from prior screenings might influence them not 

to have additional screenings. On the other hand, older individuals could be more likely to have 

comorbidities that could make CCS less of a priority (58). Furthermore, they could avoid genital 

examination due to discomfort because of menopause and related vaginal atrophy (59). In the 

case of our study, older people were more likely to have more comorbidities and use a language 

interpreter. The difficulty of acculturation and accessing the health system could be much more 

pronounced among older individuals than the younger population.  

Underweight individuals (BMI <18.5 kg/m2) had lower CCS adherence than those with a normal 

BMI (18.5-24.5 kg/m2). Although prior studies mostly mention obesity as a major risk factor for 

lower CCS screening adherence (60–62), there is growing evidence on the association of 

underweight with lower CCS adherence (63,64). In this study, underweight individuals had higher 

HIV prevalence, higher language interpreter use, and lower duration of care than normal BMI 
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individuals (Supplemental Table 1.5). However, other potential reasons for the lower adherence 

of cervical cancer screening may need further investigation. 

Over a 12-month follow-up, only 9% of women who were overdue at the index visit were screened. 

The very low screening uptake may indicate that overdue women are more likely to remain 

overdue, and that the contemporary approach of advocating or reminding for cervical cancer 

screening was not well functioning for this group of EAI. Before 2023, UW Medicine did not have 

an automated system to remind overdue women. Since January 2023, UW Medicine has started 

sending cervical cancer screening reminders to overdue patients using either paper mail written 

in English and Spanish or electronic notifications through their medical records. Recently, care 

managers with access to telephonic interpretation have begun contacting patients due or overdue 

for screening by phone. However, less than half of individuals in our study use English to get 

medical care, and the majority are less likely to understand the messages and respond 

accordingly. It is possible that EAIs have different preferred ways of hearing health messages 

(65). Not surprisingly, individuals with commercial health insurance had higher screening uptake 

than Medicaid and Medicare users (66). In the US, commercial insurance can reflect an 

individual’s economic affluence or employment to an organization that pays for their insurance. 

Individuals with commercial insurance are more likely to be educated and have better familiarity 

with the health system (67). As a result, identifying alternative ways of health messaging and 

designing intervention strategies addressing the barriers overdue women encounter could help 

reach more underserved populations. 

 

This study has a number of key strengths. Firstly, the data come from a health system that serves 

an ethnically and economically diverse population; as a result, it may have a representation of 

most of the East African community in western Washington who have access to primary health 

care (Supplemental figure 1.1). Secondly, screening status was based on documented screening 
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– minimizing possible biases due to recall or under- or over-reporting. Thirdly, it includes variables 

that represent potential barriers and facilitators from the perspectives of the patients and the 

health system – which has been less entertained in other similar studies. However, the study does 

have some limitations. The results might not represent people who do not have healthcare access 

or who go to health facilities other the UW Medicine. However, the study includes a representative 

sample of the underserved community that UW Medicine serves as a public institution serving 

economically and ethnically diverse people. The approaches we used to identify EAIs based on 

language, ethnicity and country of birth might not have perfectly captured all EAIs or incorrectly 

classified others as EAIs. In addition, screenings which occurred in other health facilities might 

not have been completely recorded and could have biased our estimates. In addition, estimating 

adherence with a three-to-five-year interval for some women who might have been on a different 

schedule due to a diagnosis of cervical precancer or cancer and immunosuppression might have 

led to overestimation of screening adherence (68). Finally, the study relied on medical records. 

Data entry errors by the healthcare staff may have resulted in non-differential misclassification 

and attenuated the observed associations.  

 

Conclusion 
 

Cervical cancer screening among EAI women with access to healthcare in a large healthcare 

system in Washington State was lower than the national average among the general population 

and insufficient to meet global cervical cancer elimination targets. More than one third of EAIs 

were overdue or had no documented CCS. Women who interacted more frequently with the 

healthcare system were more likely to get screened. Nevertheless, a large proportion of women 

are still not getting screened despite frequent interaction with providers and clinics. These 

disparities could be addressed through interventions calibrated to the people's culture and 
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tradition and by applying better health communication methods, specifically for those with less 

familiarity and comfort with the US health system. Interventions focused on increasing healthcare 

access and utilization, and leveraging health encounters to address barriers faced by younger 

patients or those less familiar with the health system could potentially increase CCS among EAIs. 

In addition, healthcare encounters can be better utilized to educate patients about screening and 

engage them in preventive health services. Services targeting the transition phase when EAIs are 

getting acculturated, and interventions to ensure that the language interpreter service is more 

comfortable for new users, may improve screening uptake and facilitate cervical cancer 

elimination efforts. 

 

Appendix 

 
Supplemental Table 1.1: The distribution of missing observations 

Characteristic Percent Missing Remark 

Age 0%  

Duration of care at the UW  0% 
 

Primary language 0% 
 

Language interpreter flag 0% 
 

Race 2.94% Not imputed 

Ethnicity 10.24% Not imputed 

Country of birth 10.19% Not imputed 

Health insurance type 0%  

Body mass index (BMI) 9.22% Imputed 

HIV/AIDS 0% 
 

Charlson’s comorbidity index 0% 
 

Frequency of primary care visits in two years 0% 
 

Index visit clinic type 0% 
 

Have assigned primary care provider 0% 
 

Index visit by the assigned primary care 
provider 

0% 

 

Gender of primary care provider 0% 
 

Provider type 0% 
 

Primary care provider degree 0% 
 

Primary care provider specialty 0% 
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Neighborhood socioeconomic status 5.77% Imputed 

 

 

Supplemental Table 1.2. Correlates of CCS adherence based on results from defining cervical 

cancer screening adherence with the addition of a 6-month grace period (3.5 years for Pap test 

and 5.5 years for co-testing of Pap and HPV) 

Characteristic CPR 95% CI APR 95% CI1 

Age     

25-29 ref. ref. ref. ref. 

30-39 1.52 1.18, 1.95 1.41 1.07, 1.85 

40-49 1.55 1.20, 2.00 1.39 1.04, 1.85 

50-65 1.26 0.98, 1.62 1.2 0.89, 1.61 

NSES    

Least poor ref. ref. ref. ref. 

Middle 0.96 (0.8, 1.17) 0.96 0.77, 1.19 

Poorest 0.92 
(0.73, 
1.14) 0.92 0.71, 1.18 

Language interpreter flag   

No ref. ref. ref. ref. 

Yes 0.86 0.77, 0.97 0.89 0.76, 1.04 

Body mass index (BMI)    

18.5-24.5 Kg/m^2 ref. ref. ref. ref. 

<18.5 Kg/m^2 0.41 0.19, 0.88 0.46 0.22, 0.98 

24.5-30 Kg/m^2) 1 0.85, 1.17 0.95 0.80, 1.12 

>30 Kg/m^2 1 0.84, 1.17 0.94 0.79, 1.12 

Missing 67 81   

Charlson's comorbidity index   

0 ref. ref. ref. ref. 

1 1.03 0.90, 1.19 0.97 0.81, 1.15 

2 0.88 0.69, 1.13 0.8 0.60, 1.07 

3+ 1.07 0.77, 1.48 0.84 0.58, 1.23 

HIV/AIDS     

No ref. ref. ref. ref. 

Yes 1.11 0.85, 1.43 1.46 0.88, 2.44 

Health insurance type    

Medicare/Medicaid ref. ref. ref. ref. 

Commercial 1.06 0.92, 1.22 0.99 0.85, 1.16 
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Self-Pay/Other 0.9 0.77, 1.06 0.99 0.83, 1.19 
Duration of care at the 
UW     

< 5 years ref. ref. ref. ref. 

5-10 years 1.23 1.04, 1.47 1.18 0.97, 1.44 

>10 years 1.36 1.18, 1.58 1.27 1.06, 1.53 

Frequency of primary care visits in two years  
1 to 2 ref. ref. ref. ref. 

3 to 5 1.21 1.03, 1.41 1.21 1.02, 1.44 

>=6 1.39 1.20, 1.61 1.43 1.20, 1.71 

Index visit clinic type    

Family Medicine ref. ref. ref. ref. 

Infectious Diseases 1.05 0.78, 1.42 0.92 0.53, 1.61 

Internal Medicine 1.06 0.90, 1.26 1.03 0.82, 1.31 

International Medicine 1.06 0.89, 1.27 1.02 0.77, 1.35 
Obstetrics and 
Gynecology 

1.2 1.02, 1.42 
1.2 0.96, 1.50 

Have assigned primary care provider  
No ref. ref. ref. ref. 

Yes 1.38 1.08, 1.75 1.27 0.93, 1.74 

Gender of primary care provider    

Female   ref. ref. ref. 

Male 0.2 0.91 0.88 0.74, 1.05 

Provider type    

Physician ref. ref. ref. ref. 

Nurse Practitioner 0.99 0.82, 1.21 1.06 0.86, 1.32 

Physician Assistant 1.03 0.72, 1.47 1.14 0.76, 1.71 

Other 1.09 0.75, 1.58 1.28 0.83, 1.98 

Primary care provider specialty   

Family Practice ref. ref. ref. ref. 

Internal Medicine 1.09 0.95, 1.25 1.05 0.84, 1.32 

Obstetrics/Gynecology 1.12 0.89, 1.40 1.24 0.91, 1.68 

Hospitalist 0.88 0.72, 1.08 0.87 0.66, 1.15 
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Supplemental Table 1.3. Correlates of CCS adherence among individuals who received care 

for at least 5 years. 

Characteristic 
Overall, N 
= 1,152 

Up to date, 
N = 790 

Complete case Multiple imputation 

APR 95% CI APR 95% CI 

Age       

25-29 83 35 (42%) ref. ref. ref. ref. 

30-39 363 259 (71%) 1.52 1.19, 1.93 1.59 1.11, 2.27 

40-49 336 251 (75%) 1.59 1.24, 2.03 1.66 1.15, 2.39 

50-65 370 245 (66%) 1.45 1.12, 1.86 1.52 1.04, 2.23 

NSES Quintile       

Least poor 99 72 (73%) ref. ref. ref. ref. 

Middle 764 519 (68%) 0.96 0.84, 1.11 0.96 0.75, 1.22 

Poorest 230 160 (70%) 0.97 0.83, 1.14 0.97 0.74, 1.29 

Unknown 59 39     

Language interpreter flag      

No 645 455 (71%) ref. ref. ref. ref. 

Yes 507 335 (66%) 0.97 0.82, 1.15 0.94 0.8, 1.12 

Body mass index (BMI)      

<18.5 Kg/m^2 12 3 (25%) ref. ref. ref. ref. 

18.5-24.5 Kg/m^2 226 157 (69%) 0.37 0.15, 0.92 0.48 0.18, 1.28 

24.5-30 Kg/m^2) 434 304 (70%) 0.97 0.88, 1.08 0.99 0.82, 1.2 

>30 Kg/m^2 393 274 (70%) 0.96 0.86, 1.06 0.98 0.8, 1.2 

Unknown 87 52     

Charlson's comorbidity index      

0 732 506 (69%) ref. ref. ref. ref. 

1 278 192 (69%) 0.97 0.87, 1.08 0.94 0.78, 1.13 

2 93 59 (63%) 0.86 0.73, 1.02 0.85 0.64, 1.12 

3+ 49 33 (67%) 0.85 0.68, 1.06 0.87 0.6, 1.27 

HIV/AIDS       

No 1,097 748 (68%) ref. ref. ref. ref. 

Yes 55 42 (76%) 1.38 1.08, 1.74 1.4 0.85, 2.29 

Health insurance type      

Medicare/Medicaid 652 443 (68%) ref. ref. ref. ref. 

Commercial 349 248 (71%) 1 0.91, 1.10 1.03 0.87, 1.22 

Self-Pay/Other 151 99 (66%) 1.04 0.92, 1.18 1 0.8, 1.25 

Duration of care at the UW      

5-10 years 385 247 (64%) ref. ref. ref. ref. 

>10 years 767 543 (71%) 1.06 0.96, 1.16 1.06 0.89, 1.25 

Frequency of primary care visits in two years    



 43 

1 to 2 376 228 (61%) ref. ref. ref. ref. 

3 to 5 354 247 (70%) 1.14 1.02, 1.28 1.16 0.96, 1.39 

>=6 422 315 (75%) 1.3 1.16, 1.45 1.3 1.07, 1.58 

Index visit clinic type      

Family Medicine 487 315 (65%) ref. ref. ref. ref. 

Infectious Diseases 47 31 (66%) 0.84 0.62, 1.13 0.79 0.45, 1.4 

Internal Medicine 220 163 (74%) 1.04 0.90, 1.19 1.02 0.79, 1.33 

International Medicine 207 135 (65%) 0.95 0.80, 1.12 0.91 0.67, 1.24 
Obstetrics and 
Gynecology 191 146 (76%) 1.22 1.07, 1.39 1.2 0.95, 1.52 

Have assigned primary care provider     

No 52 24 (46%) ref. ref. ref. ref. 

Yes 1,100 766 (70%) 1.53 1.13, 2.07 1.61 1.04, 2.49 

Sex of primary care provider      

Female 913 641 (70%) ref. ref. ref. ref. 

Male 239 149 (62%) 0.91 0.81, 1.02 0.89 0.74, 1.08 

Primary care provider specialty     

Family Practice 537 350 (65%) ref. ref. ref. ref. 

Internal Medicine 431 313 (73%) 1.09 0.96, 1.24 1.11 0.88, 1.42 

Obstetrics/Gynecology 70 54 (77%) 1.29 1.08, 1.55 1.25 0.89, 1.75 

Other 114 73 (64%) 0.93 0.78, 1.11 0.92 0.68, 1.25 

 

 

Supplemental Table 1.4. Association of adherence to breast and colorectal cancer screening 

CCS adherence among individuals who received care for at least 5 years. 

 

Breast cancer screening (N=310) ARR 95%CI P-value 

Overdue 164 89 (54%) ref. ref.  

Up to date 146 114 (78%) 1.49 1.25, 1.77 <0.001 

Colorectal cancer screening (N=344)    

Overdue 191 107 (56%) ref. ref.  

Up to date 153 117 (76%) 1.35 1.15, 1.59 <0.001 
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Supplemental Table 1.5. The association of BMI with selected sociodemographic and health-related 
variables 

 

Overall, N = 
1,516 

BMI Categories 

Characteristic 
<18.5 Kg/m2, 
N = 261 

18.5-24.5 
Kg/ m2, N 
= 365 

24.5-30 Kg/ 
m2), N = 601 

>30 Kg/ m2, 
N = 524 

Age      
25-29 146 (9.6%) 9 (35%) 61 (17%) 37 (6.2%) 39 (7.4%) 
30-39 475 (31%) 9 (35%) 142 (39%) 192 (32%) 132 (25%) 
40-49 375 (25%) 3 (12%) 76 (21%) 141 (23%) 155 (30%) 
50-65 520 (34%) 5 (19%) 86 (24%) 231 (38%) 198 (38%) 
Comorbidity      

0 999 (66%) 17 (65%) 279 (76%) 406 (68%) 297 (57%) 

1 357 (24%) 7 (27%) 54 (15%) 134 (22%) 162 (31%) 

2 108 (7.1%) 2 (7.7%) 24 (6.6%) 40 (6.7%) 42 (8.0%) 

3+ 52 (3.4%) 0 (0%) 8 (2.2%) 21 (3.5%) 23 (4.4%) 

HIV/AIDS      

0 1,446 (95%) 23 (88%) 350 (96%) 573 (95%) 500 (95%) 

1 70 (4.6%) 3 (12%) 15 (4.1%) 28 (4.7%) 24 (4.6%) 

Language interpreter use      

No 715 (47%) 10 (38%) 194 (53%) 279 (46%) 232 (44%) 

Yes 801 (53%) 16 (62%) 171 (47%) 322 (54%) 292 (56%) 

NSES       

Least poor 134 (9.4%) 2 (8.0%) 37 (11%) 45 (7.9%) 50 (10%) 

Middle 990 (69%) 20 (80%) 245 (72%) 406 (71%) 319 (65%) 

Poorest 303 (21%) 3 (12%) 59 (17%) 117 (21%) 124 (25%) 

Unknown 89 1 24 33 31 

Duration of care      

< 5 years 451 (30%) 14 (54%) 139 (38%) 167 (28%) 131 (25%) 

5-10 years 354 (23%) 11 (42%) 98 (27%) 145 (24%) 100 (19%) 

>10 years 711 (47%) 1 (3.8%) 128 (35%) 289 (48%) 293 (56%) 

Health insurance type      

Medicare/Medicaid 802 (53%) 10 (38%) 171 (47%) 334 (56%) 287 (55%) 

Commercial 416 (27%) 8 (31%) 117 (32%) 156 (26%) 135 (26%) 

Self-Pay/Other 298 (20%) 8 (31%) 77 (21%) 111 (18%) 102 (19%) 

Frequency of visit      

1 to 2 521 (34%) 13 (50%) 149 (41%) 203 (34%) 156 (30%) 

3 to 5 476 (31%) 6 (23%) 114 (31%) 186 (31%) 170 (32%) 

>=6 519 (34%) 7 (27%) 102 (28%) 212 (35%) 198 (38%) 
Having as assigned 
primary care provider      

No 120 (7.9%) 1 (3.8%) 39 (11%) 43 (7.2%) 37 (7.1%) 

Yes 1,396 (92%) 25 (96%) 326 (89%) 558 (93%) 487 (93%) 
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Supplemental figure 1.1. The geographical distribution of study patients across the state of 

Washington 

 

Snohomish county 

King county 
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Chapter 2. Association of maternal cervical cancer screening adherence with adolescent 

HPV vaccination among adolescent-mother pairs in Washington State 

 

Abstract 

Introduction: Less than two thirds of US adolescents are up to date with HPV vaccination. In 

general, mothers engaged in preventive care are more likely to seek preventive care for their 

children. However, the association between maternal cervical cancer screening (CCS) and 

adolescent HPV vaccination is underexplored.  

Method: To assess the association between maternal CCS and adolescent HPV vaccination, we 

conducted a cross-sectional study using electronic health record data from a large health system 

in Seattle, USA (UW Medicine). We included adolescents (11-17 years) and their mothers if each 

had ≥1 primary care visit between 2018-2020. The outcomes were initiation and completion of the 

adolescent HPV vaccine series. The primary exposure was maternal CCS adherence, defined as 

up-to-date with US guideline-recommended intervals. Secondary exposures were maternal 

breast cancer screening adherence (restricted to adolescents with mothers ≥52 years) and 

maternal receipt of ≥1 wellness visit within two years. We used Generalized Estimating Equation 

(GEE) with a Poisson link and exchangeable correlation matrix to account for the clustering of 

adolescents within the same mother and estimate prevalence ratios and 95% CIs, adjusted for 

adolescent age and sex and maternal age, duration of care at UW Medicine, and use of a 

language interpreter. We further evaluated effect modification for the association of maternal CCS 

and adolescent HPV vaccination by adolescent sex (male vs. female), adolescent provider 

specialty (Pediatrics vs. Family Practice), maternal language interpreter use (yes/no), and having 

the same primary care provider for both adolescents and mothers (yes/no).  

Results: Of 4,121 adolescents, 2,687 (66%) had a CCS-adherent mother, 3,395 (82%) initiated 

HPV vaccination, and 2,020 (49%) completed the HPV vaccination series. CCS adherence was 

associated with higher HPV vaccine initiation (adjusted prevalence ratio (APR): 1.10, 95%CI: 
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1,06, 1.13) and completion (APR: 1.16, 95%CI: 1,08, 1.23). Also, recent maternal wellness visit 

was associated with higher vaccine initiation (APR: 1.04, 95%CI: 1.01, 1.07) and completion 

(APR: 1.12, 95%CI: 1.05, 1.20). Maternal breast cancer screening adherence (n=511 eligible) 

had no statistically significant association with HPV vaccination (initiation: APR: 1.01, 95%CI: 

0.96, 1.07, completion: APR: 1.09: 95%CI: 0.95, 1.25). The associations of maternal CCS and 

adolescent HPV vaccine initiation and completion were stronger for male vs female adolescents 

(initiation: APR – 1.13 [1.08, 1.19] vs 1.06 [1.02, 1.11] : p =0.03; completion: APR – 1.28 [1.15, 

1.43] vs 1.08 [0.98, 1.18] : p =0.017), for adolescents who had a primary care provider with a 

specialty in Family Practice vs Pediatrics (initiation: APR – 1.14 [1.09, 1.20] vs 1.02 [0.98, 1.07]: 

p <0.001; completion: APR – 1.23 [1.11, 1.36] vs 1.05 [0.94, 1.16]: p= 0.026) , and for adolescents 

who had the same primary care provider as their mother’s vs not (initiation: APR – 1.26 [1.16, 

1.37] vs 1.05 [1.01, 1.09] ]: p <0.001; completion: APR – 1.38 [1.17, 1.63] vs 1.11[1.03, 1.21] ]: p 

=0.019).  

Conclusion: The observed association between maternal preventive service utilization and 

adolescent HPV vaccination suggests that delivering healthcare through a family-centered 

approach and engaging mothers in broad preventive care could increase adolescent HPV 

vaccination coverage.  

 

Introduction 
 

Human papillomavirus (HPV) vaccination is one of the key strategies to prevent cervical cancer-

related morbidity and mortality (64–66). Since its introduction in 2006, it has played a vital role in 

the over 80% reduction of the prevalence of HPV infections in the US (67). Annually in the US, 

about 25,000 women and 20,000 men get diagnosed for HPV-related cancers (68). Currently, the 

9-valent vaccine, which prevents infection from nine different HPV types, is the only vaccine given 

in the US (69). The vaccine covers HPV genotypes ( 6, 11, 16, 18, 31, 33, 45, 52, and 58) 
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responsible for most genital warts and linked with six types of cancers, including 

cervical, oropharyngeal, anal, penile, vaginal, and vulvar cancers (70). It is recommended to be 

given to all adolescents starting at the age of 9. Two doses of the vaccine given six months apart 

are recommended if vaccination started between 9 to 14 years. An additional third dose is required 

if vaccination began after age 14 or if the two doses were delivered less than five months apart 

(69). As part of the global cervical cancer elimination goal, the World Health Organization (WHO) 

recommended to vaccinate 90% of girls by 2030 (71). Similarly, the US targets to reach 80% 

coverage in both boys and girls, according to the Healthy People 2030 plan (3). However, only 

61% of 13-17 years old adolescents nationally and 68% of adolescents in Washington state have 

completed the recommended doses of HPV vaccine as of 2020 (72–74) - still far below the target 

goals (3,65,75). 

 

In order to improve HPV vaccination coverage among adolescents, understanding parental 

influence is essential. Since adolescents under 18 years old require parental consent for medical 

care, their uptake of HPV vaccination depends on their parents’ perception and attitude toward 

the vaccine (76). Barriers mothers experience in their own health-seeking could also negatively 

impact adolescent HPV vaccination and hinder cervical cancer prevention efforts (71,77). Prior 

studies reported poor maternal health-seeking behavior is associated with a lower uptake of HPV 

vaccination (18,78). However, most studies assessing the relationship between maternal health-

seeking behavior and adolescent HPV vaccination were done more than a decade ago, around 

the time when HPV vaccination was first introduced (15,21–27). In addition, prior studies were 

mainly concentrated on HPV vaccination among girls, and some of them were done even before 

approval for vaccinating boys (18,79–85). As a result, updated studies to assess the impact of 

maternal preventive care service utilization on adolescent HPV vaccination uptake and evaluate 

possible sex differences in the association are important for designing future interventions to 

improve adolescent HPV vaccine coverage. As healthcare encounters are potential opportunities 
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to disseminate health information, maternal health encounters could be leveraged to include HPV 

vaccine advocacy and improve coverage (19–26). 

 

In this study, we used electronic health record (EHR) data from the University of Washington 

(UW) Medicine health system to determine the association between maternal preventive care 

service utilization and adolescent HPV vaccination coverage and to evaluate potential effect 

modification by adolescent sex, maternal language interpreter use, and primary care provider 

characteristics.  

Methods 
 

We conducted a cross-sectional study among adolescents paired with their respective mothers 

who received primary care at UW Medicine. We evaluated the associations of HPV vaccine 

initiation and completion with maternal cervical and breast cancer screening adherence and 

attendance at wellness visits. 

Study setting, population, and data collection procedure 

We used data from the UW Medicine EHR. UW Medicine is a large health system in Washington 

State with three hospitals and 16 primary care clinics (31). We included adolescents aged 11-17 

years who had ≥1 primary care visit between March 2018 and February 2020, with a mother who 

also received primary care at UW Medicine during the same period. A primary care clinic visit was 

defined as a completed in-person visit in either Pediatrics (only for adolescents), Obstetrics and 

Gynecology (OBGY), Family Medicine, or Internal Medicine and provided by an MD (Medical 

Doctor), DO (Doctor of Osteopathic Medicine), MBBS/ MBChB/ MBBCH (Bachelor of Medicine, 

Bachelor of Surgery), NP (Nurse Practitioner), DNP (Doctor of Nursing Practice), or PA (Physician 

Assistant).  
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Adolescents and mothers were linked using the combinations of maternal patient ID (identified as 

a parent in the medical records), health insurance membership details, and home address. A 

mother was defined as a female client with a patient ID mentioned in the adolescent medical 

record or with the same insurance coverage or who lives in the same address as the adolescent 

and is at least 16 years older than the respective adolescent(s) (to exclude siblings) (79,86). 

Adolescents with multiple potential mothers, no-matching mothers, or mothers older than 65 years 

were excluded (Figure 2.1). Ethical approval with waiver of consent and HIPPA authorization was 

received from the UW IRB. 

Outcomes and exposures 

All outcomes and exposures were anchored on an index visit, defined as the adolescent’s last 

primary care visit between March 2018 and February 2020. The primary outcomes of interest 

were adolescent HPV vaccine initiation and completion at or before the index visit. HPV vaccine 

initiation was defined as receiving at least one dose of the HPV vaccine. HPV vaccine completion 

was defined as receiving the recommended two doses if vaccination was initiated between 9 to 

14 years of age. Three doses were required if vaccination was initiated on or after the age of 15 

or if the interval between two doses was less than five months regardless of age at initiation or if 

the first dose was given before October 2016 (three doses were recommended for all ages before 

then) (69). The primary exposure was maternal cervical cancer screening (CCS) adherence. 

Cervical cancer screening adherence was assessed among mothers with no documented 

hysterectomy history before the index visit. Mothers with a Pap test within three years or a Pap 

and HPV co-test within five years before the index visit were considered adherent to cervical 

cancer screening (32). Secondary exposures were maternal utilization of wellness visits and 

adherence to breast cancer screening. Wellness visit attendance was defined as at least one 

wellness visit within two years before the index visit. Breast cancer screening was evaluated only 
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among adolescents with mothers ≥52 years of age, and adherence was defined as screening 

mammography within two years of the index visit (87). 

 

The covariates considered were grouped as adolescent characteristics (age, sex, race, ethnicity, 

language interpreter use, neighborhood socioeconomic status (NSES), health insurance type), 

adolescent primary care provider characteristics (primary care provider sex, type, and specialty), 

and maternal characteristics (age, race, ethnicity, language interpreter use, duration of care, and 

maternal primary care provider sex, type, and specialty). NSES was defined based on the 

participant's address linked with the 2018 CDC estimated geocoded neighborhood deprivation 

index measuring the census tract level vulnerability of communities for various social situations, 

including public health crisis (34).  

Statistical analysis  

First, we calculated the distribution of the sociodemographic characteristics of adolescents with 

HPV vaccine initiation and completion and compared differences across categories of adolescent 

and maternal characteristics using Chi-square tests. To estimate the association between 

maternal CCS and adolescent HPV vaccine initiation and completion, we used univariable and 

multivariable Generalized Estimating Equation (GEE) with a Poisson link and exchangeable 

correlation matrix to account for the clustering of adolescents within the same mother. We 

evaluated effect modification by adolescent sex (male vs. female), adolescent provider specialty 

(Pediatrics vs. Family Practice), maternal language interpreter use (yes/no), and having the same 

primary care provider for both adolescents and mothers (yes/no). Wald tests and associated p-

values for the interaction terms were used to determine the strength of evidence for effect 

modification. As a secondary analysis, we fitted a model to evaluate the associations between 

maternal wellness visit attendance and adherence to screenings for breast cancer with adolescent 

HPV vaccination. All the models were adjusted for adolescent age (continuous), sex, maternal 
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age (continuous), maternal duration of care at the UW (continuous, time from first encounter to 

index visit), and maternal language interpreter use (yes/no) unless the covariates were being 

evaluated for effect modification. We reported prevalence ratios (PR) with the respective 95% 

confidence intervals, and an alpha value of 0.05 was used to determine statistical significance. 

As a sensitivity analysis, we explored vaccination coverage by duration of care and estimated its 

association with maternal preventative service use only among adolescents who has received 

care from UW Medicine since their 9th birthday (the minimum recommended age to initiate HPV 

vaccination). 

 

Results 
 

A total of 9,694 adolescents had a primary care clinic visit between March 2018 and February 

2020. Of them, 4,121 (43%) had an eligible mother identified and were included in the study 

(Figure 2.1, Supplemental Table 2.1). 
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Figure 2. 1. Flow diagram for the selection of eligible adolescent-mother pairs 

 

Characteristics of adolescents by HPV vaccination status 

 

Half of the 4,121 adolescents (49%) were males, and 47% were aged 15 or older. English was 

the primary language for 93% of them. About 26% had missing data on race; among those with 

non-missing data, the documented race was White for 61%, Black or African American for 15%, 

and Asian for 16%. 

 

Of the 4,121 adolescents, 3,395 (82%) had ever initiated HPV vaccination, and 2,020 (49%) had 

completed the series. The majority (57%) initiated HPV vaccination at the age of 11 years, and 

only 173 (5%) adolescents initiated it before their 11th birthday. Vaccine completion among 
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females and males was 52% vs. 46%, respectively (p<0.001). Individuals with a recorded race of 

White had 50% HPV vaccine completion, Black or African American Individuals had 53% 

completion, and Asian Individuals had 56% completion (P=0.1). Adolescents with a female 

primary care provider had 51% completion, and those with a male provider had 44% completion 

(p<0.001). Similarly, adolescents with a provider in Pediatrics had 56% completion, and those in 

Family Practice had 45% completion (p<0.001) (Table 1.1). 

 

Table 2. 1. Adolescent characteristics and the distribution of HPV vaccination status 

    HPV Vaccination** 

Characteristic 

 Never initiated,  Ever initiated,  Completed, 

N = 
4,121 

N = 726 N = 3,395 N = 2,020 

   n (row %) n (row %) n (row %) 

Age        
11 303  102 (34%) 201 (66%) 39 (13%) 

12 590 116 (20%) 474 (80%) 282 (48%) 

13 614 104 (17%) 510 (83%) 344 (56%) 

14 669 117 (17%) 552 (83%) 309 (46%) 

15 654 102 (16%) 552 (84%) 321 (49%) 

16 670 92 (14%) 578 (86%) 363 (54%) 

17 621 93 (15%) 528 (85%) 362 (58%) 

Sex        
Female 2,101  344 (47%) 1,757 (52%) 1,092 (54%) 

Male 2,014  381 (52%) 1,633 (48%) 925 (48%) 

Unknown 6  1 (0%) 5 (0%) 3 (0%) 

Primary language     
English 3,849 696 (18%) 3,153 (82%) 1,874 (49%) 

Non-English 272 30 (11%) 242 (89%) 146 (54%) 

Language interpreter flag      

Yes 201 23 (11%) 178 (89%) 108 (54%) 

No 3455 620 (18%) 2835 (82%) 1684 (49%) 

Missing 465 83 382 228 

Race        
American Indian or Alaska Native 27 5 (19%) 22 (81%) 12 (44%) 

Asian 499 79 (16%) 420 (84%) 280 (56%) 



 55 

Black or African American 459 52 (11%) 407 (89%) 244 (53%) 

Multi-racial 160 31 (19%) 129 (81%) 75 (47%) 

Native Hawaiian or Other Pacific 
Islander 

41 
3 (7.3%) 

38 (93%) 24 (59%) 

White 1,853 323 (17%) 1,530 (83%) 926 (50%) 

Missing 1,082 233 849 459 

Ethnicity       

Hispanic 346 43(12%) 303 (88%) 188 (54%) 

Non-Hispanic 2,814 466(17%) 2,348 (83%) 1,429 (51%) 

Missing 961 217 744 403 

Health insurance type   
  

Commercial 2,896 517 (18%) 2,379 (82%) 1,424 (49%) 

Medicare/Medicaid 1,045 181 (17%) 864 (83%) 498 (48%) 

Self-Pay 155 23 (15%) 132 (85%) 81 (52%) 

Missing 25 5 20 17 

NSES *        
Least poor 595 84 (14%) 511 (86%) 305 (51%) 

Middle 1,436 238 (17%) 1,198 (83%) 715 (50%) 

Poorest 1,903 363 (19%) 1,540 (81%) 914 (48%) 

Missing 187 41 146 86 

Gender of primary care provider      
Female 3,103 535 (17%) 2,568 (83%) 1,572 (51%) 

Male 1,013 190 (19%) 823 (81%) 447 (44%) 

Missing 5 1 4 1 

Provider type      
Physician 3,264 566 (17%) 547 (82%) 322 (48%) 

Nurse Practitioner 669 122 (18%) 2,698 (83%) 1,626 (50%) 

Physician Assistant 181 34 (19%) 147 (81%) 72 (40%) 

Other 7 4 (57%) 3 (43%) 0 (0%) 

Primary care provider specialty      
Family Practice 2,433 509 (21%) 1,924 (79%) 1,103 (45%) 

Pediatrics 1,466 161 (11%) 1,305 (89%) 827 (56%) 

Others 222 56 (25%) 166 (75%) 90 (41%) 

* Neighborhood socioeconomic status (34) 

** HPV vaccination never-initiated and ever-initiated percentages add up to 100% across each row. HPV vaccination 
completion overlaps with ever-initiation because individuals who have completed the recommended doses are 
included in each column. 
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Characteristics of mothers by adolescent HPV vaccination status 

There were 3,297 mothers paired with the 4,121 adolescents. The number of adolescents under 

a single mother ranged from 1 to 5; 2,556 (78%) of the mothers had one child, 668 (20%) had two 

children, 73 (2%) had more than two children. For 91% of adolescents, the primary language of 

their mothers was English; mothers of 65% self-identified as White, 18% as Asian, and 13% as 

Black or African American. About 4 out of 5 adolescents had a mother who received care from 

UW Medicine for at least five years.  

 

Adolescents with a mother using a language interpreter had higher initiation (89% vs. 82%, p 

<0.001) and higher completion (56% vs. 48%, p =0.01) than those with a mother who did not use 

a language interpreter. Adolescents with a mother who had received care from UW Medicine for 

more than 10 years had higher initiation (85% vs. 82% & 74%, p=0.022) and higher completion 

(53% vs. 45% & 42%, p<0.001) than those who received care for 5-10 years and less than five 

years respectively (Table 1.2). 

 

Table 2. 2. Maternal characteristics and adolescent HPV vaccination status 

    HPV Vaccination** 

Maternal characteristics 
  N = 4,121 

Never 
vaccinated,  
N = 726 

Ever 
initiated, 
 N = 3,395 

Completed,  
N = 2,020 
  

Maternal age      
27-35 274 50 (18%) 224 (82%) 124 (45%) 

36-45 1,776 355 (20%) 1,421 (80%) 828 (47%) 

46-55 1,829 286 (16%) 1,543 (84%) 942 (52%) 

56-65 242 35 (14%) 207 (86%) 126 (52%) 

Maternal language interpreter flag    
No 3,812 693 (18%) 3,119 (82%) 1,847 (48%) 

Yes 309 33 (11%) 276 (89%) 173 (56%) 

Maternal language     
English 3,744 676 (18%) 3,068 (82%) 1,811 (48%) 

Non-English 377 50 (13%) 327 (87%) 209 (55%) 
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Maternal race      
American Indian or Alaska Native 43 5 (12%) 38 (88%) 19 (44%) 

Asian 656 108 (16%) 548 (84%) 349 (53%) 

Black or African American 469 63 (13%) 406 (87%) 238 (51%) 

Native Hawaiian or Other Pacific 
Islander 

53 4 (8%) 49 (92%) 25 (47%) 

Two or more races 71 16 (23%) 55 (77%) 28 (39%) 

White 2,363 409 (17%) 1,954 (83%) 1,156 (49%) 

Missing 466 121 345 205 

Maternal ethnicity  
   

Hispanic 248 38 (15%) 210 (85%) 133 (54%) 

Non-Hispanic 3,501 606 (17%) 2,895 (83%) 1,714 (49%) 

Missing 372 82 290 173 

Maternal duration of care*    
< 5 years 929 238 (26%) 691 (74%) 388 (42%) 

5-10 years 670 122 (18%) 548 (82%) 301 (45%) 

>10 years 2,522 366 (15%) 2,156 (85%) 1,331 (53%) 

Maternal provider sex     
Female 3,434 583 (17%) 2,851 (83%) 1,707 (50%) 

Male 687 143 (21%) 544 (79%) 313 (46%) 

Maternal provider type     
Nurse Practitioner/CNM 646 122 (19%) 524 (81%) 316 (49%) 

Physician 3,265 564 (17%) 2,701 (83%) 1,610 (49%) 

Physician Assistant 210 40 (19%) 170 (81%) 94 (45%) 

Maternal provider specialty    
Family Practice 2,953 568 (19%) 2,385 (81%) 1,378 (47%) 

Internal Medicine 948 127 (13%) 821 (87%) 539 (57%) 

Others 220 31 (14%) 189 (86%) 103 (47%) 

Mother and adolescent with same primary care provider  
No 2,982 484 (16%) 2,498 (84%) 1,506 (51%) 

Yes 1,139 242 (21%) 897 (79%) 514 (45%) 

*Time between initial encounter to UW Medicine and the index visit 

** HPV vaccination never-initiated and ever-initiated percentages add up to 100% across each row. HPV vaccination 
completion overlaps with ever-initiation because individuals who have completed the recommended doses are 
included in each column. 

 

Association of maternal preventative service utilization with adolescent HPV vaccination 

HPV vaccine initiation among adolescents with a mother who was up to date for cervical cancer 

screening was 85%, and it was 77% among those who had a screening overdue mother. 
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Adolescents with a mother who had at least one wellness visit in two years had an 84% initiation, 

and it was 81% among those who had no wellness visit. Also, adolescents with a mother up to 

date for breast cancer screening and those with a mother overdue for breast cancer screening 

both had 89% HPV vaccine initiation. In the adjusted models, maternal cervical cancer screening 

adherence was associated with a 10% higher HPV vaccination initiation (APR: 1.10, 95%CI: 1,06, 

1.13) than being overdue. Having at least one wellness visit in two years was associated with a 

4% higher HPV vaccine initiation (APR: 1.04, 95%CI: 1.01, 1.07) than not having at least one 

wellness visit. Among mothers ≥52 years of age, breast cancer screening adherence was not 

significantly associated with HPV vaccine initiation (Figure 2.2). 

 

Figure 2. 2. The association of maternal CCS, breast cancer screening, and wellness visits with 

adolescent HPV vaccine initiation 

 
Adolescents with a mother who was up to date for cervical cancer screening had higher 

completion (52% vs. 43%) than those with an overdue mother. Adolescents with a mother who 

had at least one wellness visit in two years had higher completion (51% vs. 46%) than those 
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 *CCS adherence evaluated among mothers with no documented histor y of hysterectomy 

 **Breast cancer screening was evaluated among mothers age>=52                                    
 ***Adjusted for adolescent age and sex, and maternal age, duration of care, and language

 interpreter use                                                                                                                  
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without. Similarly, adolescents with a mother who was up to date for breast cancer screening had 

higher completion (58% vs. 49%) than those with an overdue mother. In the adjusted models, 

maternal cervical cancer screening adherence was associated with a 16% higher vaccine 

completion (APR: 1.16, 95%CI: 1,08, 1.23) compared with being overdue for cervical cancer 

screening. Also, having at least one wellness visit in two years was associated with a 12% higher 

HPV vaccine completion (APR: 1.12, 95%CI: 1.05, 1.20) than not having at least one wellness 

visit. Among mothers ≥52 years of age, breast cancer screening adherence was not significantly 

associated with HPV vaccine completion (Figure 2.3). 

 

 

Figure 2. 3. The association of maternal CCS, breast cancer screening, and wellness visits with 

adolescent HPV vaccine completion 

Except small changes in HPV vaccination coverage, the sensitivity analysis provided very 

similar estimates (Supplemental Table 2.5 & 2.6). 
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Effect modification 

HPV vaccine initiation  

The observed associations between maternal cervical cancer screening adherence and 

adolescent HPV vaccine initiation were stronger for male vs. female adolescents (APRmales – 1.13 

[95%CI: 1.08, 1.19] vs. APRfemales 1.06 [95%CI: 1.02, 1.11], p=0.03), for adolescents who had a 

primary care provider with a specialty in Family Practice vs. Pediatrics (APRFamily Practice – 1.14 

[95%CI: 1.09, 1.20] vs. APRPediatrics 1.02 [95%CI: 0.98, 1.07]:, p<0.001), and for adolescents who 

had the same primary care provider as their mother vs. not (APRsame – 1.26 [95%CI: 1.16, 1.37] 

vs. APRdifferent 1.05 [95%CI: 1.01, 1.09], p<0.001) (Figure 3).  

 

 

Figure 2. 4. Effect modification for the association of maternal CCS adherence with adolescent 

HPV vaccine initiation 
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HPV vaccine completion 

The observed associations between maternal cervical cancer screening adherence and 

adolescent HPV vaccine completion were stronger for male vs. female adolescents (APRmales – 

1.28 [95%CI: 1.15, 1.43] vs. APRfemales 1.08 [95%CI: 0.98, 1.18], p=0.017), for adolescents who 

had a primary care provider with a specialty in Family Practice vs. Pediatrics (APRFamily Practice – 

1.23 [95%CI: 1.11, 1.36] vs. APRPediatrics 1.05 [95%CI: 0.94, 1.16], p=0.026), and for adolescents 

who had the same primary care provider as their mother vs. not (APRsame – 1.38 [95%CI: 1.17, 

1.63] vs. APRdifferent 1.11 [95%CI: 1.03, 1.21], p=0.019) (Figure 3).  

 

Figure 2. 5. Effect modification for the association of maternal CCS adherence with adolescent 

HPV vaccine completion
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Discussion 

 
This study evaluated the association of maternal preventive service utilization with adolescent 

HPV vaccination. We found that maternal adherence to cervical cancer screening and attendance 

to wellness visits were associated with higher adolescent HPV vaccine initiation and completion. 

Maternal breast cancer screening was non-significantly associated with higher vaccine 

completion in the subset of adolescents with age-eligible mothers. The association between 

maternal cervical cancer screening adherence and adolescent HPV vaccination was more 

pronounced for male adolescents, adolescents with the same primary care provider as their 

mothers, and adolescents with a primary care provider specializing in Family Practice. 

 

The positive association between maternal cervical cancer screening and HPV vaccine initiation 

and completion has been also reported by several studies done in the US and Europe using 

various data sources (18,79,84,86). Similarly, there has been evidence of the association of 

primary care visits with higher HPV vaccine initiation and completion (82). Despite variations in 

demographics and vaccination uptake over time, the consistencies across studies may suggest 

the central role of maternal preventive attitude in screening and vaccination (88).  

 

However, most of the evidence so far has been from studies done almost a decade ago when 

HPV vaccination coverage was very low. For example, Hechter et al. found that maternal CCS 

adherence was associated with a 13% higher HPV vaccine initiation by using electronic health 

records from Kaiser Permanente Southern California between 2007-2009; nevertheless, less than 

2% of the boys initiated the vaccine during that time (as opposed to 81% in our study) (86). 

Estimates of other prior US-based studies reporting a positive association between maternal 

cervical cancer screening adherence and HPV vaccination have reported odds ratios ranging 

from 1.07 to 1.9 and relative risks ranging from 1.1 to 1.5 (Supplemental Table 2.4) (20,23,32). 

Besides the consistencies across studies, our study provides updated evidence with further 
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exploration of important effect modifiers such as adolescent sex, provider specialty, having the 

same provider with a mother, and maternal language interpreter use. 

 

Having a cervical cancer screening encounter may create an opportunity for mothers to learn 

more about HPV vaccination (89). Particularly, HPV testing has been part of the routine cervical 

cancer screening test since 2012 (71), and the results from our study might also provide evidence 

on the potential role HPV testing has played in creating better education opportunities about the 

virus and subsequent improvement of HPV vaccination. Another potential explanation could be 

mothers’ health seeking behavior and knowledge of preventive healthcare. Women adherent to 

cervical cancer screening are more likely to have better educational status and better knowledge 

of the preventive mechanisms of the disease (45), which could make them more likely to get their 

children vaccinated (90,91). Likewise, wellness visits are mechanisms in which apparently healthy 

people proactively seek medical care for the early identification of silent medical problems (92,93). 

The primary purpose of wellness visits is to discuss preventive services and undertake necessary 

examinations (94,95), creating an opportunity to enhance mothers’ knowledge of HPV vaccination 

and other health issues. On the other hand, the association may be confounded by maternal 

factors that increase preventative behaviors. For instance, cervical cancer screening adherent 

mothers may have a personal or family history of cancer and may better understand the 

consequences of HPV (53,54). The association we observed for breast cancer screening 

adherence was not statistically significant. The non-significant association may be due to the 

smaller sample size since we assessed the association only among adolescents with a mother 

above 52 years. In addition, breast cancer screening may not provide the same educational 

opportunity about HPV vaccination as cervical cancer screening,  

 

The association of maternal cervical cancer screening adherence with adolescent HPV 

vaccination was stronger for male than female adolescents. HPV is not only responsible for 
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cancers of the female genital organs, such as cervical, vaginal, and vulvar cancers, but it also 

impacts both boys and girls by causing oropharyngeal and anal cancers, and boys by causing 

penile cancers (68). Even for the diseases among girls, boys play a substantial role in the 

transmission of HPV. Nevertheless, the long-standing societal awareness of cervical cancer might 

enable mothers to get their girls vaccinated regardless of their cervical cancer screening 

adherence. In addition, providers are more likely to recommend the vaccine to girls than boys 

(96,97). As a result, getting boys vaccinated may require more effort and comprehensive 

knowledge of the impacts of HPV infection. Our results suggest that mothers who are adherent 

to cervical cancer screening may be better informed about HPV and its consequences – so they 

are more likely to bring their boy adolescents for vaccination than non-adherent mothers (98). 

This implies that efforts to improve cervical cancer screening may subsequently improve HPV 

vaccination through the opportunities they open up for discussing cervical cancer prevention and 

available interventions, including HPV vaccination. Nevertheless, potential mechanisms of 

vaccinating adolescent boys beyond education during cervical cancer screening encounters may 

need further investigation.  

 

We also observed a stronger association between CCS adherence and HPV vaccination when 

both mothers and adolescents had the same primary care provider than not. Adolescents are 

under the influence of their parents, and their healthcare encounters may depend on their parents' 

convenience (76,77). Mothers adherent to CCS are more likely to have a long-term and trusting 

relationship with their primary care providers (46,47). Also, mothers interacting frequently with 

their providers are more likely to vaccinate their children (99). Primary care providers responsible 

for more family members are more likely to approach things comprehensively and integrate 

recommendations for cervical cancer screening with HPV vaccination (100). Our analysis also 

showed that maternal CCS adherence had a higher association with adolescent HPV vaccination 

when the primary care providers of adolescents were in Family Practice than in Pediatrics. Unlike 
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Family Practitioners, Pediatricians primarily target adolescents and are more likely to recommend 

HPV vaccination regardless of maternal cervical cancer screening adherence (97,101). Not 

surprisingly, adolescents with a provider in Pediatrics had the highest proportions of HPV initiation 

and completion, but it was not modified by maternal cervical cancer screening adherence. 

 

The HPV vaccine initiation in this study was 82% (close to the national average of 89%). Still, the 

completion was unacceptably low (49%) - indicating about half of the patients who initiated 

vaccination did not complete the series. Even among age 13-17 years old adolescents who 

started receiving care at UW medicine before their 9 th birthday, vaccine completion was 56% 

(Supplemental Table 2.5). In general, our estimates for vaccine completion are lower than the 

national rate of 61% and much lower than the 2030 Healthy People target of 80% (3,74). The 

coverage among people not seeking medical care could be even lower than among our sample 

of individuals engaged in care. Since the national estimates are based on surveys, some 

differences could be explained by overreporting (102). Despite that, the consistent discrepancy 

between initiation and completion needs further attention. Since most misconceptions about HPV 

vaccination may get resolved when adolescents initiate the HPV vaccine series, the failure to 

complete the series may be due to other potential barriers from both the health system and the 

patients' side (103). From the health system side, this points to a need for improved engagement 

and follow-up. In the usual practice at UW Medicine, patients do not routinely receive a reminder 

when they are due for the next HPV vaccine dose. Most of the ever-vaccinated adolescents in 

our study (80%) initiated the vaccine series more than 12 months before their index visit. Still, 

only a subset of them completed the series, suggesting a potential missed opportunity to fully 

vaccinate more adolescents. On the patient side, almost all adolescents in the HPV vaccine 

recommendation age group spend most of their weekdays in school. To have a clinic visit, they 

may have to miss school or go to the clinic after school. Parents' schedules also may not align 

with their adolescents’ or the available clinic appointments (104). However, the interplay of system 
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and patient barriers needs further exploration. If recent advocacies on the sufficiency of a single-

dose HPV vaccination come into reality, completion will be less of an issue (105). But in general, 

HPV vaccination coverage can be improved by leveraging available maternal and adolescent 

encounters to provide recommended vaccine doses. 

 

This study has several strengths, including highlighting the role of maternal health-seeking 

behavior on adolescent HPV vaccination using large health system data. Using data from 

electronic health records minimizes potential recall bias and over-reporting inherent in most 

surveys. We also evaluated the role of different types of maternal preventative services and effect 

modification by patient and provider characteristics. Furthermore, using data from a large health 

system – UW Medicine – that serves an ethnically and economically diverse population enhances 

its generalizability. Despite that, it has some limitations. Firstly, we included only adolescents and 

mothers who had at least one primary care visit in two years, and thus the findings might not 

represent the rest of the population that do not seek health care or seek care elsewhere. More 

specifically, the racial and socioeconomic distribution of the included adolescents is different from 

those who were excluded – limiting the generalizability of the study (Supplemental Table 2.1). 

Secondly, we used residential addresses, insurance subscriptions, and maternal patient IDs to 

link adolescents with their respective mothers. Although this approach might have captured most 

of them correctly, there could have been mismatched adolescent-mother pairs that could have 

biased the observed association. Thirdly, younger adolescents who initiated the vaccination 

around the index visit might not have had enough time to complete the series, leading to an 

underestimation of the overall completion status. In addition, we could not establish a temporal 

relationship between maternal screening and adolescent vaccination due to the study's cross-

sectional nature. As a result, decision makers may need to scrutinize potential mechanisms that 

can be targeted for future interventions. Lastly, despite their inclusion in the routine medical record 

system and UW Medicine’s bidirectional approach of pulling and pushing data to/from Washington 
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state immunization information systems (111), screening and vaccinations in other health facilities 

might not have been fully recorded and could have caused a non-differential misclassification. 

Beyond that, EHR data on race and ethnicity were missing for a considerable number of patients, 

limiting our ability to fully describe the characteristics of the study population. 

 

Conclusion 
 

Maternal cervical cancer screening adherence and recent wellness visits were positively 

associated with adolescent HPV vaccination. Delivering healthcare through a family-centered 

approach and engaging mothers in broad preventative care may increase HPV vaccination 

coverage. Maternal cervical cancer screening appointments and other healthcare encounters 

could be leveraged as opportunities to follow up and recommend adolescent HPV vaccination. 

Moreover, HPV vaccination can be enhanced by engaging providers of all types in promoting both 

cervical cancer screening and HPV vaccination. 
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Appendix 

 
 
Supplemental Table 2.1. Comparison of the sociodemographic distribution of included and 

excluded adolescents. 

Characteristic 
 

Total, 
N = 9,694 
(column %) 

Excluded, 
N=5573 
(column %) 

Included 
N = 4,121 
(column %) 

Age 
  

N 
 

11 680 (7.0%) 377(7%) 303 (7%) 
12 1,396 (14%) 806(14%) 590 (14%) 
13 1,375 (14%) 761(14%) 614 (15%) 
14 1,535 (16%) 866(16%) 669 (16%) 
15 1,485 (15%) 831 (15%) 654 (16%) 
16 1,641 (17%) 971(17%) 670 (16%) 
17 1,582 (16%) 961(17%) 621 (15%) 

Sex 
    

Female 5,063 (52%) 2962(53%) 2,101 (51%) 
Male 4,619 (48%) 2605(47%) 2,014 (49%) 
Missing 12 6 6 

Primary language 
   

English 8,598 (89%) 4749(85%) 3,849 (93%) 
Non-English 1,096 (11%) 824 (15%) 272 (7%) 

Language interpreter flag 
   

Yes 870 (10%) 669 (12%) 201 (5%) 
No 7720(90%) 4265(96%) 3455 (95%) 
Missing 1104 639  465 

Race 
    

American Indian or 
Alaska Native 

84 (1.2%) 57(2%) 27 (1%) 

Asian 1,105 (16%) 606 (16%) 499 (16%) 
Black or African 
American 

1,305 (19%) 846(22%) 459 (15%) 

Multi-racial 339 (5.0%) 179(5%) 160 (5%) 
Native Hawaiian or 
Other Pacific 
Islander 

145 (2.1%) 104(3%) 41 (1%) 

White 3,850 (56%) 1997 (53%) 1,853 (61%) 
Missing 2866 1784 1,082 

Health insurance type 
   

Commercial 5,473 (57%) 2577 (47%) 2,896 (71%) 
Medicare/Medicaid 3,595 (37%) 2550(46%) 1,045 (26%) 
Self-Pay 457 (4.8%) 302 (5%) 155 (4%) 
Other 95 (1.0%) 70 (1%) 25 
Missing 74 74 

 

NSES  
    

Least poor 1,686 (19%) 1091 (22%) 595 (15%) 
Middle 3,304 (37%) 1868 (38%) 1,436 (37%) 
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Poorest 3,849 (44%) 1946 (40) 1,903 (48%) 
Missing 855 668 187 

Primary care provider sex 
   

Female 7,224 (75%) 4121 (74%) 3,103 (75%) 
Male 2,460 (25%) 1447 (26%) 1,013 (25%) 
Missing 10 5 5 

Provider type 
   

Physician 7,787 (80%) 4523 (81%) 3,264 (79%) 
Nurse Practitioner 1,539 (16%) 870 (16%) 669 (16%) 
Physician 
Assistant 

356 (4%) 175 (3%) 181 (4%) 

Other 12 (0.1%) 5 (0.1%) 7 (0.2%) 
Primary care provider specialty 

  

Family Practice 4,564 (47%) 2131 (38%) 2,433 (59%) 
Pediatrics 4,473 (46%) 3007 (54%) 1,466 (36%) 
Others 657(7%) 435 (8%) 222 (5%) 
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Supplemental Table 2.2. The association of maternal CCS adherence with adolescent HPV vaccine initiation stratified by adolescent sex, maternal 

language interpreter flag, and provider characteristics. 

 

  

HPV vaccine initiation  
Adolescent sex  

  

 Female (N = 2,101)   Male (N = 2014)   

CCS adherence CPR 95% CI p APR1 95% CI p  CPR 95% CI p APR1 95% CI p 

Overdue 557 (79%) ref. ref.  ref. ref.  505 (74%) ref. ref.  ref. ref.  
Up to date 1,181 (86%) 1.08 1.04, 1.13 <0.001 1.06 1.01, 1.10 0.014 1,111 (85%) 1.16 1.10, 1.22 <0.001 1.15 1.09, 1.21 <0.001 
 Maternal language interpreter flag   

  No (N = 3,812) Yes (N = 309) 

CCS adherence  CPR 95% CI p APR2 95% CI p  CPR 95% CI p APR2 95% CI p 

Overdue 990 (76%) ref. ref.  ref. ref.  75 (83%) ref. ref.  ref. ref.  
Up to date 2,096 (85%) 1.11 1.07, 1.16 <0.001 1.10 1.06, 1.14 <0.001 198 (92%) 1.11 0.99, 1.23 0.071 1.08 0.97, 1.21 0.14 
 Adolescents and mothers with the same primary care provider   

 No (N = 2,982) Yes (N = 1,139) 

CCS adherence CPR 95% CI p APR3 95% CI p  CPR 95% CI p APR3 95% CI p 

Overdue 834 (81%) ref. ref.  ref. ref.  231 (65%) ref. ref.  ref. ref.  
Up to date 1,638 (85%) 1.06 1.02, 1.10 0.001 1.05 1.01, 1.09 0.011 656 (85%) 1.30 1.20, 1.42 <0.001 1.27 1.17, 1.38 <0.001 
 Adolescent primary care provider specialty 

 Family Practice (N = 2,433) Pediatrics (N = 1,466) 

CCS adherence CPR 95% CI p APR4 95% CI p  CPR 95% CI p APR4 95% CI p 

Overdue 616 (72%) ref. ref.  ref. ref.  393 (87%) ref. ref.  ref. ref.  
Up to date 1,286 (83%) 1.16 1.11, 1.22 <0.001 1.14 1.08, 1.20 <0.001 900 (90%) 1.03 0.99, 1.08 0.12 1.03 0.99, 1.08 0.2 

1Adjusted for adolescent age, and maternal age, duration of care, and language interpreter use 
2Adjusted for adolescent age and sex, and maternal age, and duration of care 
3Adjusted for adolescent age and sex, and maternal age, duration of care, and language interpreter use 
4Adjusted for adolescent age and sex, and maternal age, duration of care, and language interpreter use 
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Supplemental Table 2.3. The association of maternal CCS adherence with adolescent HPV vaccine initiation stratified by adolescent sex, maternal 
language interpreter flag, and provider characteristics. 
 

  HPV vaccine completion – n(%) 
 Adolescent sex    

 Female (N = 2,101)   Male (N = 2014)   

CCS adherence CPR 95% CI p APR1 95% CI p  CPR 95% CI p APR1 95% CI p 

Overdue 335 (48%) ref. ref.  ref. ref.  262 (38%) ref. ref.  ref. ref.  
Up to date 744 (54%) 1.13 1.03, 1.24 0.011 1.08 0.98, 1.18 0.12 652 (50%) 1.32 1.18, 1.47 <0.001 1.29 1.15, 1.44 <0.001 
 Maternal language interpreter flag    

  No (N = 3,812) Yes (N = 309) 

CCS adherence CPR 95% CI p APR2 95% CI p  CPR 95% CI p APR2 95% CI p 

Overdue 558 (43%) ref. ref.  ref. ref.  41 (46%) ref. ref.  ref. ref.  
Up to date 1,267 (51%) 1.2 1.11, 1.29 <0.001 1.16 1.08, 1.25 <0.001 130 (60%) 1.33 1.02, 1.73 0.034 1.19 0.93, 1.52 0.2 
 Adolescents and mothers with the same primary care provider   

 No (N = 2,982) Yes (N = 1,139) 

CCS adherence CPR 95% CI p APR3 95% CI p  CPR 95% CI p APR3 95% CI p 

Overdue 478 (46%) ref. ref.  ref. ref.  121 (34%) ref. ref.  ref. ref.  
Up to date 1,011 (53%) 1.14 1.05, 1.24 0.001 1.11 1.02, 1.20 0.014 386 (50%) 1.5 1.26, 1.77 <0.001 1.45 1.22, 1.72 <0.001 
 Adolescent provider specialty  

 Family Practice (N = 2,433) Pediatrics (N = 1,466) 

CCS adherence CPR 95% CI p APR4 95% CI p  CPR 95% CI p APR4 95% CI p 

Overdue 332 (39%) ref. ref.  ref. ref.  242 (54%) ref. ref.  ref. ref.  
Up to date 757 (49%) 1.27 1.15, 1.41 <0.001 1.23 1.11, 1.36 <0.001 575 (57%) 1.03 0.99, 1.08 0.12 1.03 0.99, 1.08 0.2 

1Adjusted for adolescent age, and maternal age, duration of care, and language interpreter use 
2Adjusted for adolescent age and sex, and maternal age, and duration of care 
3Adjusted for adolescent age and sex, and maternal age, duration of care, and language interpreter use 
4Adjusted for adolescent age and sex, and maternal age, duration of care, and language interpreter use 
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Supplemental Table 2.4. Literature summary for the association of maternal health seeking on adolescent HPV Vaccination 

Author 
(Year) 

Country Study design Population (age, 
sample size) 

Outcome Key Findings 

(Taylor et al. 

2014) (112) 
 

US, Seattle  Cross-
sectional  

• 9–17-year-old 

• 89 American 
Cambodian girls 

Vaccination P-value = 0.002: mother Pap test vs not 

(Chao et al. 

2009) (84) 
 

US, 
California 

Cohort • 9–17-year-old girls 

• 148,350: initiation  

• 19,729: completion 

Vaccination Vaccine initiation 
OR:1.47 (95% CI: 1.43, 1.52): mother Pap test 
OR=1.11(95% CI=1.07, 1.14): abnormal Pap test 
OR=1.19(95% CI=1.10, 1.28): genital/anal warts 
OR=1.13(95% CI=1.04, 1.22): other STI 
Vaccine completion 
OR=1.42(95% CI=1.31,1.54): mother Pap test 
OR=0.67(95% CI=0.43, 1.04): STI African American 
OR=4.92(95% CI=1.00, 24.25): STI Asian 
 

(Hechter et 
al. 2013) 

(91) 
 

US, 
California 

Cohort • 9–17-year-old 
boys 

• 254,489  

Vaccination Vaccine initiation 
RR = 1.16(95% CI: 1.07, 1.26): Influenza vaccine 
RR = 1.13(95% CI = 1.01, 1.26): mother Pap test 
RR = 1.47(95% CI = 0.93, 2.34): genital warts 

(Markovitz et 
al. 2014a) 

(113) 
 

US, 
Michigan 

Cross-
sectional  

• 13-17 years old 
girls. 

• 38,604  

Vaccination  Vaccine initiation 
OR:1.07(95% CI: 1.06-1.08): mother Pap test  
OR: 1.10(95% CI:1.08-1.11): mammograms  
OR: 1.07(95% CI:1.06-1.09) primary care visits 

(Monnat and 
Wallington 

2013) (104) 
 

US (BRFSS) Cross-
sectional 

• 9–17-year-old girls 

• 4,776: initiation 

• 1,270: completion 

Vaccination  Vaccine initiation 
OR: 1.34(95% CI: 1.07–1.69): mother Pap test  
Vaccine completion 
OR: 1.90(95% CI: 1.37–2.72): mother Pap test 

(Steens et 
al. 2012) 

(114) 
 

The 
Netherlands 

Cross-
sectional 

• 13-16-year-old 
girls 

• 337,368: initiation 

• 195,673: 
completion 

Vaccination Vaccine initiation 
OR: 1.40 (95% CI: 1.38–1.43): mother Pap test 
Vaccine completion 
OR: 1.54 (95% CI: 1.51–1.57): mother Pap test 

(Lutringer-
Magnin et al. 

2013) (90) 
 

France Cross-
sectional 

• 14-23 years old 
girls  

• 501 

Vaccination Vaccine initiation 
OR: 6.2 (95% CI: 1.5–25.8): mother Pap test 
OR: 4.6 (95% CI: 1.6–13.5): mother never lived with a 
partner 
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OR: 3.2 (95% CI: 1.6–6.1): mother’s vaccination against 
hepatitis B 

(Venturelli et 
al. 2017) 

(93) 
 

Italy Quasi-
experimental 

• 12-13 years old 
girls 

• 1,445 

Vaccination Vaccine initiation 
Intervention 
RR 1.72 95%CI 1.26–2.36): mother Pap test 
Control 
RR 1.20 95%CI 1.04–1.40): mother Pap test 
 

(Spencer et 
al. 2013) 

(89) 
 

England  Cohort • 12-13 years old 
girls 

• 117,343: initiation 

• 58,354: completion 

Vaccination Vaccine initiation 
AOR :3.5 (95% CI: 3.1–4.0): mother Pap test 
AOR: 1.2(95%: 1.1–1.3): mild abnormal Pap  
AOR: 1.3(95%: 1.3–1.4): moderate-severe neoplasia 
Vaccine completion 
AOR routine: 2.2(95%:1.6–2.9): mother Pap test 

(Hansen et 
al. 2015) 

(115) 
 

Norway Cohort • 10-12 years old 
girls  

• 90, 540: initiation  

• 70,870: completion 
 

Vaccination  Vaccine initiation 
OR: 0.76(95% CI: 0.64,0.90)-mothers from Africa OR: 
1.44(95%CI: 1.29, 1.62)-mothers from Asia 
OR: 0.86 (95%CI: 0.81,0.91): No-Pap screened 
OR: 1.28 (95%CI: 1.07,1.53): Screened, abnormal  
OR: 0.19(95%CI: 0.18, 0.21: Girls MMR vaccine 
Vaccine completion 
OR: 0.94 (95%CI: 0.84,1.06): Not Pap screened  
OR: 1.08 (95%CI: 0.76,1.54): Screened, abnormal  

(Lefevere et 
al. 2011) 

(18) 
 

Belgium  Cohort • 11-18 -years-old 
girls 

• 127,854 

Vaccination  Vaccine initiation 
OR: 4.5(95% CI: 3.5–5.9): One Pap test 
OR:16.0(95% CI: 12.1–21.2): 3 or more Pap tests 
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Supplemental Table 2.5. HPV Vaccination by adolescent duration of care 
 

Characteristics N 

HPV Vaccination 

Ever initiated Completed 

Adolescents age 11-17    

 Overall 4121 3,395 (82%) 2,020 (49%) 

 

Adolescents enrolled at UW Medicine 
before age 9 (all) 3,001 2,549 (85%) 1,546 (52%) 

 By age    

 11  227 158 (70%) 30 (13%) 

 12  473 390 (82%) 238 (50%) 

 13  485 416 (86%) 291 (60%) 

 14  497 426 (86%) 239 (48%) 

 15  473 414 (88%) 235 (50%) 

 16  455 398 (87%) 256 (56%) 

 17  391 347 (89%) 257 (66%) 

 

Adolescents enrolled at UW Medicine 
after age 9 (all) 1,112 840 (76%) 471 (42%) 

 By age    

 11 75 42 (56%) 8 (11%) 

 12 115 82 (71%) 43 (37%) 

 13 127 93 (73%) 53 (42%) 

 14 172 126 (73%) 70 (41%) 

 15 181 138 (76%) 86 (48%) 

 16 214 180 (84%) 107 (50%) 

 17 228 179 (79%) 104 (46%) 

 Adolescent duration of care    

 <6 months 280 177 (63%) 82 (29%) 

 6 to 11 months 95 64 (67%) 31 (33%) 

 1 to 2 Years 380 296 (78%) 173 (46%) 

 3 to 5 Years 438 360 (82%) 208 (47%) 

 >5 Years 2928 2,498 (85%) 1,526 (52%) 

Adolescents age 13-17    

 Overall 3,228 2,720 (84%) 1,699 (53%) 

 

Initiated care at UW Medicine before 
age 9 (all) 2,301 2,001 (87%) 1,278 (56%) 

 By age    

 13 485 416 (86%) 291 (60%) 

 14 497 426 (86%) 239 (48%) 

 15 473 414 (88%) 235 (50%) 

 16 455 398 (87%) 256 (56%) 

 17 391 347 (89%) 257 (66%) 

 

Initiated care at UW Medicine after age 
9 (all) 922 716 (78%) 420 (46%) 

 By age    
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 13 127 93 (73%) 53 (42%) 

 14 172 126 (73%) 70 (41%) 

 15 181 138 (76%) 86 (48%) 

 16 214 180 (84%) 107 (50%) 

 17 228 179 (79%) 104 (46%) 

 
 
Supplemental Table 2.6. The association of maternal preventative care utilization with HPV 
vaccination among 11-17 years old adolescents who initiated care at UW Medicine before their 9th 
birthday.  
 

HPV Vaccine Initiation 

 CPR1 95% CI1 p-value APR 95% CI1 p-value 

Cervical cancer screening adherence     

Overdue — —  — —  

Up to date 1.07 1.03, 1.11 <0.001 1.06 1.02, 1.10 0.002 

≥1 Wellness visit in two years      

No — —  — —  

Yes 1.02 0.98, 1.05 0.4 1.02 0.98, 1.05 0.3 

Breast cancer screening adherence      

Overdue — —  — —  

Up to date 1.02 0.93, 1.12 0.7 1.03 0.94, 1.12 0.5 

HPV Vaccine Completion 

Cervical cancer screening adherence     

Overdue — —  — —  

Up to date 1.12 1.03, 1.22 0.007 1.10 1.02, 1.20 0.018 

≥1 Wellness visit in two years      

No — —  — —  

Yes 1.08 1.00, 1.16 0.039 1.09 1.01, 1.17 0.027 

Breast cancer screening adherence      

Overdue — —  — —  

Up to date 1.20 0.94, 1.54 0.14 1.23 0.97, 1.55 0.086 
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Chapter 3. Modeling the impact of self-sampling on cervical cancer incidence and 
mortality among East African Immigrant Women in Washington State 

 

Abstract 

 
Introduction: Cervical cancer screening uptake among East African immigrants in the US has 

been consistently low. Several studies show that using patient self-collected samples can 

increase screening coverage among underserved populations, with comparable accuracy to 

clinician-collected samples for detecting precancers. However, its impact on cervical cancer 

incidence and mortality is understudied.  

Methods: We used a Markov cohort state-transition model of the natural history of high-risk 

human papillomavirus (HPV) to predict the impact of primary HPV screening with self-sampling 

compared to standard of care clinician sampling on cervical cancer incidence and mortality among 

East African immigrant women in Washington state. The model was calibrated to HPV prevalence 

and age-specific cervical cancer incidence. The primary outcomes were age-specific cervical 

cancer incidence and mortality. A hypothetical cohort of 10,000 East African immigrant women 

aged 25 years was followed until the age of 80. The base case scenario was a 63% screening 

coverage and 83% colposcopy adherence with the standard of care and 70% screening coverage 

and 67% colposcopy adherence with self-sampling, and 85% treatment adherence with both 

strategies. We also compared outcomes between the screening strategies for various scenarios 

of screening coverage, colposcopy and treatment adherence. We used a Poisson regression 

model to compare differences in age-specific incidence and mortality rates. 

Results: With the base case scenario, there is no statistically significant difference in cervical 

cancer incidence and mortality between the standard of care and self-sampling strategies. In a 

scenario that increased cervical cancer screening coverage by self-sampling to 90%, the results 

of the two strategies were comparable. However, increasing only cervical cancer screening 

coverage of self-sampling up to 100% results a 2% lower cervical cancer incidence and mortality. 

Moreover, as compared to the standard of care, an increase in self-sampling colposcopy 
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adherence to the level of standard of care yields a 5% reduction in both incidence and mortality 

with 80% screening coverage, a 7% reduction in incidence and an 8% reduction in mortality with 

90% screening coverage, and a 10% incidence and 11% mortality reduction with 100% screening 

coverage. When we modify the latter scenario to additionally increase treatment adherence to 

100%, we could observe a 12% reduction in incidence and a 13% reduction in mortality.  

Conclusion: The implementation of cervical cancer screening by self-sampling for underserved 

populations needs to be backed by strong follow-up of patients. The impact of a self-collection 

strategy is optimized if the loss to follow-up can be minimized, and the value increases if screening 

reaches more people than the standard of care. Therefore, strategies with high patient follow-up 

and treatment adherence may need to be concurrently implemented to consider self-sampling as 

a better screening alternative.  

 

Introduction 

More than 95% of cervical cancer is caused by human papillomavirus (HPV), which primarily 

infects the cervix's transformation zone and causes precancer and cancerous lesions, although 

most infections clear spontaneously within one to two years (116–119). Since the invention of the 

Pap smear around the mid-20th century, cervical cancer-related morbidity and mortality in high-

income countries have declined by over 80% (1,2). Identifying the human papillomavirus (HPV) 

as a necessary cause of cervical cancer has played a substantial role in the technological 

advancement of screening techniques (120,121). In addition to including liquid-based cytology in 

2000, HPV testing has been part of the routine screening program since the late 1990s as a triage 

for atypical squamous cells of undetermined significance (ASCUS), then as co-testing with 

cytology since 2012, and most recently as primary screening (122–124). The current standard of 

care screening strategies in the US are cytology only every three years, cytology plus HPV co-
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testing every five years, or an HPV test only every five years (33,124). All strategies involve 

clinician-collected samples through pelvic examination. 

 
Most cervical cancer cases and deaths in the US occur among underserved and minority 

populations, including immigrants (5,6). East African immigrants are one of the underserved 

populations with lower screening rates and multiple cultural barriers to healthcare seeking (125). 

In Washington state, the East African immigrant community is one of the fast-growing populations, 

with an estimated size of over 46,000 (126,127). These people are immigrating from East Africa, 

where cervical cancer incidence is the highest globally (25), routine screening is unavailable, and 

cultural taboos surrounding genital health are common (16,26). As reported in Chapter One of 

this dissertation, cervical cancer screening adherence among East African Immigrants with 

access to primary healthcare was 63%, much lower than the national average of over 80% 

(7,128). This estimate is expected to be much lower among the general East African immigrant 

community, which may comprise a non-ignorable number of people who do not have regular 

healthcare access (12–14). Addressing the screening disparities among these populations may 

require implementing new interventions that tackle potential barriers (10,30).  

 
In recent years, HPV self-sampling, where patients take their sample instead of undergoing pelvic 

examination by clinicians, has received greater attention. Several clinical trials have shown that 

self-sampling has potential to improve screening uptake among underserved populations (129–

133). Implementing self-sampling as a screening strategy may alleviate barriers related to genital 

examination and the time and place of screening (15,19,134–138). In addition, multiple studies 

have shown that patient-collected samples for HPV testing have comparable accuracy to 

provider-collected samples for HPV testing for detecting cervical precancers (139,140). As a 

result, there has been an increasing inclination towards the self-sampling strategy to expand 

screening coverage among underserved people (139,141,142). Several countries have included 
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self-sampling as part of their routine screening programs, but it has not yet been approved by the 

US Food and Drug Administration (FDA) (143).  

 
The success of screening requires that patients with abnormal screening results complete follow-

up testing and treatment as recommended. Although self-sampling may increase uptake of 

screening, data suggest that the need for additional clinic visits for patients who test HPV-positive 

for high-risk genotypes via self-collection may have lower follow-up for colposcopy and treatment 

(144–146), which may reduce the effectiveness of HPV self-sampling as a cervical cancer 

screening strategy (143–145).  

 

Empirical studies are typically clinical trials that run for a maximum of a few years, and they 

inherently lack the potential to show the long-term impact of implementing self-sampling on the 

subsequent burden of cervical cancer among underserved populations (133,147,148). To fill this 

knowledge gap, using decision analysis modeling, we predicted the impact of self-sampling 

compared to the standard of care on cervical cancer incidence and mortality among East African 

immigrant women, and tested various scenarios of possible implementation targets.  

Methods 

 
Study design and population 

We fitted a Markov cohort state-transition model to simulate the natural history of high-risk (hr) 

HPV and estimate the effect of primary HPV screening by self-sampling relative to standard of 

care clinician-collected sampling on cervical cancer incidence and mortality among East African 

immigrant women living in Washington state. Our model simulated a hypothetical cohort of 10,000 

women aged 25 years and followed them until 80 years of age – the average life expectancy of 

women in the US (149).  
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Model Structure 

The model defines four mutually exclusive health states: normal (N), hr-HPV infection (I), 

precancer (P), and cancer (C). Individuals with a normal cervix may transition to the hr-HPV 

infection compartment. Hr-HPV-infected individuals either recover to the normal state or progress 

to the precancer state. From precancer, people may either transition to the final compartment, 

invasive cancer (Ca), or regress to the normal or hr-HPV infection states. The cohort was divided 

into 11 age groups with a five-year interval. Age-specific background mortality rates apply to all 

people at all compartments, and in addition to that, people in the cervical cancer compartment 

experience excess cervical cancer-specific mortality. The model runs in 6-month cycles, with 

transition probabilities defined accordingly. We made a simplifying assumption that recovery or 

treatment from precancer would not influence subsequent infection or cervical dysplasia risk 

(Figure 3.1). 

 

b= Background mortality; c = Cervical cancer-specific mortality 

Figure 3. 1. Model diagram for the natural history of cervical cancer 

 
 
The primary outcomes of the model were cervical cancer incidence and cervical cancer-specific 

mortality. The new strategy was primary HPV testing using self-sampled specimens, and the 

b b+ c 

 

b b 
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comparator was standard of care primary HPV testing on clinician-collected specimens 

(Supplemental Table 3.1). We compared primary HPV testing by self-sampling every five years 

to the standard-of-care primary HPV testing every five years. All screening modalities were 

assumed to start at the age of 25, and routine screening continues until the age of 65 regularly 

(33,124). There was no screening for individuals aged 65 to 80.  

 

Out of the standard-of-care screening strategies, the primary HPV test was chosen because it is 

the closest to self-sampling and has become the preferred screening approach (124,150,151). In 

clinical practice, patients who are positive for HPV 16 & 18 are referred directly to diagnostic 

colposcopy in both self-sampling and the standard of care strategies. However, for patients who 

test positive for other hr-HPV types (not HPV 16 & 18), colposcopy is indicated only when reflex 

cytology is abnormal. With clinician sampling, reflex cytology is done using the original sample, 

but in the case of self-sampling, patients require an additional in-clinic visit for cytology (135,152). 

This is because self-collected samples are inadequate for cervical cytological testing (153). As a 

result, the need for an additional clinic visit can be a barrier to completing follow-up. When 

indicated, follow-up for colposcopy is also suggested to be lower after self-sampling relative to 

standard of care strategies.  

 

Model parameters 

 

Model parameters were defined using published data, with modifications to reflect the dynamics 

of cervical cancer among East African immigrants. As presented below, HPV incidence and 

natural history parameters were calibrated to match the age-specific prevalence of HPV among 

Black or African American women in the US (154). Prior values for parameters for the natural 

course of cervical cancer (i.e., progression, clearance, invasion, and regression) were taken from 

a prior modeling study that estimated duration-specific probabilities for high-risk HPV infection 
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using data from a series of cohort studies and clinical trials (155). We transformed the duration-

specific probabilities to age-specific probabilities to align with the approaches we applied in our 

model (Supplemental Table 3.2). While there is evidence that natural history parameters are 

duration-dependent (156), using a Markov model with memoryless transitions limited our ability 

to define and apply duration-specific transitions. As such, we used age as a proxy for duration, in 

line with other models (157,158). 

 

Mortality estimates were derived by combining estimates from US Black/African populations and 

East Africa. We assume that neither population represented East African immigrants specifically. 

Despite better evidence for African Americans, most studies have overrepresented US-born 

African Americans. On the other hand, studies done in sub-Saharan Africa may reflect risk factors 

that East African immigrants may carry to the new context, but we expect mortality to be lower for 

these women in the US due to better healthcare access. As a result, we took a weighted average 

of the estimates from Black or African American women in the US and women in East Africa, with 

a ratio of 70% and 30%, respectively. Mortality data for Black or African American women were 

taken from the Centers for Disease Control (CDC) for background mortality and from Surveillance 

for Epidemiologic Evaluation and Research (SEER) for cervical cancer-specific mortality 

(159,160). World Health Organization (WHO) data was taken for background and cervical cancer-

specific mortalities for East African women (Supplemental Table 3.3) (161).  

 

We retrieved estimates for the test sensitivity and specificity of both self-sampling and the 

standard of care from high-quality US-representative meta-analyses. Test performances for self-

sampling and the standard of care were similar - sensitivity 93% vs. 94% and specificity 85% vs. 

87%, respectively (Supplemental Table 3.1) (162,163). For a base case screening coverage in 

the standard of care, we used estimates from Chapter One, where 63% of East African Immigrants 

living in Washington state with access to primary healthcare adhered to screening (128). We 
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estimated the base case scenario coverage for self-sampling using evidence from the STEP trial, 

a pragmatic trial done in Kaiser Permanente Washington in Washington State evaluating mailed 

self-sampling for increasing cervical cancer screening (164). The study reported that mailing self-

sampling kits to individuals overdue for cervical cancer screening increased screening completion 

by 17% over 6-month follow-up compared with standard of care reminders to attend in-clinic 

screening (148). We assumed that people adherent to the standard of care remain adherent to 

the self-sampling strategy and apply the 17% increase for only the remaining 37% - making the 

baseline self-sampling screening coverage about 70%. In addition, we compared differences by 

incrementally increasing self-sampling screening coverage up to 100%. We used estimates for 

colposcopy and treatment adherence from the HOME HPV self-sampling clinical trial that was 

also done among screening overdue participants at Kaiser Permanente Washington in 

Washington State (135). The trial reported that 83% vs. 67% of eligible participants were 

colposcopy adherent in the standard of care and self-sampling, respectively (133). Treatment 

adherence was reported as almost 100% in both cases, but we have also considered a treatment 

adherence of 85% to account for uncertainties. In both strategies, we assumed patients positive 

for hr-HPV should receive colposcopy. However, as noted above, in the self-sampling strategy, 

only HPV16/18 positive patients are referred directly for colposcopy, whereas those who are 

positive for other hr-HPV types need a clinic visit to undergo reflex Pap testing from a provider-

collected sample before potential colposcopy referral. To discount the loss to follow-up due to 

additional visits, we incorporated probabilities for adherence to follow-up Pap screening for about 

half of the HPV-positive patients in the self-sampling strategy who were estimated to be positive 

for other hr-HPV genotypes (133,165). To explore the sensitivity of model results to these 

variables, we compared scenarios varying the level of screening coverage and colposcopy 

adherence for the standard of care and self-sampling strategies. Treatment adherence was not 

varied between both approaches (Supplemental Table 3.4).  
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As sensitivity analyses, we fitted separate models using background mortality and cervical 

cancer-specific mortalities for East African women specifically and for Black or African American 

women without adjustment, and we evaluated differences across models (Supplemental Table 

3.3) (149,160,161).  

Model simulation and calibration 

We simulated the natural history of high-risk HPV with and without screening using 6-month 

Markov cycles. Individuals move to a different disease state at each cycle or remain in the same 

state. The prevalence of HPV infection and precancer at age 25 was considered to initiate the 

model. Individuals in infected and precancer states upon model initiation were dispersed to each 

infection and precancer compartment based on the chance of possible duration of infection and 

precancer at age 25-29. An HPV infection prevalence of 24.1% and a precancer prevalence of 

3.2% were used to initiate the model (154).  

 

There is substantial uncertainty in the natural history of cervical cancer, so most models of HPV 

calibrate these parameters to match cervical cancer incidence and of HPV prevalence data. Due 

to a lack of prior evidence on the burden of HPV and cervical cancer among East African 

immigrants, we calibrated the model for the prevalence of HPV and incidence of cervical cancer 

among Black or African American women in the US. The SEER 2015-2019 age-specific incidence 

of cervical cancer for Black or African American women was used as a calibration target of cancer 

incidence, and Clarke's (2021) study on the age-specific prevalence of HPV among Black or 

African American in the Mississippi Delta was considered for the prevalence calibration target 

(154,160).  

We used values from Campos et al. to define prior ranges (155) , and we defined age-specific 

ranges for each disease transition probability (Supplemental Table 3.2). Using Latin Hypercube 

sampling, we generated 10,000 parameter combinations. We calculated and standardized the 
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mean square distance between the observed and predicted estimates for both HPV prevalence 

and cervical cancer incidence. Then, we summed the standardized mean square distance values 

of HPV prevalence and cervical cancer incidence and selected the best-fitting model parameters 

as the parameters corresponding to the minimum summed standardized mean square distance 

(Supplemental Table 3.2). Since cytology has been the primary screening method used in the 

period corresponding to the calibration target of cervical cancer incidence in 2015-2019, the 

comparison was made between SEER estimates and the predicted incidence of cervical cancer 

using cytology’s performance characteristics as a primary screening strategy. The model 

parameters were calibrated to fit empirical data on HPV prevalence and cervical cancer incidence 

(Figure 3.2). As a sensitivity analysis, since we don’t have data on the HPV prevalence among 

East African immigrants, we re-ran scenarios in a model that adjusted HPV incidence to match 

the HPV prevalence in East Africa (27). 
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Figure 3. 2. Model calibration of age-specific HPV prevalence and cervical cancer incidence. 

The dotted lines are the 95% confidence intervals of the observed estimates. 
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Model scenarios 

For the base case analysis, we assumed a screening coverage of 63% for the standard of care 

and 70% for self-sampling, and a colposcopy adherence of 83% in the standard of care and 67% 

for self-sampling (128,133). We considered 85% of individuals from both groups to adhere to the 

treatment of precancer in the primary analysis, and we also did a separate analysis considering 

100% treatment adherence for both groups. The additional scenarios considered were increasing 

screening coverage for self-sampling to 80%, 90%, and 100%, keeping colposcopy adherence at 

base case levels; concurrently increasing the colposcopy adherence for self-sampling to match 

to the standard of care; and making screening adherence for self-sampling 100% with a 

colposcopy and treatment adherence of 100% for both strategies. We have included multiple 

other scenarios with varying estimates for both strategies as part of the sensitivity analysis 

(Supplemental Table 3.4). We used a Poisson regression model to compare differences in 

incidence and mortality rates across screening strategies, including comparisons with no 

screening. 

 

Results 
 

Cervical cancer incidence 

Both the standard of care and self-sampling strategies are estimated to significantly reduce the 

incidence of cervical cancer compared to no screening. Out of 10,000 individuals, 85 people are 

estimated to develop cervical cancer in their lifetime in the unscreened category, and it ranges 

from 60-74 in the screened category. The lowest number of cases is seen in the self-sampling 

strategy when screening coverage, adherence to colposcopy, and treatment probability are all 

100% (Table 3.1). 
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Table 3. 1. Cumulative number of predicted cervical cancer cases comparing unscreened, the 
standard of care and self-sampling. 

  Precancer (CIN2+) Cancer 

  Unscreened SoC HPVa Self-samplingb Unscreened SoC HPV 

Colposcopy 83% 
(SoC) vs 67% 

(SS) 

Screening 63% vs 70% 3782 3755 3762 85 71 

Screening 63% vs 80% 3782 3755 3760 85 71 

Screening 63% vs 90% 3782 3755 3757 85 71 

Screening 63% vs 100% 3782 3755 3754 85 71 

Colposcopy both 
83% 

Screening 63% vs 70% 3782 3755 3752 85 71 

Screening 63% vs 80% 3782 3755 3747 85 71 

Screening 63% vs 90% 3782 3755 3743 85 71 

Screening 63% vs 100% 3782 3755 3739 85 71 

Colposcopy both 
100% Screening 63% vs 100% 3782 3750 3730 85 68 

a: Standard of care primary HPV test after provider-collected sample; SoC- Standard of care 
b: Primary HPV test after patient self-collected sample; SS- Self-sampling 
 
 

Age-specific incidence of cervical cancer was very similar across screening strategies in the base 

case scenario. Keeping colposcopy adherence at 83% (SoC) vs. 67% (self-sampling), the 

standard of care has lower incidence of cervical cancer until the screening coverage of self-

sampling increases up to 80%. At 90% screening coverage, both have equal incidence of cervical 

cancer, but when the self-sampling screening coverage is 100%, the incidence in the self-

sampling strategy is lower than the standard of care. When the follow-up to colposcopy after self-

sampling reaches up to the level of the standard of care, the incidence of cervical cancer is in the 

self-sampling strategy becomes always lower than the standard of care - the level of reduction 

increases together with the screening coverage (Figure 3.3). 
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Figure 3. 3. Age-specific incidence of cervical cancer across model scenarios and screening 
strategies 

 

 
Compared to being unscreened, screening in either strategy decreases cervical cancer incidence 

by at least 13% (range - 13%- 28%). The standard of care had 4% lower incidence than self-

sampling in the base case scenario and a 2% lower incidence when self-sampling screening 

increase to 80%. Both have equal cervical cancer incidence when the base case level coloscopy 

adherence and self-sampling screening coverage are 90%. Compared to the standard of care 

screening strategy, a 7% reduction in the incidence was observed when screening by self-

sampling is 90% with a colposcopy adherence equal to the standard of care. With equal 
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adherence for colposcopy in both strategies, an increase in screening coverage by self-sampling 

to 100% decreases incidence by 10%. In a different scenario, when treatment for precancer cases 

was assumed to be 100% in addition to the latter case, the incidence of cervical cancer in the 

self-sampling strategy becomes 12% lower than the standard of care (Table 3.2) 

 

Table 3. 2. Comparison of the incidence rate of cervical cancer across screening strategies 

 
  Colposcopy: 83% Standard of care and 67% self-sampling   

 
Screening 

63% (SOC) vs 
70% (SS)* 

Screening 
63% vs 80% 

Screening 
63% vs 90% 

Screening 
63% vs 100% 

  

Characteristic IRR IRR IRR IRR   

Strategy           
Unscreened ref. ref. ref. ref.   
SoC HPV 0.84 0.84 0.84 0.84   
Self-sampling 0.87 0.86 0.84 0.82   
Strategy       
SoC HPV ref. ref. ref. ref.   
Self-sampling 1.04 1.02 1.00 0.98   

  Colposcopy both 83% 
Colposcopy 
both 100% 

  

Screening  
63% (SOC) vs  
70% (SS) 

Screening  
63% vs 80% 

Screening  
63% vs 90% 

Screening  
63% vs 100% 

Screening 
63% vs 
100% 

  IRR IRR IRR IRR IRR 

Strategy      
Unscreened ref. ref. ref. ref. ref. 
SoC HPV 0.84 0.84 0.84 0.84 0.81 
Self-sampling 0.82 0.80 0.78 0.76 0.72 
Strategy      
SoC HPV ref. ref. ref. ref. ref. 
Self-sampling 0.98 0.96 0.93 0.90 0.88 

1IRR = Incidence Rate Ratio, CI = Confidence Interval   

 
*SOC- Standard of care primary HPV-testing; SS- Self-sampling HPV-testing 

 

Cervical cancer specific mortality 

Out of 10,000 women aged 25 and followed until age 80, the total number of cervical-cancer-

specific deaths among the unscreened people was 44. The estimated number of deaths in the 

screened people ranged from 30 to 38 – the lowest being among those in the perfect self-sampling 
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scenario where screening coverage and adherence to colposcopy and treatment were 100% 

(Table 3.3). 

 

Table 3. 3. Cumulative number of predicted cervical cancer deaths. 

  Cancer-specific mortality 

  Unscreened SoC HPVa Self-samplingb 

Colposcopy 83% 
(SoC) vs 67% 

(SS) 

Screening 63% vs 70% 44 36 38 

Screening 63% vs 80% 44 36 37 

Screening 63% vs 90% 44 36 36 

Screening 63% vs 100% 44 36 36 

Colposcopy both 
83% 

Screening 63% vs 70% 44 36 36 

Screening 63% vs 80% 44 36 35 

Screening 63% vs 90% 44 36 34 

Screening 63% vs 100% 44 36 32 

Colposcopy both 
100% Screening 63% vs 100% 44 35 30 

a: Standard of care primary HPV test after provider-collected sample; SOC- Standard of care 
b: Primary HPV test after patient self-collected sample; SS- Self-sampling 
 

Mortality due to cervical cancer exponentially increases with age. The highest mortality rate was 

observed among the unscreened population, and the lowest was observed in the self-sampling 

strategy with the perfect screening scenario (Figure 3.4).



 92 

 

Figure 3. 4. Age-specific cervical cancer mortality comparing various screening strategies and scenarios.

Colposcopy 83 vs 67% Colposcopy 83% for both Colposcopy 100% for both

40 60 80 40 60 80 40 60 80

0

20

40

60

Age

C
a

n
c
e

r 
s
p
e

c
if
ic

 m
o
rt

a
lit

y
/1

0
0

,0
0

0

Strategy

Self sampling

SoC HPV

Unscreened

Screening

63% vs 70%

63% vs 80%

63% vs 90%

63% vs 100%



 93 

The mortality rate ratio of cervical cancer for all screening strategies was significantly lower than 

not screening. However, as with the incidence, the standard of care had lower mortality in the 

base case scenario and when self-sampling screening coverage is 80%. This ratio reverts when 

self-sampling screening coverage is increased to 100%, keeping colposcopy adherence the base 

case level. Self-sampling has a lower cervical cancer-specific mortality rate than the standard of 

care screening strategies when both have an equal colposcopy adherence. An 8% reduction in 

mortality was observed with an equal colposcopy adherence and a self-sampling screening 

coverage of 90% and 11% reduction with a self-sampling screening coverage of 100% (as 

compared to 63% in the standard of care). In the perfect scenario where treatment and colposcopy 

adherence are 100% and screening coverage by self-sampling is also 100%, mortality in the self-

sampling strategy is 13% lower than the standard of care (Table 3.4). 

 

Table 3. 4. Cervical-cancer-specific mortality comparing screening strategies across different 
scenarios. 

  
Colposcopy 83% Standard of care and 67% self-

sampling 
  

 

Screening  
63% (SOC) 

vs  
70% (SS)* 

Screening  
63% vs 

80% 

Screening  
63% vs 

90% 

Screening  
63% vs 
100% 

 

Characteristic IRR IRR IRR IRR   

Strategy      
Unscreened ref. ref. ref. ref.  
SoC HPV 0.83 0.83 0.83 0.83  
Self-sampling 0.86 0.84 0.83 0.81  
Strategy      
SoC HPV ref. ref. ref. ref.  
Self-sampling 1.04 1.02 1 0.98   

  Colposcopy both 83% 
Colposcopy 
both 100% 

  

Screening  
63% (SOC) 

vs  
70% (SS)* 

Screening  
63% vs 

80% 

Screening  
63% vs 

90% 

Screening  
63% vs 
100% 

Screening 
63% vs 100% 

 IRR IRR IRR IRR IRR 
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Strategy      
Unscreened ref. ref. ref. ref. ref. 

SoC HPV 0.83 0.83 0.83 0.83 0.8 

Self-sampling 0.81 0.79 0.76 0.74 0.69 

Strategy      
SoC HPV ref. ref. ref. ref. ref. 

Self-sampling 0.98 0.95 0.92 0.89 0.87 

1IRR = Incidence Rate Ratio, CI = Confidence Interval   

 
*SOC- Standard of care primary HPV-testing; SS- Self-sampling HPV-testing 

 

Sensitivity analyses 

The base case scenario estimates were used to compare predictions for East African immigrants, 

US Black or African American Women, and women living in East Africa. The estimate for cervical 

cancer incidence is strikingly higher than the model estimated when the incidence of HPV in the 

model was fitted for the prevalence HPV in East Africa (Figure 3.5).  
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Figure 3. 5. Cervical cancer incidence estimates comparing predictions based on the 

prevalence of HPV for Black or African American and East African women. 

For cervical cancer-specific mortality, we fitted the model with estimates of background mortality, 

cervical cancer-specific mortality, and HPV prevalence specific to East African immigrants, Black 

or African American women, and women living in East Africa. Since we did not have specific 

estimates for East African immigrants, the mortality data for East African immigrants was the 

weighted average of the other two, as mentioned in the methods, and the HPV prevalence data 

for East African immigrant women was the same as for Black or African American women. The 

predicted cervical-cancer-specific mortality when estimates from East Africa were taken is 

strikingly higher than the other two estimates, and the estimate for East African immigrants lies 

between the other two (Figure 3.6) 
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Figure 3. 6. Cervical cancer-specific mortality estimates comparing predictions based on 

mortality and HPV prevalence data specific to East African immigrants, East African, Black or 

African American women. 

NB: Base case is screening coverage 63%(SoC) vs. 70% (SS) and colposcopy adherence 83%(SoC) and 67%(SS). 
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is 30 to 35% higher than he standard of care. Otherwise, an increase in screening coverage 

becomes more evident in minimizing the burden of cervical cancer when the follow-up for 

colposcopy for self-sampling is equal to the standard of care (Supplemental tables 3.5 & 3.6, 

Supplemental figures 3.1&3.2)  

 

Discussion 

 
This study compared the impact of cervical cancer screening with primary HPV testing by 

standard-of-care clinician-collected sampling versus self-sampling on cervical cancer incidence 

and mortality. We found that a 30-40% increase in screening coverage only or an improved 

colposcopy adherence up to the level of the standard of care coupled with increase in screening 

coverage is required for the self-sampling strategy to yield a better reduction in the incidence and 

mortality of cervical cancer. Using self-sampling could result in up to 11%-13% reduction in 

cervical cancer incidence and mortality when screening coverage and adherence to colposcopy 

and treatment are maximized. Increased adherence to colposcopy is the key driver of the impact 

of self-sampling. An increase in screening coverage by self-sampling, assuming lower follow-up 

adherence compared with standard of care approaches, in line with empirical data (133), can only 

lower mortality and incidence of cervical cancer when it reaches about 100%.  

 

For underserved populations like East African immigrants, self-sampling has the potential to 

improve screening uptake, but its impact may heavily depend on the implementation approach. 

Self-sampling can be implemented at health facilities with the assistance of clinicians, using 

mailed test kits, and by deploying community health workers. Despite consistently reported 

increases in screening coverage, the magnitude of the increase and adherence to follow-up 

testing is variable across strategies (130,132,136,145,166). Based on a meta-analysis conducted 

by Arbyn et al, self-sampling may increase screening uptake by 3%-40% depending on the 
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implementation strategy (162). The highest increase in screening uptake has been achieved by 

delivering testing kits door-to-door, followed by mailing-to-all, community campaigns, and opt-in 

strategies (162,167). Even using the high end of the range for increasing screening, the impact 

on screening coverage in some underserved populations might not be sufficient. Therefore, 

additional strategies to increase uptake of self-sampling, especially for priority populations like 

East African immigrants, may need to be considered.  

 

Our model predicted the impact of self-sampling with various levels of screening coverage that 

were all higher than the standard of care. Although we used results from a study that utilized direct 

mailing of HPV self-sampling kits to estimate the base case scenario of a 7% increase in 

screening coverage compared with standard of care (148), we would like to emphasize the rate 

of increase required to achieve a significant decline in incidence and mortality in the target 

population. For example, self-sampling decreases incidence and mortality relative to the standard 

of care when it has an equal level of colposcopy adherence or when the screening uptake is at 

least 30 to 40% higher than the standard of care. However, a mere increase in screening coverage 

lower than 30% did not decrease incidence and mortality. Follow-up compliance after self-

sampling is lower than the standard of care (133,162,168). This partly happens due to the need 

for an additional clinic visit for other hr-HPV-positive cases in self-sampling (146,152,167). As a 

result, decision-makers may need to choose an implementation strategy or combination of 

strategies that potentially boost screening coverage and colposcopy adherence. Furthermore, 

additional resources or tailored approaches may be needed for priority populations.  

 

Screening by self-sampling can help people facing barriers related to pelvic examinations and 

busy work schedules (169). However, other barriers cannot be addressed only by offering self-

sampling. For example, many avoid screening for fear of positive findings and related anxiety 

(170,171). As our model foretells, self-sampling strategies will be more effective in decreasing the 
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burden of cervical cancer if it both increases screening coverage for a large proportion of the 

population and brings them to the health facility for further follow-up and investigation, when 

indicated. Unless self-sampling implementation strategies are comprehensive enough to address 

the other barriers and provide sufficient improvement in screening coverage, it may fail to achieve 

the desired outcome of decreasing incidence and mortality from cervical cancer. For instance, 

barriers related to awareness and beliefs associated with screening may need tailored education 

(172,173). Understanding East African immigrants' level of acculturation and interaction with the 

US health system could be a critical initiative to tailor screening strategies. As reported in Chapter 

One, more than half of East African immigrant women who have access to primary healthcare 

use a language interpreter service (128), highlighting the importance of making self-sampling 

instructions and educational materials available in the native languages of the target populations. 

Similarly, designing materials and delivering culturally tailored health education is critically 

important (174). 

 

This study has several strengths. It highlights the role of self-sampling among a specific under-

served population and provides evidence that may inform policy and programmatic decisions. We 

also tested various scenarios as a sensitivity analysis and compared the impacts of the 

interventions in a broader context. However, some limitations need to be considered. Firstly, we 

did not have sufficient estimates from studies done among East African immigrants, and most of 

the parameters were extracted from other populations. Although we made several sensitivity 

analyses to address the uncertainties, the results may need to be cautiously interpreted. When 

we applied mortality estimates and HPV incidence fitting the age-specific HPV prevalence of East 

Africa, both cervical cancer incidence and mortality substantially increased. Therefore, not 

knowing the exact estimates of East African immigrants and fitting the model using parameters 

from various sources might have impacted the results. Similarly, we modeled for high-risk HPV 

due to a lack of reliable evidence on the genotype distribution of HPV among the targeted 
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population and not considering that might impact the real-world applicability of the findings. 

Thirdly, we did not consider the effect of hysterectomy in our model; however, people who 

undergo hysterectomy should not be at risk of cervical cancer. Even though it might not have a 

substantial impact, not excluding them in the denominator might have led to an overestimation of 

the incidence of cervical cancer (175). Thirdly, based on the current guideline, we assumed 

people to be regularly screened every three to five years up to age 65 (124). Specifically, as a 

Markov model, we do not track individual screening history, with screening intervals and 

procedures differing by previous screening results. Unlike the real-world screening adherence of 

individuals, assuming a consistently regular screening adherence might have underestimated the 

burden of cervical cancer. Finally, this study represents the screening strategies as either/or, but 

in reality, there will probably be a mix of strategies between individuals and within an individual 

over a lifetime of screening.  

 

Conclusion 

 
An increase in screening coverage by self-sampling alone is not predicted to substantially impact 

cervical cancer incidence and mortality compared to the standard of care. The critical opportunity 

with implementing self-sampling is addressing underserved people who are more likely than the 

general population to be never screened or overdue for screening. Even with a lower follow-up 

rate, self-sampling can be as beneficial as the standard of care, and it should be considered an 

option for people who could not get screened by the standard of care. Nevertheless, the impact 

of a self-collection strategy is optimized if the loss to follow-up can be minimized, and the value 

increases if screening reaches more people than the standard of care. Therefore, strategies with 

high patient follow-up and treatment adherence should be concurrently implemented to consider 

self-sampling as a better screening alternative. Although we did not do a cost-effectiveness 

analysis, strategies to increase screening coverage and colposcopy adherence may require 

significant resources. As a result, decision-makers may need to thoroughly investigate available 
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evidence and conduct additional studies to evaluate the feasibility and cost-effectiveness of 

implementing such interventions.  

 
 

Appendix 

 
Supplemental Table 3.1. Model Parameters for screening test-related characteristics 

Variable Baseline value 

Screening age 25-65 

Screening interval (124)  

HPV test (SoC and self-sampling) Every 5 years 

Treatment failure (176) 6% 

Test sensitivity/specificity for precancer  

HPV test by clinician sampling (163) 94%/85% 

HPV test by self-sampling (162,163) 93%/85% 

Colposcopy (177) 92%/51% 
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Supplemental Table 3.2. The range of simulated bi-annual probabilities for the natural history of cervical cancer used to choose the 

best-fitting model (155). 

Age HPV incidence Clearance from precancer Progression to precancer Regression from precancer Invasion (Progression to cancer) 

 Fitted Range simulated Fitted Range simulated Fitted Range simulated Fitted Range simulated Fitted Range simulated 

25-29 0.0602 0.0550 0.0650 0.2065 0.1724 0.3103 0.0166 0.0146 0.0244 0.2543 0.1149 0.2553 0.0013 0.0012 0.0014 
30-34 0.0556 0.0495 0.0683 0.1760 0.1379 0.2793 0.0213 0.0146 0.0317 0.2301 0.1034 0.2425 0.0033 0.0022 0.0036 
35-39 0.0314 0.0248 0.0512 0.1592 0.1103 0.2653 0.0276 0.0146 0.0413 0.2030 0.0827 0.2182 0.0034 0.0022 0.0040 
40-44 0.0241 0.0161 0.0435 0.1399 0.0883 0.2520 0.0322 0.0146 0.0536 0.1797 0.0662 0.1964 0.0046 0.0027 0.0055 
45-49 0.0200 0.0129 0.0413 0.1354 0.0706 0.2520 0.0324 0.0146 0.0644 0.1457 0.0529 0.1768 0.0041 0.0023 0.0053 
50-54 0.0290 0.0167 0.0703 0.1243 0.0565 0.2520 0.0332 0.0146 0.0676 0.1440 0.0503 0.1750 0.0040 0.0020 0.0058 
55-59 0.0277 0.0159 0.0773 0.1480 0.0508 0.3025 0.0302 0.0132 0.0710 0.1420 0.0478 0.1733 0.0038 0.0019 0.0061 
60-64 0.0300 0.0159 0.0850 0.1758 0.0458 0.3629 0.0319 0.0112 0.0780 0.1354 0.0454 0.1715 0.0039 0.0019 0.0067 
65-69 0.0211 0.0111 0.0680 0.1593 0.0389 0.3629 0.0318 0.0090 0.0780 0.1294 0.0431 0.1698 0.0037 0.0017 0.0064 
70-74 0.0106 0.0050 0.0408 0.1577 0.0381 0.3992 0.0338 0.0090 0.0859 0.1239 0.0410 0.1681 0.0034 0.0016 0.0060 
75-80 0.0050 0.0023 0.0245 0.1582 0.0374 0.4392 0.0338 0.0090 0.0859 0.1093 0.0328 0.1513 0.0050 0.0023 0.0090 

 

Method of estimating transition probabilities  

The estimates from Campos et al paper were duration specific monthly probabilities for all high-risk HPV genotypes (155). Initially, we 

converted monthly transition probabilities to bi-annual probabilities to align with our model transition cycle. Then, we selected three 

estimates. The first one was the minimum of all the transition probabilities presented for each genotype, the second was the maximum 

probability, and the third was the average of all the transition probabilities. The transition probabilities for HPV infection progression 

and clearance were presented on monthly bases for a maximum of 64+ months duration, and the probabilities for precancer progression 

and clearance were presented on years based for a maximum of 50+ years. We initiated our model with the average transition 

probability we expected to have at the age of 25 (the first category of probabilities) and applied multipliers that provide estimates within 

the range of expected transition probabilities (Supplemental Table 3.3.1 & 3.3.2) 
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Supplemental Table 3.3.1. Duration-specific transition probabilities for hr-HPV infection progression and clearance (155). 

Progression from hr-HPV infection of precancer Clearance from hr-HPV infection 

Duration Minimum Average Maximum Minimum Average Maximum 

1-15 Months 0.00000000 0.016446155622 0.01644616 0.22642568 0.344782226704 0.40716871 

16-27 Months 0.00000000 0.020674514208 0.02067451 0.18654995 0.262143415831 0.33882686 

28-39 Months 0.00141636 0.036486503244 0.0364865 0.18654995 0.233713360975 0.28315878 

40-51 Months 0.01461312 0.056646751324 0.05664675 0.11749200 0.182554547424 0.26132335 

52-64 Months  0.01461312 0.114276929985 0.11427693 0.03017535 0.130318719006 0.21393414 

64+ Months  0.01461312 0.114276929985 0.11427693 0.03017535 0.130318719006 0.21393414 

 

Supplemental Table 3.3.2. Duration-specific transition probabilities for precancer invasion and regression (155). 

 Probabilities for progression to cancer (invasion) Probabilities for regression from precancer 

 Minimum Average Maximum Minimum Average Maximum 

Months 1-60 (years 1-5) 0.00013175 0.000513753989 0.00098779 0.12763025 0.195593334798 0.26490811 

Months 61-120 (years 6-10) 0.00014255 0.000555831228 0.00106872 0.10325508 0.159269448530 0.21724221 

Months 121-240 (years 11-20) 0.00342231 0.013291862358 0.02543028 0.07831496 0.121588856808 0.167028 

Months 241-348 (years 21-29) 0.00998064 0.038456270166 0.0728527 0.00538786 0.008519598436 0.01194016 

Months 349-408 (years 30-34) 0.01987813 0.075672156401 0.1412277 0.00269696 0.004267392386 0.00598502 

Months 409-468 (years 35-39) 0.02151967 0.081756482509 0.15220399 0.00269696 0.004267392386 0.00598502 

Months 469-528 (years 40-44) 0.04586914 0.169093414667 0.30333887 0.00134924 0.002135597193 0.00299625 

Months 529-588 (years 45-49) 0.04907724 0.180196510442 0.32167394 0.00134924 0.002135597193 0.00299625 

Months 589+ (years 50+) 0.04907724 0.310179535825 0.37360195 0.00134924 0.002135597193 0.00299625 
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Supplemental Table 3.3. Parameters for bi-annual background and cervical cancer specific mortalities (159–161) 

 Background mortality Cervical cancer specific mortality 

Age SSA US 
Weighted average 
(US -0.7,SSA -0.3) SSA US 

weighted average 
(US -0.7,SSA -0.3) 

25 0.01 0.000831 0.0035817 0.000047 0.000042 0.0000455 

26 0.01 0.000844 0.0035908 0.000047 0.000042 0.0000455 

27 0.01 0.000876 0.0036132 0.000047 0.000042 0.0000455 

28 0.01 0.000938 0.0036566 0.000047 0.000042 0.0000455 

29 0.01 0.001028 0.0037196 0.000047 0.000042 0.0000455 

30 0.015 0.001134 0.0052938 0.000087 0.000097 0.000090 

31 0.015 0.001245 0.0053715 0.000087 0.000097 0.000090 

32 0.015 0.001360 0.005452 0.000087 0.000097 0.000090 

33 0.015 0.001469 0.0055283 0.000087 0.000097 0.000090 

34 0.015 0.001572 0.0056004 0.000087 0.000097 0.000090 

35 0.019 0.001682 0.0068774 0.000123 0.000194 0.0001443 

36 0.019 0.001803 0.0069621 0.000123 0.000194 0.0001443 

37 0.019 0.001921 0.0070447 0.000123 0.000194 0.0001443 

38 0.019 0.002037 0.0071259 0.000123 0.000194 0.0001443 

39 0.019 0.002156 0.0072092 0.000123 0.000194 0.0001443 

40 0.025 0.002289 0.0091023 0.000159 0.000342 0.0002139 

41 0.025 0.00244 0.009208 0.000159 0.000342 0.0002139 

42 0.025 0.002606 0.0093242 0.000159 0.000342 0.0002139 

43 0.025 0.002781 0.0094467 0.000159 0.000342 0.0002139 

44 0.025 0.002967 0.0095769 0.000159 0.000342 0.0002139 

45 0.032 0.003167 0.0118169 0.000146 0.000537 0.0002633 

46 0.032 0.003389 0.0119723 0.000146 0.000537 0.0002633 

47 0.032 0.003636 0.0121452 0.000146 0.000537 0.0002633 

48 0.032 0.003918 0.0123426 0.000146 0.000537 0.0002633 
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49 0.032 0.004241 0.0125687 0.000146 0.000537 0.0002633 

50 0.043 0.004592 0.0161144 0.000157 0.000776 0.0003427 

51 0.043 0.004979 0.0163853 0.000157 0.000776 0.0003427 

52 0.043 0.005424 0.0166968 0.000157 0.000776 0.0003427 

53 0.043 0.005925 0.0170475 0.000157 0.000776 0.0003427 

54 0.043 0.006460 0.017422 0.000157 0.000776 0.0003427 

55 0.057 0.006987 0.0219909 0.000165 0.001023 0.0004224 

56 0.057 0.007524 0.0223668 0.000165 0.001023 0.0004224 

57 0.057 0.008125 0.0227875 0.000165 0.001023 0.0004224 

58 0.057 0.008824 0.0232768 0.000165 0.001023 0.0004224 

59 0.057 0.009611 0.0238277 0.000165 0.001023 0.0004224 

60 0.084 0.010462 0.0325234 0.000168 0.001210 0.0004806 

61 0.084 0.011322 0.0331254 0.000168 0.001210 0.0004806 

62 0.084 0.012163 0.0337141 0.000168 0.001210 0.0004806 

63 0.084 0.012959 0.0342713 0.000168 0.001210 0.0004806 

64 0.084 0.013738 0.0348166 0.000168 0.001210 0.0004806 

65 0.12 0.014575 0.0462025 0.000178 0.001305 0.0005161 

66 0.12 0.015481 0.0468367 0.000178 0.001305 0.0005161 

67 0.12 0.016471 0.0475297 0.000178 0.001305 0.0005161 

68 0.12 0.017483 0.0482381 0.000178 0.001305 0.0005161 

69 0.12 0.018599 0.0490193 0.000178 0.001305 0.0005161 

70 0.19 0.019878 0.0709146 0.000168 0.001284 0.0005028 

71 0.19 0.02130 0.071910 0.000168 0.001284 0.0005028 

72 0.19 0.022739 0.0729173 0.000168 0.001284 0.0005028 

73 0.19 0.024996 0.0744972 0.000168 0.001284 0.0005028 

74 0.19 0.026821 0.0757747 0.000168 0.001284 0.0005028 

75 0.27 0.029371 0.1015597 0.000188 0.001236 0.0005024 

76 0.27 0.032051 0.1034357 0.000188 0.001236 0.0005024 

77 0.27 0.035073 0.1055511 0.000188 0.001236 0.0005024 
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78 0.27 0.038198 0.1077386 0.000188 0.001236 0.0005024 

79 0.27 0.041634 0.1101438 0.000188 0.001236 0.0005024 

80 0.4 0.046739 0.1527173 0.000201 0.001184 0.0004959 
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Supplemental Table 3.4. Model scenarios  

Current screening Screening coverage Colposcopy adherence 

 Standard of care (SOC) Self-sampling (SS) Standard of care (SOC) Self-sampling (SS) 

Base case 63% 70% 83% 67% 

Scenario 1 63% 80% 83% 67% 

Scenario 2 63% 90% 83% 67% 

Scenario 3 63% 100% 83% 67% 

Scenario 4 63% 70% 83% 83% 

Scenario 5 63% 80% 83% 83% 

Scenario 6 63% 90% 83% 83% 

Scenario 7 63% 100% 83% 83% 

Scenario 8 63% 100% 100% 100% 

Sensitivity analysis   

Sens 1 40 50 70 50 

Sens 2 40 75 70 50 

Sens 3 40 100 70 50 

Sens 4 40 50 70 70 

Sens 5 40 75 70 70 

Sens 6 40 100 70 70 

Sens 7 40 100 100 100 

Sens 8 50 60 70 50 

Sens 9 50 80 70 50 

Sens 10 50 100 70 50 

Sens 11 50 60 70 70 

Sens 12 50 80 70 70 

Sens 13 50 100 70 70 

Sens 14 50 100 100 100 
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Supplemental Table 3.5. Incidence of cervical cancer from the sensitivity analysis 
 
 

  Colposcopy 70% vs 50% Colposcopy 70% both 
Colposcopy 
100% both 

Screening 
40% vs 
50% 

40% vs 
75% 

40% vs 
100% 

40% vs 
50% 

40% vs 
75% 

40% vs 
100% 

40% vs 100% 

Characteristic IRR IRR IRR IRR IRR IRR IRR 

Strategy        
Unscreened ref. ref. ref. ref. ref. ref. ref. 

SoC HPV 0.91 0.91 0.91 0.91 0.91 0.91 0.88 

Self-sampling 0.92 0.88 0.85 0.89 0.84 0.79 0.72 

Strategy        
SoC HPV ref. ref. ref. ref. ref. ref. — 

Self-sampling 1.01 0.97 0.93 0.98 0.92 0.87 0.82 

  Colposcopy 70% vs 50% Colposcopy 70% both 
Colposcopy 
100% both 

Screening 
50% vs 
60% 

50% vs 
80% 

50% vs 
100% 

50% vs 
60% 

50% vs 
80% 

50% vs 
100% 

50% vs 100% 

Characteristic IRR IRR IRR IRR IRR IRR IRR 

Strategy        
Unscreened — — — — — — — 

SoC HPV 0.91 0.89 0.89 0.89 0.89 0.89 0.85 

Self-sampling 0.92 0.88 0.85 0.87 0.83 0.79 0.72 

Strategy        
SoC HPV — — — — — — — 

Self-sampling 1.01 0.98 0.95 0.98 0.93 0.89 0.85 

1IRR = Incidence Rate Ratio, CI = Confidence Interval    
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Supplemental Table 3.6. Cervical cancer specific mortality from the sensitivity analysis 

 

  Colposcopy 70% vs 50% Colposcopy 70% both Colposcopy 100% both 

Screening 40% vs 50% 40% vs 75% 40% vs 100% 40% vs 50% 40% vs 75% 40% vs 100% 40% vs 100% 

Characteristic IRR IRR IRR IRR IRR IRR IRR 

Strategy        
Unscreened — — — — — — — 

SoC HPV 0.9 0.9 0.9 0.9 0.9 0.9 0.87 

Self-sampling 0.92 0.88 0.84 0.88 0.83 0.78 0.69 

Strategy        
SoC HPV — — — — — — — 

Self-sampling 1.01 0.97 0.92 0.98 0.92 0.86 0.8 

  Colposcopy 70% vs 50% Colposcopy 70% both Colposcopy 100% both 

Screening 50% vs 60% 50% vs 80% 50% vs 100% 50% vs 60% 50% vs 80% 50% vs 100% 50% vs 100% 

Characteristic IRR IRR IRR IRR IRR IRR IRR 

Strategy        
Unscreened — — — — — — — 

SoC HPV 0.9 0.88 0.88 0.88 0.88 0.88 0.83 

Self-sampling 0.92 0.87 0.84 0.86 0.82 0.78 0.69 

Strategy        
SoC HPV — — — — — — — 

Self-sampling 1.01 0.98 0.95 0.98 0.93 0.88 0.83 

1IRR = Incidence Rate Ratio, CI = Confidence Interval    
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Supplemental figure 3.1. Cervical cancer incidence curves based on the sensitivity analysis. 
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Supplemental figure 3.2. Cervical cancer mortality curves based on the sensitivity analysis.
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