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Background 
 

A global cervical cancer health disparity persists despite the demonstrated success of 

primary and secondary preventive strategies, such as cervical visual inspection (VI). Cervical 

cancer is the leading cause of cancer incidence and death for women in many low resource 

areas. The greatest risk is for those who are unable or unwilling to access screening. Barriers 

include healthcare personnel shortages, cost, transportation, and mistrust of healthcare providers 

and systems. Using community health workers (CHWs) may overcome these barriers, increase 

facilitators, and improve participation in screening for women in remote areas with limited access 

to clinical resources. 

Aim 

To determine whether the accuracy of VI performed by CHWs was comparable to VI by 

physicians or nurses and to consider the affect components of provider training had on VI 

accuracy. 

Methods 

A systematic review and quantitative meta-analysis of published literature reporting on VI 

accuracy, provider type, and training was conducted. Strict inclusion/exclusion criteria, study 

quality, and publication bias assessments improved rigor and bivariate linear mixed modeling 
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(BLMM) was used to determine the affect of predictors on accuracy. Unconditional and 

conditional BLMMs, controlling for VI technique, provider type, community, clinical setting, HIV 

status, and gynecological symptoms were considered. 

Results 

Provider type was a significant predictor of sensitivity (p=.048) in the unconditional VI 

model. VI performed by CHWs was 15% more sensitive than physicians (p=.014). Provider type 

was not a significant predictor of accuracy in any other models. Didactic and mentored hours 

predicted sensitivity in both BLMMs. Quality assurance and use of a training manual predicted 

specificity in unconditional BLMMs, but was not significant in conditional models. Number of 

training days, with ≤5 being optimal, predicted sensitivity in both BLMMs and specificity in the 

unconditional model. 

Conclusion 

Study results suggest that community based cervical cancer screening with VI conducted 

by CHWs can be as, if not more, accurate than VI performed by licensed providers. Locally based 

screening programs could increase access to screening for women in remote areas. 

Collaborative partnerships in “pragmatic solidarity” between healthcare systems, CHWs, and the 

community could promote participation in screening resulting in decreased cervical cancer 

incidence and mortality. 
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CHAPTER 1: INTRODUCTION

This dissertation presents a systematic review (SR) and quantitative meta-analysis (qMA) 

of literature on visual inspection (VI) techniques for cervical cancer screening to determine 

whether type of provider or particular elements of provider training significantly affect the 

diagnostic test accuracy (DTA) of VI. Bivariate linear mixed models (BLMMs), a robust meta-

analytical approach, were used to calculate the overall accuracy of VI with acetic acid (VIA), VI 

with Lugol’s Iodine (VILI), and VI with acetic acid and magnification (VIAM) from primary study 

data. Provider types and specific elements of VI training programs were then used as predictor 

variables in BLMM regression analyses to uncover any significant effects of these predictors on 

VI screening DTA. Chapter one offers a thorough background of the problem, problem statement, 

study purpose, primary and secondary research questions, assumptions, definition of terms, 

study significance, and the study’s relationship to caring science. 

Background 

Despite the accuracy, efficacy, and availability of primary and secondary preventive 

strategies, cervical cancer remains a concern for many women globally. Cervical cancer was the 

second most common cancer among women 15-44 years of age and in 2012 it was the fourth 

most frequent cancer and cause of cancer death among all women in the world (Bruni et al., 

2016). More than half a million women were diagnosed and over a quarter of a million women 

died of cervical cancer in 2012, with over 70% of these women living in low resource countries, 

with low and medium human development indexes (Forman & Ferlay, 2014; United Nations 

Development Programme, 1990). These countries were predominately located in sub-Saharan 

Africa, Central and South America, and Asia (Prat & Franceschi, 2014). These low resource 

areas bearing the brunt of the cervical disease burden mirror areas with low healthcare provider 

(physician, nurse, midwife) to population ratios, with 44% of WHO member states having less 

than one physician per 1,000 population (Dal Poz, Kinfu, Dráger, & Kunjumen, 2007). These data 
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illustrate the obvious global cervical cancer health inequity, with women living in remote, low 

resource areas, without access to healthcare personnel, bearing the bulk of the disease and 

mortality burden. 

In contrast, cervical cancer was the 13th most frequent cancer and 15th leading cause of 

cancer death among women in North America (Bruni et al., 2016) and the healthcare provider to 

population ratio was more than 3.8 per 1,000 people (Dal Poz et al., 2007). In fact, over the last 

30 years there has been a rapid decline in cervical cancer in countries transitioning from low to 

higher indices of economic development related to societal changes and implementation of 

efficient secondary prevention programs (Prat & Francheschi, 2014; Vaccarella, Lortet-Tieulent, 

Plummer, Francheschi, & Bray, 2013). The World Health Organization (WHO) has predicted that 

the percentage of new cervical cancer cases and deaths will increase by 40% and 46% from 

2008 to 2025 in the developing world, which is in stark contrast to the 2% decline in incidence 

and 1% increase in deaths among women 0-64 predicted for women in the developed world 

(WHO Information Centre on HPV and Cervical Cancer, 2010). The weight of cervical cancer 

morbidity and mortality will continue to be on women living in low resource countries and will 

remain a global health disparity and health care priority for many low resource areas around the 

world. 

Standard primary and secondary cervical cancer preventive strategies used to reduce 

cervical cancer morbidity and mortality in high resource countries can be difficult to implement in 

low resource settings. Primary prevention with safe and effective HPV vaccines are readily 

available, however, vaccine campaigns can be costly and complicated related to distribution 

requirements, like refrigeration and a three dose series (McNeil Jr., 2013). Secondary prevention 

through screening with Pap smear cytology with or without Human Papillomavirus (HPV) co-

testing (Centers for Disease Control and Prevention, n.d.) and treatment of precancerous lesions 

with ablative or excisional procedures can also be difficult to provide in low resource areas. Pap 

smear cytology alone has worked to reduce cervical cancer incidence and mortality rates with 

serial testing (Nanda et al., 2000) and current screening recommendations call for cervical 

cytology every three years in women between 21 and 65 years of age or cervical cytology and 
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HPV testing every five years for women between 30 and 65 years of age with no history of 

abnormal cervical cytology or hysterectomy with cervical excision (Saslow et al., 2012). However, 

cervical cytology and HPV testing is costly and resource intensive, requiring laboratory facilities, 

trained staff, and patient follow-up capabilities that may be difficult to implement in low resource 

areas. Therefore, cervical cancer incidence and mortality rate reductions with sequential Pap 

smear cytology and HPV testing may not translate to women living in low resource countries, 

particularly rural areas with cost, resource, and access barriers.  

Cervical cancer “see and treat” programs, endorsed by the WHO, Pan American Health 

Organization (PAHO), and Johns Hopkins Program for International Education in Gynecology and 

Obstetrics (JHPIEGO), offer a low cost and low resource alternative to Pap smear cytology and 

HPV testing. “See and treat” cervical cancer screening utilizes naked eye VI of the cervix after the 

application of acetic acid (AA) or Lugol’s iodine and, in the case of VIAM, visualization can be 

assisted by a low-level, handheld magnification device followed by immediate diagnosis and 

treatment of abnormal cervical lesions with cryotherapy or specialty referral for larger, more 

advanced lesions. VI techniques do not require laboratory facilities, can be performed outside the 

clinical setting, take minutes to complete, and are often performed by non-medical staff. Prior 

studies of VI have used licensed nurses (DeVuyst et al., 2005; Murillo et al., 2010; Muwonge et 

al., 2010; Ngoma et al., 2010; & Sangwa-Lugoma et al., 2006), licensed physicians (Belinson et 

al., 2001b & Sangwa-Lugoma et al., 2006), and unlicensed community health workers (CHWs) 

(Sankaranarayanan et al., 2003; Shastri, 2005). In contrast, cervical cancer screening, diagnosis, 

and treatment in high resource countries is resource intensive, consisting of three clinical visits, 

one each for screening, diagnosis, and treatment, and requires trained medical providers, 

virology, cytology, and histology laboratory facilities, personnel, and reporting. This process is 

time consuming, expensive, and cannot be performed in remote areas lacking trained health care 

providers or fully staffed medical laboratories. Therefore, the VIA, VILI, and VIAM alternatives 

seem a viable substitute for the resource intensive cervical cancer screening and diagnosis 

“standards of care” used in high resource countries. 
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VIA and VILI have been studied extensively in low resource environments, VIAM less so, 

and their sensitivities and specificities found to be comparable to Pap smear cytology. The 

Agency for Healthcare Policy and Research (AHRQ) (1999) estimated the sensitivity and 

specificity of Pap smear cytology at 51% and 98%, respectively. VIA and VILI have shown higher 

sensitivity and lower specificity estimates than Pap smear cytology. Specifically, three pooled 

analyses of VIA and two of VILI calculated the sensitivity and specificity of VIA between 74.88% 

to 79.2% and 77.2% to 87% and VILI between 91% to 91.2% and 84.5% to 85%, respectively 

(Arbyn et al., 2008b; Chen, Yang, Li, & Li, 2012; Sritipsukho & Thaweekul, 2010). Although Pap 

smear cytology testing seems to have a lower false positive rate than VIA and VILI, both Pap 

smear and VI techniques are viable and effective cervical cancer screening options. 

The availability of cervical cancer screening with Pap smear cytology or VI may provide 

mechanisms for reducing the cervical cancer disease burden, but several risk factors for cervical 

cancer have been identified, the two largest being HPV infection (Veldhuijzen, Snijders, Reiss, 

Meiger, & van de Wijgert, 2010) and inability to access screening and treatment services (Saslow 

et al., 2012, p. 343). Infection with high risk oncogenic HPV types, types 16 and 18 being found in 

73% of cervical cancers, is the strongest risk factor for cervical cancer (Guan et al., 2012). 

Immunosuppression due to co-infection with HIV and other sexually transmitted infections, 

malnutrition, and smoking can also increase a woman’s risk for developing cervical cancer (Prat 

& Franceschi, 2014; WHO Information Centre on HPV and Cervical Cancer, 2010). Other factors 

that increase the risk of HPV infection and disease progression are number of sexual partners, 

early onset of sexual activity, early age of first parity, and oral contraceptive use (Veldhuijzen et 

al., 2010). However, cervical cancer prevention and early detection consensus guidelines from 

the American Cancer Society (ACS), American Society of Colposcopy and Cervical Pathology 

(ASCCP), and the American Society for Clinical Pathology (Saslow et al., 2012, p. 343) state that 

the largest gain in reducing cervical cancer incidence and mortality could be achieved by 

increasing screening rates among women rarely or never screened. This phenomenon is 

reflected in studies conducted in the United States (Saslow et al., 2012; Leyden et al., 2005) and 

elsewhere (WHO Information Centre on HPV and Cervical Cancer, 2010), showing high cervical 
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cancer incidence rates in populations never or rarely screened. A large cluster randomized 

control trial of VIA cervical cancer screening versus education and referral to standard screening 

services in India found a marked decrease in cervical cancer incidence and mortality in VIA 

screened women (Sankaranarayanan et al., 2007). Therefore, access and use of screening, 

diagnosis, and treatment services, including VIA, in addition to the reduction of other risk factors, 

is essential to decreasing cervical cancer incidence and mortality globally. 

Active participation in, not just the availability of, cervical cancer screening and treatment 

programs is needed to reduce cervical cancer incidence and mortality and a number of studies 

have investigated factors that hinder or contribute to a woman’s willingness and ability to 

participate in cervical cancer screening and treatment. In the United States, women of varying 

backgrounds identified lack of knowledge, fear, administrative barriers (transportation problems, 

childcare needs, healthcare coverage issues, etc.), cost, fatalism, and negative attitudes toward 

healthcare as factors hampering a woman’s ability or willingness to access care (Eggleston et al., 

2007; Johnson et al., 2008; Percac-Lima, Aldrich, Gamba, Bearse, & Atlas, 2010; Schoenberg, 

Baltisberger, Bardach, & Dignan, 2010). A SR by Eggleston et al. (2007) found that women with 

more severe cervical lesions or with social support were more likely to adhere to treatment and 

follow up of abnormal Pap smears. Many of the barriers and facilitators to cervical cancer 

screening seen in the United States are mirrored in high incidence countries around the world. In 

a qualitative evidence synthesis of data from countries with high cervical cancer incidence, 

Driscoll (2016) described barriers to cervical cancer screening as negative attitudes and barriers 

to healthcare, such as a general mistrust of non-traditional healthcare providers, stigma, 

knowledge deficits, and fatalism. However, facilitators included knowledge of risk factors and 

signs and symptoms of cervical cancer and community/social support. Considering evidence in 

the literature, the availability of cervical cancer screening services alone is not enough to offset 

many of the barriers to service utilization required for reductions in cervical cancer incidence and 

mortality. 
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Problem Statement 

The global burden of cervical cancer morbidity and mortality lies in women living in low 

resource areas with inadequate healthcare resources and women who are unwilling or unable to 

access cervical cancer screening. 

Purpose 

The purpose of this study was to conduct a SR and qMA of primary studies of VI 

techniques for cervical cancer screening to determine if type of provider or specific components 

of provider training affect the accuracy of these cervical cancer screening procedures. The results 

could then be used to guide future policy, research, and clinical programs aimed at increasing 

cervical cancer screening participation rates and decreasing incidence, morbidity, and mortality 

globally. 

Research Questions and Hypotheses 

research question 1. Does the accuracy of VI techniques for cervical cancer screening 

differ by provider type? 

hypothesis 1. The accuracy of VI techniques for cervical cancer screening will not differ 

significantly by provider type. 

research question 2. Does the accuracy of VI techniques for cervical cancer screening 

differ by the presence, absence, or duration of specific components of provider training? 

hypothesis 2. The accuracy of VI techniques for cervical cancer screening will be 

significantly improved with the presence of components of provider training. 

Research Assumptions 

This SR and qMA assumed the following: 

1. Epidemiologic measures of accuracy from primary studies are independent 

of one another. 

2. Primary studies provide reliable and accurate descriptions and data. 

3. The true overall or population based measures of cervical VI accuracy are more 

precisely represented by the combined epidemiologic measures of accuracy from 

individual studies. 
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4. Other variables, besides the primary and predictor variables identified in this 

study, may influence epidemiologic measures of accuracy. 

Definition of Terms 

For the purposes of this study the primary outcome, accuracy, and predictors, provider 

type and training, were defined as follows: 

diagnostic test accuracy. The primary outcome measures of DTA or accuracy were the 

sensitivity and specificity of VIA, VILI, and/or VIAM at a reference test diagnostic threshold of 

cervical intraepithelial neoplasia grade two or higher (CIN 2+) and/or grade three or higher (CIN 

3+). A screening test with a high sensitivity is good at identifying persons with disease and has a 

high true positive rate. A screening test with a high specificity is good at identifying persons 

without disease and has a high true negative rate (Reitsma, Rutjes, Vlassov, Leeflang, & Deeks, 

2009). 

provider type. Provider type refers to the qualifications of the person performing VI of 

the cervix (VIA, VILI, and/or VIAM) and was categorized as follows: 

licensed provider. A licensed provider is a licensed physician or nurse of any specialty, 

including: 

physician. 

• Licensed physician, other than OBGYN 

• OBGYN 

nurse. 

• Licensed nurse 

• Licensed nurse midwife 

unlicensed provider. An unlicensed provider is any unlicensed VI provider, referred to 

as a CHW, including: 

• Auxiliary nurse 

• Auxiliary nurse midwife 

• CHW / Lay provider 
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training. Training refers to various components of any instruction on VI of the cervix 

(VIA, VILI, and/or VIAM) providers may have had prior to or during the primary study 

investigational period. Particular components considered were: 

type of instruction manual. 

• JHPIEGO Training Manual 

• International Agency for Research on Cancer (IARC) Training Manual 

• Other 

• None referenced 

type of training. Whether there was or was not a training program described and if so: 

training time. 

• Total number of training days 

• Didactic hours (yes/no) 

• # of didactic hours 

mentored clinic time. 

• Mentored hours (yes/no) 

• # of mentored cases 

• # of mentored hours 

quality assessment. 

• Refresher course (yes/no) 

• Refresher course interval in months 

Significance 

This investigation not only contributes to the body of knowledge on the accuracy of VI 

techniques for cervical cancer screening, but also provides insights into newer and more robust 

statistical methodologies, nursing practice, and caring science. Findings may play a critical role in 

continued and improved discussion and implementation of policy, research, and practice related 

to cervical cancer screening for populations of women who are unwilling or unable to access 

screening and/or living in low resource areas at the empirical, practical, theoretical, and 

philosophical levels. 
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contributions to research. 

provider type comparisons. This study was the first SR and qMA designed and 

conducted for the primary purpose of establishing whether or not there are significant variations in 

the DTA of VI techniques for cervical cancer screening by provider type. Previously published 

qMAs have all had the primary aim of determining summary estimates of DTA and only four of 

eight qMAs of VI presented results from post-hoc regression analyses using provider type as a 

predictor. Chen et al. (2012), Sauvaget, Fayette, Muwonge, Wesley, and Sankaranarayanan 

(2011), and Wei et al. (2012) found no significant differences in VI DTA between provider types, 

Qiao et al. (2015) showed a significant decrease in sensitivity in VIA performed by physicians and 

nurses over CHWs, and analysis by Chanthavilay et al. (2015) revealed provider types as a 

significant predictor of the diagnostic odds ratio (DOR) when index testing was combined VIA and 

cytology positivity. In addition, even though copious studies have looked at the DTA of VI, none 

were designed to look at provider differences. This is in spite of the fact that studies have used 

trained licensed nurses, including those by DeVuyst et al. (2005), Murillo et al. (2010), Muwonge 

et al. (2010), Ngoma et al. (2010), and Sangwa-Lugoma et al. (2006), licensed physicians 

(Belinson et al., 2001a; Sangwa-Lugoma et al., 2006), CHWs (Shastri, 2005), and 

cytotechnicians (Sankaranarayanan et al., 2003b) as VI providers. Those few studies that have 

been designed to consider provider variations have used Cohen’s Kappa inter-rater agreement 

calculations to find any significant discrepancies between VIA and VILI provider types (Bhatla et 

al., 2004; Sherigar, Dalal, Durdi, Pujar, & Dhamale, 2010). Numerous studies have investigated 

the DTA of VI techniques in low resource settings; however, none were specifically designed to 

determine if the performance of different provider types impact measures of accuracy for VIA, 

VILI, or VIAM. 

training component comparisons. This SR and qMA was the first designed to ask 

whether or not elements of VI provider training programs predict the DTA of VI tests. Several 

overviews and program evaluations have provided commentaries about training VI providers and 

the essential components of successful training programs, but none explicitly determined if these 

components affected DTA. Blumenthal, Lauterbach, Sellors, and Sankaranarayanan (2005) noted 
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that it took approximately 20-50 supervised VIA cases for physicians and 30-300 supervised VIA 

cases for non-physicians to gain competency. Levine, Chudnoff, Taylor, Baganizi, and Banks 

(2011) found that physicians had greater comfort with identifying abnormalities on pre and post 

training tests. Also, Arbyn et al. (2008b) found that the DOR fell over time, suggesting a need for 

experience, training, and quality assurance measures in VI cervical cancer screening programs. 

However, no previous prospective, cross-sectional, or randomized control trials that have 

expressly compared the impact of training on the clinical performance of VI were identified in the 

review of literature.  

quantitative meta-analysis methodology. Two unique methodological approaches, 

BLMM and study inclusion/exclusion criteria, were used in this SR and qMA of VI for cervical 

cancer screening. BREMing was recently described and recommended by the Cochrane 

Screening and Diagnostic Tests Methods Group to account for the interdependency of the 

accuracy measures of sensitivity and specificity and between study variability in qMAs of DTA 

(Macaskill, Gatsonis, Deeks, Harbord, and Takwoingi, 2010). Six of eight qMAs characterizing the 

DTA of VI for cervical cancer screening used some aspect of BREMing, but two focused on 

studies conducted in China (Wei et al., 2012) and sub-Saharan Africa (Fokom-Domgue et al., 

2015), and Wei et al. (2012) was only published in Chinese. This study moves beyond BREMs to 

BLMMs for statistical analysis. Another unique feature of this qMA of VI were the 

inclusion/exclusion criteria. Studies that did not necessarily aim to evaluate the accuracy of VIA, 

VILI, or VIAM were included, as sufficient data to populate a 2x2 table to calculate measures of 

DTA, like sensitivity and specificity, are often available in epidemiological and other types of 

studies. Written descriptions of VI provider types and/or training were also required for articles to 

be included. Therefore, this dissertation was the first SR and qMA of VI for cervical cancer 

screening to use BLMMs to estimate overall sensitivity and specificity measures and make 

comparisons, the first to include primary studies not specifically designed to determine DTA, and 

the first to require descriptions of provider type and/or training in included studies. 

contribution to nursing practice. Empirical research supporting or refuting the merits of 

using non-licensed providers to conduct cervical cancer screening in low resource areas and the 
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essential training elements needed to produce competent VI providers contributes to public health 

and community based nursing practice. According to the American Public Health Association 

(2013), public health nursing practice promotes and protects the health of populations using 

knowledge from nursing, social, and public health sciences by addressing issues of health 

inequity, social justice, and community based applications of theory and evidence based practice, 

while acknowledging the contextual nature of health within cultural, environmental, historical, 

physical, and social parameters. Research, social participation, equitable access, and the 

assurance of health service quality are some of the essential functions of public health nurses, 

according to the PAHO and WHO (Ramagem & Ruales, 2008).These tenets of public health 

nursing practice were reflected by van Karsa, Dean, Arossi, and Sankaranarayanan (2014), who 

called for population based cervical cancer VI screening programs to be accessible, of high 

quality, and have adequate human, financial, and technical resources. This research determined 

the accuracy of using adequately trained unlicensed providers to conduct cervical cancer 

screening, diagnosis, and treatment programs. The utilization of local CHWs may contribute to 

community based screening programs that will improve access and increase participation rates 

for women living in remote, low resource areas. Cervical cancer screening by VI at the community 

based level may instill trust and provide culturally competent care. Increasing access to cervical 

cancer screening through locally conducted and managed healthcare services by trusted 

community based providers may increase access and participation rates, thus decreasing the 

incidence and rate of cervical cancer morbidity and mortality. The ultimate goal of public health 

nursing is to alleviate health disparities through community based applications of evidence based 

practice within the context of a particular vulnerable population's social, economic, and 

environmental situation and this SR and qMA has provided knowledge needed for the provision of 

public health nursing practice tailored to decrease the cervical cancer disease burden of 

populations of women living in remote, low resource areas of the world. 

relation to caring science. Many prominent nursing theorists and researchers, like 

Leininger, regard caring as the central construct of nursing and Leininger’s (2006) theory of 

culture care diversity and universality was the theoretical lens through which this study was 
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viewed, designed, and conducted. Leininger (2006) believed that “care is the essence and central 

dominant, distinct, and unifying focus of nursing (p. 18)”…and refers to care as the “actions, 

attitudes, and practices to assist or  help others toward healing and wellbeing (p. 12).” Evidence 

suggests that increasing women’s access to and participation in cervical cancer screening and 

treatment could have the greatest impact on decreasing cervical cancer incidence and mortality 

(Saslow et al., 2012). Major barriers to screening identified for women living in low resource, high 

incidence areas included, but were not limited to, staff and laboratory constraints, mistrust of non-

traditional healers, cost, and distance, while a facilitator was community and social support 

(Driscoll, 2016). Taking these barriers and facilitators into account, it seemed necessary and 

reasonable to establish whether or not it would be safe and effective to have locally based 

cervical cancer screening services provided by trained traditional healers or other trusted 

community members. Therefore, the results of this qMA provided the “etic” or healthcare 

professional knowledge of cervical cancer screening with VI needed to meld “etic” views with 

“emic” or indigenous views of cervical cancer screening through “accommodation”. Leininger 

(2006) described accommodation as the “care actions or decisions that help cultures adapt to or 

negotiate with others for culturally congruent, safe, and effective care (p. 8)” This study was 

conducted and focused through Leininger’s caring lens and provides the quantitative evidence 

needed for nurses and other healthcare providers to take action and offer culturally congruent 

care. 

Summary 

This chapter introduced the global burden of cervical cancer morbidity and mortality in 

women living in low resource areas. The largest contributor to the disparities of cervical cancer 

incidence, morbidity, and mortality lies in the availability and ability of women to participate in 

cervical cancer screening. Considering public health nursing practice, one means for expanding 

access and participation in cervical cancer screening may be to empower communities and 

CHWs to screen for cervical cancer themselves. Therefore, the primary aim of this dissertation 

was to investigate whether VI techniques for cervical cancer screening remain accurate 
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regardless of provider type and to identify factors in VI provider training programs that may 

optimize competency and screening test accuracy.
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CHAPTER 2: LITERATURE REVIEW

This chapter presents a comprehensive review of literature pertaining to the philosophical 

and theoretical bases of this study, an overview of cervical cancer and its prevention, diagnosis, 

and treatment, and a review of barriers and facilitators to cervical cancer screening, 

predominantly in low resource, high incidence populations. The aim of this dissertation was to 

conduct a SR and qMA to determine whether the provision of cervical cancer screening services 

with adequately trained local lay providers may present a viable secondary prevention option to 

improve access and acceptability of screening, therefore, literature related to VI provider types 

and training were also considered. 

Philosophical and Theoretical Paradigms 

“What the social world has made, the social world, armed with knowledge, can undo.” 

(Bourdieu, 1993/2000) 

Nursing research and evidence based practice aimed at alleviating health disparities 

should utilize “paradigmatic plurality”, using paradigms that fit the specific research question and 

problem (Weaver & Olson, 2006). This is particularly important in nursing and other disciplines 

that translate science into practice, as scientific knowledge cannot be directly applied to patients 

or persons. This concept aligns with the neomodern philosophy of science, which recognizes 

multiple ways of acquiring knowledge to maximize egalitarianism and freedom from oppression 

(Reed, 2006, p. 37). Neomodernism provides a perspective which bridges the gap between the 

production and application of knowledge, acknowledging that they are related, yet not one and 

the same. Viewing the problem addressed by this research, the global health inequity of cervical 

cancer morbidity and mortality, justified using a critical social theory (CST) lens. CST calls for 

action to combat social injustices and create equity and balance of power (Kagan, Smith, 

Cowling, & Chinn, 2010). However, the research methodology employed in this study provided 

empirical knowledge of the accuracy of VI for cervical cancer screening and required a 
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quantitative or empirical viewpoint. Empirical or positivistic inquiry seeks truth and knowledge 

through verification and replication of observable findings (Clark, 1998). Finally, the actual 

implementation of evidence based practice guided by the results of this study may be best 

addressed by nursing as caring. Caring is to “situate ourselves within a wider universe dependent 

both on the application of science and technology…and on the attentiveness of all human beings 

for its survival and sustainability (Roach, 2002, p. 13).” CST, positivism, and caring were the 

philosophical and theoretical perspectives that directed this SR and qMA of the accuracy of VI 

techniques for cervical cancer screening by type of provider and components of VI training. 

critical social theory. The bulk of cervical cancer health disparities are related to 

barriers to screening that stem from sociopolitical, economic, cultural, technological, and 

environmental inequalities. The goal of CST is to identify and alleviate the oppressive forces 

creating inequities against and between particular individuals, groups, and populations, as seen 

with the inequitable distribution of the cervical cancer disease burden. Foucault and Freire were 

two prominent CSTs. Foucault believed that scientific inquiry and method were not necessarily 

conducted in the search for an ultimate truth, but rather to better characterize and explain a 

particular problem within current reality, constructed from the complex “history of discourse” and 

interplay of “rhetoric and power” (Dahnke, 2011, p. 261). Foucault, in particular, looked at 

knowledge from not just the individual level, but from the group and societal power relational level 

(Dahnke, 2011, p. 262). The rise of medicine and public health at the end of the 18th Century 

brought bio political power to the forefront over the sovereign power primarily exhibited prior, as 

infectious disease and the environment could be better controlled by those holding economic and 

sociopolitical power in a society (Foucault, 2003). Similar observations were made by Freire 

(1970/2007) in the Brazilian educational system. Freire observed that the oppressed masses 

were being dominated over by the “banking” model of education, where the authoritative teacher 

deposited information into their students’ minds (Freire, 1970/2007). This form of education, much 

like the bio political power described by Foucault, perpetuated the hierarchical and colonial 

structure of society. Freire (1970/2007) called for dialogic educational practices, where teachers 

lead their students through collaborative investigation and critical appraisals of problems. 
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Hermeneutic philosopher, Gadamer (1993/1996) referred to this type of dialogic (teacher/student) 

interaction as genuine dialog, where each participant brings their own expertise to the 

conversation. In an equitable, dialogic, or genuine patient/provider relationship, “…they (patient 

and healthcare provider) must neither make patients wholly dependent on them, nor needlessly 

prescribe dietary or other conditions of lifestyle which would only hinder patients from returning to 

their own equilibrium of life” (Gadamer, 1993/1996, p. 43). The relationship is not authoritative or 

oppressive, but one of genuine authority “involving superior knowledge, ability, and insight” 

(Gadamer, 1993/1996, p. 121), but not power. The patient and provider become open to one 

another, work in mutual process, and bring their own unique perspective and authority to the 

issue of health and wellness. The primary aim of this research was to gain knowledge or authority 

over the accuracy of VI techniques for cervical cancer screening when conducted by licensed or 

unlicensed providers. This was in an attempt to alleviate some of the barriers to screening 

identified by women who were at risk for cervical cancer and who were unable or unwilling to 

access screening due to suppressive economic, environmental, social, or culturally determined 

circumstances, all of which are vital to CST in action. 

Global disparities in cervical cancer fit into biosocial theory described in preventive 

medicine and follow the premises of CST. Paul Farmer (1999), in his book “Infections and 

Inequalities: The Modern Plagues”, outlined how health disparities, like those seen with HIV/AIDS 

and Tuberculosis, are socially constructed. “The creation and maintenance of such disparities, 

which are biological in their expression…, are largely socially determined (Farmer, 1999, p. 4).” 

This forms the basis for biosocial theory (Farmer, Yong Kim, Kleinman, & Basilico, 2013). Poverty 

and social inequality determine a population’s subsequent morbidity and mortality patterns 

(Farmer, 1999, p. 10) and these inequalities can often be diminished or abolished through modest 

interventions that are often ignored by science, academia, and medicine (Farmer, 1999, p. 4). 

“The restricted gaze of each discipline can illuminate certain global health problems, but only 

when they are taken together (Farmer et al., 2013, p. 9)” can we positively affect global health 

problems, like those seen with cervical cancer. Working toward global health equity requires 

“pragmatic solidarity”, when healthcare providers and systems make common cause with those 
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working and living within the communities they serve (Farmer, 2005, p. 237). The results of this 

study provided a limited amount of data related to cervical cancer screening with VI of the cervix 

that can only work to lessen cervical cancer health disparities when applied to specific 

populations in “pragmatic solidarity” (Farmer, 2005).  

Emancipatory praxis is needed to translate the empirical knowledge gained from this 

research into practice. Praxis is the “simultaneous reflection and action directed towards 

transforming the world (Kagan, et al., 2010, p. 81)” that, according to Freire (1970/2007), bring 

together knowing and doing. Kagan et al. (2010) described emancipatory praxis as social justice 

or “breaking down barriers to access for individuals or groups possessed of particular identities, 

abilities, or histories, exemplifying inclusion rather than exclusion (p. 75).” The nursing manifesto 

(Cowling, Chinn, & Hagedorn, 2000) acknowledged that the clinicalization of the human health 

experience, overemphasis on clinical specialization, and interventions dictated by economics has 

created social injustices within healthcare. Only through emancipatory praxis, a cyclic process 

requiring reflection and action against social injustices, can we work to change health inequities 

(Freire 1970/2007; Kagan et al., 2010). The intent of this research was to provide a pearl of 

knowledge that may be translated into practice through emancipatory praxis. 

empirical knowing. The quantitative research method employed in this study follows a 

positivistic paradigm for the production of empirical data to either confirm or refute the theory that 

the accuracy of cervical VI will not significantly change between different provider types or types 

of provider training. According to Carper (1978), empirical knowing is one of four ways of knowing 

in nursing. It is the scientific knowledge of pathophysiology and health interventions needed to 

practice nursing competently. Typically, as in this study, empirical knowing comes from positivistic 

inquiry, which holds to the notion that the objective reality of the natural sciences can be 

explained through logical and mathematical justification of theory (Okasha, 2002; Tappen, 2011). 

The positivists do not refute the subjective and historical process of theory development or the 

“context of discovery”, but consider it separate from the objective testing of these theories within 

the “context of justification” (Okasha, 2002, p. 79). The development of the theory tested by this 

SR and qMA grew out of viewing the problem of global cervical cancer health disparity through 
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the lens of CST, but the actual theoretical testing was driven by a positivistic approach to theory 

justification and verification. 

caring. The central concept of caring, as described in Leininger’s (2006) theory of culture 

care diversity and universality, situated caring (Jarrín, 2012), and the tenets of cultural 

competency (Douglas et al., 2014) will guide the translation of this study’s results into evidence 

based practice. Leininger (2006) wrote that care is the essence and central dominant, distinct, 

and unifying focus of nursing (p. 18)”…and refers to the “actions, attitudes, and practices to assist 

or help others toward healing and wellbeing (p. 12).” As reflected in CST and emancipatory 

praxis, caring requires self reflection and action to ease social injustices, like health disparities. It 

is a commitment “to knowing self and other as living and growing in caring (Boykin & 

Schoenhofer, 2001, p. 36).” Similarly, as described in the “dance of caring persons”, those that 

were involved in the oppressive and hierarchical structures that contribute to health disparities, 

build the courage, trust, and humility to work together (Boykin & Schoenhofer, 2001). In a caring 

therapeutic relationship the nurse and nursed, be it an individual, family, community, or 

population, open up to one another in an effort to improve health and wellbeing. The pragmatic 

goal of this research was to fuse the empirical knowing of nursing with the health beliefs and 

attitudes of the populations bearing the burden of cervical cancer. 

Leininger (2006) described how a population’s “culture care” beliefs and values develop 

from shared spiritual, religious, political, social, educational, economic, ethno historical, 

technological, and environmental influences. These shared beliefs and values have developed for 

both the “etic” and “emic” realms. The empirical, technological, and curative values of the “etic” 

healthcare system do not always match the “emic” views of care and health held by indigenous 

populations being served by the healthcare system. This was particularly evident in the case of 

cervical cancer screening, where major barriers to screening for women living in low resource, 

high incidence countries included, but were not limited to, staff and laboratory constraints, 

mistrust of non-traditional healers, cost, and distance, while a facilitator was community/social 

support (Driscoll, 2016). Taking these barriers and facilitators into account, it seemed necessary 

and reasonable to establish whether or not it would be safe and effective to have locally based 
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cervical cancer screening services provided by trained traditional healers or other trusted 

community members. This qMA provided the “etic” or healthcare knowledge of cervical cancer 

screening with VI needed to then meld “etic” views with “emic” views through “accommodation”, 

the “care actions or decisions that help cultures adapt to or negotiate with others for culturally 

congruent, safe, and effective care (Leininger, 2006, p. 8).” As Jarrín (2012) eloquently described, 

“the meta-paradigm of nursing is caring that is situated in space, place, and time and influenced 

by exterior environments of the nurse and the patient (p. 22).” This study has provided some of 

the empirical knowledge needed to work toward “accommodation” of “etic” and “emic” views of 

cervical cancer screening to help eliminate cervical cancer health disparities worldwide. 

This study followed components of the caring practice of transcultural nursing outlined 

and called for by Leininger. It is the  

study and practice focused on comparative cultural care (caring) values, beliefs, and 

practices…with the goal of providing culture-specific and universal nursing care practices 

in promoting health or wellbeing. Culturally congruent and therapeutic care occurs when 

culture care values, beliefs, expressions, and patterns are explicitly known and used 

appropriately, sensitively, and meaningfully with people of diverse or similar cultures. 

(Leininger, 2006, p. 10) 

It acknowledges the dignity of all people and the belief that individuals are entitled to fair 

and equal access to healthcare (Douglas et al., 2014, p. 109). Cultural competency is an ongoing, 

cyclical process between nurse and nursed. Douglas et al. (2014) provided guidelines for cultural 

competency, which included: knowledge of cultures; critical reflection on your own values, beliefs, 

and cultural heritage; cross-cultural communication; Cultural competence in practice and 

healthcare systems to meet the needs of their clients; patient advocacy and empowerment and 

the inclusion of their cultural beliefs and practices in their healthcare; and evidence based 

practice and research. “Nurses shall investigate and test interventions that may be the most 

effective in reducing the disparities in health outcomes (Douglas et al., 2014, p. 110).” Culturally 

competent nurses recognize that health is a product of the life conditions of people and 

population disparities are reflective of social inequities and focus on advocacy, autonomy, and 
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cultural safety in their practice (Douglas et al., 2014, p. 113-114). Data on the safety and 

accuracy of VI for cervical cancer screening provides a critical knowledge base for the practice of 

culturally competent nursing care that takes into account evidence suggesting populations 

bearing the burden of cervical cancer may be more willing and able to participate in locally 

available and provided screening services. 

In summary, the problem, methodology, and application of the results of this research 

study called for a neomodern philosophical viewpoint that values the use of multiple perspectives 

which fit the specific research, in what Weaver and Olson (2006) refer to as “paradigmatic 

plurality”. Disparities in cervical cancer morbidity and mortality have arisen from several socially 

constructed barriers to cervical cancer screening which has resulted in women’s inability or 

unwillingness to access services. A CST view of this problem calls for action against these social 

injustices. Positivistic inquiry was used to provide data needed for safe and effective action. Then 

nursing as caring can be used to apply the data to practice. The philosophical and theoretical 

views of CST, positivism, and caring were chosen paradigms which best fit the problem and 

research questions addressed by this study. 

Cervical Cancer 

epidemiology. Cervical cancer is the 4th most common cancer and cause of cancer 

death among women in the world (Prat & Franceschi, 2014). Approximately 528,000 women were 

diagnosed and 266,000 women died of cervical cancer in 2012, with over 70% of these women 

living in low resource countries (Forman & Ferlay, 2014). Cervical cancer is the most common 

cancer in 39 countries and the leading cause of cancer death in women in 45 out of 184 countries 

examined worldwide by the WHO International Agency for Research on Cancer (Prat & 

Franceschi, 2014). Cervical cancer incidence and mortality rates in 2025 are predicted to be 

almost double that from 2008 if population growth and cervical cancer incidence and mortality 

rates are maintained (WHO Information Centre for HPV and Cervical Cancer, 2010). Cervical 

cancer incidence rates were ranked first for all women in East Africa, South Asia, and Melanesia 

and second for those residing in North, South, Middle, and West Africa, South and Central 

America, the Caribbean, Central and Southeast Asia. In North America cervical cancer was the 
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thirteenth most common cancer diagnosis and fifteenth leading cause of cancer death in women 

(WHO/ICO, 2010). The WHO Information Centre on HPV and Cervical Cancer (2010) predicted 

that the percentage of new cases and deaths would decline by 2% and increase by 1% in women 

64 years of age or younger in high resource countries in comparison to a 40% and 46% increase 

in low resource countries, respectively. Using very high, high, medium, and low stratifications of 

the United Nations Development Program’s (1990) Human Development Index (HDI), a 

composite index of life expectancy, education, and Gross National Income per capita, provides an 

economic and national development perspective to global cervical cancer disease burden. In 

countries with low/medium HDI indexes cancers caused by infection, like cervical cancer, 

dominate (Bray, 2014). In the last 30 years there has been a rapid decline in cervical cancer in 

countries transitioning to higher HDIs related to societal changes and implementation of efficient 

secondary prevention programs (Prat & Franceschi, 2014). Countries with very high/high HDIs 

typically have 10 to 20 times more breast cancer than cervical cancer cases (Bray, 2014). In 

contrast, countries with low/medium HDIs, like Uganda, have two times more cervical than breast 

cancer (Bray, 2014). Again, as indicated by Bray (2014), this is most likely related to higher rates 

of infectious disease seen in countries with low/medium HDIs. Therefore, cervical cancer has 

remained a global health disparity and a health care priority in low resource countries, despite it 

being a highly preventable cancer. 

risk factors. Smoking, parity, oral contraceptive use, co-infection with HIV and other 

sexually transmitted infections, dietary insufficiencies, and immune-suppression are all factors 

which contribute to cervical cancer, however, the largest risk lies in women who are unable to 

access screening (WHO Information Centre on HPV and Cervical Cancer, 2010). In fact, Saslow 

et al. (2012) reported that half of cervical cancer diagnoses in the United States were in women 

never screened before and 10% had not been screened in the past five years. In a retrospective 

study of 833 women diagnosed with cervical cancer, Leyden et al. (2005), found that 56% had not 

had a Pap smear within the last three years, 32% had had a normal Pap smear 3-36 months prior 

to diagnosis, and 13% had failed to follow up on their first abnormal Pap smear. This is consistent 

with WHO data, as countries with low cervical cancer screening coverage typically have a high 
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incidence of cervical cancer. It is estimated that 50% or more of women have never been 

screened for cervical cancer in Ghana, Kenya, Zambia, South Africa, Malaysia, India, and 

Guatemala (WHO Information Centre on HPV and Cervical Cancer, 2010). Cervical cancer had 

the highest cancer incidence and mortality rates in Zambia, Kenya, South Africa, India, and 

Guatemala and the second highest in Ghana and Malaysia (Castellsagué et al., 2007). Also, a 

high incidence of cervical cancer is seen in areas of the world with some of the highest fertility, 

HIV infection rates, and early ages for onset of sexual activity (WHO Information Centre on HPV 

and Cervical Cancer, 2010). Therefore, access and utilization of screening, diagnosis, and 

treatment services, in addition to reductions in other risk factors, are key components to 

decreasing cervical cancer incidence and mortality globally. 

cervical anatomy. The cervix is the cylindrical structure making up the inferior portion of 

the uterus which extends into the vagina. The part visible by vaginal speculum examination is the 

vaginal cervix or portio. The cervix is approximately three cm in length and the portio is round and 

about two cm in diameter (Apgar, Brotzman, & Spitzer, 2002). The cervical canal extends the 

length of the cervix from the portio into the uterus and is about eight millimeters in diameter at its 

widest point (Apgar et al., 2002). The inferior opening of the cervical canal can be visualized as a 

small, 2 mm os that appears round in a nulliparous woman and enlarges with a linear stellate 

appearance in multiparous women (Apgar et al., 2002). The majority of the portio is covered in a 

four layer stratified squamous epithelium or ectocervix that is contiguous with the squamous 

mucosa of the vagina. Squamous cells appear pink and smooth to the naked eye. Maturation of 

squamous cells is estrogen dependent and the cells enlarge, increase in cytoplasmic volume, and 

contain smaller nuclei from the basal to the superficial layer. Premature squamous cells dominate 

in pre and post-menopausal women. Secretory columnar cells of the endocervix run contiguous 

with the endometrium and continue through the internal os to meet with the stratified squamous 

cells at the squamocolumnar junction (SCJ). The surface of columnar epithelium appears infolded 

and beefy red to the naked eye, as superficial blood vessels are easily seen under the single 

columnar cell layer. The SCJ may be located in the internal os or visible on the cervical portio. 
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Squamous metaplasia occurs within the transformation zone (TZ) at the SCJ, where the columnar 

epithelium meets and morphs into the squamous epithelium of the ectocervix.  

human papillomavirus. HPVs are non-enveloped DNA viruses that infect epithelial cells 

and are transmitted from one animal to another through micro abrasions from skin to skin contact 

and can cause subclinical infections, warts or condyloma, and cancer (Apgar et al., 2002). The 

most common clinical manifestation of genital HPV infections are venereal warts (condyloma 

acuminate) that may be seen as multiple, well circumscribed growths on the vaginal introitus, 

vulva, perineum, anus, and rarely on the cervix (Apgar et al., 2002, p. 2). Cervical HPV is 

transmitted through sexual intercourse and cervical cellular changes caused by HPV infections 

originate in the SCJ (Prat and Franceschi, 2014). There have been more than 35 HPV types 

identified in the female lower genital tract and 13 types have been associated with cervical cancer 

(Apgar et al., 2002, p. 2). The correlation between HPV infection and invasive cervical cancer and 

carcinoma in situ is strong, with studies of the presence of HPV DNA in invasive cervical cancer 

ranging from 69-92% of cases with up to a 120 times greater risk of invasive cervical carcinoma 

in women with high risk oncogenic HPV infections (Apgar et al., 2002, p. 7). High risk HPV types 

include 16, 18, 31, and 45, which account for 75% of cervical cancer cases, and intermediate risk 

types 33, 35, 39, 51, 52, 56, 58, 59, and 68 (Apgar et al., 2002, p. 2). The worldwide prevalence 

of HPV at any given time is approximately 10.4% and reaches up to 16.9% in women less than 

25 years of age (de Sanjosé et al., 2007) with the majority of sexually active people acquiring 

HPV at some point in their lifetime (Prat & Franceschi, 2014). However, more than 90% of new 

HPV infections will regress in 6-18 months (Schiffman, Castle, Jeronimo, Rodriguez, & 

Wacholder, 2007). The majority of sexually transmitted HPV infections are subclinical and resolve 

on their own, but persistent cervical infections with high risk HPV types have the potential to 

develop into cancer. 

cervical dysplasia. Cervical HPV infections cause dysplastic changes of squamous 

epithelial cells at the SCJ which may progress over years into more severe lesions or even 

cancer. Dysplastic changes can be diagnosed and histologically characterized from microscopic 
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evaluations of a cervical scraping or biopsy. Multiple classification systems have been derived to 

reflect the severity of dysplastic changes and are presented in Table 1 (Apgar et al., 2002; Nanda  

et al., 2000). Cytology specimens from cervical scrapings or Pap smears tend to be reported 

using the Bathesda Classification System and histology specimens from cervical biopsies are 

often reported using the Richart Classification System (Massad et al., 2013; Nanda et al., 2000). 

Normal squamous cells are evenly spaced with small round nuclei and minor irregularities may 

sometimes be noted and classified as atypical squamous cells. Low grade squamous 

intraepithelial lesions (LGSIL) or CIN 1 from HPV infections exhibit irregularly shaped nuclei 

which are three or more times greater in size than normal (Apgar et al., 2002; Nanda et al., 2000). 

Half of LGSIL lesions regress to normal, 10% progress to higher grade lesions, and only 2% will 

progress to invasive cancer over the course of approximately10 years (Prat & Franceschi, 2014). 

High grade squamous intraepithelial lesions (HGSIL) or CIN 2 or CIN 3 are “marked by a 

proliferation of atypical basaloid cells with an increased nuclear-cytoplasmic ratio and variability in 

nuclear size” (Apgar et al., 2002, p. 256). Prat and Franceschi (2014) reported that HGSIL or CIN 

3 precancerous lesions were the best predictors of cervical cancer, with 20% of CIN 3 

progressing to invasive cancer over about 10 years. In addition, Darragh et al. (2012) stated that 

HGSILs found to be infected with HPV type 16 were the most likely to progress to cancer. 

Squamous cell carcinomas exhibit more severe dysplastic changes, usually with loss of 

differentiation between the four stratified layers of squamous epithelial cells and increased tissue 

vascularization and can be local (in situ) or invasive (Apgar et al., 2012). Squamous cell 

carcinomas account for 85-90% of cervical cancer and the remaining 10-15% manifest from 

abnormalities of glandular cells to adenocarcinoma (Prat & Franceschi, 2014). Cervical 

squamous epithelial cells infected with HPV will undergo dysplastic changes which typically revert 

to normal, but persistent infections with high risk HPV types may progress into cervical cancer 

over years, as illustrated in Figure 1.  

primary prevention. Sexual abstinence, strict condom use, and HPV vaccination are 

three cervical cancer primary preventative strategies. Cervical HPV is transmitted through sexual 

intercourse and abstaining from sexual activity provides the most effective way to prevent HPV 
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infection of the external and internal genital organs (Centers for Disease Control and Prevention 

[CDC], 2015). Promotion and maintenance of 

Table 1 

Cytology and Histology Classification Nomenclature 

System
Bathesda Normal Inf/RR ASCUS
Richart Cond CIN I CIN II

Reagan (WHO) Normal Mod dys Sev dys CIS IC
Papanicolaou I V

Note. Inf/RR = infection/reactive repair; ASCUS = atypical cells of undetermined significance;
LGSIL = low grade squamous intraepithelial lesion; HGSIL = high grade squamous 
intraepithelial lesion; Cond = condyloma; CIN = cervical intraepithelial neoplasm;
WHO = World Health Organization; Mild dys = mild dysplasia; Mod dys = moderate
 dysplasia; Sev dys = severe dysplasia; CIS = carcinoma in situ; IC = invasive carcinoma
Adapted from "Accuracy of the Papanicolaou Test in Screening for and Follow-up of Cervical
Cytologic Abnormalities: A Systematic Review," by Nanda et al., 2000, Annals of Internal
Medicine, 132 , p. 812.

Atypia
II

Cytological and histological classification

Normal

III IV

CIN III
Mild dys

LGSIL HGSIL

 

 

 
Figure 1. Cervical HPV disease progression. CIN = cervical intraepithelial neoplasia; CIN I = CIN 
grade 1; CIN II = CIN grade 2; CIN III = CIN grade 3. Adapted from American Society of 
Colposcopy and Cervical Pathology (2012). 
 
lifetime abstinence is unrealistic for most people, especially those who desire intimate 

relationships, marriage, and children. Strict condom use and limiting the number of lifetime sexual 

partners reduces, but may not fully protect from, the risk of HPV infection and remains unrealistic 

for couples desiring children (CDC, 2015). There are three vaccines against HPV available in the 

United States: a bivalent vaccine (Cervarix) that protects against 66% of all cervical cancers from 

HPV types 16 and 18, a quadrivalent vaccine (Gardasil) that also protects against HPV types 6, 
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11 that contribute to genital condyloma, and a nine-valent vaccine that adds protection against 

five additional HPV types and protects against another 15% of cervical cancers (CDC, 2015). In 

addition, there is a monovalent vaccine against HPV 16 available outside of the United States 

(Prat & Franceschi, 2014). Population based modeling conducted by Van de Velde, et al. (2012) 

showed that HPV vaccination is safe and would be 100% effective in preventing persistent 

infection with HPV 16 and 18. A recent population based study of CIN incidence rates in New 

Mexico found a 10% reduction in CIN 2 and a 41.3% reduction in CIN 3 lesions from 2007 to 

2014 in a cohort of women aged 15-29 who would have benefited from the State’s HPV vaccine 

campaign (Bernerd et al., 2016). In fact, it is predicted that population based immunization 

campaigns with bivalent vaccine has the potential to prevent approximately 75% of cervical 

cancers worldwide (Guan, et al., 2012; Prat & Franceschi, 2014). Abstinence, condom use, and 

vaccination against high risk HPV types could almost completely eradicate cervical cancer. 

The high cost of HPV vaccines is an enormous barrier to implementation of worldwide 

immunization campaigns. The ACS (2014) estimated that the cost of each dose of the bivalent or 

quadrivalent vaccine was $130-140 USD and that the cost for a three dose series could be $500 

USD or more. However, GAVI - the Vaccine Alliance created in 2000 is “an international 

organization bringing together public and private sectors with the shared goal of creating equal 

access to new and underused vaccines for children living in the world’s poorest countries” (GAVI, 

n.d.). GAVI had an operating budget of $11.7 billion USD from 200-2015 with 21.79% coming 

from the Bill and Melinda Gates Foundation, 22.49% from the United Kingdom, and 11.79% from 

the United States (GAVI, n.d.). Collaborative efforts have reduced the cost of an HPV vaccine 

dose to $4.50 USD when the lowest cost per dose available to countries in the developing world 

prior to GAVI was $13 USD. GAVI’s immunization program hopes to vaccinate over 30 million 

girls in over 40 countries by 2020 and currently 20 countries have been approved to introduce 

vaccine, including, Sierra Leone, Ghana, Niger Kenya, Tanzania, Malawi, Madagascar, and Laos 

that are currently running demonstration projects (gavi.com; McNeil Jr., 2013). Despite these 

massive vaccination efforts, covering the cost and creating the logistic infrastructure needed to 

provide three separate doses over a six month period required for HPV immunity may prove 
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daunting, if not impossible for specific populations. Although current research suggests that 

sufficient immunity may be acquired with as little as one dose of vaccine (Kreimer et al., 2015). 

However, of the three HPV primary preventive strategies, sexual abstinence, strict condom use, 

and vaccination, population based immunization against high risk HPV types seems the most 

promising. 

secondary prevention. Secondary prevention of cervical cancer focuses on the early 

detection of precancerous neoplastic changes in cervical cells via Pap smear cytology and VI, 

alone or in combination with testing for high risk HPV types. To obtain samples for cytology 

and/or HPV testing, a vaginal speculum exam is conducted with subsequent scraping of the 

cervical portio with a spatula or plastic cervical broom and the collection of endocervical cells 

within the cervical os. These cellular foliates are then smeared onto a slide (Papanicolaou or Pap 

smear), sloughed off into a liquid fixative (liquid based cytology or LBC) or into a viral assay for 

detection of HPV. These samples are then sent to a clinical laboratory for cervical cytological 

evaluation by a pathologist and/or HPV virology testing. Self sampling kits have also been 

developed for HPV testing. VI involves a vaginal speculum exam and visualization of the cervical 

portio with the naked eye or with a handheld magnifying lens after the application of 3-6% AA or 

Lugol’s iodine. AA dehydrates cells and breaks down nuclear proteins causing cells with higher 

nuclear to cytoplasmic ratios consistent with dysplastic changes to turn white (aceto-whitening or 

AW) (Apgar et al., 2002, p.98). Lugol’s iodine stains normal glycogen containing cells a dark 

mahogany color (Apgar et al., 2002, p. 120). Adequate visualization of HPV related dysplastic 

changes of the SCJ may be more difficult in peri and post-menopausal women (Castle et al., 

2014; Chung et al. 2013; Cremer et al., 2011; Vedantham et al., 2011), as the SCJ migrates into 

the internal os. Despite this limitation, VIA, VILI, and VIAM, unlike cytology and HPV testing, offer 

an immediate, real time opportunity for screening and diagnosis, has low resource requirements, 

and is inexpensive (Ginsberg, 2013; Goldie et al., 2005). Pap smear or LBC and VI techniques 

alone or with HPV co-testing are effective secondary preventive measures that have significantly 

reduced cervical cancer incidence and mortality. 
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 accuracy of cytology. The reported accuracy of Pap smear and LBC has been variable 

with consistently low estimates of sensitivity, however serial testing has significantly reduced the 

incidence of cervical cancer. Cervical cytology was first introduced by Dr. Papanicolaou in the 

1940’s when cervical cancer was the number one cause of cancer death among women in the 

United States and by 2010 cervical cancer was the 13th most common cancer and 15th leading 

cause of cancer death (http://weill.cornell.edu/archives/blog/2011/06/george-papanicolaou-

development-of-the-pap-smear.html; WHO Information Centre on HPV and Cervical Cancer, 

2010). The AHRQ (1999) estimated the sensitivity and specificity of Pap smear cytology at 51% 

and 98%, respectively. However, individual studies of Pap smear accuracy have had extreme 

interstudy heterogeneity. The first qMA of Pap smear combined estimates from 59 studies 

published up until August of 1992 (Fahey, Irwig, & Macaskill, 1995). They found the weighted 

DOR of Pap smear to be 5.6, 95% CI [4.7-6.7] through a summary receiver operator curve 

(ROC). In studies that only conducted screening Pap smears (N=28), considered a positive 

reference threshold at CIN 2+ (N=23), had index and reference test providers blinded (N=23), 

and had verification of all subjects (N=10), the mean sensitivities and specificities varied from 57-

64% and 63-71%, respectively (Fahey, et al., 1995). Nanda et al. (2000) presented a SR of Pap 

smear accuracy from studies reported from 1966 to October of 1999 and in nine studies that 

verified all or a random sample of subjects with colposcopy directed biopsy reference thresholds 

of LGSIL/CIN 2+ had sensitivities ranging from 44-99% and specificities ranging from 91-98%. 

Interestingly, the sensitivities and specificities of 43 studies using the same LGSIL/CIN 2+ 

reference threshold, but including women at high risk for or history of cervical lesions, ranged 

from 6-100% and 21-100% with a mean of 58% and 92%, respectively. Similar performance was 

seen with newer LBC. In a qMA of nine studies of LBC, Arbyn et al. (2008a) reported no 

significant differences between the relative ratio of pooled estimates of sensitivity for LBC versus 

Pap smear and a significantly higher relative ratio for specificity. Overall sensitivity for HGSIL+ at 

a reference threshold of CIN 2+ for LBC and Pap smear were 57.1%, 95% CI [46.3-67.2] and 

55.2%, 95% CI [45.5-64.7] and overall specificity for HSIL+ at a reference threshold of CIN 3+ for 

LBC and Pap smear were 97%, 95% CI [93.8-98.6] and 96.7%, 95% CI [95.6-97.5], respectively 
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(Arbyn et al., 2008a). Despite the extreme variability in reported test performance and relatively 

low sensitivity of Pap smear and LBC, cytology has resulted in dramatic declines in cervical 

cancer incidence and mortality among women screened.  

accuracy of HPV. HPV testing offers a sensitive and extremely specific means for 

cervical cancer screening. HPV testing can be added on to LBC, samples may be collected by 

providers or by patients themselves in standalone tests, and, most recently, a point of care 

careHPV test providing same day results has been piloted (Jeronimo et al., 2014). In a pooled 

study by Arbyn et al. (2008b), the sensitivity and specificity of the Hybrid-Capture HPV test 

ranged from 48.4% to 67.7% and 91.6% to 94.6%, respectively. Pooled estimates of sensitivity 

and specificity were 61.9%, 95% CI [56.2, 67.7] and 93.6%, 95% CI [92.4, 94.8] at the CIN 2+ 

diagnostic threshold (Arbyn et al., 2008b). Sensitivity of Hybrid Capture HPV tests had 

comparable sensitivities to VIA, but were significantly more specific than VIA (Arbyn et al., 

2008b). HPV testing, especially if results can be obtained at the point of care and in an 

inexpensive kit, is an excellent cervical cancer screening tool. 

accuracy of visual inspection. VIA as a secondary prevention strategy for cervical 

cancer has been considered since the early 1980’s and several standalone studies, overviews, 

pooled studies, and qMAs of VI accuracy have been published and conducted around the world. 

Estimates of VI performance have been variable and compared with the accuracy of cytology, 

HPV testing, and colposcopy with or without histological confirmation. Generally, VIA has proven 

to be more sensitive and less specific than cytology. Therefore, VIA screening programs would 

classify more women as false positive, but more women with CIN, carcinoma in situ, or cancer 

would actually be found and treated. In other words, cytology is more likely to miss women with 

cervical neoplastic changes that need treatment. If treatment options are low risk and the use and 

availability of screening is rare, then it is more important for screening techniques to be more 

sensitive and less likely to miss true positives. Again, cervical VI accuracy studies have been 

numerous and with varied results, but point to their overall accuracy for use in low resource 

settings. 
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The first SR of VIA test performance found 16 studies in PubMed published between 

1982 and 2002, with a few early investigations having been conducted in high resource, low 

incidence countries (Gaffikin, Lauterbach, & Blumenthal, 2003). Ottaviano and La Torre (1982) 

demonstrated, in 2,400 patients assessed with VIA and colposcopy, that VIA found 98.4% of 

abnormal and 99% of normal TZs seen with colposcopy. Slawson, Bennett, and Herman (1992) 

studied 2,827 women and found that 64% of VIA detected disease, which was comparable to the 

68% found by Pap smear and Cecchini et al. (1993) also found VIA to be more sensitive, but less 

specific than cytology. However, the majority of studies on VI for cervical cancer screening have 

been conducted in low resource, high incidence countries. 

Studies performed in low and middle resource countries found in a SR by Gaffikin et al. 

(2003) yielded variable estimates of sensitivity and compared VIA to HPV, cytology, and 

colposcopy with or without histological conformation. Megevand, Denny, Dehaeck, Soeters, and 

Bloch (1996) showed that VIA detected 65% of HGSIL in 2,426 women in South Africa. In a 

similar study of 372 women in India, Londhe, George, and Seshadri (1997) found that VIA 

identified 78% of HGSILs diagnosed with colposcopy and Sankaranarayanan et al. (1998) 

showed VIA specificity (92.2%) was similar to that found for Pap smear cytology (91.3%). Gaffikin 

et al. (1999) was the first to provide direct estimates of DTA in 10,000 women provided with Pap 

smear and VIA, using colposcopy directed biopsy as the reference standard. VIA sensitivity was 

1.75 times higher than cytology (76.7% vs. 44.3%, respectively), whereas specificity was 1.4 

times lower (64.1% vs. 90.6%, respectively) at a reference threshold of HGSIL or higher (Gaffikin 

et al., 1999). Denny et al. (2000) reported on 2,944 women seen in a mobile unit in Cape Town, 

South Africa and demonstrated similar sensitivity to detect HGSIL for VIA and HPV testing, 

however VIA yielded more false positives. Singh, Sehgal, Parashari, Sodhani, and 

Satyanarayana (2001) studied 402 symptomatic women in New Delhi and found cytology to be 

more sensitive than VIA when limited to mild dysplasia, but the opposite for more moderate or 

severe lesions. Belinson et al. (2001b) showed colposcopy and VIA had similar specificity profiles 

for CIN 2+ among women in China. The variability in DTA and reference standards seen in these 

studies, prompted Gaffikin et al. (2003) to call for a qMA of the DTA of VIA.  
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pooled studies of visual inspection. Four studies have pooled VIA, VILI, and VIAM 

DTA estimates from multiple study sites and observed between site heterogeneity, used different 

reference standards and statistical methodologies, and exhibited various biases. However, 

despite certain study limitations, these pooled estimates created a more accurate picture of the 

DTA of VI due to much larger sample sizes. Provider type, geographical location, population, 

reference standard, and other variables created heterogeneity between study sites, but using 

random effects modeling to pool DTA measures can account for a certain amount of variability. 

Issues of heterogeneity and bias have been handled differently in these pooled studies and 

warrant further discussion. 

The first pooled multi-site study of the DTA of VI showed greater accuracy than similar, 

independently reported studies (Arbyn et al., 2008b). Accuracy measures from 11 independent 

studies offering VIA (11 sites), VILI (10 sites), VIAM (three sites), Pap smear, and HPV index 

testing and colposcopy directed biopsy reference testing results from 58,679 women in India and 

Africa were pooled using a two level model with independent binomial distributions of true 

positives and true negatives conditional on the sensitivity and specificity of each study and a 

bivariate normal model of log odds of sensitivity and specificity (Arbyn et al., 2008b, p. 154). The 

use of log odds of sensitivity and specificity worked to create a more normal distribution of study 

sensitivity and specificity means, but the significant Cochrane’s Q statistic (p<0.01) may have 

been better accounted for using a random or mixed effects, rather than a normal effects, model. 

The pooled measure of VIA sensitivity at a reference threshold of CIN 2+ was 79.2%, 95% CI 

[73.3, 85] and 82.9%, 95% CI [77.1, 88.7] at CIN 3+, with study VIA sensitivities ranging between 

61.5%-91.1% at a reference threshold of CIN 2+. Pooled VIA specificity at a reference standard 

of CIN 2+ and CIN 3+ were 84.7% (80.7, 88.8) and 84.2% (80.0, 88.3) and ranged between 

74.2% and 94.5% for CIN 2+. VILI sensitivity at a reference threshold of CIN 2+ and CIN 3+ was 

91.2%, 95% CI [87.8, 94.6] and 93.8%, 95% CI [90.6, 97.1] and studies ranged between 74.1% 

and 98.0% at CIN 2+. VILI specificity at a reference threshold of CIN 2+ and CIN 3+ was 84.5%, 

95% CI [81.3, 87.8] and 83.8%, 95% CI [80.5, 87.1] and studies ranged between 73.0 and 91.6% 

at CIN2+. VIAM sensitivity at a reference threshold of CIN 2+ and CIN 3+ was 67%, 95% CI 
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[61.8, 72.2] and 68.2%, 95% CI [61.8, 74.7]. VIAM specificity at a reference threshold of CIN 2+ 

and CIN 3+ was 86.2%, 95% CI [82.4, 90.0] and 85.9%, 95% [82.0, 89.8]. Pooled VIA and VILI 

sensitivity and specificity calculations were high, with sensitivity above those reported for Pap 

smear cytology at 55.2% and comparable to the specificity estimates of approximately 96.7% at a 

threshold of HGSIL reported by Arbyn et al. (2008a). However, although VIAM performance was 

acceptable, pooled sensitivity and specificity for VIAM was lower than that for VIA and VILI (Arbyn 

et al., 2008b). Therefore, the first pooled estimates of VI DTA showed VIA and VILI to be more 

accurate than previously reported DTA from individual studies and VIAM. 

The next multi-site study by Zhao et al. (2010) came out of China and showed much 

lower estimates of VIA sensitivity and comparable measures of specificity, but methodological 

approaches were different than those by Arbyn et al. (2008b). VIA accuracy data came from 

cross-sectional screening data from 17 populations in four urban and 10 rural areas of China. The 

reference standard was histology, but women with no biopsy results were considered free of CIN 

if cytology was negative or atypical squamous cells of undetermined significance (ASCUS) with 

negative HPV DNA. This was based on the results of a study site with 1,511 participants that had 

only one CIN 2 case with negative or ASCUS cytology and negative HPV DNA and none positive 

for CIN 3+. However, the use of a reference standard other than colposcopy directed biopsy may 

have reduced the identification of true positive cases and introduced verification bias. Sensitivity 

was pooled with a fixed effects model and specificity with a random effects model, since inter-site 

heterogeneity measured by Cochrane’s Q and I2 statistics were significant. Pooled sensitivity and 

specificity of VIA was 48.0%, 95% CI [42.1, 53.9] and 90.4%, 95% CI [87.3, 93.5] at a threshold 

of CIN 2+ and 54.6%, 95% CI [48.0, 61.2] and 89.9%, 95% CI [86.8, 93.0] at a threshold of CIN 

3+ (Zhao et al., 2010). These VIA DTA measures were not as good as those reported by Arbyn et 

al. (2008b), but Zhao et al. (2010) used a different reference standard and method for pooling 

sensitivity and specificity data, so direct comparisons may not be appropriate. 

Similar to Zhao et al. (2010), another pooled analysis of VIA DTA by Zhao et al. (2012) 

showed slightly lower sensitivity and similar specificity estimates as Arbyn et al. (2008b). The 

same study sites and participants of the Shanxi Province Cervical Cancer Screening Study 
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(SPOCCS) I, II, and III trials, which screened over 13,000 women in China, included in the pooled 

analysis by Zhao et al. (2010), were also used in the analysis of VIA DTA by Zhao et al. (2012). A 

corrected accuracy was computed using the probability of CIN 2 and 3 generated from the 

SPOCCS I trial, which had histological reference standard result, for 7,449 women who did not 

have histological reference tests completed (Zhao et al., 2012). Random effects modeling was 

used if heterogeneity was high and fixed effects models were used if heterogeneity was low. 

Corrected pooled measures of VIA sensitivity and specificity at a reference threshold of CIN 2+ 

was 49.6%, 95% CI [45.2, 54] and 87.5%, 95% CI [86.9, 95.4] and 55.6%, 95% CI [49.6, 61.7] 

and 86.9%, 95% CI [86.3, 87.5] at a reference threshold of CIN 3+ (Zhao et al., 2012). The 

pooled sensitivity and specificity estimates calculated by Zhao et al. (2012), using a correction for 

verification bias and an overlapping study population, were only 1.6% higher and 2.9% lower at a 

reference threshold of CIN 2+ and 1% higher and 3% lower at a reference threshold of CIN 3+ 

than those from Zhao et al. (2010).  

Finally, Jeronimo et al. (2014) pooled accuracy data for VIA, Pap smear, and HPV testing 

from the Screening Technologies to Advance Rapid Testing Utility and Program Planning 

(START-UP) study sites in India, Nicaragua, and Uganda, but did not account for verification bias. 

Self and provider collected HPV samples, Pap smear, and VIA were done on 19,340 women, 

2,389 being lost to follow up. Verification bias was a concern, as only screen positive women 

were invited back for colposcopy directed biopsy and likely contributed to the high number of 

women being lost to follow up. Overall VIA sensitivity and specificity was found to be 59.8%, 95% 

CI [53.9, 65.5] and 84.2%, 95% CI [83.6, 84.7] at a reference threshold of CIN 2+ via a combined 

2x2 table.  

These pooled studies of the DTA of VI for cervical cancer screening may provide more 

accurate estimates, but study limitations should be carefully contemplated. Large sample sizes 

increase study power and these pooled studies included thousands of women, Arbyn et al. 

(2008b) being the largest with over 55,000 participants. However, Arbyn et al. (2008b) did not 

account for heterogeneity between study sites with a random effects model, as was used by Zhao 

et al. (2010 & 2012). Verification bias, where only screen positive women receive the reference 
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test, was a concern for studies reported by Zhao et al (2010), Zhao et al. (2012), and Jeronimo et 

al. (2014). The limitations of these pooled studies of VI DTA warrant further investigation of 

accuracy with more statistically and methodologically robust aggregate studies. 

meta-analyses of visual inspection. Eight qMAs, where secondary data sources are 

queried and combined, of the DTA of VI for cervical cancer screening have been reported 

(Bobdey, Balasubramanium, Kumar, & Jain, 2015; Chanthavilay et al., 2015; Chen et al., 2012; 

Fokom-Domgue et al., 2015; Qiao et al., 2015; Sauvaget et al., 2011; Sritipsukho & Thaweekul, 

2010; Wei et al., 2012). Although qMAs typically use more robust statistical methodologies than 

pooled studies, Sauvaget et al. (2011) simply used an overall 2x2 table for calculation of DTA 

measures. BREMs were used by Chanthavilay et al. (2015), Chen et al. (2012), Fokom-Domgue 

et al. (2015), Sritipsukho and Thaweekul (2010), and Wei et al. (2012) to account for interstudy 

heterogeneity and the interdependency of sensitivity and specificity. However, Chanthavilay et al. 

(2015) looked at the accuracy of combined VIA and cytology screening, Fokom-Domgue et al. 

(2015) only reported on studies conducted in sub-Saharan Africa, and the results of Wei et al. 

(2012) were reported in Chinese, with an English abstract, and only included studies conducted in 

China. Qiao et al. (2015) accounted for interstudy heterogeneity by using logit transformed 

sensitivity and specificity in bivariate hierarchical models. In addition, individual study quality 

assessments were only done by Chen et al. (2012), Fokom-Domgue et al. (2015), and Qiao et al. 

(2015). Results from these qMAs provide a more accurate representation of the DTA of VI 

techniques for cervical cancer screening, but must be critically assessed for statistical and 

methodological limitations. 

Sritipsukho and Thaweekul (2010) assessed the performance of VIA and VIAM from 11 

English language journal articles found in Medline and published between January 1996 and 

February 2007. Colposcopy directed biopsy was the reference standard. Studies included women 

with a history of abnormal Pap smear and symptoms, such as frank cervical growths. Sensitivity 

and specificity were calculated using a 2x2 table for each study and BREMs were used to pool 

measures of sensitivity and specificity, as between study heterogeneity (Cochrane’s Q) was high. 

Sensitivity and specificity of VIA at a reference standard of CIN 2+ from ten studies was 74.8%, 
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95% CI [68.5, 81] and 77.2%, 95% CI [73.9, 80.6] and sensitivity and specificity of VIAM at the 

same reference threshold from four studies was 65.8%, 95% CI [61.8, 69.7] and 85.0%, 95% CI 

[82.4, 87.6]. 

 Sauvaget et al. (2011) searched PubMed through April of 2010 and found 26 VIA and 

five VIAM studies that used colposcopy directed biopsy on all participants as their reference 

standard. Although not explicitly stated, it seems as if Sauvaget et al. (2011) calculated average 

means of sensitivity, specificity, positive predictive values (PPV), and negative predictive values 

(NPV). Additionally, these DTA calculations were done for subgroups of studies that used 

colposcopy directed biopsy as the reference standard on VIA positive and a random sample of 

VIA negative women, symptomatic women, and only VIA positive women (Sauvaget et al., 2011, 

p. 90). Sauvaget et al. (2011) found significant interstudy heterogeneity for sensitivity and 

specificity in all subgroups. The sensitivity and specificity of VIA was 80% and 92% and VIAM 

was 71% and 86% from 2x2 tables including data from all 26 VIA studies and five VIAM studies 

using a reference standard of colposcopy directed biopsy in all women.  

Although published in Chinese, the results of the qMA by Wei et al. (2012) were reported 

in an English abstract. Wei et al. (2012) queried PubMed, Cochrane, Wanfang, CNKI, and Weipu 

databases and found 22 studies (19 in Chinese and three in English) of VIA in China published 

between 2004 and 2010. The DOR for VIA, calculated using a BREM, at a reference standard of 

CIN 2+ was 4.45, 95% CI [3.73, 5.15]. Sensitivity and specificity estimates were not presented in 

the abstract. 

Another qMA from the Sichuan Cancer Hospital and Institute and Cancer Prevention and 

Treatment Center in Chengdu, China (Qiao et al., 2015) was published in English and included 

studies also included in the qMA by Wei et al. (2012). Several databases were queried for studies 

in any language through 2013 on the DTA of VIA and VILI in asymptomatic women, using a 

reference standard of colposcopy directed biopsy, LBC, HPV testing alone or in combination and 

offering data to complete a 2x2 data table for a total of 29 VIA and 19 VILI studies. Bivariate 

hierarchical models of logit transformed sensitivity and specificity were performed. Overall 

sensitivity and specificity of VIA and VILI at the CIN 2+ reference threshold were 73.2, 95% CI 
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[66.5, 80.0] and 86.7%, 95% CI [82.9, 90.4] and 88.1%, 95% CI [81.5, 94.7] and 85.9%, 95% CI 

[81.7, 90.0], respectively (Qiao et al., 2015). Quality was assessed using the QUADAS tool and 

summary scores, although not recommended by Whiting et al. (2011), were calculated. Subgroup 

analysis found “a statistical improvement in sensitivity, without loss of specificity, as the true 

disease verification was done using a combination of colposcopy and histology compared with 

histology alone or a combination of multiple tests, colposcopy and histology for both VIA and VILI 

testing” (Qiao et al., 2015, p. 1315). VIA performed by physicians and nurses was less sensitive 

than those performed by other providers, but only two studies used physicians and nurses, and 

QUADAS scores did not affect the DTA of VIA or VILI. 

A qMA of the DTA of VIA, VILI, VIAM, HPV, and cytology querying multiple databases up 

to August of 2011 was conducted by Chen et al. (2012). Studies included asymptomatic women 

with no history of CIN or cancer and used a minimum of colposcopy directed biopsy on all 

participants as a reference standard at a threshold of CIN 2+, including or excluding cancer 

cases. Quality was assessed through QUADAS and STARD scores, which, again, was not 

recommended by Whiting et al. (2011). BREM sensitivity, specificity, and DOR estimates of 20 

VIA and 15 VILI studies were 77%, 95% CI [75, 78], 87%, 95% CI [87, 88], and 22.43 and 91%, 

95% CI [89, 92], 85%, 95% CI [85, 86], and 57.44, in order. A fixed effects model of five VIAM 

studies estimated the sensitivity, specificity, and DOR at 64%, 95% CI [59, 68], 86%, 95% CI [85-

86], and 10.3, respectively. Post hoc regression analysis showed significant differences in the 

relative DOR of VIA between studies from different continents and with different sample sizes, but 

no significant differences between provider types were seen in VIA or VILI studies. 

Two other qMAs, in addition to Wei et al. (2012), focused their literature search to a 

specific geography, India (Bobdey et al., 2015) and sub-Saharan Africa (Fokom-Domgue et al., 

2015). Bobdey et al. (2015) pooled data from studies of cervical, breast, and oral cancer 

screening tests conducted in India and found in MEDLINE and Web of Science database 

searches for articles published from 1990 through 2013. Pooled estimates of sensitivity and 

specificity of VIA from 14 studies, VILI from nine studies, and VIAM from three studies were 

68.8% and 84.2%, 81.9% and 87.0%, and 63.3% and 85.4%, respectively. Bobdey et al. (2015) 
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offered no detailed descriptions of study methodology, including no mention of study quality 

assessment, reference standard, or diagnostic threshold of index or reference tests. In a qMA of 

studies of the DTA of VIA, VILI, and HPV testing by nurses in a screening population of women in 

sub-Saharan Africa, the BREM estimates of sensitivity and specificity of VIA using a reference 

test of colposcopy directed biopsy in all women at the CIN 2+ diagnostic threshold for 10 studies 

were 82.4, 95% CI [76.3, 87.3] and 87.4%, 95% CI [77.1, 93.4] and VILI for eight studies was 

95.1%, 95% CI [90.1, 97.7] and 87.2%, 95% CI [78.1, 92.8] (Fokom-Domgue et al., 2015). Quality 

assessments using the QUADAS-2 tool and publication bias analysis using funnel plots of the 

DORs were done. Fokom-Domgue et al. (2015) found that the relative sensitivity of VILI over VIA 

was significant, with VILI being 13% more sensitive than VIA, and there was no significant 

difference in specificity. Both Bobdey et al. (2015) and Fokom-Domgue et al. (2015) focused their 

qMAs to a specific geographical region and Fokom-Domgue et al. (2015) used more robust 

statistical procedures. 

Although the aim of Chanthavilay et al.’s (2015) qMA was not to determine the DTA of 

VIA, but a combination of VIA and cytology testing, it is important to mention, as it used BREM. 

Nine studies using combined screening, a reference standard of colposcopy on a minimum of 

screen positive women, and published up to June of 2014 were assessed for quality using the 

QUADAS-2 tool and analyzed using hierarchical BREMs. They found that sensitivity was higher, 

but specificity lower, using combined testing over VIA or colposcopy alone and that requiring both 

VIA and cytology positivity for a positive screen reduced sensitivity and increased specificity. The 

pooled estimate of sensitivity and specificity of VIA alone at the CIN 2+ diagnostic threshold level 

found in six studies was 69%, 95% CI [57, 79] and 76%, 95% CI [63, 85]. BREMs found that a 

country’s income status was a significant predictor of DOR in the either or both positive result 

studies and type of screener and size of study were significant predictors of DOR for the both 

positive screening test studies at the CIN 2+ diagnostic threshold. 

Quantitative meta-analyses of the DTA of VIA, VILI, and VIAM have been reported in the 

literature, but require critical appraisal. Chen et al. (2012), Fokom-Domgue et al. (2015), and Qiao 

et al. (2015) were the only authors that performed quality assessment using Quality Assessment 
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of Diagnostic Accuracy Studies (QUADAS) or Standards for Reporting of Diagnostic Accuracy 

(STARD) quality assessment tools. Sauvaget et al. (2011) did not use random or fixed effects 

models to account for interstudy heterogeneity, even though it was observed. Six of eight qMAs 

used logit transformed sensitivity and specificity, bivariate hierarchical models, and/or BREM to 

account for between study heterogeneity and the interdependency of sensitivity and specificity 

(Chen et al., 2012; Chanthavilay et al., 2015; Fokom-Domgue et al., 2015; Qiao et al., 2015; 

Sritipsukho & Theewal, 2010). However, Chanthavilay et al.’s (2015) aim was to determine the 

DTA of VIA and cytology screening tests combined, Fokom-Domgue et al. (2015) focused on 

studies in sub-Saharan Africa, and Wei et al. (2012) was published in Chinese. Quantitative 

meta-analyses that include studies published in multiple languages, use BREMs recommended 

by the Cochrane Screening and Diagnostic Tests Methods Group, and conduct quality appraisals 

of included studies are still needed for further elucidation of the accuracy of VI techniques for 

cervical cancer screening. In addition, none of the published qMAs of VI were specifically 

designed to look at how factors, such as VI provider type or training, may impact the performance 

of these screening tests.  

secondary screening guidelines. Recommendations for cervical cancer screening vary 

somewhat from country to country, but most apparent are the differences in screening guidelines 

from high versus low resource countries. Cytology and HPV testing based cervical cancer 

screening and diagnosis standards of care in high resource countries are costly and require two 

separate clinical visits, a licensed medical provider, and virology, cytology, and histology 

laboratory facilities and licensed personnel. In Israel, Ginsberg (2013) estimated the cost of Pap 

smear screening alone at $17.89 USD and when increased to $43.90 USD combined with HPV 

testing. Cytology results can take a few weeks and patients with abnormal screening tests must 

return to the clinic for confirmatory diagnostic testing with colposcopy directed colposcopy at an 

estimated cost of $20 USD in Israel (Ginsberg, 2013). Conventional Pap smear screening is time 

consuming, expensive, and difficult, if not impossible, to provide in remote areas without access 

to health care providers, fully staffed medical laboratory facilities, and limited transportation 

options. Researchers in Thailand modeled several cervical cancer screening programs and 
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suggested that a mixed screening model, with VIA every five years for women between the ages 

of 30-45 years of age followed by Pap smear every five years for women 50-60 years of age, may 

be the most efficacious and cost effective secondary prevention strategy for Thailand 

(Praditsitthikorn et al., 2011). Economic modeling of secondary cervical cancer prevention options 

for five countries by Goldie et al. (2005) found VIA to be the least expensive and most effective 

option. Screening with VIA, VILI, or VIAM is not resource intensive and does not require 

laboratory facilities or personnel, can be performed outside the clinical setting, takes one visit and 

minutes for screening and diagnosis, and has been performed by unlicensed healthcare 

providers. Therefore, VI is considered a viable alternative to Pap smear for standard of care in 

low resource settings. 

Recommendations for cervical cancer screening in most high resource countries involve 

Pap smear cytology with or without HPV co-testing starting at the age of 21 and the United 

States’ specific guidelines are provided as a representative example. The ACS, ASCCP, and the 

American Society for Clinical Pathology (ASCP) convened a steering committee to oversee the 

work of a multidisciplinary expert panel of six working groups to conduct a SR of current evidence 

on six topics of interest: 

1. Optimal cytology screening intervals. 

2. Screening strategies for women aged 30 years and older. 

3. Management of discordant combinations of cytology and HPV results. 

4. Exiting women from screening. 

5. Impact of HPV vaccination on future screening practices. 

6. Potential utility of HPV molecular screening. (Saslow et al., 2012, p. 5). 

Experts in literature review, evidence evaluation, and data analysis comprised the data 

working group which developed, implemented, and provided feedback for the review process 

conducted from 2009 to 2011. The collaborative working groups subsequently published cervical 

cancer screening guidelines in 2012 (Saslow et al., 2012). The current cervical cancer screening 

guidelines in the United States are summarized as follows: 



 

40 

1. Women aged 21 years or younger should not be screened, as there is a low 

incidence of cervical cancer in this population and CIN lesions often regress in this 

age group. 

2. Women 21-29 years of age should have cytology screening every three years without 

HPV co-testing, as the prevalence of HPV is high in this age group and may lead to 

unnecessary diagnostic colposcopy procedures. 

3. Women aged 30-65 should have cytology screening every three years or cytology 

with HPV co-testing every five years,. 

4. Women over 65 years of age should discontinue screening unless they have a 

history of CIN 2+ within the last 20 years. 

5. The recommendations apply to all women regardless of HPV vaccination status. 

Evidence based follow up and management guidelines for abnormal cervical cancer 

screening tests were simultaneously published by the ASCCP (Massad et al. 2013). Cytology, 

with or without HPV co-testing, forms the basis for cervical cancer screening in high resource 

countries. 

The WHO (2013) offered guidelines for cervical cancer screening with VI techniques 

and/or HPV testing for use in low resource countries. The WHO (2013) recommendations contain 

guidance regarding both cervical screening and treatment of CIN lesions, or “screen and treat” 

guidelines (p. 5). To determine appropriate guidelines, a Guideline Development Group, 

consisting of 17 clinical experts, an External Review Group with 33 cervical cancer screening 

professionals, and a Methods Group from the MacGrade Centre at McMaster University, which 

provided evidence synthesis and process expertise, collaborated from 2011-2012 to review 

evidence based literature on cervical cancer screening. In April of 2011, specific questions to be 

addressed were proposed: 

1. Should an HPV or VIA test be used to screen? 

2. Should an HPV test or cytology followed by colposcopy (with or without biopsy) be 

used to screen? 
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3. Should VIA or cytology followed by colposcopy (with or without biopsy) be used to 

screen? 

4. Should an HPV test or an HPV test followed by colposcopy (with or without biopsy) 

be used to screen? 

5. Should an HPV test followed by VIA or an HPV test as a single test be used to 

screen? 

6. Should an HPV test followed by VIA or VIA as a single test be used to screen? 

7. Should an HPV test followed by VIA or cytology followed by colposcopy (with or 

without biopsy) be used to screen? 

8. Should an HPV test followed by VIA or an HPV test followed by colposcopy (with or 

without biopsy) be used to screen? (WHO, 2013, p. 4) 

The following outcome measures, in order of importance, were considered as guides for 

determining the strength of particular “screen and treat” protocol recommendations: cervical 

cancer mortality and incidence; detection of CIN 2 and 3; Infections requiring hospital admission 

or antibiotic therapy; maternal bleeding; premature delivery; fertility; identification of STIs; and 

minor infections needing outpatient treatment (WHO, 2013, p. 5). Evidence from studies of VIA, 

cytology, HPV and colposcopy retrieved from MEDLINE and EMBASE database searches were 

synthesized and desired outcomes modeled using pooled data. Consensus was reached in 2012 

and guidelines published by the WHO (2013). In summary, in areas where HPV testing is 

available and feasible, use HPV testing alone or followed with VIA over VIA or cytology followed 

by diagnostic colposcopy evaluation (WHO, 2013, p. XIV). VIA should be used over cytology 

followed by diagnostic colposcopy, unless a program of cytology followed by colposcopy is 

already in place and running (WHO, 2013, p. XIV). Specific countries often have their own 

cervical cancer screening and treatment recommendations, however the WHO (2013) offers 

guidance for organizations and countries that may not have the resources needed to develop 

their own evidence based practice recommendations. 

worldwide screening capacity. Cervical cancer screening coverage around the world is 

relatively scarce and the existence of screening programs does not always correspond to a 
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reduction in cervical cancer incidence. In 58 countries surveyed in Africa and the Eastern 

Mediterranean, only 38% provided Pap screening and 24% offered VI (Ulrich & Riley, 2014). 

These grim statistics were mirrored in the WHO communicable disease country capacity survey 

of 10 countries in Southeast Asia, of which only two provided Pap screening and one provided VI 

(Ulrich & Riley, 2014). In contrast, 97% of the 31 countries surveyed in the Americas offered Pap 

screening and 45% offered VI and in Europe 80% of 50 countries surveyed offered Pap screening 

and 56% offered VI (Ulrich & Riley, 2014). When countries were stratified by low (per capita gross 

national income GNI ≤ $1045 USD), lower-middle, upper middle (middle being per capita GNI 

between $1046 and $12,746 USD), and high (per capita GNI > $12,746 USD) World Bank 

Income Groups, 21% of low offered Pap screening and 14% VI, 42% of lower-middle offered Pap 

screening and 28% VI, 78% of upper-middle offered Pap screening and 31% VI, 91% of high 

offered Pap screening and 62% VI (Ulrich & Riley, 2014). For a worldwide perspective, out of 176 

total countries surveyed, 64% offered Pap screening and 37% offered VI (Ulrich and Riley, 2014). 

However, the existence of cervical cancer screening programs is often not enough to translate 

into significant reductions in cervical cancer incidence. For example, both South Africa and 

Malaysia provided national screening programs, yet they continued to have high cervical cancer 

incidence rates (Snyman, 2013; Wong et al. 2009). Availability of services does not guarantee 

participation and there are several reasons for women being unable or unwilling to participate in 

cervical cancer screening programs despite availability. Population based screening programs 

must be accessible, of high quality, and have adequate human, financial, and technical resources 

(vanKarsa et al., 2014). As stated by Saslow et al. (2012), “the largest gain in reducing cervical 

cancer incidence and mortality could be achieved by increasing screening rates among women 

rarely or never screened (p. 343)”, not just through the existence of screening services.  

diagnosis of CIN. Cytology based cervical cancer screening programs call for 

colposcopy directed biopsy for confirmatory diagnosis of CIN lesions to guide optimal treatment 

and follow up (Saslow et al., 2012), but is not required for diagnosis, treatment, and follow up of 

HPV and/or VIA based screening programs (WHO, 2013). Colposcopy involves visually 

assessing the cervix about one minute after the application of 3-5% AA and/or Lugol’s iodine 
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through a binocular colposcope that can magnify from 2-25 times actual size and that is equipped 

with a green light filter to enhance visualization of vascular patterns (Apgar et al., 2002). 

Colposcopy facilitates assessment of abnormalities of the SCJ and TZ seen with varying grades 

of neoplastic changes, including leukoplakia, AW lesions, abnormal and atypical blood vessels, 

and ulcerations (Apgar et al., 2002, p. 173). Several classification systems exist to characterize 

colposcopic findings by recording the colors, vessels, borders, and surfaces of lesions and 

provide guidelines for grading their severity (Apgar et al., 2002). Identified lesions and the 

endocervical canal can then be biopsied with a punch biopsy forcep or endocervical curette for 

histology. Bleeding and infection are possible side effects of cervical biopsy in women who are 

not pregnant and no serious complications have been reported. The results of colposcopy 

directed biopsy(ies) with histology form the basis for management of abnormal cytology and HPV 

tests, but lower resource and technology VI and/or HPV based screening programs do not.  

Histology is the reference or “gold” standard for diagnosis of CINs and cancer, however 

colposcopic impressions are used to guide management of abnormal cytology and these visual 

assessments have been compared to histology for accuracy estimates. Mitchell, Schottenfeld, 

Tortolero-Luna, Cantor, and Richards-Kortum (1998) compared colposcopic impressions to 

histology from nine studies and found the weighted average sensitivity and specificity for 

identification of atypia or above was 96% and 48% and for identification of HGSIL or above was 

85% and 69%, respectively. Jeronimo and Schiffman (2006) expressed concern over the poor 

sensitivity of colposcopy directed biopsy for the detection of CIN 3 due to inaccuracies of biopsy 

placement from visual assessments and considered the collection of additional biopsies as a 

reasonable way to improve sensitivity. This was reflected in a study by Pretorius et al. (2004), 

where biopsies from all four quadrants of the cervix were collected in a large cohort study in 

China and 37% of CIN 2+ lesions were detected through random biopsy. The accurate detection 

of CIN 3 is considered the most critical to cervical cancer screening, as it is estimated that 20% of 

CIN 3 lesions will progress to cervical cancer (Prat & Franceschi, 2004). Histology is the 

reference standard for diagnosis of CIN and has been posed as the standard on which to 
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determine the management and follow up of abnormal cytology, yet colposcopy directed biopsy 

remains the standard.   

treatment of CIN. It is important to link cervical cancer screening services to treatment of 

CIN lesions with excisional and/or ablative treatments at the point of care or through specialty 

referral. Excisional techniques include cold cone knife, large loop excision of the transformation 

zone or loop electrosurgical excision procedure (LEEP), and laser conization (Martin-Hirsch, 

Paraskevaidas, Bryant, & Dickinson, 2013). Ablative techniques include cryotherapy, cold 

coagulation, laser ablation, and radical diathermy. Both excisional and ablative treatments have 

potential for side effects and longer term complications and the pros and cons of each procedure 

should be considered carefully. Regardless of the method chosen, treatment of identified CIN 

lesions provides the final link in the secondary prevention of cervical cancer chain.  

Excisional techniques are effective, but tend to have more short and long term side 

effects and are more costly than ablative treatments. Cold cone knife excisions are associated 

with risks of peri/post procedural bleeding, infection, cervical stenosis, and preterm birth and must 

be conducted under general anesthesia in a secondary or tertiary facility (Martin-Hirsch et al., 

2013). Laser conization, involving cutting of cervical tissue with a focused laser, offers a more 

precise excision and has significantly less blood loss than cold cone knife procedures (Martin-

Hirsch et al., 2013). LEEP uses a looped wire electrode to cauterize and excise cervical tissue 

and may be performed in a primary care facility with local analgesia (Martin-Hirsch et al., 2013). 

The benefits of excisional methods are that they allow for tissue pathology to determine the 

severity of disease and assess the completeness of the excision by verifying that the excisional 

borders are clear of neoplastic changes (Martin-Hirsch et al., 2013). However, these treatments 

are expensive and resource intensive. Ginsberg (2013) calculated the average unit cost of LEEP 

at $164 USD in Israel, in comparison to the most common ablative treatment, cryotherapy, at $25 

USD per unit. LEEP was found to have a cure rate of 94% for CIN 1-3 at 12 months (Singh, 

Arthur, & Agarwal, 2011). Chirenje, Rusakaniko, Atkins, and Mlingo (2001) randomly assigned 

168 women with HGSIL to LEEP and found a cure rate of 96.4%. Similar performance has been 

observed with cold knife cone (90-94%), laser conization (93-96%), and LEEP (91-98%) in a 
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systematic review by Martin-Hirsch et al. (2013). Considering these advantages and 

disadvantages, cervical cancer programs must evaluate their economic and infrastructural 

resources to determine whether excisional procedures can be offered within the program or 

through specialty referral. 

 Ablative procedures are typically a reasonable choice in low resource settings and under 

certain diagnostic criteria. Ablation is appropriate when the cervical TZ is visible and there is no 

indication of micro invasive, invasive, or glandular disease (Martin-Hirsch et al., 2013; Sauvaget, 

Muwonge, & Sankaranarayanan, 2013). These techniques have also proven better in low 

resource environments, as they are less expensive than excisional techniques and do not 

necessitate the extra cost and resources required for tissue pathology (Ginsberg, 2013; Saslow et 

al., 2012). Cryotherapy, in particular, has been advocated for a safe and effective low resource 

alternative treatment procedure in the primary care setting (Tsu & Pollack, 2005). In cryotherapy, 

a metal probe made cold by refrigerant gas is placed on the cervix and tissue necrosis occurs 

from the crystallization of intracellular water (Martin-Hirsch et al., 2013). A double freeze 

approach, where the metal probe is held on the cervix for two minutes, then removed for a five 

minute thaw, followed by another two minute freeze is preferable as studies have shown the risk 

of residual disease at 12 month follow up is less than that of a single freeze procedure (Sauvaget, 

et al., 2013; Schantz & Thormann, 1984). A Cochrane review by Martin-Hirsch et al. (2013) 

compared cryotherapy and LEEP and showed that there were no significant differences in risk of 

bleeding or pain, but a significantly greater relative risk (RR) of 1.98 for secondary hemorrhage 

and offensive discharge with LEEP and less watery discharge. There was no significant 

difference in risk of residual disease between LEEP and cryotherapy at six months, but the risk 

was significantly lower post LEEP at 12 months (RR 0.32).There were no significant differences 

in risk of disease between laser ablation and cryotherapy, but a decreased risk of malodorous 

discharge or vasomotor symptoms with laser ablation (Martin-Hirsch et al., 2013). In a meta-

analysis of cryotherapy including 77 studies by Sauvaget et al. (2013), watery discharge, 

vasovagal response, pain, and bleeding were the most common complaints. The overall 

cryotherapy cure rate for CIN 1, 2, 3, and 1-3 were calculated as 94%, 95% CI [92, 96], 92%, 
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95% CI [90, 94], 85%, 95% CI [80, 89], and 88%, 95% CI [86, 90], respectively, by Sauvaget et 

al. (2013). In a study of 200 women randomly assigned to double freeze cryotherapy or LEEP, 

the cure rate for CIN 1-3 at 12 months was 88% for cryotherapy (Singh, et al., 2011). Chirenje, et 

al. (2001) randomly assigned 159 women with HGSIL to cryotherapy and found a cure rate of 

88.3%. Laser ablation and cryotherapy cure rates ranged between 95-96% and 77-93%, 

respectively, in a review by Martin-Hirsch et al. (2013). Therefore ablative techniques, especially 

cryotherapy, offer a viable and low cost treatment alternative to excisional procedures.   

barriers and facilitators to screening and treatment. Several barriers and facilitators 

affecting women’s participation in cervical cancer screening, seen in both high and low resource 

countries, have been described in the literature. Barriers include a general mistrust of clinics and 

medical care, limited knowledge and misconceptions about cervical cancer and screening, 

shortage of healthcare personnel, cost, transportation stigma, fear/shame, and patriarchal 

viewpoints. Facilitators to cervical cancer screening utilization, although not as frequently 

presented, were described as knowledge of cervical cancer and screening, local access, self-

efficacy, and community and social support. Cervical cancer screening initiatives should not only 

focus on disseminating and widening access to services, but also on decreasing barriers and 

enhancing facilitators to screening utilization. Describing these barriers and facilitators and finding 

strategies to increase screening in women who have never been or are rarely screened was 

identified as a research priority for the reduction of cervical cancer morbidity and mortality 

(Saslow et al., 2012). 

Factors which prohibit women’s desire and/or ability to access cervical cancer screening 

are numerous and were seen in sub-populations of women in both low and high resource areas 

of the world. One of the most frequently described barriers was negative attitudes toward 

healthcare. Many women in both low resource countries (Driscoll, 2016; Nene, Jayant, Arossi, 

Shastri, & Budukh, 2007) and the United States (Schoenberg et al., 2010) did not trust medical 

care or healthcare providers and women would often seek care with traditional healers before 

accessing medical services (Driscoll, 2016; Mutyaba, Faxelid, Mirembe, & Weiderpass, 2007). 

Women described clinical staff as rude and discourteous (Driscoll, 2016; Mutyaba et al., 2007; 
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Schoenberg et al., 2010), complained of long wait times (Ezechi et al, 2014; Driscoll, 2016; Nene 

et al., 2007; Schoenberg et al., 2010), and the high cost of care (Driscoll, 2015; Driscoll, 2016; 

Eggleston et al., 2007; Ezechi et al., 2014; Mutyaba et al., 2007; Were, Nyaberi, & Buziba, 2011). 

There was also a general belief in both the United States and low resource countries that medical 

services were only necessary when ill (Driscoll, 2016; Johnson et al., 2008; Mutyaba et al., 2007). 

In societies where men were often the primary decision makers, particularly in Africa and Central 

and South America, women were not permitted to attend cervical cancer screening clinics 

(Driscoll, 2015; Driscoll, 2016; Mutyaba et al., 2007). Fear, shame, and stigma were often 

attached to cervical cancer screening, as women were fearful of the results of the procedure or 

the procedure itself and associated screening with HIV and an admission of promiscuity or 

infidelity (Driscoll, 2015; Driscoll, 2016; Johnson et al., 2008; Nene et al., 2007; Percac-Lima et 

al., 2010; Were et al., 2011; Schoenberg et al., 2010). Women in the United States (Johnson et 

al., 2008; Schoenberg et al., 2010), Korea (Tran et al., 2011), and in low resource countries 

(Driscoll 2016; Mutyaba et al., 2007) were also found to be unaware of cervical cancer screening. 

In a survey of 60 healthcare workers in Zimbabwe, 90% did not know of VIA and only 50% knew 

of Pap smear screening (Tarwireyi, Chirenje, & Rusakaniko, 2003). Even those women and 

healthcare workers who were aware of cervical cancer and screening were often found to have 

misconceptions about the etiology, transmission, or symptoms of cervical cancer, believing things 

such as curses/witchcraft, contraceptive use, or abortions caused disease (Driscoll, 2016; 

Johnson et al., 2008; Mutyaba et al., 2007). Barriers to cervical cancer screening are numerous 

and not confined to women living in low resource countries. 

Although not reported as much in the literature, knowledge, education, local access, self-

efficacy or love, and community and social support have been identified as facilitators to 

participation in cervical cancer screening. More highly educated women and those with education 

about and knowledge of the risk factors for and symptoms of cervical cancer were more often 

seen in women who accessed screening services (Driscoll, 2015; Driscoll, 2016; Were, Nyaberi, 

& Buziba, 2011). Women who prioritized their health and wellbeing (self-love) and were able to 

take actions to improve their health (self-efficacy) were also more likely to participate in cervical 
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cancer screening (Driscoll, 2016; Eggleston et al., 2007). It was interesting to note that men, even 

in more patriarchic cultures, were discovered to be willing partners in cervical cancer screening 

once properly informed of cervical cancer and screening (Driscoll, 2015; Driscoll, 2016; Mutyaba, 

et al., 2007). Participants in studies by Ezechi et al. (2014), and Percac-Lima et al. (2010) felt that 

local provision and access to services would facilitate participation in screening. Factors that 

facilitate active use of cervical cancer screening services exist and should be a key consideration 

in research and program planning. 

A number of barriers and facilitators to cervical cancer screening, which prove similar in 

both low and high resource countries, have been identified and research should focus on 

identifying effective strategies to decrease barriers and augment facilitators to screening. In 

particular, determining whether community based VI screening services provided by local lay 

CHWs is safe and accurate would help increase screening coverage in remote areas and 

enhance cooperation within and between “emic” and “etic” groups while working to decrease 

mistrust of healthcare and healthcare providers. This study aimed to determine whether VIA, VILI, 

and/or VIAM lay providers can provide safe and accurate screening services. In addition, this 

research attempted to find out what specific aspects of VI provider training may facilitate safe and 

accurate VI training. This was particularly important considering insufficiencies in research on this 

topic. These barriers and facilitators to screening prompted cervical cancer screening guidelines 

from the ACS, the ASCCP, the United States Preventive Task Force, and the WHO to call for 

research, like this dissertation, on strategies and clinical practices to improve coverage to under 

and unserved women (Saslow et al., 2012; WHO, 2013).  

visual inspection provider type comparisons. Providers of VI in the literature are 

varied and come from a multitude of experiential, educational, and professional backgrounds. The 

majority of VI trials have trained licensed nurses to perform cervical VI (DeVuyst et al., 2005; 

Murillo et al., 2010; Muwonge et al., 2010; Ngoma et al., 2010; & Sangwa-Lugoma et al., 2006). 

The minority have used licensed medical physicians, typically OBGYNs trained in Colposcopy 

(Belinson et al., 2001a; Sangwa-Lugoma et al., 2006). Still others have utilized and trained high 

school educated, female, CHWs (Shastri, 2005) or high school educated laboratory cyto-
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technicians (Sankaranarayanan et al., 2003b). Despite many studies of the accuracy of VI 

techniques from various provider types and thousands of procedures, there have been no studies 

specifically designed to determine whether or not the type of VI provider impacts the DTA of 

these tests.  

The few studies that have been designed to consider differences between provider types 

have calculated Cohen’s kappa statistics to measure inter-rater agreement and have not used 

more robust statistical comparisons of mean DTA measures. In a cluster randomized control trial 

of 75,360 women who received VIA in India, Shastri et al. (2014), found almost perfect agreement 

(k = 0.84) between an unspecified number of cases reviewed by paramedical health workers and 

expert gynecologists. Bhatla et al. (2004), Gajalakshmi, Krishnamurthi, Ananth, and Shanta 

(1996), Hillman et al. (2013), Sanghvi et al. (2008), Sellors et al. (2002), and Sherigar et al. 

(2010) have all demonstrated moderate or higher inter-rater agreement between VI conducted by 

nurses, physicians, and CHWs. Gajalakshmi et al. (1996) had a large sample size of 6,459 

women, however only 186 women with lesions identified as abnormal, 23 as suspected cancer, 

and 460 randomly selected normal cases of cervical VI were evaluated by the village health nurse 

and gynecologist with near perfect agreement. However this estimate may be inflated, as the 

gynecologist was not blinded to the results of the village health nurse and VIA, VILI, and/or VIAM 

was not utilized, simply naked eye VI without AA or Lugol’s Iodine. Sellors et al. (2002) compared 

the assessments of 144 cervical digital photographs by three expert physician providers and 

found a kappa of 0.57, however, their provider comparison was not in-vivo and did not compare 

screening assessments between providers with different professional or educational 

backgrounds. Thirteen VIA providers serving 288 women in Ghana showed an excellent overall 

inter-rater agreement kappa of 0.87 for VIA interpretation (Sanghvi et al., 2008). 1,059 cervical 

digital photographs of VIA and VILI performed at a Brazilian outpatient clinic on 176 women were 

also independently reviewed by gynecologists with colposcopy experience and moderate 

agreement between the photographs and in vivo VIA (kappa=o.559) and VILI (kappa=0.507) 

were found (Hillman et al., 2013). Bhatla et al. (2004) and Sherigar et al. (2010) conducted small 

in vivo studies comparing nurse and physician assessments of cervices with 100 and 406 
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symptomatic women attending hospital based women’s clinics, respectively. Inter-rater 

agreement was moderate or above in both studies, but Bhatla et al. (2004) found that nurses 

were more likely than physicians to identify VIA with ill-defined AW lesions as positive. 

Interestingly, the idea that nurses may be more likely to label women as VIA positive due to their 

inexperience with diagnostic decision making and difficulty with gaining clinical confidence was 

discussed in the Alliance for Cervical Cancer Prevention’s review of their experiences with 

training VIA providers and in a VIA program evaluation from Zimbabwe (Blumenthal, et al., 2005; 

Gaffikin et al., 1999). Although these studies of inter-rater agreement between VI providers point 

to marked similarities, they are limited in their size and scope and do not address the more critical 

evaluation of differences in DTA.  

Two VI provider comparison studies that evaluated DTA measures were reported in the 

literature, but statistical comparisons were not calculated. In India, Nene et al. (1996) compared 

1,954 naked eye VIs without AA by two paramedical health workers and a gynecologist, finding 

excellent agreement for low (kappa=0.9) and high (kappa=0.89) VI thresholds. Sensitivity was 

calculated at 90% for paramedical workers and OBGYNs and specificity was 42.8% for 

paramedical workers and 40.7% for the OBGYNs at a low VI threshold and the diagnosis of 

carcinoma in situ or invasive carcinoma (Nene et al., 1996). It is important to note that no AA was 

used, that abnormal cytology with histological confirmation was the reference standard, and that 

carcinoma in situ and invasive carcinoma are exceptionally high diagnostic thresholds. Sangwa-

Lugoma et al. (2006) studied VIA and VILI by nurses and OBGYNs in 1,528 women living in the 

Democratic Republic of Congo (DRC). VIA sensitivity and specificity at a CIN 2+ diagnostic 

threshold was 77.4%, 95% CI [58.9, 90.4] and 65.7%, 95% CI [63.1, 68.1] for nurses and 90.3%, 

95% CI [74.2, 98.0] and 72.8%, 95% CI [70.5, 75.1] for gynecologists. VILI sensitivity and 

specificity was 74.2%, 95% CI [55.4, 88.1] and 76.1%, 95% CI [73.9, 78.3] for nurses and 90.3%, 

95% CI [74.2, 98.0] and 78.1%, 95% CI [75.8, 80.2] for gynecologists. Therefore, VIA was 12.9% 

more sensitive and 7.1% more specific with gynecologist providers over nurse providers and VILI 

was 16.1% more sensitive and 2% more specific with gynecologist providers over nurse 

providers. However, these differences were not assessed for statistical significance and review 



 

51 

bias was significant, as the confirmatory colposcopy was done by the same gynecologist that had 

conducted VIA and VILI, which may have increased the calculated sensitivity and specificity 

measures for the gynecologists. Although Nene et al. (1996) and Sangwa-Lugoma et al. (2006) 

calculated VIA and VILI DTA measures for paramedical workers, nurses, and gynecologists 

separately, statistical comparisons of these measures were not done. 

Five of the eight qMAs designed to estimate the DTA of VI published in the literature 

conducted post hoc regression analysis to determine predictors of between study DTA 

heterogeneity, including provider type. Neither Chen et al. (2012) nor Sauvaget et al. (2011) 

found significant differences in the DTA of VIA between nurses, physicians, or CHWs. This held 

true for VILI in the study by Chen et al. (2012). However, Qiao et al. (2015) showed that VIA in 

studies using nurse and physician providers were significantly less sensitive than those using 

other health workers, but this analysis was limited by the fact that only two studies in their qMA 

used nurse and physician providers. When looking at the DTA of cervical cancer screening when 

both VIA and cytology positivity was considered a positive index test at the CIN 2+ reference test 

threshold, Chanthavilay et al. (2015) found that type of screener was a significant predictor of the 

DOR. In addition, Wei et al. (2012) reported that the performance of county level versus municipal 

level physicians did not significantly change the accuracy of VIA in over 23,330 women screened 

in China. These qMAs of VI found no significant differences in DTA between provider types, but 

none were designed with the primary aim of determining these differences. 

visual inspection training. No specific studies have been designed or conducted to 

determine which components of training are critical to ensuring trained personnel provide safe 

and accurate cervical cancer VI screening. However, one VI accuracy study that looked at 

training and a few pre/posttest studies and overviews of VI training were found in the literature. 

The pooled study of VI DTA conducted by Arbyn et al. (2008b) found that VI accuracy 

significantly improved over the course of the study period, suggesting that continuous experience, 

training, and supervision is important. Studies of nurse’s and physician’s knowledge of cervical 

cancer risks, epidemiology, anatomy and physiology, pelvic examination, and treatment prior to 

and after VI training programs in El Salvador, Uganda, and Bolivia were conducted by Levine et 



 

52 

al. (2011), Masch et al. (2011), and Stromo et al. (2013). They all found statistically significant 

knowledge gains immediately post training and this gain continued at six month follow up (Levine 

et al. 2011) and after a refresher course (Masch et al. 2011). Nurses became competent 

providers, but seemed to need more supervised cases to become so (Blumenthal et al., 2005). 

Nurses lacked confidence in their abilities and this lead to over diagnosis of abnormal lesions 

(Gaffikin et al., 1999). Their lack of confidence may be attributed to role adaptation, as Stromo et 

al. (2013) noted that nurses in Bolivia and other Latin American countries had historically been 

uninvolved in performing procedures or therapeutic decision making. Regardless of the 

differences between nurses and physicians, three components were identified as essential to VI 

training programs: didactic instruction, clinical supervision, and quality assurance (Blumenthal et 

al., 2005). In a Bolivian program, trainees thought more clinical practicum experience would be 

helpful and trainers found counseling the most difficult skill to teach (Stromo et al., 2013). Despite 

the existence of overviews and evaluations of VI training programs, no research was found that 

looked at training as it relates to the subsequent accuracy of VI screening. 

Summary 

This chapter provided a full review of literature pertaining to the philosophical basis for 

this inquiry and the existing literature on cervical cancer screening, diagnosis, and treatment, as it 

relates to this research study. CST, empirical knowing, and caring formed the perspective through 

which this research was viewed. Information pertaining to the epidemiology, risks, causative 

factors, prevention strategies, diagnosis, and treatment of cervical cancer were critically reviewed 

and outlined. Barriers and facilitators to cervical cancer screening and appraisal of the state of 

research on VI provider type comparisons and training were then offered. 
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CHAPTER 3: RESEARCH METHODOLOGY

Investigating accurate and efficacious ways of providing cervical cancer screening and 

treatment to women unable or unwilling to access these services is a research imperative, as 

screening and treatment has been shown to reduce cervical cancer morbidity and mortality. 

Screening with VI of the uterine cervix after the application of AA or Lugol’s Iodine, without or with 

magnification, followed by immediate cryotherapy treatment or specialty referral of test positive 

women has offered a means of expanding cervical cancer screening and treatment coverage in 

low resource areas. Despite expanded screening with VI techniques, cervical cancer continues to 

be the first or second highest cancer incidence rate among women in Africa, Central and South 

Asia, Melanesia, South and Central America, and the Caribbean (WHO Information Centre on 

HPV and Cervical Cancer, 2010). Some of the most salient barriers and facilitators to cervical 

cancer screening are mistrust of non-traditional health care providers, stigma/fear, and 

community/social support (Driscoll, 2016). Providing VI for cervical cancer screening and 

treatment by auxiliary nurses and non-licensed health care personnel may offer a means to 

overcome these barriers and enhance those factors facilitating cervical cancer screening for 

women unwilling or unable to access these services. The primary purpose of this study was to 

determine whether screening women for cervical cancer with VI techniques remains accurate 

when performed by CHWs. In addition, this study considered components of VI training to 

illustrate any affect these components may have on VI test accuracy. A number of VI studies 

have already been reported in the literature, with varying results, therefore a SR and qMA of 

primary study data was chosen as an appropriate research method. This chapter provides a step 

by step explanation of the research design, study, and data analysis procedures used for this 

dissertation. 
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Research Design 

This study used a qMA design, a subset of SRs, which is a method for systematically 

combining quantitative data from many specifically selected studies to develop a single 

conclusion. This design draws strength from increased numbers of subjects, greater diversity 

among subjects, and accumulated effects and results across many research studies (Jones, 

Blecker &Shah, 2008; Garg, Hackam, & Tonelli, 2008). The overall goal of a qMA is to gain 

insight in a research area with conflicting results, develop an overall estimate of effect size, and to 

examine subgroups that might not have had sufficient numbers within each of the individual 

studies. Advantages of this type of design are greater statistical power, confirmatory data 

analysis, and greater ability to generalize the results to a population of interest. However, there 

are several disadvantages; this design typically requires a very time consuming process to 

identify appropriate studies, results tend to have heterogeneous study populations, and requires 

advanced statistical techniques (Jones et al., 2008). However, when it is difficult to manipulate 

independent variables out of convenience or ethical considerations and considerable data is 

already available, qMA is one of the most efficient ways of conducting an investigation.  

Study Procedures 

To determine whether the accuracy of VI remains acceptable regardless of provider type 

or type of training, a three phase study procedure was employed. First, a SR of the literature was 

conducted. In the second phase a qMA of primary study VI accuracy measures using VI 

technique, provider type, and various components of VI training programs, such as didactic hours 

and supervised cases, as predictors in unconditional BLMMs was performed. The final step was 

running conditional BLMMs using covariates, such as visual inspection technique, provider type, 

community setting, clinical setting, HIV status, and presence or absence of gynecological 

symptoms, found through secondary study data collection procedures and derived from the 

theoretical framework and a priori hypothesized prior data analysis. The post hoc analysis was 

analyzed by testing Chi-Squared changes that assessed decreases in the unexplained variance 

from the unconditioned or empty baseline model to the conditioned or specified model (Field, 

2013; Raudenbush & Bryk, 2002). If there was a statistically significant chi-square change from 



 

55 

the unconditioned to conditioned models, then the additional specification to the generalized 

linear mixed model did account for a significant proportion of unique variance and thus improved 

the overall model.  

The abundance of literature on VI of the cervix for cervical cancer screening, the 

heterogeneity between studies, as well as the rise in SR and qMA as a viable methodology for 

evidence based practice, made SR and qMA an excellent approach for answering the primary 

and secondary research questions of this dissertation. The first estimate of the accuracy of VIA in 

the literature was reported by Singh, Sehgal, and Luthra (1992) and has continued to be detailed 

in the literature for more than 20 years. These estimates have varied widely. Arbyn et al. (2008b) 

showed sensitivities and specificities ranging from 61.5% to 91.1% and 74.2% to 94.5% for VIA 

and 74.1% to 98% and 73% to 91.6% for VILI in 11 studies, respectfully. SR and qMA techniques 

allow the pooling of quantitative data from several research studies to increase the accuracy, 

credibility, and generalizability of varying results to better inform practice and policy decisions 

(Hartmann, Matchar, & Chang, 2012; Leeflang, Deeks, Gatsonis, & Bossuyt, 2008; Rosenthal & 

DiMatteo, 2001; Zhou, Obuchowski, & McClish, 2011). There has been exponential growth in the 

use of SR and qMA in the social sciences since Pearson’s (1904) first investigations of Small Pox 

and Diphtheria vaccines, with over 3,700 qMAs published by the Cochrane Collaboration 

(www.cochrane.org) alone, as of January 2009 (Borenstein, Hedges, Higgins, & Rothstein, 2009). 

Therefore, a SR and qMA of primary study data on VI for cervical cancer screening was a good fit 

for this topic and specific research questions.  

systematic review. Individual studies on the phenomenon of interest are the unit of 

analysis in qMA. The SR process sought to include all primary cohort, epidemiological, and cross-

sectional studies of VI reported up to December 31, 2015. 

literature search. Several databases, organizations, and keywords were identified for 

the literature search after consultation with an academic research librarian. Specific databases 

queried included CINAHL, PubMed, Web of Science, the Cochrane Library Database, and 

ProQuest Dissertation and Thesis Global. The organizational websites of JHPIEGO’s ReproLine, 

Catholic Relief Services, POPLINE K4Health, a database available through the Johns Hopkins 
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Center for Communication Programs, United States Agency for International Development, WHO 

IARC, the United States Centers for Disease Control, Johns Hopkins University Center for Global 

Health, Engender Health, Family Health International (fhi360), Pathfinder International, 

Consortium of Universities for Global Health, Management Sciences for Health, John Snow, Inc., 

National Institute of Health Fogarty Center for Advanced Study in Health Services, PAHO, and 

Partners in Health, were queried for research, reports, and grey literature related to cervical 

cancer screening with VI. The keywords “cervical cancer”, “cervical cancer screening”, “cervix”, 

and “screening” AND “visual inspection”, “VIA”, “VILI”, and “VIAM” were used to query the 

databases and organizational websites identified. All relevant literature published up to December 

31, 2015 were considered for inclusion. 

title/abstract review. A title and abstract review of the unduplicated titles found using the 

literature search previously described was conducted by the author, looking for any prevalence, 

cross-sectional, cohort, retrospective, or program evaluation studies involving VIA, VILI, and/or 

VIAM testing and colposcopy directed or random cervical biopsy for histology. It is important to 

note that the literature search was not limited to studies specifically addressing the DTA of VI, as 

DTA measures can be hidden in studies in which test accuracy is not the primary objective 

(Leeflang et al., 2008).  

full review. The full text of studies that remained after the title and abstract review were 

assessed by the author for the inclusion/exclusion criteria listed below: 

inclusion criteria. 

1. Performance of VI (VIA, VILI, and/or VIAM) 

2. Definitions of or reference to a definition of either provider type and/or training of 

those conducting VI 

3. Colposcopy directed or random cervical biopsy for histology for all or a random 

subset of VI participants 

4. Description or reference to a description of criteria for identification of the positive 

threshold for VI 
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5. Report of sensitivity and specificity or ability to extrapolate true negative (TN), 

true positive (TP), false negative (FN), and false positive (FP) data to populate a 

2x2 table for calculation of sensitivity and specificity 

6. Studies that pool separate study site measures of VI accuracy not previously 

published 

exclusion criteria. 

1. Purposive sample of participants with known history of high risk HPV, 

precancerous, or cancerous cervical lesions and/or treatment of precancerous or 

cancerous cervical lesions 

2. Colposcopy directed or random cervical biopsy conducted more than one month 

following VI 

3. VI providers not blinded to results of colposcopy 

4. Colposcopy test providers not blinded to results of VI, who did not perform 

random biopsies for histology on both negative and positive colposcopic 

impressions on all or a random subset of participants 

5. qMAs that query databases for secondary sources of study data 

6. Studies reported in a language other than English 

Studies meeting inclusion/exclusion criteria, but reporting data from the same research 

population were evaluated for quality and completeness of data by the author and an 

independent reviewer, a doctorally prepared nurse knowledgeable in cervical cancer screening 

and epidemiology. The study determined to be of the best quality using the revised QUADAS-2 

tool, described in detail under the section titled “quality assessment”, and with the most relevant 

data was chosen for inclusion. If quality and completeness of data were determined to be equal, 

then consensus of the author and independent reviewer was used to make a decision as to which 

study to include. 

The reference lists of all studies meeting inclusion/exclusion criteria were reviewed for 

additional literature missed in the original literature search. This additional measure was chosen 

to decrease publication bias and increase power. 
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protection of human subjects. Data collection from or interaction with human subjects 

is not a component of SR and qMA research. As this study did not involve human subjects, 

exempt status from the Florida Atlantic University Institutional Review Board (IRB) was sought 

and approved (Appendix A).  

quality assessment. Two tools were considered to assess the quality of studies included 

in this SR and qMA, as any biases in an included study will lead to bias in the qMA. Santaguida, 

Riley, and Matchar (2012) stress the assessment of each study’s size, relevance, risk of bias, 

internal validity, and limitations in qMA of medical diagnostic studies. Grades of 

Recommendation, Assessment, Development, and Evaluation (GRADE) and QUADAS are two 

tools discussed in the literature for assessing the quality of primary study data used in SR and 

qMA (Guyatt, Oxman, Shübenemann, Tugwell, & Knowttnerus, 2011; Whiting et al. 2004). The 

QUADAS tool was chosen and used to assess study quality by two independent reviewers in this 

qMA. 

The GRADE tool is endorsed and used by the Joanna Briggs Institute 

(http://joannabriggs.org), the WHO, the AHRQ, and others. However, the GRADE tool is difficult 

to translate for use in quality assessment of DTA studies, as there are unique internal and 

external validity issues in randomized controlled trials typically included in qMAs of intervention 

studies (Whiting et al., 2004) that do not apply to studies of DTA. For example, verification bias is 

a unique threat to the internal validity of DTA studies and occurs when the results of the index 

test determine whether or not the reference test is used to verify these results (Santaguida et al., 

2012). Test performance variability and spectrum bias are also unique threats to the external 

validity of DTA studies (Santaguida et al., 2012). The QUADAS tool was developed to consider 

specific questions related to the quality assessment of primary studies of DTA not included in 

GRADE. The remainder of this quality assessment section presents a brief history of the 

QUADAS-2 tool’s development, a description of the QUADAS-2 method, suggested data 

presentation, and the revised QUADAS-2 tool used in this SR and qMA of the DTA of VI 

techniques for cervical cancer screening. 



 

59 

QUADAS development. The QUADAS tool for quality assessment of diagnostic 

accuracy studies was first developed by Whiting et al. (2004) and the original QUADAS items 

were generated after an extensive SR of sources of bias, variation, and quality assessment used 

in DTA studies. Whiting et al. (2004) found spectrum, partial verification, clinical review bias, and 

observer and/or instrument variation to be the most common sources of error. The face validity of 

the initial QUADAS tool was established using four rounds of Delphi review by 11 experts 

(Whiting et al., 2004). Items with agreement of ≥ 75% were kept and the instrument was refined 

from 28 to 14 items. The QUADAS instrument was further revised by the QUADAS-2 expert 

working group in 2011 to reflect feedback, experience using the tool, and further review of the 

evidence base (Whiting et al., 2011). It is important to note that inter-rater reliability varied with 

the use of QUADAS-2 and the tool was not considered useful in studies comparing multiple index 

tests. However, it has been widely used despite these limitations. In fact, a CINAHL database 

search through 2014 with the keyword, “QUADAS-2”, resulted in over 25 SRs and qMAs of DTA 

using QUADAS-2 to assess quality. At this time QUADAS is the most appropriate and widely 

used quality assessment tool for SR and/or qMA of DTA. 

The QUADAS-2 tool guidelines outline a step by step process for assessing the quality of 

individual studies included in SRs or qMAs of DTA. Bias and/or applicability are assessed using 

signal questions within four distinct domains; patient selection, index test, reference test, and 

flow/timing (Whiting et al., 2011). Bias questions include: Could patient selection have introduced 

bias? Could the conduct or interpretation of the index or reference test introduced bias? Could 

patient flow have introduced bias? Applicability questions include: Do the patients and setting 

match the review question? Does the reference and index test conduct or interpretation match the 

review question? If the assessment is yes, then there is a low risk of bias and low risk of concern 

regarding applicability, if the assessment is no, then there is a high risk of bias and high risk of 

concern regarding applicability, or biases or applicability may be unclear based on reported data. 

An overall quality score for studies is not recommended and it is advised that two independent 

reviewers follow this step by step process (Whiting et al., 2011). Whiting et al. (2011) suggests a 

tabular or bar graph presentation of the results of the QUADAS quality review. The QUADAS-2 
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tool template is available at www.quadas.org or 

http://www.bris.ac.uk/medialibrary/sites/quadas/migrated/documents/quadas2.pdf. 

A revised QUADAS-2 tool was developed specifically for this SR and qMA by the author 

and an independent reviewer, both Nurse Practitioners familiar with epidemiology, VI techniques, 

and colposcopy. The first step was to explicitly state the primary research question and then add 

and/or omit signal questions on the QUADAS-2 tool that did or did not match this study’s primary 

research question: Does the diagnostic accuracy of VI techniques for cervical cancer screening 

change significantly depending on the type of provider? No signal questions were omitted, even 

though those concerning blinding index test providers to reference test results or vice versa, 

studies having pre-specified diagnostic thresholds, or appropriate time intervals between the 

index and reference test would always have a low risk of bias due to pre-specified study 

inclusion/exclusion criteria. One signal question was added under the reference test domain: 

“Were random biopsies conducted on colposcopy negative subjects?” Specific revised QUADAS-

2 instructions were then written. 

The revised QUADAS-2 tool and instructions were piloted by the author and independent 

reviewer until over 90% inter-rater agreement was reached (Whiting et al., 2011). This required 

the review of three randomly selected studies. The mutual quality assessment of the three 

research studies helped solidify the applicability of signal questions, methodology, and decisions 

regarding applicability and bias ratings. Moving forward, the author and independent reviewer 

filled out the revised QUADAS-2 tool for each included study individually, met, and then 

consensually assigned quality ratings. Inter-rater agreement was recorded for bias and 

applicability ratings under each domain. The revised QUADAS-2 rating tool and instructions can 

be found in Appendix B. 

data collection protocol. Data was extracted from studies meeting inclusion/exclusion 

criteria by the author and an independent reviewer, both of whom were Nurse Practitioners with 

experience in women’s health, colposcopy, clinical research, and knowledgeable in the principles 

of epidemiology. Data verification was considered using inter-observer agreement calculations 

and disagreements were resolved through discussion and consensus. 
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Table 2 shows the specific variables extracted from included studies, if available, and 

populated in a Microsoft® Office Excel 2007 spreadsheet. The rationale for several variables 

collected came from recommendations of a work group sponsored by the CDC, “Meta-analysis of 

observational studies in epidemiology” (Stroup et al., 2000). 

Data Analysis 

In this study, qMA techniques for studies of DTA were used to calculate overall estimates 

of DTA for cervical cancer screening with VI followed by an investigation of any significant 

differences in test performance between various provider types and training methods. All 

calculations and statistical analysis were performed using IBM SPSS Statistics v.23. This section 

describes the procedural and quantitative methods employed for the assessment of publication 

bias, included study comparisons, overall estimates of DTA, and the determination of any 

statistically significant effects on DTA for primary and secondary predictors.  

 publication bias. Even the most comprehensive literature search, incorporating both 

published and grey literature, is unlikely to identify all research related to the research 

question(s). There is a phenomenon in academic reporting, where non-significant results are 

often difficult to publish, creating a bias toward larger effect sizes in qMA (McNeil & Newman, 

1994). In fact, Glass, McGraw, and Smith (1981) demonstrated much larger effect sizes in peer 

reviewed journals over dissertations or grey literature. Although the literature search for this study 

considered dissertations and other grey literature sources, publication bias was still important to 

consider. 

Several subjective and statistical methods to assess publication bias have been 

described in the literature. One approach calculates the number of studies with null results that 

would be necessary to bring the overall effect size down and a decision is made as to whether or 

not it is reasonable to assume that there are not that many unpublished studies (Rosenthal, 1984; 

Rosenthal & Rubin, 1978). There is also the rank correlation method (Begg & Mazumdar, 1994) 

and simple linear regression of treatment effect against the precision of estimate (Egger, Davey 

Smith, Schneider, & Minder, 1997). Scatter plots of treatment effect (x-axis) and sample size (y-

axis) of included studies offers a subjective and objective means of measuring publication bias,  



 

62 

Table 2 

Data Collection Variables 

 Subheadings 
Variable Level 1 Level 2 Level 3 Level 4 

Author     
Year of publication     
Article title     
Journal Title    

Volume    
Issue    

Study group/ Initiative     
Aim     
Study design     
Timeframe     
Power analysis     
Statistical analysis     
Location Country    

Region    
City/town    
Community    
Clinical 
setting 

   

Participants # Enrolled    
# Screened    
Demographic
s 

Age range   
Mean age   
Notes on age   
Ethnicity   
Income   
Education   

Risk factors HIV status   
Symptoms   
Tobacco use   
Contraceptiv
e use 

  

Age at first 
intercourse 

  

Lifetime # of 
sexual 
partners 

  

  Parity   
Notes     
Training Manual type    

Training days Didactic 
hours 

# of didactic 
hours 

 

Mentored 
clinic time 

# of cases 
mentored 

 

# of hours 
mentored 

 

Total training 
hours 

  

Quality 
control 

Refresher 
courses 

Interval  
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Table 2, cont.   
  
 Subheadings 

Variable Level 1 Level 2 Level 3 Level 4 
Index test 
performance 
measuresa 

# receiving 
test 

   

Procedure 
description 

   

Threshold (T) 
 
 

T1 
description 

  

T2 
description 

  

T3 
description 

  

Total # 
included in 
analysis 

  

Providerb # included in 
analysis 

  

# Normal   
# T1   
# T2   
# T3   
# Colpo (-)   
#CIN1+   
# CIN2+   
# CIN3+   
TPc   
FNc   
FPc   
TNc   
Sensitivityc   
Specificityc   

Revised QUADAS-2 
Quality Rating 

Patient 
selection 

Risk of bias Inter-rater 
agreement 

 

  Applicability Inter-rater 
agreement 

 

Index testb VIA Risk of bias 
 

Inter-rater 
agreement 

Applicability Inter-rater 
agreement 

VILI Risk of bias 
 

Inter-rater 
agreement 

Applicability Inter-rater 
agreement 

VIAM Risk of bias 
 

Inter-rater 
agreement 

Applicability Inter-rater 
agreement 

Reference 
testb 

Colposcopy Risk of bias 
 

Inter-rater 
agreement 

Applicability Inter-rater 
agreement 

Flow and 
timing 

Risk of bias Inter-rater 
agreement 
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Table 2, cont. 
____________________________________________________________________ 
TP=True Positive; FN=False Negative; FP=False Positive; and TN=True Negative 
aVariables collected for VIA, VILI, and VIAM  
bVariables collected under all provider types reported: OBGYN Provider, Nurse Provider, Nurse 
Midwife Provider, Aux Nurse Provider, Aux Nurse Midwife Provider, Other Health Worker 
Provider, and Lay Provider 
cVariables collected under all relevant index and reference test thresholds reported 

 
with a characteristic inverse funnel shaped scatter plot indicating a low risk for publication bias 

and an asymmetric scatter plot suggestive of publication bias (Macaskill, Walter, & Irwig, 2001). 

However, the subjective and objective techniques for assessing publication bias are difficult to 

translate for use in qMAs of DTA. 

A modified technique for subjectively and objectively assessing publication bias in qMA of 

DTA studies, as described by Deeks, Macaskill, and Irwig (2005) and Song et al. (2002), guided 

the assessment of publication bias in this study. The goal of a qMA of DTA studies is to 

determine a pooled estimate of the interdependent measures of sensitivity and specificity, without 

a direct measure of effect size. Considering this, Song, Khan, Dinnes, and Sutton (2002) offered 

an alternative to Macaskill et al.’s (2001) method for use with SR and qMA of DTA. They 

suggested using the DOR, an independent measure of accuracy. In these cases the scatter plot 

is the lnDOR (x-axis) versus the sample size (y-axis) and the test for asymmetry is through 

regression of lnDOR against sample size (Song et al., 2002). Peters, Sutton, Jones, Abrams, and 

Rushton (2006) demonstrated that this modified Macaskill’s test had lower type I error rates and 

similar power to Egger et al.’s (1997) regression test. Deeks et al. (2005) hypothesized that 

unequal numbers of diseased and non-diseased in a sample would reduce the estimate of DTA 

(p. 884) and, therefore, suggested using “effective sample size” [ESS=(4n1n2)/(n1+n2)], where n1 

equals the number of non-diseased and n2 equals the number of diseased in a sample. Modeling 

of publication bias statistical analyses using funnel plots of the lnDOR versus sample size, 

standard error of DOR, and 1/ESS1/2 were conducted by Deeks et al. (2005) and found that the 

use of ESS funnel plots and regression analysis were best suited for qMA of DTA studies. 

Therefore, publication bias for this qMA was subjectively assessed with a modified scatter plot of 

total sample size versus 1/ESS1/2 for each index test at the CIN 2+ reference test threshold (Song 

et al., 2002; Deeks et al., 2005).  
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heterogeneity. The heterogeneity between studies included in this qMA was considered 

subjectively. It is important to note that objective measures of heterogeneity were not pursued in 

this study, as within and between study variability was assumed a priori and subsequent 

statistical procedures were not modified based on heterogeneity. Side by side forest plots of each 

study’s estimate of sensitivity and specificity with 95% CI were offered as a subjective display of 

heterogeneity. Forest plots for each index test (VIA, VILI, VIAM) at the CIN 2+ diagnostic 

threshold were included.  

quantitative meta-analysis. Robust statistical approaches, like Reitsma et al.’s (2005) 

BREM, are needed in qMA of DTA due to between study heterogeneity observed in these types 

of studies and the interdependent, often negatively correlated, measures of accuracy, sensitivity 

and specificity (Tatsoni et al., 2005; Zhou et al., 2011). Additionally, standard statistical methods 

to determine overall treatment effect from multiple interventional studies through the calculation of 

mean effect sizes (Glass, 1977) or correlation coefficients (Rosenthal & Rubin, 1978) do not work 

in qMAs of DTA, as sensitivity and specificity have effect size built in, making effect size 

calculations mute. Simple independent pooling of sensitivity and specificity do not account for 

their interdependency. Single summary accuracy estimates, such as the DOR and area under the 

curve (AUC), calculated from ROC space curves plotting sensitivity on the y-axis and 1–

specificity on the x-axis, are also limited. Summary ROC curves do not account for between study 

variation, measurement error, study weights, and 2x2 table correction procedures (Arends et al., 

2008). Rutter and Gatsonis (2005) developed the hierarchical summary ROC model to account 

for across study variability, but it requires synthesis of complex simulation models. However, 

despite the limitations of these methods, separate pooled estimates of sensitivity and specificity 

are recommended if the correlation between them is small or summary ROC approaches if 

correlation between them is moderate (DeVille et al., 2002). In addition, the Cochrane Handbook 

for SRs of DTA (Macaskill et al., 2010).  

Considering this, a modified version of Reitsma et al.’s (2005) and Arends et al.’s (2008) 

BREM approach to qMA of DTA studies, BLMMs, was chosen as the statistical method to 

determine overall estimates of VIA, VILI, and VIAM test accuracy. A BLMM preserves the two 
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dimensional nature of sensitivity and specificity and can handle sensitivity and specificity data that 

exhibits low, moderate, or high correlations between them. BLMMs, like BREMs, assume a 

normal distribution of log transformed sensitivity and specificity measures from individual studies, 

yet takes variability into account, keeping the negative correlation between them intact and 

calculation of the DOR is still available (Reitsma et al., 2005, p. 987). The results of the BREM or 

BLMM include, between study variation in sensitivity and specificity, the correlation between 

sensitivity and specificity, summary estimates of sensitivity and specificity with 95% CIs, a 

summary ROC curve with a confidence ellipse around the mean, and the DOR (Reitsma et al., 

2005; Arends et al., 2008). Regression models can then be used to determine the statistical 

significance of each predictors separate effect on sensitivity and specificity and net effect on the 

DOR (Reitsma et al., 2005). 

data presentation and analysis procedures. Once data extraction and verification from 

included studies had been completed, data presentation and analysis were conducted as follows: 

1.  Construction of a summary table of included studies, with country, VI tests studied, 

number of participants, and other miscellaneous variables. 

2. Side by side forest plots of sensitivity and specificity pairs with 95% CIs from every 

study included for each index test (VIA, VILI, and VIAM) at the CIN 2+ reference 

threshold were graphically displayed. “Exact” Clopper-Pearson 95% CIs were 

calculated using an open access statistical calculator (MedCalc) available at 

www.medcalc.org/calc/diagnostic_test.php if sensitivity and specificity were 

calculated using 2x2 table data, otherwise sensitivity and specificity with their 

corresponding CIs were extracted directly from the study. The overall estimates of 

sensitivity, specificity, and DOR were displayed at the bottom of each side by side 

forest plot once these measures had been calculated via step three. 

3. BLMM calculations using general linear mixed-effects models (MIXED) procedures in 

SPSS v.23 were performed using articles as the random effect, to determine the 

following measures of overall diagnostic accuracy for each index test (VIA, VILI, and 

VIAM) and reference test threshold (CIN 2+ and CIN 3+) 
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a. Mean sensitivities with SEs and 95% CIs 

b. Mean specificities with SEs and 95% CIs 

c. DORs were calculated from MIXED procedure estimates of sensitivity and 

specificity using the formula DOR = [Sensitivity / (1-Sensitivity)] / [(1-

specificity) / specificity] (Glas, Lijmer, Prins, Bonsel, & Bossuyt, 2003). 

It is important to note that area under the curve, another single measure of test accuracy, 

was intentionally avoided, as it is seldom considered by providers in clinical practice and is more 

often used for diagnostic tests with polychotomous or continuous outcomes (Glas et al., 2003) 

and is rarely reported in qMAs of DTA (Bossuyt, et al., 2013). The DOR was chosen as the 

primary single DTA outcome measure, as Bossuyt et al. (2013) considered it the most useful 

measurement when making comparisons between tests or subgroups (p. 11). 

research question one. 

Question: Does the accuracy of cervical cancer screening with VIA, VILI, or VIAM differ 

by provider type? 

Hypothesis: The accuracy of cervical cancer screening with VIA, VILI, or VIAM will not 

significantly differ by provider type. 

To answer research question one, the MIXED procedures command in SPSS v.23 was 

used to create unconditional and conditional BLMMs, with study articles being the random effect, 

to find any statistically significant effects of the independent predictor variable, provider type, on 

sensitivity and specificity for VI overall and each index test (VIA, VILI, and VIAM) at reference test 

threshold CIN 2+ and CIN 3+. 

research question two.  

Question: Does the accuracy of cervical cancer screening with VIA, VILI, or VIAM differ 

by type of training? 

Hypothesis: Particular components of VI training will significantly affect the accuracy of 

cervical cancer screening with VIA, VILI, or VIAM.  

To answer research question two, the MIXED procedures command in SPSS v.23 was 

used to create unconditional and conditional BLMMs, with study articles being the random effect, 
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to find any statistically significant effects of the individual components of the independent 

predictor variable, type of training; including type of instruction manual, number of training days, 

didactic hours, number of supervised cases, mentored clinic hours, number of mentored cases, 

and offering of refresher courses, on the estimates of sensitivity and specificity for VI overall and 

each index test (VIA, VILI, and VIAM) at a reference test threshold of CIN 2+ and CIN 3+. 

secondary data analysis. The effects of QUADAS-2 bias and applicability ratings were 

analyzed for both research questions with BLMMs using MIXED procedures in SPSS v.23  

Strengths and Limitations 

Assessing the strengths and limitations of a study is an integral part of any research plan. 

The combination of multiple independent studies in qMA makes reliability and validity even more 

important to consider, as each study’s unique biases or errors affect the overall integrity of the 

qMA. Variations in measurement, setting, sampling, population, outcomes, etc. are out of the 

control of the meta-analyst and many studies do not provide detailed descriptions of their 

methods and procedures. Therefore, clear and concise methodologies are required in qMA to 

reduce the risk of including studies that are not relevant to the research question or are of poor 

quality (Rosenthal & DiMatteo, 2001).  

publication bias. A confounder unique to SRs and MAs is publication bias. Publication 

bias was minimized, as much as possible, through an exhaustive search of multiple library 

databases, dissertations, organizational literature, and reference lists for relevant literature. But, it 

is important to note that even the most diligent literature review will not capture all relevant 

research. Studies may not be published and indeterminate or clinically irrelevant results may 

never be shared (McNeil & Newman, 1994). Therefore, a thorough presentation and discussion of 

publication bias was included in the results and discussion chapters of this dissertation. 

quality. The revised QUADAS-2 tool helped to determine and categorize the specific 

types of bias found in each study included in this qMA. The author and an independent reviewer 

assessed each study’s quality using the revised QUADAS-2 tool and any disagreements in 

QUADAS-2 assessments were nullified through consensus. The final QUADAS-2 ratings were 

then discussed and used as predictor variables in BLMM regression analysis to determine 
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whether the quality rating had any effect on the sensitivity or specificity of VI overall, VIA, VILI, 

and VIAM. In addition, strict inclusion/exclusion criteria were crafted to identify any study type that 

provided measures of cervical VI diagnostic accuracy and detailed descriptions of test providers 

and/or their training. This helped minimize the inclusion of studies that were not applicable to the 

primary research question. The inclusion/exclusion criteria and rigor of quality assessment in this 

qMA, therefore, helped to improve reliability and validity.  

To guide a thorough discussion of remaining potential biases and the methods used to 

minimize them, the population, intervention, comparator, outcome, timing, and setting (PICOTS) 

framework for qMA outlined by Hartmann et al. (2012), was utilized. 

population. There are several spectrum effects, or differences in test performance, that 

are seen when tests are used on different populations (Santaguida et al., 2012). Typically 

screening tests are used to determine whether a healthy, symptom free population has or is at 

risk for certain conditions, in this case precancerous or cancerous cervical lesions. However, in 

this study, a decision was made to include studies with HIV infected participants or patients with 

complaints of lower abdominal pain, dyspareunia, unusual vaginal discharge, and/or bleeding. 

This increased the potential for spectrum bias. However, mass cervical cancer screening 

campaigns serving mixed populations, must be accurate for any woman, regardless of signs, 

symptoms, or co-infections. Also, sensitivity and specificity are not dependent upon the 

prevalence of disease; only the subjective biases of test providers serving populations with 

varying prevalence and incidence rates would affect these measures of DTA. To explore these 

effects, post hoc BLMM regression analysis was used to determine if HIV status or gynecological 

complaints influenced the final estimates of sensitivity and specificity.  

Age and body habitus are additional spectrum effects relevant to this qMA. The cervical 

SCJ, where cervical lesions usually start, migrates into the internal os and becomes less visible 

as a woman ages. This is particularly pronounced after menopause. Therefore, studies with older 

women are more likely to have unsatisfactory results or to have missed lesions on VI or 

colposcopy. Poor visualization may also manifest with body habitus. It is often more difficult to 

acquire a satisfactory view of the cervix with speculum examination in obese women and women 
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with elongated vaginas or retroverted uteri. Both age and body habitus could lead to increased 

false negative rates, reducing a study’s estimate of sensitivity. Participant ages and body habitus 

were not considered as inclusion/exclusion criteria, as the majority of VI efforts focused on 

premenopausal women of reproductive age and the body mass index or anatomical features of 

participants were rarely reported.  

Although it is unclear whether the accuracy of VI changes with history of prior cervical 

treatment, it was an exclusion criterion. This decision not only avoided the potential of post 

treatment variations in test performance, but adhered to the screening population of interest. 

Context bias may be an additional concern with this qMA. A screening test provider who 

errors on the side of labeling tests positive, while working with a high incidence population, 

exhibits context bias (Santaguida et al., 2012). Studies of cervical VI were often conducted in 

areas of the world with high cervical cancer incidence and prevalence rates and providers may 

have been more apt to label patients positive in this context. This tendency may also be seen 

when participants are HIV positive or report a complaint of gynecological symptoms, such as 

vaginal bleeding or dyspareunia. In addition, less confident providers may be more apt to label VI 

tests as positive to avoid missing precancerous lesions or to obtain a second opinion by a more 

experienced provider. Parameters that may limit context bias, such as blinding a patient’s HIV 

status, happen at the practice level and cannot be controlled for by a qMA researcher. 

Selection bias, when study patients do not represent the study target population, can also 

be a concern in qMA (Santaguida et al., 2012). The target population of this qMA was women 

being screened for cervical cancer in high incidence and low resource areas around the world. 

Selection bias was minimized by only including studies with participants with no known history of 

HPV infection or treatment of cervical lesions. In addition, VI for cervical cancer screening has 

been limited to low resource, high incidence areas, like India, Africa, China, Central and South 

America (Bruni et al., 2016). Therefore, selection bias was likely a small consideration in this 

qMA. 

intervention. Intervention within the context of studies of DTA refers to the index test 

under investigation, in this case VI. Test variation, technology variation, and observer variability 
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are all biases related to the index test that may cause variability. Test variation may manifest 

when descriptions and/or parameters for the index or reference test are not clearly outlined or 

followed in a study (Santaguida et al., 2012). Sankaranarayanan and Wesley (2003) outline a 

positive VIA as a distinct, well defined, dense AW lesion(s) close to or on the SCJ or close to the 

external os, if the SCJ is not visible, or strikingly dense AW seen on columnar epithelium, entire 

cervix, or condyloma or leukoplakia close to the SCJ that turns AW. There may be individual 

study variations in the descriptions of VIA, VILI, or VIAM positive thresholds that contribute to 

between study heterogeneity. Observer variability may also be a problem, as lighting, dilution and 

preparation of AA and Lugol’s iodine, and other environmental variables may vary widely between 

studies, these concerns were addressed somewhat by using BLMMs to account for inter-study 

heterogeneity. 

comparator. In the PICOTS framework, the comparator refers to the reference or gold 

standard used to determine whether the index test is accurate. The current gold standard for 

determining the presence or absence of cervical neoplasia is colposcopy with histological 

interpretation of a cervical biopsy. However, even though this is the current gold standard, 

colposcopic examination and histological interpretation of cervical biopsies are subjective tests 

with imperfect sensitivity and specificity. In this study, verification bias may be a factor, as only 

histological confirmation of abnormal lesions found on colposcopic inspection was required and 

there could have been a percentage of colposcopy inspection negatives that would have had 

positive lesions. However, exclusion of studies that did not perform colposcopy reference testing 

on all participants or all VI positives and a random sample of VI negatives, reduced the likelihood 

of verification bias seen when the reference standard was only performed on index test positive 

patients. Several studies of colposcopy suggest a random biopsy for normal colposcopy 

examinations to decrease the FN rate (Huh et al., 2014; Pretorius et al. 2007; Song et al., 2015). 

In fact, a study by Pretorius et al. (2007) compared VIA sensitivity estimates using a five biopsy 

versus a colposcopy directed biopsy gold standard and found significantly higher sensitivity 

estimates at CIN 2+ and CIN 3+ thresholds using colposcopy directed biopsy as the gold 

standard. However, random biopsies of colposcopy negative patients can cause undue 
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discomfort for the patient, be resource intense, and are rarely done in studies of VI conducted in 

low resource areas. Therefore, colposcopy directed or random cervical biopsy was deemed the 

most amenable and available diagnostic test for the identification of precancerous or cancerous 

cervical lesions.  

outcome. Several sources of error were possible with respect to the primary outcome 

measures of DTA. Santaguida et al. (2012) described several biases effecting outcomes in qMA, 

such as partial verification bias, review bias, clinical review bias, and dropping of indeterminate 

results. These issues were addressed, as much as possible, through inclusion/exclusion criteria. 

However, like many of the other weaknesses considered in this study, many sources of error 

must be weighed against the exclusion of too many studies or considered as outside the control 

of the meta-analyst.  

Partial verification bias becomes an issue when only a select sample of patients receiving 

VI obtain the reference test, colposcopy directed or random cervical biopsy. This type of bias was 

reduced in two ways. Included studies performed the reference test on all participants or, in 

studies where a random subset of patients received the reference test, only the random subset 

was included. Therefore, all individual study estimates and overall estimates of sensitivity and 

specificity from this qMA included participants that had had both the index and reference tests to 

minimize partial verification bias. 

Bias can also be introduced if the colposcopist or pathologist performing the reference 

test knows the results of the index test. However, this risk for bias should be low, as only studies 

with blinding of reference test providers to index test results were included. Despite efforts to 

blind colposcopists and VI providers to each other’s findings, this may be difficult to fully 

implement in practice, as many of these studies have the index and reference test conducted 

sequentially within the same visit. In this sort of clinical setting, it may have been difficult to 

completely eliminate provider interaction or communication. However, only including studies with 

blinding should have helped to reduce review bias. 

Two sources of error that were not corrected for were clinical review and indeterminate 

results biases. Clinical review bias manifests itself when a reference or index test provider has 
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patient data that may skew their subjective interpretation of the results. This is similar to the effect 

of context bias discussed under the intervention heading. A decision was made to include studies 

with participants who complained of gynecological symptoms, such as vaginal bleeding or 

dyspareunia, or who were HIV positive. Increased prevalence and incidence rates of cervical 

neoplasia and cancer may be expected in these populations, but the primary outcome measures 

of VI accuracy, sensitivity and specificity, are not dependent upon incidence and prevalence. 

Knowledge of a patient’s HIV or complaint status may alter a provider’s interpretation of either the 

index or reference test results and may impact the overall estimates of DTA presented in this 

study. Studies that do not include or do not explain how indeterminate index or reference tests 

were dealt with may also be a source of bias. These decisions for inclusion may have contributed 

to observed heterogeneity and/or error in calculated estimates of DTA.  

timing. Disease progression bias may occur if the reference test is performed well after 

the index test (Santaguida et al., 2012). This problem is minimal in the case of screening for 

cervical neoplasia, as the progression of lesions form initial exposure to HPV and the neoplastic 

changes leading to the development of cancer take place over years (Figure 1). Regardless of 

the low risk of progression bias, studies that reported a time gap of greater than one month from 

index test to reference test were excluded. 

setting. Variations in clinical, geographical, and cultural settings may have been 

significant in this qMA and were not used as a basis for exclusion. This bias was tolerated, so as 

not to significantly reduce sample size. A mixed effects model was also used to minimize the 

effects of the inherent heterogeneity seen in VI studies.  

Inclusion/exclusion criteria were developed under close scrutiny to balance the potential 

for bias and under powering of this qMA. The expected heterogeneity between and within studies 

were minimized with the use of mixed effects models. Despite careful planning of methods and 

procedures to maximize the reliability and validity of this qMA, the potential for bias and error is 

ever present. 
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Summary 

The key to high quality SRs and qMAs are clear and concise procedures and methods 

best fitting the research question. This chapter outlined the specific procedures and methods that 

were utilized in this qMA of VI accuracy to determine whether provider type or type of training 

significantly influences the accuracy of VI techniques for cervical cancer screening. These 

included a thorough review of the literature on VI through the end of 2015 with title, abstract, and 

full article review to fit specified inclusion/exclusion criteria. Procedures for data extraction and 

quality assessment using a revised QUADAS-2 tool were conducted by two independent 

reviewers. Overall estimates of sensitivity and specificity were determined via BLMMs and a 

subsequent calculation of a single measure of DTA, the DOR. BLMM regression techniques were 

then used to determine if provider type or specific components of training significantly influenced 

DTA. A discussion of specific methodological procedures used to minimize error and biases and 

a discussion of decisions and areas that were not addressed in this qMA were presented.
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CHAPTER 4: RESULTS

VIA, VILI, or VIAM offer a low cost and low resource means of screening for cervical 

cancer and precancerous lesions. Although VI techniques have shown to be comparable in 

accuracy to standard Pap smear screening, their use in low resource settings has not equated to 

significant reductions in cervical cancer morbidity or mortality like those seen in high resource 

countries (Snyman, 2013.; Wong et al., 2009). Introduction of low resource visual screening 

techniques can only work if women are willing and able to access these services (Saslow et al., 

2012). One way to increase access is to have unlicensed CHWs perform VI. Therefore the 

primary aim of this SR and qMA was to determine if cervical cancer screening by unlicensed 

personnel was as accurate as when offered by licensed physicians or nurses. A secondary aim 

was to assess aspects of VI provider training programs and their affect on the DTA of VI. This 

chapter presents the results of this SR and qMA, including the literature search, quality 

assessment, publication bias, summary estimates of VI DTA, and BLMM statistical comparisons 

of VI techniques, provider types, and components of VI training. 

Literature Search 

CINAHL, PubMed, Web of Science, the Cochrane Library, ProQuest Dissertation and 

Thesis Global, POPLINE K4Health, and other databases and organizational websites were 

queried for research, reports, and grey literature containing data on the accuracy of VIA, VILI, 

VIAM through December 31, 2015 for a total of 1,647 unduplicated sources. Figure 4 represents 

the complete literature search flow diagram. 

Specifically, CINAHL, filtered with human and excluding Medline, was queried using the 

keywords “cervical cancer” AND “VIA” for 20 articles, “cervix” AND “VIA” revealed 20 articles, 

“cervix” AND “visual inspection” retrieved seven articles, “cervical cancer” AND “visual inspection” 

gave nine additional articles, “cervical cancer” AND “VILI” brought up two articles, and “cervix” 

and “VILI” retrieved two articles for a total of 29 unduplicated articles. PubMed was queried using  
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Figure 2. Literature search flow diagram 
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the search terms “cervical cancer screening” AND “VIA” for 274 articles, “cervix” AND “VIA” 

filtered with HUMAN for 769 articles, “cervix” AND “visual inspection” filtered with HUMAN 

retrieved 189 articles, “cervical cancer” AND “visual inspection” brought up 504 articles, “cervical 

cancer” AND “VILI” retrieved 62 additional articles, and “cervix” AND “VILI” produced 24 articles 

for a total of 1,292 unduplicated articles. The Web of Science database was queried using 

“cervical cancer screening” AND “visual inspection” OR “VIA” OR “VILI” for a total of 310 

unduplicated articles. The Cochrane Library database was queried for trials using the search 

terms “cervical cancer” AND “visual inspection” and retrieved 40 unduplicated studies. The 

ProQuest Dissertation and Thesis Global database was queried using search terms “cervical 

cancer screening” AND “visual inspection” for a total of 205 unduplicated theses and 

dissertations. POPLINE, a selection of family planning and reproductive health articles available 

through Knowledge for Health (K4Health) at the Johns Hopkins Center for Communication 

Programs, was searched using “visual inspection” as a keyword filtered with “screening” and 

retrieved 124 unduplicated articles and reports. The WHO IARC website 

(http://screening.iarc.fr/publicationscervix.php?lang=1) brought up 125 unduplicated papers on VI. 

The list of journal article and report titles under cervical cancer prevention and treatment on the 

JHPIEGO Repro-line website (http://reprolineplus.org/resources/technical/cervical-cancer-

prevention-treatment) produced a total of 24 articles. Three sources related to cervical cancer 

screening with visual inspection were found through the PAHO’s website. Organizational 

websites for Catholic Relief Services, United States Agency for International Development, 

Centers for Disease Control and Prevention, Johns Hopkins University Center for Global Health, 

Engender Health, Family Health International (fhi360), Pathfinder International, Consortium of 

Universities for Global Health, Management Sciences for Health, John Snow, Inc., NIH Fogarty 

Center for Advanced Study in Health Services, and Partners in Health did not reveal any 

additional sources on cervical cancer screening with VI. The literature search described above 

retrieved a total of 1,647 unduplicated journal articles, dissertations, and reports on cervical 

cancer screening with VI. 
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title/abstract review. Title and abstract review of the 1,647 unduplicated titles resulted in 

the removal of 1,399 papers, leaving 248 for full review (Figure 2). Two hundred and thirty seven 

in vitro studies, primarily retrieved from the Web of Science database, and another 210 dealing 

with other OBGYN topics were excluded. One hundred and ninety four articles labeled as “other” 

were excluded, including those related to oncogenesis, pathology, cell receptors, health beliefs, 

and mental health. One hundred and eighty seven references dealt with other aspects of VI, such 

as adherence, attitudes toward VIA, VIA costs, VIA recommendations or guidelines, VIA 

programs, reviews, and training. One hundred and eighty one articles covered conventional 

cervical cancer screening with Pap smear and colposcopy, including adherence to and 

knowledge of screening, programs, and guidelines. One hundred and twenty two journal articles 

outlined reports, treatments for, and statistics on cervical cancer and 64 references considered 

other types of cancer. One hundred and fifty six references concerned HPV, including HPV tests, 

vaccines, and epidemiological reports and another 18 covered HIV. Sixteen articles on CIN 

treatment and 14 on cervicography were also excluded. These exclusions removed 1,399 of the 

1,647 unduplicated references found in the initial literature search, leaving 248 studies for full 

review. 

inclusion/exclusion criteria. The 248 studies identified for full review were scrutinized 

by the author to determine whether they met study inclusion/exclusion criteria. A total of 209 

articles did not meet inclusion/exclusion criteria, leaving 38 studies eligible for inclusion in this 

qMA (Figure 2). One hundred and one studies did not investigate a screening population and only 

included women who had tested positive or negative for VI, cytology, HPV, and/or colposcopy. 

Twenty eight articles were bundled into “other” and included commentaries, program overviews, 

SRs, and methods papers. There were also studies of the effectiveness of cryotherapy, screening 

test combinations, VI without AA or Lugol’s iodine, digital cervicography, and symptoms of 

cervical cancer. In addition, the full texts of seven references were unavailable through electronic 

journals, library collections, inter library loan, or Google Scholar and were included in the “other” 

category. Twenty three studies did not use colposcopy as a reference standard. Eighteen studies 

were reported in a language other than English; 10 in Chinese, three in Spanish, two in 
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Portuguese, two in French, and one in Bulgarian. Eighteen studies did not provide specific 

descriptions of VI providers. Nine studies did not blind the colposcopist to the results of VI, often 

with the same provider performing all of the VI index screening tests along with the colposcopy 

reference test. Four studies did not provide appropriate VI DTA or 2x2 table data and inquiries 

were made to corresponding authors as to the availability of DTA data. The full journal article 

reference based on data from the abstract found in the literature search and presented at the XIX 

International AIDS Conference (Memiah et al., 2012a; 2012b) was subsequently excluded related 

to no colposcopy reference standard, as only study participants with positive VILI had colposcopy 

with biopsies. No responses were received from the three remaining inquiries. Finally, three 

studies performed the colposcopy reference test more than one month after screening with VI, 

three did not describe a threshold for positive VI, and three included women with a history of 

cervical treatment. Therefore, 39 studies met the inclusion/exclusion criteria for this study (Figure 

2).  

Upon further investigation, duplicate or overlapping data were found in nine of the 39 

studies meeting inclusion/exclusion criteria and were excluded (Figure 2). Specifically, Basu et al. 

(2003) reported on 5,881 participants receiving VIA and VIAM at the Kolkata 1 study site for the 

IARC multicenter study group on cervical cancer early detection in India, but did not include 

cancer cases as case positives in calculations of VIA and VIAM sensitivity and specificity. In 

contrast, Sankaranarayanan et al. (2004c) reported VIAM results from more participants (5,893 

from Kolkata 1 and 7,605 from Kolkata 2 study sites) and included cancer cases as case 

positives in 2x2 data tables and was therefore chosen as the source of VIAM data from Kolkata 1 

and 2 for this qMA. Preliminary pilot study data was presented by Bhatla et al. (2007) and full 

study results were later reported by Bhatla et al. (2012) and included in this qMA. Blumenthal et 

al. (2001) reported the same data as Gaffikin et al. (1999), however more detailed 2x2 table data 

was offered in Gaffikin et al. (1999) and used for this investigation. Arbyn et al. (2008b) was the 

primary data source for the IARC multicentre study group on cervical cancer early detection in 

Africa and India, although it was also presented in Sankaranarayanan et al. (2004a), 

Sankaranarayanan et al. (2004b), and Muwonge et al. (2007). Sankaranarayanan et al. (2004a) 
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was not used because cancer cases were not included as case positives in 2x2 table data. 

Sankaranarayanan et al. (2004b) did not provide any additional data beyond that seen in Arbyn et 

al. (2008b) and Muwonge et al. (2007) did not give 2x2 table data and focused on visual 

screening test combinations and were also excluded. Belinson et al. (2001a), Belinson et al. 

(2001b), Zhao et al. (2010), and Zhao et al. (2012) all reported on the Shanxi Province Cervical 

Cancer Screening Study (SPOCCS). Data offered by Zhao et al. (2010) and Zhao et al. (2012) 

were not included in this MA, as it focused on cervical cancer screening with HPV testing rather 

than VI. In addition, the rapid communication in Gynecologic Oncology by Belinson et al. (2001b) 

reported calculated sensitivity, specificity, NPV, and PPV measures and no 2x2 table data, as 

was offered in Belinson et al. (2001a) and consequently used for this qMA. Therefore, nine 

articles that met inclusion/exclusion criteria, but that reported duplicate data, were not used as 

data sources for this qMA (Figure 2). 

Finally, three additional articles that reported DTA measures at a CIN 1+ reference 

threshold were excluded (Akinwuntan et al., 2008; Cremer et al. 2005; Khodakarami, Farzaneh, 

Aslani, & Alizadeh, 2011). CIN 1 is not considered an appropriate reference standard, as more 

than half of CIN 1 cervical lesions will regress to normal and only about 2% will progress to 

cancer over the course of 10 years (Prat & Franceschi, 2014). Therefore, in all, 27 articles 

reporting data from 34 separate study sites were included for final data extraction and QUADAS 

quality review (Figure 2).    

Summary of Included Studies 

Individual study aims, timeframes, countries, community settings, clinical settings, patient 

demographics, and VI screening tests investigated in the 27 articles included in this qMA are 

presented in Table 3, where data was available. Arbyn et al. (2008b), Sankaranarayanan et al 

(2003b), and Shastri et al. (2005) reported DTA data of VIA, VILI, and/or VIAM from a multi-

center study in India and Africa conducted by the WHO IARC, as part of the Alliance for Cervical 

Cancer Prevention. The primary aim of most studies was to evaluate the DTA of cervical cancer 

screening with VI techniques alone, in parallel, or in combination with other screening tests like 

physician or self-collected HPV samples and cytology. Both Bhatla et al. (2004) and Sherigar et 
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al. (2010) set out to compare the performance of VI by nurses versus physicians. Two studies 

looked at age differences, with Cremer et al. (2011) evaluating the visibility of the SCJ in women 

over 50 years of age and Dasgupta and Bhattacharya (2012) comparing the proportion of CIN 2/3 

lesions in women less than and over 40 years of age. McAdam et al. (2010) evaluated the 

prevalence of high risk HPV in screen naive women over 30 years of age (p. 1). Data was 

collected over 18 years, between 1996 (Gaffikin et al., 1999) and 2013 (Joshi et al., 2015). The 

majority of studies were conducted in Asia (India, China, Bangladesh, and the Philippines) and 

Africa (Angola, Democratic Republic of Congo, Kenya, Tanzania, Zambia, and Zimbabwe). 

Women from Central America (El Salvador), South America (Colombia), and the Pacific 

(Vanuatu) were also represented in these studies. Seventeen of 27 studies reported participants 

living in urban (12 studies), suburban (one study), rural (three studies), or mixed (one study) 

settings and 20 indicated that cervical cancer screening with VI was done in either a primary care 

clinic (nine studies), specialty clinic (eight studies), or hospital (three studies) clinical setting. 

Demographic data was inconsistent and variable between studies and was sometimes reported in 

a journal article separate from that reporting DTA data. Specifically, Sankaranarayanan et al. 

(2004a), Belinson et al. (2001b), and Sahasrabuddhe et al. (2010) reported more detailed 

descriptions and demographic data than Arbyn et al. (2008b), Belinson et al. (2001a), and 

Sahasrabuddhe (2012), respectively. Age was reported in some form in all studies and ranged 

between 15 (Li et al., 2009) and 79 (Cremer et al., 2011), with most of participants between the 

ages of 30 and 40. Six studies reported more than 30% of women had had no formal education 

and eight had more than 50% with secondary or greater levels of education. Twenty two studies 

presented data on parity. Table 3 may be referred to for more specific and detailed demographic 

information.  

The colposcopy reference thresholds of interest were CIN 2+ and CIN 3+, as they are 

both good indicators of progression to more severe neoplastic cervical changes (Prat & 

Francheschi, 2014). Table 4 shows that a colposcopic reference threshold of CIN 2+ was used in 

20 studies and CIN 2+ and CIN 3+ were used in 7 studies. Therefore, DTA data at the CIN 2+.
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Table 3 

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Arbyn et al. 
(2008b)1

"To compute overall sensitivity, 
specificity, PPV, NPV, and 
pooled relative accuracy of the 
screening tests...(and 
explore)...sources of 
heterogeneity" (p. 153).

3/99 to 
3/03

Burkina- 
Fasso 
Congo 
Guinea  
India      
Mali     
Niger

25-65      
3679 25-29 

28250 30-39 
16905 40-49 
5491 50-59 
657 60-652

32% none
4% 0  

48% 1-3 
48% ≥ 4

VIA 
VILI

Belinson et al. 
(2001a)3

"to determine the sensitivity 
and specificity...of six 
screening technologies" (p. 
439).

6-7/99 China urban Hosp 35-45 
39.1±3.16

0-7 Mean 
2.6±0.93

VIA 
VILI

Bhatla et al. 
(2004)4

To assess performance of VIA 
and VILI by doctor and nurse to 
determine the efficacy of 
training a paramedical worker 
in visual inspection through 
concordance of VIA and VILI 
results by doctor and nurse (p. 
33).

1-4/03 India urban SC 30-74       
64% 30-39

35% none 
13% primary 

52% ≥ 
secondary

33.3% ≥ 4 VIA 
VILI

Summary of Included Studies
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Bhatla et al. 
(2012)4

"Women at high risk 
of...cervical cancer were 
screened using conventional 
cytology, HPV testing of 
samples collected by the 
patient herself and by health 
care providers, VIA, and 
colposcopy. The joint test 
qualities of various simulated 
combinations of the tests were 
studied and compared to 
individual tests to determine 
the optimum screening 
strategy" (p. 133).

9/01 to 
9/05

India urban SC Median 36 
72.6% 30-40

42% none 36.4% ≥ 4 VIA  

Chung et al. 
(2013)5

"To determine the sensitivity, 
specificity, PPV, and NPV of 
Pap smear, VIA, HPV and their 
combinations among HIV 
positive women" (p. 2910).

6/09 to 
11/09

Kenya urban SC

Median 38 
12% 18-29  
45% 30-39 
35% 40-49  
7%  >50

2% none 
19% primary 

51% 
secondary 

28% college

VIA

Cremer et al. 
(2011)6

"To evaluate the visibility of the 
SCJ when VIA was performed 
in women over the age of 50 
years. A secondary objective 
was to compare the detection 
of lesions by VIA with that by 
Pap smear in this population, 
using biopsy readings as the 
gold standard" (p. 68).

1/07 to 
12/09

El Salvador rural PCC

50-79       
37% 50-54 
27% 55-59 
20% 60-64  
6% 65-69   
8% 70-74   
3% 75-79

3% 0 22% 
1-4 36% 5-
8 41% ≥ 9

VIA
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Dasgupta & 
Bhattacharya 
(2012)

"To determine whether a 
difference exists between 
proportion of CIN II/III lesions, 
detected on cervical biopsy, 
among screen-positive women 
of age group <40 years and 
≥40 years undergoing 
screening by Pap smear and 
VIA" (p. 1732).

4/06 to 
3/09

India urban SC

Mean 
29.6±7.4 in 
<40 group 

Mean 
50.5±7.2 in 
≥40 group

58% < 8th 
grade

Mean 1 in 
<40 group 
Mean 3 in 
≥40 group

VIA

De Vuyst et al. 
(2005)7

"Reports on the test qualities 
of Pap smear, visual inspection 
with acetic acid, cervicography 
and DNA-PCR testing for 
human papillomavirus" (p. 121).

1/98 to 
7/00

Kenya urban PCC Mean 35.8 Mean 2.9 VIA

Deodhar et al. 
(2012)

To "describe the performance 
of cytology and visual 
screening in detecting high-
grade CIN in the Indian field 
studies as part of the START 
project…and…investigate 
biopsies for p16INK4a 
expression and HPV infection 
to validate histopathology" (p. 
E955).

5/06 to 
4/07

India rural PCC 30-49 57% none 39% ≥ 3 VIA 
VILI
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Gaffikin et al. 
(1999)

To "assess the specificity and 
sensitivity of VIA done by non-
physicians in a primary care 
setting. A secondary objective 
was to compare these test 
qualities with those of the Pap 
smear" (p. 869).

10/96 
to 8/97

Zimbabwe rural PCC 25-55      
Mean 33.2

6% none; 
47% 1-7 

years 47% 8-
12 years, 
0.3% > 12 

years

VIA

Joshi et al. (2013)5 "We evaluated the concurrent 
performance of cytology, HPV 
testing using Hypbrid Capture 
2 (HC2), VIA and VILI in 
detecting CIN2 and 3 lesions, 
and the feasibility  and efficacy 
of treatment of CIN using cold 
coagulation among HIV-
infected women" (p. 608).

9/10 to 
11/11

India

418 
(37.1%) 

rural, 
235 

(20.8%) 
semi 

urban, 
475 

(42.1%) 
urban

SC

21-57    
17.4% 21-29 
60.7% 30-39 
17.7% 40-49 
4.2% 50-57

13% none, 
6.5% 

primary 
17.7% 
middle 

34.4% high 
school 
28.4% 
college

7.8% 0 
63.5% 1-2 
28.7% ≥ 3

VIA 
VILI

Joshi et al. (2015) To evaluate the feasability of a 
cervical cancer prevention 
programme and accuracy of 
conventional cytology, VIA, 
and VILI in cervical cancer 
screening and immediate 
treatment for CIN using an 
ablative method (p. 478).

10/12 
to 2/13

India urban PCC

21-58      
Mean 33.6 

38.7% 21-29 
61.3% ≥ 30

75% none 23% 0 VIA
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Li et al. (2009) To "evaluate the performance 
and variability of various 
screening approaches among 
three population-based 
samples of women from the 
People's Republic of China" (p. 
532).

 China Hosp

15-59 
Liaoning 

17.3% 15-29 
27.6% 30-39 
27.3% 40-49 
27.8% 50-59 
Guangdong 

31.1% 15-29 
34.3% 30-39 
26.3% 40-49 
8.3% 50-59

Liaoning 
45.4% 

Guangdong 
79.9% 

secondary 
education

VIA

Mabeya et al. 
(2012)5

"To determine the accuracy of 
VIA versus conventional Pap 
smear as a screening tool for 
CIN/cancer among HIV infected 
women...with biopsy as the 
reference gold standard" (p. 2).

Kenya SC
20-45      

Mean 34 Mean 3.1 VIA

McAdam et al. 
(2008)

To evaluate the prevalence of 
high risk HPV infection and 
cervical precancer and the 
efficacy of screening and 
treatment strategies in healthy 
screen naive women over 30 
years of age (p. 1).

2006 
& 

2008
Vanuatu

30-50      
Mean 39±6 VIA
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Murillo, et al. 
(2010)

"To assess the accuracy of 
naked-eye visual inspection 
combining VIA and VILI 
performed by nurses" (p. 230).

2/07 to 
11/08

Colombia urban 25-59     
Mean 39±9 

15.6% 25-29 
34.4% 30-39 
32.1% 40-49 
17.9% 50-59

0.5% none 
44.8% 

elementary 
47.9% high 

school 5.2% 
college

VIA

Muwonge et al. 
(2010)

To 'assess the performance of 
visual screening tests to detect 
high-grade CIN in a cross-
sectional study with minimal 
verification bias" (p. 68).

2002 
to 

2006

Angola 25-59       
45% 25-34 
36% 35-44 
20% 45-59

14% none 58% ≥ 4 VIA 
VILI

Nessa et al. 
(2013)

To compare the efficacy of VIA 
and cytology-based screening 
methods (p. 7608).

10/08 
to 

10/10

Bangladesh urban SC 30-45       
52% 30-35 

31.1% 36-40 
16.9% 41-45

12.9% none 
38.2% 
primary 
23.2% 

secondary 
10.5% 
college 
15.2% 

graduate

3.9% 0 
77.8% 1-2 
18.3% ≥ 3

VIA
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Ngelangel et al. 
(2003)

To evaluate the sensitivity and 
the specificity of VIA, VIAM, 
spatula and cervical brush Pap 
smears using colposcopy 
directed biopsy as the gold 
standard and to compare the 
endocervical cell and optimal 
smear slide yields of both Pap 
smear techniques. Also 
assessed the reliability of 
pathologists performing 
cytologic evaluations and the 
patient's and health worker's 
acceptability of screening 
methods (p. 142).

Philippines Hosp
25-65      

Mean 39

18% primary 
35% 

secondary 
38% college 

Mean 3.4
VIA 

VIAM

Ngoma et al. 
(2010)

The performance 
characteristics of screening 
with VIA and VILI were 
evaluated for detecting cervical 
cancer precursors.

12/02 
to 8/07

Tanzania

25-59      
3522 25-34 
4011 35-44 
2845 45-59

10% none 50% ≥ 4
VIA 
VILI

Sahasrabuddhe et 
al. (2006)5

"To evaluate the accuracy of 
VIA among HIV-infected 
women" (p. 45).

7/04 to 
9/04 Zambia urban SC 23-49      

Mean 36.3

53% 
none/some 

47% ≥ 
secondary

14% 0 
80% ≥ 1

VIA

Sahasrabuddhe et 
al. (2012)5,8

To conduct "a cross-sectional 
study to...evaluate the clinical 
accuracy of VIA and cytology 
among HIV infected women" 
(p. 235).

9/06 to 
2/07

India urban SC Median 30
37.7% 
primary Median 2 VIA
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Sangwa-Lugoma 
et al. (2006)

To determine the diagnostic 
performance of VIA and VILI 
compared with cytology (p. 
1389).

11/03 
to 4/04

Democratic 
Republic of 

Congo 
(DRC)

suburb
an PCC

≥30        
34.6% 30-39 
36.4% 40-49 

29% 50+

19.6% none 
46.6% 
primary 
33.4% ≥ 

secondary

9.2% 0-1 
32% 2-5 

45.9% 6-9 
12.4% ≥ 

10

VIA 
VILI

Sankaranarayanan 
et al. (2003b)

To investigate the test 
characteristics of VIA and VILI 
and compare them with 
cytology (p. 404).

1998 
to 

2000
India PCC

25-65     
39.9% 25-39 
38.9% 40-49 
21.2% 50-65

88.3% 1-4 
11.6% ≥ 5

VIA 
VILI

Sankaranarayanan 
et al. (2004c)

To conduct "three cross-
sectional studies...to 
simultaneously evaluate the 
test characteristics of VIA and 
VIAM…(and)...to assess 
whether magnification is of any 
value in improving the 
performance of visual 
screening" (p. 345-6).

2000 
to 

2003
India urban PCC

25-65      
0.2% 25-29 

63.9% 30-39 
26.3% 40-49 
9.7% 50-652

63% none 39.9% > 3 VIAM

Shastri et al. 
(2005)

To concurrently evaluate the 
test characteristics of 
cytology, VIA, VILI, VIAM, and 
HPV to screen for cervical 
cancer precursors (p. 187).

2001 
to 

2003
India urban PCC

30-65     
43.2% 30-39 
40.9% 40-49 
15.5% 50-59 
0.5% 60-65

7.4% 
primary 
18.8% 
middle 
24.5% 

secondary 
27.3% 

graduate

2.6% 0 
33% 1-2 

44.9% 3-4 
19.6% ≥ 5

VIA 
VILI 

VIAM
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Table 3, cont.

Author(s) (Year) Aim Time-
frame

Country Setting Clinical 
Setting

Age Range Education Parity Index 
Test(s)

Sherigar (2010)4 To find the variability and 
concordance of VIA between 
nurses and physicians and to 
asess the feasability of 
implementing VIA by a 
paramedical worker (p. 323).

4/08 to 
10/09

India urban Hosp Mean 35 
42.6% 30-39

50% 2  
26.8% 3 
9.8% ≥ 4

VIA

DNA-PCR = deoxyribonucleic acid polymerase chain reaction, DRC = Democratic Republic of Congo, Hosp = hospital
NA = not applicable, NPV = negative predictive value, PCC = primary care clinic, PPV = positive predictive value, 
SC = specialty clinic, START = Screening Technologies to Advance Rapid Testing, Please see list of abbreviations for any 
additional clarifications.

7Demographic data on 548 women, excluding 105 women with abnormal Pap smears included in the study
8Most participant demographic data taken from Sahasrabuddhe et al. (2010)

6Providers were OB/GYNs, 4th year OB/GYN residents, or Nurse Practitioners and all were included under physician provider type and 
only included women > 50

1Most participant demographic data taken from Sankaranarayanan et al. (2004b)
2Includes all participants from all study sites in aggregate
3Most participant demographic data taken from Belinson et al. (2001b)
4Participants with presenting symptoms, such as vaginal discharge or post coital bleeding, etc.
5HIV positive participants
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reference threshold was available from all included studies, with only seven studies also offering 

DTA data at the CIN 3+ reference threshold  

VIA studies. The 26 studies reporting DTA data for VIA from 34 individual study sites 

and a total of 109,745 participants are summarized in Table 3 and 4. Eight studies and eight 

study sites (13,166 participants) used physicians, either general practitioners or OBGYNs as VIA 

providers. However, it is important to note that Cremer et al. (2011) included colposcopy trained 

nurse practitioners as VIA providers alongside OBGYNs and 4th year OBGYN residents, yet VIA 

DTA data from Cremer et al. (2011) was stratified under physician provider type. Seventeen 

articles with 42,667 participants provided DTA on VIA conducted by licensed nurses, including 

registered nurses and nurse midwives. Three articles and 10 study sites with 53,912 participants 

reported DTA data for VIA conducted by CHWs, including high school graduates (Shastri et al., 

2005), cytotechnicians (Sankaranarayanan et al., 2003b), and university graduates (Arbyn et al., 

2008b). All studies, except Cremer et al. (2011), Joshi et al. (2015), Li et al. (2009), Mabeya et al. 

(2012), and Muwonge et al. (2010), described some aspect of VIA provider training. Chung et al. 

(2013), Joshi et al. (2013), Mabeya et al. (2012), Sahasrabuddhe et al. (2006), and 

Sahasrabuddhe et al. (2012) investigated VIA in women with HIV. Bhatla et al. (2004), Bhatla et 

al. (2012), and Sherigar et al. (2010) all included symptomatic women with complaints of vaginal 

discharge and post coital bleeding. In addition, Bhatla (2004) and Bhatla (2012) included women 

with intermenstrual bleeding, Sherigar et al. (2010) had women with postmenopausal bleeding, 

and Bhatla et al. (2004) and Sherigar et al. (2010) had women referred for a suspicious looking 

cervix. Fifty seven percent (312) of women presented with vaginal discharge, 7.5% (41) 

complained of intermenstrual bleeding, and 3.33% (18) presented with post coital bleeding in 

Bhatla et al. (2012). Approximately 64% of women were referred for complaints of vaginal 

discharge, 21% for a suspicious looking cervix, 5.6% for post coital bleeding, and 6.6% for 

postmenopausal bleeding in Sherigar et al. (2010). Although De Vuyst et al. (2005) and Gaffikin 

et al. (1999) did not recruit a purposive sample of symptomatic women, De Vuyst et al. (2005) 

included 105 out of 653 women who had been referred for clinical complaints or abnormal Pap 

smear and Gaffikin et al. (1999) reported that about 68% of women in phase 1 and 84% of  
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Table 4 

Summary of VIA Studies

Author(s) (Year) Country Study Site Physician (N) Nurse (N) CHW (N) Training 
Reported

HIV+ Symp+

Arbyn et al. (2008) Burkina Fasso Burkina Fasso 2,051 X
DRC Congo 6,935 X

Guinea Guinea 8,627 X
India Jaipur 5,786 X
India Kolkata 1 5,894 X
India Kolkata 2 8,080 X
Mali Mali 5,552 X
Niger Niger 2,534 X
India Trivandrum 2 4,759 X

Belinson et al. (2001a) China 1,997 X
Bhatla et al. (2004) India 100 X X
Bhatla et al. (2012) India 512 X X
Chung et al. (2013) Kenya 467 X X
Cremer et al. (2011) El Salvador 578
Dasgupta & Bhattacharya (2012) India 4,873 X
Deodhar et al. (2012) India 5,519 X
De Vuyst et al. (2005) Kenya  653 X
Gaffikin et al. (1999) Zimbabwe 2,130 X
Joshi et al. (2013) India 1,128 X X
Joshi et al. (2015) India 296
Li et al. (2009) China 1,819
Mabeya et al. (2012) Kenya 150 X
McAdam et al. (2010) Vanuatu 486 X
Murillo et al. (2010) Colombia 4,957 X  
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Table 4, cont.

Author(s) (Year) Country Study Site Physician (N) Nurse (N) CHW (N) Training 
Reported

HIV+ Symp+

Muwonge et al. (2010) Angola 8,849 X
Nessa et al. (2013) Bangladesh 616
Ngelangel et al. (2003) Philippines 2,777 X
Ngoma et al. (2010) Tanzania 10,374 X
Sahasrabuddhe et al. (2006) Zambia 150 X X
Sahasrabuddhe et al. (2012) India 303 X X
Sangwa-Lugoma et al. (2006) DRC 1,528 X
Sankaranarayanan et al. (2003b) India Trivandrum 1 4,444 X
Shastri et al. (2005) India Mumbai 4,009 X
Sherigar et al. (2010) India 406 406 X X

Total N (# of Cases): 13,166 42,667 53,912
CHW = community health worker, DRC = Democratic Republic of Congo, Symp+ = gynecological symptoms  
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women in phase 2 of their study had current and observed symptoms of sexually transmitted 

infections. An overall summary of included VIA studies is presented in Table 4 and 5. 

Important observations regarding case exclusions and inclusion of physician provider 

type should be noted for the study by Ngelangel et al. (2003). They had sites in nine hospitals 

and five community centers located in three regions located throughout the Philippines 

(Ngelangel et al., 2003, p. 142-143). The authors mention that this limited the transfer of 

personnel from one center to the other, therefore, “the reliability of the examination by all 

screening and colposcopy personnel of a random 30 subjects per center was not assessed” 

(Ngelangel et al., 2003, p. 144). The reasoning for this was not explicit, but for the purpose of this 

study it was assumed that these 30 random subjects from each of 14 study sites were not 

included in their final calculations of sensitivity and specificity. Raw 2x2 table data was not 

provided. In addition, although both nurses and physicians were used as VIA and VIAM 

providers, only the DTA data for physicians were included, as the DTA measures were split into 

those for “community centers” and “hospital centers” and only physicians were used in the 

hospital whereas a mix of physicians and nurses were used in the community. Physician and 

nurse DTA measures were not reported separately in the community centers. Therefore, 270 

random subjects seen in the hospital setting were excluded from analysis of DTA and only 

physician data was utilized from Ngelangel et al. (2003). 

procedure. The VIA procedure was generally consistent across studies, with slight 

variations in percentage of AA, duration of AA wash, and light source. All procedure descriptions 

used an AA preparation diluted to 3-5% AA that was applied to the cervix for one minute prior to 

diagnostic evaluation. However, Chung et al. (2013) and DeVuyst et al. (2005) conducted a two 

minute wash, Nessa et al. (2013) a one to two minute wash, and Bhatla et al. (2012), Cremer et 

al. (2011), Dasgupta and Bhattacharya (2012), Gaffikin et al. (1999), and Sahasrabuddhe et al. 

(2012) did not specify the amount of time for the AA wash. Light sources were described in some 

studies. VIA was aided by a 60 watt tungsten bulb in Sangwa-Lugoma et al. (2006), a 100 watt 

tungsten bulb in Belinson et al. (2001a), a 100 watt bulb in Sahasrabuddhe et al. (2006), Sherigar 

et al. (2010), and Nessa et al. (2013), a flashlight in Gaffikin et al. (1999), and a halogen lamp in 
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Arbyn et al. (2008b), DeVuyst et al. (2005), Li et al. (2009), and Shastri et al. (2005). Thus, the 

most common VIA procedure utilized was a 3-5% AA wash for 1 minute observed with a halogen 

light source. 

diagnostic threshold. VIA index test diagnostic threshold criteria were reasonably 

uniform and most studies referred specifically to the WHO (Sankaranarayanan & Wesley, 2003) 

definition of positive VIA or used similar criteria. The WHO defines a positive VIA as one 

revealing a well-defined, sharp, distinct, dense AW area(s) with or without raised margins abutting 

the SCJ in the TZ, strikingly dense AW area(s) in the columnar epithelium, and/or condyloma and 

leukoplakia close to the SCJ turning intensely white after the application of AA (Sherigar et al., 

2010). De Vuyst et al. (2005) referred to a positive VIA as one showing an AW lesion “close to the 

os” (p. 122). Li et al. (2009) and Belinson et al. (2001a) stated that at least one distinct AW lesion 

must be abutting the SCJ for VIA to be positive. Dasgupta and Bhattacharya (2012), as described 

in Sankaranarayanan et al. (2004a), also mentioned an AW lesion at the exterior os if the SCJ 

was not visible. Joshi et al. (2015) had a less detailed description of a positive VIA threshold, an 

“AW lesion touching the SCJ” (p. 478). Cremer et al. (2005), Cremer et al. (2011), and Sangwa-

Lugoma et al. (2006) did not specify the location of, but just the presence of an AW lesion. More 

stringent criteria than that of the WHO IARC were offered by Gaffikin et al. (1999) and Ngelangel 

et al. (2003). The study by Gaffikin et al. (1999) was completed prior to the establishment of WHO 

IARC VIA diagnostic threshold criteria and they defined a positive VIA as a cervix with “white 

plaques, ulcer, AW cauliflower like growth, and/or fungating mass” (p. 870). Ngelangel et al. 

(2003) referred to a positive VIA as observation of a “grossly elevated mass, AWing, leukoplakia, 

punctuation, vesivulvar lesion, or mosacism” (p. 143). Most studies used the WHO IARC or 

similar VIA diagnostic threshold criteria and those that did not required the presence of one or 

more distinct AW lesions on the cervix. 

VILI studies. Summaries of the 10 studies presenting DTA data for VILI from 17 study 

sites and a total of 80,840 women are given in Tables 3 and 5. One study with 100 women 

provided DTA data for VILI by physicians in India (Bhatla et al., 2004). Eight articles had 32,727 

participants given VILI by nurses in Angola, DRC, India, Tanzania, and Vanuatu. Three studies 
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involving nine study sites and 48,013 women were provided VILI by CHWs. CHWs were auxiliary 

nurse midwives in Burkina Fasso, DRC, Guinea, Mali, and Niger, cytotechnicians in Trivandrum 

1, high school graduates in Mumbai, and university graduates in Jaipur and Kolkata 2. Bhatla et 

al. (2004) included symptomatic women with complaints of vaginal discharge, intermenstrual 

bleeding, post coital bleeding, or an “unhealthy” cervix on exam. Participants in the study by Joshi 

et al. (2013) were HIV positive. The overall summary of VILI studies is presented in Tables 4 and 

6. 

procedure. The VILI procedure was most often described as observation of the cervix 

after the application of Lugol’s iodine. Bhatla et al. (2004) was the only study to detail the proper 

preparation and storage of Lugol’s iodine as “six grams of potassium iodide added to 100mL of 

distilled water and four grams of iodine crystals” (p. 33). A halogen lamp source was used by 

Arbyn et al. (2008b) and Shastri et al. (2005) and a 60 watt tungsten bulb was used by Sangwa-

Lugoma et al. (2006).  

diagnostic threshold. The VILI diagnostic thresholds were similarly defined in all VILI 

studies as an area of yellow iodine non-uptake. The WHO (Sankaranarayanan & Wesley, 2003) 

definition of VILI positive was used by Bhatla et al. (2004), Deodhar et al. (2012), 

Sankaranarayanan et al. (2003b), McAdam et al. (2010), and Ngoma et al. (2010) and is defined 

as a “well defined, dense, thick, bright, mustard-yellow or saffron-yellow, iodine non-uptake 

area(s) touching the SCJ or circumorificial, well defined, thick dense, yellow lesion, occupying a 

large portion of the cervix, or a growth on the cervix that turns yellow” (Sankaranarayanan et al., 

2003b, p. 405). A VILI suspicious of CIN was defined as a diffuse yellow area in the TZ or interior 

demarcation within immature, yellow-brownish TZ by Sangwa Lugoma et al. (2006). A positive 

VILI was considered if "yellow, iodine non-uptake area(s) were visualized close to the SCJ or if 

the entire cervix or a growth on the cervix turned yellow” (Shastri et al., 2005, p. 188) by Shastri 

et al. (2005) and Joshi et al. (2013). The presence of "dense, thick, bright, mustard-yellow or 

saffron-yellow areas found on the cervix in the TZ” was used by Muwonge et al. (2010, p. 69). 

Therefore, if an area of yellow iodine non-uptake close to the SCJ or in the TZ or if there was a 

dense cervical growth that turned yellow anywhere on the cervix, VILI was considered positive.  
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Table 5 

Summary of VILI Studies

Author(s) (Year) Country Study Site Physician 
(N)

Nurse     
(N)

CHW      
(N)

Training 
Reported

HIV+ Symp+

Arbyn et al. (2008) Burkina Fasso Burkina Fasso 2,051 X
DRC Congo 6,934 X

Guinea Guinea 8,627 X
India Jaipur 5,786 X
India Kolkata 2 8,076 X
Mali Mali 5,552 X
Niger Niger 2,534 X
India Trivandrum 2 4,759 X

Bhatla et al. (2004) India 100 100 X X
Deodhar et al. (2012) India 5,519 X
Joshi et al. (2013) India 1,127 X X
McAdam et al. (2010) Vanuatu 485 X
Muwonge et al. (2010) Angola 8,842 X
Ngoma et al. (2010) Tanzania 10,367 X
Sangwa-Lugoma et al. (2006) DRC 1,528 X
Sankaranarayanan et al. (2003b) India Trivandrum 1 4,444 X
Shastri et al. (2005) India Mumbai 4,009 X

Total N (# of Cases): 100 32,727 48,013
CHW = community health worker, DRC = Democratic Republic of Congo, Symp+ = gynecological symptoms
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VIAM studies. Three studies presented DTA data for VIAM from four study sites in the 

Philippines and India from a total of 20,284 participants and are synopsized in Table 6. VIAM 

provider training was described in all three studies of VIAM and none of the participants were HIV 

positive or symptomatic. VIAM was provided to 2,777 women by physicians in the Philippines and 

to 17,507 women by CHWs in India. The CHWs were university graduates in Kolkata 1 and 2 

(Sankaranarayanan et al., 2004c) and high school graduates in Mumbai (Shastri et al., 2005). No 

studies utilized nurses as VIAM provider. Tables 3 and 6 provide in depth information about each 

included VIAM study. 

As was noted under the summary of included studies in the VIA section, only VIAM DTA 

data for physicians providing VIAM in the hospital from Ngelangel et al. (2003) were included in 

this qMA. In addition, 270 random subjects were excluded from their study calculations of 

sensitivity and specificity.  

procedure. The VIAM procedure mirrored VIA, but observations were made with various 

hand held magnifying lenses. VIAM consisted of a 4% AA wash for one minute followed by 

visualization with a 6 x 16 magnification speculoscope (Trylon, USA) in Ngelangel et al.’s (2003) 

study. One minute after a 4% AA wash, the cervix was observed with 4x magnification using a 

halogen lamp in Kolkata 2 and Mumbai (Sankaranarayanan et al., 2004c; Shastri et al., 2005) 

and in Kolkata 1 a 4x magnification AviScope™ with a built-in rechargeable light source was used 

(Sankaranarayanan et al., 2004c). In VIAM, observation of the cervix after the application of AA 

was done with a handheld device that varied from 4 and 16 x magnification between studies. 

diagnostic threshold. VIAM diagnostic thresholds were described as “definite AW 

lesions visualized close to the SCJ, or if the entire cervix or a growth on the cervix turned AW (p. 

188)” in Shastri et al. (2005), as “Opaque, dull, well-defined confluent AW lesions touching the 

SCJ or close to the external os. Large, opaque, dense, well defined, AW lesions surrounding the 

cervical os. Warts and leukoplakia close to the SCJ turning intensely white after application of AA, 
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Table 6 

Summary of VIAM Studies

Author(s) (Year) Country Study Site Physician 
(N) Nurse (N) CHW (N) Training 

Reported HIV+ Symp+

Ngelangel et al. (2003) Philippines 2,777 X

Sankaranarayanan et al. (2004) India Kolkata 1 5,893 X

India Kolkata 2 7,605 X
Shastri et al. (2005) India Mumbai 4,009 X

Total N (# of Cases): 2,777 0 17,507
CHW = community health worker, DRC = Democratic Republic of Congo, Symp+ = gynecological symptoms
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dense, opaque AWing of clinically visible ulceroproliferative growth of the cervix (p. 347)” in 

Sankaranarayanan et al. (2004c), and as "grossly elevated mass, AWing, leukoplakia, punctation, 

vesivular lesion, or mosaicism” (p. 143), by Ngelangel et al. (2003).  

QUADAS-2 Quality Assessment 

The revised QUADAS-2 tool and instructions (Appendix B) guided assessment of the risk 

of bias and applicability concerns for each studies’ patient selection methods, use of the index 

test, and use of reference test. The risk of bias related to each studies’ flow and timing was also 

assessed. The results of the QUADAS-2 quality ratings included VIA, VILI, and VIAM studies are 

summarized in Tables 7, 8, and 9.  

VIA. Table 7 summarized the QUADAS-2 ratings for included VIA studies. Thirty eight 

percent of VIA studies had a low risk of bias for patient selection, 58% had a high risk, and four 

percent had an unclear risk. Fifty eight percent of included VIA studies had a patient sample 

applicable to the cervical cancer screening population of interest to this qMA’s primary research 

question, 38% were not optimal, and four percent were unclear. The majority (88%) of included 

VIA studies had a low VIA procedure risk of bias, however, the risk of bias for the VIA procedure 

was unclear in three studies (12%). The applicability of the VIA procedure was unclear in one of 

the included VIA studies, otherwise there were low applicability concerns. Sixty two percent of 

VIA studies had a high risk of bias related to the colposcopic reference standard and half of the 

remaining 38% were rated low risk, with the other half being unclear. The colposcopic reference 

standard in all VIA studies were applicable to this qMA. Study flow and timing for 46% of VIA 

studies had a low risk of bias, 19% had a high risk, and 35% were unclear as to their risk of bias.  

patient selection bias. Studies with low risk of bias for patient selection typically 

recruited women through community outreach and health education, including radio and TV 

messages (Arbyn et al., 2008b). A random or consecutive sample of women attending study 

clinics were then consented and enrolled in the studies and all avoided a case control study 

design. Studies assigned a low risk of bias for patient selection also avoided inappropriate 

exclusions. A high risk patient selection bias was assessed for Deodhar et al. (2012), as women 

were consented and enrolled into the study in the community rather than upon presentation at the 
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study clinic. Additionally, Deodhar et al. (2012) only enrolled married women within a narrow age 

range of 30-49 years of age and was therefore given a high risk of bias. Cervical cancer 

screening is recommended for women 21-65 years of age by the American Society of 

Colposcopy and Cervical Pathology (2012) and marriage should not determine a woman’s 

screening needs. Cremer et al. (2011) had a high risk of bias for patient selection by only 

including women greater than 50 years of age, along with Nessa et al. (2013), who only included 

women 30-45 years of age. Sangwa-Lugoma et al. (2010) only included women over 30 years of 

age and Belinson et al. (2001a) only included screen naïve women 35-45 years of age. Mc Adam 

et al. (2008) also had a limited participant age range between 30 and 50 years of age, but was 

labeled as having a low risk of bias through reviewer consensus. Bhatla et al. (2004) and (2012) 

only included married women and Bhatla et al. (2004) also limited enrollment to women greater 

than 30 years of age, but more importantly, a high risk of bias was assigned to these studies 

related to only including symptomatic women. Symptoms included, but were not limited to 

abnormal vaginal discharge, intermenstrual bleeding, and post coital bleeding. This was also the 

case for the study by Sherigar et al. (2010). Patient selection bias was also high for those studies 

that only selected participants infected with HIV (Chung et al., 2013; Joshi et al., 2013; Mabeya et 

al., 2012; Sahasrabuddhe et al., 2006; Sahasrabuddhe et al., 2012). Another reason for a high 

risk of patient selection bias was attributed to using a convenience sample of female sex workers 

(Joshi et al., 2015). An unclear risk of bias was assigned to Ngoma et al. (2010), as there was no 

mention as to whether or not they excluded women with a history of cervical cancer, CIN, or 

cervical treatment.  

patient selection applicability. High applicability concerns were given to those studies 

that included symptomatic women (Bhatla et al., 2004; Bhatla et al., 2012; Sherigar et al., 2010) 

or HIV positive women (Chung et al., 2013; Joshi et al., 2013; Mabeya et al., 2012; 

Sahasrabuddhe et al., 2006; Sahasrabuddhe et al., 2012). DeVuyst et al. (2005) had applicability 

concerns related to 105 of 653 women in the study having been referred for abnormal Pap smear, 

therefore not a screening population. The convenience sample of female sex workers recruited in 
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Joshi et al. (2015) did not fit a typical cervical cancer screening population either and was labeled 

a high risk for patient selection applicability concerns. As with patient selection risk of bias,  

Table 7 

QUADAS-2 Quality Ratings for Included VIA Studies

Study Patient 
Selection

VIA 
Index 
Test

Colpo 
Reference 
Standard

Flow & 
Timing

Patient 
Selection

VIA 
Index 
Test

Colpo 
Reference 
Standard

Arbyn (2008) Low Low High Low Low Low Low
Belinson (2001a) High Low Low Low Low Low Low
Bhatla (2004) High Low High Unclear High Low Low
Bhatla (2012) High Low Low Low High Low Low
Chung (2013) High Low Low Unclear High Low Low
Cremer (2011) High Low Low Low Low Low Low
Dasgupta & 
Bhattacharya Low Unclear Low Unclear Low Low Low

Deodhar (2012) High Low High High Low Low Low
De Vuyst (2015) Low Low Unclear Low High Low Low
Gaffikin (1999) Low Low High Low Low Low Low
Joshi (2013) High Low High High High Low Low
Joshi (2015) High Low High Low High Low Low
Li (2009) Low Low High Unclear Low Low Low
Mabeya (2012) High Unclear Unclear Unclear High Unclear Low
McAdam (2010) Low Unclear Unclear Unclear Low Low Low
Murillo (2010) High Low High Unclear Low Low Low
Muwonge (2010) Low Low Unclear High Low Low Low
Nessa (2013) High Low Unclear Low Low Low Low
Ngelangel (2003) Low Low High Unclear Low Low Low
Ngoma (2010) Unclear Low High High Unclear Low Low
Sahasrabuddhe 
(2006)

High Low High Unclear High Low Low

Sahasrabuddhe 
(2012)

High Low High Low High Low Low

Sangwa-Lugoma 
(2006)

High Low High Low Low Low Low

Sankaranarayanan 
(2003b)

Low Low High Low Low Low Low

Shastri (2005) Low Low High High Low Low Low
Sherigar (2010) High Low1 High Low High Low Low
1"Low" risk of bias for VIA nurse providers and "Unclear" risk of bias for VIA physician
providers.

Risk of Bias Applicability Concern

 

Inexplicit descriptions of patient selection methods and demographics in Ngoma et al. (2010) 

made it difficult to characterize the sample’s applicability rating and was therefore labeled as 

unclear. 
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VIA index test bias. The majority (88%) of included VIA studies had a low risk of bias for 

the VIA procedure itself. However, the risk of bias in three studies (12%) was unclear. Dasgupta 

and Bhattacharya (2012) and Mabeya et al. (2012) did not explicitly state whether VIA was 

interpreted without knowledge of the colposcopic reference test results and there was no 

description of procedural order or whether or not VIA was interpreted prior to colposcopy in 

Mabeya et al. (2012). It was also unclear in McAdam et al.’s (2008) study, as they did not specify 

whether or not the obstetricians and gynecologists doing VIA were the same or different from the 

gynecologists conducting colposcopy. 

VIA index test applicability. Only one of the included VIA studies was unclear as to 

applicability to this qMA, but only because the VIA procedure was not described in detail (Mabeya 

et al., 2012).  

colposcopy reference standard bias. If colposcopy is used as the reference standard, 

then colposcopy with directed biopsy and random biopsy of colposcopy negatives may provide 

the best gold standard (Pretorious et al., 2004). However, inclusion/exclusion criteria for this 

study considered colposcopy with directed biopsy an acceptable reference standard, as it is 

commonly used, the least invasive, and with fewer side effects. Those classified as a low risk of 

bias were due to the performance of random biopsies on colposcopy negatives, with Belinson et 

al. (2001a) taking biopsies at 4, 8, 10, and 12 o’clock, Bhatla et al. (2012) taking an endocervical 

curettage, Chung et al. (2013) performing a biopsy at 12 o’clock, Cremer et al. (2011) had 

biopsies done at 10 and 12 o’clock, and finally Dasgupta and Bhattacharya (2012) obtained an 

endocervical curettage and one biopsy from all four quadrants of the cervix. Sangwa-Lugoma et 

al. (2006) did obtain histology results on a random sample of 20% of negative colposcopies, but 

was assessed as high risk. Although De Vuyst et al. (2005), McAdam et al. (2008), Muwonge et 

al. (2010), and Nessa et al. (2013) did not take random biopsies of negative colposcopy patients 

and would have been rated as high risk of bias for the reference standard, risk of bias was 

determined to be unclear. This was because the quality reviewers were unable to discern whether 

colposcopic impressions were made without knowledge of VIA. This was true of Mabeya et al. 



 

104 

(2012) as well, however, if blinding had not been unclear, risk of bias would have been assessed 

as low, as random biopsies were performed on colposcopy negative patients.  

colposcopy reference standard applicability. The exclusion of any study that did not 

use colposcopy as the reference standard lead to 100% applicability in this category. 

Flow and timing bias. Deodhar et al. (2012) had a high risk of bias, as some 

participants would have returned to clinic more than one month following VIA for their colposcopy 

reference test if they had LEEP and histology for abnormal cytology, an inconclusive endocervical 

curettage, or colposcopy histology with CIN into endocervical canal if histology came from 12 

month follow up after an initial abnormal. Several studies had a high risk of bias due to 

inappropriate exclusion of cases with abnormal colposcopic impressions without confirmatory 

histology. Twenty nine cases with abnormal colposcopy and no histology were excluded from 

DTA data analysis in Deodhar et al. (2012), 12 in Joshi et al. (2013), 567 in Ngoma et al. (2010), 

and an unspecified number in Muwonge et al. (2010) and Shastri et al. (2005). Although 

Dasgupta and Bhattacharya (2012) was labeled as unclear risk of bias for colposcopy reference 

standard, it is important to note that there were several inappropriate cases excluded from final 

analysis. Specifically, 262 cases with unavailable histology results, 183 unsatisfactory Pap 

smears, 131 cases with inadequate visibility of the TZ, 18 with decreased visibility of the cervix 

related to bleeding, 13 cases with disagreements over diagnosis, 22 HGSILs, and 37 ASCUS 

cannot exclude HGSIL cases were excluded from DTA analysis, for a total of 666 (Dasgupta & 

Bhattacharya, 2012). It was also unclear whether patients in the studies by Dasgupta and 

Bhattachary (2012), Bhatla et al. (2004), Chung et al. (2013), Li et al. (2009), Mabeya et al. 

(2012), McAdam et al. (2008), Murillo et al. (2010), Nglelangel et al. (2003), and Sahasrabuddhe 

et al. (2006) had colposcopy reference testing within one month of the VIA index test. In McAdam 

et al. (2008), not only was a one month time interval between colposcopy and VIA unclear, there 

were also five cancer cases excluded from DTA analysis. 

VILI. Table 8 summarizes the QUADAS-2 ratings for included VILI studies. Five studies 

had a low risk, four had a high risk, and one had an unclear risk of bias and seven had a low, two 

a high, and one an unclear applicability concern for patient selection. For the QUADAS-2 
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assessment of the VILI test itself, eight studies were determined to have a high risk, one a low 

risk, and one an unclear risk of bias. There were no applicability concerns identified for VILI in all 

10 VILI studies. Eight studies had a high risk and two an unclear risk of bias for the colposcopy 

reference standard, whereas all 10 studies had low applicability concerns for the reference 

standard. Applicability concerns were low in three, high in five, and unclear in two VILI studies in 

regards to study flow and timing. The rationale behind specific quality ratings of bias and 

applicability, besides those for the actual VILI index test, may be found under the VIA heading, as 

all studies included under VILI are also included under VIA.  

Table 8 

QUADAS Quality Ratings for Included VILI Studies

Study Patient 
Selection

VILI 
Index 
Test

Colpo 
Reference 
Standard

Flow & 
Timing

Patient 
Selection

VILI 
Index 
Test

Colpo 
Reference 
Standard

Arbyn (2008) Low High High Low Low Low Low
Bhatla (2004) High Low High Unclear High Low Low
Deodhar (2012) High High High High Low Low Low
Joshi (2013) High High High High High Low Low
McAdam (2010) Low Unclear Unclear Unclear Low Low Low
Muwonge (2010) Low High Unclear High Low Low Low
Ngoma (2010) Unclear High High High Unclear Low Low
Sangwa-Lugoma 
(2006) High High High Low Low Low Low

Sankaranarayanan 
(2003) Low High High Low Low Low Low

Shastri (2005) Low High High High Low Low Low

Risk of Bias Applicability Concern

 

VILI index test bias. In all cases the high risk of bias for the VILI index test was 

attributed to colposcopic assessment being done prior to VILI.  Iodine stains the cervix for several 

hours, which necessitates all VIA, VIAM, or colposcopic interpretations with AA to be done prior 

to the application of Lugol’s iodine. This screening order was avoided in Bhatla et al. (2004), as 

participants came on a different day to have the colposcopy reference test procedure. There was 

an unclear risk of bias for the VILI index test in the study by Mc Adam et al. (2008), as they did 
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not clearly state whether or not VILI was conducted prior to colposcopy or if VILI was interpreted 

without knowledge of the colposcopy result.  

VILI index test applicability. There were no applicability concerns identified for VILI in 

all 10 included VILI studies. 

VIAM. Table 9 summarizes the QUADAS-2 ratings for included VIAM studies. The risk of 

bias was low and there were no applicability concerns in all four VIAM studies in regards to 

patient selection. The risk of bias was low and there were no applicability concerns in all four 

VIAM studies related to the VIAM index test. Risk of bias was high for the colposcopy reference 

test category in all four VIAM studies and applicability concerns were low in all four studies. 

Finally, bias was considered high for study flow and timing category in two studies and unclear in 

one study. 

Table 9 

QUADAS Quality Ratings for Included VIAM Studies

Patient 
Selection

VIAM 
Index 
Test

Colpo 
Reference 
Standard

Flow & 
Timing

Patient 
Selection

VIAM 
Index 
Test

Colpo 
Reference 
Standard

Ngelangel (2003) Low Low High Unclear Low Low Low
Sankaranarayanan 
(2004c) Low Low High High Low Low Low

Shastri (2005) Low Low High High Low Low Low

Study

Risk of Bias Applicability Concern

 patient selection bias and applicability. All three studies conducted community based 

recruitment efforts and enrolled a consecutive sample of non-pregnant women between the ages 

of 25 (Ngelangel et al., 2003; Sankaranarayanan et al., 2004c) or 30 (Shastri et al., 2005) to 65 

years of age with no pelvic complaints, history of cervical cancer, CIN treatment, or hysterectomy 

and therefore had low patient selection risk for bias or applicability concerns.  

VIAM index test bias and applicability. It was unclear as to whether the physician 

performing VIAM was different than the physician performing VIA in Ngelangel et al. (2003), 

however the other two studies in three study sites specifically stated that a separate CHW VIAM 

provider was used that had not performed any of the other visual screening tests 
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(Sankaranarayanan et al., 2004c; Shastri et al., 2005). In all three studies the results of VIAM 

were conducted prior to and without the knowledge of colposcopy results, and a pre-specified 

diagnostic threshold was used. Therefore, there was a low risk of bias or applicability concerns 

related to the use, conduction, or interpretation of VIAM.  

colposcopy reference test bias and applicability. There was a high risk of bias for the 

colposcopy reference standard for all three VIAM studies, as random biopsies of colposcopy 

negative patients were not conducted, however there was a low risk of concern regarding 

applicability for the reference standard because the target condition of CIN lesion or cancer 

determined by colposcopic impression was considered reasonable for this study in the 

inclusion/exclusion criteria.  

study flow and timing bias and applicability. Early in Ngelangel et al.’s (2003) study, 

women were informed to return for the colposcopy reference test, but 10% of women did not 

return. The study was later modified so that colposcopy was done the same day as VI to avoid 

further study withdrawals. Therefore, study flow and timing bias concerns were unclear, as there 

was no way of determining whether women returning for the colposcopy reference test returned 

within one month of VIAM. Sankaranarayanan et al. (2004c) had a high risk of bias associated 

with study flow and timing related to inappropriate exclusion of cancer cases from 2x2 data 

tables, as Shastri et al. (2005) related to the inappropriate exclusion of abnormal colposcopy 

patients without confirmatory histology. Shastri et al. (2005) also excluded cancer cases from 

their own DTA calculations, but 2x2 table data including cancer cases was able to be 

extrapolated from data reported in the article. The exclusion of cancer cases or patients with 

abnormal colposcopic impressions from disease positive patients cause deflation of sensitivity 

and inflation of specificity measurements.  

inter-rater reliability. QUADAS-2 inter-rater reliability in all domains were strong to 

almost perfect, ranging between 0.89 and 1 for all 57 VI, 35 VIA, 18 VILI, and 4 VIAM study site 

and provider type stratifications. VIA and VILI index test bias and applicability domain Cohen’s 

kappas were perfect at one, p<.005 (McHugh, 2012). Cohen’s kappa for patient selection and 

flow and timing applicability domains were almost perfect at 0.92 and 0.94, p<.005, respectively 
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(McHugh, 2012). Inter-rater reliability was strong for patient selection and colposcopy reference 

test bias domains, with a Cohen’s kappa of 0.89, p<.005 (McHugh, 2012). Both quality reviewers 

rated VILI index test and colposcopy reference test applicability domains and VIAM index test 

bias and applicability domains identically and a Cohen’s kappa could not be calculated.  

Publication Bias 

Subjective interpretation of publication bias for VIA suggested a low risk of bias. Funnel 

plot interpretation of standard error and total sample size of VIA studies showed all (x, y) points 

falling within the boundaries of the funnel plot (Figure 3). The VIA studies conducted by Li et al. 

(2009), Ngelangel et al. (2003), and Sangwa-Lugoma et al. (2006) were not included in the 

interpretation of publication bias, as the standard error (1/ESS1/2) could not be calculated in the 

absence of 2x2 table data. 

 

Figure 3. Publication bias for VIA 

Subjective interpretation of publication bias for VILI showed some concern for publication 

bias. Subjective interpretation of the VILI funnel plot showed one study falling outside of the 

funnel plot boundaries (Figure 4). The study by Sangwa-Lugoma et al. (2006) was not included in 

the interpretation of publication bias, as the standard error (1/ESS1/2) could not be calculated in 

the absence of 2x2 table data. 
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Figure 4. Publication bias for VILI 

Estimates of Diagnostic Test Accuracy 

Typically the DTA outcome measures of sensitivity and specificity in qMAs are non-

normally distributed and log transformations of these outcome variables are required prior to the 

calculation of average means or statistical analysis (Reitsma et al., 2005). However, in this qMA 

DTA outcome measures were normally distributed and log transformations were not necessary. 

The distribution of all 57 measures of sensitivity and specificity were only slightly negatively 

skewed (-1.06 for sensitivity and -0.74 for specificity) at a diagnostic threshold of CIN 2+ and not 

outside the normal range of ±2 for normal distribution (George, 2011). In fact, log and natural log 

transformations of sensitivity and specificity led to skewness >2 outside of normal range. 

Therefore, no log transformations of data were made prior to DTA calculations or statistical 

procedures. 

visual inspection. The mean sensitivity and specificity of VI combining DTA data from all 

57 study site, provider type, and VI technique stratifications displayed in Table 10 was 76.6%, 

95% CI [72.3, 80.9] and 81.2%, 95% CI [77.9, 84.4], with a calculated DOR of 14.14. The mean 

sensitivity and specificity of VI by physicians from 10 study sites was 66.0%, 95% CI [47.4, 84.6] 

and 82.1%, 95% CI [71.7, 92.5]. When the sensitivity outlier of 16.7% (Cremer et al. 2011) was 

removed the mean sensitivity of VI increased to 77.7%, 95% CI [74, 81.4] overall and increased 

to 71.5%, 95% CI [55.8, 87.2] for physicians. The sensitivity and specificity of VI by nurses from 
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25 study sites was 77.0%, 95% CI [71.7, 82.2] and 77.3, 95% CI [71.5, 83.2], and by CHWs from 

22 study sites was 81.0%, 95% CI [75.6, 80.9] and 85.1%, 95% CI [82.1, 88.1] (Table 10). 

VIA. Summary estimates of VIA sensitivity and specificity for all 35 study sites and 

provider types to detect CIN 2+ ranged between 16.7-100% and 51-98.2%, with average means 

of 73.6%, 95% CI [67.9, 79.4] and 80.6%, 95% CI [76.2, 85.0] and a calculated DOR of 11.58 

(Figure 5 and Table 10). The highest reported VIA sensitivities were 100%, 95% CI [76.8, 100] 

and100%, 95% CI [79.4, 100] for nurses in Joshi et al. (2015) and physicians in Nessa et al. 

(2013) and the lowest sensitivity measure was 16.7%, 95% CI [0.4, 64.1] for physicians in Cremer 

et al. (2011) at a CIN 2+ diagnostic threshold. Exclusion of Cremer et al. (2011) adjusted VIA 

sensitivity to 75.3%, 95% CI [70.5, 80.1]. The highest specificity was 98.2%, 95% CI [97.9, 98.4] 

for nurses in Ngoma et al. (2010) and the lowest was 51%, 95% CI [41, 61.9] for nurses in 

Mabeya et al. (2012) at a CIN 2+ diagnostic threshold. The sensitivity and specificity of VIA for 

physicians from eight study sites ranged from 16.7%, 95% CI [0.4, 64.1] (Cremer et al., 2011) to 

100%, 95% CI [79.4, 100] (Nessa et al., 2013) and 62.7%, 95% CI [52.3, 72.9] (Bhatla et al., 

2004) to 98%, 95% CI [97.3, 98.5] (Ngelangel et al., 2003), with average means of 65.3%, 95% 

CI [42.3, 88.3] and 83.1%, 95% CI [72.7, 93.6] at a CIN 2+ diagnostic threshold, respectively 

(Table 11). The average mean sensitivity of VIA for physicians rose to 72.3%, 95% CI [56.8, 87.8] 

when the outlier, Cremer et al. (2011), was removed. The sensitivity and specificity of VIA at a 

diagnostic threshold of CIN 2+ for nurses from 17 study sites ranged from 52.6%, 95% CI [28.9, 

75.6] (McAdam et al., 2010) to 100%, 95% CI [76.8, 100] (Joshi et al., 2015) and 51%, 95% CI 

[41, 60.9] (Mabeya et al., 2012) to 98.2%, 95% CI [97.9, 98.4] (Ngoma et al., 2010), with the 

average means calculated as 75.3%, 95% CI [69.0, 81.5] and 76.8%, 95% CI [69.3, 84.3], 

respectively (Table 10). The sensitivity and specificity of VIA performed by CHWs from 10 study 

sites at a CIN 2+ diagnostic threshold ranged from 61.5%, 95% CI [53.5, 69] (Arbyn et al., 2008b) 

in Kolkata 1 to 91.1%, 95% CI [85.7, 94.9] (Arbyn et al., 2008b) in Guinea and 74.2%, 95% CI 

[72.2, 76.1] (Arbyn et al., 2008b) in Burkina Fasso to 94.5%, 95% CI [93.5, 95.3] (Arbyn et al., 

2008b) in Niger, with average means of 77.4%, 95% CI [69.5, 85.3] and 85.1%, 95% CI [79.7, 

90.6], respectively (Table 10). A side by side forest plot of the sensitivities and specificities of all 
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VIA studies, with an overall estimate of the DOR at a diagnostic threshold of CIN 2+, is displayed 

in Figure 5. 

Table 10 

Overall Estimates of Diagnostic Test Accuracy by Provider Type at CIN 2+
Diagnostic Threshold

Visual Inspection (Overall) LL UL LL UL
All Provider Types1 76.6 72.3 80.9 81.2 77.9 84.4
Physicians2 66 47.4 84.6 82.1 71.7 92.5
Nurses 77 71.7 82.2 77.3 71.5 83.2
CHWs 81 75.6 80.9 85.1 82.1 88.1

VIA
All Provider Types3 73.6 67.9 79.4 80.6 76.2 85
Physicians4 65.3 42.3 88.3 83.1 72.7 93.6
Nurses 75.3 69 81.5 76.8 69.3 84.3
CHWs 77.4 69.5 85.3 85.1 79.7 90.6

VILI
All Provider Types 85.6 79.9 91.4 80.5 74.6 86.4
Physicians 87.5 47.4 99.7 58.7 48 68.9
Nurses 80.6 68.7 92.4 78.5 66.9 90.1
CHWs 89.9 83.8 96 84.7 79.3 90.1

VIAM
All Provider Types 62.4 47.7 77.1 89.2 79.3 99.1
Physicians 50 44.3 53.7 97.7 97 98.2
Nurses NA NA NA NA NA NA
CHWs 66.5 43.4 89.5 86.4 78.7 94.1

Sensitivity (%) Specificity (%)
95% CI 95% CI

CI = confidence interval; LL = lower limit; UL = upper limit

Note.  Excluding the sensitivity outlier of 16.7% (Cremer et al., 2011) resulted in mean 
sensitivity measures of 177.7%, 95% CI [74, 81.4], 271.5%, 95% CI [55.8, 87.2], 
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Figure 5. Forest plots of the sensitivity and specificity of VIA at the CIN 2+ diagnostic threshold. Error bars represent a 95% CI.   
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Sensitivity and specificity measures at the CIN 3+ diagnostic threshold were available for 

seven VIA studies. The highest sensitivity and specificity measures were 100%, 95% CI [66.4-

100] and 87.5%, 95% CI [83.1, 91.1] by nurses in Joshi et al. (2015). The lowest sensitivity and 

specificity measures were 70.2, 95% CI [55.1, 82.7] and 62.6%, 95% CI [57.8, 67.3] by nurses in 

Chung et al. (2013). Belinson et al. (2001b), the only study reporting on the DTA of VIA at the CIN 

3+ diagnostic threshold for physicians, showed a sensitivity and specificity of 79.1%, 95% CI [64, 

90] and 73.5%, 95% CI [71.5, 75.4]. The mean sensitivity and specificity for VIA performed by 

nurses in the six study sites with results at the CIN 3+ diagnostic threshold was found to 81.5%, 

95% CI [71.5, 91.5] and 74.8%, 95% CI [60.4, 89.2]. 

VILI. The mean sensitivity and specificity of VILI for all 18 study sites and provider types 

to detect CIN 2+ was calculated as 85.6, 95% CI [79.9, 91.4] and 80.5%, 95% CI [74.6, 86.4], 

with a calculated DOR of 24.54 (Figure 6 and Table 10). The highest reported VILI sensitivity was 

98.7%, 95% CI [96.3, 99.7] for nurses in Ngoma et al. (2010) and the lowest sensitivity measure 

was 57.9%, 95% CI [35.5, 79.8] for nurses in McAdam et al. (2010). The highest VILI specificity 

was 97.3%, 95% CI [97, 97.6] for nurses in Ngoma et al. (2010) and the lowest was 54.4%, 95% 

CI [43.6, 64.8] for nurses in Bhatla et al. (2012). The DTA of VILI performed by physicians was 

reported in Bhatla et al. (2004), with a sensitivity and specificity at the CIN 2+ diagnostic 

threshold of 87.5%, 95% CI [47.4, 99.7] and 58.7%, 95% CI [48, 68.9] (Table 10). The sensitivity 

and specificity of VILI for nurses ranged from 57.9%, 95% CI [35.5, 79.8] (McAdam et al., 2010) 

to 98.7%, 95% CI [96.3, 99.7] (Ngoma et al., 2010) and 68.9%, 95% CI [67.9, 69.9] (Muwonge et 

al., 2010) to 97.3%, 95% CI [97, 97.6] (Ngoma et al., 2010), respectively. The mean sensitivity 

and specificity for VILI performed by nurses from all eight study sites was 80.6%, 95% CI [68.7, 

92.4] and 78.5%, 95% CI [66.9, 90.1] (Table 10). The DTA of VILI performed by CHWs measured 

as sensitivity and specificity at a CIN 2+ diagnostic threshold ranged from 75.3%, 95% CI [64.8, 

84] (Shastri et al., 2005) in Mumbai to 97%, 95% CI [93, 99] (Arbyn et al., 2008b) in Mali and 

73%, 95% CI [71.9, 74.2] (Arbyn et al., 2008b) in Jaipur to 91.7%, 95% CI [90.5, 92.7] (Arbyn et 

al., 2008b) in Niger, respectively. The mean sensitivity and specificity of VILI performed by CHWs 

from all nine study sites was 89.9%, 95% CI [83.8, 96.0] and 84.7%, 95% CI [79.3, 90.1], 
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respectively (Table 10). DTA data for VILI is displayed graphically in a side by side forest plot of 

sensitivity and specificity for all VILI study sites and provider types, with overall estimates of 

sensitivity, specificity, and calculated DOR in Figure 6. 

Sensitivity and specificity measures at the CIN 3+ diagnostic threshold were available for 

two VILI studies using nurse VILI providers. Deodhar et al. (2012) found a sensitivity and 

specificity for VILI of 73.1%, 95% CI [60.9, 83.2] and 85.1%, 95% CI [84.2, 86.1]. Joshi et al. 

(2013) reported a sensitivity and specificity for VILI of 89.7%, 95% CI [75.8, 97.1] and 87.9%, 

95% CI [85.8, 89.8]. 

VIAM. The mean sensitivity and specificity of VIAM for all four study sites and provider 

types to detect CIN 2+ was 62.4%, 95% CI [47.7, 77.1] and 89.2%, 95% CI [79.3, 99.1], with a 

calculated DOR of 13.70 (Figure 7 and Table 10). The highest reported VIAM sensitivity was 

71.4%, 95% CI [57.8, 82.7] for CHWs in Sankaranarayanan et al. (2004c) at the Kolkata 2 study 

site and the lowest sensitivity measure was 50%, 95% CI [44.3, 53.7] for physicians in Ngelangel 

et al. (2003). The highest specificity was 97.7%, 95% CI [97, 98.2] for physicians in Ngelangel et 

al. (2003) and the lowest was 83.3%, 95% CI [82.3, 84.2] for CHWs in Sankaranarayanan et al. 

(2004c) at the Kolkata 1 study site. One study reported on the sensitivity and specificity of VIAM 

by physicians with a result of 50%, 95% CI [44.3, 53.7] and 97.7%, 95% CI [97, 98.2] (Table 10). 

The three studies reporting on the DTA of VIAM for CHWs had mean sensitivity and specificity at 

the CIN 2+ diagnostic threshold of 66.5%, 95% CI [43.4, 89.5] and 86.4%, 95% CI [78.7,94.1], 

respectively (Table 10). There were no VIAM studies that reported on the DTA of VIAM at the CIN 

3+ diagnostic threshold. The DTA of VIAM at the CIN 2+ diagnostic threshold is summarized 

graphically in a side by side forest plot of sensitivity and specificity for all VIAM studies, with mean 

estimates of sensitivity, specificity, and calculated DOR in Figure 7. 
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Figure 6. Forest plots of the sensitivity and specificity of VILI at the CIN 2+ diagnostic threshold. Error bars represent a 95% CI. 
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Figure 7. Forest plots of the sensitivity and specificity of VIAM at the CIN 2+ diagnostic threshold. Error bars represent a 95% CI 
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Visual Inspection Technique Comparisons 

The BLMMs using study variability as the random effect and including all 57 VI study site, 

VI technique, and provider stratifications presented in Table 11, showed that the type of VI (VIA, 

VILI, or VIAM) did not have a significant affect on specificity, but did have a significant effect on 

sensitivity, F(4) = 5.80, p = .005, (Figure 8). VILI sensitivity was approximately 23% higher than 

VIAM and 12% greater than VIA. The difference in sensitivity between VILI and VIA in a BLMM 

excluding VIAM also showed statistical significance, F(3) = 7.42, p = .009. In addition, the 

unconditional BLMM for sensitivity excluding the outlier (Cremer et al., 2011) was also significant, 

F(4) = 6.89, p = .002, with VILI being 19.4% more sensitive than VIAM (p = .025). The significant 

improvement in VILI sensitivity over VIA and VIAM approached, but did not reach, statistical 

significance in the conditional BLMM of all VI techniques, controlling for provider type, community, 

clinical setting, HIV status, and presence or absence of gynecological symptoms, including, F(14) 

= 3.07, p = .057, and excluding Cremer et al. (2011), F(14) = 3.19, p = .051. However, there was 

no significant difference between the conditional and unconditional model for sensitivity, χ2(10) = 

15.7, p = .108, or specificity, χ2(10) = -7, p = .723 for the dataset including Cremer et al. (2011). 

 

Figure 8. BLMM DTA comparisons of visual inspection techniques.  
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 
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One predictor in the conditional BLMM of all VI techniques, the presence or absence of 

gynecological symptoms, had a significant affect on specificity. VI conducted on patients with no 

reported gynecological symptoms was 20.9% more specific than in patients with reported 

symptoms, F(14) = 8.66, p = .005 (Table 12).  

Provider Type Comparisons 

visual inspection. The BLMMs using study heterogeneity as the random effect and 

including all 57 VI study site, VI technique, and provider type stratifications presented in Table 12, 

found that VI provider type (physician, nurse, or CHW) did not have a significant affect on 

specificity, but did have a significant affect on sensitivity, F(4) = 3.22, p = .048, (Figure 9). The 

sensitivity of VI was approximately 15% higher for CHWs than physicians (p = .014) and the 

difference in sensitivity between nurses and physicians was not statistically significant. The 

significant improvement in the sensitivity of VI by CHWs over physicians and nurses did not 

remain statistical significant when controlling for VI technique, community, clinical setting, HIV 

status, and presence or absence of gynecological symptoms, F(14) = 1.34, p = .273. In addition, 

neither the unconditional, F(4) = 1.55, p = .223, or conditional, F(14) = 0.44, p = .644, BLMMs 

excluding the outlier Cremer et al. (2011) were statistically significant. There was no significant 

difference between the conditional and unconditional model for sensitivity, χ2(10) = 10.5, p = .398, 

or specificity, χ2(10) = 9.3, p =  .506, including Cremer et al. (2011).  

As was noted in the overall VI BLMM, VI on patients without pelvic complaints or 

symptoms had significantly higher specificity, F(14) = 8.66, p = .005. 
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Figure 9. BLMM DTA comparisons of provider type for all VI techniques. 
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 
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Table 11 

  

Visual Inspection: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of DTA at CIN 2+

Predictor β SE df t p LL UL β SE df t p LL UL

Constant 62.4% 7.5% 54 8.35 .000 47.4% 77.3% 89.2% 6.1% 54 14.58 .000 76.9% 101.5%

VIA 11.2% 7.9% 54 1.42 .160 -4.6% 27.1% -8.6% 6.5% 54 -1.33 .190 -21.5% 4.4%

VILI 23.3% 8.3% 54 2.82 .007 6.7% 39.8% -8.7% 6.8% 54 -1.29 .203 -22.3% 4.8%

VIAM 0b 0b

Note.  For sensitivity F(4) = 5.80, p = .005. For specificity F(4) = .93, p = .403.

Constant 62.0% 18.3% 44 3.39 .001 25.2% 98.8% 52.7% 13.0% 44 4.07 .000 26.6% 78.9%

VIA 12.0% 8.4% 44 1.43 .159 -4.9% 28.9% -4.4% 5.9% 44 -0.73 .467 -16.3% 7.6%

VILI 20.1% 9.1% 44 2.22 .032 1.9% 38.4% -5.2% 6.4% 44 -0.80 .425 -18.1% 7.8%

VIAM 0b 0b

Physician -17.3% 10.6% 44 -1.64 .109 -38.6% 4.0% 10.2% 7.5% 44 1.36 .179 -4.9% 25.3%

Nurse -4.0% 5.3% 44 -0.75 .456 -14.6% 6.7% 1.5% 3.7% 44 0.39 .696 -6.1% 9.0%

CHW 0b 0b

Unknown comm 1.2% 6.3% 44 0.19 .852 -11.6% 14.0% 4.0% 4.5% 44 0.90 .373 -5.0% 13.1%
Rural -17.7% 9.7% 44 -1.82 .076 -37.3% 1.9% -4.4% 6.9% 44 -0.65 .522 -18.3% 9.4%
Suburban -2.8% 11.8% 44 -0.24 .812 -26.5% 20.9% -13.2% 8.3% 44 -1.58 .121 -30.0% 3.6%
Urban 0b 0b

Unknown Clinic 0.4% 12.2% 44 0.03 .976 -24.2% 24.9% 5.1% 8.6% 44 0.59 .559 -12.3% 22.5%
Primary Clinic 0.5% 13.1% 44 0.04 .968 -25.9% 26.9% 7.0% 9.3% 44 0.75 .457 -11.7% 25.7%
Specialty Clinic 11.7% 8.9% 44 1.31 .196 -6.3% 29.7% 0.8% 6.3% 44 0.12 .904 -12.0% 13.5%
Hospital Clinic 0b 0b

Sensitivity at CIN 2+ Specificity at CIN 2+
95% CI 95% CI
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Table 11, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative 11.7% 13.5% 44 0.87 .388 -15.4% 38.9% 6.8% 9.5% 44.000 0.71 .479 -12.4% 26.0%
HIV Positive 0b 0b

No Symptoms -7.7% 10.0% 44 -0.77 .443 -27.9% 12.4% 20.9% 7.1% 44.000 2.94 .005 6.6% 35.1%
Symptomatic 0b 0b

b This parameter is set to zero because it is redundant.

Note . For sensitivity visual inspection F(14) = 3.07, p = .057; provider type F(14) = 1.34, p = .273; community F(14) = 1.21, p = .316; 
clinical setting F(14) = 0.62, p = .609, HIV F(14) = 0.76, p = .388; symptoms F(14) = 0.60, p = .443. For specificity visual inspection F(14) 
= 0.33, p = .724; provider type F(14) = 0.99, p = .381; community F(14) = 1.22, p = .315; clinical setting F(14) = 0.19, p = .901; HIV F(14) 
= 0.51, p = .479; symptoms F(14) = 8.66, p = .005. CI = confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown 
community.

Sensitivity at CIN 2+ Specificity at CIN 2+
95% CI 95% CI
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VIA. The BLMMs using study variability as the random effect and including all 35 VIA 

study site and provider type stratifications presented in Table 13, found that provider type 

(physician, nurse, or CHW) did not have a significant effect on sensitivity, F(4) = 1.35, p = .273 or 

specificity, F(4) = 4.59, p = .219, (Figure 10). There were also no provider type differences for VIA 

sensitivity or specificity found while controlling for community, clinical setting, HIV status, and 

presence or absence of gynecological symptoms (Table 13). There was also no significant 

difference found between the conditional and unconditional model for sensitivity, χ2(8) = 10.9, p = 

.206, or specificity, χ2(8) = 6.9, p = .552. 

 

Figure 10. BLMM DTA comparisons of provider types for VIA. 

The presence or absence of gynecological complaints and symptoms continued to 

significantly affect the specificity of VIA, as was also noted in the model including all three VI 

techniques. VIA done on patients with no gynecological complaints or symptoms was 17.3% 

more specific than VIA on patients with complaints or symptoms, F(12) = 4.46, p = .045 (Table 

13). 

VILI. The BLMMs using study variability as the random effect and including all 18 VILI study sites 

presented in Table 14, found that provider type (physician, nurse, or CHW) did not have a 

significant effect on sensitivity, F(5) = 1.51, p = .270, or specificity, F(5) = 0.39, p = .687, (Figure 
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11). There were also no provider type differences for VILI sensitivity or specificity found while 

controlling for community, clinical setting, HIV status, and presence or absence of gynecological 

symptoms (Table 14). In addition, no significant differences between the conditional and 

unconditional BLMMs for sensitivity, χ2(5) = 7.8, p = .168, or specificity, χ2(5) = 8.3, p = .140, were 

found. Unconditional and conditional provider type BLMMs comparing licensed (physicians and 

nurses) and unlicensed (CHWs) providers were also considered to improve power, because only 

one study site utilized physicians, and affects remained insignificant. 

 

Figure 11. BLMM DTA comparisons of provider types for VILI. 

HIV status and presence or absence of gynecological complaints and/or symptoms were 

predictors that were left out of the VILI conditional model due to insignificant power. Only one out 

of 18 VILI DTA study sites included HIV positive women and two of 18 VILI study sites involved 

women with gynecological symptoms. None of the factors in the conditional BLMM were 

significant predictors of sensitivity or specificity (Table 14). 

VIAM. Affect of provider type on the sensitivity and specificity of VIAM using BLMMs was 

not conducted due to limited power. There were only four VIAM study sites, three for CHWs and 

one for physicians  
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Training Component Comparisons 

Fifty of the 55 study site and VI technique stratifications included in this qMA described 

some aspect of training VI providers and were subsequently analyzed for any affect on the DTA 

of VI. A comparison between those studies that described training and those that did not was not 

pursued, as it was assumed that there may have been some form of provider training that was 

performed, but not actually reported or described in the study write up. When available, data was 

collected on the number of didactic hours and supervised cases required in VI training programs. 

However, these predictor variables were not added to the BLMMs in this qMA due to low power. 

Twenty one of the 24 DTA outcome study sites describing the number of supervised cases used 

150 cases, one required 20 cases, and two others required fifteen cases. There were only four 

DTA study sites reporting on the number of didactic hours required for their particular training 

programs, which precluded use of BLMM analysis for this predictor as well. Therefore, the effect 

of the number of supervised cases and didactic hours on the DTA of VI was not analyzed. 

.
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Table 12 

  

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 81.0% 3.3% 54 24.41 .000 74.4% 87.7% 85.1% 2.5% 54 33.55 .000 80.0% 90.2%
Physician -15.0% 5.9% 54 -2.53 .014 -26.9% -3.1% -3.0% 4.5% 54 -0.65 .515 -12.1% 6.1%
Nurse -4.1% 4.6% 54 -0.89 .376 -13.2% 5.1% -7.8% 3.5% 54 -2.24 .029 -14.8% -0.8%
CHW 0b 0b

Note. For sensitivity F(4) = 3.22, p =.048. For specificity F(4) = 2.54, p = .088.

Constant 62.0% 18.3% 44 3.39 .001 25.2% 98.8% 52.7% 13.0% 44 4.07 .000 26.6% 78.9%
Physician -17.3% 10.6% 44 -1.64 .109 -38.6% 4.0% 10.2% 7.5% 44 1.36 .179 -4.9% 25.3%
Nurse -4.0% 5.3% 44 -0.75 .456 -14.6% 6.7% 1.5% 3.7% 44 0.39 .696 -6.1% 9.0%
CHW 0b 0b

VIA 12.0% 8.4% 44 1.43 .159 -4.9% 28.9% -4.4% 5.9% 44 -0.73 .467 -16.3% 7.6%
VILI 20.1% 9.1% 44 2.22 .032 1.9% 38.4% -5.2% 6.4% 44 -0.80 .425 -18.1% 7.8%
VIAM 0b 0b

Unknown comm 1.2% 6.3% 44 0.19 .852 -11.6% 14.0% 4.0% 4.5% 44 0.90 .373 -5.0% 13.1%
Rural -17.7% 9.7% 44 -1.82 .076 -37.3% 1.9% -4.4% 6.9% 44 -0.65 .522 -18.3% 9.4%
Suburban -2.8% 11.8% 44 -0.24 .812 -26.5% 20.9% -13.2% 8.3% 44 -1.58 .121 -30.0% 3.6%
Urban 0b 0b

Unknown Clinic 0.4% 12.2% 44 0.03 .976 -24.2% 24.9% 5.1% 8.6% 44 0.59 .559 -12.3% 22.5%
Primary Clinic 0.5% 13.1% 44 0.04 .968 -25.9% 26.9% 7.0% 9.3% 44 0.75 .457 -11.7% 25.7%
Specialty Clinic 11.7% 8.9% 44 1.31 .196 -6.3% 29.7% 0.8% 6.3% 44 0.12 .904 -12.0% 13.5%
Hospital Clinic 0b 0b

Provider Type Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of DTA for All Visual 
Inspection Techniques (N=57) at CIN 2+

Specificity at CIN 2+Sensitivity at CIN 2+
95% CI 95% CI
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Table 12, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative 11.7% 13.5% 44 0.87 .388 -15.4% 38.9% 6.8% 9.5% 44 0.71 .479 -12.4% 26.0%
HIV Positive 0b 0b

No Symptoms -7.7% 10.0% 44 -0.77 .443 -27.9% 12.4% 20.9% 7.1% 44 2.94 .005 6.6% 35.1%
Symptomatic 0b . . . . . 0b

b This parameter is set to zero because it is redundant.

Sensitivity at CIN 2+ Specificity at CIN 2+
95% CI 95% CI

Note. For sensitivity provider type F(14) = 1.34, p =.273; index test F(14) = 3.07, p = .057; community F(14) = 1.21, p = .316; clinical 
setting F(14) = 0.61, p = .609; HIV F(14) = 0.76 p = .388; symptoms F(14) = 0.60, p = .443. For specificity provider type F(14) = 0.99, p 
= .381; index test F(14) = 0.33, p = .724; community F(14) = 1.22, p = .315; clinical setting F(14) = 0.19, p = .901; HIV F(14) = 0.51, p 
= .479, symptoms F(14) = 8.66, p = .005. CI = confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown 
community.
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Table 13 

  

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 77.4% 5.2% 32 14.77 .000 66.7% 88.1% 85.1% 4.0% 32 21.42 .000 77.0% 93.2%
Physician -12.1% 7.9% 32 -1.54 .133 -28.1% 3.9% -2.0% 6.0% 32 -0.34 .739 -14.1% 10.1%
Nurse -2.1% 6.6% 32 -0.33 .747 -15.6% 11.3% -8.3% 5.0% 32 -1.67 .106 -18.5% 1.9%
CHW 0b 0b

Constant 69.1% 21.1% 24 3.28 .003 25.5% 112.6% 44.2% 13.4% 24 3.30 .003 16.6% 71.9%
Physician -19.2% 14.9% 24 -1.29 .211 -50.1% 11.6% 15.7% 9.5% 24 1.65 .112 -3.9% 35.3%
Nurse -1.8% 8.3% 24 -0.22 .829 -18.9% 15.3% 4.3% 5.3% 24 0.82 .421 -6.6% 15.2%
CHW 0b 0b

Unknown comm 0.5% 8.6% 24 0.06 .952 -17.2% 18.3% 3.2% 5.5% 24 0.59 .560 -8.1% 14.5%
Rural -20.4% 13.6% 24 -1.50 .146 -48.4% 7.6% -9.7% 8.6% 24 -1.12 .274 -27.5% 8.1%
Suburban -1.4% 18.4% 24 -0.08 .939 -39.4% 36.6% -21.0% 11.7% 24 -1.80 .085 -45.2% 3.1%
Urban 0b 0b

Unknown clinic -2.9% 16.5% 24 -0.18 .862 -36.9% 31.1% 12.8% 10.5% 24 1.22 .235 -8.9% 34.4%
Prmary clinic 1.7% 17.9% 24 0.10 .925 -35.2% 38.6% 13.0% 11.3% 24 1.14 .264 -10.4% 36.4%
Specialty clinic 14.9% 11.3% 24 1.32 .198 -8.4% 38.2% 3.1% 7.2% 24 0.43 .673 -11.7% 17.8%
Hosptial clinic 0b 0b

HIV Negative 18.7% 17.4% 24 1.07 .293 -17.2% 54.7% 7.9% 11.1% 24 0.72 .481 -14.9% 30.8%
HIV Positive 0b 0b

No symptoms -8.9% 12.9% 24 -0.69 .498 -35.4% 17.7% 17.3% 8.2% 24 2.11 .045 0.4% 34.1%
Symptoms 0b 0b

Provider Type Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of VIA 
(N=35) at CIN 2+

Note.  For sensitivity F(4) = 1.35, p = .273. For specificity F(4) = 1.59, p = .219

Sensitivity at CIN 2+ Specificity at CIN 2+
95% CI 95% CI
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Table 13, cont. 

  b This parameter is set to zero because it is redundant.

Note . For sensitivity provider type F(12) = 1.00, p = .381; community F(12) = 0.82, p = .494; clinical setting F(12) = 0.67, p = .581; 
HIV F(12) = 1.16, p = .293; symptom F(12) = 0.47, p = .498. For specificity provider type F(12) = 1.37, p = .274; community F(12) = 
1.36, p = .280; clinical setting F(12) = 0.52, p = .670; HIV F(12) = 0.51, p = .481; symptom F(12) = 4.46, p = .045. CI = confidence 
interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.
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Table 14 

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 88.6% 5.7% 14 15.54 .000 76.3% 100.8% 82.0% 5.5% 10 14.79 .000 69.6% 94.4%
Physician -7.7% 9.8% 9 -0.78 .455 -29.8% 14.5% -10.1% 11.6% 13 -0.87 .402 -35.2% 15.1%
Nurse -9.5% 5.5% 12 -1.73 .110 -21.4% 2.5% -3.2% 6.1% 15 -0.52 .611 -16.1% 9.8%
CHW 0b 0b

Constant 96.5% 15.2% 5 6.35 .001 58.4% 134.6% 62.7% 15.0% 6 4.18 .006 26.1% 99.4%
Physician -11.3% 10.8% 7 -1.05 .330 -37.2% 14.5% 2.0% 13.7% 7 0.15 .887 -30.1% 34.1%
Nurse -11.8% 6.3% 7 -1.86 .103 -26.6% 3.0% 0.3% 7.8% 9 0.03 .974 -17.3% 17.8%
CHW 0b 0b

Unknown comm 6.4% 16.0% 4 0.40 .709 -37.9% 50.7% 17.7% 14.8% 4 1.20 .298 -23.4% 58.8%
Rural -1.8% 22.0% 5 -0.08 .939 -59.8% 56.2% 9.6% 21.1% 5 0.46 .667 -44.8% 64.0%
Suburban 7.9% 22.0% 5 0.36 .736 -50.1% 65.9% 0.2% 21.1% 5 0.01 .994 -54.3% 54.6%
Urban 0b 0b

Unkown clinic -8.6% 16.0% 4 -0.54 .618 -52.9% 35.7% 0.0% 14.8% 4 0.00 .998 -41.1% 41.1%
Primary clinic -18.4% 17.2% 5 -1.07 .331 -62.3% 25.4% 13.0% 16.7% 6 0.77 .470 -28.7% 54.7%
Specialty clinic 0b 0b

Provider Type Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of VILI 
(N=18) at CIN 2+

Note.  For sensitivity provider type F(10) = 1.73, p = .247; community F(10) = 0.12, p = .947; clinical setting F(10) = 0.58, p = .599. 
For specificity provider type F(10) = 0.01. p = .988; community F(10) = 0.56, p = .665; clinical setting F(10) = 0.41, p = .688. CI = 
confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

Note.  For sensitivity provider type F(5) = 1.51, p = .270. For specificity F(5) = 0.39, p = .687

b. This parameter is set to zero because it is redundant.

95% CI 95% CI

Sensitivity Specificity
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didactic hours. The unconditional and conditional BLMMs looking at the affect of the 

presence or absence of a description of didactic hours in VI training programs on the DTA of VI 

are outlined in Table 15. There was a significant reduction in the sensitivity of VI in studies that 

did not describe didactic hours (n=5) in comparison to those reporting didactic hours (n=46) as 

part of their training program, F(3) = 11.58, p = .001, (Figure 12). The significant difference in 

sensitivity remained while controlling for type of VI procedure, provider type, community, clinical 

setting, HIV status, and presence or absence of gynecological symptoms, F(15) = 20.67, p = .000 

(Figure 12; Table 15). Didactic hours in study training descriptions increased sensitivity by 19.2% 

in the unconditional model (p = .001) and 21.9% in the conditional model (p = .000). The inclusion 

or omission of didactic hours within study descriptions did not have a significant affect on 

specificity for either the unconditional or conditional BLMMs. No significant differences between 

the conditional and unconditional model for sensitivity, χ2(12) = 5.33, p = .946 or specificity, χ2(12) 

= 11.12, p = .519, were found. 

 

Figure 12. BLMM DTA comparisons of report of didactic hours in training program.  
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 

There were several significant predictors of sensitivity and one of specificity in the 

conditional BLMM of didactic hours. The type of VI index test, F(15) = 5.10, p = .011, HIV status, 
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F(15) = 7.07, p = .012, and gynecological symptoms, F(15) = 17.68, p = .000, were significant 

predictors of sensitivity and gynecological symptoms, F(15) = 8.29, p = .007, was a significant 

predictor of specificity (Table 15). As seen in Table 15, VILI was found to be 13.1% more 

sensitive than VIAM (p = .032), VI in HIV positive women was 27% more sensitive (p = .012), and 

presence of gynecological symptoms increased sensitivity by 32.9% (p = .000). Specificity went in 

the opposite direction, with a decrease of 24.1% in women with gynecological symptoms (p = 

.007). 

mentored hours. The results of the unconditional and conditional BLMMs for mentored 

hours are displayed in Table 16. As seen with didactic hours, the 43 studies with a description of 

or mention of mentored hours as part of their provider training programs had a significant, nearly 

13% increase in sensitivity over the eight that did not, F(3) = 7.13, p = .010, (Figure 13). The 

significant difference in sensitivity remained while controlling for type of VI, provider type, 

community, clinical setting, HIV status, and presence or absence of gynecological symptoms, 

F(15) = 10.35, p = .003, (Figure 13). Mentored hours did not have a significant effect on 

specificity for either BLMM. There were no significant differences between the conditional and 

unconditional model for sensitivity, χ2(12) = 8.70, p = .728, or specificity, χ2(12) = 11.67, p = .473.. 

 

Figure 13. BLMM DTA comparisons of report of mentored hours in training programs. 
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 
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Again, as seen with didactic hours, the type of VI index test, F(15) = 4.17, p = .023, HIV 

status, F(15) = 4.34, p = .044, and gynecological symptoms, F(15) = 9.79, p = .003, were 

significant predictors of sensitivity and gynecological symptoms, F(15) = 7.85, p = .008, was a 

significant predictor of specificity in the conditional mentored hours BLMM (Table 17). The 

individual fixed effects of VILI index testing, positive HIV status, and gynecological symptoms 

were found to increase sensitivity by 13.8% (p = .041), 23.2% (p = .044), and 27.6% (p = .003), 

respectively. Gynecological symptoms had the opposite effect on specificity, decreasing 

specificity by 24.5% (p = .008). 

training days. The continuous predictor variable, training days, was dummy coded into a 

categorical variable to avoid low frequencies and potentially increase power. Out of 50 data 

points describing training, only one reported three training days, one four days, two 10 days, and, 

in contrast, 29 used five training days. As a categorical variable, more meaningful meta 

comparisons could be made between five study sites that did not define the number of training 

days, 31 with ≤ 5, 10 with 6-29, and five with ≥ 30 training days. The unconditional and 

conditional BLMMs for training days as a categorical variable are shown in Table 17. The 

unconditional model showed that training days was a significant predictor of sensitivity, F(5) = 

2.84, p = .048, and specificity, F(5) = 3.66, p = .019, however there were no significant unique 

variances between the four training day categories for sensitivity in the unconditional BLMM 

(Figure 14). Specificity, on the other hand, was significantly higher (p = .046) for those studies 

reporting 6-29 training days over those that did not define number of training days or reported ≤5 

or ≥30 days of provider training. In the BLMM controlling for VI technique, provider type, 

community, clinical setting, HIV status, and the presence or absence of gynecological symptoms, 

training days was a significant predictor of sensitivity, F(17) = 9.65, p = .000, but not a significant 

predictor of specificity, F(17) = 0.71, p = .551, (Figure 14). In the conditional BLMM, studies 

reporting ≤5 days of training were 31.7% (p = .013) and those reporting 6-29 training days were 

15.8% (p = .026) more sensitive than those reporting ≥30 days of provider training. Specificity 

increased by 10.9% in the unconditional BLMM for studies using ≤5 training days (p = .046) over 



 

133 

studies with ≥30 days. There were no significant differences between the conditional and 

unconditional model for sensitivity, χ2(12) = 5.02, p = .957 or specificity, χ2(12) = 16.72, p = .160. 

 

Figure 14. BLMM DTA comparisons of report of training days in training programs 
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 

The conditional BLMM for training days showed that type of VI procedure, F(17) = 5.68, p 

= .007, setting, F(17) = 5.44, p = .004, and gynecological symptoms, F917) = 23.21, p = .000, 

were significant predictors of sensitivity and gynecological symptoms, F(17) = 7.53, p = .009, was 

a significant predictor of specificity. 

training quality assessment. The BLMMs for the 25 studies that defined training quality 

assessment procedures and the 25 that did not are displayed in Table 18. The presence or 

absence of quality assessment was not a significant predictor of sensitivity in either BLMMs 

(figure 15). However, quality assessment was a significant predictor of specificity in both the 

unconditional, F(3) = 7.82, p = .007, and conditional BLMMs F(15) = 6.02, p = .019, controlling for 

VI technique, provider type, community, clinical setting, HIV status, and gynecological symptoms 

(Figure 15). Specificity was 8.7% lower for studies that did not define quality assessment in the 

unconditional BLMM (p = .007) and 12.4% less in the conditional BLMM (p = .019) (Table 18). 

There were no significant differences between the conditional and unconditional model for 

sensitivity, χ2(12) = 9.17, p = .688, or specificity, χ2(12) = 12.51, p = .406. 
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Figure 15. BLMM DTA comparison of report of quality assessment in training programs. 
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 

The conditional BLMM for quality assessment revealed that the presence of 

gynecological symptoms was a significant predictor of sensitivity, F(15) = 10.84, p = .002, and 

decreased sensitivity by 32% (p = .002). The community, F(15) = 3.28, p = .031, and symptoms, 

F(15) = 6.89, p = .013, were significant predictors of specificity, with studies conducted in 

unknown settings being 12% more specific than those conducted in urban settings and specificity 

was 21% higher in studies conducted on patients with no reported gynecological symptoms. Both 

the unconditional and conditional BLMMs for quality assessment can be seen in Table 18. 

training manual. There were 49 study sites that reported use of a training manual, 36 of 

which used the WHO IARC training manual. Only two studies used the JHPIEGO training manual 

and these studies were kept out of the analysis due to small numbers most likely leading to 

limited power. The results of the training manual BLMMs are illustrated in Table 19. Use of the 

IARC training manual was not a significant predictor of sensitivity, however specificity was 15.1% 

less for studies that did not report use of a specific training manual, F(3) = 22.64, p = .000, 

(Figure 16). This significance did not persist when controlling for VI type, provider type, 

community, clinical setting, HIV status, and symptoms. There was no significant difference 
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between the conditional and unconditional BLMMs for sensitivity, χ2(12) = 7.9, p = .793, but there 

was a significant difference between the BLMMs for specificity, χ2(12) = 25.18, p = .014. 

 

Figure 16. BLMM DTA comparisons of report of use of WHO IARC training manual. 
*p<.05. **p<.01. ***p<.001 in unconditional and †p<.05. ††p<.01. †††p<.001 in conditional BLMMs. 

The conditional BLMM considering the affect of not using or using the IARC training 

manual showed that gynecological symptoms was a significant predictor of sensitivity, F(15) = 

12.6, p = .001, and specificity, F(15) = 5.95, p = .020. Sensitivity was 36% less and specificity 

was 20% higher in women reporting gynecological symptoms (Table 19). 
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Table 15 

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 79.7% 1.8% 49 45.13 .000 76.1% 83.2% 81.7% 1.8% 49 46.635 .000 78.1% 85.2%
Not defined -19.2% 5.6% 49 -3.40 .001 -30.5% -7.9% -5.1% 5.6% 49 -.905 .370 -16.3% 6.2%
Didactic hours 0b 0b

Note.  For sensitivity didactic hours F(3) = 11.58, p = .001. For specificity didactic hours F(3) = 0.82, p = .370.

Constant 100.9% 12.9% 37 7.82 .000 74.8% 127.1% 56.4% 13.8% 37 4.08 .000 28.4% 84.4%
Not defined -21.9% 4.8% 37 -4.55 .000 -31.6% -12.1% -6.7% 5.2% 37 -1.29 .204 -17.1% 3.8%
Didactic hours 0b 0b

VIA 5.1% 5.5% 37 0.93 .359 -6.0% 16.1% -3.7% 5.8% 37 -0.63 .530 -15.6% 8.1%
VILI 13.1% 5.9% 37 2.23 .032 1.2% 25.0% -4.6% 6.3% 37 -0.74 .465 -17.4% 8.1%
VIAM 0b 0b

Physician 2.9% 7.7% 37 0.38 .706 -12.7% 18.5% 7.5% 8.2% 37 0.91 .371 -9.2% 24.1%
Nurse -1.7% 3.5% 37 -0.49 .628 -8.8% 5.4% 2.3% 3.7% 37 0.62 .538 -5.2% 9.9%
CHW 0b 0b

Unknown comm 9.2% 4.4% 37 2.09 .044 0.3% 18.2% 5.7% 4.7% 37 1.20 .236 -3.9% 15.3%
Rural 11.7% 7.1% 37 1.65 .107 -2.6% 26.1% -1.8% 7.6% 37 -0.24 .812 -17.2% 13.5%
Suburban 3.0% 7.6% 37 0.40 .693 -12.3% 18.4% -13.2% 8.1% 37 -1.62 .113 -29.6% 3.3%
Urban 0b 0b

Unknown clinic 25.5% 9.4% 37 2.71 .010 6.4% 44.6% -2.4% 10.1% 37 -0.23 .816 -22.8% 18.1%
Prmary clinic 24.3% 10.1% 37 2.41 .021 3.9% 44.8% 0.0% 10.8% 37 0.00 .999 -21.9% 21.9%
Specialty clinic 5.0% 6.3% 37 0.78 .438 -7.9% 17.8% -2.1% 6.8% 37 -0.30 .763 -15.8% 11.7%
Hosptial clinic 0b 0b

Didactic Hours: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of Visual 
Inspection (N=51) at CIN 2+

Sensitivity Specificity

95% CI 95% CI
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Table 15, cont. 
 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative -27.0% 10.1% 37 -2.66 .012 -47.5% -6.4% 5.4% 10.8% 37 0.50 .622 -16.6% 27.4%
HIV Positive 0b 0b

No symptoms -32.9% 7.8% 37 -4.20 .000 -48.8% -17.1% 24.1% 8.4% 37 2.88 .007 7.1% 41.1%
Symptoms 0b 0b

Note.  For sensitivity didactic hours F(15) = 20.67, p = .000; index test F(15) = 5.10, p = .011, provider type F(15) = 0.35, p = .709; 
community F(15) = 2.19, p = .106; clinical setting F(15) = 2.45, p = .079; HIV F(15) = 7.07, p = .012; symptom F(15) = 17.68, p = .000. 
For specificity didactic hours F(15) = 1.68, p = .204; index test F(15) = 0.27, p = .762, provider type F(15) = 0.44, p = .648; community 
F(15) = 1.61, p = .204; clinical setting F(15) = 0.11, p = .952; HIV F(15) = 0.25, p = .622; symptom F(15) = 8.29, p = .007.  CI = 
confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

b. This parameter is set to zero because it is redundant.

Sensitivity Specificity

95% CI 95% CI
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Table 16 

  

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 79.8% 1.9% 49 42.07 .000 76.0% 83.6% 81.2% 1.8% 49 44.471 .000 77.5% 84.9%
Not defined -12.8% 4.8% 49 -2.67 .010 -22.4% -3.2% -0.3% 4.6% 49 -.062 .951 -9.6% 9.0%
Mentored hours 0b 0b

Constant 93.2% 14.4% 37 6.48 .000 64.1% 122.4% 55.4% 14.2% 37 3.89 .000 26.6% 84.3%
Not defined -15.3% 4.8% 37 -3.22 .003 -24.9% -5.7% -1.5% 4.7% 37 -0.31 .755 -11.0% 8.1%
Mentored hours 0b 0b

VIA 6.0% 6.0% 37 0.99 .328 -6.2% 18.2% -3.5% 6.0% 37 -0.59 .561 -15.6% 8.6%
VILI 13.8% 6.5% 37 2.12 .041 0.6% 26.9% -4.6% 6.4% 37 -0.72 .477 -17.7% 8.4%
VIAM 0b 0b

Physician 2.0% 8.5% 37 0.24 .814 -15.2% 19.2% 6.5% 8.4% 37 0.77 .444 -10.5% 23.5%
Nurse -2.6% 3.8% 37 -0.68 .501 -10.4% 5.2% 1.4% 3.8% 37 0.36 .721 -6.3% 9.1%
CHW 0b 0b

Unknown comm 12.3% 4.9% 37 2.51 .017 2.4% 22.3% 6.2% 4.9% 37 1.28 .209 -3.6% 16.1%
Rural 8.6% 7.7% 37 1.11 .275 -7.1% 24.3% -4.4% 7.7% 37 -0.57 .572 -19.9% 11.2%
Suburban 4.3% 8.4% 37 0.52 .609 -12.6% 21.2% -12.2% 8.3% 37 -1.48 .148 -29.0% 4.5%
Urban 0b 0b

Unknown clinic 20.2% 10.4% 37 1.95 .058 -0.7% 41.2% -3.8% 10.3% 37 -0.37 .713 -24.6% 17.0%
Prmary clinic 21.8% 11.1% 37 1.96 .058 -0.7% 44.4% -0.8% 11.0% 37 -0.07 .942 -23.2% 21.5%
Specialty clinic 11.0% 7.2% 37 1.53 .134 -3.5% 25.6% -1.4% 7.1% 37 -0.19 .849 -15.8% 13.1%
Hosptial clinic 0b 0b

Mentored Hours: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of Visual 
Inspection (N=51) at CIN 2+

Sensitivity

Note.  For sensitvity mentored hours F(3) = 7.13, p = .010. For specificity mentored hours F(3) = 0.00, p = .951.

Specificity

95% CI 95% CI
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Table  16, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative -23.2% 11.1% 37 -2.08 .044 -45.7% -0.6% 6.7% 11.0% 37 0.61 .548 -15.7% 29.0%
HIV Positive 0b 0b

No symptoms -27.6% 8.8% 37 -3.13 .003 -45.5% -9.7% 24.5% 8.7% 37 2.80 .008 6.8% 42.2%
Symptoms 0b 0b

b. This parameter is set to zero because it is redundant.

Note.  For sensitivity mentored hours F(15) = 10.35, p = .003; index test F(15) = 4.17, p = .023; provider type F(15) = 0.42, p = .661; 
community F(15) = 2.26, p = .098; clinical setting F(15) = 1.71, p = .181, HIV F(15) = 4.34, p = .044; symptom F(15) = 9.79, p = .003. 
For specificity mentored hours F(15) = 0.10, p = .755; index test F(15) = 0.27, p = .769; provider type F(15) = 0.30, p = .743; community 
F(15) = 1.48, p = .237; clinical setting F(15) = 0.15, p = .932; HIV F(15) = 0.37, p = .548; symptoms F(15) = 7.85, p = .008.  CI = 
confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

Sensitivity Specificity

95% CI 95% CI

 

  



 

 

140 

Table 17 

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 72.9% 5.6% 47 13.04 .000 61.7% 84.1% 74.4% 4.9% 47 15.10 .000 64.5% 84.3%
Not defined -8.5% 7.9% 47 -1.07 .289 -24.4% 7.4% 2.4% 7.0% 47 .34 .737 -11.7% 16.4%
≤ 5 Days 8.1% 6.0% 47 1.34 .188 -4.1% 20.2% 10.9% 5.3% 47 2.05 .046 0.2% 21.6%
6 - 29 Days 4.1% 6.8% 47 0.60 .549 -9.6% 17.9% -0.2% 6.0% 47 -.03 .979 -12.3% 12.0%
≥ 30 Days 0b 0b

Constant 76.7% 14.9% 35 5.14 .000 46.4% 107.0% 57.7% 17.2% 35 3.36 .002 22.8% 92.6%
Not defined 5.1% 10.7% 35 0.48 .637 -16.6% 26.8% 14.8% 12.3% 35 1.21 .236 -10.1% 39.7%
≤ 5 Days 31.7% 12.0% 35 2.63 .013 7.2% 56.1% 19.8% 13.8% 35 1.43 .161 -8.3% 47.9%
6 - 29 Days 15.8% 6.8% 35 2.32 .026 2.0% 29.6% 0.5% 7.8% 35 0.07 .945 -15.3% 16.4%
≥ 30 Days 0b 0b

VIA 0.5% 5.4% 35 0.10 .922 -10.5% 11.6% -3.6% 6.3% 35 -0.58 .569 -16.3% 9.1%
VILI 9.3% 5.8% 35 1.61 .117 -2.4% 21.1% -3.8% 6.7% 35 -0.57 .569 -17.4% 9.7%
VIAM 0b 0.0% 0b

Physician 6.7% 8.2% 35 0.82 .420 -9.9% 23.3% 12.1% 9.4% 35 1.29 .206 -7.0% 31.2%
Nurse 0.3% 3.4% 35 0.10 .920 -6.6% 7.2% 2.0% 3.9% 35 0.52 .606 -5.9% 10.0%
CHW 0b 0b

Unknown comm 15.4% 4.5% 35 3.40 .002 6.2% 24.6% 5.7% 5.2% 35 1.08 .286 -4.9% 16.2%
Rural 16.3% 7.0% 35 2.33 .026 2.1% 30.4% -2.8% 8.0% 35 -0.35 .732 -19.0% 13.5%
Suburban 20.2% 13.7% 35 1.47 .151 -7.7% 48.1% 6.2% 15.8% 35 0.39 .699 -25.9% 38.3%
Urban 0b 0b

Note.  For sensitivity training days F(5) = 2.84, p = .048. For specificity training days F(5) = 3.66, p = .019.

Training Days: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of Visual 
Inspection (N=51) at CIN 2+

Sensitivity Specificity

95% CI 95% CI
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Table 17, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
Unknown clinic 4.2% 12.8% 35 0.33 .745 -21.7% 30.1% -18.6% 14.7% 35 -1.27 .213 -48.4% 11.2%
Primary clinic 5.9% 13.5% 35 0.44 .662 -21.4% 33.3% -16.0% 15.5% 35 -1.03 .308 -47.5% 15.4%
Specialty clinic 11.9% 6.9% 35 1.73 .092 -2.1% 25.9% -4.6% 7.9% 35 -0.58 .564 -20.7% 11.5%
Hospital clinic 0b 0b

HIV Negative -12.1% 11.6% 35 -1.04 .304 -35.6% 11.4% 0.6% 13.3% 35 0.05 .963 -26.4% 27.7%
HIV Positive 0b 0b

No symptoms -36.0% 7.5% 35 -4.82 .000 -51.1% -20.8% 23.6% 8.6% 35 2.74 .009 6.1% 41.0%
Symptoms 0b 0b

b. This parameter is set to zero because it is redundant.

Note.  For sensitvity training days F(17) = 9.65, p = .000; index test F(17) = 5.68, p = .007; provider type F(17) = 0.37, p = .695; 
community F(17) = 5.44, p = .004; clinical setting F(17) = 1.05, p = .383; HIV F(17) = 1.09, p = .304; symptoms F(17) = 23.21, p = 
.000. For specificity training days F(17) = 0.71, p = .551; index test F(17) = 0.18, p = .840; provider type F(17) = 0.83, p = .445; 
community F(17) = 0.66, p = .582; clinical setting F(17) = 0.61, p = .612; HIV F(17) = 0.00, p = .963; symptoms F(17) = 7.53, p = .009.  
CI = confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

95% CI 95% CI
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Table 18 

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 78.2% 2.7% 49 29.411 .000 72.9% 83.6% 85.6% 2.2% 49 38.49 .000 81.1% 90.1%
QA not defined -0.9% 3.7% 49 -.244 .808 -8.4% 6.6% -8.7% 3.1% 49 -2.80 .007 -15.0% -2.5%
QA  0b 0b

Note.  For sensitvity quality assessment F(3) = 0.06, p = .808. For specificity quality assessment F(3) = 7.82, p = .007.

Constant 100.5% 15.9% 37 6.33 .000 68.3% 132.7% 55.0% 13.1% 37 4.20 .000 28.5% 81.5%
QA not defined 6.6% 6.1% 37 1.07 .290 -5.8% 19.0% -12.4% 5.1% 37 -2.45 .019 -22.7% -2.2%
QA  0b 0b

VIA 4.0% 6.9% 37 0.59 .561 -9.9% 18.0% -0.4% 5.7% 37 -0.07 .941 -11.9% 11.1%
VILI 11.6% 7.3% 37 1.59 .121 -3.2% 26.5% -2.4% 6.0% 37 -0.39 .698 -14.6% 9.9%
VIAM 0b 0b

Physician -6.0% 10.4% 37 -0.58 .568 -27.0% 15.1% 15.2% 8.6% 37 1.77 .085 -2.2% 32.6%
Nurse -10.6% 6.1% 37 -1.75 .089 -22.9% 1.7% 10.1% 5.0% 37 2.01 .052 -0.1% 20.2%
CHW 0b 0b

Unknown comm 6.9% 6.3% 37 1.10 .276 -5.8% 19.7% 12.4% 5.2% 37 2.40 .022 1.9% 22.9%
Rural 5.0% 9.1% 37 0.56 .582 -13.3% 23.4% -13.0% 7.5% 37 -1.74 .091 -28.2% 2.2%
Suburban 6.6% 9.3% 37 0.71 .479 -12.2% 25.4% -11.5% 7.6% 37 -1.50 .142 -27.0% 4.0%
Urban 0b 0b

Unknown clinic 24.1% 11.9% 37 2.04 .049 0.1% 48.2% -9.3% 9.8% 37 -0.95 .347 -29.2% 10.5%
Primary clinic 19.6% 12.5% 37 1.56 .127 -5.8% 45.0% 2.9% 10.4% 37 0.28 .783 -18.1% 23.8%
Specialty clinic 4.5% 7.8% 37 0.58 .569 -11.4% 20.4% 0.0% 6.5% 37 -0.01 .996 -13.1% 13.1%
Hospital clinic 0b 0b

Training Quality Assessment: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the 
DTA of Visual Inspection (N=51) at CIN 2+

Sensitivity Specificity

95% CI 95% CI
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Table 18, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative -22.7% 12.4% 37 -1.83 .075 -47.8% 2.4% 7.2% 10.2% 37 0.70 .488 -13.6% 27.9%
HIV Positive 0b 0b

No symptoms -32.0% 9.7% 37 -3.29 .002 -51.7% -12.3% 21.1% 8.0% 37 2.63 .013 4.8% 37.3%
Symptoms 0b 0b

b. This parameter is set to zero because it is redundant.

Note.  For sensitivity quality assessment F(15) = 1.15, p = .290; index test F(15) = 2.94, p = .065; provider type F(15) = 1.68, p = .201; 
community F(15) = 0.60, p = .622; clinical setting F(15) = 1.40, p = .259; HIV F(15) = 3.35, p = .075; symptoms F(15) = 10.84, p = .002. 
For specificity quality assessment F(15) = 6.02, p = .019; index test F(15) = 0.26, p = .774; provider type F(15) = 2.29, p = .116; 
community F(15) = 3.28, p = .031; clinical setting F(15) = 1.36, p = .270; HIV F(15) = 0.49, p = .488; symptoms F(15) = 6.89, p = .013.  
CI = confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

Sensitivity Specificity

95% CI 95% CI
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Table 19 

Predictor β SE df t p LL UL β SE df t p LL UL
Constant 78.7% 2.3% 47 34.96 .000 74.2% 83.2% 85.6% 1.6% 47 52.31 .000 82.3% 88.9%
None mentioned -3.0% 4.4% 47 -0.69 .495 -11.8% 5.8% -15.1% 3.2% 47 -4.76 .000 -21.5% -8.7%
IARC Manual 0b 0b

Constant 111.4% 20.5% 35 5.427 .000 69.8% 153.1% 68.2% 17.1% 35 3.980 .000 33.4% 103.0%
Manual not -5.6% 8.5% 35 -.659 .514 -22.8% 11.6% -9.9% 7.1% 35 -1.397 .171 -24.2% 4.5%
IARC Manual 0b 0b

VIA 3.6% 7.0% 35 .516 .609 -10.6% 17.8% -2.6% 5.8% 35 -.438 .664 -14.4% 9.3%
VILI 11.6% 7.4% 35 1.557 .129 -3.5% 26.7% -4.7% 6.2% 35 -.758 .453 -17.3% 7.9%
VIAM 0b 0b

Physician -2.7% 9.5% 35 -.284 .778 -22.1% 16.6% 7.0% 8.0% 35 .881 .384 -9.1% 23.2%
Nurse -7.3% 4.4% 35 -1.664 .105 -16.3% 1.6% 1.9% 3.7% 35 .510 .613 -5.6% 9.3%
CHW 0b 0b

Unknown comm 9.6% 5.7% 35 1.687 .100 -2.0% 21.2% 4.1% 4.8% 35 .873 .388 -5.5% 13.8%
Rural -1.2% 10.0% 35 -.124 .902 -21.5% 19.0% -0.4% 8.3% 35 -.048 .962 -17.3% 16.5%
Suburban 15.6% 13.0% 35 1.201 .238 -10.8% 42.0% -4.5% 10.9% 35 -.416 .680 -26.6% 17.5%
Urban 0b 0b

Unknown clinic 16.4% 13.2% 35 1.245 .221 -10.3% 43.1% -10.4% 11.0% 35 -.943 .352 -32.6% 11.9%
Primary clinic 13.9% 14.8% 35 .937 .355 -16.1% 43.8% -7.4% 12.3% 35 -.597 .555 -32.4% 17.7%
Specialty clinic 3.5% 8.5% 35 .411 .684 -13.7% 20.7% -5.7% 7.1% 35 -.800 .429 -20.0% 8.7%
Hospital clinic 0b 0b

Note.  For sensitivity training manual F(3) = 0.47, p = .495. For specificity training manual F(3) = 22.64, p = .000.

Training Manual: Estimates of Fixed Effects for Linear Unconditional (Top) and Conditional (Bottom) Mixed Models of the DTA of Visual 
Inspection (N=49) at CIN 2+

Sensitivity Specificity

95% CI 95% CI
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Table 19, cont. 

Predictor β SE df t p LL UL β SE df t p LL UL
HIV Negative -23.8% 12.5% 35 -1.899 .066 -49.2% 1.6% 5.5% 10.4% 35 .530 .599 -15.7% 26.8%
HIV Positive 0b 0b

No symptoms -36.0% 10.1% 35 -3.549 .001 -56.6% -15.4% 20.6% 8.5% 35 2.439 .020 3.5% 37.8%
Symptoms 0b 0b

b. This parameter is set to zero because it is redundant.

Note.  For sensitivity training manual F(15) = 0.435, p = .514 index test F(15) = 3.10, p = .058; provider type F(15) = 4.54, p = .230; 
community F(15) = 1.79, p = .167; clinical setting F(15) 0.57, p = .638; HIV F(15) = 3.61, p = .066; symptoms F(15) = 12.60, p = .001. 
For specificity training manual F(15) = 1.95, p = .171; index test F(15) = 0.43, p = .655; provider type F(15) = 0.40, p = .655; community 
F(15) = 0.30, p = .824; clinical setting F(15) = 0.51, p = .680, HIV F(15) = 0.28, p = .599; symtpoms F(15) = 5.95, p = .020.  CI = 
confidence interval; LL = lower limit; UL = upper limit; unknown comm = unknown community.

Sensitivity Specificity

95% CI 95% CI
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Summary 

Several studies of VIA, VILI, and/or VIAM from around the world were found, reviewed, 

and included in this SR and qMA. The preliminary literature search for studies with provider type 

and VI DTA data retrieved 1,647 unduplicated articles. These were reduced to 27 articles for 

inclusion, reporting data from 34 study sites, through title, abstract, and inclusion/exclusion 

criteria review. The aim of most studies was to evaluate the DTA of cervical cancer screening 

with VI, HPV, and/or Pap smear testing, two compared provider types (Bhatla et al., 2004; 

Sherigar et al., 2010), two considered patient age differences (Cremer et al., 2011; Dasgupta & 

Bhattacharya, 2012), and one was an HPV prevalence study (McAdams et al., 2010). Studies 

represented women from counties in Asia, Africa, Central America, South America, and the 

Pacific. Twenty six studies presented DTA data for VIA from 34 study sites with 109,745 

participants, 13,166 of whom were screened by physicians, 42,667 by nurses, and 53,912 by 

CHWs. The VIA procedure was generally described as VI of the cervix with a light source after a 

1-2 minute 3-5% AA wash. Ten studies reported DTA data for VILI from 17 study sites with 

80,840 participants, 100 of whom were screened by physicians, 32,727 by nurses, and 48,013 by 

CHWs. VIAM DTA data came from three studies reporting on four study sites with 20,284 

participants, 2,777 of whom were screened by physicians in the Philippines and 17,507 by CHWs 

in India. VIAM observations were made after the application of AA with handheld devices with 4x 

to 16x magnification. Most studies used VIA and VILI diagnostic threshold criteria outlined by the 

IARC. Overall, thirty four study sites reporting DTA data for VI by physicians, nurses, and CHWs 

screening over 100,000 women around the globe were identified for inclusion. 

Study bias and applicability concerns were assessed by two independent reviewers using 

a revised QUADAS-2 tool (Appendix B) and publication bias was assessed through sample size 

versus standard error funnel plots with varied results. Patient selection bias was assessed as low 

for studies including women 21-65 years of age with no history of hysterectomy, CIN, and cervical 

cancer or treatment. Patient selection bias was high in 58% of VIA studies, related to inclusion of 

only married women, women within limited age ranges, gynecological complaints, and/or HIV. 

Eighty percent of VIA studies had a low risk of bias related to the VIA procedure and three were 
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unclear, as descriptions did not explicitly state whether VIA was conducted and interpreted prior 

to and without knowledge of the colposcopic reference test. In contrast, 80% of VILI studies had a 

high risk of review bias related to VILI index tests being conducted after the colposcopy reference 

test, as prolonged staining of the cervix after application of Lugol’s iodine necessitates all post AA 

cervical inspections be done prior to or days after iodine staining. The colposcopy reference 

standard also had a high risk of bias in most studies. A low risk of colposcopy reference test bias 

was only assigned to those studies that performed colposcopy directed biopsies and random 

biopsies on all participants, when the bulk of studies performed only colposcopy directed 

biopsies. Study flow and timing bias was typically assessed as low, but in those few cases that 

were high, the risk of bias came from the colposcopy reference test being done more than one 

month after VI index testing or due to inappropriate exclusions, such as abnormal colposcopic 

impressions without confirmatory histology or cancer cases. The preset inclusion/exclusion 

criteria for this SR and qMA practically eliminated VI index test or colposcopy reference test 

applicability concerns. High patient selection applicability concerns were given to studies with 

high risk, non-screening populations of women, such as inclusion of women with gynecological 

complaints or HIV. Subjective interpretation of funnel plots of standard error and sample size 

suggested minimal concern for publication bias. Ultimately, QUADAS-2 quality assessments 

revealed risk of bias concerns for patient selection, VI index testing, colposcopy reference testing, 

and flow and timing, however study applicability and publication bias concerns were limited. 

Quantitative analysis using BLMMs showed adequate DTA for all VI techniques, with 

significantly greater sensitivity for VILI over VIA or VIAM and no significant differences in 

specificity. Mean sensitivity and specificity of all VI techniques combined was 76.6%, 95% CI 

[72.3, 80.9] and 81.2%, 95% CI [77.9, 84.4], VIA was 73.6, 95% CI [67.9, 79.4] and 80.6%, 95% 

CI [76.2, 85], VILI was 85.6%, 95% CI [79.9, 91.4] and 80.5%, 95% CI [74.6, 86.4], and for the 

four VIAM study sites was 62.4%, 95% CI [47.7, 77.1] and 89.2%, 95% CI [79.3, 99.1], 

respectively. The sensitivity of VIA reported by Cremer et al. (2011) was an outlier of 16.7% and 

when excluded, the sensitivity increased for VI overall to 77.7%, 95% CI [74, 81.4] and for VIA to 

75.3%, 95% CI [70.5, 80.1]. The calculated DOR for VI, VIA, VILI, and VIAM were 14.14, 11.58, 
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24.54, and 13.7, respectively. The unconditional BLMM for VI showed that the type of VI index 

test was a significant predictor of sensitivity, F(4) = 5.80, p = .005, with VILI being 23% more 

sensitive than VIAM and 12% more sensitive than VIA. Type of VI as a predictor of sensitivity 

approached, but did not reach statistical significance, F(4) = 3.07, p = .057, in the conditional 

model. This held true for sensitivity in the unconditional and conditional BLMMs excluding the 

outlier Cremer et al. (2011). Therefore, specificity was high for VIA, VILI, and VIAM and sensitivity 

was adequate, but significantly better for VILI. 

In general there were no significant provider type differences in the DTA of VI techniques 

combined, VIA, or VILI, but mean sensitivity and specificity measures were best for CHWs. 

Provider comparisons for VIAM were not performed due to low numbers, but the mean sensitivity 

and specificity of VIAM by physicians from one study was 50%, 95% CI [44.3, 53.7] and 97.7%, 

95% CI [97, 98.2] and for CHWs from three study sites was 66.5%, 95% CI [43.4, 89.5] and 

86.4%, 95% CI [78.7, 94.1]. The BLMM including all VI techniques demonstrated that provider 

type was a significant predictor of sensitivity, F(4) = 3.22, p = .048, with VI by CHWs being 15% 

more sensitive than VI by physicians (p = .014). Provider type differences for VI techniques 

combined did not remain significant in the conditional BLMM and there were no significant 

differences in specificity between provider types. The sensitivity and specificity of all three VI 

techniques combined was 66%, 95% CI [47.4, 84.6] and 82.1%, 95% CI [71.7, 98.5] for 

physicians, 77%, 95% CI [71.7, 82.2] and 77.3%, 95% CI [71.5, 83.2] for nurses, and 81%, 95% 

CI [75.6, 80.9] and 85.1%, 95% CI [82.1, 88.1] for CHWs. The sensitivity for physicians increased 

to 71.5%, 95% CI [55.8, 87.2] when the outlier, Cremer et al. (2011), was removed. BLMMs of 

VIA and VILI did not reveal any significant differences between provider types. Mean sensitivity 

and specificity of VIA was 65.3%, 95% CI [42.3, 88.3] and 83.1%, 95% CI [72.7, 93.6] for 

physicians, 75.3%, 95% CI [69, 81.5] and 76.8%, 95% CI [69.3, 84.3] for nurses, and 77.4%, 95% 

CI [69.5, 85.3] and 85.1%, 95% CI 79.7, 90.6] for CHWs. VIA sensitivity rose to 72.3%, 95% CI 

[56.8, 87.8] when Cremer et al. (2011) outlier data was excluded. Mean sensitivity and specificity 

of VILI was 87.5%, 95% CI [47.4, 99.7] and 58.7%, 95% CI [48, 68.9] for physicians, 80.6%, 95% 
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CI [68.7, 92.4] and 78.5%, 95% CI [66.9, 90.1] for nurses, and 89.9%, 95% CI [83.8, 96] and 

84.7%, 95% CI [79.3, 90.1] for CHWs.   

Analysis of DTA data from the 51 studies describing some component of VI provider 

training showed that didactic hours, mentored hours, number of training days, quality assessment 

procedures, and type of training manual predicted the DTA of VI in unconditional and conditional 

BLMMs controlling for VI procedure, provider type, community, clinical setting, HIV status, and 

the presence or absence of gynecological symptoms. A description of didactic hours (n=46) was 

not a significant predictor of specificity, but was a significant predictor of sensitivity in the 

unconditional BLMM, F(3) = 11.58, p = .001, and conditional model, F(15) = 20.67, p = .000. 

Sensitivity went up by 19.2% in the unconditional model (p = .001) and 21.9% in the conditional 

model (p = .000) in studies that mentioned didactic hours. Mentored hours (n=43) was also a 

significant predictor of sensitivity, but not specificity, for the unconditional, F(3) = 7.13, p = .010, 

and conditional, F(15) = 10.35, p = .003, BLMMs. Studies that referenced mentored hours had a 

12.8% higher sensitivity (p = .010) in the unconditional model and a 15.3% increase in sensitivity 

(p = .003) in the conditional BLMM. Training days was a significant predictor of sensitivity, F(5) = 

2.84, p = .048, and specificity, F(5) = 3.66, p = .019, and the significance held for sensitivity in the 

conditional BLMM, F(17) = 9.65, p = .000. Sensitivity was 31.7% higher (p = .013) in the 

conditional model and specificity was 10.9% higher (p = .046) in the conditional model for studies 

reporting up to five days of training over those reporting 30 or more. In the conditional model, 

sensitivity was also shown to improve by 15.8% (p = .026) in studies with 6-29 training days over 

those reporting 30 or more. Unconditional BLMMs of quality assurance measures, F(3) = 7.82, p 

= .007, and training manuals, F(3) = 22.64, p = .000, were found to be significant predictors of 

specificity. This significance remained in the conditional model for quality assurance, F(15) = 

6.02, p = .019. Reference to quality assurance procedures improved specificity by 8.7% (p = 

.007) in the unconditional and 12.4% (p = .019) in the unconditional BLMMs. Using the WHO 

IARC training manual l(Sankaranarayanan & Wesley, 2003) led to a 15.1% improvement in 

specificity (p = .000) in comparison to studies that did not mention using a training manual. 

Therefore, the results of this qMA suggests that didactic hours, mentored hours, the number of 
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training days, quality assurance procedures, and use of the WHO IARC training manual 

(Sankaranarayanan & Wesley, 2003)may be components of training that significantly improve the 

DTA of VI. 

The BLMMs uncovered other significant predictors of VI DTA, such as gynecological 

symptoms, HIV status, and type of community. The specificity of VI was significantly lower in 

women reporting gynecological symptoms. For example, in the BLMM including all VI studies, 

gynecological symptoms was a significant predictor of specificity, F(14) = 8.66, p = .005, and 

specificity went down by 20.9% in women with symptoms (p = .005). Statistical significance for 

gynecological symptoms held true in the VIA provider type and overall training component 

(didactic hours, mentored hours, training days, quality assurance, and training manual) BLMMs. 

In contrast, training component BLMMs including all VI types showed a significant increase in 

sensitivity for women with gynecological complaints. For example, the conditional BLMM for 

didactic hours showed that gynecological symptoms was a significant predictor of sensitivity, 

F(15) = 17.68, p = .000, with VI in women with gynecological symptoms being 32.9% more 

sensitive. HIV was also found to be a significant predictor of sensitivity, with VI in HIV positive 

women being approximately 25% more sensitive than in HIV negative women. Finally, in the 

BLMM of training days, community was a significant predictor of sensitivity, F(17) = 5.44, p = 

.004, with VI conducted in rural communities being 16.3% more sensitive than those performed in 

urban communities. Beyond the primary outcome measures of this study, BLMMs found that 

gynecological symptoms, HIV status, and community may be factors that significantly impact the 

DTA of VI.
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CHAPTER 5: DISCUSSION

This was the first SR and qMA specifically designed to determine if there were significant 

differences in the DTA of VI for cervical cancer screening by provider type and training. The 27 

studies of VI for cervical cancer screening included in this qMA showed VI DTA estimates 

consistent with those previously published. The accuracy of VI was similar among all provider 

types, with CHWs having higher sensitivity in the overall unconditional BLMM, and particular 

components of VI provider training affected DTA. These results support using local, unlicensed, 

CHWs to provide sufficiently accurate screening services to women living in low resource areas 

with limited access to healthcare providers and facilities. In addition, this research suggests that 

the number of training days, quality assurance, use of IARC training manual, and didactic and 

mentored hours may be essential to specific aspects of VI training programs for CHWs, but 

further research is necessary to substantiate these findings. Supporting community based 

cervical cancer screening with CHWs targeting women who are unable or unwilling to access 

screening may offer an effective means for decreasing cervical cancer morbidity and mortality in 

these populations (Saslow et al., 2012). Local, safe, and accurate screening programs using 

properly trained CHWs provided with appropriate resources, may reduce barriers and augment 

facilitators to cervical cancer screening. Partnerships between healthcare systems and 

communities may reduce barriers, such as, low healthcare provider to population ratios, cost, 

transportation, mistrust of medical care and improve facilitators to screening, like, local access 

and community support identified in the literature. This chapter offers a thorough discussion of the 

strengths and weaknesses of this study’s methods and results, giving recommendations for future 

policy, research, and praxis. 

Literature 

literature search. The organizational websites, databases, and key words used in this 

literature search yielded 1,647 unduplicated articles, however inclusion of non-English articles, 
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expanded date range, and not querying the Web of Science database may have improved and 

streamlined the search. Eighteen studies meeting initial title/abstract review criteria were 

published in a language other than English and were not translated into English to be considered 

for full review in this study; 10 in Chinese, three in Spanish, two in Portuguese, two in French, 

and one in Bulgarian. If all 18 studies had met inclusion/exclusion criteria, the number of cases in 

2x2 data tables may have increased, along with the sample size and subsequent power. 

Expanding the literature search beyond December 2015 and into mid 2016 may have found 

additional articles and DTA data for inclusion. In addition, extra time and effort for initial title and 

abstract review for study exclusions may have been saved by not searching the Web of Science 

database, as it was not a good source of practice based in-vivo literature, but focused on in-vitro 

studies. Therefore, the literature search may have been improved by translating and including 

non-English publications, extending the publication search date into mid-2016, and not querying 

Web of Science 

publication bias. Subjective assessments of funnel plots of standard error (1/ESS1/2) 

and total sample size showed little concern for publication bias for VIA or VILI. However, standard 

error could not be calculated or plotted in the absence of 2x2 table data for three VIA studies (Li 

et al., 2009; Ngelangel et al., 2003; Sangwa-Lugoma et al., 2006) and one VILI study (Sangwa-

Lugoma et al., 2006). The low concern for publication bias may be due to the fact that several 

library databases, organizational websites, dissertations, and reference lists were reviewed to 

extract any relevant literature. However, McNeil and Newman (1994) warned that even the most 

diligent search cannot uncover studies with clinically insignificant, unexpected, or unexplained 

results which are not published. It is important to note that funnel plot analysis for qMAs of DTA 

have been found to have high type I error rates over qMAs of randomized controlled trials, likely 

showing an incorrect indication of publication bias (Deeks et al., 2005; Macaskill et al., 2010). It 

could be argued that it would be unlikely to withhold clinically insignificant or unexpected results 

from DTA studies of screening tests, like VI, that are already used in practice. In this case, clinical 

data supporting either the use of or discontinuation of VI screening would likely be published.  
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Quality Assessment 

This section reiterates and elaborates upon the results of QUADAS-2 assessments of 

bias and applicability using the population, intervention, comparator, outcome, timing, and setting 

(PICOTS) framework by Hartmann et al. (2012). Outcome was omitted, as it was assumed that all 

study related methodological issues contributing to VI DTA outcomes were discussed in the other 

framework categories.  

population. Inclusion/exclusion criteria and the QUADAS-2 patient selection domain 

addressed concerns related to external validity and spectrum effects, or differences in VI 

accuracy when used in different populations (Santaguida et al., 2012). However, age, HIV status, 

sample selection procedures, presence or absence of gynecological symptoms, and history of 

abnormal cervical screening were all potential population biases and applicability concerns that 

were not completely avoided via inclusion/exclusion criteria.  

Overall, participant age ranges in included studies were wide and varied, but were narrow 

and/or ran outside of the recommended screening ages of 21 to 65 years (ASCCP, 2012). 

Deodhar et al. (2012), McAdam et al. (2008), and Nessa et al. (2013) had narrow age ranges 

between 30 and 49, 30 and 50, and 30 and 45, respectively. Cremer et al. (2011) only included 

women over the age of 50 and the VIA sensitivity estimate of 16.7% was an extremely low value 

and an outlier in comparison to other included studies (Figure 5). The primary aim of Cremer et 

al. (2011) was to evaluate the visibility of the SCJ in postmenopausal women and to compare the 

performance of VIA versus Pap smear. They found the adequacy of VIA declined with age and 

the majority of women in their sample of 578 had a visible SCJ, therefore, visibility did not fully 

account for the high FN rate and low estimate of sensitivity (Cremer et al, 2011). The only other 

study in the literature that addressed age concerns with VIA was done by Dasgupta and 

Bhattacharya (2012). They found that the proportion of VIA screen positive women with abnormal 

cervical biopsy results was similar for women over 40 years of age and younger than 40, but they 

did not look specifically at the DTA of VIA (Dasgupta & Bhattacharya, 2012). The variability in 

reporting of participant ages and age ranges in included studies precluded the possibility of 

looking at age as a predictor of VI DTA in BLMMs. Future VI DTA studies may want to look at the 
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affect of age on accuracy, as the impact remains unclear and must be considered a potential for 

bias in this study.  

Clinical review and selection bias must also be taken into account. Clinical review bias 

may have occurred when VI providers were more apt to label women known to be at high risk for 

CIN as VI positive. For example, this may be likely to happen in women positive for HIV, 

exhibiting gynecological symptoms, from another high risk population, or with a history of 

abnormal screening. Indeed, five VIA and one VILI study involved women with HIV and in the 

overall VI BLMMs of didactic hours and mentored hours (Table 15 &16), HIV was a significant 

predictor of sensitivity and higher in HIV positive women. However, this did not hold true in any 

other BLMMs. In contrast, gynecological symptoms was found to significantly increase sensitivity 

in all training BLMMs (Table 15-19) and significantly decrease specificity in the overall VI, VI and 

VIA provider type and training BLMMs (Table 11, 12, 13, 15-19). In a qMA of VIA by Sauvaget et 

al. (2011), VIA in symptomatic women (n=10) showed sensitivity to be stable at about 83% and 

specificity decreased to 81% from 92% (n=26) in asymptomatic women, but no statistical 

comparisons were reported. Gaffikin et al. (1999), although not recruiting a symptomatic sample 

of women, reported that 83.8% of participants exhibited symptoms of sexually transmitted 

infections. Clinical review and/or selection bias may have also been a factor for Ngoma et al. 

(2010) and DeVuyst et al. (2005). It was unclear as to whether or not Ngoma et al. (2010) 

excluded women with a history of CIN, cervical treatment, or cancer and DeVuyst et al. (2005) 

included 105 of 653 participants who were enrolled due to an abnormal Pap smear. Although 

these clinical review and selection biases may have affected the DTA of VI, the true nature of 

their affect warrants further investigation. 

intervention. Test review bias and inter-study observer, environmental, and threshold 

variability may have contributed to VI index test biases. VI test review bias may be a particular 

concern for VILI studies and may have contributed to an overestimation of DTA. In fact, VILI was 

found to be significantly more sensitive than both VIA and VIAM in this study. However, the long 

term staining after the application of Lugol’s iodine necessitates VIA and colposcopic 

interpretations with AA to be done prior to interpretations after the application of Lugol’s iodine. 
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Although dropout rates may increase, the best way to eliminate this risk would be to blind index 

and reference test providers and conduct colposcopy on a different day than VILI. This was done 

by Bhatla et al. (2004). For this qMA, Dasgupta and Bhattacharya (2012) and Mabeya et al. 

(2012) did not specifically address blinding or whether VIA was interpreted without knowledge of 

colposcopy. In Ngelangel et al. (2003) and McAdam (2008) there was no clarification as to 

whether the physicians doing VIA were the same or different from those doing colposcopy, so 

also unclear as to blinding. AA concentrations ranged between 3-5%, standard in VIA guidelines 

and manuals, and was not described in some studies. Light sources varied and could have 

contributed to visibility of lesions, however studies looked at the differences of lights source in VIA 

outcome were not found in the literature. Length of AA wash ranged from none-described to 

between 1-2 minutes and studies of optimal wash times were not found in the literature and may 

be another source of VIA imprecision. Variations in index test thresholds may have also 

contributed to interstudy variability, as threshold variation will more likely exist when positivity is 

based on judgment rather than measurement (Macaskill et al., 2010). However, inclusion criteria 

ensured that there was a description of subjective index thresholds and all studies had a 

minimum diagnostic threshold of AW lesions being present in or abutting the TZ or yellow iodine 

non-uptake in the same area. Although inclusion/exclusion criteria requiring blinding and 

descriptions of VI thresholds may have reduced VI review bias and diagnostic threshold 

variability, in qMAs it is next to impossible to control for all observer, environmental, and threshold 

variations and these may have contributed to between study heterogeneity. 

comparator. The colposcopic reference standard has the potential for verification bias, 

and, like VI, diagnostic review bias, and observer, environmental, and threshold variability. 

Including studies that required colposcopy reference testing on all or a random subset of screen 

negative women should have diminished the risk of verification bias in this qMA. However, 

although colposcopy was performed on all or a random subset of VI negative women, it could be 

argued that random biopsy and not colposcopy directed biopsy is the best reference test 

standard. Huh et al. (2014) postulated that studies of VI using random biopsy as the reference 

standard, rather than colposcopy directed biopsy, would decrease the colposcopy FN rate. In 
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fact, a large cohort study by Pretorius et al. (2004) showed that 37% of CIN 2+ lesions were 

detected by random biopsy alone. This mirrors the problem noted by Reitsma et al. (2009), that 

overestimates of DTA are seen when index and reference tests assess similar aspects of the 

disease. Further evidence to support these concerns was offered by Qiao et al. (2015), who 

found increased VIA and VILI sensitivity estimates in subgroup analysis of colposcopy directed 

biopsy as the reference standard in comparison to subgroups using histology alone or in 

combination with Pap smear and/or HPV as the reference standard. Random biopsy may have 

been the best diagnostic reference standard, but only five VIA studies used this reference 

standard. Random biopsy was likely avoided, as it is more invasive and needs more clinical and 

pathology resources. Diagnostic review bias should be limited due to the exclusion of studies that 

did not blind reference test providers to the results of the index test. However, a few were 

unclear. DeVuyst et al. (2005), Mc Adam et al. (2008), Nessa et al. (2013), and Muwonge et al. 

(2010) did not clarify whether the colposcopy provider was unaware of VIA. Colposcopy provider 

training and experience, instrumentation, lighting, and other interobserver and environmental 

factors may have also contributed to variability. 

timing. Timing was not a large concern for this qMA, however study flow, which was 

included under timing in the QUADAS-2 tool, may offer more of a concern. Inclusion/exclusion 

criteria required the timing of VI to be within one month of colposcopy reference testing. This was 

the case in most included studies. Timing was only unclear in the study of VIA and VILI by 

Deodhar et al. (2012). Flow, on the other hand, was a much larger concern, related to 

unexplained or inappropriate exclusions. Ngelangel et al. (2003) excluded 270 random VIA 

subjects from analysis, Sankaranarayanan et al. (2004c) excluded cancer cases, and Deodhar et 

al. (2012), Joshi et al. (2013), Ngoma et al. (2010), Muwonge et al. (2010), and Shastri et al. 

(2005) excluded cases with abnormal colposcopic impressions without histological confirmation. 

Dasgupta and Bhattacharya (2012) also had inappropriate exclusions, including unsatisfactory 

Pap smear, no histology, unable to see TZ, decreased visibility related to bleeding, and 

disagreements over diagnosis. These types of exclusions could impact DTA estimates. For 

example, excluding cancer cases from reference test positives would reduce TP and FP rates, 
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reducing sensitivity. Inappropriate exclusions, more than timing, was a concern for this study and 

could have contributed to underestimates of DTA. 

setting. It has been noted that different geographical, community, and clinical 

environments may contribute to outcome heterogeneity. The results of the qMA by Fokom-

Domgue et al. (2015) suggest that VIA and VILI may be more accurate when performed in sub-

Saharan Africa, as their estimates of sensitivity and specificity were higher than those seen from 

China or India (Belinson et al., 2001b; Basu et al., 2003). These results warrant looking at 

geographical differences, but, in contrast, Sauvaget et al. (2011) found no variation in DTA by 

region. Also, there were no significant differences in sensitivity or specificity by country seen in 

this qMA. Type of community (rural, suburban, urban, or mixed), however, was a significant 

predictor of sensitivity in the BLMM of training days and a significant predictor of specificity in the 

BLMM of training quality assurance. Analysis of community as a predictor variable may have 

been limited in power, as only one study was conducted in a suburban setting, one in a mixed 

setting, 12 in an urban, and three in a rural community setting. Clinical setting was not a 

significant predictor of sensitivity or specificity in any of the BLMMs from this qMA. Although 

setting has been shown to affect the accuracy of diagnostic and screening tests in prior 

investigations, it did not seem to play an important role in the results of this study. 

QUADAS as predictor of accuracy. QUADAS-2 quality assessment ratings were not 

considered in the conditional BLMMs, as quality ratings were not considered criteria for 

inclusion/exclusion. This was because factors identified in QUADAS-2, like gynecological 

symptoms and HIV status, were accounted for in the conditional BLMMs and sample sizes were 

low. QUADAS-2 BLMMs of sensitivity and specificity at the CIN 2+ threshold found that VIA index 

test bias (p=.036), colposcopy bias (p = .021), and flow and timing applicability concerns (p = 

.011) were significant predictors of sensitivity and VIA index test applicability concerns (p = .016), 

VILI index test bias (p = .001), patient selection bias (p = .002), patient selection applicability 

concerns (p = .000), and flow and timing applicability concerns (p = .033) were significant 

predictors of specificity. However, numbers were low. VIA index test bias had an n=2 for low risk 

and an n=1 for unclear risk. VIA applicability concerns had an n=1 for unclear and an n=34 for 
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low concern, VILI bias had an n=2 for low, n=15 for high, and n=1 for unclear risk, patient 

selection bias had an n=1 for unclear risk, and patient selection applicability had an n=2 for 

unclear concern. Only colposcopy risk of bias and flow and timing applicability domains had 

sufficient numbers. Therefore, although quality ratings are important to consider, a decision was 

made not to include quality ratings for inclusion/exclusion criteria and to account for some 

aspects of bias through BLMM predictors.  

Statistics 

This qMA of VI has the largest sample size and is the first to use BLMM. One of the most 

important and novel aspects of this qMA was that BLMMs, with individual studies of VI as the 

random effect, were used as a means of controlling for study heterogeneity emanating from 

methodological biases discussed in the quality assessment section. In addition, stratifying the 

DTA data beyond number of articles and study sites to also include provider type stratifications, 

increased the overall VI and VIA sample sizes above those seen in other pooled studies or qMAs 

of VI. The sample size from this study was 57, with 35 VIA, 18, VILI, and four VIAM data points. 

The largest sample previously published was in Qiao et al. (2015), who had a sample size of 29 

for VIA and 19 for VILI. No other qMAs of VI have used BLMM on such a large sample size. 

research. The 2010 Cochrane guidelines for qMAs of DTA data recommend BREMs for 

statistical analysis and more qMAs have and will continue to use BREM. BREM addresses the 

interdependency of sensitivity and specificity and inter-study heterogeneity and was used in four 

of eight qMAs of VI (Sritupskho and Theewal, 2010; Wei et al., 2012; Chen et al., 2012; Fokom-

Domgue et al., 2015). Two used hierarchical effects models (Chanthavilay et al., 2015; Qiao et 

al., 2015). In this study a BLMM with inter-study variability being the random effect and 

calculating fixed effects of various predictors. These approaches may prove more robust for DTA 

qMAs, but further discussion and comparisons of the results of these statistical procedures 

should be considered.  

Visual Inspection 

the overall sensitivity and specificity for all VI techniques combined was 76.6% and 

81.2%, for VIA was 73.6% and 80.6%, for VILI was 85.6% and 80.5%, and VIAM was 62.4% and 
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89.2%. These estimates were comparable to those reported in the literature. No prior qMA 

reported on the overall accuracy of VI including all VI techniques, as this is not clinically relevant, 

however, merging VIA, VILI, and VIAM DTA data were used in the BLMMs looking at the effects 

of provider type and training on overall VI sensitivity and specificity to increase sample size. 

Of the seven qMA that reported on the sensitivity and specificity of VIA, sensitivity was 

estimated within a range of -4.8 and 8.8% and specificity ranged within -4.6 and 11.4% of this 

study’s estimates at the CIN 2+ diagnostic threshold. The highest VIA sensitivity was reported by 

Fokom-Domgue et al. (2015), who focused on studies in sub-Saharan Africa and allowed for 

partial verification bias, with colposcopy reference testing in screen positive women and only a 

percentage of screen negative women. Both of these factors may have contributed to a higher 

sensitivity estimate. The lowest sensitivity came from Bobdey et al. (2015), but this study was not 

clear on the methodology or reference standard used. Sauvaget et al. (2011) showed the highest 

VIA specificity, but allowed for verification bias, including studies that had screen positive or a 

percentage of screen negative women receiving reference testing, which could inflate specificity 

estimates. The lowest VIA specificity was in Chanthavilay et al. (2015), who looked at VIA and 

cytology in combination and colposcopy was only done on screen positive women. Therefore, 

Chanthavilay et al.’s (2015) index tests were different than VI alone and verification bias was an 

issue. The DTA of VIA from this study mirrored that found in the literature and biases may have 

accounted for some of the variability observed. 

For the four qMAs of VILI, sensitivities ranged within -3.7% to 9.5% and specificity ranged 

within 4.5% to 7.6% higher than this study’s estimates. The highest estimate of VILI sensitivity 

was found in Fokom-Domgue et al. (2015), as with VIA, and was also the highest estimate of 

specificity. A lower estimate of VILI sensitivity was seen in Bobdey et al. (2015), which had 

unclear descriptions of the reference standard and threshold.  

The difference from this study to the three other DTA qMA estimates of VIAM sensitivity 

and specificity were between 0.9% to 8.6% and -4.2% to -3.2%, respectively. The largest 

improved VIAM sensitivity was found in Sauvaget et al. (2011), which included studies with only 

VIAM positive women or random sample of VIAM negative women receiving the colposcopy 



 

160 

reference standard. All VIAM specificity estimates were lower than this study, with the lowest 

seen in Sritupstko and Theewal (2010), but they included women with a history of abnormal Pap 

smears and symptoms, which may have led to a high screen positive rate. All of these findings 

support the improved sensitivity, but decreased specificity of VIA, VILI, and VIAM over estimates 

for Pap smear, with the AHRQ (1999) reporting a 51% and 98% sensitivity and specificity 

estimate for Pap smear, respectively.  

The differences in DTA between VI techniques in this qMA mirror that found in the 

literature. VILI was approximately 12% more sensitive than VIA and 23% more sensitive than 

VIAM in the unconditional BLMM, but significance approached, but did not reach statistical 

significance in the conditional BLMM. There were no significant differences in specificity noted 

between VI techniques in this study. These results were similar to those found by Bobdey et al. 

(2015), Chen et al. (2012), Fokom-Domgue et al. (2015), and Qiao et al. (2015), who estimated 

that VILI was between 11% to 15% more sensitive than VIA and saw no more than a 2.8% 

difference in specificity between VIA and VILI.  

policy. When treatment options are relatively innocuous, as is the case with treatment of 

CIN with cryotherapy, it is more important to identify as many women who need treatment for 

precancerous lesions than to worry about overtreatment of women who are FPs. This is 

especially true in a population that may not routinely participate in screening, with missed cases 

likely to develop into cervical cancer. Cervical cancer screening with VI offers the same 

sensitivity, but significantly lower specificity than HPV testing (Arbyn et al., 2008b) and more 

sensitivity, but less specificity than cytology (AHRQ, 1999). Higher sensitivity is more important 

for cervical cancer prevention, because it is more important to identify cases through a high 

sensitivity, rather than being sure to identify TP cases, with high specificity. In fact, a recent meta-

analysis comparing the efficacy of VIA, HPV, and Pap smear cervical cancer screening programs 

found that these differences in DTA did not translate into large differences in missed cases or 

overtreatment (Mustafa et al., 2015). In 11 studies of VIA and Pap smear cytology, screening with 

VIA led to a 2% increase in FNs (missed cases) and a 5.8% increase in over treatment of FPs 

and in five studies of VIA and HPV screening, VIA led to a 5% increase in missed cases and a 
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3% decrease in overtreatment of FPs (Mustafa et al., 2015). Some of the highest cervical cancer 

incidence rates are found in areas where women do not access screening, thus the biggest 

decrease in incidence would occur if the largest percentage of precancerous lesions were 

identified and treated. The relatively high sensitivity of VI makes it a viable cervical cancer 

screening option when emphasis must be placed on avoiding missed cases and not over 

treatment. 

Despite the proven efficacy, accuracy, low cost, and recommended use of VI, HPV, and 

cytology screening, only 14% and 21% of low income countries offer VI or cytology based 

screening, 42% of low/middle income countries provide cytology and 28% provide VI (Ulrich & 

Riley, 2014). In an economic model using data from five countries, Goldie et al. (2005) showed 

that these models supported the use of VIA as the least expensive and effective secondary 

preventive strategy. Both cytology and HPV testing requires medical resources beyond the reach 

of many communities and requires more than one visit for diagnosis and treatment. However, a 

new HPV point-of-care test has recently become available and is being piloted. The GeneXpert 

test (Cepheid; Sunnyvale, CA, USA), similar to VI, can provide a result within one hour, 

eliminating the need for follow up and allowing for same day treatment with cryotherapy (Denny & 

Prendiville, 2015, p. S29). However, cost may still be a barrier to GeneXpert testing for many. 

Therefore, advocating for VI cervical cancer screening policies and programs for governmental, 

non-governmental, and community based organizations continue to be essential for improving 

access to and availability of cervical cancer screening. 

VI techniques for cervical cancer screening may also be applicable to pockets of remote 

and resource poor populations within developed nations. Testing VIA and/or VILI as a onetime 

visit option on specific sub-populations with limited incomes, no health insurance, high rates of 

cervical cancer, or living in remote/rural communities may show it as a low cost and efficacious 

screening strategy. Policy makers and standard of care guidelines should include VI, especially in 

high incidence low resource areas, even within high resource countries. In fact, an editorial in the 

American Journal of Public Health called for giving priority to cervical cancer screening coverage 

with VIA and HPV DNA test in women over 30 years of age in underserved populations in all 
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countries (Maine, Hurlburt, & Greeson, 2011). In an overview of VIA, Tsu and Pollack (2005) 

advocated for VIA, VILI, and HPV as viable alternatives to cytology and considered cryotherapy 

as safe and acceptable to women and a treatment that could be delivered by a range of health 

providers. VI policy and programs should consider local needs, rather than country wide or 

provincial needs and potential benefits, to successfully reach high risk populations.  

The results of this qMA suggest that VILI offers the most accurate means of cervical 

cancer screening, but storage and cost of Lugol’s iodine may prove a barrier to use in some low 

resource settings. Lugol’s iodine should be stored in a cool place, in a sealed container, and 

away from direct sunlight (MSDS safety sheet). In warm tropical climates storage may be a 

problem. Also, Lugol’s iodine is more expensive and usually ordered from or available through 

chemical companies. Acetic acid (or vinegar), on the other hand, is readily available at many local 

grocery stores. VILI should be the VI technique of choice where feasible, but VIA also performs 

well and is recommended by the WHO (2013). 

research. Future research of VI accuracy focused on improved VILI DTA estimates and 

translation of VI into subpopulations living within high resource countries may prove useful. DTA 

estimates may be inflated related to clinical review bias inherent in studies of VILI. The long term 

staining of Lugol’s iodine necessitates performance of VIA and colposcopy with AA prior to the 

application of Lugol’s iodine. To avoid review bias, the colposcopic reference standard should be 

conducted during a separate clinical visit by a separate provider blinded to the results of VILI. 

This sort of study design may have been avoided in the past to reduce dropout rates and ease 

the burden of recruitment efforts. Another important area of research may be in the translation of 

VIA or VILI for use in high risk, high incidence populations within high resource countries. It was 

noted that several of the barriers to screening and follow up identified in low resource countries 

were also seen in women living in high resource counties (Driscoll, 2015). Studies looking at the 

impact of offering VI screening for high risk subpopulations that may not be able to access more 

expensive and resource intense standards of care for cervical cancer screening, diagnosis, and 

treatment may provide information to potentially reduce or even eliminate health inequities seen 

within developed nations. More precise estimates of the DTA of VILI and information about the 
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efficacy, acceptability, and accuracy of translating low resource cervical cancer screening 

alternatives with VI for high risk women in high income countries may benefit future attempts to 

alleviate cervical cancer health inequities within and across borders. 

Provider Type 

results. Provider type was a significant predictor of sensitivity (p=.048) and the sensitivity 

of VI performed by CHWs was significantly better than those performed by physicians (p=.014) in 

the unconditional BLMM including all VI techniques. However, for the most part, provider type did 

not affect the sensitivity or specificity of VI, much like other qMA of VI. Chen et al. (2012) and 

Sauvaget et al. (2011) found no significant differences between nurses, physicians, or CHWs in 

the DTA of VIA or VILI, as seen in VIA and VILI BLMMs in this qMA. Qiao et al. (2015) saw that 

VIA provided by physicians and nurses were significantly less sensitive than those conducted by 

CHWs, but only two studies of physicians and nurses were included so analysis was limited in 

power. Although DOR comparisons were not made in this study, Chanthavilay et al. (2015) found 

that provider type was a significant predictor of DOR when both VIA and cytology were positive at 

a reference threshold of CIN 2+. However, combined screening with VIA and cytology does not 

match the outcome of this or other qMAs looking at the accuracy of VI alone. Wei et al. (2012) 

saw no significant differences in the DTA of VI between county versus municipal level physicians, 

but this comparison may not be applicable to comparisons between licensed and unlicensed 

providers. However, it does offer supporting evidence to the relatively equal DTA of VI seen 

between various provider types. Studies of inter-rater agreement have also shown moderate to 

near perfect Cohen’s Kappa statistics between provider types (Bhatla et al., 2004; Gajalakshmi et 

al., 1996; Hillman et al., 2013; Sanghvi et al., 2008; Sellors et al., 2002; Shastri et al., 2014; and 

Sherigar et al., 2010). Several limitations of these studies should be noted. Bhatla et al. (2004) 

and Sherigar et al. (2010) included symptomatic women, Gajalakshmi et al (1996) did not use AA 

and physicians were not blinded to the colposcopy reference standard, Hillman et al. (2013) and 

Sellors et al. (2002) used pictures to determine inter-rater agreement, and in Hillman et al. (2013 

the cervical photos were compared to physician findings in the field. The results of this study and 

others provide mounting evidence suggesting that there are no real differences in the DTA of VI 
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when performed by providers from various backgrounds and may even suggest CHWs perform 

best. 

limitations. Evidence from this study and others show no significant differences in VI 

accuracy between provider types, but several limitations to this analysis must be considered, 

including problems with VILI and VIAM provider type BLMMs, potential for a type of review bias 

for nurses and CHWs, and limitations with Cremer et al. (2011). There was only one study of VILI 

performed by physicians with a sample size of 100 which was included in VILI provider type 

unconditional and conditional BLMMs (Bhatla et al., 2004). In contrast, eight VILI study sites with 

32,727 participants seen by nurses and nine VILI study sites with 45,103 participants seen by 

CHWs were included in the VILI provider type BLMMs. Therefore, comparisons between the DTA 

of VILI performed by physicians versus nurses and/or CHWs was wholly underpowered in this 

study. VIAM BLMMs were not pursued due to limited data. VILI DTA data was only available from 

four study sites, one with 2,777 women seen by physicians (Nglangel et al., 2003) and three with 

17.507 participants seen by CHWs. VI DTA from nurses and CHWs may exhibit inflated false 

positive numbers related to a form of clinical review bias. It was noted by Gaffikin et al. (1999) 

that nurse midwife providers seemed more apt to identify borderline cases as positive to ensure 

they missed as few cases as possible. Sherigar et al. (2010) also expressed concern over this 

problem, and noted that there may be more FP VIAs with nurse providers, as they are more 

caring and lack diagnostic confidence, leading to positive assessments to ensure patients they 

are unsure of get colposcopic assessments (p. 325). Increased rates of FPs in practice would 

lead to overtreatment of women who are actually negative for precancerous lesions. Another 

issue was that Cremer et al. (2011) included colposcopy trained nurse practitioners within their 

group of physician providers, however the results of BLMMs of provider type remained the same 

both with and excluding data from Cremer et al. (2011). VIA models were strong, unlike VILI and 

VIAM, and potential biases identified in QUADAS-2 assessments and potential nurse and CHW 

review biases should be considered in regards to VI DTA provider type comparisons. 

policy. Expanding cervical cancer screening with VI performed by unlicensed CHWs 

would further reduce screening program expenditures. It has already been shown that VIA is the 
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least expensive cervical cancer secondary prevention strategy (Goldie et al., 2005; 

Praditsitthikorn et al., 2011). Using unlicensed CHWs rather than higher salaried physicians and 

nurses would provide even more cost savings for these screening programs. Cost reductions 

would obviously vary by country, as the salaries of physicians, nurses, and CHWs fluctuate from 

country to country and even within different regions of a country. In Bangladesh, Islam, Wakai, 

Ishikawa, Chowdury, and Vaughan (2002) compared a nongovernmental Tuberculosis or TB 

control program that used CHWs with a governmental program that did not. Both programs had 

comparable TB treatment success rates of 83.3% and 82.7%, yet the nongovernmental program 

utilizing CHWs only required 43% of the amount used for salaries as that in the governmental 

program (Islam et al., 2002). The TB program using CHWs also had a 31% reduction in total 

expenditures and it cost 46% less per patient than the governmental program (Islam et al., 2002). 

There is no question that CHW salaries will be much lower than physicians or nurses anywhere in 

the world and this study suggests the accuracy and subsequent effectiveness of cervical cancer 

screening with VI performed by CHWs is as, if not better, than screening offered by licensed 

providers. Therefore, CHWs provide a cost effective and accurate approach to reducing cervical 

cancer incidence, morbidity, and mortality for women most in need. 

 Using unlicensed CHWs supports task shifting, when specific tasks are performed by 

personnel with fewer qualifications. Task shifting has been successful in HIV and obstetric care 

(Callaghan, Ford, & Schneider, 2010; Schneeberger & Mathai, 2015). The key to task shifting is 

decentralizing services and requires the dedication, support, and cooperation of staff in new 

roles, adequate and sustainable training modalities, and acceptance by governmental and non-

governmental organizations (Bhushan & Bhardwaj, 2015; Callaghan et al., 2010; Schneeberger 

and Mathai, 2015). The highest morbidity and mortality rates are usually seen in areas with the 

largest shortage of skilled health workers and with limited clinical or financial resources. This 

study suggest that the accuracy of VI screening would not be affected by task shifting and offers 

a means to expand services to women through services provided by local CHWs in these low 

resource communities. 
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The use of “CHWs to increase health access and to reduce health inequities” 

(www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-

database/2014/07/09/14/19/support-for-community-health-workers-to-increase-health-access-

and-to-reduce-health-inequities) is endorsed by the American Public Health Association. CHWs 

may promote participation in VI cervical cancer screening for women who are unable or unwilling 

to access services, potentially decreasing cervical cancer disease burden in these women, and 

bringing us closer to United Nation Sustainable Development Goals (SDGs) 

(www.sdgfund.org/mdg-sdgs). Growing VI screening services helps to meet SDG 3, which is to 

“ensure universal access to sexual and reproductive healthcare services” by 2030, as “only half of 

women in developing regions receive the care they need” 

(www.un.org/sustainabledevelopment/health/). It also promotes SDG 10 to “reduce inequality 

within and among countries” to “ensure equal opportunity and reduce inequities of outcome” 

(www.un.org/sustainabledevelopment/inequality/). Task shifting VI to CHWs may promote 

cervical cancer health equity and help us toward some of the 2030 United Nation SDGs.  

practice. It could be argued that embracing CHWs in practice as VI providers could 

reduce barriers to care, bridge the gaps often seen between the healthcare system and 

communities, create an opportunity for “accommodation” and working in “pragmatic solidarity” 

through “emancipatory praxis”. Employing CHWs reduces the barriers of low healthcare provider 

to population ratios, cost, mistrust of healthcare, transportation, and access identified in the 

literature (Driscoll, 2015; Eggleston et al., 2007; Ezechi et al., 2014; Mutyaba et al., 2007); Nene 

et al., 2007; Were et al., 2011). In fact, participants in studies by Ezechi et al. (2014), and Percac-

Lima et al. (2010) stated that local provision and access to screening would increase participation 

rates. It necessitates cooperation between healthcare and community and may provide an 

opportunity to build trust between them. Cooperation creates a space in which the expertise of 

healthcare can combine with the expertise of the community to best meet the needs of both. 

Leininger (2006) refers to this as “accommodation”, when emic and etic views are taken into 

account and Farmer (2005) calls it “pragmatic solidarity”, when common cause is made between 

healthcare and the community (p. 237). These types of community based and run programs may 
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help to break down barriers between healthcare and community so both can participate in 

“emancipatory praxis” to take action against social injustices and inequalities as seen with 

cervical cancer health inequities (Kagan et al., 2010, p. 81). 

research. A significant amount of data from inter-rater agreement, cohort, qMA post hoc 

statistics, and this study suggest that physician, nurse, or CHW run VI cervical cancer screening 

programs would be equally accurate in detecting CIN. Sankaranarayanan et al. (2007) conducted 

a cluster randomized control trial of over 60,000 women in 57 geographical clusters provided VIA 

screening, treatment, and follow up by CHWs versus 57 clusters given education on cervical 

cancer and location of screening programs as a control to investigate the efficacy of VI. They 

found a significant decrease in cervical cancer incidence and mortality rates in VIA screened 

women followed over seven years and the gap continued to widen over the course of the study. 

This type of study could be expanded to compare geographical clusters using clinic based VI 

programs using licensed nurses and/or physicians versus community based programs using local 

CHWs. Another approach may be to have a consecutive sample of women coming in for cervical 

cancer screening be randomized to either a CHW, nurse, or physician VIA and/or VILI provider 

followed by reference testing with colposcopy directed biopsy and random biopsy of colposcopy 

negative participants. All VI and colposcopy providers would best be blinded to all other testing. It 

is important to use colposcopy directed and random biopsies of VI negative women as the 

reference standard, as histology provides the best diagnostic gold standard (Pretorious et al., 

2004). Only 7.7% of VI studies included in this qMA used random biopsies of VI negative women 

and this was skewed toward physicians, with 56.6% of physician, 2.3% of nurse, and 0% of CHW 

VI studies using this diagnostic reference threshold. However, subgroup analysis using BLMMs 

found no significant differences in sensitivity or specificity between four studies using VIA 

physician providers that did not use random biopsy versus three that did and 15 studies using 

nurse VIA providers without random biopsy reference standard versus two studies that did. These 

numbers are small, however, and warrant further investigation. The combination of provider type 

comparisons using Kappa statistics, regression analysis, and qMA procedures, in addition to 
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more randomized efficacy and accuracy trials, would contribute to the body of knowledge pointing 

to the fact that lay CHWs perform as well as their licensed counterparts. 

Training 

results. This is the first qMA to look at the affect of VI training on the DTA of VI. Results 

suggest that including didactic and mentored hours and quality assurance measures significantly 

improve sensitivity. Included studies, which fell within the ≤5 training days category, showed 

significant improvements in both sensitivity and specificity. Therefore, training programs over a 

week in length may not improve VI provider competency and may not be worth the added time 

and resources. The IARC training manual and quality assurance procedures significantly affected 

specificity. Other data support these results. Arbyn et al. (2008b) saw a decrease in the DOR of 

VIA over time and suggested that experience, training, and quality assurance measures were 

needed to maintain the competency of providers and the DTA of VIA. Observations from 

experiences with VIA training from the Alliance for Cervical Cancer Prevention by Blumenthal et 

al. (2005) recommended that 20-50 supervised VIA cases for physicians and 30-300 for non-

physicians were needed to gain competency and the wide range for non-physicians may have 

been due to the varied backgrounds and medical/clinical knowledge of these CHWs. Pre and post 

training test data also support the importance of adequate training. Nurse and physician 

knowledge of cervical cancer risks, epidemiology, anatomy and physiology, pelvic exams, and 

treatment after VI training was improved by pre/posttest in Levine et al. (2011), Masch et al. 

(2011), and Stromo et al. (2013). Improvements were shown to be sustainable six months after 

training in Levine et al. (2011) and was also seen to improve after a refresher course in Masch et 

al. (2011). These observations and the results of this qMA validate the importance of providing 

adequate training to impart clinical competence and optimize VI DTA. 

limitations. It was assumed that if a study mentioned training and did not describe using 

didactic hours, mentored hours, number of training days, quality assessment, or use of a training 

manual, that the study did not utilize such methods. However, the mere failure to describe an 

aspect of training cannot always be equated to the absence of that particular component of 

training. This potentially erroneous research assumption does not support using the results of this 
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analysis as a guide for designing effective training programs, but rather to guide future 

investigations of training. 

policy. Adequate VI provider training through collaboration is essential to the success of 

VI screening programs. For locally based programs to be successful there must be access to 

training, support, equipment, and referral systems through partnerships. This study implies that 

training warrants didactic content, mentored clinical hours, and quality assurance measures to 

optimize the accuracy of VI. Blumenthal et al. (2005) considered these elements of training 

essential and felt that clinical supervision should be at a site comparable to that in which the 

providers will be working. Again, sustainable partnerships between healthcare organizations and 

the community are required for “capacity building”, the call for revitalizing global partnerships for 

sustainable development in SDG 17 (www.un.org/sustainabledevelopment/globalpartnerships/). 

Collaboration between healthcare organizations and the community are vital to the development 

of sustainable VI screening programs with the resources required to provide comprehensive 

training, resources, and support of community based initiatives. 

research. More detailed descriptions of training programs and randomized trials of 

training would add knowledge and be beneficial for designing appropriate and effective VI training 

programs. There are already several published articles providing descriptions and general 

recommendations for training, but they were often not tied to corresponding VI DTA data. 

Collaborations between research and practice programs that have studied VI techniques in the 

field, like WHO, JHPIEGO, and Alliance for Cervical Cancer Screening, may be able to provide 

raw data on DTA tied to detailed descriptions of training. Training descriptions and corresponding 

DTA data could allow statistical analysis of the affect of training on VI DTA and may even provide 

an opportunity for a qMA of VI training. In addition, randomized controlled trials of VI training may 

also help to determine specific training components needed for VI provider accuracy. For 

example, comparing 2x2 table data from sites randomized to the JHPIEGO versus the IARC VI 

training manual, various didactic training, or different number of supervised cases. Moving 

forward, more detailed descriptions of training and trials designed to evaluate specific parts of 
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training and their impact on the efficacy and accuracy of VI would add to the knowledge based 

needed to design and implement successful VI training programs.  

Conclusion 

This SR and qMA supports the use of adequately trained unlicensed personnel or CHWs 

to perform accurate cervical cancer screening with VIA and VILI and DTA may even be improved 

with CHWs. The most salient mechanism to reduce cervical cancer incidence, morbidity, and 

mortality rates is women’s active participation in cervical cancer screening and treatment services 

(Saslow et al., 2012; Sankaranarayanan et al., 2007). Low resource community based secondary 

prevention strategies using CHWs offers a viable way of reducing barriers to participation, like low 

provider to population ratios, cost, transportation, and mistrust of medical care and personnel, 

and enhancing facilitators to cervical cancer screening, like community and social support.  

Community based programs are central to the tenants of CST, caring, public health 

nursing, and emancipatory praxis. CST calls for actions to reduce social injustices to create 

equity and balance of power (Kagan et al., 2010). Locally based and run programs that consider 

the knowledge base and resources of both the community and healthcare can empower and build 

trust between the two, creating a space for sustainability and empowerment. Boykin and 

Schoenhofer (2001, p. 36) refer to this as the dance of caring persons, where those that were 

involved in the oppressive and hierarchical structures that contributed to the health disparity, build 

the courage, trust, and humility to work together in “pragmatic solidarity” (Farmer, 2005). Public 

health nurses must assure health service quality through research, social participation, and 

equitable access (Ramagem & Ruales, 2008). Public health nursing is emancipatory praxis which 

helps to break down barriers to women’s participation in screening through cervical cancer 

screening with VI by local CHWs that will ultimately aid in decreasing the weight of cervical 

cancer on women living in high incidence, low resource regions of the world. 
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APPENDIX B 
 
Revised QUADAS-2 Rating Tool Instructions 
 
PHASE 1 
 
This section is already completed on the revised QUADAS-2 Tool. 
 
PHASE 2 
 
1. Draw the published flow diagram or draw one of your own, if published flow diagram is 

inadequate or not provided. 
Flow diagrams will vary, as research studies not specifically designed for determining 
diagnostic test accuracy may be included.  
Flow diagrams should minimally include: 

a. recruitment method 
b. test order 
c. number of participants receiving index and reference tests 

exclusions 

PHASE 3 
 

Judgments on bias and applicability are made under each of the four domains: patient selection; 
index tests (VIA, VILI, and VIAM); reference test (colposcopy); and flow and timing. 
 
Scoring Risk of Bias  
 
Be sure to document all study information used to determine bias ratings to guide consensus and 
ensure transparency. 
 
1. If all questions under a particular domain are “yes” on consensus, then risk of bias is “low” 
2. If any question(s) under a particular domain is “no” and none are “unclear” on consensus, 

then risk of bias is “high” 
3. If insufficient data is reported to make a judgment, then risk of bias is “unclear” 

Guidelines for Risk of Bias and Applicability for each Domain 
 
The guidelines outlined below are merely suggestions and additional study parameters may affect 
evaluations of bias and/or applicability. 
 
1. Patient Selection 

 
Risk of bias:  Bias may be an issue if a purposive sample or case-control study design was 
employed or if the primary setting was at a specialty clinic or hospital. Also, inappropriate 
inclusions or exclusions may introduce a risk of bias. Participants with known co-morbidities, 
such as HIV or cervical lesions, may bias the subjective decision of test providers in the 
direction of test positive, which could increase the rate of false positives. The same 
phenomena may be seen in a specialty clinic or hospital settings, where participants may be 
more apt to have co-morbidities. Excluding women because of their body habitus, inability to 
visualize cervices, etc. may also introduce a risk of bias that could falsely exaggerate 
diagnostic accuracy.   
 
Applicability:  Studies that used a random or consecutive sample of women with no known 
complaints, co-morbidities, history of precancerous or cancerous lesions, or cervical 
treatment would best fit the research question. Women with HIV, complaints of bleeding, 
dyspareunia, etc. or with suspected cervical lesions would be a less appropriate fit for the 
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“screening” population of interest.  
 

2. Index Tests (VIA, VILI, and/or VIAM) 
 
Risk of bias:  A risk of bias may be seen if diagnostic thresholds are not specifically defined, 
however, the exclusion criteria of this study should already account for this risk. There would 
be a high risk of bias if the visual inspection index tests (VIA, VILI, and/or VIAM) were 
conducted by the same provider or if providers were not blinded to other visual inspection test 
results. The execution of VIA or VIAM should be considered optimal if a 3 or 5% acetic acid 
solution is washed over the cervix for a minimum of one minute and a bright halogen lamp is 
used. For VILI, proper preparation and storage of iodine is necessary. According to the IARC, 
Lugol’s Iodine solution should be at a concentration of 5%. If preparation is described, then it 
should follow this procedure and proportions: 10g of potassium iodide should be diluted in 
100ml of distilled water and once the potassium iodide has dissolved, 5g of iodine should be 
added and stirred until all iodine flakes are dissolved and should be stored in a sealed 
container (Sankaranarayanan & Wesley, 2003, p. 27). If the procedure, solution, and storage 
is explicitly stated in the article and follows the guidelines outlined then the risk of bias is low. 
If the procedure is described, but does not follow the guidelines outlined then the risk of bias 
is high. If the procedure is not described then the risk of bias is unclear. Please note that risk 
of bias may vary by index test provider in studies using more than one provider type to 
perform the index test. 
 
Applicability:  The performance of VIA, VILI, and/or VIAM on study participants makes the 
study a low concern for the index test not applying to the primary study question. 
 

3. Reference Test (colposcopy) 
 
Risk of bias:  The best reference standard for this study is colposcopy with random 
biopsy(ies) of colposcopy negative patients, as histology, not colposcopic impression, is used 
as the reference standard. However studies utilizing colposcopy directed biopsy(ies) of 
suspicious lesions are common and have been included in this study. Therefore, a low risk of 
bias should be assigned to those studies that conduct random biopsy(ies) of colposcopy 
negative patients and a high risk of bias should be assigned to those studies that only biopsy 
suspicious cervical lesions. 
 
Applicability:  This should be of low concern for all studies, as the reference test, colposcopy 
with or without biopsy, will be the reference test used in all included studies. 
 

4. Flow and Timing 
 
Risk of bias:  There may be a high risk of bias if the index and reference test are conducted 
more than one month apart. The development of cervical neoplasm occurs over years, 
therefore a one month interval between index and reference tests should not bias the 
estimates of diagnostic accuracy.  
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Revised QUADAS-2 Tool 

Date Completed: _______________  Reviewer Initials:_______________ 

PHASE 1 

Review Question: Does the efficacy of visual inspection techniques for cervical cancer screening 
differ by type of provider or training? 

Patients: Women with no known history of high risk HPV, precancerous or cancerous cervical 
lesions, and/or treatment of precancerous or cancerous cervical lesions. 

Index Tests:  Visual Inspection with Acetic Acid (VIA) 
Visual Inspection with Lugol’s Iodine (VILI) 
Visual Inspection with Acetic Acid and Magnification (VIAM) 

 
Reference Standard and Target Condition: Colposcopy with or without biopsy with the target 
condition being ≥ CIN II. 
 
PHASE 2 

Draw a study flow diagram: 
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PHASE 3: Risk of Bias and Applicability Judgments 

DOMAIN 1: Patient Selection 

A. Risk of Bias 
 
Describe methods of patient selection: 
 
 
 
 
 
 
 
Was a consecutive or random sample of patients enrolled? Yes / No / Unclear 
 
Was a case-control study design avoided?   Yes / No / Unclear 
 
Did the study avoid inappropriate exclusions?   Yes / No / Unclear 
 
Could the selection of patients have introduced bias? 
 
     RISK:  LOW  /  HIGH  / UNCLEAR 
 

B. Concerns Regarding Applicability 
 
Describe included patients (prior testing, presentation, intended us of index test, and 
setting): 
 
 
 
 
 
 
 
Is there concern that the included patients do not match the review question? 
 
     CONCERN:  LOW  /  HIGH  /  UNCLEAR 
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DOMIAN 2: Index Test(s) 

Visual Inspection with Acetic Acid (VIA) 

A. Risk of Bias 
 
Describe VIA and how it was conducted and interpreted: 
 

 
 
 
 
 
 
 
 
 
 
 
 
VIA results were interpreted without knowledge of colposcopy results?  

Yes / No / Unclear 

VIA results were interpreted without knowledge of other screening test results (i.e. 
VILI/VIAM)? 
 
        Yes / No / Unclear 

Was VIA conducted and interpreted prior to colposcopy? Yes / No / Unclear 

If a threshold was used, was it pre-specified?   Yes / No / Unclear 

Could the conduct or interpretation of VIA have introduced bias? 
 
     RISK:  LOW  /  HIGH  /  UNCLEAR 
 

B. Concerns Regarding Applicability 
 
Is there a concern that VIA, its conduct, or interpretation differ from the review 
question? 
 
     CONCERN:  LOW  /  HIGH  /  UNCLEAR 
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DOMIAN 2: Index Test(s) 

Visual Inspection with Lugol’s Iodine (VILI) 

A. Risk of Bias 
 
Describe VILI and how it was conducted and interpreted: 
 

 
 
 
 
 
 
 
 
 
 
 
 
VILI results were interpreted without knowledge of colposcopy results?  

Yes / No / Unclear 

VILI results were interpreted without knowledge of other screening test results (i.e. 
VIA/VIAM)? 
 
        Yes / No / Unclear 

Was VILI conducted and interpreted prior to colposcopy? Yes / No / Unclear 

If a threshold was used, was it pre-specified?   Yes / No / Unclear 

Could the conduct or interpretation of VILI have introduced bias? 
 
     RISK:  LOW  /  HIGH  /  UNCLEAR 
 

B. Concerns Regarding Applicability 

Is there a concern that VILI, its conduct, or interpretation differ from the review 

question? 

     CONCERN:  LOW  /  HIGH  /  UNCLEAR 
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DOMIAN 2: Index Test(s) 

Visual Inspection with Acetic Acid and Magnification (VIAM) 

A. Risk of Bias 
 
Describe VIAM and how it was conducted and interpreted: 
 

 
 
 
 
 
 
 
 
 
 
 
 
VIAM results were interpreted without knowledge of colposcopy results?  

Yes / No / Unclear 

VIAM results were interpreted without knowledge of other screening test results (i.e. 
VILI/VIA)? 
 
        Yes / No / Unclear 

Was VIAM conducted and interpreted prior to colposcopy? Yes / No / Unclear 

If a threshold was used, was it pre-specified?   Yes / No / Unclear 

Could the conduct or interpretation of VIAM have introduced bias? 
 
     RISK:  LOW  /  HIGH  /  UNCLEAR 
 

B. Concerns Regarding Applicability 

Is there a concern that VIAM, its conduct, or interpretation differ from the review 

question? 

     CONCERN:  LOW  /  HIGH  /  UNCLEAR  
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DOMAIN 3: REFERENCE STANDARD 

Colposcopy 

A. Risk of Bias 
 
Describe colposcopy and how it was conducted and interpreted: 
 
 
 
 
 
 
 
Were random biopsies of negative colposcopies done? Yes / No / Unclear 
 
Is the reference standard likely to correctly classify the target condition? 

         Yes / No / Unclear 

Were the colposcopy results interpreted without knowledge of the results of 
visual inspection (Note: not applicable if random biopsies were done)? 

         Yes / No / Unclear 
 
 Could the conduct or interpretation of colposcopy have introduced bias? 

  RISK:  LOW  /  HIGH  / UNCLEAR 

B. Concerns Regarding Applicability 
 
Is there a concern that the target condition, defined by the colposcopy, does not 
match the review question? 
 
     CONCERN:  LOW  /  HIGH  /  UNCLEAR 
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DOMAIN 4: FLOW AND TIMING 

A. Risk of Bias 
 
Describe any patients who did not receive the index test(s) and/or reference standard or 
who were excluded from the 2x2 table (refer to flow diagram): 
 
 
 
 
 
 
 
Describe the time interval and any interventions between visual inspection and 
colposcopy: 
 
 
 
 
 
 
 
Was there an appropriate time interval (< 1 month) between visual inspection and 
colposcopy?   
        Yes / No / Unclear 

Did all patients receive colposcopy?    Yes / No / Unclear 
 
Was colposcopy used as the reference standard for all patients?    
        Yes / No / Unclear 
 
Were all patients included in the analysis?   Yes / No / Unclear 
 
Could patient flow have introduced bias?    
 
     RISK:  LOW  /  HIGH  /  UNCLEAR 

 

 

Adapted from Whiting, P. F., Rutjes, A. W., Westwood, M. E., Mallett, S., Deeks, J. 
J.,…Bossuyt, P. M.  (2011). QUADAS-2: A revised tool for the quality assessment of 
diagnostic accuracy studies. Annals of Internal Medicine, 155(8), 529-536.
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