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A B S T R A C T

Background: Cervical cancer is the most prevalent malignancy in sub-Saharan Africa (SSA) with many women
only seeking professional help when they are experiencing symptoms, implying late-stage malignancy and
higher mortality rates. This ecological study assesses population-level exposures of SSA women to the numerous
risk factors for HPV infection and cervical cancer, against late-stage presentation of cervical cancer.
Materials and method: A literature review revealed the relevant risk factors in SSA. Open-access databases were
mined for variables closely representing each risk factor. A proxy for late-stage presentation was used (ratio of
incidence-to-mortality, IMR), and gathered from IARC’s GLOBOCAN 2012 database. Variables showing sig-
nificant correlation to the IMR were used in stepwise multiple regression to quantify their effect on the IMR.
Results: Countries with high cervical cancer mortality rates relative to their incidence have an IMR nearer one,
suggesting a larger proportion of late-stage presentation. Western Africa had the lowest median IMR (1.463),
followed by Eastern Africa (IMR=1.595) and Central Africa (IMR=1.675), whereas Southern Africa had the
highest median IMR (1.761). Variables selected for the final model explain 65.2% of changes seen in the IMR.
Significant predictors of IMR were GDP (coefficient= 2.189× 10−6, p= 0.064), HIV infection
(−1.936×10−3, p= 0.095), not using a condom (−1.347× 10−3, p= 0.013), high parity (−1.744×10−2,
p= 0.008), and no formal education (−1.311× 10−3, p < 0.001).
Conclusion: Using an IMR enables identification of factors predicting late-stage cervical cancer in SSA including:
GDP, HIV infection, not using a condom, high parity and no formal education.

1. Introduction

Cervical cancer is the most prevalent malignancy among women in
the developing world. It is also the most common AIDS-related cancer
in women [1,2] and is responsible for the majority of cancer-related
deaths within the four regions of sub-Saharan Africa (SSA) (Eastern,
Central, Southern and Western) [3]. Of these, Eastern Africa reportedly
has the highest incidence of cervical cancer worldwide [4]. These
ominous data seem at odds with the fact that cervical cancer is the most
preventable form of cancer through vaccination, screening and treat-
ment of pre-cancerous lesions [2,5]. Central to the development of
cervical cancer is infection by the sexually transmitted mucosal human
papillomavirus (HPV) [6,7]. Worldwide, HPV prevalence in women
with normal cervical cytology is approximately 12%, whereas in SSA

the prevalence averages at 24%, ranging between 17.4% and 33.6%
[8]. To date, the most effective cervical cancer control method has been
screening programmes that detect women at increased risk of devel-
oping cervical cancer, followed by treatment of the pre-cancerous le-
sions prior to malignant transformation.

The high burden of cervical cancer in SSA is partly explained be-
cause cytology-based screening is prohibitively difficult in those
countries lacking adequate health infrastructure, resources and ex-
pertise. There are currently very few SSA countries that possess both the
capacity and expertise to perform cytology-based screening in a pri-
mary care setting nationwide [2,9]. In addition, due to competing de-
mands on the healthcare system from HIV and tuberculosis, health
system challenges and lack of human resources, the coverage achieved
by cytology screening programmes has varied between less than 10%
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and 50% [10–14].
Consequently, many women only seek help from healthcare pro-

fessionals once they are experiencing gynaecological symptoms (un-
expected vaginal bleeding, foul-smelling vaginal discharge, haematuria
and abdominal pain) [13,15,16]. This symptomatic presentation means
the malignancy is already at an advanced stage, resulting in a poor
prognosis and increased mortality [17–19]. There are numerous risk
factors, both physiological and socio-cultural, that make SSA women
particularly vulnerable to developing cervical cancer. Ginsburg et al.
[20] demonstrated that factors including where a woman lives, or if she
is affected by poverty, largely determine whether she will develop
cervical cancer and her chances of survival within low- and middle-
income countries (LMICs).

In this ecological study we assessed the relationship between po-
pulation-level exposure to established risk factors and potential re-
gional differences with late-stage cervical cancer presentation.

2. Methods

2.1. SSA countries and their cervical cancer prevention programmes

Sub-Saharan Africa are those 51 countries predominantly located
south of the Sahara desert, and divided into Eastern, Southern, Central
and Western Africa [22]. Owing to a lack of data, five countries were
omitted from the analysis: Sao Tome and Principe, Mayotte, Reunion,
Seychelles, and Saint Helena. The regional groupings, adult female
population size [23], presence and type of cervical cancer prevention
programme and female population coverage achieved in each country,
can be seen in Table 1.

2.2. Computed variables

As the stage of cervical malignancy at presentation is not routinely
reported for all SSA countries, using a ratio of the incidence-to-mor-
tality (IMR) [24,25] may provide a means of estimating the level of
late-stage presentation for each country. Consequently, a ratio closer to
one implies a late stage of presentation, as both the incidence and
mortality values are similar i.e. a larger proportion of the population is
dying from cervical cancer than is expected relative to the incidence
rates. Conversely, countries yielding a higher IMR are more likely to
have fewer late-stage cervical cancer presentations. The inverse of this
ratio, mortality-to-incidence, has been shown as a reliable proxy for 1-
survival and an important measure of completeness of cancer registry
data and the quality of cancer care in both a single country [26] and in
multiple countries [25]. Cervical cancer data was derived from IARC’s
GLOBOCAN 2012 database [4] and included age-standardised in-
cidence and mortality rates per 100,000 of the female population. The
IMR for each country is shown in Table 1.

2.3. Risk factors and data sources

A literature review of risk factors for HPV infection and the devel-
opment of cervical cancer in SSA was undertaken. Population-level data
for each risk factor from each SSA country were collected using open-
source databanks. The risk factors and the variables used, where pos-
sible, are shown in Table 2. The World Bank Databank [23] provided
the demographic, female HIV and smoking prevalence, under-
nourishment and parity data. UNESCO Institute for Statistics: Data
Centre [32] provided education-related data, whilst sexual behaviours,
marital status, contraception, STIs and additional education data was
obtained from USAID’s Demographic and Health Surveys (DHS) Pro-
gram database [33]. Wherever possible, data was taken from 2012 in
accordance with the GLOBOCAN cervical cancer data. In instances
where 2012 data was not available, the nearest year in which all
countries had available data was selected.

2.4. Variable selection

An initial culling of variables occurred after Table 2 was compiled,
when risk factors for which there were significant missing data or no
attainable variables were excluded. Demographic and Health Survey
data were not available for the following regions: Central Africa (An-
gola, Central African Republic, Chad), Eastern (Djibouti, Mauritius,
Somalia, South Sudan), Southern (Botswana) and Western (Guinea
Bassau). For those risk factors with multiple variables, the variables
with the most complete data were selected. Statistical analysis then
determined which variables were included in the final model.

2.5. Statistical analysis

Regional IMR data, cervical cancer prevention programmes and
coverage data were described through IQR boxplots, with Mood’s
median test and post-hoc Pairwise Median test performed on each. Risk
factor data from the 46 countries were initially examined for normalcy
and outliers, through Shapiro-Wilks test. Descriptive statistics for each
variable can be seen in Table 3. The distribution of the outcome vari-
able (IMR) was assessed, and the skewness detected was corrected
through a Log10 transformation and confirmed with a QQ-plot. Pearson
correlation coefficients for those variables of normal distribution,
Spearman correlation coefficients for those non-parametric variables,
and probability values (p) were generated and used to test the asso-
ciation between each risk factor and the logIMR. All p-values presented
are two-sided with significant probability set at α < 0.05. Co-linearity
between the relevant risk factors was assessed through a scatterplot
matrix. In the case of co-linearity, a single variable consisting of a large
n value, high regression coefficient and a low p-value was selected from
those co-linear risk factors. Of the remaining risk factors showing a
statistically significant correlation with the logIMR, there were a
number of missing values (14.2%). To retain as much of the data as
possible, the missing values were calculated using mean imputation
with additive regression (an additive cubic spline), bootstrapping and
predictive mean matching. Through different bootstraps, data were
randomly resampled for each of the multiple imputations, followed by
fitting one of ten flexible additive models to the samples with re-
placements from the original data. Finally, these additive models pre-
dicted the missing values by using the non-missing values, and the re-
sults then pooled. Two categorical variables were then added to the
dataset: Region (“Southern”, Eastern”, “Central” and “Western”) and
Screening (“Population-based”, “Opportunistic”, “No programme” and
“No data”), and the complete dataset underwent a stepwise multiple
linear regression to select the combination of variables to describe late-
stage cervical cancer for SSA. Additionally, a stepwise regression was
performed using the non-missing data and results compared with the
data imputation model. Regression diagnostics of the final model was
conducted using ANOVA Type II sum of squares tests assessing any
interaction between variables. All data analyses were performed using
R version 3.4.1 (2017-06-07) for Mac iOS with the following packages:
pastecs, MASS, psych, car, gvlma, RVAidememoire, rcompanion, RColor-
Brewer, rworldmap, rworldxtra and Hmisc.

3. Results

3.1. Incidence-to-mortality ratio

The geographic distribution of country-specific cervical cancer in-
cidence, mortality and IMRs appear in Fig. 1a–c, with a comparison of
regional and individual IMRs in Fig. 2a and b. Overall, the IMR for sub-
Saharan Africa is 1.569. By region, Western Africa has the lowest
median IMR at 1.463, followed by Eastern Africa (IMR=1.595) and
Central Africa (IMR=1.675), whereas Southern Africa is highest with
1.761. The effect of cervical cancer prevention programmes on the IMR,
as well as the coverage achieved, can be seen in Fig. 3a and b. The
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median IMR does not change significantly based on the type of pre-
vention programme present, but the coverage achieved does show a
positive trend, though not statistically significant.

3.2. Risk factors and their correlations with IMR

Correlations between the thirty remaining risk factors and the IMR,
as well as descriptive statistics for each, can be seen in Table 3. Those
variables that showed statistically significant correlation to the IMR
were selected for multivariate linear regression. The number of coun-
tries (n) for which data was present for each variable ranged from 28 to
46. Notable exclusions for statistical significant correlation included
Median age of sexual debut (n= 35) and Median age at first birth
(n= 36).

3.3. Multivariate linear regression

The variables selected to be included in the final model can be seen

in Table 4. The resulting model has a final AIC of −286.52, p-value of
7.863×10−09 and adjusted R2 of 0.6521. Thus, the model explains
approximately 65% of the change seen in the IMR. In this model, GDP is
the only protective factor with a higher GDP resulting in higher IMR
values, whereas HIV infection, no condom use with non-regular partner,
percentage of rural population, parity and no formal education all result in
a lower IMR and are thus risk factors for late-stage presentation of
cervical cancer. The regression diagnostic showed no formal education
has the largest single effect on the IMR (sum of square= 0.031936, p-
value= 8.941×10−05), and that no significant interaction between
the model variables exists. Performing the stepwise regression using
only the non-missing data, the number of countries (n) decreased from
46 to 22 (a resultant 21 degrees of freedom). The model had no sig-
nificant findings.

4. Discussion

Due to a paucity of histopathological staging data for cervical

Table 1
Sub-Sahara African countries grouped by region with their adult female population (15–64 years) in 2012, the presence of a national cervical cancer prevention programme, the
programme’s coverage of the eligible female population, and incidence-to-mortality ratio (IMR) of cervical cancer; VIA= visual inspection with acetic acid, Pap= Papanicolaou smear test,
vac= vaccine; *Programme started after data collection (2012) and is not reflected in the current study.

Region Country Adult female population (2012)
[23]

National cervical cancer prevention
programme [12]

Population coverage of screening
programme, % [12]

IMR

Central Angola AGO 5,706,933 Pilot HPV vac* & population-based Pap 10–50 1.675
Cameroon CMR 5,815,025 Pilot HPV vac* [27] – 1.714
Central African Republic CAF 1,315,501 Opportunistic Pap < 10 1.373
Chad TCD 3,128,292 Opportunistic < 10 1.288
Democratic Republic of Congo
DRC

17,929,634 No data – 1.212

Equatorial Guinea GNQ 213,142 No data – 1.780
Gabon GAB 450,883 No data – 2.369
Republic of the Congo COG 1,154,892 – – 1.938

Eastern Burundi BDI 2,739,225 – – 1.254
Comoros COM 205,205 – – 1.517
Djibouti DJI 265,652 No data – 1.504
Eritrea ERI – Opportunistic VIA <10 1.328
Ethiopia ETH 24,800,769 Opportunistic VIA <10 1.435
Kenya KEN 11,692,795 Pilot HPV vac*, & opportunistic VIA 10–50 1.839
Madagascar MDG 6,109,613 Pilot HPV vac* & population-based VIA <10 1.664
Malawi MWI 3,999,277 Pilot HPV vac* & opportunistic Pap < 10 1.521
Mauritius MUS 445,445 No data – 1.829
Mozambique MOZ 6,835,222 Pilot HPV vac* & population-based VIA 10–50 1.321
Rwanda RWA 3,190,312 HPV vac* [28] & population-based VIA 10–50 1.595
Somalia SOM 2,522,215 – – 1.662
South Sudan SSD 2,955,693 No data – 1.498
Tanzania TZA 12,732,924 Pilot HPV vac* [27] & opportunistic VIA

[29]
– 1.667

Uganda UGA 8,667,082 HPV vac* & opportunistic VIA <10 1.632
Zambia ZMB 3,756,880 Pilot HPV vac* & population-based VIA 50–70 1.602
Zimbabwe ZWE 4,113,530 HPV vac* & population-based VIA 10–50 1.598

Southern Botswana BWA 680,164 Population-based VIA & Pap [30] 10–50 2.075
Lesotho LSO 614,116 HPV vac* & opportunistic Pap 10–50 1.655
Namibia NAM 705,342 Opportunistic VIA [31] 10–50 2.130
South Africa ZAF 17,231,517 HPV vac* & population-based Pap 50–70 1.761
Swaziland SWZ 367,036 Population-based VIA 10–50 1.713

Western Benin BEN 2,732,100 Pilot HPV vac* – 1.551
Burkina Faso BFA 4,340,346 Pilot HPV vac* & opportunistic VIA <10 1.253
Cabo Verde CPV 162,662 No data – 2.197
Cote d’Ivoire CIV 5,525,042 Pilot HPV vac* – 1.476
Gambia, The GMB 475,430 Pilot HPV vac* & opportunistic Pap – 1.450
Ghana GHA 7,513,583 Pilot HPV vac* & opportunistic VIA <10 1.873
Guinea GIN 3,126,218 Population-based screening* < 10 1.376
Guinea-Bissau GNB 480,678 No data – 1.380
Liberia LBR 1,127,338 Pilot HPV vac* – 1.275
Mali MLI 4,000,685 Pilot HPV vac* & population-based VIA <10 1.377
Mauritania MRT 1,052,159 – – 1.564
Niger NER 4,172,086 Pilot HPV vac* – 1.225
Nigeria NGA 44,033,382 Pilot HPV vac * & opportunistic VIA <10 1.657
Senegal SEN 3,814,143 Pilot HPV vac* – 1.574
Sierra Leone SLE 16,665,004 Pilot HPV vac* – 1.208
Togo TGO 1,880,301 Pilot HPV vac* & population-based VIA <10 1.558
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Table 2
Risk factors associated with cervical cancer. *Excluded risk factors due to missing data or unattainable variables; DHS: USAID’s Demographic Health and Survey programme database .

Risk Factor Literature source Attainable variables Data source

Young age of sexual debut [34–39] Jimenez-Perez, 1999 Median age of first marriage DHS
Louie, 2009 % Teenage mothers/pregnant (15–19yr) World Bank
Moreno, 1995 Median age of first sexual intercourse DHS
Williams, 1994
Thomas, 2001
Berrington de Gonzalez,
2004

Multiple sexual partners or sex with someone who has multiple partners
[34,36–42]

Jimenez-Perez, 1999 Mean no. of partners in a lifetime DHS
Brinton, 1989 % Females with 1 or more co-wife DHS
Moreno, 1995 % Females that don't use condom with non-regular

partner
World Bank

Williams, 1994
Thomas, 2001
Bayo, 2002
Berrington de Gonzalez,
2004
Maiman, 1998

Young age of first full-term pregnancy (FTP) [35,43] Louie, 2009 Median age of first FTP (years) DHS
Appleby, 2006

Poor genital hygiene [41]* Bayo, 2002 N/A
Intravaginal practices [44]* Seay, 2016 N/A
Female circumcision [41]* Bayo, 2002 % Female population who are circumcised DHS
Parity/FTP (> 26wks) [34,36–39,41,43,45–47] Jimenez-Perez, 1999 Fertility rate (no. of births per woman) World Bank

Ruche, 1998
Brinton, 1989
Appleby, 2006
Moreno, 1995
Williams, 1994
Thomas, 2001
Bayo, 2002
Berrington de Gonzalez,
2004
Muwonge, 2016

Marital status [21,34,47,48] Jimenez-Perez, 1999 % Female population: single, married, divorced,
widowed

DHS

Mitchell, 2014
Berraho, 2012
Muwonge, 2016

Oral and/or injectable contraceptive use [34,38,39,48–51] Jimenez-Perez, 1999 % Women having ever used the oral contraceptive DHS
Mitchell, 2014
Castellsague, 2003
Thomas, 2001
Djigma, 2011
Berrington de Gonzalez,
2004
Urban, 2012

Smoking tobacco [36,38,39,42,45,49,50,52–55] Castellsague, 2003 % Women who use tobacco (cigarettes, pipe, chew) World Bank
La Ruche, 1998
Moreno, 1995
Thomas, 2001
Djigma, 2011
Roura, 2014
Guillaud, 2014
Appleby, 2006
Berrington de Gonzalez,
2004
Lacey, 2001
Maiman, 1998

HIV infection [1,42,48,50,56,57] Mitchell, 2014 % Women who are HIV positive (15–49yr) World Bank
Maiman, 1997
Djigma, 2011
Gondos, 2004
Lomalisa, 2000
Maiman, 1998

Sexually transmitted infection [36,37,50,58] Moreno, 1995 % Women who have a self-reported STI (15–49yr) DHS
Williams, 1994
Djigma, 2011
Castellsague, 2014

Schistosomiasis haematobium infection [59–65]* Savardekar, 2010 N/A
North, 2003
Yang, 2005
Maraj, 2013
Prabhakaran, 2004
Pillay, 2016

(continued on next page)
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cancer across most SSA countries, the IMR is a crude yet effective ap-
proach to assess the magnitude of late-stage presentation across the
region. This analysis highlights regional differences in the burden of
late-stage presentation of cervical cancer, with Western Africa carrying
the largest burden whilst Southern Africa shows the least. Interestingly,
despite very high cervical cancer incidence and mortality, Eastern
Africa does not have a high proportion of late-stage presentation re-
lative to the rest of the continent. This demonstrates that, while East
African women are commonly diagnosed with cervical cancer, the
mortality rates are lower than other SSA regions. The high incidence
relative to mortality rates could imply that healthcare workers in
Eastern Africa are relatively adept at diagnosing cervical cancer. It may
also mean these women are dying of other causes not directly related to
their cervical cancer, such as complications from pregnancy and
childbirth or HIV/AIDS [84–86]. Anderson and Ray (2017) calculated
the extent and cause of excess female deaths amongst 15–59 year-olds
in Africa: excess deaths are highest in Western Africa (450,000) fol-
lowed by Eastern Africa (400,000); with HIV responsible for the most
excess deaths – 800,000 across the continent, predominantly affecting
Southern and Eastern Africa [87]. As these excess deaths similarly affect
all regions of SSA, it is likely that the differences seen amongst regional
IMRs are due to stage of cervical cancer, and not excess deaths. Con-
versely, while fewer women are being diagnosed with cervical cancer in
Western Africa, more are presenting with late-stage disease; conse-
quently women in Western Africa have poorer outcomes.

4.1. Screening and vaccination programmes

As expected, this study demonstrated a difference in IMR between
countries with cervical cancer prevention programme coverage
of< 10%, and those with coverage from 10 to 50% and 50–70%
(Fig. 3b). However, this difference was not statistically significant, nor
was the presence of a prevention programme selected for the multi-
variate regression model. If implemented correctly, screening pro-
grammes decrease cervical cancer incidence provided their coverage is
extensive [88]. Without high coverage, or with existing poor awareness
and management of early lesions, these prevention programmes will
not reduce cervical cancer mortality rates or late-stage presentation.
This may be why screening programmes do not contribute as positively
in sub-Saharan Africa as they may in other developed countries. The
recent introduction of pilot HPV vaccination programmes in many of
these countries [12] should decrease the overall incidence, thereby
having a knock-on reduction in mortality, and advanced-stage cervical
cancer presentation.

4.2. Potential risk factors predicting late-stage presentation with cervical
cancer

4.2.1. HIV
Populations with high HIV prevalence are more at risk of con-

tracting HPV due to the congruent transmission patterns and their in-
creased risk from immune compromise, thus they are at greater risk of
developing cervical cancer [48,89–91]. Governments in countries with
high HIV burdens, such as South Africa, may prioritise the medical

Table 2 (continued)

Risk Factor Literature source Attainable variables Data source

Moubayed, 1995
Low socioeconomic status (SES) [20,38,48,66–68] McFarland, 2003 GDP per capita, PPP World Bank

Mitchell, 2014 Poverty headcount ratio at national poverty line (%
of population)

World Bank

Cutler, 2008
Thomas, 2001
Hibbitts, 2006
Ginsburg, 2016

Lack of formal education [37,45,48,69–71] Mitchell, 2014 % Illiteracy/literacy UNESCO
La Ruche, 1998 Cumulative dropout of girls from primary school

per annum
UNESCO

Williams, 1994 % Girls who transition from primary to secondary
school

UNESCO

Smith-Greenaway, 2015 % Population with no formal education DHS
Ainsworth, 1996 Female primary school completion rate, (% of age

group)
World Bank

Mlange, 2016
Poor health literacy and lack of awareness for early attendance to a healthcare

facility[71–78]
Mwaka, 2015 Knowledge of one modern contraceptive method

(% female)
DHS

RCGP, 2014 Correct knowledge of HIV transmission prevention
of HIV (% female)

DHS

Bostock, 2012
Berkman, 2014
Schrauben, 2015
Agurto, 2005
Mlange, 2016
Ibrahim, 2011

Limited access to healthcare/rural dwelling [17,21,77,78] Mwaka, 2015 % Rural population World Bank
Agurto, 2005
Ibrahim, 2011
Berraho, 2012

Folate and Vitamin A deficiency [79–83] Orr, 1985 % Undernourished population World Bank
Wang, 2006
Eleutério Jr., 2014
Chen, 2015
Jia, 2016

Poor healthcare infrastructure[17,77] Mwaka, 2015 No. of hospital beds per 1000 population World Bank
Agurto, 2005 Health expenditure per capita World Bank

Preference for seeing traditional practitioner over standard healthcare provider
[71]*

Mlange, 2016 N/A
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resources for its management, as seen by the 262% increase in HIV
spending by the government between 2005 and 2013 [92,93]. This may
lessen the amount of money, human resources and infrastructure
available for cervical cancer awareness and screening programmes
[94,95], and contribute to advanced-stage presentation of cervical
cancer [96]. Furthermore, cervical cancer symptoms may be mistaken
for genital infections including HIV [17]. At a national level, cervical
smears for all newly diagnosed HIV-positive women, especially those
without effective population-based screening programmes, should be a
priority in tackling presentation with late-stage disease.

4.2.2. GDP
GDP is shown to be the only protective model variable against late-

stage presentation with cervical cancer, probably because countries
with more disposable income can allocate healthcare sector funds to
prevention strategies, such as screening programmes and education,
and provide timely and effective treatment regimens for those women
who are diagnosed with cancer. The need for intersectoral collabora-
tion, which extends further than healthcare provisions, is paramount to
attain population health equity [97,98]. This equity may be achieved
by reducing those factors that have a negative impact on population
health, such as poor housing, nutrition, water and sanitation [98,99].
Direct correlation can be seen between an increase in GDP and an in-
crease in IMR (correlation coefficient 0.753, p-value< 0.001). This
correlation is also explained from the reverse direction as a healthier
population is a more effective workforce and thus able to contribute
more productively to the country’s economy.

4.2.3. Percentage rural population
The percentage of population that lives rurally is included in the

model, though is not statistically significant. Larger rural populations
might be less able to access healthcare and have limited exposure to
urban marketing and information. This may result in poorer health
literacy and cancer awareness, and a greater likelihood of a patient only

presenting to a health centre once symptoms are considerable [78]. In
addition, SSA has a large rural-to-urban migrant labour force [100,101]
which may facilitate the spread of HPV on return of the labourer to
their rural home.

4.2.4. No condom with non-regular partner
High incidence of unsafe sex implies a severe lack of health edu-

cation, possibly a lack of health literacy, and insufficient government
awareness and intervention programmes [102]. This could be due to
lack of resources in countries with a low GDP, or internal conflict,
corruption and misappropriation of funds, droughts and famine [103].
In addition, gender inequity resulting in female disempowerment, a
common gender norm in many SSA countries, leaves women less able to
negotiate condom use with their partner [104–110].

4.2.5. Parity
High parity is biologically plausible as a higher frequency of un-

protected sex results in greater exposure to HPV and increased risk of
developing cervical cancer [39,46,103,111]. Late-stage presentation
may result from high parity potentially due to lack of contraception
knowledge or access, and a lack of health literacy [112]; both possibly
the result of a struggling healthcare system and limited resources [103].
High parity may also reflect inequalities between the sexes in access to
education, with the negative correlation that exists between women’s
likelihood of childbearing and the attainment of education being well
established [113]. This relationship potentially perpetuates the cycle of
high parity and lack of education amongst generations of women.

4.2.6. No formal education
Populations with a larger proportion of uneducated women indicate

systemic failings within almost all government sectors. Though aca-
demic education, or lack thereof, cannot directly be extrapolated to
health education or health literacy, one can assume that countries un-
able to provide their populations with even basic education are also

Table 3
Descriptive statistics, correlation coefficients and for each risk factor relative to the IMR. *p < 0.05.

Variable Number of countries (n) Median IQR Range Pearson (C) Spearman (S) p-value

HIV prevalence 15–49yr, % 45 2.7 5 0.2–26.5 0.375 0.011*
Comprehensive HIV knowledge, % 34 28.75 20.38 13.9–67.8 0.201 0.254
Economic status, GDP per capita USD 46 1811.96 2100.27 547.32–36754.81 0.753 0.000*
Health expenditure, per capita USD 44 124.15 146.62 23.65–1170.09 0.743 0.000*
Hospital beds, per 1000 population 44 1.1 1.35 0.1–3.3 0.581 0.000*
Rural population, % total 46 60.97 22.57 13.54–88.79 −0.523 0.000*
Undernourishment, % total 39 20.2 20.4 3.6–48.1 −0.182 0.2666
Single, % women 36 27.9 8.48 7.9–59.5 0.468 0.004*
Married, % women 36 54.75 22.45 10.7–88.4 −0.696 0.000*
Common-law spouse, % women 36 9.5 14.85 0.2–34.2 0.336 0.049*
Divorced, % women 36 7.4 5.15 1.0–14.1 0.403 0.015*
Widowed, % women 36 2.5 1.75 0.6–7.5 −0.037 0.831
Median age of sexual debut 35 17.4 1.45 15.9–21.0 0.24 0.166
Median age at first marriage 40 18.85 2.2 15.5–29.1 0.622 0.000*
Median age at first birth 36 19.95 1.6 18.3–23.0 0.148 0.39
Average no. sexual partners 28 2.25 0.93 1.2–5.1 0.493 0.008*
No condom use with non-regular partner 34 64.8 21.03 34.5–95.0 −0.525 0.001*
1 or more co-wife, % women 33 18.3 21.2 1.5–343.8 −0.377 0.030*
Oral contraception, % women 36 4.1 4.45 0.7–62.2 0.297 0.078
Contraceptive knowledge, % women 35 96.4 4.65 67.3–99.7 0.468 0.005*
STI, % women 34 10.4 11.68 0.2–50.2 −0.064 0.718
Parity (average) 45 4.94 1.23 1.45–7.58 −0.601 0.000*
Smoking, % women 33 2.8 4 0.2–21.2 −0.108 0.549
Illiteracy, female 15+ yr 44 38.35 36.93 6.87–88.96 −0.708 0.000*
Transition Prim to Sec, % women 37 78.67 24.76 53.36–98.56 0.285 0.087
Cumulative primary dropout, % women 38 35.62 27.73 1.13–75.49 −0.494 0.002*
Mean years of education 33 4.4 3.99 0.99–9.02 0.792 0.000*
Education: none (%) 37 20 34.3 2.3–80.0 −0.742 0.000*
Education: primary (%) 37 33.6 30.7 9.3–68.3 0.189 0.261
Education: secondary (%) 37 27 23.5 6.5–65.2 0.568 0.000*
Education: post-secondary (%) 32 3.6 3.63 0.5–22.0 0.484 0.005*

T.S. Stewart et al. Cancer Epidemiology 53 (2018) 81–92

86



unlikely to provide population-based screening and prevention pro-
grammes for cervical cancer [98].

4.3. Strengths and limitations

To the best of our knowledge, this study is the first of its kind to
assess late-stage presentation of cervical cancer in SSA and the

Fig. 1. a–c: Maps of Africa showing age-standardised rates of cervical cancer
incidence (a), mortality (b) and the ratio of incidence-to-mortality (IMR) (c).
Rates are highest in Eastern Africa for the former two indices, whereas IMR values
are closer to one for countries in Central and Western Africa: Democratic Republic
of Congo, Niger, Burkina Faso, Liberia and Sierra Leone.
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population risk factors thereof. It also collates types of cervical cancer
prevention programmes and coverage information for the majority of
these countries with the resulting burden of late-stage presentation.
Although drawing causal relationships between predictor and outcome
variables, and the inference of population-level data at an individual
level (‘ecological fallacy’ [114]), is prevented in ecological studies, this
study retains a number of positive attributes [115,116]. The public
health potential of ecological studies includes ‘group effects’ in which
groups of individuals acquire collective properties that are greater than
the sum of their individual parts, which may be lost using only in-
dividual observations [117]. The main limitations are the variations in
data availability and quality across the sub-Saharan countries, partly
due to the lack of African cancer registries. Additionally, the missing
DHS and screening programme data affected the study methodology,
necessitating imputation prior to statistical analysis. This may dilute the
associations we can draw, despite the robust methods used. However,
the missing data itself provides valuable information: the need for
systematic data collection regarding all aspects of cervical cancer pro-
grammes and coverage within SSA. One cannot monitor the progress of
future interventions without knowing the extent of the problem. The
missing data highlight the scale of the challenges facing many SSA
countries, which need to be acknowledged when attempting to imple-
ment cervical cancer prevention strategies.

5. Conclusion

Through using a proxy for late-stage presentation of cervical cancer
(the IMR), we were able to determine potential population risk factors
that could contribute to this phenomenon within SSA. HIV prevalence,
high parity, no formal education, no condom use with non-regular partner
and a high percentage rural population are shown to be population risk
factors for late-stage presentation of cervical cancer. In contrast, higher
GDP was associated with higher IMRs, and thus protective against
symptomatic presentation.
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