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Abstract 

Background: Largely due to low availability and uptake of screening in low- and middle-

income countries, cervical cancer is the second ranked cancer among women in these 

countries. This is a tragedy because cervical cancer is one of the most preventable 

carcinomas. This thesis will investigate behavior change methods, which capitalize on the 

recent exponential increase in ownership of mobile phones in Tanzania, to increase uptake of 

cervical cancer screening (CCS) in the Kilimanjaro region of Tanzania.  

Objectives: 1) To evaluate the effectiveness of behaviour change messages delivered via 

short message service (SMS) on the uptake of CCS in the Kilimanjaro region; 2) to evaluate 

the effectiveness of a transportation eVoucher on the uptake of CCS in the Kilimanjaro 

region; 3) to explore characteristics associated with CCS uptake in the Kilimanjaro region; 

and 4) to determine the attitudes towards and perceived benefit of behaviour change SMS 

messages and eVouchers intended to increase uptake of CCS.  

Methods: In the Kilimanjaro Region, 853 women participated in a randomized controlled 

trial. Baseline data was collected through self-report collected through systematic stratified 

random sampling. Participants were randomized to one of three groups: a control group, a 

group receiving behavior change messages delivered via SMS, or a group receiving a travel 

eVoucher and identical SMS as the SMS group. A fieldworker recorded participants 

attending screening at the CCS clinics and administered a post-screening survey. The follow-

up period was two months from the time of the participant’s enrollment. Logistic regression 

(both for the combined and stratified data sets) was used to determine associations between 

the behavior change interventions, baseline characteristics and cervical cancer screening 

uptake.   

Results: All participants receiving SMS messages (SMS or eVoucher group) were more 

likely to attend cervical cancer screening in comparison with the control group. 83% of 
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participants who attended screening shared the information contained in the messages with 

others.  

Conclusions: Behavior change messages and transportation eVouchers have the potential to 

increase uptake of cervical cancer screening in the Kilimanjaro region of Tanzania. 

Harnessing this potential will require implementing these interventions alongside other 

methods to achieve maximum impact.  
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Chapter 1 Introduction 

 
1.0 Background and Rationale 

Worldwide, cervical cancer is the second most common cancer among women and is the 

leading cause of cancer death among women in low- and middle-income countries (LMICs)1. 

This is a tragedy because cervical cancer is one of the most curable and preventable carcinomas2. 

If cervical cancer is detected at later stages, when cancerous cells have spread out of the cervix 

and into other areas of the body, cervical cancer is almost uniformly fatal. However, cervical 

cancer progresses slowly, and early detection and treatment are effective at reducing rates of 

cervical cancer. Further, overwhelming evidence exists establishing infection with certain types 

of human papillomaviruses (HPV), a sexually transmitted agent, as a necessary cause for the 

development of cervical cancer3. Despite multiple vaccines4 being developed to protect against 

oncogenic strains of HPV, and current implementation in demonstration programs in several 

LMICs5, it will take decades before the population at risk for cervical cancer is covered by this 

effective public health intervention, especially in LMICs where resources are limited at present 

for health systems to vaccinate the population currently at risk. In addition, the vaccines being 

deployed in these demonstration programs provide protection only against the HPV types which 

cause 70% of cervical cancer cases, thus leaving vaccinated populations vulnerable to the types 

which cause the remaining 30% of cases. 

 Strong secondary prevention strategies are therefore necessary to help to control the 

burden of cervical cancer in LMICs. The infrastructure and resources to establish or maintain 

cytology-based screening programs in many LMICs is currently out of reach. Progress has been 

made over the past couple of decades, mainly due to the search and evaluation of alternative 
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screening techniques to cervical cytology1. One such alternative screening technique, 

Smartphone Enhanced Visual Inspection with Acetic Acid (SEVIA), has been pioneered in the 

Kilimanjaro Region of Tanzania6. This technique uses a smartphone camera to enhance one of 

the most studied low technology screening techniques, Visual Inspection with Acetic Acid 

(VIA).  Robust efforts by many international actors have made free cervical cancer screening 

(CCS) services available in many regions in Tanzania, however, uptake of CCS among women at 

risk has remained low. This thesis aims to build on the evaluation of SEVIA in the Kilimanjaro 

region and on groundwork that was conducted by Cunningham et al. on CCS coverage and 

knowledge, attitudes and barriers towards CCS. Self-reported attendance at CCS in the 

Kilimanjaro region of Tanzania was very low, at only 6%7. The same study asked to identify all 

of the reasons that they had not yet accessed CCS services. The greatest barrier identified was 

that that they were unaware that preventative screening exists (67%). The second most 

commonly identified barrier was that they anticipated not being able to afford the test, or the not 

being able to afford the travel cost associated with CCS (49.3%). These are modifiable factors 

that, if addressed, could greatly help women access CCS. 

To our knowledge, there have not been any evaluations of behaviour change 

interventions to increase uptake of CCS in Tanzania. The largest source of self-reported 

awareness about cervical cancer in the Kilimanjaro region was the radio (72.8%), followed by 

television (22.2%)7. These behaviour change interventions are typically administered by the 

Medical Women Association of Tanzania (MEWATA) and are sporadic, opportunistic, national 

campaigns. They do not usually provide information about local screening services, and thus it 

stands to reason why most women would not be aware of preventative screening services in their 

area. The proliferation of inexpensive mobile phones and, mobile carrier services in sub-Saharan 
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Africa (SSA)8 offers a unique opportunity to provide information, encouragement and monetary 

support directly to women to increase their opportunities to access cervical cancer screening 

services.   

 
1.1 Objectives 

The first objective of this thesis is to evaluate the effectiveness of behaviour change 

messages delivered via short message service (SMS) on the uptake of (CCS) in the Kilimanjaro 

region during the follow-up period. The second objective of this thesis is to evaluate the 

effectiveness of a travel eVoucher (a travel subsidy delivered via SMS) on the uptake of cervical 

cancer screening in the Kilimanjaro region during the follow-up period.  The third objective of 

this thesis is to explore demographic and health characteristics associated with cervical cancer 

screening uptake, facilitated by mHealth interventions, in the Kilimanjaro region. The fourth 

objective of this thesis is to determine the attitudes, acceptability and the perceived benefit of 

behaviour change SMS messages and eVouchers intended to increase uptake of cervical cancer 

screening. 

1.2 Overview of Study Design 

 For this thesis, a randomized controlled trial was designed and conducted by the 

candidate in the Kilimanjaro Region of Tanzania. Participants included women from two 

districts: Moshi Urban and Arusha Rural, between the ages of 25-49 with access to a mobile 

phone. Women who had been screened for cervical cancer in the past year or who had had a 

hysterectomy were excluded from the trial. Participants were enrolled into the study during a 

recruitment period beginning in February 2016 and concluding in April 2016. Participants were 

recruited using systematic stratified random sampling.  
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The wards that were included in the survey were determined in consultation with the 

Regional and District Medical Officers and with numerous staff at the screening sites in the 

respective locations: Mawenzi hospital (Moshi Urban) and Meru District Hospital (Arusha 

Rural). From these wards in the catchment areas of the hospitals, a list of villages and 

Enumeration Areas (EAs) from the most recent census (2012) were obtained from the National 

Bureau of Statistics (Tanzania) (NBS). The EAs in each village were numbered, and one EA 

from each village was selected using a random integer generator. In Moshi Urban, each fourth 

household was surveyed within the EA, in Arusha Rural, each household was surveyed within 

the EA. Only one eligible participant per household was recruited into the study. If there was 

more than one eligible participant, the participant with the most recent birthday (by day and 

month) was selected. A total of 853 women were recruited in this study.  

At recruitment, following informed consent, participants answered a baseline 

questionnaire, provided in Appendix B. Following informed consent and prior to answering the 

baseline questionnaire, participants were randomized to one of three groups. The first group was 

a control group, receiving routine sensitization for cervical cancer screening. Routine 

sensitization, standard in the Kilimanjaro region,  included church announcements, posters and 

mobilization by prominent community members.  The second group was received behavior 

change messages, developed through focus groups, via SMS. The third group received a travel 

subsidy via SMS (eVoucher) in addition to identical behavior change messages that were sent to 

the second group. Trained fieldworkers were present at the cervical cancer screening clinics 

promoted in the study on each screening day during the follow-up period. The follow-up period 

for each participant was two months from the date of their enrollment. At the screening clinics, 

the fieldworkers recorded participants who presented for screening in a tablet-based system. 
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Those who were not captured by the fieldworker at the screening clinic were assumed to have 

not presented for CCS. Participants who attended CCS completed a post-screening survey, 

provided in Appendix C.  

1.3 Thesis Organization 

 Following the introduction, Chapter 2 is a review of the literature on cervical cancer, 

prevention methods and behavior change interventions. Chapter 3 provides a detailed description 

of the methods applied throughout this thesis. Chapter 4 contains the manuscript titled “The 

Effectiveness of Short Message Service Messages and Transportation eVouchers on Increasing 

Uptake of Cervical Cancer Screening Services in Kilimanjaro, Tanzania”. Chapter 5 consists of a 

general discussion of the findings presented in Chapter 4, including epidemiological 

considerations, strengths and limitations, directions for future research, as well as experiences 

from the data collection process. Supporting documents are included in the appendices.  
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Chapter 2 Literature Review 

 

2.0 Overview 

This literature review will comprise the epidemiology of cervical cancer and its burden in 

Tanzania and the developing world. Methods to prevent cervical cancer will be covered, in 

addition to challenges in implementing these methods in low-resource settings and the progress 

to date. Contributions of studies identifying barriers and promoters that exist to accessing 

cervical cancer screening services in developing countries, and specifically in Tanzania, will be 

critically assessed. Studies that have used SMS messages for behavior change outcomes relative 

to screening services will be described and critiqued. Finally, an overview and critique of 

existing voucher schemes and their evaluations will be presented. This literature review will 

offer context to the study at hand, identify gaps in the literature and identify strengths and 

weaknesses of previous work that can provide invaluable lessons.  

2.1 Cervical cancer etiology and risk factors 

The cervix uteri consists of the lower part of the uterus in the female reproductive system. 

Cervical cancer is the result of four major steps: human papillomavirus (HPV) infection, 

persistence of the virus, progression of persistently infected epithelium to cervical pre-cancer, 

and invasion of the basement membrane1. It is widely accepted that HPV infection is a necessary 

cause for the development invasive cervical cancer2. More than 40 subtypes of HPV have been 

identified, of which 15 are identified as being oncogenic3. The most common subtypes, HPV 16 

and 18, cause about 70% of cervical cancer cases3. Lower educational attainment, older age, 

smoking and neighborhood poverty are independently associated with lower rates of cervical 



	  

 7 

cancer screening. Parity and combination oral contraceptives (OC) have been associated with a 

higher rate of cervical cancer. Women with seven full-term pregnancies have approximately a 

fourfold increase in cervical cancer risk, and those with one or two pregnancies have a two-fold 

increased risk versus those who are nulliparous4. 

2.2 Cervical cancer in the developing world 

Developing countries comprise 86% of the newly diagnosed cases and 88% of the deaths 

of cervical cancer. In resource-limited countries, roughly 80% of cervical cancers remain 

undiagnosed until the cancer is at the advanced stage, at which point treatment is often too late, 

especially in low-resource settings with limited access to curative treatment5. This leads to 

cervical cancer being the largest contributor of potential years of life lost (PYLL) to cancer in the 

developing world6. This is a tragedy and public health urgency because cervical cancer 

progresses very slowly and is highly preventable7. The large disparity in cervical cancer 

mortality between low and high-resource countries is highly attributable to the difficulty in 

implementing Papanicolaou (Pap) test–based screening programs8.  

Pap test–based screening programs have greatly reduced cervical cancer mortality in 

wealthier countries8. However, in low-resource settings, they are difficult to implement because 

of: their complexity, the requirement of highly trained providers for reading the samples, the 

need for close quality control, and the mediocre sensitivity of the test even in optimal 

conditions8. Consequently, women in Tanzania die of cervical cancer at rates that are 

approximately 20 times higher than countries like Canada9. Tanzania has a population of 10.97 

million women older than 15 years who are at risk of developing cervical cancer. It is estimated 

that every year, 6241 of these women are diagnosed with cervical cancer and 4355 die from the 

disease10.  
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2.3 Prevention in low-resource settings 

Prevention of cervical cancer is divided into three spheres: primary prevention, secondary 

prevention and tertiary prevention. Primary prevention is concerned with preventing the onset of 

cervical cancer. Secondary prevention is concerned with detecting a cervical cancer in its earliest 

stages and implementing an intervention to slow or stop the prevention of cervical cancer. 

Tertiary prevention is concerned with managing the effects of already developed cervical cancer 

and intervening to mitigate its negative consequences11.  

2.3.1 Primary Prevention 

Primary prevention is ideal because intervening earlier in the clinical course is more 

effective and cost-effective than intervening later. Resulting from the etiologic link between 

carcinogenic HPV and cervical cancer, HPV vaccination for preventing incident cases of HPV in 

younger women has emerged as an extremely effective method of primary prevention12. 

Relatives risks associated with HPV infection with the development of cervical cancer are 

amongst the most pronounced ever identified in cancer epidemiology6.  

Bivalent (CervarixTM) and quadrivalent (Gardasil®), and 9-valent (Gardasil®9) HPV 

vaccines are now available2. The bivalent HPV vaccine protects against HPV types 16 and 18, 

which account for 70% of cervical cancer cases. The quadivalent HPV vaccine protects against 

the same two HPV types as well as types 6 and 11, which cause approximately 90% of cases of 

external genital warts. The 9-valent vaccine protects against these four types as well as 5 

additional oncogenic types (31, 33, 45, 52, 58)13. The 9-valent HPV vaccine offers the potential 

to increase the protection of the vaccine against cervical cancer from approximately 70% to 

approximately 90%2.  
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Previously, the cost of the vaccines (about $400 for a three-series dose) has been 

prohibitive against the implementation of HPV vaccination programs in low-income countries, 

such as Tanzania; however, the Global Alliance for Vaccine Initiatives (GAVI) has managed to 

negotiate a price of approximately $13.50 for a three-series dose for of quadrivalent HPV 

vaccine for GAVI supported countries 14. It was announced in 2014 that demonstration programs 

would be implemented in eight GAVI supported countries, including Tanzania15.  

No formal evaluation has been conducted on the Tanzanian demonstration project; 

however, Dr. Safina Yuma provided an update on the pilot phase of the program and the 

direction for the nationwide scale-up of the program at an International Centre for AIDS Care 

and Treatment Programs (ICAP) sponsored meeting16. The Tanzanian demonstration program 

was launched in seven districts of the Kilimanjaro region of Tanzania and vaccinated girls aged 

nine to thirteen years who were out of school and girls in class four who were in school. The 

Kilimanjaro region was selected because the Expanded Program on Immunization (EPI) showed 

that the region had robust and stable infrastructure. It was also selected because the variation 

between districts was conducive to generalizability to other regions in Tanzania, and because the 

Kilimanjaro region has a relatively high level of literacy and school attendance. A cascading 

training of trainers approach was used to implement the program and gain support across the 

regional health system. Teachers were also trained to sensitize the parents of eligible girls. 

Community Health Workers (CHWs) were used to identify and register girls who were out of 

school.  

In the first and second rounds of vaccinations in this demonstration program, 

approximately 94% of eligible girls were vaccinated. Approximately 70% of girls out of school 

were vaccinated. The program was initially intended to be three rounds of vaccinations; 
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however, research released during implementation indicated that two rounds of vaccination was 

equally as effective and thus two rounds of vaccinations were administered. Some of the 

challenges faced by the program were that there were misconceptions of parents and guardians 

about the purpose of the program and long term impact on the girls who were vaccinated. There 

were also refusals due to religious beliefs in three religious based schools. Additionally, eligible 

girls who may not have been in class four (i.e. ahead of behind in the standard educational 

schedule) were not identified and therefore not included in the program. 

The program is scheduled to be scaled-up nationally in 2017. Several changes will be 

made to the program implementation, including a major switch from ‘campaign mode’ to 

‘routine mode’. This change is intended to promote sustainability of the program by providing 

the vaccine alongside other regularly scheduled vaccines. Instead of using CHWs to identify and 

register eligible girls, the vaccines instead will be primarily provided at health care facilities with 

additional outreach to schools. The HPV vaccine will be available at health facilities throughout 

the year. It should be noted that Malawi and South Africa had switched to a health facility-based 

implementation strategy; however, they switched back to a school-based implementation strategy 

because coverage rates were found to be better. It remains to be seen how much support will be 

offered by GAVI for the scale-up and the costs of saturating a region where a health facility-

based implementation strategy has not been conducted. While the Kilimanjaro region was 

selected to be a representative region, as noted, it has generally a higher level of literacy and 

school attendance, and health care infrastructure than other regions in Tanzania. Regarding the 

scale-up in other regions, these factors and changes to the implementation strategy may result in 

lower vaccination coverage rates.  



	  

 11 

In the best case scenario, where the national HPV vaccination scale-up is rolled out on 

schedule and achieves strong coverage rates, there will remain a significant part of the 

population that will still be vulnerable to HPV and vulnerable to cervical cancer for decades to 

come. Secondary prevention of cervical cancer will therefore continue to be necessary because it 

will continue to be possible to develop cervical cancer from another oncogenic strain while 

vaccinated.  

2.3.2 Secondary Prevention 

Secondary prevention is reliant on two factors: 1. medical infrastructure to perform 

screening/evaluation of abnormal results, and 2. the acceptance and demand for these 

interventions by individuals and by their communities17.  

2.3.2.1 Visual Inspection Methods 

The screening method most commonly employed in developing countries and in Tanzania is 

visual inspection with acetic acid (VIA)18. Visual inspection with Lugol’s iodine (VILI) is 

another method used in low-resource settings, which is similar to VIA; however, it requires the 

application of iodine rather than acetic acid. VIA is an unaided visual inspection of the cervix 

after application of 3-5% acetic acid. VIA is appropriate for use in women under the age of 50 

because once menopause occurs, the transformation zone of the cervix, where most precancerous 

lesions occur, frequently recedes, thus preventing it from being fully visible19. Published 

evaluations with VIA show that they are advantageous over traditional screening methods (i.e. 

the Papanicolau test) in low-resource settings because they are non-invasive, relatively easy to 

perform and inexpensive (particularly VIA) and save lives20. VIA has shown to have a 

specificity of 60-94% and a sensitivity of 74-94% to detect high-grade cervical lesions in 
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Africa21. VILI has shown to have a specificity of 90-97% and a sensitivity of 73-91% to detect 

high-grade cervical lesions in Africa. 

‘See and treat’ treatment have been made widely available in every region of Tanzania in 

accordance with the WHO recommendation22.  ‘See and treat’ allows for eligible lesions to be 

treated on the same day as they are found with a visual method, either VIA or VILI19,23. The 

treatment performed with the ‘see and treat’ method is cryotherapy, which is inexpensive, safe 

and easy to learn compared with other treatments24.  Using a CO2 cryotherapy unit, the nurse 

applies the cryotherapy gun on the cervix for two rounds of freezing the lesion. The ‘see and 

treat’ method decreases the burden on the patient, who, especially in rural areas, may have 

travelled a significant distance to reach the screening clinic. Single-visit approaches, allow 

eligible women to save a second visit to the clinic, thus saving opportunity and travel costs. If 

cryotherapy is not appropriate for the case, the women are referred to a secondary level facility 

(district/regional hospital) for colposcopy or biopsy and if necessary treatment of precancerous 

lesions with LEEP, cold-knife conisation or simple hysterectomy18.  

Advantages of the VIA method are that the materials are readily available and that it can 

be performed by a nurse in a primary care setting. However, visual methods are prone to 

subjectivity and require strong provider training and robust quality assurance in order for their 

implementation to achieve substantial gains in the prevention of cervical cancer20, 25.  

2.3.2.2 Digital Cervicography: Efficacy & quality  

The efficacy of the VIA programs can be enhanced via digital cervicography, a VIA 

program that requires a digital camera. The exam captures digital pictures of the cervix, after 

application of acetic acid, which are analyzed on a computer or television screen to magnify the 

images and detect abnormalities26. A Brazilian study showed a 99% ability to detect cases of 
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cervical cancer and precursory lesions and a specificity of 81%27. A Zambian study showed 84% 

sensitivity and specificity of 58%28. This evaluation was part of a country-wide digital 

cervicography program backed by significant investment. Despite the advantage in efficacy over 

VIA, digital cervicography has never been scaled up in any other low-resource setting due to the 

necessary infrastructure, such as equipment and electricity29.  

The Kilimanjaro Cervical Cancer Screening Project (KCCP) has capitalized on the rising 

accessibility of mobile phones in Tanzania and the increasing strength of mobile networks to 

pioneer a new avenue of digital cervicography. The KCCP was a pilot study of 1072 women that 

developed and tested a variation of the digital cervicography training method using a smartphone 

camera in the hands of nurses and other non-physician health workers performing cervical cancer 

screening and receiving ‘real time’ mentorship through a closed user group of cervical image 

transfer and guidance/supervision by cervicographers located in Tanzania more than 150 km 

away. Results of the trial completed in February 2015 show that this method provides safe and 

high quality screening, with 97% agreement between non-physician health worker and expert 

reviewer. A scale-up of the method, Smartphone Enhanced VIA (SEVIA) is underway across 

Tanzania30.   

2.3.2.3 HPV-based Screening Techniques 

 Due to the etiological link between HPV and cervical cancer, screening for HPV has been 

identified, as an objective and highly reproducible screening test, that has been proven to be 

more sensitive than Pap-smears in detecting high-grade lesions31. HPV testing has been 

successfully evaluated and applied as a primary screening approach in sites in South Africa32 and 

India33. In rural India, a single round of HPV DNA testing significantly reduced the rate of 

advanced stages of cervical cancer relative to VIA and cytology and no screening after 8 years of 
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follow-up. While HPV DNA is highly effective at preventing cervical cancer, the cost can be 

prohibitive at US$20-30 per test. Other prohibitive factors include the infrastructure and time 

necessary to obtain the result of a test34. Point of care tests, including CareHPV have emerged, 

which can produce a result in three hours35. It is portable, battery operated and requires minimal 

training to operate. A study in China showed that CareHPV has a higher sensitivity (90% vs 

41%) and comparable specificity relative to VIA35. CareHPV was evaluated for use in screening 

women with HIV/AIDS in Burkina Faso and South Africa and it was found to have a 93.3% 

specificity and a 57.9% sensitivity, with sensitivity increasing with CD4 count36. CareHPV is set 

to be evaluated in the Moshi Rural District of Kilimanjaro, in addition to sites across Tanzania37. 

Since the CareHPV test has not shown significant advantage over VIA in terms of specificity and 

sensitivity, it remains to be seen whether it will be found to be cost-effective (US$8-10 per test) 

vs. US$1.3118 per test for VIA. Additionally, with CareHPV results take several hours to obtain 

and would require 88 samples run at a time in order to make them affordable for low-income 

countries. Further, it is expected that because of the wait time for results, some women would 

leave without their results. Women who are found to have the high-risk HPV subtypes would 

still require VIA or VIA and cryotherapy and this is expected to compound the challenges related 

to follow-up38.  

 In the same evaluation of the CareHPV test in Tanzania, the performance of self-

collected HPV samples will be compared with Pap smear, and VIA in their detection of 

precancerous cervical lesions37. Self-sampling devices allow women to collect cervical cells 

themselves, and are advantageous because they are considered less time consuming than having 

a health care provider collect the cells. It is thus hypothesized that self-sampling tests have the 

potential to increase participation in screening39. A Dutch study has shown that offering self-
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sampling HPV test to non-participant has a positive effect on the overall screening participation 

rate by six percentage points40,41. Rozemeijer et al. investigated under which implementation 

circumstances, the harms could outweigh the benefits of the self-sampling HPV test39. The study 

showed that if participants do not switch from routine screening to self-sampling, that self-

sampling is cost-effective under every condition. They found that if the sensitivity was equal to 

or greater than 0.95, previously unscreened women were recruited and the total attendance 

increased by more than or equal to six percentage points, offering self-sampling would have 

positive health effects. Arbyn and Castle42 astutely note that opt-in procedures that involve a 

request for a self-sampler could negatively influence response rates. This could be remedied if an 

affordable device were included, with the invitation to test, to all who had not been previously 

screened. Were a more affordable test available, the possibility of the self-sampling HPV test on 

increasing screening among the Tanzanian population would be immense. The distribution of the 

test would have to be carefully planned seeing that the lack of home postal addresses would 

necessitate a different strategy than would likely be employed in higher-income countries. 

Further, as with the CareHPV collected in-clinic, women with high-risk HPV subtypes would 

need to present for VIA, thus it is imperative that high quality VIA services are available 

regardless of whether HPV testing is in place or not.  

2.4 Barriers to cervical cancer screening in low-resource settings 

A study evaluating the socio-economic and health access determinants of cervical cancer 

screening in 15 developing countries (including 3 SSA countries neighbouring Tanzania) found 

that factors that increased the likelihood of receiving a pelvic exam in the past 3 years included 

being younger than 60 years old, having a secondary school level of education or greater, and 

having seen a nurse or midwife at their last health centre visit47. Factors associated with reduced 
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likelihood of CCS were found to be single marital status, divorced or widowed, not currently 

employed, residing in a rural area, residing in a low or middle socioeconomic status (SES) 

setting, and having to walk or bike to the health centre (versus public transit). A major strength 

of this study was that the assessment of SES and health systems factors were surveyed in 

developing countries as part of the 2003 World Health Survey, and thus the used standardized 

questionnaires. Another strength is that a principle components analysis was utilized which made 

it possible to capture household assets that did not rely on income or education. One of the major 

limitations of the study was that it only included women that attended a health care facility in the 

past year. In the sub-Saharan African region, traditional medicine is the primary source of 

medical care for some, thus this would exclude a large proportion of those most vulnerable due 

to lack of access to CCS services by traditional healers.  

The odds of attending screening 48 in a rural village in eastern Tanzania were related to 

age, with women in the 40-49 year old group having 2.5 (95% CI 1.26-4.98) times higher odds 

of attending CCS than women in the 20-29 year old age group, in the univariate analysis. In the 

multivariable analysis, positive relations of age remained apparent, as well as other variables 

which were found significant in the univariate analysis. These other associations that remained 

apparent were: having had recent financial issues with health care, high radio use frequency, and 

positive attitude towards CCS. In addition, women with the lowest score on an index variable 

measuring quality of life (QQL), were almost 5 times more likely to attend CCS than those with 

the highest score (P trend = 0.001). A strength of this study is that participants were recruited 

directly from the community, which yields a more representative sample than recruiting 

participants solely at health centres. The study also was able to examine the difference between 

women who presented for CCS and those who abstained. A limitation of this study was that 
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convenience quota sampling was used, therefore sampling from the most accessible homes was 

encouraged. This makes it impossible to estimate sampling error and weakens generalizability 

because it is not possible to make statistical inferences from the sample to the population. A 

further weakness is that screening services were only offered for two days. These screening 

blitzes often bring numbers of women exceeding the screening capacity of these mobile clinics 

and women who present but who are not screened can become disenfranchised. This fact 

notwithstanding, anecdotally, it is likely that the demographic and health attitudes and 

behaviours of women who attend these screening events are different than women who attend 

regular, fixed screening clinics. This presents an interesting avenue for future research. 

Regardless, as a result of the sampling method, the generalizability of this study to the 

Kilimanjaro region is limited and the determinants of screening in studies with higher 

generalizability were weighted higher in terms of informing methodology and content for this 

thesis, as well as in comparison with the results of this thesis. 

22.6% of respondents in the Moshi Rural district of Kilimanjaro in the had been 

previously screened for cervical cancer49. The study found that women who reported higher 

approval for screening by their husbands were more likely to be screened. Participants with 

secondary education or less were less likely to be screened relative to those with a college 

education. Those with the highest level of knowledge about cervical cancer and its prevention 

were more likely to be screened relative to those with low and medium levels of knowledge (OR 

=8.90; 95%CI = 2.139-16.025). Women who had been screened were less likely to both consider 

screening painful or embarrassing than women who had not been screened. Interestingly, they 

found that fear of receiving cervical cancer screening results and being concerned about their risk 

for cervical cancer did not differ between participants who had been screened, and those who had 
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not. Participants were more likely to be screened if they resided within two to five kilometers 

from a facility providing CCS relative to those who resided further away (OR = 3.98, 95%CI = 

0.180- 5.104 ). Although, in this case, it is unclear whether this association is statistically 

significant because although the the p- value is reported to be <0.001, the confidence interval 

crosses the null. This is the result of disagreement between two different tests (chi square 

analysis and ANOVA). Regardless of this discrepancy, it is unclear if this distance to clinic 

result is valid because it is not indicated whether it was measured through self-report or through 

measurement from the participant’s household to the nearest screening clinic. In our study, we 

needed to modify a question regarding distance measured in kilometers because women in focus 

groups, one near the location of the study under discussion, did not have a concept of the 

distances from place to place. A limitation of this study is that there is insufficient detail about 

the methods used to collect data and to perform the statistical analysis. Additionally, there is 

little information about the sampling techniques and strategies used to select households.  

Cunningham et al. conducted a study in Moshi Urban and Moshi Rural regarding cervical 

cancer screening coverage, in addition to knowledge, attitudes and barriers relative to cervical 

cancer screening45.  The study also investigated the acceptance of the HPV vaccine in the the 

Kilimanjaro region. When asking women to list all of the reasons that they had yet to be screened 

for cervical cancer, the largest self-reported perceived barrier to cervical cancer screening was 

that women were unaware that preventative screening exists (67%). Approximately half of the 

women said that a barrier was that they would not be able to afford the cost of the travel 

associated with accessing the screening test. About one-quarter of participants cited the 

opportunity cost of taking time off work to pursue screening as a barrier. Additionally, travel 

distance to screening facilities had a prohibitive effect, more often reported by rural vs. urban 
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women (27% vs. 12%, p<0.001).   

Regarding determinants of cervical cancer screening status identified by the study, in the 

urban stratum, older age groups had significantly higher odds of being screened (OR=4.14, 95% 

CI 1.86 to 9.24 and OR=8.38, 95% CI 2.10 to 33.4 for the 40– 49 and >50 age groups, 

respectively). Also among urban women, knowledge of cervical cancer (OR=5.81, 95% CI 1.58 

to 21.4) and health insurance (OR=4.15, 95% CI 1.52 to 11.4) were strongly associated with 

being screened. In the rural stratum, condom users had higher odds of having been screened for 

cervical cancer (OR=6.44, 95% CI 1.12 to 37.1). The prevalence of cervical cancer screening 

was reported to be 6%, in close agreement with the 5% figure of 5-year screening prevalence 

estimated by the WHO50. A strength of this study is that it took into account the clustered nature 

of the data and used multi-variable modelling to identify associations. A further strength of this 

study was the high response rates (97% rural and 98% urban)  A limitation of the study is that it 

used a survey tool that was not tested for reliability or validity. As with the other cross-sectional 

studies above, another limitation is that the data from the survey were collected via self-report, 

which allows for the possibility of social desirability bias. This study is extremely useful in 

informing about the key barriers preventing women from accessing cervical cancer screening in 

the Kilimanjaro Region as well as providing determinants associated with cervical cancer 

screening.  

2.5 Behavior Change Interventions to increase uptake 

2.5.1 Short Message Service Interventions 

2.5.1.1 Systematic Reviews and Best Practices 

With the exponential increase of availability of mobile phones have come a plethora of 

interventions aiming to utilize one of the most low-cost and highly used features of mobile 
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phone, text messaging, to positively influence health behaviour change. To synthesize the results 

of the multitude of research that has evaluated these interventions, a number of systematic 

reviews have been conducted. These systematic reviews are all strong in their methodology and 

all provide important best practices regarding SMS behaviour change interventions. A number of 

the best practices below were incorporated into the design of this thesis. Also included in this 

section is a formative paper discussing the mediators which impact content of communication 

via SMS for SMS interventions.  

A systematic review conducted by Fjeldsoe et al.51 on interventions using SMS delivered 

by mobile telephone service for behaviour change purposes found that on the whole, SMS 

interventions have positive short-term behaviour change outcomes. Strengths of using SMS for 

behaviour change interventions were identified as the messages being asynchronous (i.e. they 

can be accessed at a time that suits the individual) and that communication via SMS may be 

more cost-effective than other types of behaviour change interventions (telephone or print-

based). With regards to method of the SMS dialogue initiation (whether participants or 

researchers initiated the SMS dialogue) no clear differences in intervention outcomes were 

observed. It was noted that most of the studies used personally tailored SMS messages. The two 

studies which did not were amongst the top three studies for participant attrition. The tailoring 

variables for the SMS included: participant name, participant demographic characteristics, 

behavioural preferences, behavioural goals, behavioural barriers, etc.).  

The systematic review notes that features of interactivity and ability to respond to 

participant’s needs may work to better the outcomes of behaviour change interventions. The 

review notes, that in many of the studies included in the systematic review, interactivity and 

engagement with participants were not clearly quantified and effects of these aspects of 



	  

 21 

behaviour change interventions need to be investigated further to determine the most effective 

level of engagement/interaction for successful outcomes. A separate systematic review 

conducted by Cole-Lewis & Kershaw52 found that eight out of nine studies that were sufficiently 

powered reported statistically significant positive effects on intended outcomes or behaviours 

related to disease prevention and chronic disease self-management. 

A systematic review of reviews identifying mHealth interventions for health 

improvement and behaviour change noted that a common recommendation for future SMS 

intervention research was the need for more rigorous study designs, including randomized 

controlled trials (RCTs).53 Many of the reviewers also expressed the need to evaluate the impact 

of SMS intervention characteristics (frequency of messaging, timing of delivery, duration of 

interventions, interactivity of intervention) on intervention effectiveness. Many authors called for 

research on the use of behaviour change theories with text-messaging interventions (TMIs) and 

investigations of the potential risks and unintended consequences associated with TMIs. 

Maar et al. recently released a qualitative study investigating the main factors that 

influence the effectiveness of evidence-based SMS messages aimed at reducing health inequities 

of hypertension management in low-resource settings, including Tanzania.54 This study was 

based on focus groups conducted with Canadian Aboriginal and Tanzanian participants. The 

study examined the key mediators in SMS messages that result in appropriate content 

transmission and ultimately in positive health behaviour outcomes. Six meditators important in 

the SMS formulation process were discovered. Instead of reiterating these mediators in this 

review, content from the focus groups that illustrate these mediators is presented below. The 

main finding was that the quality of the text message had a significant impact on the 

effectiveness of an SMS intervention. Participants in the focus groups stressed that positively 
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framed messages were more persuasive than messages that were framed in a negative manner. 

Participants also stressed the importance of crafting the SMS messages according to local 

dialects, with a sensitivity to local negative connotations (i.e. the strength of words used when 

discussing the side effects of a medication). Focus group participants requested that effort be 

taken by implementers to avoid increasing the stress of participants by subjecting them to fear-

based messages or to messages fostering a sense of urgency. They communicated that 

participants may not be able to act quickly or easily access recommended resources quickly 

which could induce stress among participants. Tanzanian participants indicated that the SMS 

messages should be centered around local realities, focusing on those that compose the social 

determinants of health. The participants stressed that content should be tailored based on 

geographic location.  

A central strength of this study is it is the only piece of research to give insight into what 

cultural and linguistic factors need to be considered when formulating SMS messages, and into 

potential pitfalls that can result if proper consideration is not paid to the context in which the 

SMS messages are being sent. Owing to its qualitative nature, a limitation of this research is that 

it is lacking formal evaluation of the model it proposes, however, the authors acknowledge this 

limitation and indicate that a process evaluation of an RCT using this model is forthcoming. 

During the SMS development process, I learned several of the findings cited in this article first-

hand.  I have used this article to critically assess the SMS, which were developed without a 

roadmap.   

2.5.1.2 SMS interventions specific to screening  

Lee et al. conducted a study among Korean American women, a population with among 

the highest cervical cancer mortality rates in the United States, using a mobile phone based text-
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message based cervical cancer screening intervention utilizing mHealth technology 

(mScreening)55. The aim of the study was to improve screening compliance using smartphones. 

This 1-week mScreening intervention, pinpointed barriers to screening, created motivators 

responding to these barriers, and sent a trigger to the intended health action Pap test screening. 

Significant improvements were reported in the general knowledge surrounding cervical cancer 

(P<0.001), cervical cancer risk factors (P<0.001) and beliefs and attitudes towards the Pap test 

(P=0.006). At the 1-week follow-up, nearly 85% of participants reported being satisfied with the 

intervention and 97% would recommend the program to their friends55. One central benefit 

identified by the authors was its ability to deliver instant, short and multiple messages. Another 

strength was that the study was prospective and was able to measure not only the difference in 

screening uptake resulting from the intervention, but also the difference in knowledge, beliefs 

and attitudes towards cervical cancer and screening. The small sample size (n=30) was identified 

as a central limitation, as was the quasi-experimental design of this study. The optimal time 

interval for delivering messages was not investigated, although it was identified by the authors as 

a necessary area of future investigation. In relation to this thesis, although Korean American 

women have among the highest cancer mortality rates in the United States, the context and 

barriers to accessing screening services are extremely different than women in Tanzania. While 

this study is informative and encouraging, it is necessary to evaluate such an intervention in 

Tanzania with a significantly larger sample size.  

A South African study evaluated the effectiveness of using SMS messages to increase 

uptake of HIV testing56. The authors compared content, instructional messages versus 

motivational messages, and also dosage, 3 SMS messages vs. 10 SMS messages. They found that 

SMS messages appear to have a threshold effect, where a minimum number of SMS messages 
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are required in order to have an impact. Sending 10 motivational SMS demonstrated a significant 

impact (OR = 1.70; 95% 1.19–2.44, p-value=0.0036) while, no other combination of content and 

dosage were significant. A significant strength of this study was its sample size (n=2533). A 

major limitation of this study was that since participants opted-in to the study via SMS, baseline 

characteristics were not collected, which is a concern relative to the internal validity of the study. 

The lack of baseline variables also makes it difficult to determine which segments of the 

population were particularly responsive and among which segments this intervention showed 

was less effective. In relation to this thesis, this study is informative, however, HIV in South 

Africa differs greatly from cervical cancer in Tanzania.  There have been far-reaching public 

health education campaigns in SSA due to significant amounts of funding directed toward the 

HIV-AIDS epidemic. Although this study showed with particular doses and content, uptake of 

reproductive health services can be increased, it is not directly generalizable to cervical cancer 

nor to the Tanzanian context, where  annectotally, health education is likely to be lower.  

A community-based study in Delhi among women employees in a private sector office 

examined the effect of short-message service (SMS) reminders on increasing adherence to 

regular breast self-examinations (BSE)57. Following a lecture, a video and a demonstration of the 

technique on a breast model, SMS reminders were sent to participants according to their last 

menstrual period, or on the first of every month if they did not menstruate. After two months of 

sending reminders, the practice of BSE increased significantly (p-value <0.05). The strengths of 

this study were that it had a lengthy follow-up period (6 months) and that the delivery statuses of 

the SMS were confirmed in a majority of cases. Another strength is that because of the strong 

follow-up, they were able to evaluate the reasons why women did not perform the self-exam. A 

weakness in this study, relative to this thesis, is that it may not be generalizable because all of the 
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participants were graduates of at least secondary school and were all employees of an office of a 

private organization in Delhi. Another limitation was the relatively small sample size (n=106) as 

well as the fact that the methodology is unclear. While it appears to be a pre-post community 

based study design, it is not clear how the prevalence of BSE before the intervention began was 

evaluated. Likewise, the magnitude of the treatment effect of the SMS intervention is unclear 

because a p-value is provided without effect estimate or confidence intervals. Despite these 

limitations, the prospective nature is a key strength and workplace based method, with an initial 

education session, in which the respondents in this study were recruited, are interesting 

possibilities for implementing the interventions included in this thesis on a broader scale.  

2.5.2 Voucher Interventions 

Vouchers are being used to encourage the uptake of reproductive health services, 

predominantly maternity services58. Paper-based vouchers have widely been used in many low-

resource settings; however, increasingly vouchers delivered via SMS or via mobile money 

(eVouchers) are being utilized. The majority of voucher programs work to incentivize uptake of 

health care services by offering vouchers which either cover the full cost of a service or allow the 

patient to access subsidized services. Voucher schemes in general have been evaluated in a 

limited capacity in creating demand for screening services, although only in high-income 

countries. A study conducted by Stoner et al. in rural Minnesota, revealed that vouchers for free 

mammography randomly distributed in the population were significantly positively associated 

with adherence to recommended mammography screening guidelines59. The study found an odds 

ratio of 4.8 [CI 1.83, 12.58] for baseline non-compliers and 1.77 [CI 0.7, 4.48] for baseline 

compliers. While the results of this study are encouraging, the small sample size, reflected in the 
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wide confidence intervals, reduces confidence in the estimates59. Although conducted in a rural 

setting, the ability to generalize this study to the Tanzanian population is limited.   

A cluster randomized controlled trial in the UK investigated the effects of different 

financial incentives, including paper-based vouchers, towards the promotion of chlamydia 

screening. The impact of financial incentives, a £5 voucher vs. £200 lottery, were framed as a 

gain or a loss to promote Chlamydia screening among a group of students 18-24 years in the 

United Kingdom60. The voucher, where 22.8% of participants returned their screening kits, was 

significantly more effective relative to the lottery, where 2.8% of participants returned their kits, 

(X2 =75.541; p < 0.001). Incentives that were framed as gains versus being framed as losses were 

marginally more effective (10.5% vs. 7.1%). A main strength of this study is that it is, to my 

knowledge, the only prospective and randomized intervention, with sufficient sample size, to 

examine the effect of issuing a voucher on screening uptake. The main limitation of the data is 

the clustered nature of the intervention, which may call into question the independence of the 

data. However, effect size calculations were provided and the effect of the clusters were 

controlled for in the analysis. The results illustrate that a voucher may counteract some of the 

fear or embarrassment that can act as barriers for being screened for reproductive health 

concerns. While the study was conducted in a high income country, the results are encouraging 

because of the significant increase in uptake of a screening service. Further, this model of 

offering incentive for returning screening kits could be applied to self-sampling HPV tests, 

described above, were the cost of the test to become sustainable in the Tanzanian context.  

In Cambodia, between 2007 and 2010, paper-voucher schemes were implemented in 22 

of 77 operational health districts58. In 14 of these districts, the voucher scheme was universal, 

and in 8 of the districts the voucher scheme was targeted towards the poorest women. The 
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vouchers could be used to pay for antenatal care, delivery and post-natal care at public-health 

facilities. The costs incurred by the public-health facilities were reimbursed by agencies financed 

by donors. Dissimilar to most voucher schemes, the voucher scheme in Cambodia was restricted 

to subsidizing maternity care at public facilities. Van de Poel. et al. retrospectively evaluated the 

Cambodia scheme and in controlling for concurrently implemented interventions, estimated that 

vouchers were associated with an increase 10.1 percentage points in the probability of delivery at 

a public health facility. This increase among women from the poorest 40% of households was 

15.6 percentage points. Interestingly, only universal voucher schemes increased the probability 

of the receipt of antenatal care, whereas voucher schemes targeting the poorest women did not. A 

strength of this study is the large scale implementation of this voucher scheme and the large 

sample size. A major limitation to this study is that it was conducted retroactively, and it is 

possible that some of the effects detected could be attributable to another program or an 

unknown confounder. While the results are promising regarding the use of vouchers to increase 

uptake of reproductive health services, the generalizability to preventative cancer services is 

limited.  

 Obare et al. evaluated the quality-improvement effects of a three-pronged paper-based 

voucher scheme implemented in Kenya61. Three vouchers were implemented: a voucher for 

family planning, a voucher for gender-based violence recovery and a voucher for maternal health 

services. Vouchers were exclusively available to low-income women and offered the above 

mentioned services at a highly subsidized price. Only results for the maternal health vouchers 

and family planning vouchers are available. They indicate that for birth after the voucher 

program began, those who were exposed to the voucher program were significantly more likely 

to deliver at a health facility (OR=2.1; 95% CI 1.5-3.1) and to have received skilled care during 
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delivery (OR=2.0; 95% CI 1.4-2.8). No other significant associations were found. A major 

weakness of this voucher program is that it did not have an engrained evaluative component to 

measure the effect of its implementation. The study did not determine how much of the increase 

in service uptake was due to the voucher, merely that the participant redeemed some sort of 

voucher during the study period. Similar to the available results from the Cambodian voucher 

scheme, the results from this study and from the Kenyan voucher scheme are of limited use to 

this thesis because of their weak evaluations of the treatment effect of the voucher.  

The Tanzanian National Voucher Scheme (TNVS) was a system that initially used paper 

vouchers to deliver insecticide-treated nets (ITNs) nationwide62. Vouchers in the TNVS scheme 

were redeemed by pregnant women  to buy mosquito nets to prevent malaria 39. The program 

consists of community based health workers issuing vouchers to pregnant women at health 

facilities (on their first antenatal visit) or mothers with infants. Women who received the 

vouchers were told to visit a nearby shop to cash in the voucher by paying the difference 

between the value of the voucher and the market price of the bed net. To ensure equity, the top-

up amount that mothers pay has been capped at TZS 500 (approximately $0.30) since 2009.  

TNVS was implemented in 2004, by 2007, the proportion of nets purchased using a 

voucher reached 43%. Since 2010, the TNVS voucher redemption rate has held above 85%. As 

of 2011, TNVS vouchers support the purchase of 1.5-1.6 million bed nets per year62. In 2011, the 

TNVS system rolled out an eVoucher program in all the participating facilities where there was 

adequate mobile phone coverage. Paper vouchers remained in use in those districts and health 

facilties where mobile coverage was poor. This eVoucher program was highly successful and by 

2014, more than 80% of the facilities were utilizing an eVoucher program of bed net distribution. 

Retailers of the nets were also equipped and trained to redeem the net vouchers at the shops that 
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participated in the program. This eVoucher platform, designed and hosted in Canada in 

collaboration with the Tanzanian National Malaria Control Program was able to track all nets 

distributed in real-time and track fraud within the system. The program was suspended due to 

decreased funding in 2014. 

 Interestingly, paper and eVoucher redemption remained relatively constant during two 

mass-distribution campaigns of bed nets. Vouchers create predictable demand for ITNs, even in 

remote corners of the country, and make attending antenatal or immunization services more 

attractive because of the promise of nets. Health workers reported that both the numbers of 

malaria patients and the number of severe malaria patients had declined 63. A recent evaluation of 

the program revealed that these gains may be hindered by implementation problems. A full 

evaluation of this program is not available, however, the redemption rates are encouraging and 

suggest that the Tanzanian population is comfortable and accepting of the concept of vouchers to 

be redeemed for preventative health products and services.  

2.6 Summary of Rationale 

The literature presents a wealth of information on barriers and determinants that promote 

cervical cancer screening in low-income settings. It is evident that both primary and secondary 

service delivery in Tanzania is improving16,23,30, however, uptake of widely available screening 

services remains low. It was established that the screening prevalence in the Kilimanjaro Region 

of Tanzania is low, likely between 6%45 and 23%49. There has been significant research in 

Tanzania, both in urban and rural settings, regarding the barriers and promoters that impact 

cervical cancer screening attendance. In the Kilimanjaro Region, the key reasons for not 

attending screening are lack of awareness and anticipation of unaffordability of some aspect of 

the screening pathway45. While the barriers are well established, reporting and/or evaluation of 
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interventions to mitigate the barriers is limited, particularly in low-resource settings. SMS 

behavior change interventions have shown promise in increasing uptake of cancer screening 

services among marginalized population in high-resource settings55 and among employed 

professionals in India57. With correct dosage and content, SMS interventions have shown 

effective at increasing uptake of HIV testing and counselling services in South Africa, however, 

there is no research on the African continent regarding the use of SMS interventions to increase 

uptake of cancer screening services.  

Vouchers have been implemented widely in low-income countries to increase uptake of 

maternal and child health services51,52,54,57,58. Although the quality of the evaluations of these 

programs is questionable, the results are promising. Vouchers have been evaluated in high-

income countries to increase uptake of STI and breast screening, with promising results. The 

effects of vouchers to increase uptake of cancer screening services have not been evaluated in 

low-resource setting, Africa nor Tanzania. The study at hand will be the first randomized 

controlled trial to evaluate the effect of behavior change interventions on uptake of CCS in 

Tanzania. The results will support behavior change interventions delivered by SMS, including 

the provision of voucher for transportation, and will help to inform efforts to increase uptake of 

CCS.  
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Chapter 3 Methods 

3.0 Overview 

Study materials, SMS and survey questions were drafted using previous tools and 

literature and crafted using focus groups; the survey questions were piloted. We recruited a total 

853 women. Participants were recruited between the ages of 25 and 49 because SEVIA is the 

screening method used at both screening clinics in the study. As mentioned above, VIA (and 

therefore SEVIA) is suitable for women under the age of 50 years of age. Eligible women had a 

mobile phone or had regular access to a proxy mobile phone. Participants were permitted to use 

their husband’s mobile phone to enroll into the study. They were also allowed to use the mobile 

phone of a member of their household or a neighboring household64 provided that: 1. the mobile 

phone owner was not eligible for the research and 2. the participant had daily access to the 

mobile phone. If a proxy phone was used, the phone owner had to be present at the time of 

recruitment in order to be made aware of the research and accept their role in showing any 

messages that arrive on that phone to the participant.  

Eligible women must not have had a hysterectomy or a previous diagnosis of cervical 

cancer, and must not have been screened for cervical cancer within the last year. If a woman was 

illiterate, there was required to be a literate individual present at the time of her recruitment to 

sign as a witness to the consent process and to pledge to read the SMS messages that the 

participants received at some point in the research. If no such literate individual was present, the 

woman was excluded from the research. Eligible women completed the informed consent 

process with the trained fieldworker, marking the entry of the participant into the study. The 

surveyor assigned a unique five-digit identifier to the participant, which unbeknownst to the 
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surveyor, randomized the participant. The surveyor then completed the baseline survey with the 

participant. The interventions were administered, and during the follow-up period, a trained 

fieldworker was at the screening clinics associated with the study to capture participants 

attending screening services. The outcome measurement, of attending the screening clinic during 

the follow-up period, was identical between the three groups. Data were captured via a secure 

online platform and analyzed by the candidate. The components in this overview are described in 

greater detail below and are 

illustrated in Figure 1.  

Content	  
Development

&
Focus	  Groups

Recruitment
•Baseline	  Survey
•Collect	  Mobile	  

numbers

Randomization
•Group	  1.	  No	  
Intervention

•Group	  2.	  Behaviour
change	  SMS	  

•Group	  3.	  Behaviour
change	  SMS	  +	  Travel	  
eVoucher	  

Follow-‐up
(2 Months)

•	  Record screening	  
attendance	  at	  study	  clinics

Post-‐Screening	  
Survey

•	  Linked	  to	  baseline	  
survey	  with	  personal	  

identification #

Figure 1. Study Roadmap 
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3.1 Study Setting  

Tanzania is a low-income country with a population of approximately 49 million people 

and is located in East Africa. It shares borders with 8 countries including Kenya and the 

Democratic Republic of Congo, and is bordered on its Eastern side by the Indian Ocean. The 

Kilimanjaro region, covering approximately 13,000km2, has a population of 1.64 million, and is 

one of 30 regions in Tanzania. Participants were sampled from two districts in the Kilimanjaro 

region: Moshi Urban and Arusha Rural.  

3.2 Data Collection 

3.2.1 Sampling Strategy 

The sampling strategies differed by urban (Moshi Urban) and semi-urban/rural (Aru 

Meru) areas. In both cases, the wards that were included in the survey were determined in 

consulting with the Regional and District Medical Officers and with numerous staff at the 

screening sites in the respective locations: Mawenzi hospital (Moshi Urban) and Meru District 

Hospital (Aru Meru). From these wards in the catchment areas of the hospitals, a list of villages 

and enumeration areas (EAs) from the most recent census (2012) were obtained from the 

National Bureau of Statistics (Tanzania) (NBS). The EAs in each village were numbered, and 

one EA from each village was selected using a random integer generator (Random.org)65. EA 

maps were obtained from the NBS at a cost of approximately $10 USD per map. The maps were 

printed, photocopied and distributed to Ward Executive Officers (WEOs) and Village Executive 

Officers (VEOs), as well as to the surveying team. Meetings with the WEOs and VEOs were 

held in each region. In these meetings, information about cervical cancer and cervical cancer 
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screening was shared. The research project was described to the leaders and input from the 

leaders was received.  

The leaders received clear direction about what and what not to communicate to their 

communities. This included not mentioning the dates and locations of cervical cancer screening 

in order to maintain the status of the control group as close to the status quo as possible. Midway 

through the research, the WHO communicated with us that they would be interested to compare 

the SMS and the Voucher groups with a Control group that received sensitization that would 

occur during a cervical cancer screening campaign in the region. We adjusted the protocol to 

accommodate this request and conducted this sensitization in all communities involved in the 

research.  

 The decision was made to recruit more women into the study than was in the initial 

proposal. This decision was made in order to allow for sufficient power to conduct secondary 

analyses of interest and to allow for a stratified analysis of urban and rural location. To recruit 

more women, we selected new wards EAs to recruit from. In both the Moshi Urban and Aru 

Meru, new wards were selected by consulting the same individuals who aided in the selection of 

the wards initially. The same selection process for the EAs to be sampled was followed.  

In Aru Meru, we had selected two Wards: Poli and Ambureni. In Ambureni, we followed 

the same EA randomization process as was observed in the first round of recruitment. In the Poli 

Ward, the bureaucratic process of going through all levels of local government was going to 

delay the continuation of data collection significantly. Two of the leaders that we needed to 

contact for approval did not reply within one week. The decision was therefore made to add only 

Ambureni to the existing Wards. This decision was supported by the fact that at this point, rainy 

season was anticipated in 5 weeks’ time. Many communities lack paved roads and during rainy 
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season most of the normal activities, including cervical cancer screening, are brought to a halt 

because of transportation issues. The same selection process that was followed in the first round 

of recruitment was observed, with the EAs selected for the first round of recruitment excluded. 

The village leaders circulated in the area to be surveyed in the days before the team 

arrived to ensure acceptance and community cooperation with the surveying team. In the urban 

sampling sites, every fourth household within the EA was approached. In the rural sampling 

sites, each household within the EA was approached.  A household was defined as a family unit 

within the same compound who shared a common source of meals. It is common, particularly in 

urban locations, for multiple distinct families to live in one dwelling.  

The VEOs assigned a woman from the community to demonstrate the boundary of the 

EA maps to the surveying team and to build trust to facilitate the entry of the team into the 

community. The surveyor approached the household and asked if there was anyone residing in 

the household who met the inclusion criteria. If there was more than 1 woman who was eligible 

in the household, they asked the women their month and day of birth. The woman with the most 

recent birthday (day & month) was selected. The surveyor then read or paraphrased a script to 

introduce the project and to determine if the woman wanted to participate in the research. If the 

woman did not wish to participate, the surveyor filled out a form on the tablet indicating the 

reason the woman did not wish to participate. If a woman was not at home, the surveyor returned 

to the household twice at different hours on the same day (or the next day if in the same 

location). In the urban area, if after visiting the household twice, the surveyor was still unable to 

reach the participant, the surveyor approached the household to the right of the household with 

the absent participant. In the rural area, the household was not included in the survey.  



	  

 36 

Eligible participants recruited following this sampling strategy underwent the consent 

process with one of the field workers.  

3.2.2 Informed Consent  

Informed consent forms for the baseline survey were drafted in English and translated by 

an experience translator to Swahili. The informed consent forms were reviewed by numerous 

native Swahili speakers and as well were reviewed during training. Revisions were noted and 

acted upon before the surveying began. The informed consent form used for the baseline survey 

can be found in the Appendix A. 

Surveyors were instructed to read the informed consent form in its entirety to 

participants. Literate participants could also read the consent forms themselves. If a participant 

was illiterate, the surveyor made sure that a witness was present. The surveyor then read the 

consent form to the potential participant and witness. Following questions, if the participant 

consented, they would provide a fingerprint on the form and the witness signed and dated the 

form.  

The surveyors had a separate version of the informed consent form, which included 

questions for them to ask research participants in order to ensure that the participants understood 

the key points of the informed consent forms. Tanzanian culture has a tendency to be agreeable, 

especially when power dynamics (i.e. educated vs. possibly uneducated) are present. This made 

it very important for the surveyor to take their time and ensure that the potential participant 

understood the research and their rights. Informed consent is a foreign concept, especially in 

rural areas, and thus it is very important to explain that the informed consent form is not a 

binding contract that the participant is signing and important to explain that they can withdraw 

from the research at any time. If a literate participant consented to the research, they would sign 
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and date two forms, as would the surveyor. The purpose of this was to provide the participant a 

copy of the informed consent form, as is ethically required. Photocopies are not readily available 

and redistributing photocopies of the consent form to each participant would have been 

cumbersome. Some participants were skeptical about the consent process initially but once the 

purpose was understood, there were few problems with it.  

Once a participant had undergone the informed consent process with the fieldworker, 

they began the baseline survey. An English version of the baseline survey is available in the 

Appendix B. Fieldworkers captured the mobile phone number of participants and assigned each 

participant a unique Study Identification Number (SID). The fieldworker issued each participant 

enrolled into the study a Study Identification Card. This card contained the participant’s name 

and SID. This card was intended to facilitate participant’s entry to the screening clinic at the 

hospital and to facilitate identification of the patient to the study staff if the participant presented 

for CCS. The fieldworker completed the survey and the surveys were submitted at the end of 

each day via mobile data. The surveys were housed on the Medic Mobile server.  

3.2.3 Randomization 

SIDs (five digit numbers) were generated by the software development team at Medic 

Mobile to simultaneously act as identification numbers and to randomize participants. Surveyors 

were blinded and were not informed that the study identification numbers were randomizing 

participants. They were told that these were merely the study identification numbers. The study 

identification numbers associated with each arm did not contain a detectable pattern, and thus 

allocation concealment would be maintained even if the surveyors became aware of the 

randomizing nature of the numbers.  
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The study identification numbers associated with each arm were randomized in Excel 

using random numbers using the RAND() function. A printed sheet of the randomized distinct 

study identification numbers was given to each of the surveyors and they crossed the study 

identification numbers off as they enrolled participants. Some instances occurred where duplicate 

numbers were used as a result of human error on behalf of the surveyors; however, this occurred 

non-differentially because surveyors were not aware of the randomization function of the random 

numbers and thus it is not likely to have caused any bias.  

3.3 Interventions 

Participants were randomized to one of three groups following enrolment into the study.  

They were either randomized to a control group, an SMS group or a Voucher group. The rolling 

randomization and start of the messaging schedule worked to avoid undue demand on the 

screening clinics by staggering demand. The areas that were sampled received the standard 

sensitization that is usually mobilized in the Kilimanjaro region. This sensitization involved the 

circulation of information about cervical cancer screening through church announcements, 

posters and promotion by village leaders and prominent members of the communities.  

3.3.1 Control group 

The control group received one SMS message with the location of the screening clinic 

and hours proximal to them. At the conclusion of the follow-up period, they received SMS 

messages identical to the SMS and Voucher.  

3.3.2 SMS Behavior Change Message Group 

The SMS messages were developed based on the Health Belief Model and were 

developed with extensive discussion and collaboration with community and experts. The SMS 

messages were sent via a Medic Mobile web-based platform that was built for this trial. 
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Participants in the intervention groups (SMS and eVoucher) initially received 3 or 4 SMS on the 

first day. The messaging schedule delivered one message every 2 days for approximately 20 

days. The English version of the SMS sent can be found in Appendix D. The messages were 

translated into Swahili using a rigorous back-translation process described below.  

3.2.3 Transportation eVoucher Group 

The eVoucher, delivered via SMS message, was intended for return transportation, either 

by dala dala (minibuses with set routes) or motorbike taxi, to the nearest screening clinic. If the 

participant was in the eVoucher group, along with the behavior change message, she received a 

SMS messages informing her that she if she presented the five-digit code present in the message, 

that she would be reimbursed for her transportation to the screening clinic identified in the 

message. This SMS message also contained a maximum amount that the participant would be 

reimbursed, which was different for urban and rural locations. The amount of the maximum 

reimbursable amount was identified by talking to village leaders and community members. 

When a participant in the eVoucher group presented for screening, she may choose to obtain the 

voucher by mPesa (a mobile phone-based money transfer) or in cash. Participants in the 

eVoucher group received identical messages to the SMS group with the same delivery schedule. 

Vouchers were valid for a period of one to three months from issuance. The eVoucher message 

can be found in the SMS messages in Appendix D.  

3.2.4 Follow-up 

In the initial study protocol, a one-month follow-up period was allocated for each 

participant from the time that they were enrolled into the study. Through a process evaluation 

three weeks into the start of data collection, it became apparent that cellular network problems 

were preventing the delivery of some of the SMS messages. This was causing some participants 
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to fail to receive the voucher or screening location message. The follow-up period for 

participants who were recruited within these three weeks was extended to two months. The 

follow-up period for all participants was amended to two months. 

3.3 Content Development 

3.3.1 Baseline Survey Questions 

The baseline survey questions that were used in this research were updated questions that 

were used in the Cunningham at al.2 survey regarding the acceptance of cervical cancer screening 

and HPV vaccination in the Kilimanjaro region. The survey questions were reviewed by Drs. 

Karen Yeates, Olola Oneko and Agnes Feksi.   

3.3.2 SMS messages 

Draft SMS messages were developed by consulting literature about beliefs about cervical 

cancer and cervical cancer screening in East African countries and in other low resource 

contexts2,66,67,49,48. The messages used an encouraging tone and conveyed information about 

cervical cancer risk factors, cervical cancer screening and screening dates and locations. The 

messages also contained content to attempt to change participant’s perception of their cervical 

cancer risk in accordance with the Health Belief Model and aimed to address common 

misconceptions about cervical cancer. The draft SMS messages were also scrutinized by a 

Tanzanian research assistant, Agnes Mtambo, who has been through treatment for cervical 

cancer twice, once in Tanzania and once overseas. She is a Duke Global Advocate for HIV and 

is a strong advocate for both HIV and cervical cancer screening. As a result of her personal 

experience as well as through her role as an advocate, she is acutely aware of the barriers 

preventing women from attending CCS and of the misconceptions that women hold in relation to 

cervical cancer.  
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3.3.3 Focus groups 

Drafts of the baseline survey and the SMS messages were developed in English and were 

translated by a research assistant into Swahili. The SMS messages and baseline survey were 

discussed in focus groups. The focus groups were held with women from the Tengeru (Arusha 

Rural) and Rau (Urban Moshi) communities. These were communities within the wards where 

the study was conducted. Separate focus groups were also held with nurses in the same 

communities, both with cervical cancer screening nurses and nurses from other disciplines. 

These focus groups were held separately from the focus groups with the women from the 

community in order to allow the women from the communities to be able to answer more freely. 

Including different levels of education/authority in focus groups can significantly affect 

responses and make those with less authority more reticent to respond.  

Focus groups with the women from the community, both in Moshi Urban and Aru Meru, 

were held on two subsequent days. Focus groups were held on consecutive days for the baseline 

survey and for the SMS. These items were reviewed on consecutive days by the community 

women. Agnes Mtambo facilitated the focus groups and through telling her story to laywomen 

participants in the focus group, she was able to foster an open sharing environment. She acted to 

translate the focus groups in real time and ensured that each participant had a voice during the 

sessions. The focus groups were also recorded and transcriptions of the focus groups were 

created by a research assistant.  

Women were also asked if they felt comfortable answering the baseline questions. The 

intended content of the question was paraphrased to ensure that the question were asking what 

they were intended to ask. Some questions were removed based on their suggestions because 

they believed them to be redundant, and new questions were added based on the input from the 
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focus groups. The purpose of the focus groups was to ensure that the translation captured the 

intended content. The focus groups also informed us about multiple choice answers that were 

missing from the baseline questionnaire, such as involving tribes. The focus group informed us 

about which baseline questions were the most sensitive and were instructive about culturally 

sensitive questions. Further, the focus groups on the baseline questionnaires helped to highlight 

questions that the field team may be questioned about and helped inform predetermined answers 

to these questions before the team faced these questions in the field. For example, some of the 

women were asking why we wanted to know about their family’s income and what this had to do 

with cervical cancer. Working with the women in the focus group, it was decided that the 

appropriate response to this and similar questions would be for the fieldworker to convey that we 

are trying to understand if different levels of family income make a difference in how accessible 

CCS services are or how likely women are to access CCS.  

For the SMS messages, at the beginning of the focus groups, before being shown the 

draft SMS, the participants were asked what content they believed would be important and 

would motivate women to attend cervical cancer screening. It was found that the themes 

mentioned in these discussions closely reflected the draft SMS. A challenge with behavior 

change messages delivered via SMS was the character limit that is imposed. SMS messages can 

only include 160 characters per message including spaces. Most individuals in Tanzania are 

using T9 phones, and exceeding this character limit would result in awkward message delivery. 

This amplified the importance of the focus groups in terms of ensuring that the content intended 

for the message was being delivered clearly despite the questions being limited in terms of 

character count. For example, one edit that was made to the SMS messages based on the focus 

groups involved content about long-term use of oral contraceptives(OCs) increasing the risk of 
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cervical cancer. Some participants in the focus group were concerned about this message and 

asked whether or not they should discontinue using their oral contraceptives because of this 

increased risk. In-person, we were able to explain to the women that they should continue using 

their OCs if they required them and were happy with them but that they should make sure that 

they attend CCS at the recommended intervals. Because SMS messages are limited to 160 

characters including spaces, it was difficult to convey this information and it became clear that 

by sending this message that misconceptions about contraceptives would spread, some women 

would likely cease to use them and efforts to promote family planning would be reversed. 

Following these initial focus groups, the SMS and questions were updated with the 

changes and corrections suggested. The updated versions of the content were shown to two 

gynecologists to review and minor changes were made to the medical language. The content was 

then back translated to ensure that the translation was correct. Following back translation, the 

content was updated and two versions of the SMS and questions emerged. There were differing 

opinions among colleagues about which versions of the content was preferred. A final focus 

group was held. In this focus groups, the versions were compared simultaneously and the 

preferred version of the question was chosen by consensus. 

3.4 Staff Recruitment and Training 

All study staff were women residing in the districts of work and received training before 

the start of the project. All field staff participating in data collection were fully trained before 

data collection began. They received training regarding how to obtain informed consent from all 

study participants and training regarding data protection measures.  

Training of the surveyors that conducted the baseline data collection was held over 4 

days. The first day of training was spent explaining cervical cancer, the importance of cervical 
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cancer screening, the treatment for different stages of cervical cancer and in explaining the 

content development process. One full day was spent going over the consent process and over a 

hard copy of the baseline survey. Approximately half of the surveyors had previous research 

experience.  During this training, surveying skills were taught including the importance of being 

neutral when asking a question (not leading participants) and the importance of answering 

questions with standardized answers in order to avoid biasing the participant’s answer. These 

standardized answers were developed through roleplaying exercises and group discussion 

conducted the same day. During these exercises, the surveyors paired off and each surveyor took 

turns as both surveyor and respondent. Guided group roleplaying scenarios were also conducted 

involving different scenarios, such as a participant asking many challenging questions, a difficult 

surveying location with many distractions, as well as enrolling and surveying illiterate 

participants. Following each roleplaying scenario, a constructive group discussion was held 

regarding the performance of the surveyor as well as suggestions for improvement. In reviewing 

and role playing with the consent forms and the surveys, the surveyors suggested changes that 

would make the consent forms and surveys more culturally appropriate. These changes were 

incorporated into the final survey.  

The third day involved familiarizing the surveyors with the tablets on which the surveys 

were to be conducted. Seeing that most of the surveyors had smartphones, this process was fairly 

straightforward. During this session, surveyors were instructed to try out different possible 

scenarios using the tablet, such as receiving a call in the middle of a survey or inadvertently 

exiting the survey application, to both test the survey application and build surveyor confidence 

in the app’s abilities. Changes were suggested and made to the survey application based on this 

practice session. The tablets were distributed to the survey team on this day and the team held the 
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tablets until the end of the research. Data and airtime were provided to the surveyors to ensure 

that they could upload surveys to the database and that they could communicate with myself and 

the survey team.  

The final day of training consisted of doing a half day of practice surveying in a 

community adjacent to the research center. Approval for this community-based training session 

was received from the local elected member of government. The surveying process had identical 

conditions to those in the communities to be surveyed as part of the study except that this 

community was not randomly selected and participants surveyed were not enrolled in the study. 

Household selection as per the household selection outlined in the sampling strategy for urban 

communities was followed. On this trial day, consent was obtained by all respondents, and the 

respondents received information regarding cervical cancer and cervical cancer screening 

following the completion of the normal surveying procedures (i.e. consent and survey 

completion). Participants in the mock survey were offered a soda for their time (30 minutes). The 

afternoon of the fourth day of training consisted of regrouping and discussing the mock 

surveying day and devising methods to overcome challenges that arose.  

The CCS teams at the participating hospitals were made aware of the research and were 

contributors to the study design and content development (surveys and SMS). They received 

monthly stipends for their participation in the research, as is expected in Tanzania, because their 

workload was increased. In total there was 1 gynecologist and 3 nurses at Mawenzi Hospital and 

2 gynecologists and 2 nurses at Aru Meru Hospital involved in the process.  

3.5 Post-Screening Survey 

A tablet-based post-screening survey was conducted following cervical cancer screening 

at Mawenzi Hospital and Meru District Hospital. A surveyor was in each clinic during all 
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screening hours to capture the women from the research coming into screening. The post-

screening survey was linked to the baseline survey through personal identifiers assigned to the 

mobile phone number of participants. Women coming into clinics for screening, who did not 

participate in the intervention, were also surveyed. In this case, the baseline survey was 

conducted while the woman was waiting for screening and the post-screening survey was 

conducted following screening. This data will be analyzed separately from the randomized 

controlled trial data. This analysis is beyond the scope of this thesis and the results have not been 

included. The results from this exit survey will be available in forthcoming publications.  

3.6 Blinding 

Because of the nature of the interventions, it was not possible to blind participants, 

screening nurses, post-screening surveyors or the study coordinator to the allocation sequence. 

This is not anticipated to cause any significant bias.  

3.7 Interaction with Participants 

Participants who had questions about the messages or about the study could call and/or 

text the mobile number that was sending out the SMS messages. Individuals were not prompted 

to do so, however, every text message and phone call that was received by the ‘gateway phone’, 

the phone sending out the SMS, was picked up or replied to.  

3.8 Statistical Analyses 

3.8.1 Description of the Study Population 

 To describe the demographic and health characteristics of the participants in the three 

groups of the study, counts and percentages were calculated for categorical variables and means 

and standard deviations were calculated for continuous variables. Seeing that all the groups came 
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from the same distribution, p-values comparing the groups were not necessary. Imbalances 

existed but these are due to chance and were not be controlled for.  

3.8.2 Analyses for the Manuscript  

All statistical analyses were performed using SAS V.9.4 (SAS Institute Inc, Cary, North 

Carolina, USA). Multivariate logistic regression, using the SURVEYLOGISTIC Procedure68,  

was used to fit a model examining the association of the intervention group assignment and 

uptake of cervical cancer screening while taking into account significant covariates, as well as, 

stratification and clustering in the sample data. The SURVEYLOGISTIC Procedure fits linear 

logistic regression models for discrete survey data (binary, ordinal and nominal) using the 

maximum likelihood method. From the univariate analysis, variables found to be significant at 

the 0.25 level using the Rao-Scott F adjusted Chi-Square statistic, which controls for the design 

effect, were included as preliminary candidates for the multivariable analysis. The Rao-Scott F 

adjusted Chi-Square statistic is more conservative than the Wald Chi-Square statistic69. We used 

a p-value of 0.25 as the cut-off point because more traditional levels, such as 0.05 or 0.15 can fail 

to identify variables that are known to be of importance70,71,72 . In the iterative process of model 

fitting, significance was evaluated at the 0.1 alpha level and confounding was identified as any 

change in the remaining parameter estimates greater than 15%73.  A change above this level 

would indicate that the removed variables was important in providing an adjustment for one of 

the remaining variables in the model. Any variable not selected for the original multivariable 

model was added back in, one at a time, alongside the significant covariates and confounders 

previously identified. Any that were significant at the 0.1 level were included in the model. 

Multivariate logistic models were constructed for the combine data set, as well as for each strata. 

The Odds Ratios and confidence intervals were presented with 2 decimal places.  
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All baseline and health characteristics were determined by self-report. An English version 

of the baseline survey is in Appendix B. Table 1 shows the variables that were considered for the 

multivariable model that required transformation in order to be able to tested for fit into the 

model. This table also indicates reference groups that were chosen for the categorical variables. 

Use of Contraception, Having Health Insurance, and Age at Sexual Debut were considered for 

the model; however, are not included in the table because they did not require any transformation 

and did not require selection of a reference group.  

Partnership type was not considered for the multivariable model because it was only 

collected for partnered and married women. HIV status Smoking status were excluded from 

consideration from the multivariable model because we did not consider the measure to be valid 

because of social desirability bias. Age was not found to be significant in univariate analysis and 

it did it yield a significant Wald Chi-Square value in the model. Age was added back into the 

preliminary main effects model because it is a key variable of interest and has been shown to be 

related to screening uptake. 

 

 

 

 

 

 

 

 

 



	  

 49 

 

Table  1. Variables Requiring Transformation for Logistic Regression 

Variable Survey Answer Options Treatment for logistic regression 

Age Continuous Divided into 4 year age groups 
Marital Status •   Single 

•   Partner 
•   Married 
•   Separated 
•   Divorced 
•   Widow 

Combined Categories: 
•   Single* 
•   Married, Partner 
•   Separated, Widow, Divorced 

Income •   <20 000 
•   20 000-39 999 
•   40 000-59 999 
•   60 000-79 999 
•   80 000-99 999 
•   ≥100 000 

Combined Categories: 
•   0-39 999 
•   40 000-59 999 
•   60 000-99 999 
•   ≥100 000 
•   Declines to answer 
 

Occupation •   Housewife/farmer 
•   Small Business 
•   Professional 
•   Student 
•   Teacher 
•   Health Professional 
•   Other 

Combined Categories: 
•   Housewife/farmer 
•   Small Business 
•   Other (Student, Teacher, Professional, Health 

Professional)* 
 
 

Education (highest 
reached) 

•   None 
•   Primary or less 
•   Secondary (to Form 

4) 
•   Secondary complete 
•   College/University 

Combined Categories: 
•   Primary or less* 
•   Secondary 
•   College/University 

Children birthed •   None 
•   1-2 
•   3-4 
•   >4 

Combined Categories: 
•   0-2 
•   3-4 
•   >4 

Mobile phone ownership •   Mine 
•   Someone else’s 
 

Combined Categories: 
•   Mine 
•   Someone else’s* 
•   Unknown (incl. Decline to Answer) 

Health status •   Excellent 
•   Very good 
•   Good 
•   Fair 
•   Poor 

•   Excellent 
•   Very good 
•   Good 
•   Fair 
•   Poor* 

Lifetime sexual partners •   None 
•   1 
•   2-3 
•   ≥4 

Combined Categories: 
•   0-1 
•   2-3 
•   ≥4* 

*Denotes reference category for multivariable logistic regression.  
All questions had a ‘decline to answer’ category. Unless otherwise specified, ‘decline to answer’ was treated as missing 
and excluded from the analysis. 
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Loss to follow-up was not recorded in this research because it is a component of the main 

outcome. If a woman did not attend screening, it is essentially the same outcome as being lost to 

follow-up. It was outside the scope of this project to follow-up with every participant after the 

follow-up period has elapsed. It should be noted that a telephone survey among women who did 

not present for screening will be conducted in order to provide further information about barriers 

that exist towards screening. Following the survey, the trained surveyor will attempt to address 

the barriers determined by the telephone survey with the participant to encourage women to get 

screened for cervical cancer at a screening location proximal to them.  

Loss to intervention completion was recorded; however, an intent-to-treat analysis was 

followed. If a wrong phone number was received for an individual, this was accepted as an 

inherent limitation of the study design. It is assumed because of the volume of the messages, that 

most individuals receiving SMS that they did not subscribe to would text or call back, as some 

individuals did. In these cases, the messages to this number were ‘muted’(ceased to be sent out); 

however, the participant has still been included in the analysis in the arm to which they were 

assigned. In future scale-up there would be an immediate mechanism to verify if the mobile 

phone number was correctly entered. 

3.9 Ethical Considerations 

The study was approved by the Health Sciences Research Ethics Board at Queen’s 

University and by the National Institute of Medical Research, Dar es Salaam, Tanzania. 

Participants provided informed consent to partake in the study. All electronic data were stored on 
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encrypted tablets, used for data collection, on an encrypted laptop, and was stored on the 

encrypted Medic Mobile server.  
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Chapter 4 The Effectiveness of Short Message Service Messages and Transportation 

eVouchers on Increasing Uptake of Cervical Cancer Screening Services in Kilimanjaro, 

Tanzania 

 
 
4.0 Abstract 

 

Background: Largely due to low availability and uptake of cervical cancer screening in low- 

and middle-income countries (LMICs) (approximately 5%), cervical cancer is the second 

commonest cancer for women in these countries. This study investigates the effectiveness of 

using short message services (SMS) and transportation vouchers to encourage uptake of cervical 

cancer screening in the Kilimanjaro region of Tanzania.  

 

Methods: Systematic random sampling stratified by urban and rural location was used to enroll 

853 participants. Consenting women between the ages of 25-49 with access to a mobile phone 

answered a baseline survey. Participants were randomly allocated to three groups, receiving 

either behavior change messages delivered by SMS alone, behavior change messages SMS and 

eVoucher for transportation, or a control group. Follow-up at was conducted at participating 

screening clinics in where women who attended screening were recorded and answered a post-

screening survey.   

 

Results: Compared to the control group, participants in the eVoucher (18% vs 5%, AOR 4.8, 

95% CI 2.9 to 8.0) and SMS (13% vs 5%, AOR 3.1, 95% CI 1.7 to 5.6) outreach groups were 

more likely to attend cervical cancer screening during the follow-up period.  
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Conclusions: This is the first study to perform a direct, randomized comparison of two 

distinctive cervical cancer mHealth behaviour change interventions with a control group. In both 

urban and rural settings, an eVoucher for transportation combined with SMS behaviour change 

messages was the most effective at increasing the number of participants who attended cervical 

cancer screening.  

4.1 Background 

Tanzania, similar to many other low- and middle-income countries (LMICs), is 

experiencing a rapid epidemiological transition74. The major causes of death are shifting from 

being primarily communicable diseases and accidents to a mix of communicable and non-

communicable diseases (NCDs). This places a strain on an already weak health system, which is 

currently unequipped to handle this concurrent burden75. The fact that with early detection, many 

of the top cancers, including cervical cancer, are preventable or can be treated76, provides 

impetus to strengthen cancer prevention programs and reduce the burden on the health care 

system.  

Sub-Saharan Africa has the largest proportion of cancer caused by infections (33%), 

including Human papillomavirus (HPV)77. Cervical cancer represents 20 to 25% of all cancers 

among women in SSA and the region accounts for 80% of new cervical cancer cases globally 

and 85% of global cervical cancer deaths49. This stands despite the fact that cervical cancer is 

among the most preventable carcinomas6. In developed countries, early treatment is estimated to 

prevent up to 80% of cervical cancer cases78.  

Despite widespread awareness of cervical cancer (82%), as found by a recent study in the 

Kilimanjaro Region, the prevalence of cervical cancer screening (CCS) was reported to only be 
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6%8. This figure stands in close agreement with the 5% figure of the 5-year CCS prevalence 

estimated by the WHO. The most problematic self-reported barriers to cervical cancer screening 

found in this research were that women were unaware that preventative screening existed (67%) 

and that women anticipated not being able to afford the cost of screening1 (including travel to 

screening) (49%)50. As a result, more than half (50%) of cervical cancer diagnoses in Tanzania are 

at advanced stages10, at which treatment options are scarce.   

The exponential increase in mobile phone ownership in Tanzania, and other low- and 

middle-income countries (LMICs), provides an opportunity to use mobile phones to directly 

address these barriers to screening. Innovative means of encouraging people to attend cervical 

cancer screening could reach those not presenting for screening. Just over half (55.7%) of 

Tanzania’s population had a mobile phone subscription in 201379.  The widespread use of short 

message services (SMS) in Tanzania, which are cost-effective to send and are free to receive, 

whether the person has mobile credit/airtime or not, increases the appeal of SMS interventions.  

One aim of our study was to investigate the effectiveness of behavior change messages 

delivered via SMS on increasing the uptake of free proximal cervical cancer screening services. 

Another aim was to investigate the effectiveness of a travel voucher for return transport to 

proximal cervical cancer screening services on increasing the uptake of cervical cancer 

screening.  

4.2 Methods 

A randomized control trial study was conducted for the evaluation of the two 

interventions, the behavior change messages and the transportation voucher, both delivered via 

SMS. Systematic random sampling stratified by urban and rural location was used to enroll 853 

                                                
1	  Although	  it	  is	  funded	  by	  the	  Ministry	  of	  Health	  and	  international	  partners	  and	  is	  offered	  free	  country	  wide	  
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participants. Consenting women between the ages of 25-49 with access to a mobile phone 

answered a baseline survey. Participants were randomly allocated to three groups receiving 

either behavior change messages delivered by SMS alone, SMS and an eVoucher, or a control 

group.  

4.2.1 Study Setting and Participants 

Participants were sampled from two districts in Northern Tanzania: Moshi Urban and 

Arusha Rural. The study was approved by the Institutional Review Board of Queen’s University 

and by the National Institute of Medical Research, Dar es Salaam, Tanzania. Approval was 

sought and granted from Regional and District Medical Officers as well as from appropriate 

individuals from the municipal governments.  

4.2.2 Participant Recruitment  

We recruited 853 women (age 25-49, n=472 in the Kilimanjaro region and n=381 in the 

Arusha region). As shown in Figure 1, using a stratified randomized controlled trial design, 

women were randomly assigned to the SMS intervention group, the eVoucher intervention group 

or the control group. Eligible women had a mobile phone or had regular access to proxy mobile 

phone. Participants were permitted to use their husband’s mobile phone to enroll into the study. 

They were also allowed to use the mobile phone of a member of their household or a 

neighboring household 64 provided that: 1. the mobile phone owner was not eligible for the 

research and 2. the participant had daily access to the mobile phone. If a proxy phone was used, 

the phone owner needed to be present at the time of recruitment in order to be made aware of the 

research and accept their role in showing any messages that arrive on that phone to the 

participant. 



	  

 56 

Eligible women must have not had a hysterectomy or a previous diagnosis of cervical 

cancer, and must not have been screened for cervical cancer within the last year. If a woman was 

illiterate, a literate individual needed to be present at the time of her recruitment to sign as a 

witness to the consent process and to pledge to read the SMS messages that the participants 

received at some point in the research. If no such literate individual was present, the woman 

would have been excluded from the research; however, no such situation transpired over the 

course of the data collection.  

Samsung tablets were used by trained surveyors during household surveys to recruit 

participants and conduct baseline surveys. All field staff participating in data collection were 

female and were fully trained before data collection began. Staff received training regarding how 

to obtain informed consent from all study participants, proper data collection techniques, and, 

training regarding data protection and confidentiality.  

The sampling strategies differed by urban (Moshi Urban) and semi-urban/rural (Arusha 

Rural) areas. In both cases, the wards that were included in the survey were determined by 

consulting with numerous staff at both Mawenzi Hospital (Moshi Urban) and Meru District 

Hospital (Arusha Rural) concerning the wards in the catchment areas for their respective 

hospitals. From these wards, a list of villages and Enumeration Areas (EAs) from the most recent 

census (2012) were obtained from the National Bureau of Statistics (Tanzania) (NBS). The EAs 

in each village were numbered, and one EA from each village was selected using a random 

integer generator, Random.org65. EA maps were obtained from the NBS. The maps were 

distributed to Ward Executive Officers (WEOs) and Village Executive Officers (VEOs) as well 

as to the surveying team.  
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Two meetings were held with WEOs and VEOs (1.5 months and 1-2 weeks) before the 

survey team would be conducting the household survey to firstly introduce the project and to 

gain their approval, and secondly, to enlist their cooperation in facilitating entry of the survey 

team into the communities. The village leaders arranged church announcements about the arrival 

of the study team and circulated in the area to be surveyed in the days before the team arrived in 

order to increase acceptance and community cooperation with the surveying team. 

In the urban sampling sites, every fourth household within the randomly selected EA was 

approached. In the rural sampling sites, each household within the randomly selected EA was 

approached. A household was defined as a family unit within the same compound who shares a 

common source of meals. The surveyor approached the household and asked if there was anyone 

residing there who met the inclusion criteria. If there was more than one woman who was 

eligible in the household, they asked the woman their month and day of birth. The woman with 

the most recent birthday (day & month) was selected. The surveyor read a script to introduce the 

project, to make sure the participant understood their rights and to determine if the woman 

wanted to participate in the research.  

If the woman did not wish to participate, the surveyor filled out a form on the tablet 

which indicated the reason that the woman did not wish to participate. Women who 

demonstrated one of the exclusion criteria were captured on the same form. If a woman was not 

home, the surveyor returned to the household twice at different hours on the same day (or the 

next day if in the same location). In the urban area, after visiting the household twice, if the 

surveyor was unable to reach the participant, the surveyor approached the household to the right. 

In the rural area, the household was not included in the survey.  
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4.2.3 Randomization 

Five digit numbers were generated by the software development team at Medic Mobile, 

to randomize participants. Surveyors were blinded and were not informed that the study 

identification numbers were randomizing participants. The study identification numbers did not 

contain a detectable pattern, meaning that it would be impossible for the surveyors to alter the 

randomization even if they had learnt about the randomizing nature of the study IDs. Once 

participants were randomized, those in the SMS and eVoucher groups received a welcome 

message and started to receive the SMS messages as scheduled.  

4.2.4 Interventions 

To develop the intervention, draft SMS messages were designed by consulting literature 

about beliefs about cervical cancer and cervical cancer screening in East African countries and in 

other low resource contexts8,66,67,49,48. The SMS messages were developed based on the Health 

Belief Model and were developed with extensive discussion and collaboration with focus groups 

and medical experts. The messages use an encouraging tone and convey information about 

cervical cancer risk factors, cervical cancer screening, screening dates, and locations. The 

messages also contain content to attempt to change participant’s perception of their cervical 

cancer risk in accordance with the Health Belief Model80 and to address common misconceptions 

about cervical cancer.  

Participants could text or call back the number that they received the SMS from with 

questions or concerns. The travel voucher (eVoucher), also delivered via SMS, was intended for 

return transportation, either by dala dala (minibuses with set routes) or motorcycle taxi, to the 

nearest screening clinic. When a participant presented for screening, they could choose to obtain 

the voucher by mPesa (a mobile phone-based money transfer) or in cash. Participants were 
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reimbursed for their transportation once they attended screening. Participants in the eVoucher 

group received identical messages to the SMS group with the same delivery schedule. The SMS 

messages were sent via a Medic Mobile web-based platform that was built for this trial. 

Participants in the intervention groups (SMS and eVoucher) initially received 3 or 4 SMS 

on the first day. The messaging schedule delivered one message every 2 days for approximately 

20 days. eVouchers were valid for a period of one to three months from issuance. The value of 

voucher amount issued depended on the location of the participant’s home relative to the most 

proximal screening location. See Figure 1 for the overall design.  

In the initial study protocol, a one-month follow-up period was allocated for each 

participant from the time that they were enrolled into the study. Through a process evaluation 

three weeks into the start of data collection, it became apparent that cellular network problems 

were preventing the delivery of some of the SMS messages. The follow-up period for 

participants who were recruited within these three weeks was extended to two months. The 

follow-up period for all participants was extended to two months. A surveyor was posted in each 

clinic during all screening days to capture participants from the research coming into screening. 

The outcome measurement was identical between the three groups.  

 Because of the nature of the intervention, it was not possible to blind participants, 

screening nurses or the study coordinator to the treatment group of participants.  

4.2.5. Statistical Analysis 

An intention-to-treat analysis was performed. During the surveying period, the study 

coordinator regularly reviewed the completed surveys to identify missing data. The primary 

outcome of interest was the impact of the behavior change SMS messages and eVoucher on 

attending cervical cancer screening within the follow-up period. A purposeful selection strategy 
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was used to identify covariates independently associated with CCS and to build a preliminary 

multivariable model73. The SURVEYLOGISTIC Procedure was use to estimate AORs and 95% 

CIs, while accounting for stratification between urban and rural and for clustering in the villages, 

using the maximum likelihood method. From the univariate analysis, variables found at the 0.25 

level or less were included as preliminary candidates for the multivariable analysis. In the 

iterative process of model fitting, significance was evaluated at the 0.1 alpha level and 

confounding was identified as any change in the exposure parameter estimates by 15% or 

more73. To be considered as a confounder, the covariate was required to be significantly 

associate with the main exposure and the outcome in univariate analyses. Multivariate logistic 

models were constructed for the combined dataset, as well as for each strata.  

4.3 Results 

Demographic characteristics of the participants are shown in Table 2. The mean age was 

34 years (SD: 7.2, range 25-49) and most had a partner or were married (81%) and in 

monogamous relationships (94%). Urban women had higher monthly household income and 

over half of urban women (57%) worked in a small business, where the majority of rural women 

worked as a housewife/farmer (44%) or in a small business (43%). The majority of rural 

participants (95%) were Christians, whereas religion was split between Christian (48%) and 

Islam (52%) in the urban strata.  Health characteristics of the participants are shown in Table 4. 

Rural women had higher self-reported health status than did urban women and contraceptive use 

was higher among rural women (50%) than among rural women (43%). Demographic and health 

characteristics by strata are shown in Table 3 and Table 5 respectively.  

 In total, 104 participants (12.2%) attended cervical cancer screening during the follow-

up period. In the multivariable model summarized in Table 6, compared to the control group, 
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participants in the eVoucher (18% vs 5%, AOR 4.8, 95% CI 2.9 to 8.0) and SMS groups (13% vs 

5%, AOR 3.1, 95% CI 1.7 to 5.6) groups had higher odds of attending cervical cancer screening 

during the follow-up period. Taking into account stratification and clustering, women owning 

their own mobile phone had higher odds of attending screening (AOR=2.09, 95% CI 1.01 to 4.3) 

than women who used a proxy phone (access to a phone that they did not own). 

Housewives/farmers and small business owners had higher odds of attending screening than 

women who reported an occupation as ‘Other’ (AOR 2.9 95% CI 1.2 to 7.3 and AOR=3.4 95% 

CI 1.2 to 9.9 for Housewives/Farmers and Small business workers, respectively). Those who 

reported having no or one lifetime sexual partner had nearly six times the odds (AOR 5.8 95% CI 

1.4 to 23.4) of attending cervical cancer screening than those who reported having more than 

four lifetime sexual sexual partners.  

Separate multivariate analyses by urban/rural strata showed that in the urban strata, 

shown in Table 7, employment was associated with odds of screening. Similar to the combined 

analysis, housewives/farmers and small business workers had higher odds of attending screening 

than women who reported an occupation as ‘Other’ (AOR 3.5 95% CI 1.3 to 9.7 and AOR=4.9 

95% CI 1.3 to 18.8 for Housewives/Farmers and Small business workers, respectively).  

The results from the logistic regression for rural strata are shown in Table 8. In the rural 

strata, those with no or one lifetime sexual partner were marginally more likely to attend 

screening relative to those with more than four lifetime sexual partners (AOR 7.140 95% CI 

1.070 to 47.63). Mobile phone ownership was not associated with screening in either of the 

stratified analyses.  

Among those who attended cervical cancer screening, nearly 100% of respondents in the 

SMS and eVoucher groups were satisfied with the SMS messages that they received. Overall, 
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83% of intervention group respondents (SMS and eVoucher) said that they either directly 

showed the SMS to someone else or shared some of the content with another person. Differences 

between the intervention groups were not found regarding this practice. These measures are 

summarized in Table 9. When analyzed by strata, in the urban strata, presented in Table 10, those 

in the SMS group were more likely to show or share the content with the SMS messages than 

were those in the eVoucher group (100% vs. 74.2%). Table 11 shows that the rural strata 

revealed no difference between groups showing or sharing the SMS content with another person 

(80% vs 83% for SMS and eVoucher, respectively).   

The perceived effect of the travel voucher by eVoucher participants who attended 

screening is shown in Table 12. Few participants in the urban strata perceived the voucher to 

have made them more likely to attend screening (6.5%) versus more than half of the participants 

in the rural strata (57%). A total of 75 in the SMS and Voucher groups (12.7%) texted or called 

the gateway phone, 50% did so because they had a question about the content or about CCS. In 

the case of 20% of participants who called or texted, when we attempted to call or text them 

back, there was no reply received. 

4.4 Discussion 

This study demonstrates the potential for using interventions delivered via SMS to 

encourage individuals to get screened for cervical cancer. This study is novel in several ways. It 

is the first study to directly analyze the impact of interventions intended to increase uptake of 

CCS in Tanzania or SSA. It is also novel in that it is able to suggest causality and effective size 

in relation to the change in uptake of CCS resulting from behavior change interventions. 

Research investigating the impact of SMS messaging to increase uptake of cervical and breast 

cancer screening services has been conducted in other settings; however, this is novel research 
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for the African continent. To our knowledge, no research investigating the provision of 

transportation vouchers (electronic or paper based) to increase uptake of cancer screening 

services exists.  

Variables that were associated with the outcome in the univariate analyses were tested for 

association with the primary exposure variable, the intervention group. Only one of these 

variables, marital status, was associated with both exposure and outcome in the combined 

dataset, and its inclusion resulted in less than a 10% change in the exposure effect, so it was 

concluded that marital status did not exhibit a confounding effect on the relationship between 

intervention group and uptake of cervical cancer screening. Likewise, in the confounder 

assessment for the multivariable analysis of the urban model, the variable measuring 

participant’s employment was associated with both exposure and outcome. Its inclusion resulted 

in less than a 10% change in the exposure effect, so it was concluded that the variable measuring 

employment was not an empirical confounder in the relationship between intervention group and 

uptake of cervical cancer screening. 

The difference between the combined analysis and the stratified model could be due to 

the sample size of the combined analysis enabling the model to detect more modest effects, such 

as mobile phone ownership. The limited number of participants who attended cervical cancer 

screening in the control group in the rural strata (n=3) could help explain the wide confidence 

intervals generated by the rural multivariate model.  

The different perceptions regarding the impact that the travel voucher had on encouraging 

participants to attend screening between strata could be explained by travel being a larger barrier 

to cervical cancer screening in rural settings versus urban settings. Research on barriers to 

screening in the region revealed that the distance to the screening clinic was cited as a barrier by 
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significantly more women in the rural strata versus the urban strata. The travel voucher may have 

helped women overcome the distance to screening in the rural strata. Examining attendance at 

screening, it is evident that the voucher increased the odds of screening in both strata; however, 

the odds are more pronounced in the rural strata.  

Given the power of word of mouth in Tanzania, the fact that the majority of SMS 

receiving participants who attended screening shared the information in the SMS with others 

reveals the potential for the SMS intervention to have positive behavior change outcomes for 

non-participants as well as participants. This is encouraging because, in Tanzania, it is common 

for women not to discuss screening or other preventative interventions because people in the 

community have a tendency to assume that the individual discussing screening is afflicted with 

the condition that they are being screened for. Having information from a trusted source could 

facilitate the discussion and help reorient the perception of screening and other preventative 

health behaviors. It also highlights the need, however, for the SMS messages to be succinct with 

little possibility of be misinterpreted. Misconceptions resulting from a wrongly worded culturally 

inappropriate SMS messages could spread broadly.  

Similarly, the high level of satisfaction with the SMS messages received is encouraging, 

however, it should be noted that this satisfaction was among participants who attended screening. 

It is likely that those who did not attend would report a lower rate of satisfaction. There were 

some individuals (n=6) in the intervention groups, as shown in Figure 1, who decided that they 

were not happy with the SMS messages and did not wish to continue with the intervention. 

Individuals could call or text the ‘gateway phone’ (the mobile number sending out the SMS) to 

ask questions or to provide comments or feedback.  
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Communication with the gateway phone was not anticipated; however, it helped to 

engage participants and make the interventions more participatory in nature. For future research 

it would be wise to encourage this type of two-way dialogue. A systematic review conducted by 

Fjeldsoe et al.51 on interventions using SMS delivered by mobile telephone service for behaviour 

change purposes found that features of interactivity and ability to respond to participant’s needs 

worked to better the outcomes of behaviour change interventions in general. The same review 

found that tailored SMS content was more effective at retaining participants and message 

tailoring of features, including participant name, participant demographic characteristics, 

behavioural preferences/goals/barriers, was common in the majority of studies reviewed. The 

scope of the study did not allow direct participant level tailoring of the SMS messages.  Despite 

this, the messages were still tailored at the regional level, because they were developed expressly 

for the Kilimanjaro region informed by research conducted about barriers to CCS in the region8 

and through focus groups. Regardless, we feel that participant level tailoring would have been 

advantageous to increase participant engagement and would incorporate it into a scale-up or 

design of another SMS based intervention.  

A process evaluation that we conducted midway through the study resulted in an 

alteration to the methodology. The process evaluation revealed that 14 out of 28 (50%) of 

randomly selected participants in the eVoucher group reported not having received the Voucher 

message. It is unclear whether they did not receive the voucher message or whether they did not 

understand the purpose or the terminology. Overall, the process evaluation showed that about 

half to three quarters of SMS being sent out were being received by participants. This could 

likely be due to mobile network issues or participants turning off their phone or their phones 

running out of battery because of electricity blackouts, which occurred between 25-50% of each 
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day during the study period. Relatedly, some women who own mobile phones do not have 

electricity in their households and opportunistically charge their phones at work or at church.   

In order to to resolve the paucity of messages reaching participants, important messages 

such as the voucher messages and messages containing the screening location were sent out to 

each participant in the intervention groups on three separate occasions for participants already 

enrolled as well as participants enrolled after this survey. Similarly, the follow-up of the trial was 

extended to allow for the resending of message to allow participants enrolled up to this point to 

receive an adequate number of messages and give them a chance to attend screening.  

 This research will help to inform and justify ongoing SMS interventions that are currently 

being implemented without an evaluative component in multiple regions in Tanzania81,82, 

including an intervention that is being implemented by a prominent telecom company. We are 

also currently working with the WHO mCervical Cancer working group, who are currently 

implementing a pilot project in Zambia, and have benefitted from lessons learnt in the early 

phases of the study at hand. Other countries in the region have expressed interest in 

implementing similar programs and have been encouraged by preliminary results. The SMS 

content and language can easily be customized and high phone ownership is nearly ubiquitous in 

Eastern Africa and Africa as a whole. The platform for delivery of the SMS and vouchers can be 

hosted for a low fee and is thus very accessible and scalable.   

 
 For the purpose of this research, a baseline study was necessary to measure participant 

demographic characteristics; however, future implementation of these interventions would be 

most cost-effective if it was done via self-issuance, which has been done in similar research on 

using SMS to increase HIV testing and counseling uptake or by getting the Telecom companies 

to send out the messages and allowing people to opt-in. It has been shown that no clear 
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difference in intervention outcomes was observed in relation to the method of the SMS dialogue 

initiation (whether participants or researchers initiated the SMS dialogue)51. It is unclear if this 

would apply to the Tanzanian context. Additionally, if participants opted in it would, however, 

likely limit the number of participants enrolling who did not have a phone for their own. 

Research into methods to ensure that self-issuing SMS interventions are inclusive of 

marginalized groups is required. 

4.5 Conclusions 

The results show the potential that behavior change messages and eVouchers delivered 

via SMS, have in relation to increasing uptake of cervical cancer screening. The results from this 

study will help support ongoing and planned mHealth efforts in sub-Saharan Africa to increase 

uptake of cervical cancer screening and consequently reduce cervical cancer mortality. Resulting 

from the wide variety of barriers to CCS, harnessing the potential the interventions in this study 

and similar mHealth interventions requires a multimodal behavior change approach to achieve 

maximum effectiveness.  
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4.8 Facts and Figures 

 
Table 2.  Sociodemographic Characteristics of the Study Population 
Characteristic  

 
Total 
(n=853)  
% (n) 

Control 
(n=282)  
% (n) 

SMS 
(n=273)  
% (n) 

eVoucher 
(n=298)  
% (n) 

Age  
   Mean (±SD) 

 
34.4 (7.2) 

 
34.4 (7.4) 

 
34.5 (7.1) 

 
34.4 (7.2) 

Marital Status 
   Single 
   Partner/Married 
   Separated/Divorced/Widow 
   Declines to answer 

 
11.5 (98) 
80.7 (688) 
7.7 (66) 
0.1 (1) 

 
6.4 (18) 
84.8 (239) 
8.9 (25) 
 

 
9.9 (27) 
84.2 (230) 
5.9 (16) 
 

 
17.8 (53) 
73.5 (219) 
8.4 (25) 
0.3 (1)  

Partnership Type (of those Partnered or Married) 
   Monogamy 
   Polygamy 
   Declines to answer 

 
94.2 (648) 
4.5 (31) 
1.3 (9) 

 
96.2 (230) 
2.5 (6) 
1.3 (3) 

 
93.5 (215) 
5.2 (12) 
1.3 (3) 

 
92.7 (203) 
5.9 (13) 
1.4 (3) 

Religion 
   Christian  
   Muslim 

 
68.7 (586) 
31.3 (267) 

 
71.3 (201) 
28.7 (81) 

 
67.4 (184) 
32.6 (89) 

 
67.4 (201) 
32.6 (97) 

Tribe 
   Chaga 
   Pare 
   Masaai 
   Meru 
   Other 
   Declines to Answer 

 
22.4 (191) 
11.8 (101) 
4.6 (39) 
25.6 (218) 
35.2 (300) 
0.5 (4) 

 
23.0 (65) 
13.8 (39) 
3.9 (11) 
25.2 (71) 
33.7 (95) 
0.4 (1) 

 
24.5 (67)  
8.8 (24) 
4.0 (11) 
24.9 (68) 
37.7 (103) 

 
19.8 (59) 
12.8 (38) 
5.7 (17) 
26.5 (79) 
34.2 (102) 
1.0 (3) 

Monthly household income (Tanzanian Shillings) 
   0-39 999 
   40 000-59 999 
   60 000-99 999 
   ≥100 000 
   Declines to Answer 

 
13.8 (118) 
24.2 (206) 
25.6 (218) 
31.7 (270) 
4.8 (41) 

 
12.8 (36) 
22.0 (62) 
27.0 (76) 
35.5 (100) 
2.8 (8) 

 
14.3 (39) 
23.8 (65) 
25.3 (69)  
30.0 (82) 
6.6 (18) 

 
14.4 (43) 
26.5 (79) 
24.5 (73) 
29.5 (88) 
5.0 (15) 

Occupation 
   Housewife/farmer 
   Small Business 
   Professional 
   Other 
   Declines to answer 

 
37.0 (316) 
50.6 (432) 
3.8 (32) 
8.2 (70) 
0.4 (3) 

 
35.5 (100) 
51.4 (145) 
3.5 (10) 
9.6 (27) 
 

 
41.4 (113) 
47.3 (129) 
3.7 (10) 
7.7 (21) 
 

 
34.6 (103) 
53.0 (158) 
4.0 (12) 
7.4 (22) 
1.0 (3) 

Highest level of education    
   Primary or less 
   Secondary  
   College/University 
   Declines to answer 

 
73.2 (624) 
20.5 (175) 
6.0 (51) 
0.4 (3) 

 
71.3 (201) 
20.6 (58) 
8.2 (23) 
 

 
72.2 (197) 
22.3 (61) 
4.4 (12) 
1.1 (3) 

 
75.8 (226) 
18.8 (56) 
5.4 (16) 

Mobile Phone Ownership 
   Own 
   Other’s 
   Unknown 

 
74.3 (634) 
14.8 (126) 
10.9 (93) 

 
73.4 (207) 
14.5 (41) 
12.1 (34) 

 
75.8 (207) 
15.4 (42) 
8.8 (24) 

 
73.8 (220) 
14.4 (43) 
11.7 (35) 

 



	  

 69 

Table 3.  Sociodemographic Characteristics of the Study Population by Strata 
Characteristic  

 
Urban 
(n=472)  
% (n) 

Rural 
(n=381)  
% (n) 

p value 

Age  
   Mean (±SD) 

 
33.6 (7.1) 

 
35.4 (7.3) 

 
0.0004 * 

Marital Status 
   Single 
   Partner/Married 
   Separated/Divorced/Widow 
   Declines to answer 

 
13.3 (63) 
80.7 (381) 
5.7 (27) 
0.2 (1) 

 
9.2 (35) 
80.6 (307) 
10.2 (39) 
 

 
0.1185 † 

Partnership Type (of those Partnered or Married) 
   Monogamy 
   Polygamy 
   Declines to answer 

 
91.1 (347) 
6.8 (26) 
2.1 (8) 

 
98.0 (301) 
1.6 (5) 
0.3 (1) 

 
 0.0009 † 

Religion 
   Christian  
   Muslim 

 
47.2 (223) 
52.8 (249) 

 
95.3 (363) 
4.7 (18) 

 
<0.0001† 

Tribe 
   Chaga 
   Pare 
   Masaai 
   Meru 
   Other 
   Declines to Answer 

 
30.1 (142) 
18.2 (86) 
2.3 (11) 
0.6 (3) 
48.1 (227) 
0.6 (3) 

 
12.9 (49) 
3.9 (15) 
7.3 (28) 
56.4 (215) 
19.2 (73) 
0.3 (1) 

 
<0.0001† 

Monthly household income (Tanzanian Shillings) 
   0-39 999 
   40 000-59 999 
   60 000-99 999 
   ≥100 000 
   Declines to Answer 

 
13.1 (62) 
17.8 (84) 
30.5 (144) 
32.6 (154) 
5.9 (28) 

 
14.7 (56) 
32.0 (122) 
19.4 (74) 
30.4 (116) 
3.4 (13) 

 
<0.0001 † 

Occupation 
   Housewife/farmer 
   Small Business 
   Professional 
   Other 
   Declines to answer 

 
31.8 (150) 
57.4 (271) 
1.9 (9) 
8.7 (41) 
0.2 (1) 

 
43.6 (166) 
42.3 (161) 
6.0 (23) 
7.6 (29) 
0.5 (2) 

 
<0.0001 † 

Highest level of education    
   Primary or less 
   Secondary  
   College/University 
   Declines to answer 

 
75.4 (356) 
20.6 (97) 
4.0 (19) 
 

 
70.3 (268) 
20.5 (78) 
8.4 (32) 
0.8 (3) 

 
0.0316 † 

Mobile Phone Ownership 
   Own 
   Other’s 
   Unknown 

 
76.9 (363) 
13.8 (65) 
9.3 (44) 

 
71.1 (271) 
16.0 (61) 
12.8 (49) 

 
0.1279 † 

†Pearson’s χ2 test 
* Wilcoxon rank-sum test 
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Table 4.  Health Characteristics of the Study Population 
Characteristic  
 

Total 
(n=853) % 
(n) 

Control  
(n=282)  
% (n) 

SMS  
(n=273)  
% (n) 

eVoucher  
(n=298)  
% (n) 

Health insurance 
   Yes 
   No 
Declines to answer 

 

9.4 (80) 
90.2 (769) 
0.5 (4) 

 

11.7 (33) 
87.9 (248) 
0.4 (1) 

 
8.4 (23) 
90.5 (247) 
1.1 (3) 

 
8.1 (24) 
91.9 (274) 

Self-reported health status 
   Excellent 
   Very good 
   Good 
   Fair 
   Poor 

 
6.5 (55) 
15.2 (130) 
54.8 (467) 
14.3 (122) 
9.3 (79) 

 
7.1 (20) 
17.0 (48) 
52.1 (147) 
14.5 (41) 
9.2 (26) 

 
4.8 (13) 
13.6 (37) 
58.2 (159) 
15.0 (41) 
8.4 (23) 

 
7.4 (22) 
15.1 (45) 
54.0 (161) 
13.4 (40) 
10.1 (30) 

Smoker 
   Yes 
   No 
   Declines to answer 

 
0.7 (6) 
98.8 (843) 
0.5 (4) 

 
1.1 (3) 
98.6 (278) 
0.4 (1) 

 
0.4 (1) 
99.6 (272) 

 
0.7 (2) 
98.3 (293) 
1.0 (3) 

HIV positive 
   Yes 
   No 
   Don’t know 
   Declines to answer 

 
1.3 (11) 
83.4 (711) 
14.2 (121) 
1.2 (10) 

 
0.7 (2) 
81.2 (229) 
17.4 (49) 
0.7 (2) 

 
1.5 (4) 
82.8 (226) 
13.9 (38) 
1.8 (5) 

 
1.7 (5) 
85.9 (256) 
11.4 (34) 
1.0 (3) 

Currently using contraceptives 
   Yes  
   No 
   Declines to answer 

 
46.5 (397) 
52.6 (449) 
0.8 (7) 

 
50.7 (143) 
47.9 (135) 
1.4 (4) 

 
46.2 (126) 
52.7 (144)  
1.1 (3) 

 
43.0 (128) 
57.0 (170) 

Number of births 
   None 
   1-2 
   3-4 
   >4 

 
6.1 (52) 
48.8 (416) 
35.8 (305) 
9.4 (80) 

 
7.1 (20) 
49.6 (140) 
33.3 (94) 
9.9 (28) 

 
4.8 (13) 
48.7 (133) 
37.0 (101) 
9.5 (26) 

 
6.4 (19) 
48.0 (143) 
36.9 (110) 
8.7 (26) 

Age at sexual debut 
   <16 
   16-23 
   ≥24 
   Declines to answer 

 
13.0 (111) 
81.5 (695) 
3.2 (27) 
2.3 (20) 

 
12.0 (34) 
83.0 (234) 
2.1 (6) 
2.8 (8) 

 
13.2 (36) 
79.9 (218) 
4.4 (12) 
2.6 (7) 

 
13.7 (41) 
81.5 (243) 
1.7 (5) 
3.0 (9) 

Lifetime number of sexual partners 
   0-1 
   2-3  
   ≥4 
   Declines to answer 

 
49.6 (423) 
40.3 (344) 
7.0 (60) 
3.0 (26) 

 
48.9 (138) 
40.4 (114) 
7.4 (21) 
3.2 (9) 

 
51.6 (141) 
38.5 (105) 
6.2 (17) 
3.7 (10) 

 
48.3 (144) 
41.9 (125) 
7.4 (22) 
2.3 (7) 
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Table 5.  Health Characteristics of the Study Population by Strata 
Characteristic  
 

Urban 
(n=472)  
% (n) 

Rural 
(n=381)  
% (n) 

p Value 

Health insurance 
   Yes 
   No 
Declines to answer 

 

 8.1 (38) 
 91.3 (431) 
 0.6 (3) 

 

11.0 (42) 
88.7 (338) 
0.3 (1) 

 

0.1434† 

Self-reported health status 
   Excellent 
   Very good 
   Good 
   Fair 
   Poor 

 
 0.2 (1) 
 0 (0) 
 65.9 (311) 
19.7 (93) 
14.2 (67) 

 
14.2 (54) 
34.1 (130) 
41.0 (156) 
7.6 (29) 
3.2 (12) 

 
<0.0001† 

Smoker 
   Yes 
   No 
   Declines to answer 

 
 1.1 (5) 
 98.3 (464) 
 0.6 (3) 

 
 0.3 (1) 
 99.5 (379) 
 0.3 (1) 

 
0.2325§ 

HIV positive 
   Yes 
   No 
   Don’t know 
   Declines to answer 

 
1.7 (8) 
86.4 (408) 
11.6 (55) 
0.2 (1) 

 
0.8 (3) 
79.5 (303) 
17.3 (66) 
2.4 (9) 

 
0.0075† 

Currently using contraceptives 
   Yes  
   No 
   Declines to answer 

 
43.4 (205) 
56.5 (265) 
0.4 (2) 

 
50.4 (192) 
48.3 (184) 
1.3 (5) 

 
0.0310† 

Number of births 
   None 
   1-2 
   3-4 
   >4 

 
5.9 (28) 
51.5 (243) 
35.0 (165) 
7.6 (36) 

 
6.3 (24) 
45.4 (173) 
36.7 (140) 
11.5 (44) 

 
0.2679† 

Age at sexual debut 
   <16 
   16-23 
   ≥24 
   Declines to answer 

 
13.1 (62) 
80.9 (382) 
3.4 (16) 
2.5 (12) 

 
13.4 (51) 
82.2 (313) 
2.6 (10) 
1.8 (7) 

 
0.8196† 

Lifetime number of sexual partners 
   0-1 
   2-3  
   ≥4 
   Declines to answer 

 
 49.4 (233) 
 42.6 (201) 
 5.9 (28) 
 2.1 (10) 

 
48.3 (184) 
38.6 (147) 
8.9 (34) 
4.2 (16) 

 
0.1839† 

†Pearson’s χ2 test 
§ Fisher’s Exact Test 
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Table 6. Logistic Regression Analysis of CCS Attendance  

 
 
 
Predictor 

 
 
 

Odds Ratio 

 
 

Odds Ratio 
95% Wald Confidence Limits 

SMS1 3.07 1.67 5.64 
eVoucher1 4.81 2.91 7.97 
Own Phone2 2.09 1.01 4.31 
Unknown Phone Ownership2 1.60 0.57 4.48 
Housewife/Farmer3 2.93 1.17 7.32 
Small Business3 3.45 1.20 9.93 
0-1 Lifetime sexual partners4 5.80 1.44 23.37 
2-3 Lifetime sexual partners4 3.93 0.89 17.31 
Reference Groups:1 Control Group, 2 Proxy Phone Users,3 Other types of employment (incl. 
Professional, Teacher and Student), 4 <4 lifetime sexual partners. The model was adjusted for 
age, stratification and clustering. 

 
 

 
  

Table 7: Logistic regression Analysis of CCS Attendance the Urban Strata 

 
 
Predictor 

 
 
Odds Ratio 

 
 

Odds Ratio 
95% Wald Confidence Limits 

SMS1 2.40 1.09 5.31 

eVoucher1 3.67 1.86 7.26 

Housewife/Farmer2 3.51 1.28 9.65 
Small Business2 4.91 1.28 18.83 
Reference Groups:1 Control Group, 2 Other types of employment (incl. Professional, Teacher 
and Student).  
The model was adjusted for age and clustering. 
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Table 8. Logistic regression Analysis of CCS Attendance the Rural Strata 

 
 
 
Predictor Odds Ratio 

 
 

Odds Ratio 
95% Wald Confidence Limits 

SMS1          6.20 2.19 17.58 
eVoucher1 9.18 3.86 21.84 

0-1 Lifetime sexual partners2 7.14 1.07 47.63 
2-3 Lifetime sexual partners2 2.58 0.29 23.21 
 
Reference Groups:1 Control Group, 2 <4 lifetime sexual partners. 
The model was adjusted for age and clustering. 

 
 
 
 

Table 9. Self-reported Effects of SMS Messages and eVoucher by Intervention Group 
 Total 

(n=92) % (n) 
SMS (n=36) % 
(n) 

eVoucher 
(n=56) % (n) 

p Value 

Satisfied with SMS 
   Yes 
   Decline to answer 

 
99.0 (91) 
1.1 (1) 

 
97.2 (35) 
2.8 (1) 

 
100 (56) 

 
N/A 

Show/share SMS information  
   Yes 
   No 
   Decline to answer 

 
82.6 (76) 
15.2 (14) 
2.2 (2) 

 
88.9 (32) 
11.1 (4) 
 

 
78.6 (44) 
17.9 (10) 
3.6 (2) 

 
0.3422* 

Travel voucher affecting decision to attend screening 
   More likely 
   Equally likely 
   Less likely 
   Decline to answer 

 
28.6 (16) 
37.7 (21) 
26.8 (15) 
7.1 (4) 

 
N/A 

*Pearson’s Chi-Square test 
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Table 10. Satisfaction and Sharing of SMS Messages by Intervention Group in the Urban Strata 
 Total 

(n=51) % (n) 
SMS (n=20) % 
(n) 

eVoucher 
(n=31) % (n) 

p Value 

Satisfied with SMS 
   Yes 

 
100 (51) 

 
100 (20) 

 
100 (31) 

 
N/A 

Show/share SMS information  
   Yes 
   No 

 
84.3 (43) 
15.7 (8) 

 
100 (20) 
 

 
74.2 (23) 
25.8 (8) 

 
0.0164§ 

§ Fisher’s Exact Test 
 

 
Table 11. Satisfaction and Sharing of SMS Messages by Intervention Group in the Rural Strata 
 Total 

(n=37) % (n) 
SMS (n=15) % 
(n) 

eVoucher 
(n=23) % (n) 

p Value 

Satisfied with SMS 
   Yes 
   Decline to answer 

 
 97.2 (36) 
 2.7 (1) 

 
100 (15) 

 
95.7 (22) 
4.3 (1) 

 
N/A 

Show/share SMS information  
   Yes 
   No 
   Decline to answer 

 
83.7 (31) 
13.5 (5) 
5.4 (2) 

 
80 (12) 
20 (3) 

 
82.6 (19) 
8.7 (2) 
8.7 (2) 

 
0.6296 § 

§ Fisher’s Exact Test 
Decline to answer treated as missing data.  

 
 
 
 

Table 12. Perceived effect of eVoucher by eVoucher Group Participants Who Reported For Screening by 
Strata 
 Urban Strata Urban Strata Rural Strata p Value 
Travel voucher affecting decision to attend screening 
   More likely 
   Equally likely 
   Less likely 
   Decline to answer 

    
6.5 (2) 
35.5 (11) 
45.2 (14) 
12.9 (4) 

 
56.5 (13) 
43.4 (10) 

 
<0.0001§ 

§ Fisher’s Exact Test 
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Figure 2. CONSORT flow diagram. “Loss to follow up” has been omitted because it is not 
relevant to the study design.  Analysis was conducted as intention-to-treat i.e. patients were 
included in the analysis whether or not they received the intervention.  
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Chapter 5 General Discussion 

5.0 Summary of Main Findings 

 The objectives of this thesis were to: 1) to evaluate the effectiveness of behaviour change 

messages delivered via short message service (SMS) on the uptake of cervical cancer screening 

(CCS) in the Kilimanjaro region during the follow-up period; 2) to evaluate the effectiveness of a 

travel eVoucher (a travel subsidy delivered via SMS) on the uptake of cervical cancer screening 

in the Kilimanjaro region during the follow-up period; 3) to explore demographic and health 

characteristics associated with cervical cancer screening uptake, facilitated by mHealth 

interventions, in the Kilimanjaro region; and 4) to determine the attitudes, acceptability and 

perceived  benefit of behaviour change SMS messages and eVouchers intended to increase 

uptake of cervical cancer screening.  

Chapter 4, which contains the Manuscript, addressed all four objectives. Individuals 

receiving behavior change SMS messages were significantly more likely to seek cervical cancer 

screening services than were individuals in the control group.  Participants receiving an 

eVoucher and behavior change SMS messages were also significantly more likely to seek 

cervical cancer screening services. A multivariate model showed that individuals who possessed 

their own mobile phone to receive SMS for the research were more likely to attend cervical 

cancer screening than those who enrolled using a proxy phone. High satisfaction was with the 

SMS messages among those who attended screening in the intervention groups.  
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5.1 Epidemiological Considerations 

5.1.2 Interpretation of Effect 

Odds Ratios (ORs) were estimated from the final multivariable model. Odds ratios should 

only be interpreted as relative risk when the disease/outcome incidence is rare (<10%)83. Odds 

ratios were not interpreted as relative risks because the percentage of participants screened in the 

SMS and eVoucher groups is greater than 10%. Interpreting the odds ratio as a relative risk can 

substantially overestimate the relative risk. ORs with common outcomes can be transformed into 

relative risks using modelling84; however, this is outside the scope of this thesis.  

 
5.1.3 Confounding 

Since randomization determined the three groups, any difference in demographic or health 

characteristic would be due to chance. The demographic and health characteristics appear to be 

balanced. The aim of randomization is that both known and unknown confounders will be 

balanced between groups85. Variables that were associated with the outcome in the univariate 

analyses were tested for association with the primary exposure variable, the intervention group. 

Only one of these variables, marital status, was associated with both exposure and outcome, and 

its inclusion resulted in less than a 10% change in the exposure effect, so it was concluded that 

marital status did not exhibit a confounding effect on the relationship between intervention group 

and uptake of cervical cancer screening. Likewise, in the confounder assessment for the 

multivariable analysis of the urban model, the variable measuring participant’s employment was 

associated with both exposure and outcome. Its inclusion resulted in less than a 10% change in 

the exposure effect, so it was concluded that the variable measuring type of employment was not 

an empirical confounder in the relationship between intervention group and uptake of cervical 

cancer screening. 
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5.1.4 Clustering 

 A loss of independence of observations can result when there is a potential for correlation 

of outcomes among participants in similar clusters86. In this case, this clustering effect could 

arise from the nature of the sampling, where, by design, multiple participants were recruited 

from the same sampling unit, that is the enumeration area. This could be a potential source of 

reduced variability that could decrease the precision of the effect size (ie increase the confidence 

intervals)87. If not controlled for in the analysis, such clustering, depending on the degree, could 

violate the condition of independence and lead to a loss of precision and power in the estimation 

of treatment effects because variability between clusters is being ignored88. Clustering was 

accounted in the multivariable analyses by using the surveylogistic procedure in SAS 9.4. To 

control for clustering in the model, the procedure estimates variance from the variation of the 

primary sampling units (clusters) using the Taylor Series linearization method. 

5.1.5 Stratification 

 Stratification was incorporated into the allocation of the study design because we 

expected differences between the urban and rural participants in the study. In order to be able to 

analyze the rural sample, we stratified to allocation in order to ensure that we would achieve a 

sufficient sample size to conduct a stratified analysis. Failing to account for stratification in 

logistic regression results in the overestimation of the standard errors. Providing an expression 

for a covariance estimate in the model will function to correct this and will yield consistent 

estimates of standard error. The surveylogistic procedure in SAS 9.4 was used and included an 

expression of covariance into the model in order to account for the design effects of stratification 

in the model. Stratified analyses were also conducted to account for the differences between 
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strata and, in a similar function to the covariance estimate mentioned above, to account for the 

increased variability arising from these differences between strata89.   

5.1.6 Loss to Follow-up 

 The follow-up procedure in the study was only in place for participants who attended 

cervical cancer screening at the screening clinics affiliated with the study. When participants 

attended screening, this resulted in an outcome of (1). If participants did not attend the clinic, the 

outcome of attending screening was (0). Since this was the only outcome measure and no 

information was requested or required from the participants who did not attend screening, there 

is no real classification of participants who remain the in study versus those who did not. 

Therefore, it can be said that there is no loss to follow-up in this study, or it could be argued in 

fact that this was a design flaw. In fact, at the end of follow-up there should have been a 

procedure to ask all those who did not attend screening if indeed they had, and they were 

somehow missed. 

5.1.7 Randomization 

Randomization was incorporated into the study design in order to strengthen the internal 

validity of the study. As the study progressed, it became apparent that even though the study 

identification numbers had been randomized, the enrollment in the control and intervention 

groups was becoming imbalanced. To rectify this, the study lead instructed the surveyors to stop 

using the printed sheets of study identification numbers, and instead sent out study identification 

numbers at the start of each recruitment day for the surveyors to use. These study identification 

numbers were selected to balance the number of participants in each of the arms, and thus 

differed from the initial scrambling of the numbers. Due to chance, the SMS arm had more 

enrollments during the first 85% of recruitment. For this reason, during the last 15% of 
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recruitment the control and SMS/Voucher numbers would be given to surveyors in greater 

numbers to achieve balance in arm enrollment.  

  Each day, the surveyors would be surveying in one village only. It is unlikely that 

deviating from the original list of randomized numbers would significantly affect randomization 

or bias the results. Since the eVoucher and control randomizations were generally balanced each 

day, it is unlikely to have had an effect on the support that randomization contributes to the 

internal validity of the study.  

5.1.8 Selection Error and bias 

In household surveys, the time of day at which the survey is conducted is likely to 

influence the demographic characteristics of respondents. In the case of this research, household 

surveys were conducted from Monday to Friday from 9am to 1pm in Moshi Urban. The hours of 

the survey in Arusha Rural were 10am to 3pm, Monday-Friday, excluding Wednesday because it 

was market day. As was noted in the sampling strategy, if there was no one present in a 

household, the surveyor attempted to return to the household twice. Surveyors obtained 

information from surrounding households about households where no individuals were home at 

the time of the survey, such as if there were residents in the home that were eligible for the 

research and at which time they would be returning home. On many occasions, the surveyors 

remained in the communities until after the working days were finished and attempted to survey 

eligible participants once they had returned home from work. Every effort was made, within the 

limits of financial and time restraints, to capture non-respondent households. 

If the surveyor was still unable to reach the participant, the surveyor approached the 

household to the right of the non-responding household. In the rural area, replacement was not 

possible because every household within the EA was surveyed, thus the household was not 
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included in the survey. The replacement technique is biased because the replacement household 

is still representing responding households and it does not represent non-responding ones90. The 

demographic characteristics of responding and non-responding households are documented to be 

different with respect to important variables, centrally those related to socioeconomic status.90 

Since this non-response cannot be said to be related to exposure and outcome, it cannot be 

classified as selection bias. The non-response due to absenteeism does affect the potential 

participants receipt of the interventions; however, it cannot be said to be linked to outcome. This 

non-response does not compromise the internal validity of the study; however, it does have an 

effect on the external validity of the study.  

Unfortunately, a record of non-responding households because of absenteeism was not 

kept. Due to the fact that in Arusha Rural, some of the study locations took 30 minutes to reach 

in a 4x4 vehicle, it was not possible to return to these sites to attempt to obtain responses from 

initially non-responding households. It is therefore difficult to estimate the effect of the non-

response due to absenteeism. It can be conservatively concluded that it would be around 20%.  

Although community leaders were asked and agreed to sensitize communities before the 

surveying team arrived to conduct the baseline survey, in practice, the sensitization in each 

community varied greatly. This stood despite each WEO and VEO being compensated for their 

transportation and efforts. In certain instances, the surveying team would arrive to begin 

recruitment in a village to find that the VEO had not introduced the project to the constituents, 

and subsequently gaining participation in the community was very difficult. This occurred 

especially in Arusha rural area and accounts for a large portion of the women who refused to 

participate in the study. Unfortunately, demographic characteristics of eligible individuals who 

chose not to participate were not able to be collected because the refusal took place without any 
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data being collected. In total, 85 participants chose not to participate in the study: 45% of these 

individuals cited that they were not interested in participating in the research; not having time 

was the reason provided by 33%; 8% of individuals said that they needed their husband’s 

approval to participate; and, 8% indicated that they were not sick and did not need to be screened 

as their reason for refusal. The remaining reasons are varied.  The refusals can be classified as 

selection bias because the refusal is related both to the exposure and the outcome91. The refusals 

are related to the exposure because the potential participants who refuse will not receive behavior 

change interventions about cervical cancer screening. The refusals are related to outcome 

because their refusal to participate in the research and the reasons given demonstrate that these 

refused participants would likely be less apt to attend cervical cancer screening. Therefore this 

selection bias could have the effect of biasing the effect estimates upwards by eliminating 

women from the study who would have had a negative event.   

Because the non-responses are related to both the exposure and the outcome, it can be 

said to potentially be selection error. As with non-respondents due to absenteeism, the potential 

sources of selection bias both occurred before the randomization and thus are non-differential 

across groups. The response rate accounting for the participants who refused to participate is 

91%. With the non-response due to absenteeism, this would bring the response rate to around 

71%. Since the estimated overall response rate is below 80%, generalizability could potentially 

be moderately affected92.  

5.1.9 Allocation Concealment 

Allocation concealment was preserved through centralized randomization. The field 

workers did not know that the study identification numbers that they assigned to the participant 

were functioning to randomize the participants. Field workers were not aware of the group to 
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which the individuals they were recruiting were assigned. There is no selection bias related to the 

allocation concealment with relation to the surveyors.  

5.1.10 Information Bias and Error 

5.1.10.1 Baseline Characteristics 

All baseline characteristics were determined via self-report and there is the possibility of 

social desirability bias regarding certain questions. Although Human Immunodeficiency Virus 

(HIV) rates are relatively high in Tanzania (4.7-5.3%93,94) possessing a positive HIV status is 

heavily stigmatized and individuals may be reticent to reveal their status to a surveyor who they 

may not be comfortable with. Women smokers are also stigmatized to a lesser extent albeit 

significantly, and a woman may not be truthful about being a smoker as a result of social 

desirability. Further, number of sexual partners and age at first sexual intercourse are both survey 

questions where social desirability bias is likely to act. Due to the sexually conservative nature of 

Tanzanian society, survey respondents likely disclosed that they had fewer sexual partners than 

in reality and that they were older at the age of their first sexual encounter.  

The surveyors were trained to make the survey location as comfortable as possible and 

allow the respondents to feel as comfortable as possible to answer honestly. This was done by 

asking the husband to leave the room where the survey location was being conducted during the 

survey itself. Also, it was common for women’s friends to be curious about the presence of a 

surveyor, especially in the urban area where not every woman was being surveyed. In both urban 

and rural areas, the friend or relative was asked to provide privacy during the survey process. In 

any case, the surveyor was required to be sensitive to the environment, and whether the 

individual left the survey area was ultimately reliant on their own agency. This was especially 

true because the surveyors were guests in the communities and participants homes. When an 
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individual did not leave, the surveyor would point to the sensitive questions on the tablet to have 

the respondent read (if literate) and have the respondent point at the appropriate answer. 

5.1.10.2 Attendance at Screening 

 Women may have been misclassified as not attending screening if they came to the 

clinics to be screened but were not surveyed by the clinic surveyor.  There is a possibility that 

this was differential misclassification since respondents in the SMS and Voucher groups may 

have been more likely to be surveyed at the screening clinics because they may have been more 

vocal about their participation in the research project,  that is more engaged than the control 

group.  We attempted to mitigate this by giving all participants the Study Identification Cards 

and by asking all participants to bring them to the clinic if they were screened for cervical 

cancer, and to tell the research staff about their participation in the study. 

A few participants may have been missed when they came to Mawenzi hospital since 

early in the study, cervical cancer screening was occurring both in the cervical cancer screening 

clinic as well as in the in the HIV Care and Treatment Centers (CTC), both of which are located 

a short distance from each other within Mawenzi hospital. There is a possibility that some 

participants were screened at the CTC and this was not realized at the time of follow up in the 

clinic by the research assistant who was stationed at the clinic; however, the study participation 

cards that the participants possessed were given to security guards, and the nurses at the CTC.  

The security guards and screening staff at the CTC were asked to send participants to the clinic 

administration for follow-up. If this misclassification occurred, it would likely be non-

differential because participants in the control or intervention groups would be equally likely to 

report to the wrong clinic.  
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In Moshi Urban, it is also possible that participants presented for cervical cancer 

screening at another hospital in the region. The Kilimanjaro Christian Medical Centre (KCMC) 

also holds regular screening clinics and knowledge about the clinics in the community is 

pervasive. Women may have mistakenly presented for screening at KCMC believing that it was 

part of the study. This would bias the effect away from the null because it would most likely be 

participants in the control group, who possessed less information, who presented to KCMC. By 

design, early in the study, participants in the control group did not receive information about the 

screening location or dates. This could have led them to present to KCMC because of the 

prominence of the screening program in the community. It came to light, however, that surveyors 

were telling participants to wait to go for screening until they received a SMS. This was not the 

intended messaging that participants were supposed to receive. To resolve this issue, all control 

group participants received one SMS with the screening hours and location proximal to them.  

This was also part of accommodating the request from the WHO to ensure that the control group 

received enough information to justify that they had received routine sensitization.  

5.1.10.3 Recall Error 

Surveyors were instructed to ensure that all mobile phone numbers were different. They 

were instructed that if a phone number of another woman was being used as proxy phone number 

for a participant, then that phone had to belong to a woman who was not eligible for the study. 

The mobile data collection platform did not have a mechanism to detect duplicate numbers and 

some participants were enrolled with the same mobile number. This occurred in 19 instances, of 

which in 12 the participants were allocated to different groups than the other participant with the 

same number. Some of the participants who had the same number were in separate groups: this 
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would have biased the effect towards the null, because if control group participants were 

receiving SMS behavior change messages, they would be more likely to attend screening.  

Related to this, word of mouth is extremely powerful in Tanzania and information travels 

very rapidly. Owing to this, there is the likelihood that among participants within communities, 

there were discussions about the interventions that were occurring in the study. If women in 

either of the intervention groups were encouraging women in the control group to seek 

screening, this could bias the effect downward. It is likely that some of this information transfer 

occurred because the screening prevalence in the control group was higher than would be 

expected, according to the WHO 5-year screening prevalence estimate of 5%50.  

Anecdotally, in one community, a woman who reported for screening indicated that 

because some women were offered vouchers for transportation, the community believed that the 

individuals behind the program were Freemasons. Freemasonry in Tanzania is widely considered 

to be a demonic cult. Because of this perception, it is likely that fewer individuals presented for 

cervical cancer screening. In this community, it is difficult to predict the effect of this belief, but 

it is likely that it would have negatively influenced uptake of CCS in all three groups, and may 

have affect most the group that received the voucher for transportation.  

5.2 Causality 

 There are several aspects of the research at hand that could suggest a causal relationship 

between the interventions and uptake of CCS during the follow-up period. Since this is a 

randomized trial, the potential causality of the relationship is supported by some key 

considerations to assess causal components as established by Sir Austin Bradford Hill95. 

However, a full consideration of causality should be done assessing all of the available literature 

together. 
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5.2.1 Temporality 

In order for an exposure to cause an outcome, the exposure must precede the 

development of the outcome91. Applying this consideration to the study, the randomization and 

interventions (SMS and eVoucher) began before the measurement of uptake of screening. 

Temporality, the only absolute requirement for causality, has been satisfied in this randomized 

controlled trial.  

5.2.2 Strength of Association 

 A moderately strong effect (OR or RR) is generally considered to be greater than 2.0 and 

a strong effect is considered to be above 5.091. When controlling for stratification, clustering and 

relevant covariates, both interventions exhibited effects over 2.0. These moderately strong 

associations support a causal relationship between the interventions and uptake of cervical cancer 

screening due to the fact that stronger associations are less likely to be due to confounding or 

bias91.  

5.2.3 Plausibility 

 The casual relationship is supported by the fact that the interventions directly address key 

barriers preventing women from accessing CCS in the Kilimanjaro region, established in a recent 

study15. The behavior change messages address the barrier cited by women that they lacked 

information about cervical cancer screening services. The SMS messages also helped to address 

the concern of being unable to afford the cost of screening or the travel to screening. The 

eVoucher addresses the second half of this barrier by providing compensation for transportation. 

The case for a causal relationship is strengthened by the fact that the interventions were targeted 

to key concerns and barriers reported by women in the study region (ref Cunningham paper 

here).  
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Conclusive evidence of a cause-effect relationship between the mHealth interventions 

applied in this study and uptake of cervical cancer screening would require further research to be 

conducted and evaluation of all of the literature; however, the above-mentioned criteria suggest 

that the relationship between the interventions and uptake of CCS is causal.  

5.3 Strengths 

 In addition to strengths related to internal validity addressed above, a central strength of 

this study is the large sample size, especially relative to other pilot studies examining SMS 

interventions A large sample size allows for a more precise estimate of the treatment effect, 

reducing random error96.  The prospective nature of this randomized controlled trial allowed for 

temporality to be established, as well as causation to be suggested. The use of multivariable 

modeling to identify associations with uptake of CCS allowed for the clustered and stratified 

nature of the data to be taken into account. Another strength of this study is that it possesses 

many novel aspects. It is the first study to directly analyze the impact of interventions intended to 

increase uptake of CCS in Tanzania or SSA. Research investigating the impact of SMS 

messaging to increase uptake of cervical and breast cancer screening services has been 

conducted in other settings; however, this is research is novel for the African continent. To our 

knowledge, no research investigating the provision of transportation vouchers to increase uptake 

of cancer screening services in low-income countries exists in the literature. 

5.4 Limitations 

In addition to the limitations outlined above, another limitation was that the nature of the 

intervention did not allow for participants to be blinded, and contamination between groups 

could have resulted. This limitation could be remedied by randomizing EAs as clusters, instead 

of randomizing at the participant level. A further limitation of the study is that in the model that 
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was used, behavior change messages delivered via SMS may not have been entirely appropriate 

for the context. The content of the messages was based on the Health Belief Model. Although 

they were formed in collaboration with women from the community and screening nurses, it is 

likely that the SMS messages focused too heavily on increasing perceived susceptibility and did 

not focus enough on increasing perceived benefits and decreasing the perceived severity of a 

cervical cancer diagnosis. Anecdotally, speaking with women in the community and cancer 

patients, survivors, and advocates, a recurrent theme surrounding cancer was fear. A common 

belief in Tanzania is that if someone is diagnosed with cancer, they will die. While the messages 

attempted to express that screening can detect changes before they turn into cancer, the messages 

also focused on the risk factors for cervical cancer and the importance of being screened early. 

Older women receiving these messages possessing the risk factors included that these messages 

most likely deterred them from attending screening.  A more effective approach would likely 

involve focusing on encouragement and in trying to change the belief that cancer is fatal, in order 

to get women to attend screening. When they attend the screening clinic, trained screening 

providers, nurses or doctors, could inform women about the risk factors and encourage them to 

be screened.  

A further limitation in this study was the existence of missing data in the survey results. 

The missing data resulted from including the option ‘Decline to Answer’ in each question and 

from malfunctions in the early stages with the tablet-based data collection system. A ‘Decline to 

Answer’ option was provided with each question in order to adhere to ethical recommendations 

and to increase response rates by allowing participants the option of refusing to answer questions 

that they were not comfortable with97. Another reason to include the ‘decline to answer’ option 

in questions is to elicit more truthful answers, particularly on questions that may be subject to 
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social desirability bias.  Income, Number of sexual partners, Age of sexual debut and HIV status 

had the highest number of refusals to answer out of any of the questions; however, none of them 

had a higher than 5% refusal rate. These refusals to answer are not believed to have significantly 

affected the results of the multivariable logistic regression. Regarding the tablet-based data 

collection malfunction, early in the research, the field that was collecting data on phone 

ownership was not submitting properly. For this reason, the phone status is unknown for 11% of 

the participants.  

The surveys that were used for the research were not formally validated. The baseline 

questionnaire was adapted from another survey in our research group, which had not been tested 

for reliability nor validity15. Although the surveys were crafted through the use of focus groups 

and consultations with a wide spectrum of community members and stakeholders were held, this 

stands as a limitation to the study.  

Although the eVouchers were delivered by SMS, participants were required to present to 

the screening clinic in order to be reimbursed for their transportation to and from the screening 

clinic. This could have had the effect of excluding women who did not have enough money 

upfront to pay for the trip to the hospital. If a woman could not afford this amount, she would be 

living on a very low-income. Additionally, women do not always control the household finances 

and thus it may be hard to justify spending the money on the trip to screening if there was 

skepticism that she would be reimbursed. Although this may exclude some of the most 

vulnerable participants from accessing CCS, there does not seem to be an alternative method for 

delivering the voucher before the woman travelled to screening. There would be no way to judge 

which patient would actually travel to the screening clinic and which participant was requesting 

the money without the intention of presenting for CCS. The potential sustainability of the 
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intervention would have been seriously called into question were travel vouchers offered to 

participants whether they presented for screening or not. The eVoucher method in the research 

may have excluded some participants; however, there was no sustainable alternative method 

available.  

A large part of the fear of cancer is due to the gaps that exist between what the Tanzanian 

Ministry of Health, Community Development, Gender, Elderly and Children pledges they will 

provide in terms of cancer care and what is actually available. In theory, cancer care for every 

individual in Tanzania should be provided free of charge. In reality, there are major gaps in 

service provision and patients are often required to pay out of pocket for essential services such a 

pathology, surgery and chemotherapy. Women in the community would sometimes refuse to 

participate in the research because they knew that if they were diagnosed with cancer, they 

would not be able to afford the cost of travel (approximately $25USD) to the sole cancer 

treatment center in the country, Ocean Road Cancer Institute in Dar es Salaam, let alone pay for 

the extended stay and costs of treatment incurred if they managed to arrive there. This was a 

concern of the village leaders and may have contributed to the lack of cooperation in the 

communities in terms of sensitization.  A related limitation of this study was that we were unable 

to pledge to cover the cost of treatment if participants were diagnosed with cancer. Refusals in 

the study would have likely been lower if we were able to pledge to offer financial support, 

either directly or through an intermediary, if a cancer diagnosis was realized.  

5.6 Generalizability 

The randomized nature of the study supports the internal validity of the study. We have 

provided additional evidence that the results of this study are internally valid. The incorporation 

of random sampling into the sampling strategy strengthens the ability to extend the inferences to 
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the Kilimanjaro region98. The response rate may indicate that generalizability is somewhat 

compromised. Despite the response rate, the sample is believed to representative of the 

Kilimanjaro region. The findings may not be generalizable to other regions with different 

patterns of use of mobile phones and sociodemographic characteristics.  

5.7 Future Directions 

Initially, participants were going to self-issue into the randomized controlled trial by 

sending a text message or by calling a number on a poster offering additional information about 

cervical cancer screening. The household survey method of recruitment was chosen instead of 

the self-issuance because baseline data was necessary in order to be able to ensure that 

confounders were balanced between study groups. Self-issuance to enroll in an SMS behavior 

change intervention would be much more cost-effective than undertaking a baseline survey. 

Further research is necessary to determine methods that could be implemented to ensure that 

self-issuance interventions are inclusive of marginalized populations such as women who do not 

own mobile phones and illiterate women. Research is necessary to evaluate how SMS 

interventions can be leveraged to create reliable demand at screening clinics, i.e. appointment 

scheduling. This is important for novel cervical cancer screening methods, such as CareHPV, 

where specimen storage and refrigeration is an issue and where cytology or processing often 

needs to be done off-site.  

There is skepticism regarding the sustainability of the use of vouchers (eVouchers or 

paper-based) to incentivize uptake of health care services. As outlined Chapter 2, there have been 

limited prospective and cost-effectiveness studies evaluating the use of vouchers in low-income 

settings. A cost-effectiveness analysis conducted on the provision of travel vouchers to increase 

uptake of CCS services would help to inform a potential the scale-up of such programs. 
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Additionally, since in this study, the eVoucher was solely examined in conjunction with the SMS 

messages. Other methods of delivery should be investigated for effectiveness, including 

provision of vouchers at health care visits.  

5.8 Conclusions 

 SMS interventions were shown to be effective in increasing uptake of cervical cancer 

screening services in the Kilimanjaro Region. These results will help to support ongoing SMS 

interventions aiming to increase uptake of cervical cancer screening in multiple regions in 

Tanzania, and inform prospective programs planned in other countries in SSA. It is clear that 

substantial effort must be invested in the SMS message development process in order to ensure 

accurate content communication. It is clear that SMS interventions are not a panacea, and they 

risk further marginalizing vulnerable populations who lack access to telecom services. Although 

this research added to the body of knowledge surrounding the use of SMS interventions to 

increase uptake of cervical cancer screening, further work is necessary on the benefits of 

implementing these interventions concurrently with other behavior change and health promotion 

initiatives to ensure an inclusive approach. In this light, lessons learned during this research were 

shared with the WHO and are included in the upcoming mCervical toolkit for low-income 

countries. My contribution to the most recent draft of the toolkit is included in Appendix E.  

5.9 Candidate’s Contributions  

 The study that comprises this thesis was designed and implemented by the candidate. The 

ethical approval process and governmental approvals were among the most challenging parts of 

the project. Perhaps the aspect that made these so challenging was the uncertainty of the 

timelines regarding the approvals, as well as the uncertainty regarding the lack of procedures 

governing these approvals. With lack of procedures, different personalities could exert their wills 
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on the process, which often meant relearning the rules of the game with each interaction. 

Eventually, this lead to a certain level of skill in predicting the unpredictable, and preparing for 

every imaginable situation. This skill was used and strengthened throughout the implementation 

of the project. 

 While the beginning of the project was rushed because of the initially proposed 3-month 

study timeline, the extra time imposed by a delay in obtaining Tanzanian ethics approval 

(approximately seven months), ultimately strengthened the project. It allowed time to strengthen 

the study design, surveys and messages used in the research, as well as provide time for delays 

and problems with the development of the Medic Mobile platform, which was used for data 

collection. I worked closely with the software developer from Medic Mobile to develop the 

platform from start to finish, with many instances of troubleshooting and delays. Thankfully, the 

delay with the software platform ran its course concurrently with the ethics delay, and the data 

collection began in February 2016. In retrospect, had the study been implemented within the 

three-month original window, I am certain that without the cultural awareness that was gained 

during the months of delays, there would have been innumerable cultural missteps and more 

lessons learned than occurred.  

 Ultimately, being familiar with the culture made my first experience as a manager, 

experienced concurrently as my first experience as a manager in a low-income country, much 

easier. The team of eleven fieldworkers that I had the pleasure of working with was challenging 

at times; however, team members’ dedication to the project cannot be called into question. The 

team was closely monitored, in light of cautionary tales of forged data and theft from project 

managers in the field. They did not disappoint nor was one indiscretion ever detected. Data 

collection ran relatively smoothly, although there were some problems. During the three months 
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of data collection, I was able to go into the field often in both data collection districts and 

participate in the data collection process with one of the field workers. This allowed me to detect 

discrepancies between the methodology and the data collection in practice. It also allowed me to 

gain a deeper understanding of the realities of the participants. Each week, I would travel to both 

of the sites in the study. On these visits, I would visit with both the survey team in the field, and 

the screening team at the CCS clinic to discuss issues and answer questions. Some of these visits 

were surprise visits to ensure that procedure was being followed. On these visits, I would also 

collect consent forms. 

 During data collection and follow-up, I monitored incoming calls and SMS to the 

gateway phone and worked with one of the fieldworkers to respond to each incoming query. I 

conducted all of the analyses, summarized the findings, and interpreted results. I am currently in 

the process of implementing a follow-up phone survey to participants who did not attend 

screening to determine their reasons for not attending, and when I return to Tanzania in the fall, I 

will be organizing knowledge translation/health education events in each community where the 

intervention was conducted. 
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Appendices 

Appendix A: Informed Consent Form 

 
 
 
	  
 
 

 
 
 

 
 
 
TITLE OF PROJECT 
A Pilot Study of a Mobile Health Approaches to Reduce Barriers to Cervical Cancer Screening in 
Tanzania 
 
BACKGROUND INFORMATION 
You are being invited to participate in a research study directed by Drs. Olola Oneko and Karen Yeates. A 
trained interviewer will read through the consent form with you and describe what data will be required 
from you, what this data will be used for, and how the results of the study will be shared with you. This 
study is being funded through financial support from Dr. Karen Yeates and the student’s funding. This 
study has been reviewed and approved for ethical compliance by the Queen’s University Health Sciences 
and Affiliated Teaching Hospitals Research Ethics Board and by the National Institute for Medical 
Research. 
 
STUDY AIM 
Cervical cancer is the leading cause of cancer deaths in Tanzanian women. Prevention of cervical cancer 
is dependent on the detection of abnormalities via screening by a doctor or nurse. The methods that are 
currently used to check for cervical cancer are not as reliable as we would like them to be. Also, many 
women are not aware of the importance for getting checked for cervical cancer and many women do not 
get screened. There is a new method for checking for cervical cancer, which is called smartphone digital 
cervicography. It involves taking a picture of the cervix and magnifying the image to check for 
abnormalities. The picture of patients cervices are kept private but the woman can look at the image with 
the screening doctor or nurse to gain more understanding. The purpose of this research is to find out how 
women feel about being screened using this method and to determine barriers to having access to cervical 
cancer screening in Tanzania.  
 
DETAILS OF THE RESEARCH 
 

1.   Description of the study procedure: 
You were randomly selected to be invited to participate in this study. If you wish to participate, you 
will be asked basic questions about yourself, your current living situation and about your 
attitude/opinion regarding your experience of having cervical cancer screening performed by a health 
care provider who smartphone digital cervicography. The initial survey will take approximately 10 
minutes.  After screening, you will be asked a series of questions about your screening experience, and 

PamojaTunaweza Research Centre   
 P.O. Box 8434 Moshi, Tanzania  
 Tel: +255787393326 
 Email: info@pamojatunaweza.com 

Department of Public Health Sciences 
Carruthers Hall, Kingston, Ontario Canada K7L 3N6 
Tel: +1 6135332901 
Email: epid@queensu.ca 
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information about things that may act as barriers to cervical cancer screening. This survey will also 
take approximately 10 minutes.  
 

2.   Risks: 
There are not physical risks associated with this study. However, please report at any time to the study 
team if you are experiencing problems at any time during the study period.  
 

3.   Benefits: 
While you may not directly benefit from this study, results may help to make smartphone digital 
cervicography more culturally relevant and accessible in the future. Results from this study may 
improve the understanding of the function of methods to increase access to cervical cancer screening 
and other healthcare services.  
 

4.   Exclusions: 
Women who are not between 25-49 years of age, at the time of the survey will be excluded. Women 
who have conditions that would interfere with clear visualization of the cervix (ex: heavy menses, 
severe cervicitis, or surgical removal of the cervix) and women with a known history of reproductive 
(cervical, endometrial, vulvar and ovarian cancer) cancers will also be excluded.  
 

5.   Data collection method: 
All data for this research, except this consent form, will be collected via a secure digital platform using 
a tablet. This method allows for answers to be collected more accurately and completely. 
 

6.   Confidentiality: 
You will be identified by a unique identifier number that only the research team has access to. Data 
will be stored in locked files and encrypted computers and will be available only to the core research 
team. You will not be identified in any publications or reports. 
 

7.   Knowledge sharing: 
The knowledge that we get from doing this research will be shared with you through community 
meetings before it is made widely available to the public. No one will be able to know which 
information comes from each person. There will be small meetings in the community and these will be 
announced. After these meetings, we will publish the results in order that other interested people may 
learn from our research. 
 

8.   Voluntary nature of the study: 
Your participation in this research is voluntary. Should you wish to, you may withdraw from this study 
at any time. It is your choice and all of your rights will still be respected.  
 

9.   Withdrawal of subject by principal investigator: 
The study investigators may decide to withdraw you from this study if they are unable to complete the 
survey due to unforeseen circumstances.	  

CERTIFICATE OF CONSENT 
 
Principal Investigators: 

Dr. Olola Oneko 
Gynaecologist & Obstetrician 
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Telephone Number: 0754 478 917 
Address: Kilimanjaro Christian Medical Center, Moshi, Tanzania  

Dr. Karen Yeates MD, FRCPC, MPH  
Queen's University, Kingston, Ontario 
yeatesk@queensu.ca  
 
I have read/been read the consent form for this research. I have had the purposes and procedures of this 
research explained to me. I have been allowed enough time to consider the information presented above 
and to seek clarification or advice if I chose to do so. Any questions I may have had have been answered 
to my satisfaction. I am signing this form voluntarily. I will receive a copy of this form for my future 
reference.  
 
If you have any questions you may ask them now or later, even after the study has started, you can 
contact: 
 
Erica Erwin via Agnes Mtambo  at +255767177861 
 
This proposal has been reviewed and approved by the National Institute for Medical Research, which is a 
committee in Tanzania whose task it is to make sure that research participants are protected from harm. If 
you wish to find about more about the IRB, contact: 
 
Dr. Mwelecele N. Malecela, Director General, +255222121400 
 
By signing this consent form, I am indicating that I agree to participate in this study. 
 
Print Name of Participant__________________      

Signature of Participant ___________________ 

Date ___________________________ 
 Day/month/year  
 
If illiterate 
 
I have witnessed the accurate reading of the consent form to the potential participant, and the individual 
has had the opportunity to ask questions. I confirm that the individual has given consent freely.  
 

Print name of witness_____________________             AND   Thumb print of participant 

Signature of witness ______________________ 

Date ________________________ 
                Day/month/year 
 
STATEMENT OF INVESTIGATOR 
 
I, or one of my colleagues, have carefully communicated to the participant the nature and purpose of the 
above research study. I certify that to the best of my knowledge, the subject clearly understands the nature 
of the study and the demands and benefits involved to participants in the study.  
 
A copy of this ICF has been provided to the participant. 
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Print Name of Researcher/person taking the consent_____________________   

Signature of Researcher /person taking the consent__________________________ 

Date ___________________________    
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Appendix B: Baseline Questionnaire 

 
Research Region: 
Research Site: 
Name: 
Mobile Phone Number: 
Whose mobile number have you provided? 

r   Mine	  
r   Someone	  else’s	  
r   Declines to answer 

 
Birthdate: 
Study Identification Number: 
 

1.   How	  old	  are	  you?	  
	  

2.   What	  is	  your	  marital	  status?	  
r   Single	  
r   Partner	  
r   Married	  
r   Separated	  
r   Divorced	  
r   Widow	  
r   Declines	  to	  answer	  

	  
3.   If	  b/c	  in	  2,	  what	  is	  your	  partnership	  type?	  

r   Monogamy	  
r   Polygamy	  
r   Declines	  to	  answer	  

	  
4.   What	  is	  your	  religion?	  

r   Christian	   	  
r   Muslim	  
r   Declines	  to	  answer	  

	  
5.   Which	  tribe	  do	  you	  belong	  to?	  

r   Chagga	  
r   Pare	  
r   Masaai	  
r   Meru	  
r   Other	  
r   Declines	  to	  answer	  

	  
6.   What	  is	  your	  monthly	  household	  income	  (TSH)?	  

r   <20	  000	  
r   20	  000-‐‑39	  999	  
r   40	  000-‐‑59	  999	  
r   60	  000-‐‑79	  999	  
r   80	  000-‐‑99	  999	  
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r   ≥100	  000	  
r   Declines	  to	  answer	  

	  
7.   What	  is	  your	  occupation?	  

r   Housewife/farmer	  
r   Small	  Business	  
r   Professional	  
r   Student	  
r   Teacher	  
r   Health	  Professional	   	  
r   Other	  
r   Declines	  to	  answer	  

	  
8.   What	  is	  the	  highest	  level	  of	  education	  you	  have	  reached?	  	  

r   None	  
r   Primary	  or	  less	  
r   Secondary	  (to	  Form	  4)	  
r   Secondary	  complete	  
r   College/University	  
r   Declines	  to	  answer	  

	  
9.   Do	  you	  have	  health	  insurance?	  

r   Yes	  
r   No	  
r   Declines	  to	  answer	  

	  
10.  How	  many	  children	  have	  you	  given	  birth	  to?	  	  

r   None	  
r   1-‐2	  
r   3-‐4	  
r   >4	  
r   Declines	  to	  answer	  

	  
11.  How	  would	  you	  rate	  your	  current	  health	  status?	  

r   Excellent	  
r   Very	  good	  
r   Good	  
r   Fair	  
r   Poor	  
r   Declines	  to	  answer	  

	  
12.  Do	  you	  smoke	  cigarettes?	  	  

r   Yes	  
r   No	  
r   Declines	  to	  answer	  

	  
13.  Are	  you	  HIV	  positive?	  

r   Yes	  
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r   No	  
r   I	  don’t	  know	  
r   Declines	  to	  answer	  

	  
14.  Do	  you	  currently	  use	  contraceptives?	  

r   Yes	  
r   No	  
r   Declines	  to	  answer	  

	  
15.  When	  did	  you	  lose	  your	  virginity?	  

r   <16	  
r   16-‐23	  
r   ≥24	  
r   Declines	  to	  answer	  

	  
16.  How	  many	  sexual	  partners	  have	  you	  had	  in	  your	  lifetime?	  

r   None	  
r   1	  
r   2-‐3	  
r   ≥4	  
r   Declines	  to	  answer	  
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Appendix C: Post-Survey Questionnaire 

 
1.   Have	  you	  been	  screened	  for	  cervical	  cancer	  before	  this	  visit?	  

r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

 
2.   Were	  you	  satisfied	  with	  your	  screening	  experience	  today?	  

r   Very	  satisfied	  
r   Satisfied	  
r   Neither	  satisfied	  nor	  dissatisfied	  
r   Dissatisfied	  
r   Very	  dissatisfied	  
r   Undecided	  
r   Declines	  to	  Answer	  

	  
3.   Will	  you	  come	  for	  screening	  again?	  

r   Yes	  
r   No	  
r   Undecided	  
r   Declines	  to	  Answer	  

	  
4.   Where	  did	  you	  hear	  about	  the	  screening/clinic?	  

r   Research	  
r   Radio	  
r   Poster	  
r   Church/Mosque	  
r   Word	  of	  mouth	  	  
r   Previous	  health	  visit	  
r   Other	  
r   Declines	  to	  Answer	  

 
5.   Were	  you	  happy	  with	  the	  messages	  that	  you	  received	  via	  text	  message?	  

r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

	  
6.   Did	  you	  show	  the	  text	  messages	  or	  share	  the	  information	  contained	  in	  the	  text	  messages	  with	  others?	  

r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

 
7.   How	  long	  (in	  minutes/hours)	  did	  you	  travel	  to	  reach	  the	  clinic?	  	  

	  
8.   How	  much	  did	  it	  cost	  to	  reach	  the	  clinic?	  

	  
9.   Did	  the	  voucher	  for	  transportation	  make	  you	  more,	  less	  or	  equally	  likely	  to	  pursue	  cervical	  cancer	  

screening?	  
r   More	  likely	  
r   Equally	  likely	  
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r   Less	  likely	  
r   Declines	  to	  Answer	  

	  
10.   Did	  you	  face	  any	  costs	  other	  than	  travel	  costs	  to	  reach	  screening	  today	  (e.g.	  overnight	  accommodation,	  

meals)?	  
r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

 
11.   If	  yes	  to	  10,	  how	  much	  were	  these	  costs	  (excluding	  transportation	  cost)?	  	  

 
12.   Did	  you	  travel	  here	  with	  others	  (i.e.	  friends,	  family,	  children)?	  

r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

	  
13.   If	  yes	  to	  12,	  whom	  did	  you	  travel	  with?	  

r   Friend	  
r   Sister	  
r   Mother	  
r   Husband	  
r   Brother	  
r   Children	  
r   Other	  
r   Declines	  to	  Answer	  

 
14.  What	  is	  your	  understanding	  of	  why	  cervical	  cancer	  screening	  is	  important?	  

______________________________________________________________________________________
_	  
	  
	  
	  

15.  What	  is	  your	  understanding	  of	  when	  you	  have	  cervical	  cancer	  and	  of	  when	  the	  disease	  progresses?	  	  
______________________________________________________________________________________	  
	  

16.   Did	  you	  feel	  comfortable	  with	  having	  a	  photo	  of	  your	  cervix	  taken	  at	  screening?	  
r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

 
17.   Did	  reviewing	  the	  picture	  of	  your	  cervix	  at	  screening	  and	  using	  it	  to	  discuss	  your	  risks	  for	  cancer	  increase	  

your	  knowledge	  of	  your	  risk	  of	  cancer?	  
r   Definitely	  agree	   	  
r   Agree	  
r   Neither	  agree	  nor	  disagree	  
r   Disagree	  
r   Strongly	  Disagree	  
r   Declines	  to	  Answer	  

	  
18.  Which	  sex	  of	  screening	  provider	  would	  it	  make	  you	  most	  comfortable	  being	  screened	  by?	  

r   Man	  
r   Woman	  
r   No	  preference	  
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r   Declines	  to	  Answer	  
	  
A	  speculum	  is	  an	  instrument	  that	  is	  used	  to	  widen	  the	  opening	  of	  the	  vagina	  so	  that	  the	  cervix	  is	  more	  
easily	  visible	  

19.   At	  this	  visit	  or	  at	  previous	  visits,	  when	  a	  service	  provider	  inserted	  a	  speculum,	  did	  it	  cause	  you	  any	  pain?	  	  
r   Yes	  
r   No	  
r   Declines	  to	  Answer	  
 

20.   If	  yes	  to	  19,	  did	  the	  experience	  referred	  to	  in	  question	  19	  affect	  your	  decision	  to	  return	  for	  screening?	  	  
r   Yes	  
r   No	  
r   Declines	  to	  Answer	  

	  
21.   If	  yes	  to	  20,	  did	  the	  experience	  referred	  to	  in	  question	  19	  make	  you	  more,	  or	  less	  likely	  to	  return	  for	  

screening?	  
r   More	  likely	  
r   Less	  likely	  
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Appendix D: Voucher Version SMS Messages 

 
1.   Hello!	  Thank	  you	  for	  agreeing	  to	  participate	  in	  our	  cervical	  cancer	  prevention	  program.	  

You	  will	  now	  be	  receiving	  some	  important	  messages.	  	  
 

2.   Screening	  can	  prevent	  cervical	  cancer	  by	  detecting	  changes	  on	  the	  cervix	  before	  they	  
turn	  into	  cancer!	  Get	  screened	  soon!	  

 
3.   The	  closest	  screening	  location	  to	  you	  is	  Mawenzi	  Hospital.	  The	  hours	  of	  operations	  of	  

the	  screening	  location	  are	  Thursday	  8am-‐3pm.	  	  
	  

4.   Present	  this	  code_________________	  at	  the	  cervical	  cancer	  screening	  clinic	  present	  in	  
the	  last	  message	  to	  be	  reimbursed	  for	  your	  travel	  cost	  (up	  to	  a	  maximum	  of	  sh2000)	  to	  
that	  screening	  visit.	  	  	  

 
5.   The	  transportation	  voucher	  code	  in	  the	  previous	  message	  can	  be	  redeemed	  until	  [date	  

inserted=two	  months	  after	  enrollment].	  Get	  screened	  for	  cervical	  cancer	  soon!	  
 

6.   Many	  women	  die	  from	  cervical	  cancer	  even	  though	  it	  is	  almost	  100%	  preventable	  when	  
detected	  early!	  Get	  screened	  soon!	  

 
7.   Screening	  is	  free	  and	  painless,	  you	  can	  have	  your	  choice	  of	  the	  sex	  of	  the	  service	  

provider	  and	  the	  results	  are	  private.	  	  Get	  screened	  soon!	  
 

8.   Women	  who	  have	  early	  stage	  of	  cervical	  cancer	  have	  no	  symptoms.	  	  Get	  screened	  to	  
make	  sure	  that	  you	  stay	  healthy!	  

 
9.   If	  changes	  are	  found	  early,	  treatment	  is	  free	  and	  simple.	  If	  changes	  are	  found	  later,	  

treatment	  is	  much	  more	  complicated.	  Get	  screened	  soon!	  	  
 

10.  Screening	  capacity	  has	  been	  nationally	  increased.	  This	  greatly	  reduces	  your	  risk	  of	  not	  
being	  seen	  if	  you	  go	  for	  screening.	  Get	  screened	  soon!	  

 
11.  Cervical	  cancer	  screening	  is	  recommended	  every	  3	  years	  for	  HIV	  negative	  women	  and	  

every	  year	  for	  HIV	  positive	  women.	  Women	  should	  start	  getting	  screened	  at	  25	  and	  
continue	  until	  they	  are	  49.	  	  

 
12.  Every	  woman	  who	  has	  had	  sex	  before	  is	  at	  risk	  for	  cervical	  cancer.	  Get	  screened	  soon!	  

 
13.  Having	  several	  sexual	  partners	  or	  having	  sex	  at	  an	  early	  age	  increase	  cervical	  cancer	  risk.	  

Even	  if	  you	  these	  don’t	  apply	  to	  you,	  get	  screened,	  you	  are	  still	  at	  risk!	  
 

14.  Giving	  birth	  to	  3	  or	  more	  children,	  having	  HIV	  or	  smoking	  all	  increase	  cervical	  cancer	  
risk.	  Even	  if	  these	  don’t	  apply	  to	  you,	  get	  screened,	  you	  are	  still	  at	  risk!	  
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15.  Even	  if	  you	  are	  in	  a	  committed	  relationship	  and/or	  have	  not	  had	  sex	  recently,	  you	  are	  

still	  at	  risk	  for	  cervical	  cancer!	  Get	  screened	  to	  make	  sure	  that	  you	  stay	  healthy!	  
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Appendix E: Contribution to the WHO mCervical Toolkit for low-income Countries  

	  
Lessons Learned from The Queen's University Office of Global Health mCervicalCancer 
program in Tanzania 
 
A randomized controlled trial of 853 women in the Kilimanjaro region of Tanzania offers 
encouraging preliminary results regarding the use of behaviour change messages delivered via 
SMS to increase uptake of cervical cancer screening services. The behaviour change messages, 
developed via intensive focus groups with screening nurses and women from the community, 
contained encouragement to seek screening, proximal screening locations and information of 
cervical cancer risk factors. Sending 10-12 of these behaviour change messages, as well as, a 
voucher for return transportation to screening (average value $1.50) resulted in an uptake of 
18.9% in urban areas and 14% in rural, versus the control group, 5% and 4.2%, urban and rural 
respectively. Sending identical behaviour change SMS without the transportation voucher 
yielded an uptake of 13.6% in urban areas and 11.5% in rural areas versus the same control 
group. It is likely that in a scale-up incorporating the lessons learned (in Appendix 4) that the 
effects of both interventions (SMS+Voucher & SMS alone) would be greater. For analysis 
purpose, mobile numbers were collected via household survey concurrently with baseline 
characteristics. Going forward, the best way to implement would be in a manner in which the 
participant opt-ed in (via a print or media advertisement or SMS-blast).  
 
The exponential increase in mobile phone ownership, particularly in low- and middle-income 
countries (LMICs) fosters a unique, cost-effective opportunity to address barriers (i.e. 
misconceptions, fear, monetary) to cervical cancer screening. Sending behaviour change 
messaging via SMS, to a woman with her own phone, opens a two-way dialogue, that allows 
women a private, comfortable space to ask questions about cervical cancer screening and the 
ability to express barriers that they may be facing.  
 
 
Logistical	  Issues	  

1.   In	  a	  phone	  survey	  to	  a	  random	  selection	  of	  participants,	  we	  found	  that	  participants	  were	  
receiving	  50%	  to	  75%	  of	  messages.	  This	  was	  most	  likely	  due	  to	  network	  issues.	  In	  the	  
proxy	  cases,	  it	  could	  also	  be	  due	  to	  the	  mobile	  phone	  owner	  not	  showing	  the	  participants	  
the	  messages	  as	  previously	  agreed.	  To	  rectify	  this	  problem,	  we	  sent	  important	  messages	  
multiple	  times	  and	  had	  a	  larger	  number	  of	  total	  messages	  in	  order	  to	  make	  sure	  that	  
participants	  received	  a	  satisfactory	  number	  (greater	  than	  10).	  	  

	  
2.   It	  would	  be	  wise	  to	  have	  a	  mechanism	  to	  verify	  the	  participant’s	  mobile	  phone	  number	  

on	  site.	  As	  a	  result	  of	  human	  error	  in	  entering	  the	  numbers,	  to	  date	  we	  have	  had	  7	  
participants	  contact	  us	  who	  had	  not	  enrolled	  in	  the	  study	  and	  who	  asked	  to	  be	  removed.	  	  
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3.   We	  would	  change	  the	  time	  of	  delivery	  of	  messages	  depending	  on	  the	  context	  of	  the	  
community	  they	  are	  being	  delivered	  to	  (rural	  vs.	  urban)	  especially	  in	  light	  of	  the	  inclusion	  
of	  proxy	  phones.	  This	  is	  something	  that	  we	  would	  inquire	  about	  during	  activities	  held	  to	  
pilot	  the	  SMS.	  We	  are	  finding	  that	  this	  is	  especially	  important	  in	  the	  context	  of	  proxy	  
phones	  i.e.	  when	  is	  the	  greatest	  likelihood	  that	  the	  message	  will	  be	  shown	  to	  the	  
participant?	  	  	  

	  
Message	  Content	  	  

4.   In	  the	  future,	  we	  would	  consider	  implementing	  tailored/personalized	  messages	  based	  on	  
answers	  to	  the	  baseline	  survey	  and	  tailored	  with	  participant’s	  names.	  Additionally,	  we	  
would	  consider	  2-‐way	  messages	  and	  encouraging	  women	  to	  call	  or	  text	  to	  ask	  questions.	  
Even	  though	  in	  this	  research	  we	  did	  not	  promote	  this,	  we	  many	  messages	  and	  calls	  asking	  
for	  further	  information	  and	  asking	  questions.	  	  	  

	  
5.   In	  this	  trial,	  we	  followed	  the	  Health	  Belief	  Model	  to	  help	  us	  shape	  our	  messages.	  Going	  

forward,	  we	  would	  focus	  less	  on	  targeting	  the	  perceived	  susceptibility,	  and	  perceived	  
severity	  of	  cervical	  cancer	  (altering	  and	  would	  focus	  instead	  on	  providing	  more	  cues	  to	  
action	  and	  focus	  on	  building	  self-‐efficacy.	  We	  would	  more	  strongly	  acknowledge	  the	  fear	  
that	  surrounds	  cancer	  and	  hospitals	  in	  Tanzania,	  and	  try	  to	  incorporate	  more	  messages	  
surrounding	  the	  lessening	  of	  these	  fears.	  We	  would	  make	  the	  messages	  even	  more	  
encouraging,	  and	  focus	  less	  on	  building	  the	  perception	  of	  risk.	  	  

	  
Proxy	  Mobile	  Numbers	  

6.   We	  learned	  that	  if	  the	  participant	  was	  using	  a	  proxy	  phone	  that	  it	  was	  wise	  to	  have	  the	  
individual	  whose	  phone	  it	  was	  there	  when	  the	  project	  was	  being	  explained.	  Otherwise,	  
those	  individuals	  were	  confused	  when	  they	  received	  the	  messages	  and	  the	  likelihood	  of	  
them	  deleting	  the	  messages	  was	  high.	  	  	  
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Appendix F: Queen’s Ethics Approval 
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Appendix G: Tanzanian Ethics Approval 

 


