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Abstract

Background: Invasive cervical cancer (ICC) is more prevalent in HIV infected women and occurs at younger median
age than in HIV negative women. Organized cervical cancer screening (CCS) is presently lacking in Nigeria, and the
age at CCS is not known in this population. We sought to examine the age at CCS, the cytology outcomes and
whether outcomes differ by HIV infection status in an opportunistic screening setting.

Methods: Cross-sectional analysis of data on a sample of women who had received a CCS in an opportunistic
screening service in Jos, Nigeria over a 10-year time period (2006–2016). We used logistic regression models to
estimate the independent effect of patient-reported HIV and age at CCS and odds ratios for abnormal cytology
outcomes adjusting for other covariates. We also assessed the correlation between median age at CCS and severity
of abnormal cervical cytology outcomes. Statistical analyses were done on STATA version 14, College Station, Texas,
USA.

Results: In a sample of 14,088, the median age at CCS was 37 years (IQR; 30–45). For HIV infected women vs.
uninfected women, CCS occurred at earlier ages (35.0 ± 7.4 vs 38.2 ± 10.2 years, p < 0.001). All women, regardless of
HIV status, who completed at least 7 or more years of education were 1.27 to 3.51 times more likely to have CCS
before age 35 than women with less education. The predictors of an abnormal cervical cytology outcome at CCS
were: age at CCS ≥ 35 (aOR = 3.57; 95% CI: 2.74, 4.64), multiparity ≥5 (aOR = 1.27; 95% CI: 1.03, 1.56), and provider-
referral (aOR = 1.34; 95% CI: 1.09, 1.64). Irrespective of reported HIV status, we found a positive correlation between
median age at CCS and severity of cytology outcome.

Discussion: The age at CCS in women who have utilized cervical cancer screening in the study population is
relatively late compared to the recommended age by most guidelines from developed settings. Late age at CCS
correlates positively with severity of abnormal cytology outcome irrespective of HIV status. More educated women
are more likely to have CCS at early age and less likely to have underlying abnormal cytology outcomes.
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Introduction
Even though invasive cervical cancer (ICC) is a prevent-
able cancer, there are a half million new cases of ICC
reported globally each year, with over 80% occurring in
LMICs [1]. In Nigeria, over 53 million women are
estimated to be at risk of ICC, and available cervical
cancer screening (CCS) covers less than 9% of the popu-
lation [2]. This lack of CCS availability contributes to
approximately 14,000 new cases and 8000 deaths attrib-
uted to ICC every year [2]. The Global Burden of Cancer
2013 ranked ICC the 2nd most common in incidence
and mortality for all cancers in Nigeria [3].
CCS is an important health care intervention for redu-

cing ICC incidence and mortality with substantial bene-
fits recorded in developed countries, where organized
CCS programs are available [4–10]. In Nigeria the high
prevalence of HIV [11] and the lack of organized CCS
programs are substantial contributing factors to the high
burden of ICC. In settings where organized CCS pro-
grams are lacking, the opportunity to have a screening
test depends on several factors including the availability
of a screening service and system support to overcome
barriers to accessing such services; patient-related fac-
tors such as risk perception for ICC, illiteracy, and lack
of awareness of CCS, or lack of knowledge and access to
such screening [12–15]. Other important factors include
cost of screening, health insurance coverage, education,
perception of screening benefits and ability to overcome
barriers to accessing services [13, 16].
Since the aim of CCS is to prevent cervical cancer

through identification and treatment of precancerous
cervical lesions, understanding the socio-demographic
factors associated with abnormal cervical cytology out-
comes could provide evidence for educating women and
providers on the benefits of screening, particularly in
women with certain characteristics. These predictors
could also guide development of country-level screening
guidelines for CCS and prevention. For instance, a
French healthcare database on CCS provided evidence
for not starting screening before age 25 [17], in compari-
son to the United States Preventive Service Task Force
(USPSTF) guideline [18, 19] that recommends starting
CCS at age 21.
Of particular interest are the findings from previous

reports in sub-Saharan Africa that ICC is not only more
prevalent in HIV infected women but occurs at a lower
median age of 35 years compared to a median age of 40
years in women who are HIV negative [20]. Also, among
women less than age 35, being HIV positive confers a 4-
fold higher risk of having ICC compared to being HIV
negative [20]. Therefore, HIV infected women may
benefit from CCS by screening at relatively younger ages
compared to HIV seronegative. Yet data from a large
CCS program in Zambia, showed that the median age at

first CSS was higher in HIV seropositive women com-
pared to HIV seronegative women, reflecting that
evidence related to HIV status, CCS, and ICC is not
incorporated in the implementation of CCS [21].
In addition to the lack of an organized CCS program

and poor coverage for available screening services, the
age at CCS is not known in Nigeria [2]. We also do not
know the effectiveness of screening in terms of the likeli-
hood of detecting an underlying abnormal cervical
cytology at the time of screening. In this paper, we
sought to examine the age at CCS, the cytology out-
comes and whether these outcomes differ by HIV status
in an opportunistic screening setting in Nigeria.

Methods
Study design, setting and sample population
The detail of the study design, setting and sample deriv-
ation for this cross-sectional analysis has been described
previously [22]. In brief, we utilized de-identified data of
14,088 women who had received a CCS at the “Oper-
ation Stop Cervical Cancer ‘(OSCC) Unit in, Jos, Nigeria,
over a 10-year time period (2006–2016). We accessed
the reported age at CCS and other relevant sociodemo-
graphic variables, risk factors, self-reported HIV status
and the cytology outcomes reported by the cytopatholo-
gist. The cervical Pap cytology screening outcomes were
reported according to the Bethesda 2001 cytology
reporting system [23]. The primary independent variable
for this analysis was self-reported HIV status at the time
of CCS. The key dependent variables were age at CCS
and the cytology outcome (see Additional file 1 for sam-
ple derivation and the dependent variables in the ana-
lysis of this manuscript). The description of the key
variables and the cytology outcomes are provided in
Additional file 2.

Statistical analysis
Descriptive statistics
We performed summary statistics on continuous and
categorical variables of the study sample and obtained
means, medians and proportions for the independent
and dependent variables. We also compared the baseline
characteristics of the sample with the primary outcome.
The Student’s t-test was used to assess differences in
means of normally distributed continuous variables by
HIV status. In this analysis, women who did not know
their HIV status were treated as missing.

Analysis for age at CCS < 35 years as primary outcome
Since the principal exposure variable in this analysis was
patient-reported HIV status, we estimated the mean age
of women who received a CCS by patient-reported HIV
status. We performed the Student’s t-test of differences
in means between two groups (mean age of women who
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were “HIV infected” as group 1, and mean age of women
who were HIV uninfected as group 2. Based on previous
literature showing that the median age at developing ICC
was 35 years in HIV infected women [20], we dichoto-
mized the age at CCS in our sample at < 35 years and ≥ 35
years. We compared the baseline socio-demographic
characteristics of the sample by age at CCS < 35 years
compared to ≥35 years.

Bivariable and multivariable logistic regression model
To further understand the independent effect of patient-
reported HIV on the age at CCS, we performed bivari-
able logistic regression analysis using various demo-
graphic variables as independent variables and
dichotomizing the age at CCS as either < 35 years as the
primary outcome “1” or age CCS ≥ 35 years as the refer-
ent category “0”. We also created dummy variables for
other socio-demographic variables such as smoking, al-
cohol, years of completed education (< 7 years as group
1, 7–12 years as group 2 and > 12 years as group 3), his-
tory of ever been diagnosed with an STI, age at first co-
itus, history of vaginal infection, total lifetime number of
sex partners, parity, and provider-referral. We first per-
formed a bivariable logistic regression on each of these
reported characteristics with age at CCS < 35 years as the
primary outcome. We then used a multivariable logistic
regression model to assess the independent predictive ef-
fect of patient-reported HIV on the likelihood of having
a CCS at age < 35 years in our cervical cancer screening
population. We used the backward selection method to
build our final predictive model. We estimated 95% con-
fidence intervals for each of these measures of associ-
ation and corresponding p-values.

Analysis for abnormal cytology outcome at CCS as primary
outcome
We estimated the relative proportions of the various cat-
egories of pap cytology outcomes at CCS reported ac-
cording to the Bethesda system and the corresponding
95% CI. The median age at CCS for each of the cytology
outcome categories and the corresponding interquartile
range (IQR) were estimated. For analytic convenience
and ease of interpretation we categorized the cytology
report into three groups as follows: negative for intrae-
pithelial lesion or malignancy (NILM) as category 1 (ref-
erent category); ASCUS and LSIL (mild cervical
dysplasia) as category 2; and ASC-H, AGUS, HSIL, HSIL
with suspicion for invasion (severe cervical dysplasia) as
category 3. We also estimated the proportions for each
of these sub-categories. We compared the baseline
socio-demographic characteristics of the study sample
by cervical cytology groups using the Pearson’s chi
square or Fisher’s exact test where applicable and ob-
tained corresponding p-values.

Bivariable logistic regression
We performed bivariable logistic regression to obtain the
odds ratios of the association between baseline socio-
demographic variables and abnormal cervical cytology,
dummy variables were created for each of the cytology
outcome categories with category 1 (NILM) as referent.
We then performed separate bivariable logistic regression
to estimate the likelihood of having mild cervical dysplasia
(category 2) and severe cervical dysplasia (category 3) re-
spectively at CCS for self-reported HIV and other socio-
demographic characteristics in the study sample. For each
of these categories, we estimated the unadjusted odds ra-
tio, 95% CIs, and the corresponding p-values.

Multivariable logistic regression
We built a multivariable logistic regression model to assess
the independent effect of self-reported HIV and other
socio-demographic characteristics on the likelihood of an
abnormal cervical cytology outcome report at CCS. As in
the bivariable logistic regression model, we used category 1
cytology report (NILM) as referent. We then performed
separate multivariable logistic regression models each for
mild cervical dysplasia (category 2) and for severe cervical
dysplasia (category 3). We used the backward selection
method with p < 0.05 and the overall changes in the model
effect to select the covariates that remain in each of the
final predictive models. We estimated the 95% confidence
intervals for each of these measures of association, and the
corresponding p-values. The assessment of each model fit
was by the Hosmer-Lemeshow goodnes’s-of-fit statistical
test [24]. A p-value of greater than 0.05 was considered a
good model-fit.

Results
During the study period 14,054 out of the 14,088
(99.8%) women reported the age at CCS, while 14,081
(99.95%) women had cervical cytology reports. The pro-
portion of women who screened at < 35 years was sig-
nificantly higher for women who were HIV infected
(51.5%) compared to women who were HIV uninfected
(40.2%) (p < 0.001). The mean age at CCS for HIV in-
fected women was 35.0 ± 7.4 years compared to 38.2 ±
10.2 years for HIV uninfected women (p-value = 0.001).
The Boxplot in Fig. 1 showed a significant difference in
the age at CCS for HIV infected women compared to
HIV uninfected. The results of the analyses for age at
CCS have been summarized in Tables 1 and 2.
The baseline sociodemographic and cytology outcomes

of the study sample has been published in an earlier related
report and shown in Table 3 [22]. In brief, 85.7% of the
study sample had NILM, while 9.7 and 4.6% had mild and
severe cervical dysplasia respectively. Specifically, 4.1% (95%
CI: 3.8, 4.5%) with ASCUS, 5.6% (95% CI: 5.3, 6.0) with
LSIL, 1.6% (95% CI: 1.4, 1.8) with ASC-H, 0.2% (95% CI:
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0.2, 0.3) with AGUS, 2.5% (95% CI: 2.3, 2.8) with HSIL, and
0.2% (95% CI, 0.2, 0.3) with HSIL with suspicion for inva-
sion. The median age for the various cytology categories
were: 36 years (IQR; 30–43) for NILM, 43 years (IQR; 36–
50) for ASCUS, 45 years (IQR; 35–52) for LSIL, 47.5 years
(IQR; 38–55) for ASCUS-H, 40 years (95% CI, 34–52) for

AGUS, 47 years (IQR; 39–55) for HSIL, and 52 years (IQR;
43–60) for HSIL with suspicion for invasion. The scatter
plot in Fig. 2 of the median age at CCS and the predicted
cytology outcome category reflects a positive linear rela-
tionship between median age and severity of cytology out-
come at cervical screening (r = 0.31; Adj. R2 = 0.47; p-
value = 0.054). Self-reported HIV status was not signifi-
cantly associated with mild or severe cervical dysplasia in
the study sample (p-value = 0.930). The association between
other socio-demographic variables with cervical cytology
outcomes are displayed in Table 4.

Unadjusted and adjusted logistic regression model of
self-reported HIV and other sociodemographic variables
and mild cervical dysplasia
In the unadjusted regression model, self-reported HIV
infection was not significantly associated with mild cer-
vical dysplasia (OR = 0.99; 95% CI: 0.77, 1.28). The socio-
demographic factors that were significantly associated
with mild cervical dysplasia were: age at CCS ≥35 years
(OR = 2.83; 95% CI: 2.48, 3.24), multiparity ≥5 (OR =

Fig. 1 Box Plot of Age at CCS by patient-reported HIV status

Table 1 Baseline socio-demographic characteristics by age at first CCS < 35 years versus ≥35 years in an opportunistic screening
program in Jos, Nigeria (N = 14,051)

Variable Age first CCS≥ 35 years Age first CCS < 35 years p-value

HIV status 0.001†

Not infected 7870 (59.8) 5285 (40.2)

Infected 341 (48.5) 362 (51.5)

Age at first CCS (Mean ± SD) 8305 (44.5 ± 7.7) 5749 (22.7 ± 3.7) 0.001‡

No of Life-time sex

partners(Mean ± SD) 6185 (2.2 ± 1.9) 5104 (2.2 ± 1.8) 0.503‡

Use of condom

No 7307 (60.2) 4838 (39.8) 0.001†

Yes 404 (40.0) 605 (60.0)

History of smoking

No 8222 (59.3) 5653 (40.7) 0.272†

Yes 42 (53.2) 37 (46.8)

History of Alcohol

No 7625 (58.5) 5410 (41.5) 0.001†

Yes 635 (69.7) 276 (30.3)

History of vaginal infection

No 1536 (65.6) 805 (34.4) 0.001†

Yes 6517 (57.8) 4756 (42.2)

Ever diagnosed with STI

No 4963 (58.0) 3598 (42.0) 0.001†

Yes 744 (52.9) 662 (47.1)

Age at first sex (Mean ± SD) 8193 (19.9 ± 4.1) 5651 (20.4 ± 3.8) 0.001‡

Education years completed (Mean ± SD) 6610 (11.8 ± 3.4) 5117 (11.9 ± 2.6) 0.062‡

Parity (Mean ± SD) 7818 (4.4 ± 2.5) 4317 (2.1 ± 1.7) 0.001‡

‡Student t-test and †Pearson’s chi2. Percent in parenthesis, SD standard deviation
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1.46; 95% CI: 1.31, 1.64), age at first sexual intercourse
≤22 years (OR = 1.23; 95% CI: 1.08, 1.41), provider-
referral (OR = 1.88; 95% CI: 1.67, 2.11), history of ever
smoked cigarettes (OR = 1.84; 95% CI: 1.01, 3.35) and
history of alcohol consumption (OR = 1.50; 95% CI: 1.23,

1.83). One notable finding in the unadjusted model is
that women with 7 or more completed years of educa-
tion were significantly less likely to have mild cervical
dysplasia at CCS than women with less than 7 com-
pleted years of education (7–12 years, OR = 0.68; 95% CI:
0.56, 0.84; > 12 years, OR = 0.82; 95% CI: 0.68, 0.96).
These unadjusted ORs are presented in Table 5.
In the adjusted logistic regression model including age

at CCS ≥ 35, provider-referral, multiparity ≥5, history of
vaginal infection and alcohol consumption, the effect of
self-reported HIV infection was not significantly associ-
ated with mild cervical dysplasia (aOR = 1.04; 95% CI:
0.80, 1.36). The sociodemographic variables that were in-
dependently associated with mild cervical dysplasia were:
age at CCS ≥ 35 (aOR = 2.56; 95% CI: 2.23, 2.95), multi-
parity ≥5 (aOR = 1.21; 95% CI: 1.08, 1.36), provider-
referral (aOR = 1.75; 95% CI: 1.56, 1.98) and history of
alcohol consumption (aOR = 1.38; 95% CI: 1.38; 95% CI:
1.13, 1.70). These adjusted ORs are presented in Table 5.

Unadjusted and adjusted logistic regression model of
self-reported HIV and other sociodemographic variables
and severe cervical dysplasia
In the unadjusted regression model, self-reported HIV
infection was not significantly associated with severe cer-
vical dysplasia (OR = 0.93; 95% CI: 0.64, 1.35). The socio-
demographic factors that were significantly associated
with severe cervical dysplasia were: age at CCS ≥ 35 years
(OR = 4.24; 95% CI: 3.40, 5.29), multiparity ≥5 (OR =
1.85; 95% CI: 1.58, 2.17), age at first sexual intercourse
≤22 years (OR = 1.32; 95% CI: 1.08, 1.60), provider-
referral (OR = 1.27; 95% CI: 1.08, 1.49). Similar to the
unadjusted model for mild dysplasia, women with 7–12
completed years or more of education were significantly
less likely to have severe cervical dysplasia at CCS than
women with less than 7 completed years of education
(7–12 years, OR = 0.46; 95% CI: 0.34, 0.62; > 12 years,
OR = 0.63; 95% CI: 0.49, 0.80). The unadjusted ORs are
presented in Table 6.
In the adjusted logistic regression model including age

at CCS ≥ 35, provider-referral, multiparity ≥5, history of
vaginal infection, 7–12 years of completed education,
and > 12 years of completed education, the effect of self-
reported HIV infection was not significantly associated
with severe cervical dysplasia (aOR = 1.26; 95% CI: 0.83,
1.92). The sociodemographic variables that were inde-
pendently associated with severe cervical dysplasia were:
age at CCS ≥ 35 (aOR = 3.57; 95% CI: 2.74, 4.64), multi-
parity ≥5 (aOR = 1.27; 95% CI: 1.03, 1.56), and provider-
referral (aOR = 1.34; 95% CI: 1.09, 1.64). Women with
7–12 completed years of education (aOR = 0.65; 95% CI:
0.48, 0.88), > 12 completed years of education (aOR =
0.75; 95% CI: 0.58, 0.98), and history of vaginal infection
(aOR = 0.67; 95% CI: 0.53, 0.84) were significantly less

Table 2 Bivariable and multivariable Logistic regression model
with unadjusted and adjusted odds ratio of the association
between patient-reported HIV, other socio-demographic factors
and the likelihood of first CCS at age < 35 years in an
opportunistic cervical cancer screening program in Jos, Nigeria
(N = 14,051)

Variable OR (95% CI) P-value aOR (95% CI) P-value

HIV status

Not infected 1.0

Infected 1.58 (1.36, 1.84) 0.001 1.18 (0.99, 1.41) 0.058

Referral group

Self-referral 1.0 0.001 – –

Provider-referral 0.75 (0.70, 0.80)

Education (years completed)

< 7 years 1.0

7-12 years 3.12 (2.75, 3.53) 0.001 3.07 (2.69, 3.51) 0.001

> 12 years 1.53 (1.36, 1.72) 0.001 1.43 (1.27, 1.62) 0.001

Parity

< 5 1.0

≥ 5 0.51 (0.47, 0.55) 0.001 – –

Age at first sex

> 22 years 1.0

≤ 22 years 0.83 (0.77, 0.90) 0.001 – –

Total life-time sex partners

< 3 1.0

≥ 3 1.14 (1.05, 1.24) 0.001 – –

Use of condoms during sex

No 1.0

Yes 2.26 (1.98, 2.58) 0.001 1.96 (1.70, 2.27) 0.001

History of vaginal infection

No 1.0

Yes 1.39 (1.27, 1.53) 0.001 1.29 (1.15, 1.43) 0.001

Ever diagnosed with STIs

No 1.0

Yes 1.23 (1.10, 1.37) 0.001 – –

History of Smoking (N = 13,954)

No 1.0

Yes 1.28 (0.82, 2.0) 0.273 1.63 (0.93, 2.83) 0.086

Alcohol consumption (13,946)

No 1.0

Yes 0.61 (0.53, 0.71) 0.001 – –

The Hosmer-Lemeshow goodness-of-fit p-value = 0.538, Pseudo R2 = 0.0363,
LR (chi2) = 521.35
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Table 3 Summary statistics of the socio-demographic and cytology outcomes of women who received first CCS in an opportunistic
cervical cancer screening program in Jos Nigeria (N = 14,088)

Characteristics Descriptive statistics (Mean ± SD, Median, IQR or % in parentheses) 95% Confidence intervals

Age at CCS 37; IQR, 30–45

Age groups at CCS

< 21 years 1.1 1.0, 1.3

21–30 24.7 24.0, 25.4

31–40 37.3 36.5, 38.1

41–50 25.4 24.6, 26.1

51–60 8.9 8.5, 9.4

61–70 2.1 1.8, 2.3

≥ 71 0.2 0.2, 0.3

Missing 0.2 0.2, 0.3

Age at first sex 20; IQR, 18–22

Education years completed 13; IQR, 12–14

Annual household income in USD 3300; IQR, 1920-4800

HIV status

Infected 703 (5.0) 4.6–5.5

Not infected 13,155 (93.4) 93.0–93.8

Unknown (missing) 230 (1.6) 1.4–1.9

History of Vaginal infection

Yes 80.0 79.4–80.7

No 16.6 16.0–17.2

Missing 3.4 3.1–3.7

Use of condoms

Yes 7.4 6.8–7.6

No 86.2 85.6–86.8

Missing 6.6 6.2–7.1

Ever diagnosed with an STI

Yes 10.0 9.5–10.5

No 60.8 60.0–61.6

Missing 29.3 28.5–30.0

Types of STIs

Gonorrhea 17.0 14.0–20.5

Trichomonads 6.7 4.8–9.2

Hepatitis 40.5 36.4–44.8

Chlamydia 28.7 17.3–47.1

HPV/Genital warts 5.9 4.2–8.3

Syphilis 4.8 3.3–7.0

Herpes 3.4 2.2–5.4

PID/Unspecified 18.3 15.6–22.3

# of Lifetime sex partners 2; IQR, 1–3

Parity 3; IQR, 2–3

History of smoking

Yes 0.6 0.5–0.7

No 98.5 98.3–98.7
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likely to have severe cervical dysplasia at first CCS.
These adjusted ORs are presented in Table 6.

Discussion
The results of our analyses have contributed to our un-
derstanding of socio-demographic factors associated
with utilization and cytology screening outcomes in an

opportunistic CCS program in Jos, Nigeria. We found
that women who had utilized the opportunistic CCS ser-
vice in the population had screening at a median age of
37 years (IQR 30–45). We also found that on average,
women who were HIV infected had CCS at a younger
age than women who were HIV uninfected. Also,
women who completed at least 7 years of education were
1.27 to 3.51 times more likely to have had CCS before
age 35 than women with less education.
Our study findings have significant implications for cer-

vical cancer prevention and screening in Nigeria. The
median age at CCS is relatively late at 37 years, and this is
of concern for cervical cancer prevention and control
given the evidence that ICC occurs at a median age of 35
years in HIV infected women, 40 years in HIV uninfected
women, and 38 years in women with unknown HIV status
[20]. The relatively late screening age in our sample sug-
gests that many women may have already developed
precancerous conditions of the cervix or invasive cancer
at the time of CCS. This finding could also explain the
high rate of advanced stage ICC with high death rates as
reported in previous studies [25–28].
Related to the age at CCS, an earlier study report from

a district hospital in Abuja, Nigeria’s federal capital,

Table 3 Summary statistics of the socio-demographic and cytology outcomes of women who received first CCS in an opportunistic
cervical cancer screening program in Jos Nigeria (N = 14,088) (Continued)

Characteristics Descriptive statistics (Mean ± SD, Median, IQR or % in parentheses) 95% Confidence intervals

Missing 1.0 0.8–1.1

History of Alcohol

Yes 6.5 6.1–6.9

No 92.5 92.1–93.0

missing 1.0 0.9–1.2

Race

Black 99.7 99.6–99.8

Others 0.1 0.1–0.2

Missing 0.2 0.1–0.30

Cytology outcome at CCS

NILM 85.7 85.1–86.3

ASCUS 4.1 3.8–4.5

LSIL 5.6 5.3–6.0

ASC-H 1.6 1.4–1.8

AGUS 0.2 0.2–0.3

HSIL 2.5 2.3–2.8

HSIL, suspicion for invasion 0.2 0.2–0.3

Cytology category at CCS

Normal cervical cytology 85.7 85.1–86.3

Mild cervical dysplasia 9.7 9.3–10.2

Severe cervical dysplasia 4.6 4.2–4.9

SD standard deviation, IQR Interquartile range, % (Percent)

Fig. 2 Scatter plot of the median age at CCS and the cervical
cytology outcome (1 = NILM, 2 = ASCUS, 3 = LSIL, 4 = ASCUS-H,
5 = AGUS, 6 = HSIL and 7 = HSIL with suspicion for invasion)

Musa et al. Infectious Agents and Cancer           (2019) 14:43 Page 7 of 12



found a mean age of 32.0 ± 6.6 years at first CCS by vis-
ual inspection with acetic acid (VIA) [29]. Compared to
the mean age of 35.0 ± 7.4 years at first CCS in our study
sample, the slightly lower mean age at first screening in
the Abuja HIV population could partly be explained by
the mode of screening using VIA, and the specific pro-
gram intervention, which involved active interaction be-
tween HIV infected women receiving antiretroviral

therapy and provider-initiated CCS with VIA during the
intervention period [29]. VIA is technically less sophisti-
cated than cytology-based screening which is usually

Table 4 Baseline socio-demographic characteristics by cervical
cytology category at CCS in an opportunistic screening program
in Jos, Nigeria (N = 14,081)

Variable NILM Mild Dysplasia Severe dysplasa p-value

HIV status

Not infected 11,261 (85.7) 1288 (9.8) 599 (4.6) 0.930a

Infected 605 (86.1) 68 (9.7) 30 (4.3)

Age at CCS

< 35 years 5367 (93.4) 288 (5.0) 94 (1.6) 0.001†

≥ 35 years 6701 (80.4) 1083 (13.0) 548 (6.6)

Total # lifetime sex partners

< 3 6727 (85.5) 763 (9.7) 374 (4.8) 0.001a

≥ 3 3035 (88.7) 271 (7.9) 114 (3.3)

Use of condom

No 10,436 (86.0) 1166 (9.6) 540 (4.4) 0.002a

Yes 904 (89.5) 81 (8.0) 25 (2.5)

History of smoking

No 11,899 (85.8) 1340 (9.7) 630 (4.5) 0.145b

Yes 63 (79.8) 13 (16.4) 3 (3.8)

History of Alcohol

No 11,212 (86.1) 1230 (9.4) 588 (4.5) 0.001a

Yes 743 (81.7) 123 (13.5) 44 (4.8)

History of vaginal infection

No 1919 (82.0) 276 (11.8) 145 (6.2) 0.001a

Yes 9752 (86.6) 1036 (9.2) 480 (4.2)

Ever diagnosed with STI

No 7431 (86.8) 763 (8.9) 365 (4.3) 0.843a

Yes 1228 (87.3) 122 (8.7) 56 (4.0)

Age at first sex

≥ 22 years 8025 (84.5) 996 (10.5) 476 (5.0) 0.001a

< 22 years 3843 (88.5) 345 (8.0) 153 (3.5)

Education years completed

< 7 years 1366 (83.8) 172 (10.5) 93 (5.7) 0.001a

7–12 years 3078 (89.8) 256 (7.5) 93 (2.7)

> 12 years 5834 (87.6) 584 (8.8) 244 (3.6)

Parity

< 5 7382 (88.2) 699 (8.4) 288 (3.4) 0.001a

≥ 5 2894 (77.0) 563 (14.9) 303 (8.1)
aPearson’s chi2. bFisher’s Exact. Percent in parenthesis

Table 5 Bivariable and multivariable Logistic regression with
unadjusted and adjusted odds ratio of the association of
patient-reported HIV and other sociodemographic variables and
mild cervical dysplasia at CCS in Jos, Nigeria (N = 13,554)

Variable OR (95% CI) P-value aOR (95% CI) P-value

HIV status

Uninfected 1.0

Infected 0.99 (0.77, 1.28) 0.953 1.04 (0.80, 1.36) 0.747

Age at CCS

< 35 years 1.0

≥ 35 years 2.83 (2.48, 3.24) 0.001 2.56 (2.23, 2.95) 0.001

Referral group

Self-referral 1.0

Provider-referral 1.88 (1.67, 2.11) 0.001 1.75 (1.56, 1.98) 0.001

Education (years completed)

< 7 years 1.0

7-12 years 0.68 (0.56, 0.84) 0.001 – –

> 12 years 0.82 (0.68, 0.96) 0.025 – –

Parity

< 5 1.0

≥ 5 1.46 (1.31, 1.64) 0.001 1.21 (1.08, 1.36) 0.001

Age at first sex

> 22 years 1.0

≤ 22 years 1.23 (1.08, 1.41) 0.002 – –

Total life-time sex partners

< 3 1.0

≥ 3 0.80 (0.69, 0.93) 0.003 – –

Use of condoms during sex

No 1.0

Yes 0.82 (0.65, 1.04) 0.103 – –

History of vaginal infection

No 1.0

Yes 0.76 (0.69, 0.87) 0.001 0.81 (0.70, 0.94) 0.004

Ever diagnosed with STIs

No 1.0

Yes 0.97 (0.79, 1.19) 0.772 – –

History of Smoking

No 1.0

Yes 1.84 (1.01, 3.35) 0.045 – –

Alcohol consumption

No 1.0

Yes 1.50 (1.23, 1.83) 0.001 1.38 (1.13, 1.70) 0.002

Hosmer-Lemeshow Goodnes-of-fit p-value = 0.145, LR (chi2) = 365.90,
Pseudo R2 = 0.0425
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done in tertiary health care facilities with cytopathologic
laboratory support. Moreover, cytology-based screening
methods have been shown to be more specific in

detecting cervical precancer in HIV infected populations
irrespective of immune status and antiretroviral treat-
ment [30]. Overall, the findings on age at screening in
our study population have broadened our knowledge
and understanding of the current situation on CCS ser-
vices in Nigeria and the need to leverage these data for
health policy advocacy at state’s and federal ministries of
health to guide prevention efforts particularly the avail-
ability and access to screening either by cytology-based
or “see-and-treat” by VIA as recommended by WHO for
early detection and treatment of cervical precancerous
conditions.
We also analyzed the association between self-

reported HIV and abnormal cervical cytology outcome
at CCS in our study sample. We found that self-reported
HIV was not significantly associated with having either
mild or severe cervical dysplasia at the time of first CCS.
The weak association between HIV and abnormal cer-
vical cytology outcome could be partly explained by the
wide-spread use of highly active antiretroviral therapy
(HAART) in our study sample. Also, this was a cross-
sectional data analysis with no follow up element to
ascertain the risk of incident cervical abnormalities in
HIV infected compared to women who were HIV nega-
tive. However, follow up data in a US population did not
find a significant difference in incident cervical dysplasia
and cancer in HIV population on successful HAART
[31, 32]. However, we found that women who had CCS
at age ≥ 35 years were 2.6 and 3.6 times more likely to
have an underlying mild and severe cervical dysplasia,
respectively. The utility of HSIL for early detection of
cervical cancer has been studied in older women and its
sensitivity for cancer was 89% in women screened at age
40–69 and 83% in women screened at age ≥ 70 years
[33]Therefore, our study findings showing a severe dys-
plasia rate of 4.6% and that older age is a significant pre-
dictor of underlying severe dysplasia are useful findings
that could contribute to developing and implementing
CCS policy and guidelines with respect to age at which
to start CCS in Nigeria.
A closer assessment of the relationship between age at

CCS and abnormal cervical cytology outcome showed a
positive correlation between median age at CCS and the
severity of underlying cervical cytologic abnormality
(Fig. 2). Though the strength of this correlation is mod-
est with a borderline statistical significance (r = 0.31; p =
0.054 and adjusted R2 = 0.47), the median age at diagno-
sis of these abnormalities and the corresponding inter-
quartile range suggest that implementing a Nigerian
CCS policy and guidelines that cover screening between
age 30 and 60 years may be an effective screening rec-
ommendation. Although our data are limited to one fed-
eral academic tertiary medical institution in northern
Nigeria, a subsequent cost-effectiveness analysis can

Table 6 Bivariable and multivariable Logistic regression with
unadjusted and adjusted odds ratio of the association of
patient-reported HIV and other sociodemographic variables and
severe cervical dysplasia at CCS in Jos, Nigeria (N = 11,345)

Variable OR (95% CI) P-value aOR (95% CI) P-value

HIV status

Uninfected 1.0

Infected 0.93 (0.64, 1.35) 0.704 1.26 (0.83, 1.92) 0.276

Age at first CCS

< 35 years 1.0

≥ 35 years 4.24 (3.40, 5.29) 0.001 3.57 (2.74, 4.64) 0.001

Referral group

Self-referral 1.0

Provider-referral 1.27 (1.08, 1.49) 0.004 1.34 (1.09, 1.64) 0.005

Education (years completed)

< 7 years 1.0

7-12 years 0.46 (0.34, 0.62) 0.001 0.65 (0.48, 0.88) 0.006

> 12 years 0.63 (0.49, 0.80) 0.001 0.75 (0.58, 0.98) 0.034

Parity

< 5 1.0

≥5 1.85 (1.58, 2.17) 0.001 1.27 (1.03, 1.56) 0.025

Age at first sex

> 22 years 1.0

≤22 years 1.32 (1.08, 1.60) 0.006 – –

Total lifetime sex partners

< 3 1.0

≥3 0.69 (0.56, 0.86) 0.001 – –

Use of condoms during sex

No 1.0

Yes 0.55 (0.36, 0.82) 0.004 – –

History of vaginal infection

No 1.0

Yes 0.67 (0.56, 0.82) 0.001 0.67 (0.53, 0.84) 0.001

Ever diagnosed with STIs

No 1.0

Yes 0.93 (0.70, 1.24) 0.627 – –

History of Smoking

No 1.0

Yes 0.83 (0.26, 2.64) 0.751 – –

Alcohol consumption

No 1.0

Yes 1.08 (0.79, 1.47) 0.651 – –

Hosmer-Lemeshow Goodnesss-of-fit p-value 0.798. LR (chi2)-178.15,
Pseudo R2 = 0.0497
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characterize and add to understanding the value of ex-
tending CCS outside this age range in the Nigerian
population. Such understanding is crucial in resource-
constrained settings where health insurance coverage is
limited. If subsequent cost-effectiveness analysis support
screening within this age range, health policy makers
could implement health insurance coverage for CCS for
women ages 30 to 60 in Nigeria. However, there is need
to obtain more large-scale screening data across the
country to increase the precision of these estimates.
Our analyses also found that multiparity ≥5 was sig-

nificantly associated with mild or severe cervical dyspla-
sia at first CCS. Specifically, women with parity ≥5 were
1.85 and 1.27 times more likely to have an underlying
mild or severe cervical dysplasia, respectively, at the time
of first CCS. Studies on the cofactors in cervical pre-
cancer and progression to ICC have provided evidence
that women of parity 3 or more were significantly more
likely to have pre-cancer compared to nulliparous
women [34]. In Nigeria, according to the Nigeria Demo-
graphic Health Survey (NDHS) 2013, the national aver-
age number of births per woman is 5.5 [35]. In many
settings in sub-Saharan Africa and Nigeria, women place
a high premium on parity, and this socio-cultural norm
amidst poor coverage for CCS services could contribute
to the burden of pre-cancer and ICC [36]. Other socio-
demographic characteristics such as smoking, sexually
transmitted infections, life-time number of sexual part-
ners, and age at first sexual intercourse have been identi-
fied as significant cofactors in cervical carcinogenesis
[37]. These identified cofactors associated with abnormal
cervical cytology outcomes at CCS further provide justi-
fication for the prioritization of CCS services targeting
women with these identified characteristics, particularly
in settings where resources are limited.
We also found that women who were referred by pro-

viders for CCS were 1.34 times more likely to have se-
vere cervical dysplasia outcome compared to women
who self-referred for CCS. The plausibility of this finding
is not fully understood though it may be related to the
role of providers in identifying women with risk factors
for cervical cancer, or observing cervical abnormalities
or presentation with symptoms, and offering selective re-
ferral for screening in this population. Related to this,
we have previously reported that women who received
provider referral were more likely to be older and have
known risk factors for cervical cancer [22]. Additionally,
more educated women were more likely to utilize avail-
able CCS services at relatively younger age [22].
Our analysis further confirms the role of women’s

education in improving CCS utilization and outcomes.
We found that completing at least 7–12 years of educa-
tion significantly reduces the odds for severe cervical
dysplasia by 25 to 35% compared to women who had

fewer years of completed education. These findings are
supported by previous studies showing the positive im-
pact of educating women in improving cervical cancer
outcomes [38, 39]. For instance, cervical cancer inci-
dence and mortality are correlated with the socio-
demographic index (SDI) of the population, with high
SDI countries having a significantly lower ICC burden
compared to low SDI countries [40]. In brief, the SDI
ranges between 0 and 1 and is a summary indicator de-
rived from measures of income per capita, educational
attainment, and fertility [40]. An SDI of 1 represents a
location with the highest observed educational attain-
ment, the highest log income per capita, and the lowest
fertility rate [40]. A previous related index, the human
development index (HDI), which includes adult literacy
rate and primary to tertiary education enrollment rates,
has been shown to correlate inversely with incidence
and mortality from ICC, with greater reductions in cer-
vical cancer incidence in very high HDI compared to
low HDI countries [41]. In Nigeria there is a wide re-
gional disparity in median years of educational attain-
ment, higher in the south-western states compared to
the far north-east and north-western states [35]. The
median years of educational attainment in the study area
according to the NDHS 2013 report is 2.9 years [35].
The median years of educational attainment in our ana-
lytic sample was 13 years suggesting that only the more
educated women utilized the available opportunistic
CCS services and majority of the less educated in the
larger population are either not aware or not able to
overcome barriers to access the service. Our study there-
fore suggests the need for investment in developing and
improving the educational status of women in our popu-
lation as a social capital investment to improve cervical
cancer outcomes. Added to this is the need for more
cervical cancer education in low literacy communities to
improve screening utilization [42].
The strength of our study findings is related to the

relatively large sample size covering a 10-year period in
an opportunistic CCS in a cosmopolitan Nigerian city
that also offers care to a large population of HIV in-
fected adults in West Africa. To the best of our know-
ledge this is the first secondary analysis of CCS data in
Nigeria that provides precise estimates of the age at CCS
and the epidemiological factors associated with an
underlying abnormal cervical cytology outcome. Because
the women included in this analysis were self-selected
having overcome barriers to accessing opportunistic
CCS services, and may not be representative of the gen-
eral population of women in Nigeria or West Africa, our
findings are of limited external validity to other settings
in Nigeria or West Africa amongst women with ongoing
HIV care and amongst areas that have availability of op-
portunistic cervical cancer services. Also, self-reported
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risk factors such as age, age at first sex, life-time number
of sex partners, use of condoms and HIV status is a limi-
tation in this analysis. It is possible that some women
may have concealed their HIV status and other sensitive
socio-demographic information, and this could affect the
internal validity of our estimates.
In conclusion, cervical cancer is a preventable cancer

and organized CCS programs such as those in the indus-
trialized nations have dramatically reduced incidence and
mortality. Future research should include a focus on un-
derstanding provider and patient perspectives on the facil-
itators and barriers to CCS in an opportunistic screening
setting using qualitative research methodology. However,
our current findings could guide health policy leaders in
the implementation of CCS guidelines particularly in our
settings where CCS are largely opportunistic. Specifically,
our findings of a relatively late age at first cervical cancer
screening particularly in HIV infected women population
will require a more focused effort and investment in
awareness campaigns and cervical cancer education with
emphasis on the benefits of starting screening at a younger
age in order to maximize the overall gains of CCS as sec-
ondary preventive service for early detection and treat-
ment of precancerous conditions. This remain an effective
health service intervention for prevention of morbidity
and mortality due to ICC in the population.
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