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Abstract
Background
There is an increased risk of cervical cancer among women living with HIV. While studies have long examined the association between cervical cancer among women with HIV, no study has examined the time taken for women with HIV to undergo cervical cancer screening as well as the hazard thereof in South Africa.

Methods
The study used cross-sectional data from the 2016 South Africa Demographic and Health Survey. To allow for longitudinal analysis and to address the issue of right-censoring, the data were reformatted to a person-data file. The selection criteria were limited to women living with HIV (WLHIV) who had also responded to the question on cervical cancer screening. Descriptive statistics were employed to show the levels of HIV among women aged 15 and older in South Africa. Additionally, Kaplan‒Meier curves were employed to investigate the time to CCS by WLHIV in South Africa. Thereafter, an unadjusted Cox hazards regression model was employed to examine the hazard of undergoing CCS among WLHIV. Finally, it employed an adjusted model to examine the hazard of CCS among WLHIV while adjusting for other factors.

Results
Nineteen percent (n = 1,159) of the women who participated in the study tested positive for HIV. Herein, it was found that the risk of CCS among WLHIV began at the age of approximately 19 years. Thereafter, the hazard of undergoing CCS among WLHIV began to decrease at 58 years. There was a significant association between CCS and WLHIV. Additionally, several covariates were found to be significantly associated with HIV. These were race, province, area of residence, marriage, educational attainment, employment, alcohol consumption, perceived health perception, and health insurance.

Conclusion
The hazard of CCS was lower among WLHIV compared to WLHIV who did not undergo CCS in South Africa. This puts HIV-positive women at risk of increased morbidity and mortality from potential cervical cancer and HIV comorbidity due to CCS deficits within this group. This is because they are susceptible to HPV and subsequent cervical cancer due to a compromised immune system. HIV-positive women need to routinely undergo CCS every 12 months from baseline for 3 years. Thereafter, they should undergo CCS once every 3 years to reduce their risk of developing the disease.
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Background
The global prevalence of new HIV-attributable cervical cancer among women living with HIV (WLHIV) is 6% [1]. However, the regional differentials vary, disproportionately affecting WLHIV in Southern and Eastern Africa, constituting 64% and 27%, respectively [1, 2]. South Africa has one of the highest rates of human-immune virus (HIV) in the world. In 2017, an HIV household survey conducted in South Africa found that the country had a national HIV prevalence of 14%, translating to an estimated 8 million people living with HIV (PLHIV) [3]. Herein, gender disparities were observed in the distribution of HIV, with women constituting the greatest proportion of PLHIV at 51% and males constituting 46%. South Africa is considered the epicenter of the HIV pandemic in the world and is disproportionately affected by AIDS globally, with a fifth of all PLHIV residing in the country [4].
Moreover, the country is responsible for an estimated 20% of all new HIV infections in the world, with the incidence of HIV on the rise among adolescents with the odds of being HIV-positive being significantly higher among female adolescents compared to males (AOR = 2.24; P < 0.001; CI: 1.73–2.91) [4, 5]. Among women infected with HIV is the risk of contracting human papillomavirus (HPV), a precursor of cervical cancer [6]. Thus, there is a regular need to undergo cervical cancer screening (CCS) among HIV-positive women. In South Africa, several studies examining CCS among HIV-positive women have been conducted with varying findings [7–11]. The studies found that the factors associated with CCS among HIV-positive women include race, age, nationality, geography, marriage, educational attainment, cigarette smoking, and employment.
However, these studies have had a limited geographic scope, often focusing on hospitals, clinics, and provinces in an isolated manner, making it impossible to generalize studies nationally and provide country-wide policy recommendations to improve the uptake of CCS among WLHIV. To the author’s knowledge, no nationally representative study examining CCS among WLHIV has been conducted in South Africa. Additionally, to the author’s knowledge, no study has investigated the time taken to undergo CCS by WLHIV. This is particularly important given that WLHIV are highly susceptible to HPV and subsequent cervical cancer. The findings developed herein could better inform the cervical cancer prevention control policy (CCPCP) in South Africa, particularly its clause on CCS commencing from the age of 30 years, as it is perceived as the time to which the risk of cervical cancer is high [15]. The objectives of this study are to (a) highlight the level of HIV among women in South Africa, (b) investigate the time to CCS by WLHIV in South Africa, (c) ascertain the hazard of CCS among WLHIV, and (d) examine the hazard of CCS among WLHIV while adjusting for other factors.

Methods
Study design and setting
The study is a retrospective analysis of the 2016 South Africa Demography and Health Survey (SADHS). Permission to utilize the data was granted by the Demography and Health Survey program. South Africa was selected as the subject of analysis due to its disproportionate burden of HIV globally (20%) [4]. The SADHS is a nationally representative survey that is conducted in over 86 low- and middle-income countries every 5 years [12]. The survey is administered using a plethora of questionnaires. To obtain all variables of interest, including CCS and HIV, the study merged the adult women and HIV datasets using the one-to-one by observation type merge function in STATA 14.

Study population and sample
The analysis was restricted to women aged 15 and older who responded to the question on HIV status. The total weighted sample constituted 6,126 women. However, after dropping participants who responded “don’t know” to the question on CCS and whose blood test results for HIV were inclusive, a final weighted sample of 6,067 was established. These were retrospectively assessed to determine the time (age in years) taken by WLHIV before they underwent CCS.

Variable description
The outcome variable of this study is HIV status. It is dichotomous and categorized as (0) Negative and (1) Positive. It was derived from women aged 15 and older whose blood samples were tested for HIV during the study. Table 1 below shows the original variable name as presented in the HIV dataset of the SADHS, subsequent definition, and categorization as per the current study.Table 1Definition and categorization of dependent (outcome) variable


	Variables
	Original variable categories
	Definition
	Categorization

	Dependent (Outcome) Variable

	HIV status
	HIV negative
	HIV blood test result
	0. Negative

	hiv03
	HIV positive

	 	Inconclusive
	1. Positive




Covariates
The demographic, sociobehavioral, and health predictor variables are CCS, which constitutes itself as the mediating variable of this study, race, geography (namely, provinces and area of residence), marital status, educational attainment, employment, frequency of cigarette smoking, alcohol consumption, perception of own health, and health insurance.

Statistical analysis
The study employed cross-tabulations to illustrate the characteristics of the study participants. To allow for longitudinal analysis and to address the issue of right-censoring, the data were reformatted to a person-data file. In the context of this study, right-censoring refers to a case where women who underwent CCS would have not developed HIV by the end of the period of analysis or dropped out before the end of the analysis period. The advantage of the Cox proportional hazard model is that it does not include participants who did not experience the outcome of interest or dropped out from the study in the regression but includes them in the rest of the study. The results presented in this study account for censoring. After employing the Cox proportional hazard model, Kaplan‒Meier survival estimates were used to assess the time taken for women to develop HIV.
The formulas below were used to compute the survival estimates and generate the Kaplan‒Meier graphs in STATA 14:[image: $$S\left( {t_{i} } \right) = \coprod\limits_{{t_{i} &lt; t}} {\left( {1 - \frac{{d_{i} }}{{n_{i} }}} \right)}$$]



where [image: $$S({t}_{i}$$]) estimated probability of women developing HIV at time t, [image: $$ni$$] number of women at risk of developing HIV at the beginning of time period [image: $${t}_{i}$$], [image: $${d}_{i}$$] number of HIV cases that occurred at time [image: $${t}_{i}$$].
The STATA commands below were executed to generate the graphs:


stset AgeOfWomen, failure(HIVStatus)

                              sts graph if AgeOfWomen 
                              [image: $$\le$$]
                               95, xlabel (15(7)(95)
                           

sts list
In this study, the period of the analysis is measured from age 15–95 years in which the subjects would or would not have developed HIV. Kaplan‒Meier graphs provide an illustration of the time taken to the development of HIV. Thereafter, the author employed a Cox hazard regression model to assess the influence that each covariate has on the development of HIV among women. Additionally, a second Cox hazard regression model was employed to assess the hazard of HIV among subjects while adjusting for other covariates. The study’s level of significance was set at P < 0.05. The unadjusted (Model 1) and adjusted (Model 2) results are reported as hazard ratios.

Model diagnostics
Test for multicollinearity
A test for multicollinearity was employed to examine the level of collinearity among study variables. This was done using a correlation matrix. A very high correlation coefficient above (0.80) between study variables was considered an indication of multicollinearity. The results of the correlation matrix presented in Appendix A indicated that there was no evidence of multicollinearity among the study variables.




Results
Sample characteristics
Table 2 below shows the weighted percentage distribution of the characteristics of the study participants. The full sample consisted of 6,067 women.Table 2Weighted distribution of study participants’ characteristics


	Independent variables
	Frequency
	Percentage

	Explanatory variable

	CCS

	Yes
	2177
	36

	No
	3890
	64

	Socio-demographic variables

	Age

	15–19
	722
	12

	20–24
	683
	11

	25–29
	706
	12

	30–34
	620
	10

	35–39
	523
	9

	40–44
	464
	8

	45–49
	451
	7

	50 + 
	1898
	31

	Race

	Black/Africa
	5128
	85

	White
	256
	4

	Coloured
	602
	10

	Indian, Asian and Other
	81
	1

	Province
	 	 
	Western Cape
	474
	8

	Eastern Cape
	791
	13

	Northern Cape
	518
	9

	Free State
	641
	11

	KwaZulu-Natal
	965
	16

	North West
	574
	9

	Gauteng
	555
	9

	Mpumalanga
	696
	11

	Limpopo
	853
	14

	Area of residence

	Urban
	3327
	55

	Rural
	2740
	45

	Marriage

	Not married
	3052
	50

	Married
	3015
	50

	Educational attainment

	No education
	569
	9

	Primary
	1032
	17

	Secondary
	3902
	64

	Higher
	564
	9

	Employment
	 	 
	Unemployed
	4331
	71

	Employed
	1736
	29

	Health/Risk factors

	Cigarette smoking frequency

	Does not smoke
	5579
	92

	Every day
	399
	7

	Some days
	89
	1

	Alcohol consumption

	Yes
	1562
	26

	No
	4505
	74

	Perception of own health

	Poor
	780
	13

	Average
	2021
	33

	Good
	2474
	41

	Excellent
	792
	13

	Health insurance

	Yes
	828
	14

	No
	5239
	86




The table shows the sample distribution of the study’s explanatory variable. Herein, 36% of women reported undergoing CCS at least once in their lifetime, while 64% reported never undergoing CCS in their lives. It also shows the sociodemographic characteristics of the sample. By age, women aged 50 and older constituted the greatest proportion of participants at 31%, followed by women aged 15–19 years at 12%, 25–29 years at 12%, 20–24 years at 11%, 30–34 years at 10%, 35–39 years at 9%, and 40–44 years at 8%, while women aged 45–49 years constituted the lowest proportion at 7%. In terms of provinces, women from KwaZulu-Natal constituted the greatest proportion of participants at 16%, followed by women from Limpopo at 14%, Eastern Cape at 13%, Mpumalanga at 11%, Free State at 11%, North West at 9%, Gauteng at 9%, and Northern Cape at 9%, while women from Western Cape constituted the least 8%.
By area of residence, women from urban areas constituted the greatest proportion at 55%, while women from rural areas constituted the least at 45%. In terms of marriage, women who reported being married and not being married constituted an equal proportion of 50% each. By educational attainment, women with secondary education constituted the greatest proportion of the sample at 64%, followed by women with primary education (17%), while women with no education and higher education both constituted 9%. By employment, unemployed women constituted the greatest proportion of the sample at 71%, while employed women constituted the smallest proportion at 29%.
The table concludes with the health/risk factor characteristics of the sample. In terms of frequency of cigarette smoking, women who reported that they did not smoke constituted the greatest proportion of the sample at 92%, followed by those who reported smoking every day at 7%, while women who reported smoking sometimes constituted the lowest proportion at 1%. By alcohol consumption, women who reported that they did not consume alcohol constituted the greatest proportion of the sample at 74%, while women who reported consuming alcohol constituted the lowest proportion at 26%.
In terms of perception of their own health, women who reported being in good health constituted the greatest proportion of the sample at 41%, followed by women who reported their health as average (33%), while women who reported being in excellent and poor health both constituted the lowest proportion at 13%. Regarding health insurance, women who reported having no health insurance constituted the greatest proportion of participants at 86%, while women with health insurance constituted the smallest proportion at 14% (Fig. 1).[image: ]
Fig. 1Levels of HIV among women aged 15 and older in South Africa



Levels of HIV among women in South Africa
The study found that 19% of women aged between 15 years and older tested positive for HIV, while 81% of women in the sample tested negative for the disease.

Time to CCS by WLHIV in South Africa
Figure 2 below shows that the hazard of WLHIV undergoing CCS began at the age of approximately 19 years. Conversely, women who were diagnosed with HIV did not undergo CCS before the age of 19, as represented by the horizontal hazard line.[image: ]
Fig. 2Time (age in years) to CCS among WLHIV in SA


After the age of 19 years, the hazard line begins to change, showing that the event of interest (CCS) has occurred. The highest hazard of undergoing CCS among WLHIV was between the ages of 19–58. Approximately 74% of women within this age range had the probability of undergoing CCS. Thereafter, the hazard of undergoing CCS by WLHIV began to decrease at 58 years. In other words, the hazard of undergoing CCS started declining once WLHIV turned 58 years old. The hazard of undergoing CCS among WLHIV remained low from the age of 58 years. Conversely, the hazard of not undergoing CCS was higher among WLHIV from the age of 58 years and older compared to women who underwent CCS in the same age range. The hazard of not undergoing CCS among WLHIV dropped to approximately 73% at the age of 60 years.

The hazard of CCS among WLHIV
Table 3 below shows the unadjusted and adjusted hazard ratios or risk of HIV by the characteristics of women aged 15 years and older. The effect of the study’s explanatory variable (CCS) was found to have a significant influence on HIV diagnosis. Herein, the study found that the hazard of CCS was 19% (Model 1) and 26% (Model 2) lower among WLHIV compared to women WLHIV who did not undergo CCS (UHR: 0.81; P < 0.05; CI: 0.72–0.91; AHR: 0.74; P < 0.05; CI: 0.65–0.85). Compared to Black/African women, the hazard of HIV diagnosis was decreased by 68% and 70% in Models 1 and 2, respectively, among women of white ethnicity (UHR: 0.42; P < 0.05; CI: 0.30–0.59; AHR: 0.30; P < 0.05; CI: 0.21–0.43). In terms of provinces, Model 2 showed that the hazard of HIV increased among women from the Free State (AHR: 1.47; P < 0.05; CI: 1.07–2.01) and KwaZulu-Natal (AHR: 1.45; P < 0.05; CI: 1.07–1.98) compared to women from the Western Cape.Table 3Effect of sample characteristics on HIV diagnosis among women


	HIV
	Model 1
	Model 2

	UHR
	P Value
	95% Confidence Interval
	AHR
	P Value
	95% Confidence Interval

	Explanatory variable

	CCS
	 	 	 	 	 	 
	No (R.C)
	 	 	 	 	 	 
	Yes
	0.81
	0.00***
	0.72–0.91
	0.74
	0.00***
	0.65–0.85

	Sociodemographic variables

	Race

	Black/African (R.C)
	 	 	 	 	 	 
	White
	0.42
	0.00***
	0.30–0.59
	0.3
	0.00**
	0.21–0.43

	Coloured
	1
	0.97
	0.82–1.20
	1.09
	0.5
	0.84–1.41

	Indian, Asian, and Other
	0.7
	0.18
	0.41–1.18
	0.67
	0.17
	0.39–1.18

	Province
	 	 	 	 	 	 
	Western Cape (R.C)
	 	 	 	 	 	 
	Eastern Cape
	1.09
	0.52
	0.84–1.43
	1.34
	0.06
	0.99–1.82

	Northern Cape
	1.17
	0.32
	0.86–1.57
	1.1
	0.55
	0.81–1.49

	Free State
	1.3
	0.06
	0.99–1.71
	1.47
	0.02***
	1.07–2.01

	KwaZulu-Natal
	1.28
	0.07
	0.98–1.66
	1.45
	0.02***
	1.07–1.98

	North West
	1.33
	0.05
	1.00–1.76
	1.38
	0.05
	1.00–1.90

	Gauteng
	1.52
	0.00***
	1.15–2.02
	1.47
	0.02***
	1.06–2.03

	Mpumalanga
	1.38
	0.02***
	1.05–1.82
	1.73
	0.00***
	1.25–2.38

	Limpopo
	1.04
	0.77
	0.80–1.36
	1.24
	0.19
	0.90–1.72

	Area of Residence
	 	 	 	 	 	 
	Urban (R.C)
	 	 	 	 	 	 
	Rural
	0.87
	0.02***
	0.78–0.98
	0.95
	0.49
	0.82–1.10

	Marriage
	 	 	 	 	 	 
	Not Married (R.C)
	 	 	 	 	 	 
	Married
	0.43
	0.00***
	0.38–0.48
	0.5
	0.00***
	0.44–0.57

	Educational Attainment
	 	 	 	 	 
	No education (R.C)
	 	 	 	 	 	 
	Primary
	1.77
	0.00***
	1.39–2.25
	1.77
	0.00***
	1.39–2.26

	Secondary
	3.88
	0.00***
	3.13–4.81
	4.18
	0.00***
	3.32–5.25

	Higher
	3.16
	0.00***
	2.41–4.15
	4.44
	0.00***
	0.27–3.16

	Employment
	 	 	 	 	 	 
	Unemployed (R.C)
	 	 	 	 	 	 
	Employed
	1.38
	0.00***
	1.21–1.57
	1.06
	0.41
	0.92–1.22

	Health/Risk Factors

	Frequency of smoking cigarettes
	 	 	 	 	 
	Does not smoke (R.C)
	 	 	 	 	 	 
	Every day
	0.89
	0.33
	0.70–1.13
	0.97
	0.83
	0.75–1.26

	Some days
	1.28
	0.28
	0.82–1.99
	1.2
	0.43
	0.76–1.89

	Alcohol consumption
	 	 	 	 
	No (R.C)
	 	 	 	 	 	 
	Yes
	1.2
	0.01***
	1.05–1.37
	1.27
	0.00***
	1.11–1.46

	Perception of own health
	 	 	 	 	 
	Poor (R.C)
	 	 	 	 	 	 
	Average
	1.23
	0.03***
	1.02–148
	1.19
	0.08
	0.98–1.44

	Good
	2.11
	0.00***
	1.76–2.53
	1.9
	0.00***
	1.57–2.30

	Excellent
	2.84
	0.00***
	2.25–3.57
	2.39
	0.00***
	1.87–3.04

	Health insurance
	 	 	 	 	 	 
	No (R.C)
	 	 	 	 	 	 
	Yes
	0.81
	0.02***
	0.68–0.96
	0.75
	0.01***
	0.61–0.92




Conversely, compared to the Western Cape, the hazard of HIV increased among women from Gauteng (UHR: 1.52; P < 0.05; CI: 1.15–2.02; AHR: 1.47; P < 0.05; CI: 1.06–2.03) and Mpumalanga (UHR: 1.38; P < 0.05; CI: 1.05–1.82; AHR: 1.73; P < 0.05; CI: 1.25–2.38). By area of residence, Model 1 revealed that the hazard of HIV decreased by 13% among women from rural areas compared to women from urban areas. Compared to women who reported not being married, the hazard of HIV decreased by 57% and 50% in Models 1 and 2, respectively. By education, the hazard of HIV increased among women with primary (UHR: 1.77 & AHR: 1.77), secondary (UHR: 3.88 & AHR: 4.18), and higher education (UHR: 3.16 & AHR: 4.44) compared to women with no education.
Compared to unemployed women, the hazard of HIV increased among employed women (UHR: 1.38; P < 0.05: CI: 1.21–1.57). In terms of health/risk factors, women who reported consuming alcohol had higher risks of HIV than women who reported not consuming alcohol in both Models 1 and 2 of the study. Compared to women who perceived their own health as poor, the hazard of HIV increased with higher perceptions of personal health among WLHIV in both models. Finally, in terms of health insurance, the hazard of HIV decreased by 19% and 25% in Models 1 and 2, respectively, among women with health insurance compared to women who reported not having health insurance.


Discussion
The study found that young women in South Africa are also at risk of HIV. The age of risk begins at approximately 15 years old. This is consistent with the literature that suggests that adolescents in South Africa are highly susceptible to HIV (see Fig. 3) [5, 13, 14]. This risk of HIV was highest between 15 and 36 years old. Approximately 50% of women within this age range ran the risk of contracting HIV.[image: ]
Fig. 3Time (age in years) to HIV infection among women in South Africa


The important contribution that this study made was the time (age in years) taken by WLHIV to undergo CCS (see Fig. 3). This has never been done in South Africa and provides an opportunity to develop and improve the current cervical cancer prevention control policy (CCPCP) [15]. The CCPCP provides 3 government-sponsored cervical cancer screenings employed using a Pap smear test for women aged 30 years and older every decade [13, 15]. It has special age considerations for screening and treatment in cases where women have been diagnosed with HIV. However, what it does not have is a scientifically sound estimate of the CCS hazard among WLHIV that this study provides. The estimates provided in this study can be used to better improve the health outcomes of women diagnosed with HIV by providing insights pertaining to the time taken by WLHIV to undergo CCS in South Africa (see Fig. 3).
Moreover, as illustrated in Table 3, compared to women who did not undergo CCS, the hazard of women undergoing CCS decreased by 19% and 26%, respectively, among WLHIV, putting them at risk of contracting cervical cancer due to screening deficits. Thus, there is a need for awareness programs to educate women on the link between HIV and the development of cervical cancer to improve the uptake of CCS among WLHIV. The findings of this study broaden our understanding of health-seeking behaviour among WLHIV. The reason for early diagnosis of HIV among young women could be risky health behaviour such as alcohol consumption, which increased the hazard of women contracting HIV (UHR: 1.20; P < 0.05; CI: 1.05–1.37). This is consistent with the findings of other studies [7, 16].
In terms of geography, it was found that women from the Free State, KwaZulu-Natal, Gauteng, and Mpumalanga had increased risks of contracting HIV compared to women from the Western Cape (see Table 3). In Gauteng, the province’s increasing levels of urbanization could explain the increase in the hazard of HIV infections among women, especially considering the wealth disparities and levels of poverty in the province, which encourages risky sexual behaviour [17–19]. The increased hazards of HIV among women from Mpumalanga and KwaZulu-Natal were consistent with the findings of other studies highlighting the need for HIV intervention programs in these provinces, especially among adolescents [20]. Sociodemographic and economic factors such as race, marriage, employment, and education were associated with WLHIV and were consistent with the pertinent literature on the subject [7–11].
Interestingly, respondents’ perception of their own health was associated with HIV among women. Notably, the hazard of HIV increased with higher personal perceptions of health among women compared to those who reported perceiving their health as poor. This shows that women in South Africa should not assume excellent health without undergoing relevant tests to confirm, as this puts their health and that of others at great risk, further highlighting the need for HIV intervention programs among women to educate them on the importance of HIV screening to improve their health outcomes.

Conclusion
The hazard of CCS is lower among WLHIV compared to women WLHIV who did not undergo CCS in South Africa. This puts WLHIV at risk of increased morbidity and mortality from potential cervical cancer and HIV comorbidity due to CCS deficits within this group, as they are susceptible to HPV and subsequent cervical cancer due to a compromised immune system. The study also found that the risk of HIV among adolescents who participated in this study began at the age of 15, highlighting the need for existing cervical cancer policies such as the CCPCP to include at-risk adolescents in government-funded CCS programs. Herein, it is recommended that the South African Department of Health extend its complementary screening services to include WLHIV younger than 30 years.
Additionally, it should shorten the CCS interval from 10 years to once every 12 months for the first 3 years at baseline, and if the results are normal, WLHIV should screen for cervical cancer once every 3 years to reduce their risk of developing HPV and subsequent cervical cancer [21, 22]. Early detection of CCS among WLHIV improves their health outcomes by reducing morbidity and mortality related to cervical cancer and HIV comorbidity. Ultimately improving their quality of life and life expectably by safeguarding WLHIV from premature death by preventable diseases such as cervical cancer.
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Appendix

Appendix A
See Table Table 4Test for multicollinearity


	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	(1) HIV Status
	1.000
	 	 	 	 	 	 	 	 	 	 	 
	(2) CCS
	0.008
	1.000
	 	 	 	 	 	 	 	 	 	 
	 	(0.535)
	 	 	 	 	 	 	 	 	 	 	 
	(3) Race
	− 0.005
	0.175*
	1.000
	 	 	 	 	 	 	 	 	 
	 	(0.695)
	(0.000)
	 	 	 	 	 	 	 	 	 	 
	(4) Province
	0.008
	− 0.141*
	− 0.360*
	1.000
	 	 	 	 	 	 	 	 
	 	(0.537)
	(0.000)
	(0.000)
	 	 	 	 	 	 	 	 	 
	(5) Area Of Residence
	− 0.007
	− 0.173*
	− 0.329*
	0.325*
	1.000
	 	 	 	 	 	 	 
	 	(0.580)
	(0.000)
	(0.000)
	(0.000)
	 	 	 	 	 	 	 	 
	(6) Married
	− 0.008
	0.226*
	0.111*
	− 0.013
	− 0.024
	1.000
	 	 	 	 	 	 
	 	(0.515)
	(0.000)
	(0.000)
	(0.306)
	(0.059)
	 	 	 	 	 	 	 
	(7) EducationalAtt ~ t
	0.006
	0.125*
	0.066*
	− 0.035*
	− 0.190*
	− 0.171*
	1.000
	 	 	 	 	 
	 	(0.640)
	(0.000)
	(0.000)
	(0.006)
	(0.000)
	(0.000)
	 	 	 	 	 	 
	(8) Employment
	0.022
	0.183*
	0.067*
	− 0.015
	− 0.119*
	0.066*
	0.192*
	1.000
	 	 	 	 
	 	(0.091)
	(0.000)
	(0.000)
	(0.257)
	(0.000)
	(0.000)
	(0.000)
	 	 	 	 	 
	(9) CigaretteFrequ ~ e
	0.003
	0.056*
	0.297*
	− 0.171*
	− 0.149*
	0.058*
	− 0.034*
	0.020
	1.000
	 	 	 
	 	(0.790)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.009)
	(0.114)
	 	 	 	 
	(10) EverConsumedL ~ r
	− 0.003
	0.065*
	0.130*
	− 0.115*
	− 0.154*
	− 0.009
	0.103*
	0.055*
	0.190*
	1.000
	 	 
	 	(0.800)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.472)
	(0.000)
	(0.000)
	(0.000)
	 	 	 
	(11) PerceptionOwn ~ h
	− 0.006
	− 0.062*
	0.062*
	0.038*
	− 0.073*
	− 0.141*
	0.297*
	0.080*
	− 0.026*
	0.026*
	1.000
	 
	 	(0.649)
	(0.000)
	(0.000)
	(0.003)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.039)
	(0.044)
	 	 
	(12) Health Insurance
	− 0.016
	0.208*
	0.190*
	− 0.077*
	− 0.168*
	0.105*
	0.266*
	0.200*
	0.009
	0.098*
	0.095*
	1.000

	 	(0.210)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.491)
	(0.000)
	(0.000)
	 

* p < 0.1, ** p < 0.05, *** p < 0.01
AHR Adjusted Hazards Ratio, CCS Cervical Cancer Screening, CCPCP Cervical Cancer Prevention Control Policy, HPV Human papillomavirus, PLHIV People Living with HIV, SADHS South Africa Demography and Health Survey, UHR Unadjusted Hazards Ratios, WLHIV Women Living with HIV
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